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LIFE CYCLE 
 
 
When you cart me to the graveyard, 
plant a vine upon my breast. 
 
I shall know my alcoholic heart by its 
tender roots caressed. 
 
I shall feel mortal substance back to  
wine transmogrified. 
 
And shall thrill to taste its branches 
drawing up the rising tide. 
 
When you tread the ripened bunches, 
and the festive cup goes round, 
 
Pour a little vintage back upon the  
thirsty ground. 
 
As I pay my debt to nature, mingling  
once more among men, 
 
This shall be my consummation and  
my hope to rise again. 
 
 
A.D. Hope (1907- 2000)
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ABSTRACT 
 
 

This thesis consists of six chapters, and the main research contributions are 

contained in chapters two through five inclusive. The topics addressed in each chapter 

are distinct, but related, and the specific contributions to knowledge made by the 

different chapters are related to: (i) understanding more fully the nature of the demand 

for alcohol; (ii) explaining the relationship between reputation characteristics and 

consumers’ willingness to pay for wine; (iii) estimating the rate of return to Australian 

wine; and (iv) using financial analysis to reveal the risk diversification benefits 

available by including wine in an investment portfolio. The details of each contribution 

are briefly outlined below. 

 

Chapter 2 discusses the nature of the demand for alcohol. The demand for 

alcoholic beverages is an area much studied, and there are numerous studies estimating 

the own-price elasticity of alcoholic beverages. A review of relevant published studies 

indicates reported: beer own-price elasticity estimates range from -.02 to -3.00, with a 

mean estimate value of -.46, and standard deviation of -.41 (n = 139); wine own-price 

elasticity estimates range from -.05 to -3.00, with a mean estimate value of -.72, and 

standard deviation of .53 (n = 140); and spirits own-price elasticity estimates range from 

-.01 to -2.18, with a mean estimate value of -.74, and standard deviation of .47 (n = 

136). Chapter 2 contributes to understanding the demand for alcohol, not by adding yet 

another set of elasticity estimates to an already substantial literature, but by providing a 

framework through which all known own-price elasticity estimates can be understood. 

Specifically, a meta-regression framework is employed to study previously published 

own-price elasticity estimates. This framework allows the effect of model design 

attributes to be isolated, and the underlying trend in consumer responses to price 

changes to be identified. 

 

Chapter 3 is concerned with understanding the relationship between the price a 

consumer is willing to pay for a bottle of wine, and the underlying attributes embodied 

in the wine. The approach used to investigate this relationship is the hedonic price 

equation approach. The model developed in the chapter starts from first principles, and 

unlike other studies in this field considers both supply and demand issues. In the chapter 

particular attention is given to the possible role of reputation characteristics, and the 

question of whether OLS is a suitable estimation approach. Specifically, the chapter 
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shows: bottle age, regional reputation, varietal reputation, investment reputation, and 

quality reputation, all have a significant impact upon price. Subjective expert quality 

ratings on the other hand are shown to be not valued by consumers. These findings are 

at odds with those presented in other research, and possible reasons for the different 

results are explored.  

 

 Wine investment is a topic which has received much attention in the media, yet, 

in Australia, it is a topic little understood. It is perhaps so little understood because to 

date access to systematic and reliable price information has been limited. As such, 

before starting to investigate the return to wine, it was first necessary to create a 

database of wine prices. The database of wine prices created is unique, and is based on 

the price information contained in the computer system of the largest wine auction 

house in Australia, Langton’s. The database created is used as the basis for the 

investigation into the rate of return to wine presented in Chapter 4.  

 

 The percentage return to wine i, at time t -- ignoring for a moment issues of 

storage costs, sales commissions, and insurance -- can be expressed as: 

( )1 1 100,t t t t
i i i iR P P P− −⎡ ⎤= − ×⎣ ⎦  where t

iP  is the price of wine i ( 1,..., )i n=  in period t. 

The return to a portfolio of wine in any given period is some average of the n individual 

returns, and from such information, if desired, a wine price index can be constructed. 

Unfortunately, wine sales are infrequent, and all n wines are not sold in all periods. So, 

while there is an underlying price process for each wine, we observe prices only at 

infrequent and irregular intervals. The challenge is therefore, to describe the underlying 

but unobserved price path of wine from limited information. There are many approaches 

to estimating price change in such situations, and in Chapter 4 a variety of approaches 

are canvassed. The actual approach chosen to estimate the return to wine is the adjacent 

period hedonic price equation approach. In the chapter estimates of the quarterly return 

to wine are presented for the period 1989Q4 to 2000Q4. Following a discussion of the 

estimated return to wine, the chapter considers the investment performance of wines of 

different price, variety, and vintage. 

 

The contributions made in Chapter 5 towards furthering understanding of the 

investment properties of wine are a natural extension of the analysis presented in 

Chapter 4. Specifically, Chapter 5 considers wine investment under two distinct sets of 

investment conditions. The first set of investment conditions may be thought of as 
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representing the conditional setting, and the second set of investment conditions may be 

thought of as representing the unconditional setting. In the conditional setting the 

question of optimal asset allocation between different wine asset is considered. In the 

unconditional setting the question of optimal asset allocation between wine and other 

financial assets is considered. The framework used to investigate the optimal asset 

allocation question in both the conditional and unconditional setting is the mean-

variance efficient frontier framework. In the chapter, results are reported for a range of 

different investment approaches, and for investment decisions made using two different 

estimators of expected returns.  
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PREFACE  
 

 The thesis consists of six chapters and a CD data appendix. To allow for the 

possibility of readers with an interest in only some of the topics covered in the thesis, 

each chapter has been written in such a way as to be more or less self contained. For 

such an approach to work a certain degree of repetition is required. The repetition has, 

however, been kept to the essential minimum, and so the cover to cover reader should 

not find the level of repetition a distraction. Although each chapter can be read as a 

stand alone document, a consistent notation and terminology is used throughout the 

thesis. 

 

 Each chapter contains a number of sections, and a list of references. The main 

chapters of the thesis -- Chapter 2 through to Chapter 5 -- also contain appendices. In 

some cases the appendices contain the complete estimation results for models discussed 

in the text. Including the complete estimation results in part explains why the thesis is 

relatively long. The numbering of sections and appendices occurs at two levels. 

Specifically, sections are denoted X.Y, where the first level of the notation refers to 

Chapter X and the second, the Y, to the order of occurrence of the section in the chapter. 

Appendices are numbered in a similar manner. So, Appendix X.Z refers to appendix Z 

of Chapter X. Occasionally sections or appendices include unnumbered sub-sections.  

 

 A similar approach is used with respect to the numbering of equations. For 

example, equation Y in Chapter X is labelled (X.Y), where the first number in the 

parentheses indicates the chapter, and the second the order of occurrence of the equation 

in the chapter. Where an equation originally introduced in Chapter X, is subsequently 

referred to in Chapter Z, to avoid the possibility of confusion, the original equation is 

restated and renumber in Chapter Z. Notation with respect to equations appearing in the 

appendices is similar, although an A appears before the two numbers. For example, 

equation Z in the appendices relating to Chapter X is denoted (AX.Z), where the A 

indicates the equation is in an appendix, the X indicates which chapter the appendix 

belongs to, and the Z indicates the order of occurrence of the equation in the 

appendices.  

 

 The notation for tables and figures follows the same pattern. Table X.Y and 

Figure X.Y indicate, respectively, the Yth Table and the Yth Figure of Chapter X. Where 
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tables or figures appear in the appendices, these tables and figures are denoted Table 

AX.Z and Figure AX.Z, where the A denotes that the table or figure belongs to an 

appendix, the X indicates which chapter the appendix belongs to, and the Z indicates the 

occurrence of the figure or table in the appendices. 

 

 The thesis also includes a CD data appendix. The data CD contains summary 

price information on the wines discussed in Chapter 4 and Chapter 5. Introductory 

comments regarding the data CD, and an index of the individual wine tables included in 

the appendix can be found in the file called Read Me First. The file is the first file the 

reader sees when they open the CD appendix, and the reader is strongly recommended 

to read this file before moving on to the other information contained in the data 

appendix. The individual wine tables are contained in four separate folders labelled: 1. 

Exceptional wine, 2. Outstanding wine, 3. Excellent wine, and 4. Distinguished wine. 

The numbering of the data tables occurs at three levels. At the first level each table is 

denoted with a D to indicate it is a table belonging to the data appendix. The next level 

of labelling indicates which folder the table belongs to, and the final level of numbering 

indicates the order of the table’s occurrence in the folder. For example, the first table in 

the folder 1. Exceptional wine is denoted D1.1. 
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CHAPTER 1  
 

INTRODUCTION 
‘My only regret in life is that I did not 

drink more Champagne’  
 

J.M. Keynes (1883-1946) 
Economist 

 

1.1 THE IMPORTANCE OF WINE TO THE AUSTRALIAN ECONOMY 

 

 Grape vines have been grown in Australia since white settlement, and records 

show that grapes were established in the Governor’s garden by 1791. Commercial scale 

plantings of grapes for wine making purposes did not however occur until some time 

later. The founder of Australian wine making is generally reckoned to be James Busby 

(1801-1871) who first planted vines for wine making on a commercial scale in 1824. 

Busby, however, is not so much remembered for his 1824 plantings, but for publishing 

Journal of a Tour Through Some of the Vineyards of Spain and France in 1833, and for 

bringing an extensive selection of vine cuttings back to Australia following his travels 

in Europe. Among the varieties he was to return with included the two varieties most 

famous in Australia today, Shiraz and Chardonnay. The wine industry in Australia has 

not always been large, and the early wine styles have little resemblance to the elegant 

wine styles of today, but the industry has long been with us. The Australian wine 

industry has had many difficult periods, but in recent years the industry has grown 

strongly. 

  

The past 20 years has seen dramatic growth in the size of the Australian wine 

industry, and today the wine industry is both a large employer, and a major source of 

export revenue. The importance of the industry as an employer is evidenced by the 2001 

Census information, which identified over 30,000 people working directly in either 

manufacturing and blending wine or wine grape production. As Census employment 

figures exclude people working as seasonal grape pickers, and people working in the 

wine industry as a second job, they necessarily understate the importance of wine 

related employment. Wine tourism is also a significant and growing industry, and so a 

growth area of employment. All established wine producing regions in Australia -- from 

Margaret River in Western Australia, to the Hunter Valley in NSW -- have in recent 
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years devoted significant resources to attracting greater numbers of tourists, and their 

efforts have met with much success. The Australian wine industry is a dynamic and 

growing industry, and while there has been much research into aspects of wine science, 

there has been much less research into economic aspects of the wine industry. This 

thesis investigates different aspects of wine economics, however before looking at the 

specific questions addressed in the thesis it is worth describing the general 

characteristics of the Australian wine industry. 

 

 Domestic wine grape production has increased significantly in recent years. For 

example, between 1995 and 2004 total grape production for wine making purposes 

more than tripled from approximately 580 thousand tonnes, to more than 1.8 million 

tonnes. Interestingly, growth in the volume of production has not been matched by 

growth in the diversity of varieties planted, and those varieties long established in 

famous French wine growing regions are now dominant in Australia. Although there are 

small plantings of many different varieties in Australia, today just five grape varieties 

account for over 71 percent of total Australian grape production for wine making 

purposes. The varieties that dominate in Australia are: Shiraz (24.0 percent), Cabernet 

Sauvignon (17.6 percent), Chardonnay (17.0 percent), Merlot (6.8 percent), and 

Semillon (5.5 percent) (ABS, 2004, p. 21).  

 

The heart of Australian wine making has always been South Australia, and in the 

1930s South Australia accounted for as much as 75 percent of total Australian wine 

production. Australian grape production for wine making purposes remains 

concentrated in South Australia, and although still the dominant producer, South 

Australia’s market share continues to gradually fall from its 1930s peak. For example, 

between 1995 and 2004 South Australia’s share of total Australian grape production for 

wine making purposes fell from approximately 55 percent to 48 percent. As shown in 

Figure 1.1, the other main wine grape producing states are Victoria and New South 

Wales, with Western Australia a distant fourth. Recent production growth has not 

however been stimulated by a substantial increase in domestic demand. For as shown in 

Figure 1.2, per capita wine consumption in Australia has grown only moderately in 

recent years, rising from 23.3 litres per person in 1992-93 to 26.9 litres per person in 

2002-03. The increase in domestic wine production is therefore directly related to an 

increase in Australian wine exports.   
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Prior to the late 1980s both imports and exports of Australian wine were modest. 

For example, in 1986-87 Australia exported approximately 45 million dollars worth of 

wine, and imported approximately 38 million dollars worth. In nominal terms, the 

average value of wine exported from Australia in 1986-87 was $2.09 per litre, and the 

average value of wine imported to Australia was $4.90 per litre (ABS, 1999). However, 

wine exports have grown strongly since the late 1980s, and today the only agricultural 

products with a larger share of total exports are: wheat, beef, and wool. Wine imports on 

the other hand have grown at a much more modest rate, and so the trade surplus with 

respect to wine has grown dramatically. Wine exports in 2003-04 were worth 

approximately 2.49 billion dollars, while wine imports were worth approximately 152 

million dollars. As such, the trade surplus with respect to wine in 2003-04 was 2.32 

FIGURE 1.1
AUSTRALIAN WINE PRODUCTION MARKET SHARE BY STATE IN 2004
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billion dollars. Although the total value of Australian wine exports has grown 

dramatically, Australia has been less successful in closing the import-export gap in 

terms of dollars per litre of wine sold. In nominal terms, in 2003-04 the average value of 

wine exported from Australia was $4.27 per litre, while the average value of wine 

imported to Australia was $8.13 per litre (ABS, 2004). The remarkable overall export 

performance of the Australian wine industry can be seen clearly in Table 1.1. The 

figures in the last row of Table 1.1 represent the arithmetic mean of the annual 

percentage change in the value of each column. A detailed explanation of why this 

measure of average change was chosen is given in Appendix 4.3. By reading across the 

last row of Table 1.1 to the last column, it can be seen that the average annual 

percentage change in the value of exports between 1986-87 and 2003-04 was 28.7 

percent.  

 

TABLE 1.1 
AUSTRALIAN WINE EXPORTS BY TYPE AND VALUE 

Wine Type (‘000 ) (L)  Total Wine (‘000 ) 
Period 

Table  Fortified  Sparkling  Other   Quantity (L) Value ($)
1986-87 18 627 1 232   826   638   21 324   44 620 
1987-88 35 022 1 411 1 603 1 088   39 124   96 157 
1988-89 35 873 1 106 1 764   301   39 044   114 521 
1989-90 32 095 1 936 2 074 2 015   38 120   121 248 
1990-91 46 890 2 765 3 180 1 321   54 156   179 588 
1991-92 71 752 2 384 3 904   639   78 679   243 526 
1992-93 95 468 1 851 4 730   784  102 832   293 157 
1993-94 116 655 2 873 5 042   893  125 464   366 574 
1994-95 105 542 2 475 5 110   537  113 663   385 706 
1995-96 121 037 2 506 5 489   639  129 671   471 576 
1996-97 144 892 2 490 6 046   966  154 393   603 297 
1997-98 183 024 2 505 6 110   764  192 404   873 847 
1998-99 191 728 2 092 6 434   627  200 881   986 822 
1999-00 272 842 2 287 9 088   717  284 935 1 372 768
2000-01 328 620 2 032 6 546 1 091  338 289 1 752 082
2001-02 406 207 2 698 8 050 1 438  418 393 2 105 139
2002-03 506 662 3 035 7 933 1 012  518 642 2 423 468
2003-04 571 324 2 512 9 806   755  584 397 2 494 089
Growth  
(%) p.a. 24.4 7.5 18.2 32.5  23.2 28.7 

Source: ABS (1999, 2004). 
 

Although the growth in Australia’s wine exports has been remarkable, it is worth 

considering the size of the international wine market, and Australia’s position within 
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this market. Considering grape production levels, or area under grape cultivation, can, in 

an international setting, give a misleading picture of wine production levels. For while 

some countries such as Turkey and Iran have vast areas under grape cultivation, they do 

not produce significant quantities of wine. Table 1.2 provides a snapshot of wine 

production, exports, and consumption in select countries for 2001. Australia is the 

world’s seventh largest wine producing country, but accounts for less than 4 percent of 

total world production. Australian wine production remains a long way behind the 

leading wine producing nations of France, Italy, and Spain, and in fact the Bordeaux 

region of France produces more wine than all of Australia.  

 

As a percentage of domestic production the level of Australian exports is 

relatively high, but not significantly greater than the level of exports to domestic 

production in the three leading wine producing nations. So, while Australia ranks fourth 

in terms of wine exports, the gap between third and fourth is vast, and there is little 

chance of Australian wine exports overtaking those of Spain in the near future. Further, 

even if Australia were to double production and export all the extra wine, Australia 

would still not replace France as the world’s second largest exporter of wine. 

 

TABLE 1.2 
WORLD WINE PRODUCTION CONSUMPTION AND EXPORTS IN 2001 

Wine Production Wine Exports  Consumption

Country Quantity 
m (L) 

As (%) of 
world 

production

Quantity 
m (L) 

As (%) of 
country 

production

As (%) of 
world 

exports 
 Per capita 

(L) 

France 5 338.9 20.2 1512.6 28.3 23.2  57.1 
Italy 5 009.3 18.9 1537.1 30.7 23.6  53.0 
Spain 3 050.0 11.5 994.6 32.6 15.3  34.6 
USA 1 920.0 7.3 284.4 14.8 4.4  7.4 
Argentina 1 583.5 6.0 88.2 5.6 1.4  32.1 
China 1 080.0 4.1 3.0 0.3 0.0  0.9 
Australia 1 016.3 3.8 375.0 36.9 5.8  20.6 
Germany 889.1 3.4 242.0 27.2 3.7  24.4 
Portugal 778.9 2.9 167.2 21.5 2.6  46.8 
Romania 509.0 1.9 23.0 4.5 0.4  21.0 
Russia 343.0 1.3 0.9 0.3 0.0  3.5 
Other 4 955.0 18.7 1283.3 25.9 19.7  n.a. 

World 26 473.0 100.0  6511.3 n.a. 100.0  n.a. 

Source: ABS (2004). 
 

Selvanathan and Selvanathan (2005, p. 219) provides information on the 

consumption patterns for alcoholic beverages in ten developed economies and reports 
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that spending on alcohol represents 4.75 percent of total consumer expenditure on 

average over the ten countries. As the corresponding figure in Australia is 5.31 percent, 

this is good news for Australian alcoholic beverage producers. Yet Australia remains a 

predominately beer drinking nation, and in 2002-03 for every litre of wine consumed 

4.3 litres of beer were consumed. As shown in the final column of Table 1.2, per capita 

wine consumption in Australia is significantly lower than the level of per capita wine 

consumption in the three leading wine producing nations. Given the relatively low level 

of per capita wine consumption in Australia, and the relatively high level of expenditure 

on total alcohol, this suggests at least the possibility of increasing significantly the level 

of domestic wine sales. As wine export markets are becoming increasingly competitive, 

the potential to expand domestic wine consumption should provide some comfort to 

domestic wine producers.  

 

For Australia, wine is a relatively important agricultural commodity, and by 

studying aspects of wine economics it is possible to gain many insights. Yet the 

economic importance of wine to the Australian economy is not the only reason wine is a 

worthy research topic. Wine has long played an important role in the cultural fabric of 

societies, and this importance adds a further level of interest to all wine related research. 

The cultural significance of wine in wider society is now briefly touched upon. 

 

1.2 THE CULTURAL SIGNIFICANCE OF WINE 

 

 Throughout the world wine is a topic which evokes much passion, and wine has 

a long and distinguished role in the cultural affairs of many nations. The exact point in 

time when wine was first made, deliberately or by accident, is not known with much 

certainty. There are however artefacts from which it is possible to date the period when 

it is categorically known wine was widely consumed. For example, a wine stained 

amphora dating back to 3500 BC was found in Iran in 1976, and it is thought by about 

3000 BC Egyptian wine making skills were well developed (Clark and Rand 2001, p. 

8).  

 

It is known wine grapes grew naturally around the Black Sea, and it is thought 

grapes may have been cultivated in the region now occupied by Georgia and Armenia as 

long ago as 7000-8000 BC. When it was that Vitis Vinifera was first cultivated for wine, 

we are unlikely to ever know, but that wine has been an important part of life in many 
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civilisations is something we do know. For example, in ancient Egypt by 2700 BC wine 

was one of the essential provisions for the afterlife. Such details are known from things 

like the vivid paintings on the walls of the tomb of Kha’emwese at Thebes (Clark and 

Rand 2001, p. 8, 12).  

 

Wine features extensively in classical literature, and examples of wine and 

classical literature are given in Robinson (1999). A selection of examples highlighting 

the role of wine in ancient culture are presented below. The consumption of wine, in an 

everyday sense, and the consumption of wine for special occasions, is described in both 

of Homer’s (c. 800 BC) epic poems the Illiad and the Odyssey. While the significance 

of wine can be further seen in the writings of Hesiod (c. 700 BC) who wrote of the 

cultivation of grape vines as part of the order of nature laid down by the gods. Like so 

many things, what was important in ancient Greece also became important in the 

Roman Empire. Early Roman literature, for example the writings of Virgil (70-19 BC) 

and Horace (65-8 BC), include many references to wine. There are also many examples 

of lyric poetry from these times which include references to wine, and the following 

example, reproduced in Robinson (1999, p. 419), is attributed to Archilochos (c. 700 

BC), and is part of a poem about a long sea voyage: 

 
Along the rower’s benches bring your cup 

And lift the lids of the big wine jars up 

And drain the good red wine: we can’t, ‘tis clear 

Be sober all the time we’re watching here 
 

The importance of wine in these early civilisations can also be seen in the 

ancient literature on agriculture. Surviving literature containing details on viticulture 

can be traced as far back as the writings of Cato (234-149 BC). While advice relating to 

selecting clones and planting vines can be found in the works of Columella (2 BC - AD 

65). Pliny (AD 23-79), also had much to say on the topic of viticulture (Robinson 1999, 

p. 176, p. 409).  

 

Interestingly, ancient history also tells us the consequences of excessive drink 

were well known. For example, the verse of Theognis (c. 650 BC), reproduced in 

Robinson (1999, p. 419), warns of the dangers of drunkenness, while at the same time 

praises the virtue of wine: 
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Stand by ready to pour for those who want to drink. We cannot have 

a party every night. Still because I am moderate in my use of 

honeyed wine, I reach my house before I think of soothing sleep, 

and I make clear how divine a beverage for man is wine.  

 

Caution, with respect to over consumption of wine can also be found in Roman 

times. For example, the Roman God of wine was Bacchus, and festivals celebrating 

Bacchus were known as Bacchanalia. While originally Bacchanalia were held 

infrequently and attended only by women, over time men were allowed to attend, and 

Bacchanalia became much more frequent celebrations. Ultimately, Bacchanalia became 

known as wild drunken festivals, and in 186 BC the Roman Senate outlawed 

Bacchanalia. Although it could be argued the ban was less out of concern for the general 

drunkenness and sexual licence embodied by the festivals, and more out of concern for 

the potential of political intrigue to be planned in such environments. 

 

Wine has long featured in English literature, and insights into the pervasiveness 

of wine in society can be gleaned from this literature. Although wine and general 

drunkenness feature in the very earliest English literature, Robinson (1999, p. 258) 

suggests Chaucer (1345-1400) and The Canterbury Tales, which is written in both prose 

and verse, along with the plays of Shakespeare (1564-1616) as amongst the first English 

works to refer to specific types of wine as opposed to wine in general. The English 

poets, and in particular the pen of Lord Byron (1788-1824) have also provided many 

memorable phrases on wine. Although perhaps the most loved tribute to wine in verse is 

the translation of The Rubaiyat of Omar Khayyam by Fitzgerald (1809-1883). The most 

famous stanza of the poem is the 71st, and it is reproduced below: 

 
And much as Wine has play’d the Infidel, 

And robb’d me of my Robe of Honour – well, 

I often wonder what the Vinters buy  

One half so precious as the Goods they sell. 
 

Wine also had a part to play in the many outrageous Saki short stories of Munro 

(1870-1916) which brilliantly satirise the Edwardian period of 1901 to 1910. Many of 

the characters in the various Dickens (1812-70) novels were well acquainted with wine, 

for example in Bleak House Mr Tulkinghorn has quite a passion for aged port. 

Academic life and wine have also long been linked in literature, for example in 
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Brideshead Revisited Waugh (1903-1966) wine features heavily in the activities of 

Charles and Sebastian while they are at Oxford. A further modern example of wine and 

university life can be found in Lucky Jim by Amis (1922-1995). Although in truth, wine 

is far from the only beverage consumed by the young James Dixon.  

 

Wine also features in some of the most famous iconography known, for example 

the Last Supper painted by da Vinci (1452-1519) on the walls of the Convent of Santa 

Maria delle Grazie, Milan, Italy. So, not only is wine an economically important 

agricultural commodity, it is a commodity with real cultural significance. Wine is 

therefore a subject where economic argument will not always persuade those with 

passionately held beliefs. Yet economic analysis can add much to understanding in this 

area, and this thesis presents economic insights into a range of wine and alcohol related 

topics. The specific contributions of the thesis are outlined in brief below. 

 

1.3 A PREVIEW OF THE THESIS 

 

This thesis makes contributions to knowledge in a number of areas. In brief 

these contributions involve: (i) an analytical survey of the vast literature on the price 

responsiveness of the consumers of the alcoholic beverages, beer, wine, and spirits; (ii) 

using the hedonic price framework of Rosen (1974) to investigating the factors that 

effect consumers’ willingness to pay for wine; (iii) estimating the rate of return to 

premium Australian wine, and comparing the investment performance of different 

vintages and varieties; and (iv) taking the mean-variance framework of Markowitz 

(1952) and using it to illustrate the investment properties of wine and reveal the 

portfolio risk diversification benefits of wine investment. 

 

Chapter 2: The Demand for Alcohol 

 

 The body of knowledge regarding the nature of the demand for alcohol begins 

with the work of Stone (1945) and Prest (1949), but has evolved substantially over the 

past 60 years. For example, Selvanathan and Selvanathan (2005) is a recent 

comprehensive study, of amongst other things, the demand for alcohol in 10 countries. 

Perhaps unsurprisingly, given the volume of work conducted in this area, there is much 

conflicting published information regarding the nature of the demand for alcohol. This 

chapter, by presenting a meta-regression analysis of previously published work allows 
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some sense to be made of the conflicting results, and allows the underlying trend in the 

own-price elasticity of demand to be identified. 

 

Both data quality and estimation technique have improved substantially since 

consumer responses to changes in the price of alcohol were first studied. In applied 

demand analysis single-equation estimation approaches have largely been replaced by 

system-wide estimation approaches, dynamic models have replaced static models, and 

data is now often collected on a quarterly rather than annual basis. Each new technical 

development in the field of applied demand analysis has been seen as an improvement 

on previous practice, and while this is in general true, such a view has an unfortunate 

side effect. There is a tendency toward seeing the most recent estimates -- estimates 

which rely on the latest estimation approaches -- as not only more accurate than past 

estimates, but as rendering past estimates obsolete. Yet this need not be the case. To 

ignore past estimates simply because the estimation approach used at the time has since 

been improved upon is to ignore potentially valuable information. 

 

Rather than presenting own-price elasticity estimates from a model including a 

small extension to a previously well developed theoretical approach, the chapter 

analyses historical estimates, and presents a framework for interpreting the differences. 

Specifically, the chapter makes a contribution to knowledge by: (i) providing a 

framework through which all known own-price elasticity estimates can be viewed; (ii) 

providing estimates of the effect model design characteristics have on estimated own-

price elasticity values; and (iii) identifying the underlying trend in the demand response 

of consumers to changes in the price of alcohol. 

 

Chapter 3: Expert Opinion, Reputation, and the Price of Wine 

 

 Hedonic price analysis and the identification of the attributes valued by wine 

consumers is a relatively new area of research, and begins with the work of Oczkowski 

(1994). Since this work was published not only have the wines of Australia been 

studied, but so to have the wines of Bordeaux, Burgundy, New Zealand, Spain, and the 

US. For the Australian market the empirical models estimated have, over time, 

developed and become more sophisticated. In particular, increasing attention has been 

devoted to understanding the role reputation indicators play.  
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In estimating a revised hedonic price function for Australian wine, the chapter 

not only synthesises the findings of previous work, it also introduces viticulture and 

wine tasting theory to ensure both the selection of variables and estimation technique 

are theoretically appropriate. This extension to previous work provides important new 

insights into the way wine is priced in the Australian retail market, and the empirical 

findings presented suggest: (i) objective characteristics are important; (ii) subjective 

measures of current quality such as annual wine ratings do not influence price; and (iii) 

that OLS is an appropriate estimation technique. 

 

Chapter 4: Wine and the Rewards of Patience 

 

 Although the return to wine is a topic the financial press often mention in 

passing, in reality little is known about the rate of return to Australian wine. As this 

chapter presents the first systematic study of the return to holding Australian wine, the 

chapter makes a substantial contribution to knowledge. Premium wine is sold at auction 

at irregular and infrequent intervals, and so calculating the rate of return to wine is a 

non-trivial matter. In the chapter an adjacent period hedonic price model is used to 

estimate the quarterly return to wine. As the approach is a regression based approach, 

both a return estimate and the standard error of each return estimate are reported each 

quarter.  

 

 In the chapter the return to wine in general is calculated, along with the return to 

a Grange only portfolio, and a portfolio of vintage 1986, 1990, and 1994 only wines. 

The way marginal attribute prices evolve through time is then studied to determine 

which grape varieties are the best performing varieties, and whether it is the most 

expensive wines, or the relatively less expensive wines which increase in value fastest. 

The return calculations presented in the chapter are based on price data provided by 

Langton’s, the largest wine auctioneers in Australia. The data set used is unique, and 

details relating to the data set are provided in the CD data appendix which accompanies 

the thesis.  

 

Chapter 5: A Mean-Variance Approach to Wine Investment 

 

Given it is possible to calculate the rate of return to wine, a question of major 

interest to potential investors is whether techniques that have been used to analyse 
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financial markets can be used to study wine. In this chapter the adjacent period hedonic 

price framework is used to obtain quarterly return estimates for four different wine 

assets, and the risk-return profile of these four wine assets are compared. To answer the 

question of what an optimal portfolio of wine assets might look like, the quarterly return 

information for these four wine assets is combined with the mean-variance framework 

of Markowitz (1952) to find the efficient frontier. Practical wine investment strategies 

which use mean-variance analysis are then considered. Specifically, the investment 

performance of a mean-variance optimised quarterly rebalanced wine asset portfolio is 

compared to the investment performance of an equally weighted wine asset portfolio. 

 

Next, the question of whether or not there are risk diversification benefits from 

including wine in an investment portfolio which would otherwise consist only of shares 

and bonds is investigated. The framework used for the shares, bonds, and wine analysis 

is the same mean-variance framework used to find the optimal wine portfolio. As the 

analysis presented in the chapter shows there are risk diversification benefits available 

from the inclusion of wine in an investment portfolio, the question of whether a mean-

variance optimised quarterly rebalanced shares, bonds, and wine portfolio outperforms 

an equally weighted shares, bonds, and wine portfolio is investigated. By demonstrating 

wine investment can be understood using the standard techniques of financial analysis, 

this chapter makes a valuable and novel contribution to knowledge.  

 

The final chapter of the thesis, Chapter 6, presents concluding remarks, a brief 

synopsis of the key findings of the thesis, and touches on some of the broader issues 

raised by the research. 
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CHAPTER 2  
 

THE OWN-PRICE ELASTICITY OF DEMAND FOR ALCOHOL 
‘Alcohol, the cause of and solution to all 

the world’s problems’ 
 

H.J. Simpson  
Cartoon Character 

 

2.1 INTRODUCTION  

 
 Throughout history alcohol consumption has generated debate, controversy, and 

a diversity of government responses. Government policy prescriptions have varied 

greatly, and have included: alcohol specific taxes; restrictions on, and prohibition of, the 

sale of alcohol; regulation of product labels; and limits on advertising. That excessive 

alcohol consumption presents society with significant economic costs is undeniable. 

That on health grounds a case can be made for limiting access to alcohol there is no 

doubt. Yet to formulate sound public policy with respect to alcohol, it is necessary to 

know more than these two facts, it is necessary to understand the nature of the demand 

for alcohol.  

 

 Cook and Moore (2000) present an excellent summary of the contribution 

economics has made to understanding the market for alcohol. The only topic in their 

comprehensive review not fully explored is the own-price elasticity of demand for 

alcohol. Cook and Moore’s approach is understandable, as Edwards et al. (1994) 

presents summary information on an extensive number of alcohol elasticity studies. 

 

While Edwards et al. (1994) presents a comprehensive review of alcohol issues 

from a public health point of view, little comment is made on the elasticity estimates 

themselves. In fact, the main conclusion the authors draw with respect to the 

relationship between price and quantity is: “Other things being equal, a population’s 

consumption of alcohol will in lesser or greater but usually significant degree, be 

influenced by price” (Edwards et al. 1994, p. 121). This same point is repeated by Cook 

and Moore (2000, p. 1693): “Estimated elasticities for beer, wine, and spirits differ 

widely over time, place, data set, and estimation method, but one conclusion stands out: 

In almost every case the own-price elasticities are negative.” As there is no reason to 
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believe alcohol is a Giffen good this conclusion tells us little, as it only amounts to 

saying alcohol satisfies the law of demand.  

 

As it is generally possible to make some a priori statements about elasticity 

values, it is somewhat surprising stronger statements regarding expectations for the 

own-price elasticity of alcoholic beverages are not made in either Cook and Moore 

(2000) or Edwards et al. (1994). Fundamentally, the own-price elasticity of a good is 

determined by the number of substitute products. As alcohol is both mind altering and 

addictive, it is reasonable to suggest alcohol has relatively few substitutes. Estimates of 

the own-price elasticity of demand for alcoholic beverages are therefore unlikely to be 

relatively high in absolute value. Although, as the fundamental influence on own-price 

elasticity estimates is the number of substitutes, estimates will vary depending on how 

the good is defined. For example, consider beer. It could reasonably be argued the most 

important substitute products for beer are wine and spirits. As there are relatively few 

substitute products, it is likely the absolute value of the own-price elasticity of beer is 

quite low. Now consider a specific brand of beer, or a specific sub-market category of 

beer, say imported beer. For any given brand of beer, or beer sub-market category, there 

are many substitute products. As such, it is reasonable to expect the absolute value of 

the own-price elasticity of demand for a specific beer brand or sub-market category to 

be relatively high.  

 

To make further statements about the own-price elasticity of alcohol requires the 

known literature to be considered. The approach taken to reviewing the demand for 

alcohol literature is the meta-regression approach. The meta-regression approach to 

analysing known alcohol own-price elasticity information allows a range of stylised 

facts concerning the demand for alcohol to be established. As such, the meta-regression 

results presented in this chapter make a contribution to knowledge regarding the 

demand for alcohol. An improved understanding of the demand for alcohol is important 

for business, health professionals, and government. Armed with knowledge about the 

own-price elasticity of alcohol, business can fine tune pricing policies; health 

professionals can implement effective harm minimisation strategies; and governments 

can set non-distortionary taxes.  

 

The remainder of the chapter is organised as follows. Section 2.2 introduces and 

explains the literature, and describes the key differences in estimation approaches. The 
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relative impact of different studies is then considered, and at the end of the section 

summary details are presented for each study. Section 2.3 presents a preliminary 

analysis of the data, and investigates whether consumer demand responses to alcohol 

price changes vary between countries. In Section 2.4 the meta-regression approach is 

developed, and the estimation results are reported and discussed. Section 2.4 concludes 

by providing an alternative, and perhaps more natural, interpretation of the reported 

estimation results. Concluding remarks are then made in Section 2.5. An earlier version 

of the work contained in this chapter is to appear in a forthcoming special edition of the 

British Food Journal. 

 

2.2 LITERATURE REVIEW 

 

 Studies including estimates of the own-price elasticity of demand for alcoholic 

beverages were identified as follows. Throughout the month of January 2005, searches 

were repeatedly conducted using two online databases. The first of these, EconLit, 

contains details on articles from over 550 international economics journals and collected 

volumes published since 1969. It also contains details on books, dissertations, and 

working papers, and is based on the database produced by the American Economic 

Association. The second online database searched was the EconPapers database. 

EconPapers is part of the Research Papers in Economics project, and while those 

maintaining the EconPapers site collaborate with the American Economic Association 

to ensure leading working papers are included in the EconLit database, there is still 

much material in EconPapers not listed in EconLit. The EconPapers database contains 

details on over three hundred thousand working papers and journal articles.  

 

Only papers including an own-price elasticity estimate for at least one of the 

categories: beer, wine, or spirits were considered. Any study concerned only with the 

demand for alcohol as a group was excluded from the sample. Examining the references 

of the remaining papers revealed several further relevant studies not identified by either 

EconLit or EconPapers. Some studies, such as Edwards et al. (1994), were particularly 

helpful with respect to finding studies not identified by the database searches. 

Unfortunately, and despite extensive efforts, in some cases it has not been possible to 

obtain a copy of a particular study cited by other authors. However, if from the 

secondary literature it has been possible to establish at a minimum: (i) the estimated 
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elasticity values, (ii) the time period of the study, and (iii) the country the estimates 

relate to, the study details have been included in Table 2.1. 

 

 Comprehensive details of the 76 studies reviewed, organised by author, are 

presented in Appendix 2.1. However, a more condensed version of the information 

contained in Appendix 2.1 is presented in Table 2.1. Table 2.1 is organised first by 

country, and then by author. As some studies reported estimates for more than one 

country, there are 106 entries in Table 2.1. From a theoretical point of view, questions 

could be asked about the model design of certain studies. However, the intent with 

meta-regression analysis is to cast the net widely, and collect as much information as 

possible. As such, no study has been excluded from the sample simply on the grounds 

of questionable model specification. Before proceeding to a discussion of Table 2.1, 

some general comments on the literature are helpful. 

 

 The oldest approach to estimating elasticities is the utility-free approach, where 

typically a double-log demand system is estimated. A more recent framework from 

which elasticity estimates can be obtained is the system-wide approach. The two most 

commonly used system-wide models are the Rotterdam model, which as noted in 

Clements and Theil (1987, p. 25) is associated with the work of Barten (1964) and Theil 

(1965); and the AIDS model, which is attributed to Deaton and Muellbauer (1980). The 

properties and limitations of both utility free and utility dependant approaches have 

been widely discussed, and so are not repeated here. See Clements and Selvanathan 

(1987, pp. 1-72) for an excellent treatment of the two approaches.  

 

 Many studies, when estimating own-price elasticities, consider multiple model 

specifications. For example, within the system-wide approach it is common for authors 

to report results for the Rotterdam, AIDS, NBR, and CBS specification in the one paper. 

Yet, as shown in Duffy (2001), the variation in the way the models are formulated is 

slight and the estimates obtained are similar. Specifically, in Duffy (2001), four 

different system-wide approaches are considered, and the range of estimates for the 

own-price elasticity are: beer -.10 to -.15, wine -.67 to -.83, and spirits -.68 to -.76. 

Given the similarity of estimates for different system-wide approaches, it is felt 

including the results from each different specification would place undue weight on 

studies reporting multiple estimates. As such, for studies reporting results for different 

system-wide models, only one set of values is reported in Table 2.1. If an author reports 
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a preference for a particular model specification, the results for the author’s preferred 

model are used. Occasionally, a preference is not reported, and in these cases the results 

shown in Table 2.1 represent the arithmetic mean of the different types of system-wide 

estimates. Where the results reported represent the average of different system-wide 

estimates, the term synthetic appears in the Framework column of Table 2.1. Complete 

estimation results for each model specification are however reported in Appendix 2.1. 

 

 Other variations in system-wide estimation approaches have centred around 

testing the importance of advertising. When the significance of advertising is tested, 

typically a model is estimated without advertising variables, and then including 

advertising variables. The advertising effects are also often modelled in several different 

ways. In such cases, if a clear preference for a particular model is expressed by the 

author, the results for the preferred model are shown in Table 2.1. If no clear preference 

is expressed, the results reported in Table 2.1 represent the arithmetic mean of the 

different estimates. It is perhaps worth noting -- and comforting for neo-classical 

economists -- the inclusion of advertising variables has little impact on reported 

elasticity values. See for examples: Duffy (1987; 1995; 2002).  

 

 A final comparison often undertaken in system-wide analysis of the demand for 

alcohol has been to estimate both a static and dynamic model. If one version of the 

model is tested, and rejected, the results for the version not rejected are reported in 

Table 2.1. If no version is explicitly rejected, the results for both models are reported in 

Table 2.1. Whether short-run elasticity estimates for alcoholic beverages should differ 

from long run estimates is an interesting question. Typically we expect long run 

estimates to be more elastic. However, as alcohol is an addictive product, it is necessary 

to proceed with caution. Fortunately, Becker and Murphy (1988) develop a framework 

suitable for considering demand responses where the good in question is addictive. 

Specifically, Becker and Murphy (1988, p. 690) argue: “…rational addicts respond 

more to price in the long run than in the short run…” So, even with an addictive 

substance such as alcohol, short run and long run demand responses are expected to 

vary. As such, when both long-run and short-run own-price elasticity estimates are 

reported, both estimates are shown in Table 2.1. 

 

 All single-equation models are referred to in Table 2.1 as linear models, and as 

noted above, in general, these models are estimated in double-log form. However, if 
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different functional forms have been estimated, the results reported in Table 2.1 are 

either the results for the model specification preferred by the author, or the arithmetic 

mean of the reported results. If substantially different models have been estimated then 

results have been reported for both models.  

 

 On one occasion, Selvanathan and Selvanathan (2005), estimates were reported 

for both the double-log approach, and the system-wide approach. Of all studies this is 

perhaps the most interesting to consider in isolation. The study shows, when using the 

double-log approach, own-price elasticity estimates are systematically higher than when 

using the system-wide approach. Complete details are provided in Appendix 2.1, but in 

the study the average own-price elasticity estimates for the system-wide approach were: 

beer -.22, wine -.33, and spirits -.31; while for the single-equation double-log approach 

they were: beer -.42, wine -.43, and spirits -.57. As the two approaches are conceptually 

different, and the estimates also appear to differ substantially, both sets of results are 

reported in Table 2.1. 

 

 A potentially important distinction made in certain studies is between domestic 

and imported beverages. Where this distinction has been made the different results have 

been reported. If the approach taken in a study has been to estimate some form of a 

switching model, the results reported are the results for the period before the change, 

and for the period after the change was complete. The values for the intermediate years 

are not reported. On one occasion the data frequency was three times per year. For 

purposes of analysis this study is treated as if the data frequency was quarterly. The 

issue of whether the setting was conditional or unconditional was also thought 

important, and so this characteristic has been distinguished in Table 2.1. Finally, on 

some occasions, a distinction was made between different types of spirits, say between 

vodka and all other spirits. When this was done the value reported in Table 2.1 is the 

arithmetic mean of the two values. Again it should be noted the complete estimation 

results are shown in Appendix 2.1. 

 

In Table 2.1 estimates are reported for 19 countries, and the most commonly 

studied countries are the U.K. (24 entries) and the U.S. (22 entries). The most common 

outlet for research on the demand for alcoholic beverages, accounting for 24 percent of 

all published studies, was the journal Applied Economics. With five separate 
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publications including estimates for beer, wine, and spirits, the most active author in the 

field to date has been U.K.- based Martin Duffy. 

 

 Another interesting question to ask is which studies, as measured by citations, 

have been the most influential. While using a citation approach does not account for the 

time dimension -- for example Selvanathan and Selvanathan (2005) is a comprehensive 

work and will undoubtedly go on to be widely cited, yet to date has minimal citations -- 

it does provide some insights. The use of citations as an index of influence is based on 

the premise “all (published) news is good news.” Accordingly, another qualification to 

citation counts is that they include both favourable and unfavourable cites. There are 

several citation services available, and the chosen service was Google Scholar. The 

search was conducted on 9 June 2005 and yielded the following information. The most 

widely cited paper, with 89 cites, was Hausman et al. (1994). Although clearly a highly 

influential paper, by examining the titles of the papers which cite Hausman et al. (1994), 

it becomes clear the paper’s impact has been in the area of Industrial Organisation, not 

Alcohol Economics. Other widely cited works include: Clements and Johnson (1983) 

21 cites, Jones (1989) 20 cites, Johnson et al. (1992) 17 cites, and Clements et al. (1997) 

17 cites. Perhaps, with the development and refinement of system-wide estimation 

approaches, it was inevitable little attention would be paid to pioneering works in the 

field such as Stone (1945) 3 cites, and Prest (1949) 2 cites. Yet, one could argue it is 

valuable to view modern results within the context of the historical developments in the 

field, and so the loss of these works from the minds of modern economists is in some 

sense a real loss.  

 

As explained above, for some studies multiple elasticity values are reported. So, 

in Table 2.1 there are more estimates than numbered entries. Specifically, in Table 2.1 

there are 139 beer own-price elasticity estimates, 140 wine own-price elasticity 

estimates, and 136 spirit own-price elasticity estimates. A preliminary analysis of the 

information contained in Table 2.1 is presented in Section 2.3. 
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TABLE 2.1 

SUMMARY OWN-PRICE ELASTICITY INFORMATION 
 Own-Price Elasticity 

No. Author(s) and Date Period Framework Demand 
Model  Type Beer Wine Spirits 

I. Australia 

1. 1975-99 DAIDS C  M -.82 -.82 - 

 

Chang et al. (2002) 

        

2. 1955-85 Rotterdam C  F -.40 -.50 -.91 

 

Clements et al. (1997) 

 Rotterdam C  H -.18 -.42 -.77 

3. 1956-77 Working C  F -.35 -.37 -1.11 

  Working C  H -.12 -.34 -.52 

 

Clements and Selvanathan 
(1987) 

 Working C  M -.65 -.42 -.92 

4. 1956-77 Rotterdam C  H -.09 -.39 -.41 

 

Clements and Johnson (1983) 

 Rotterdam U  H -.36 -.43 -.74 

5. Miller and Roberts (1972) 1970-71 Inferred U  H - -1.80 - 

6. 1955-77 Linear (S) U  H -.28 - - 

 

Owen (1979) 

 Linear (L) U  H -.62 - - 

7. Penm (1988) 1968-84 Rotterdam C  H -.45 - - 

8. 1955-98 Rotterdam C  H -.20 -.43 -.64 

 

Selvanathan and Selvanathan 
(2005)  Linear C  H -.65 -.61 -.68 

9. 1956-99 Rotterdam C  H -.16 -.31 -.62 

 

Selvanathan and Selvanathan 
(2004)         

10. Selvanathan (1991) 1955-85 Rotterdam C  H -.15 -.60 -.61 

11. Taplin and Ryan (1969) 1957-68 Inferred U  H - -3.00 - 

          

II. Canada 

12. 1958-81 Linear Dom. U  H -.37 -.61 -.05 

 

Adrian and Ferguson (1987) 
  Linear Imp. U  H -.84 -1.27 -.96 

13. AIDS Dom. U  M -.15 -.76 -1.76 

 

Apr. 1981 
– Aug. 86 AIDS Imp. U  M - -.55 - 

  AIDS U.S. U  M - -.97 - 

  AIDS Dom. U  H -.15 -.76 -1.76 

  AIDS Imp. U  H - -.55 - 

 

Alley et al. (1992)1 
 

 AIDS U.S. U  H - -.97 - 

14. 1958-87 DAIDS Dom. C  M -.48 -.51 -.54 

  DAIDS Imp. C  M -1.02 -.70 -.34 

  DAIDS Dom. C  H -.08 -.39 -.51 

 

Andrikopoulos et al. (1997)2 
 

 DAIDS Imp. C  H -1.00 -.35 -.27 

15. 1955-85 Rotterdam C  F -.15 -.60 -.61 

 

Clements et al. (1997) 
  Rotterdam C  H -.21 -.40 -.47 

16. 1956-83 Linear3 (S) U  H -.28 -.79 -.64 

 

Johnson et al. (1992) 
  Linear3 (L) U  H -.21 -1.22 - 

17. 1956-71 Linear (S) U  H -.26 -.68 -1.13 

 

Johnson and Oksanen (1977) 
  Linear (L) U  H -.30 -1.73 -1.53 

18. 1955-71 Linear (S) U  H -.22 -.50 -.91 

 

Johnson and Oksanen (1974) 
  Linear (L) U  H -.38 -1.60 -1.30 

19. Lau (1975) 1949-69 Linear U  H -.03 -1.65 -1.45 

          

(continued next page)
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TABLE 2.1 (CONTINUED) 

SUMMARY OWN-PRICE ELASTICITY INFORMATION 
 Own-Price Elasticity 

No. Author(s) and Date Period Framework Demand 
Model  Type Beer Wine Spirits 

20. 1953-82 Working C  H -.28 -.58 -.30 

 

Quek (1988) 
  Working U  H -.16 -.66 -.66 

21. 1953-99 Rotterdam C  H -.22 -.48 -.29 

 

Selvanathan and Selvanathan 
(2005)   Linear C  H -.43 -.60 -.49 

22. Selvanathan (1991) 1953-82 Rotterdam C  H -.26 -.16 -.01 

          

III. Cyprus 

23. 1970-92 DAIDS Dom. C  H -.35 -.24 -.17 

 

Andrikopoulos and Loizides 
(2000)  DAIDS Imp. C  H -1.00 -.56 -.72 

           

IV. Finland 

24. 1970-83 Rotterdam C  F -.61 -1.78 -1.78 

 

Clements et al. (1997) 

 Rotterdam C  H -.51 -1.46 -1.46 

25. Holm (1995) 1965-87 AIDS  C  H -.51 -.51 -.91 

26. Holm and Suoniemi (1992) 1962-87 AIDS C  H -.30 -2.31 -1.02 

27. Nyberg (1967) 1949-62 _________ -  - -.49 -.83 -.54 

28. Salo (1990) 1969-86 _________ -  - -.60 -1.30 -1.00 

29. 1969-85 Rotterdam C  H -.24 -.78 -.30 

 

Selvanathan and Selvanathan 
(2005)   Linear C  H -.81 -.39 -1.43 

30. Selvanathan (1991) 1969-83 Rotterdam C  H -.54 -.86 -.73 

          

V. France 

31. Labys (1976) 1954-71 Linear U  H - -.06 - 

32. 1971-95 Rotterdam C  H -.06 -.05 -.06 

 

Selvanathan and Selvanathan 
(2005)  Linear C  H -.08 -.09 -.14 

           

VI. Germany 

33. Labys (1976) 1954-71 Linear U  H - -.38 - 

           

VII. Ireland 

34. 1960-98 AIDS C  M -.68 -1.95 -.68 

  AIDS U  M -.77 -1.59 -.75 

 

Eakins and Gallagher (2003) 

 DAIDS (S) U  M -.53 -.80 -.85 

35. Thom (1984) 1969Q1-80Q4 AIDS -  - -.68 -1.60 -1.42 

36. Walsh and Walsh (1970) 1953-68 Linear -  - -.17 - -.57 

          

VIII. Italy 

37. Labys (1976) 1954-71 Linear U  H - -1.00 - 

           

IX. Japan 

38. 1964-02 Rotterdam C  H -.12 -.13 -.24 

 

Selvanathan and Selvanathan 
(2005)   Linear C  H -.33 -.06 -.44 

39. Selvanathan (1991) 1964-83 Rotterdam C  H -.25 - -.68 

           

(continued next page)
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TABLE 2.1 (CONTINUED) 

SUMMARY OWN-PRICE ELASTICITY INFORMATION 
 Own-Price Elasticity 

No. Author(s) and Date Period Framework Demand 
Model  Type Beer Wine Spirits 

X. Kenya 

40. 1963-85 _________ (S) -  - -.33 - - 

 

Partanen (1991) 

 _________ (L) -  - -1.00 - - 

           

XI. Netherlands 

41. Eecen (1985) 1960-83 _________ -  - - -.50 - 

           

XII. New Zealand 

42. 1965-82 Rotterdam C  F -.37 -.39 -.64 

 

Clements et al. (1997) 

 Rotterdam C  H -.17 -.34 -.57 

43. Pearce (1986) 1965-82 Rotterdam C  M -.15 -.35 -.32 

44. 1965-82 Rotterdam C  H -.18 -.34 -.40 

 

Selvanathan and Selvanathan 
(2005)  Linear C  H -.23 -.78 -.43 

45. Selvanathan (1991) 1965-82 Rotterdam C  H -.12 -.42 -.52 

46. Wette et al. (1993) 1983-91 _________ -  - -1.10 -1.10 -.50 

          

XIII. Norway 

47. 1960-86 Rotterdam C  F -.03 -.12 -.12 

 

Clements et al. (1997) 
  Rotterdam C  H -.02 -.10 -.10 

48. 1960-74 _________ -  - - - -1.20 

 

Horverak (1979) 
         

49. 1960-96 Rotterdam C  H -.04 -.14 -.09 

 

Selvanathan and Selvanathan 
(2005) 

  Linear C  H - -.18 -.21 

50. Selvanathan (1991) 1960-86 Rotterdam C  H -.14 -.07 -.18 

          

XIV. Poland 

51. 1959-85 Linear U  H - - -.62 

 

Florkowski and McNamara 
(1992)         

XV. Portugal 

52. Labys (1976) 1954-71 Linear U  H - -.68 - 

           

XVI. Spain 

53. Labys (1976) 1954-71 Linear U  H - -.37 - 

           

XVII. Sweden 

54. Bryding and Rosen (1969) 1920-51 _________ -  - -1.20 -1.60 -.50 

55. 1967-84 Rotterdam C  F -.30 -.99 -2.18 

 

Clements et al. (1997) 

 Rotterdam C  H -.28 -.88 -1.94 

56. Huitfeldt and  Jorner (1972) 1956-68 _________ -  - -3.00 -.70 -1.20 

57. Malmquist (1948) 1923-39 _________ -  - - -.71 -.37 

58. 1960-99 Rotterdam C  H -.45 -.32 -.35 

 

Selvanathan and Selvanathan 
(2005)   Linear C  H -.29 -.76 -.84 

59. Selvanathan (1991) 1960-86 Rotterdam C  H -.35 -.87 -.22 

          

(continued next page)
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TABLE 2.1 (CONTINUED) 

SUMMARY OWN-PRICE ELASTICITY INFORMATION 
 Own-Price Elasticity 

No. Author(s) and Date Period Framework Demand 
Model  Type Beer Wine Spirits 

60. Sundstrom and Ekstrom (1962) 1931-54 _________ -  - - -1.60 -.30 

          

XVIII. United Kingdom 

61. 1952-91 AIDS U  H -1.27 -.82 -1.31 

 

Blake and Nied (1997) 
  AIDS C  M -.95 -.93 -1.32 

62. Baker and McKay (1990) 1970-86 _________ -  - -.88 -1.37 -.94 

63. 1955-85 Rotterdam C  F -.44 -.57 -.72 

 

Clements et al. (1997) 

 Rotterdam C  H -.24 -.48 -.60 

64. 1955-75 Working C  F -.25 -.52 -.79 

  Working C  H -.19 -.23 -.24 

 

Clements and Selvanathan 
(1987) 

 Working C  M -.43 -.48 -.74 

65. 1983-92 AIDS C  M -.90 -.70 -1.42 

 

Crawford and Tanner (1995) 

1993 AIDS C  M -.67 -1.40 -1.18 

66. 1989-92 AIDS C  M -.74 -1.85 -.86 

 

Crawford et al. (1999) 

1993-96 AIDS C  M -.76 -1.69 -.86 

67. Duffy (1983) 1963Q1-78Q4 Linear  U  H - -.94 -.78 

68. 1963-83 Rotterdam C  H -.30 -.77 -.51 

 

Duffy (1987) 

 Rotterdam U  H -.36 -1.13 -.85 

69. Duffy (1995) 1963Q1-88Q4 Rotterdam C  H -.03 -.41 -.83 

70. Duffy (2001) 1964Q1-96Q4 AIDS C  H -.12 -.67 -.72 

71. 1963Q1-99Q4 AIDS ECM C  H -.38 -.11 -.70 

 

Duffy (2002) 

 AIDS C  H -.37 -.22 -.93 

72. 1956-80 Linear  U  H - -.49 -.73 

 

Godfrey (1988) 

 Linear  U  H -1.43 -1.30 -1.90 

73. Jones (1989) 1964Q1-83Q4 AIDS C  H -.34 -.86 -.87 

74. McGuinness (1983) 1956-79 Linear U  H -.30 -.17 -.38 

75. Prest (1949) 1870-384 Linear U  H -.66 - -.86 

76. 1963Q1-92Q3 Linear (S) ECM U  H -.21 -.55 -1.52 

 

Salisu and Balasubramanyam 
(1997)   Linear (L) ECM U  H -.32 -.66 -1.28 

77. 1955-85 Working C  H -.13 -.37 -.32 

 

Selvanathan (1988) 

 Working U  H -.20 -.49 -.79 

78. 1955-02 Rotterdam C  H -.27 -.35 -.56 

 

Selvanathan and Selvanathan 
(2005)   Linear C  H -.67 -.41 -.80 

79. Selvanathan (1991) 1955-85 Rotterdam C  H -.13 -.40 -.31 

80. 1950-56 Linear (S) U  H -.53 - - 

 

Stone and Rowe (1958) 

 Linear (L) U  H -.40 - - 

81. Stone (1951) 1920-38 Linear U  H -.69 -1.17 -.57 

82. Stone (1945) 1929-41 Linear U  H -.73 - -.72 

83. Walsh (1982) 1956-75 Linear U  H -.20 -.23 -.46 

84. 1920-38 Rotterdam U  H -.64 -1.15 -.65 

 

Wong (1988) 

 Rotterdam C  H -.25 -.99 -.51 

          

(continued next page)
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TABLE 2.1 (CONTINUED) 

SUMMARY OWN-PRICE ELASTICITY INFORMATION 
 Own-Price Elasticity 

No. Author(s) and Date Period Framework Demand 
Model  Type Beer Wine Spirits 

IX. United States 

85. 1949-82 Working C  F -.22 -.23 -.51 

  Working C  H -.09 -.22 -.10 

 

Clements and Selvanathan 
(1987) 

 
 Working C  M -.44 -.26 -.71 

86. Cook and Tauchen (1982) 1962-77 Linear  U  H - - -1.80 

87. 1947-64 ________ (S) -  - -.56 -.68 -.25 

 

Comanor and Wilson (1974) 

 ________ (L) -  - -1.39 -.84 -.30 

88. 1964-66 Linear switch U  M - - -1.35 

 

Gallet (1999) 

1978-92 Linear switch U  M - - -.16 

89. Gallet and List (1998) 1964-73 Linear switch U  H -1.72 - - 

90. 1987-88 Synthetic C  H -.23 -.40 -.25 

 

Gao et al. (1995) 

 Synthetic C  M -.22 -.32 -.70 

91. Hausman et al. (1994) 16 years Linear C  H -1.95 - - 

92. Hogarty and Elzinga (1972) 1956-59 Linear U  H -.90 - - 

93. 1954-71 Linear Dom. U  H - -.44 - 
 

Labys (1976) 

1954-71 Linear Imp. U  H - -1.65 - 
94. 1953-83 Linear (S) U  H -.54 - - 
 

Lee and Tremblay (1992) 

 Linear (L) U  H -.72 - - 
95. Nelson (1999) 1977Q3-94Q4 Rotterdam C  H -.16 -.53 -.13 

96. 1964-90 Synthetic C  H -.06 -.17 -.12 

 

Nelson and Moran (1995) 

 Synthetic C  M -.44 -.30 -.60 

97. Nelson (1990) 1980 Linear  U  M -.46 -2.08 -1.02 

98. Niskanen (1962) 1934-605 Linear U  H -.70 -.98 -2.14 

99. Norman (1975) 1946-70 _________ -  - -.87 - - 

100. 1974-78 Linear U  H - - -.92 

 

Ornstein and Hanssens 
(1985) 1976-78 Linear U  H -.12 - - 

101. 1949-00 Rotterdam C  H -.13 -.27 -.18 

 

Selvanathan and Selvanathan 
(2005)   Linear C  H -.29 -.39 -.26 

102. Selvanathan (1991) 1949-82 Rotterdam C  H -.11 -.05 -.11 

103. Simon (1966) 1950-61 Experimental U  M - - -.79 

104. Smith (1976) 1970 Linear U  M - - -1.50 

105. 1954-79 Linear Kalman U  H -.71 -1.11 -1.18 

 

Tegene (1990) 

1980-84 Linear Kalman U  H -.76 -1.10 -.86 

106. Uri (1986) 1982 Linear U  M -1.07 -.88 -1.21 

Notes: Framework: Imp. refers to an imported beverage, Dom. refers to a domestically produced beverage. Linear refers to single-
equation estimation approaches. Synthetic refers to the average of system-wide estimates. ECM denotes Error Correction 
Mechanism estimate. Kalman refers to the Kalman Filter. (S) denotes short run estimate (L) denotes long run estimate. 
Demand Model: (C) denotes Conditional setting and (U) denotes Unconditional setting. 
Type: (H) denotes Hicksian (Slutsky, Compensated) elasticity, (M) denotes Marshallian (Cournot, Uncompensated) 
elasticity, and (F) denotes Frisch elasticity. 
1 Refers to British Columbia only. 
2 Refers to Ontario only. 
3 Is an average of ECM and Cointegration estimates. 
4 The years 1915-19 inclusive are excluded from the sample.  
5 The years 1942-46 inclusive are excluded from the sample.  
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2.3 THE DEMAND FOR ALCOHOL: A PRELIMINARY ANALYSIS  
 

A useful starting point for analysing previously reported own-price elasticity 

estimates is to consider the frequency distribution of reported values. Figure 2.1 

provides frequency plots and summary statistics for the own-price elasticity estimates in 

absolute value terms. There is significant variation in reported values, and: beer own-

price elasticity estimates range from -.02 to -3.00, with a mean value of -.46, and 

standard deviation of -.41; wine own-price elasticity estimates range from -.05 to -3.00, 

with a mean value of -.72, and standard deviation of .53; and spirits own-price elasticity 

estimates range from -.01 to -2.18, with a mean value of -.74, and standard deviation of 

.47. Interestingly, despite the relatively large range of values, in absolute value terms: 

93 percent of the beer own-price elasticity estimates are less than one, 79 percent of the 

wine own-price elasticity estimates are less than one, and 78 percent of the spirits own-

price elasticity estimates are less than one. So, in general, it appears the demand for 

alcoholic beverages is price inelastic. 
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FIGURE 2.1 
OWN-PRICE ELASTICITY FREQUENCY DISTRIBUTION

(absolute value)
A. All Beverages

Frequency Frequency 

Frequency Frequency 

Elasticity Elasticity 

Elasticity Elasticity 

B. Beer

A. Wine B. Spirit

Mean: .46
Median: .35

St. Deviation: .41
St. Error: .03

Mean: .64
Median: .53

St. Deviation: .49
St. Error: .02

Mean: .74
Median: .68

St. Deviation: .47
St. Error: .04

Mean: .72
Median: .58

St. Deviation: .53
St. Error: .04

 
 

The information contained in Table 2.1 can be summarised in a number of 

meaningful ways. In Table 2.2, the own-price elasticity estimates shown in Table 2.1 

are summarised by: country (Panel A), elasticity type (Panel B), demand model (Panel 
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C), and estimation method (Panel D). While it was always possible to identify the 

country the estimates related to, it was not always possible to determine the type of 

elasticity, whether the estimate was conditional or unconditional, and what the 

estimation method was. As such, the total number of estimates in each panel of Table 

2.2 varies. Panel A contains information on 415 estimates, panels B and C contain 

information on 377 estimates, and panel D contains information on 379 estimates. 

 

From Panel A of Table 2.2 it is apparent the most studied countries are: 

Australia, Canada, U.K., and U.S., followed by a group of moderately studied countries: 

Finland, New Zealand, and Sweden, and then the rest. That Anglophone and Nordic 

countries should be more studied than other countries is interesting. Anglophone 

countries have a shared cultural heritage with respect to restricted trading hours for 

licensed premises. However, over time these countries have progressively liberalised 

drinking laws. Whenever changes to drinking, or licensing laws are proposed, there is 

considerable interest from politicians and health professionals in the probable demand 

response. As such, in Anglophone countries, at certain points in time there is likely to be 

a relatively high level of interest in alcohol related studies in general, and demand 

analysis in particular. This relatively high level of interest, may at least in part, explain 

the large number of studies for Anglophone countries. Another reason may simply be 

differences in the availability of data. Anglophone countries tend to be beer drinking 

countries (see Appendix 2.2 on the geometry of drinking for further details). As beer 

production is typically a large scale enterprise, high quality data should be relatively 

easy to obtain, if for no other reason than governments’ desire to levy excise taxes.  

 

The high number of own-price elasticity estimates for Nordic countries might be 

explained in a similar way. With long nights and cold winters, the governments of 

Nordic countries have long taken an interest in alcoholism, and restricting the supply of 

alcohol. For example, the Bratt rationing system, where the allocated quantity of alcohol 

depended on marital and social status, operated in Stockholm between 1914 and 1955 

(Edwards et al. 1994, p. 133). Pubic monopolies with respect to the sale of alcohol have 

also been common in Nordic countries. A general interest in the negative effects of 

alcohol, combined with high quality data from state run monopolies, provides a 

reasonable explanation for the high number of studies concerning Nordic countries. 
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TABLE 2.2 
OWN-PRICE ELASTICITY ESTIMATES: SUMMARY DETAILS 

Beer  Wine  Spirits 
 Category 

No. Mean S.D.  No. Mean S.D.  No. Mean S.D. 

A. Country Specific Estimates 

1. Australia 15 -.37 .23  14 -.75 .75  11 -.72 .20 

2. Canada 22 -.34 .27  26 -.77 .41  21 -.76 .54 

3. Cyprus 2 -.68 .46  2 -.40 .23  2 -.45 .39 

4. Finland 9 -.51 .17  9 -1.14 .63  9 -1.02 .47 

5. France 2 -.07 .01  3 -.07 .02  2 -.10 .06 

6. Germany - - -  1 -.38 -  - - - 

7. Ireland 5 -.57 .24  4 -1.49 .49  5 -.85 .33 

8. Italy - - -  1 -1.00 -  - - - 

9. Japan 3 -.23 .11  2 -.10 .05  3 -.45 .22 

10. Kenya 2 -.67 .47  - - -  - - - 

11. Netherlands - - -  1 -.50 -  - - - 

12. New Zealand 7 -.33 .35  7 -.53 .30  7 -.48 .11 

13. Norway 4 -.06 .06  5 -.12 .04  6 -.32 .44 

14. Poland - - -  - - -  1 -.62 - 

15. Portugal - - -  1 -.68 -  - - - 

16. Spain - - -  1 -.37 -  - - - 

17. Sweden 7 -.84 1.01  9 -.94 .42  9 -.88 .74 

18. U.K. 36 -.48 .33  34 -.73 .44  36 -.82 .36 

19. U.S. 25 -.59 .51  20 -.65 .53  24 -.71 .58 

 Total 139 -.46 .41  140 -.72 .53  136 -.74 .47 

B. Elasticity Type 
1. Marshallian 20 -.62 .27  22 -.92 .58  23 -.89 .40 

2. Frisch 10 -.31 .16  10 -.61 .47  10 -.94 .61 

3. Hicksian 96 -.38 .35  96 -.65 .51  90 -.68 .48 

 Total 126 -.42 .33  128 -.69 .52  123 -.74 .48 

C. Demand Model 
1. Conditional 85 -.36 .31  83 -.55 .45  83 -.61 .43 

2. Unconditional 41 -.53 .37  45 -.95 .56  40 -1.02 .48 

 Total 126 -.42 .33  128 -.69 .52  123 -.74 .48 

D. Estimation Method 
1. System-wide 87 -.36 .27  89 -.62 .46  85 -.67 .45 

2. Single-equation 41 -.54 .42  38 -.79 .51  39 -.91 .52 

 Total 128 -.42 .33  127 -.67 .48  124 -.75 .48 
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Now, juxtapose the situation in Nordic and Anglophone countries with that of 

continental Europe. Typically, the countries of continental Europe have had a relaxed 

attitude toward drinking, and relatively liberal drinking laws. If anything these countries 

have seen moderate alcohol consumption as a healthy activity to be encouraged rather 

than restricted. Further, many of these countries are wine drinking countries. As wine 

production in continental Europe typically occurs on a small scale, and at a local level, 

obtaining quality data could be difficult. Combined, these effects provide a plausible 

explanation as to why there are relatively few own-price elasticity estimates for the 

countries of continental Europe. 

 

Panel B of Table 2.2 classifies the estimates by elasticity type. The theoretical 

relationships between different own-price elasticities are well known. And for a given 

study, as beer, wine, and spirits are normal goods, the Marshallian own-price elasticity 

will always be smaller than the corresponding Hicksian elasticity. Similarly, as the 

income elasticity of alcohol as a group is positive, the Frisch own-price elasticity will 

always be less than the corresponding Hicksian elasticity. The relationship between 

Marshallian and Frisch estimates depends on both the individual beverage income 

elasticity, and the group income elasticity for alcohol, and so, is ambiguous. See 

Clements and Theil (1987, pp. 242-244) for further details on the relationship between 

different types of own-price elasticity.  

 

In approximately 91 percent of cases, it was possible to establish whether the 

estimate was a: Marshallian, Frisch, or Hicksian elasticity estimate. Given the 

aggregation in Panel B of Table 2.2 is across different countries, and at different points 

in time, there is no guarantee the theoretical relationships between individual elasticities 

outlined above will hold. It is however pleasing to note for all beverages the mean 

Marshallian own-price elasticity is smaller than the corresponding mean Hicksian own-

price elasticity. As for beer and wine the mean Frisch own-price elasticity estimate is 

(marginally) larger than the mean Hicksian own-price elasticity estimate, the theoretical 

relationships do not hold perfectly at the aggregated level.  

 

Panel C of Table 2.2 classifies the estimates in terms of whether the setting is 

conditional or unconditional, and here there is some overlap with the estimation method 

panel. For, while papers using a system-wide estimation approach often give both a 

conditional and an unconditional estimate, in general, papers using single-equation 
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estimation methods give only unconditional estimates. Using the arguments put forward 

in Clements and Selvanathan (1989, p. 69) the relationship between conditional and 

unconditional estimates can be explained as follows. Consider an increase in the price of 

beer, where real income and the price of other alcoholic beverages are held constant. 

The increase in the relative price of beer causes the consumption of beer to fall. The 

conditional demand equation gives the consumption response where the total 

expenditure on alcohol is held constant. However, the increase in the price of beer has a 

second effect. The increase in the price of beer increases the relative price of alcohol as 

a group, and so in an unconditional setting total alcohol consumption falls. This implies 

a further decrease in the quantity of beer consumed. Unconditional own-price elasticity 

estimates can therefore be expected to be more elastic than conditional estimates. As 

Panel C of Table 2.2 shows, this relationship remains true at the aggregated level. 

 

That single-equation estimates are generally unconditional, while system-wide 

estimation results are often both conditional and unconditional, partly, but not 

completely explains the results shown in Panel D of Table 2.2. As previously 

mentioned, Selvanathan and Selvanathan (2005) provides an opportunity to directly 

compare estimates from a system-wide estimation approach with those from a single-

equation double-log approach. The results show the single-equation double-log model 

consistently provides more elastic own-price elasticity estimates. While it is well known 

the double-log model violates the adding up constraint, this hardly appears an 

appropriate explanation for single-equation methods giving more elastic estimates. The 

question of the difference between single-equation estimates and system-wide estimates 

is revisited in Section 2.4.  

 

There are many natural questions which arise when the data is presented as it is 

in Table 2.2. For example, Stigler and Becker (1977, p. 76) argue: “…tastes neither 

change capriciously nor differ importantly between people…” As such, an obvious 

question to investigate is whether demand responses to changes in the price of alcoholic 

beverages are consistent across countries. The answer to this question can be found by 

examining whether for beverage ( 1,2,3)i i = , the own-price elasticity estimates are the 

same in all  ( 1,...,19)k k =  countries.  
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If ikη  is used to denote the mean elasticity estimate of beverage i in country k, 

and ikS  the associated standard deviation, then a symmetric test of whether the mean 

own-price elasticity estimate for beverage i is the same in country k and j where 

,k j≠ can be established as: 

2 2
,ik ij

ik ik ij ij

t
S N S N

η η−
=

+
 

where ikN  represents the number of elasticity observations for beverage i from country 

k. The degrees of freedom for the test, while often not known, can be estimated using 

the Welch-Satterthwaite approximation: 

( )
( ) ( )

22 2

4 2 4 2
degrees of freedom .
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 Complete test results are reported in Appendix 2.3, but the key findings are 

shown in Table 2.3, and can be summarised as follows. For beer, it is possible to make 

78 pair-wise comparisons, and in 18 cases it is possible to reject the null hypothesis of 

equal sample means. For both spirits and wine, it is possible to make 66 pair-wise 

comparisons, and it is possible to reject the null hypothesis of equal sample means 33 

times for wine, and 15 times for spirits. The average rejection rates are therefore: beer 

23 percent, wine 50 percent, spirits 23 percent, and all beverages 31 percent. So, on the 

basis of this preliminary analysis, it could be argued there exists considerable similarity 

in the price response of alcohol consumers from different countries with respect to beer 

and spirits. The evidence with respect to wine is however mixed. Interestingly, the 

individual country with the greatest number of rejections was France. For France, all 

beverages had average rejection rates of at least 50 percent, and the average rejection 

rate across all beverages in France was 65 percent. Perhaps, at least with respect to 

alcohol consumption, it is as so many French argue; the French really are different.  
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TABLE 2.3 

REJECTION RATES FOR PAIR-WISE TESTS OF 
EQUAL MEAN ELASTICITY VALUES 

(percent) 
Country  Beer  Wine  Spirits  Average 

Australia  17  36  18  24 
Canada  33  36  9  26 
Cyprus  0  18  0  6 
Finland  33  45  36  38 
France  50  73  73  65 
Ireland  25  82  18  41 
Japan  33  73  9  38 
Kenya  0  -  -  0 
NZ  0  55  36  23 
Norway  50  73  27  50 
Sweden  0  36  9  15 
UK  25  36  27  29 
US  33  36  9  26 
Average  23  50  23  31 

 

2.4 META-REGRESSION ANALYSIS 

 

An increasingly popular -- although still controversial -- way of reviewing 

academic literature where there are numerous published studies is the technique of 

meta-regression analysis:  

 
In particular, meta-regression analysis is a form of meta-analysis 

especially designed to investigate empirical research in economics 

… In a meta-regression analysis, the dependent variable is a 

summary statistic, perhaps a regression parameter, drawn from each 

study, while the independent variables may include characteristics 

of the method, design and data used in these studies. Thus meta-

regression analysis can identify the extent to which the particular 

choice of methods, design and data affect reported results. Meta-

regression analysis can help to explain the wide study-to-study 

variation found among research findings and offer specific reasons, 

based on the studies themselves, why the evidence on a certain 

question may appear contradictory or overly varied (Stanley 2001, 

pp. 131-132).    

 

Within the context of reviewing elasticity estimates, the meta-regression approach 

appears particularly appropriate. The process of selecting explanatory variables for this 
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analysis was based around allowing for known theoretical variations between estimates, 

but was also influenced by the availability of details on each study, and the relationships 

noticed when compiling Table 2.1. The general form of the meta-regression is: 

 log
1

.J
ik j jik ikj

X uη β
=

= +∑      (2.1) 

In equation (2.1) log ikη  is the natural logarithm of the absolute value of the own-price 

elasticity of demand for beverage i in country k; jβ  is the jth estimated response 

coefficient; the jikX  are the factors thought to influence the reported elasticity estimate; 

and iku  is a zero mean error term which may or may not have constant variance.  

 

 Specifically, the proposed model includes dummy variables to distinguish 

between: beverage type, elasticity type, model framework, data frequency, response 

time frame, whether the beverage was imported, and country specific effects. 

Continuous variables are also included in the model and allow the impact of publication 

date and sample date to be considered. 

 

 It was also thought mean elasticity estimates for countries may be influenced by 

the level of per capita alcohol consumption in each country. For example, given a CES 

utility function, it can be shown the absolute value of the own-price elasticity of demand 

for commodity i deceases as the budget share of commodity i increases (Selvanathan 

and Clements 1995, p. 42). There may therefore exist a relationship between alcohol 

consumption and estimates of the own-price elasticity of demand. Although budget 

share information was not available, potentially useful alcohol consumption statistics 

were available. 

 

The first alcohol variable considered, and denoted Level, is a measure, in litres, 

of the per capita ethanol consumption associated with beverage i in country k, in 1996. 

It is an attempt to capture the differences between countries with a high level of alcohol 

consumption such as France -- the per capita level of ethanol consumption for France in 

1996 was: beer 2.45 litres, wine 8.91 litres, and spirits 3.01 litres -- and countries with 

generally low alcohol consumption such as Norway -- the level of per capita ethanol 

consumption in Norway in 1996 was: beer 3.27 litres, wine 1.13 litres, and spirits 1.02 

litres. The left-hand panel of Table 2.4 shows per capita ethanol consumption 

information for 19 countries. 

 



 34

The second alcohol variable considered, and denoted Ethanol Share, is slightly 

different, and measures the relative importance of beverage i in country k. The most 

satisfactory measure of the relative importance of beer, wine, and spirits in each country 

would be the conditional market shares, where the conditional market share, ,iw  of 

beverage i, is given by ( ) ,i ip q M  where ip  is the price of beverage i, iq  is the quantity 

of beverage i consumed, M = 3

1
,i ii

p q
=∑  and 3

1
1ii

w
=

=∑ . Unfortunately it was not 

possible to calculate such a measure for each country, and so an alternative was sought. 

Data on the per capita relative ethanol share of each beverage was available, and this 

data is thought a good proxy for conditional market share information. Per capita 

relative ethanol share information is shown in the right-hand panel of Table 2.4. 

 

TABLE 2.4 
ALCOHOL CONSUMPTION IN 1996 IN TERMS OF PURE ALCOHOL 

Volume (litres)  Share in Total (percent) 
No. Country 

Beer Wine Spirits Total  Beer Wine Spirits Total 

1. Australia 6.07 2.78 1.72 10.57  57.43 26.30 16.27 100 

2. Canada 4.23 1.19 2.16 7.58  55.80 15.70 28.50 100 

3. Cyprus 3.40 2.05 4.55 10.00  34.00 20.50 45.50 100 

4. Finland 5.06 1.12 2.40 8.58  58.97 13.05 27.97 100 

5. France 2.45 8.91 3.01 14.37  17.05 62.00 20.95 100 

6. Germany 8.01 3.26 2.50 13.77  58.17 23.67 18.16 100 

7. Ireland 9.32 2.35 2.22 13.89  67.10 16.92 15.98 100 

8. Italy 1.41 7.74 1.06 10.21  13.81 75.81 10.38 100 

9. Japan 3.21 .14 2.62 5.97  53.77 2.35 43.89 100 

10. Kenya .87 .01 .77 1.65  52.73 .61 46.67 100 

11. Netherlands 5.13 2.51 2.16 9.80  52.35 25.61 22.04 100 

12. New Zealand 6.11 2.59 1.51 10.21  59.84 25.37 14.79 100 

13. Norway 3.27 1.13 1.02 5.42  60.33 20.85 18.82 100 

14. Poland 2.62 1.06 4.24 7.92  33.08 13.38 53.54 100 

15. Portugal 3.75 8.81 .97 13.53  27.72 65.11 7.17 100 

16. Spain 3.86 4.34 2.86 11.06  34.90 39.24 25.86 100 

17. Sweden 3.64 1.97 1.44 7.05  51.63 27.94 20.43 100 

18. U.K. 6.34 1.94 1.72 10.00  63.40 19.40 17.20 100 

19. U.S. 5.36 1.12 2.43 8.91  60.16 12.57 27.27 100 

 Mean 4.43 2.90 2.18 9.50  48.01 26.65 25.34 100 

Source: Selvanathan and Selvanathan (2005).  
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Although the two alcohol consumption measures are correlated, they are not 

quite the same. For example, while Norway is in general a low alcohol consumption 

country, beer, with an ethanol market share of 60 percent, is clearly the most important 

beverage within this market. Similarly, while France is in general a high alcohol 

consumption country, wine, with a ethanol market share of 62 percent, is noticeably 

more important than either spirits or beer.  

 

To avoid perfect multicollinearity when estimating equation (2.1) it is necessary 

to include in the base: one beverage type, one elasticity type, a model setting, an 

estimation method, a data frequency, and a country. The base beverage category is beer, 

the base elasticity type is Marshallian, the base model setting is conditional, the base 

estimation approach is the system-wide approach, the base data frequency is annual, and 

the base country is Australia. For several countries listed in Table 2.1 and Table 2.2 

there was only one elasticity observation. These countries and observations are therefore 

not included in the regression analysis. Least squares has been used to estimate equation 

(2.1), and the software used for the actual computations was Microfit for Windows 4.1. 

 

The results shown in column (1) of Table 2.5 relate to the model specification 

including alcohol consumption variables, and variables capturing differences in demand 

models. Individually the alcohol consumption variables Level and Ethanol Share are not 

statistically different from zero, and the evidence with respect to functional form using 

this specification is marginal. However, if the two alcohol consumption variables are 

highly correlated, then lack of precision with respect to the estimates may be the reason 

they are individually not significant. The correlation matrix for all explanatory variables 

was calculated, and the correlation between the two variables was .937. As an additional 

criteria for judging whether multicollinearity between the two variables was 

problematic, Klein’s Rule, reported in Maddala (1992, p. 273) and explained below, 

was also used. 

 

Let 2
yR  denote the squared multiple correlation coefficient for equation (2.1). 

Further, let 2
jR  denote the squared multiple correlation coefficient between explanatory 

variable j, a variable originally on the right-hand side of equation (2.1), and all other 

explanatory variables. If 2 2
y jR R<  then, according to Klein’s Rule, multicollinearity is a 

problem. As 2 2
j yR R>  when j is equal to the Level variable, and when j is equal to the 
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Ethanol Share variable, multicollinearity between these two variables is thought to be a 

problem. Appendix 2.4 reports complete details on multicollinearity tests, and the 

complete correlation matrix. 

 

 Given the existence of a high level of multicollinearity between the two 

variables, a joint test of significance was conducted. However, as the calculated F-

statistic is 1.009, at conventional levels of significance, it is not possible to reject the 

hypothesis the joint effect of the two variables is zero. An interesting question to ask at 

this point concerns the overlap between the information provided by the alcohol 

consumption data variables, and the country dummies. If the meta-regression is 

estimated without country dummies, but including alcohol consumption information -- 

column (2) of Table 2.5 -- the regression fails the functional form test. Further, even 

when the country dummies are excluded, based on an F-test, at the 95 percent 

confidence level, it is not possible to reject the hypothesis the joint effect of including 

alcohol consumption variables is zero. It therefore appears appropriate to exclude 

alcohol consumption information from the model. 

 

Equation (2.1) was therefore re-estimated excluding alcohol consumption 

variables, and the results are shown in column (3) of Table 2.5. The revised 

specification passes both functional form and heteroscedasticity tests, and compared to 

the original specification there is no deterioration in either the 2 ,R  or the standard error 

of the regression. For completeness the residuals were also examined. Five observations 

were identified where the residual was more than three standard deviations from the 

mean, and interestingly three of the five observations were for Canada. The effect of 

excluding these five observations was examined as follows. 

 

Time enters the regression as a quadratic, and an analysis of the implied turning 

point for the time trend variables after the five observations were excluded showed that 

the turning point was unchanged. For the remaining estimates -- excluding the intercept 

which has no economic interpretation -- the value of the estimates after the five 

observations were dropped were compared to their original values. Specifically, to 

evaluate the effect of these five observations, for each variable the absolute value of the 

difference between the estimate when the five observations were deleted and the 

original estimate was divided by the associated original standard error and an average 

taken. Formally this measure can be calculated as follows. Let 1̂ jβ  denote the original 
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OLS estimate for variable ( 1,..., ),j j J=  and 1ˆ jσ  denote the associated standard error. 

Then, if 2
ˆ

jβ  is used to denote the OLS estimate for variable j after the five observations 

have been deleted, a standardised measure of the average variation in the estimates 

caused by deleting the five observations may be found as ( )1
1 2 11

ˆ ˆ ˆ .J
j j jJ k

β β σ
=

−∑  

Using this measure the coefficient with the largest change once the five observations 

were dropped was the dummy variable for Canada. Although even this change was not 

marked, and the estimate varied by approximately one standard error. The average 

absolute variation in coefficient estimates after the five observations were dropped was 

.23 of the standard error of the original estimate. As excluding the five observations 

from the sample did not materially change the estimates, the five observations have not 

been excluded from the sample. The following discussion is based on the values 

reported in column (3) of Table 2.5. 

 

Interpreting the Estimates 

 

The dependant variable in equation (2.1) is the natural logarithm of the absolute 

value of the own-price elasticity, and so the coefficient jβ  of the variable jX  is 

interpreted as ( )log ,ik jXη∂ ∂  so that ( )exp 1 100jβ − ×  is the percentage change in η  

resulting from a one unit change in .jX  Consider, for example, the coefficient for wine 

in column (3) of Table 2.5, so that .5691.jβ =  As beer is in the base, this means, on 

average, the absolute value of wine elasticity estimates are exp(.5691) 1 100 77− × =  

percent higher than those for beer. Similarly, as for spirits, .6719,jβ =  on average, the 

absolute value of spirits elasticity estimates are, exp(.6719) 1 100 96− × =  percent 

higher than those for beer. 

 

Given the dependant variable is expressed in absolute value terms, the 

theoretical relationship between the different elasticity types are as follows: (i) the 

Marshallian own-price elasticity is greater than the corresponding Hicksian own-price 

elasticity, and (ii) the Frisch own-price elasticity estimate is greater than the 

corresponding Hicksian own-price elasticity estimate.  
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TABLE 2.5 
OWN-PRICE ELASTICITY META-REGRESSION RESULTS 

  (1)  (2)  (3) 

Variable  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept   1227* (464.3)  1186* (518.5)  1257* (463.8) 
Beverage Type          

Wine  .3206 (.2067)  .0847 (.2355)  .5691* (.0817) 
Spirit  .4441* (.1879)  .2397 (.2177)  .6719* (.0813) 

Elasticity Type          
Frisch  -.1055 (.1658)  -.1385 (.1894)  -.1002 (.1657) 
Hicksian  -.5021* (.1186)  -.5715* (.1272)  -.4967* (.1185) 

Model Framework          
Unconditional   .4546* (.1217)  .4098* (.1329)  .4527* (.1217) 

Estimation Approach          
Inferred   .9620* (.3973)  .9684* (.4691)  .9293* (.3960) 
Cross-section  .3021 (.2651)  .0851 (.2920)  .2970 (.2651) 
Linear  .2665* (.1065)  .2427** (.1243)  .2644* (.1064) 

Data Frequency and Time          
Quarterly Data  -.2217** (.1321)  -.0853 (.1487)  -.2230** (.1321) 
Daily Data  -.2170 (.2984)  -.4096 (.3345)  -.2225 (.2984) 
Publication Date  .0014 (.0056)  -.0023 (.0064)  .0014 (.0056) 
Sample Evaluation Date  -1.260* (.4742)  -1.208* (.5298)  -1.291* (.4736) 
(Sample Evaluation Date)2 .0003* (.0001)  .0003* (.0001)  .0003* (.0001) 

Other Model Variables          
Long Run Estimate  .3508** (.1903)  .3568 (.2269)  .3551** (.1903) 
Imported Beverage  .5596* (.2246)  .4589** (.2446)  .5748* (.2241) 

Country Dummies          
Canada  -.3017** (.1730)  - -  -.3032* (.1344) 
Cyprus  -.2754 (.3076)  - -  -.2884 (.3062) 
Finland  .5760* (.1895)  - -  .5712* (.1750) 
France  -1.850* (.3042)  - -  -1.886* (.2675) 
Ireland  -.0514 (.2937)  - -  -.0437 (.2706) 
Japan  -.7071* (.3139)  - -  -.7317* (.2555) 
New Zealand  -.3111* (.1820)  - -  -.3114** (.1814) 
Norway  -1.576* (.2660)  - -  -1.584* (.1995) 
Sweden  .2371 (.2336)  - -  .2298 (.1962) 
United Kingdom  -.0083 (.1300)  - -  -.0084 (.1277) 
United States  -.4207* (.1567)  - -  -.4224* (.1435) 

Alcohol Consumption           
Level  .0045 (.1058)  .0843 (.0625)  - - 
Ethanol Share  -.0068 (.0123)  -.0194* (.0088)  - - 

Summary Information          
2

R , Regression S.E.  .5082 .6322  .2815 .7641  .5082 .6322 

Heteroscedasticity  .0661 [.797]  1.624 [.203]  .1485 [.700] 
Functional Form  2.701 [.100]  4.776 [.029]  .8644 [.353] 
N, K  368 29  368 18  368 27 
 

Notes: * Significant at the 5 percent level ** Significant at the 10 percent level. Brackets are P-values. 
Heteroscedasticity Test: Based on the regression of the squared residuals on squared fitted values. 
Functional Form Test: Ramsey’s RESET test using the square of the fitted values. 
N refers to the number of observations, K refers to the number of explanatory variables. 



 39

For the elasticity type estimates, the base elasticity type is Marshallian. So, 

based on the estimated coefficients shown in column (3) of Table 2.5, the absolute value 

of Frisch elasticity estimates are, on average, 10 percent lower than Marshallian 

elasticity estimates. However, as indicated by the standard error associated with the 

estimated coefficient, the difference is not statistically significant. The absolute value of 

Hicksian estimates are, on average, 39 percent lower than Marshallian estimates, and 

the difference is statistically significant. Whether the difference between the estimated 

Frisch and Hicksian coefficients is statistically significant can be established with 

reference to a Wald test. Based on this test statistic it is possible to say the difference 

between the estimated Frisch and Hicksian coefficients is statistically significant.  

 

The meta-regression results suggest, on average: (i) the absolute value of 

Marshallian own-price elasticity estimates are greater than Hicksian own-price elasticity 

estimates, and the difference is statistically significant; and (ii) the absolute value of 

Frisch own-price elasticity estimates are greater than Hicksian own-price elasticity 

estimates, and the difference is statistically significant. So, unlike the simple 

aggregation of estimates presented in Table 2.1, the meta-regression results reflect 

exactly the known theoretical relationships between own-price elasticities. 

 

The model framework variables allow for distinction to be made between 

conditional and unconditional elasticity estimates. The base model framework is the 

conditional setting, and the estimated coefficient for unconditional estimates indicates 

unconditional estimates are, on average, 57 percent higher, in absolute value terms, than 

conditional estimates. As such, the meta-regression results conform with expectations. 

 

For the estimation approach variables, the system-wide estimation method is in 

the base, and the difference between estimates from linear, single-equation models, and 

system-wide approaches is statistically significant. On average, the absolute value of 

estimates from linear models are approximately 30 percent higher than system-wide 

estimates. The difference between estimates from system-side approaches and inferred 

estimates is also statistically significant. The regression coefficient for models where the 

elasticity estimate is inferred from other data implies the absolute value of elasticity 

estimates from inferred models are, on average, 153 percent higher than system-wide 

estimates. Given the disparity between inferred estimates and all other estimates, it is 

possible this approach to estimating elasticity values is in some way defective. As the 
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most recent publication date for a study where the elasticity values are inferred from 

other available information is 1972, researchers have perhaps already realised this 

approach to obtaining elasticity estimates is not to be relied upon. Although estimates 

from cross-section estimation approaches are not statistically different from system-

wide estimates, it is interesting to note the similarity between the point estimates for 

cross-section model effects, .2970, and linear model effects, .2644. 

 

In the regression analysis three different data frequencies are considered: annual, 

quarterly, and daily; and the base frequency is annual. Although the estimated 

coefficient attached to the daily data variable is not significantly different to that of 

annual data, the point estimate, -.2225, is similar to that associated with estimates from 

models using quarterly data, -.2230. Estimates from studies using quarterly data are on 

average, more inelastic than estimates from studies using annual data, other things 

constant. Specifically, the absolute value of estimates from models using quarterly data 

are on average 20 percent lower than estimates based on annual data. This finding could 

perhaps be explained by arguing when using quarterly data there is less chance for 

consumers to respond to price changes, and so estimates are necessarily more inelastic. 

Such a proposition sits well with the evidence provided by the estimate for the long-run 

dummy variable. 

 

Long run estimates are statistically different from short run estimates, and the 

regression coefficient implies the absolute value of long run estimates are, on average, 

43 percent higher than short run estimates. So, despite the addictive nature of alcoholic 

beverages, it appears the demand for alcohol follows the same pattern as the demand for 

other products. The longer the time period, the more elastic the demand. This may be 

seen as empirical confirmation of the position argued in Becker and Murphy (1988). 

 

Publication date appears an unimportant factor. In meta-regression analysis it is 

sometimes suggested the publication date variable either: (i) captures the effect of 

improvements in estimation technique, or (ii) reflects period specific effects. However, 

as in the current study both estimation technique and sample period are explicitly 

modelled, it is not surprising the publication date is not statistically significant. 

 

Of the studies reviewed, the earliest sample period start date was 1870, and the 

most recent sample end data was 2002. However, as in general the reported results are 
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evaluated at sample means, the earliest evaluation data is 1904, and the latest 1994. The 

story told by the sample evaluation date variables is an interesting one. The variable 

sample evaluation date enters as a quadratic, and the implied turning point is 1953. So 

the analysis suggests between 1904 and 1953 elasticity estimates became increasingly 

inelastic, and then from 1953 to 1994 became increasingly elastic. 

 

This finding has implications for both policy makers and alcoholic beverage 

suppliers. For policy makers, assuming the elasticity of demand for other commodities 

is constant, if the demand for alcohol is becoming more elastic, economic efficiency 

suggests the relative tax burden on alcoholic beverages should be lowered. For firms 

with market power, the optimal product mark-up is inversely related to the product’s 

own-price elasticity. Specifically, the profit maximising conditions imply 

( ) 1 .P MC P η− = −  The trend of increasingly elastic own-price elasticity estimates 

since 1953 indicates falling profit margins and this should be of concern to alcoholic 

beverage suppliers. On the other hand, this trend should be welcomed by drinkers. 

 

It is reasonable to suggest there exist scale and efficiency gains from mergers. 

So, when an industry is faced with falling mark-ups, merger and takeover activity is 

likely. In recent decades national and international mergers between alcoholic beverage 

companies have been common. For example, Tremblay and Tremblay (2005, pp. 187-

201) documents the history of US mergers in the beer industry, and between 1950 and 

2000 the number of independent mass production breweries in the US fell from 350 to 

24. In a sense, it is pleasing the firm behaviour implied by the meta-regression results is 

consistent with observed firm behaviour. Should the trend toward more elastic demand 

for alcoholic beverages continue, the future of inefficient producers does not look 

bright. 

 

Of course, even large corporations cannot expect to escape the pressure of 

falling margins. Should the demand for alcoholic beverages become more elastic, to 

maintain shareholder returns, firms will have to find even greater efficiency gains. 

Foster’s (originally a beer producer) recent addition of Southcorp, the world’s fifth 

largest wine group, to its already substantial wine portfolio, may be just the beginning 

of a new wave of national and international mergers. This new round of mergers may 

however be across beverage category rather than within beverage category, as has 

historically been the case.  
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 Before discussing country specific effects, it is worth noting the difference 

between the elasticity estimates of domestic and imported beverages. The results 

suggest the demand for imported alcoholic beverages is, in general, more elastic than 

the demand for domestically produced alcoholic beverages, and the difference is 

statistically significant. Specifically, the estimated coefficient indicates the absolute 

value of the own-price elasticity estimates of imported alcoholic beverages are on 

average 78 percent higher than domestically produced beverages. Such a finding has 

controversial implications as it suggests the optimal commodity tax rate for imported 

alcoholic beverages is lower than the optimal commodity tax rate for domestically 

produced alcoholic beverages.  

 

 The country in the base is Australia, and so the results indicate country specific 

effects different to those of Australia in 7 out of the 11 other countries considered. 

Based on the information in Table 2.5, the demand for alcohol appears to be most 

inelastic in France, and most elastic in Finland. This however is not the complete 

picture. For example, while Table 2.5 indicates the country specific effects of both 

France and Canada are different to Australia, by using a Wald test, it is also possible to 

establish whether the country specific effects of France and Canada are different to each 

other. In total 66 unique pair-wise country comparisons can be made, and the test results 

for these pair-wise comparisons are summarised in Table 2.6.  

 

In Table 2.6 the symbol ×  denotes a pair-wise country comparison where it is 

possible to reject the null hypothesis of equality between estimated country effects. The 

certainty with which the hypothesis can be rejected is indicated by an asterisk; a single 

asterisk indicates a confidence level of 95 percent, and a double asterisk indicates a 

confidence level of 90 percent. The symbol √ denotes cases for which it is not possible 

to reject the null of equal country specific effects. For each country the percentage of 

rejections is given in the last row. The way to read Table 2.6 can best be explained with 

reference to an example. Consider the case of Japan. By starting with the Japan row and 

reading across to the Japan column, we can see the country specific effect for Japan is 

different to that of: Australia, Canada, Finland, France, and Ireland. Further, by reading 

down the Japan column, we can see the country specific effect for Japan is also different 

to that of: Norway, Sweden, and the UK. So, for Japan, out of 11 pair-wise 
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comparisons, in 8 cases, or 73 percent of the time, it is possible to reject the hypothesis 

of equal country specific effects. 

 

TABLE 2.6 
COMPARISON OF COUNTRY ELASTICITY ESTIMATES 

Country Australia Canada Cyprus Finland France Ireland Japan NZ Norway Sweden UK US 

Australia -            

Canada *×  -           

Cyprus √ √ -          

Finland *×  
*×  

*×  -         

France *×  
*×  

*×  
*×  -        

Ireland √ √ √ *×  
*×  -       

Japan *×  
**×  √ *×  

*×  
**×  -      

NZ **×  √ √ *×  
*×  √ √ -     

Norway *×  
*×  

*×  
*×  

*×  
*×  

*×  
*×  -    

Sweden √ *×  √ √ √ √ *×  
*×  

*×  -   

UK √ *×  √ *×  
*×  √ *×  

**×  
*×  √ -  

US *×  √ √ *×  
*×  √ √ √ *×  

*×  
*×  - 

 Reject (%) 64 64 27 91 91 36 73 55 100 45 64 55 

 

 

The country with the lowest rate of rejection for the hypothesis of equal own-

price elasticity between countries is Cyprus. However, there are only six elasticity 

observations for Cyprus, and so the country effect for Cyrus is imprecisely estimated. 

This lack of precision, in part, explains the relatively low level of rejections for Cyprus. 

The highest rates of rejection for the hypothesis of equal own-price elasticity between 

countries are for Norway, France, and Finland. 

 

The results highlight an advantage of using the meta-regression approach to 

analyse alcohol own-price elasticity estimates. The simple comparison of mean own-

price elasticity estimates for each country, on balance, indicated support for Stigler and 

Becker’s proposition of homogeneous tastes across countries. The meta-regression 

results on the other hand, which control for model design features, broadly support the 

alternate position. This is an important result, and suggests at least for the alcohol 

market, care should be taken with respect to pooling information across countries. 
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An Alternative Interpretation of the Estimates 

 

Interpreting changes in elasticity values directly, as opposed to the percentage 

change in elasticity values following a one unit change in jX  is perhaps a more natural 

framework for discussing own-price elasticity estimates. The dependant variable in 

equation (2.1) is the natural logarithm of the absolute value of the own-price elasticity 

estimate, and as noted above ( )log .j jXη β∂ ∂ =  However, as ( )log jXη∂ ∂  is 

equivalent to / ,jXη η∂ ∂  it is possible to write 1 .j jXβ η η= ∂ ∂ ×  As such, if the jβ  

coefficients shown in column (3) of Table 2.5 are multiplied by *,jη  where *
jη  is the 

sample mean associated with attribute j, it is possible to arrive at values which can be 

interpreted as changes in elasticity values, i.e. *.j j jXη β η∂ ∂ = ×  

 

Consider first the beverage type estimates. For wine, .5691,jβ =  * .6974,jη =  

and so .3969.jXη∂ ∂ =  For spirits, .6719,jβ =  * .7507,jη =  and so .5043.jXη∂ ∂ =  

Given beer is in the base, and the mean elasticity estimate for beer is .39, the mean 

elasticity estimate for wine is ( ).39 .40 .79 ,+ =  and the mean elasticity estimate for 

spirits is ( ).39 .50 .90 .+ =  The meta-regression results, when interpreted this way, 

provide information which can be used by policy makers to set optimal commodity 

taxes.  

 

For example, if Ramsey taxation principles are used in setting commodity taxes 

then: “In taxing commodities which are rivals for demand, like wine, beer and spirits, or 

complementary like tea and sugar, the rule to be observed is that the taxes should be 

such as to leave unaltered the proportions in which they are consumed” (Ramsey, 1927, 

p. 59). In the simple case of no cross-price effects, such policy requires commodity 

taxes to vary inversely with the absolute value of the commodity’s own-price elasticity; 

the government’s revenue raising requirement determining the proportionality 

coefficient. While it is likely governments also consider the political ramifications of 

tax policy, for beer, wine, and spirits, the Ramsey taxes are proportional to : beer 

1 .39 2.56,=  wine 1 .79 1.27,=  and spirits 1 .90 1.11= . So, the economically efficient 

tax rates imply beer should be taxed approximately twice as much as wine and spirits. It 

is however worth noting the mean income elasticity values, based on the values reported 
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in Appendix 2.1, are: beer .74, wine 1.29, and spirits 1.24, and so optimal commodity 

taxes for alcohol are regressive. 

 

The remaining coefficients can be interpreted in a similar manner. Other effects 

held constant, the meta-regression coefficients imply Marshallian estimates, in absolute 

value terms are on average .28 greater than Hicksian estimates, and Frisch estimates are 

.22 greater than Hicksian estimates. Again this information is useful for policy makers. 

Economists, in general, are interested in understanding the substitution effect in 

isolation, not the combined income and substitution effect. As approximately 75 percent 

of reported elasticity estimates are Hicksian estimates, this interest is reflected in the 

type of elasticity estimate reported. Policy makers on the other hand are likely to be 

more concerned with the combined income and substitution effect, and so for policy 

makers Marshallian estimates are generally of more interest. Without knowledge of the 

approximate difference between the size of Marshallian and Hicksian estimates, policy 

makers are restricted to considering only the information contained in Marshallian 

estimates. However, if the approximate average size difference between Marshallian 

and Hicksian estimates is known, policy makers can take known Hicksian estimates, 

make a suitable adjustment, and obtain the approximate Marshallian elasticity estimates. 

As only 17 percent of the reported estimates are Marshallian, such a process greatly 

increases the number of elasticity estimates policy makers can consider. 

 

The absolute value of estimates from models where the setting is unconditional 

are on average .38 higher than conditional estimates. Again, knowing the approximate 

size of the difference between conditional and unconditional estimates is useful for 

policy makers. Economists are often interested in examining the effects of price changes 

within a conditional setting. Further, as system-wide estimation approaches are designed 

for the conditional setting, the increasing popularity of these estimation approaches has 

led to applied economic work investigating the demand for alcohol to be increasingly 

framed in a conditional setting. The focus on the conditional setting is reflected in the 

ratio of conditional to unconditional estimates, a ratio which is approximately two to 

one. Knowing the approximate difference in size between conditional and unconditional 

estimates allows policy makers concerned with the effect of price changes in an 

unconditional setting to take unconditional estimates, make a suitable adjustment, and 

obtain an estimate of the approximate unconditional elasticity. 
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Similar adjustments can be made by policy makers for the remaining estimate 

categories, and the approximate effects are as follows. On average the absolute value of 

estimates from linear single-equation models are approximately .20 higher than system-

wide estimates. The regression coefficient for models where the elasticity estimate is 

inferred from other data implies the absolute value of estimates from inferred models 

are on average 1.73 higher than system-wide estimates. The absolute value of estimates 

from models using quarterly data are on average .14 smaller than estimates based on 

annual data. Long run estimates are on average .31 higher in absolute value than short 

run estimates. The demand for imported alcoholic beverages is, in general, more elastic 

than the demand for domestically produced alcoholic beverages, and the implied 

difference in terms of elasticity values is .52.  

 

As noted above, the sample period variable entered as a quadratic, has a turning 

point in 1953, and sample end points of 1904 and 1994. By evaluating the implied 

impact of the sample period variable in 1904, 1953, and 1994, it is possible to obtain 

some idea of the magnitude of the change in elasticity estimates through time. The 

implied values indicate, controlling for other factors, between 1904 and 1953, the 

absolute value of alcoholic beverage own-price elasticity estimates fell by, on average, 

.50, then, between 1953 and 1994, increased by .31. 

 

2.5 CONCLUSION 

  

 The nature of the demand for alcohol is an interesting and important topic, and 

one worthy of detailed study. That others have found the demand for alcohol an 

interesting topic is evidenced by the volume of studies reviewed in Appendix 2.1. This 

chapter has contributed to understanding the nature of the demand for alcohol, not by 

presenting a new set of elasticity estimates for alcoholic beverages, but by developing a 

framework though which all previous estimates may be viewed, and in doing so 

allowing the reasons for the disparity in reported results to be understood. 

 

The meta-regression analysis presented above allows stylised facts regarding the 

demand for alcohol to be established. The most important of these facts are perhaps: (i) 

the demand for alcoholic beverages is price inelastic; (ii) the alcoholic beverage with 

the most inelastic demand is beer, and the alcoholic beverage with the most elastic 

demand is spirits; (iii) contrary to the proposition of Stigler and Becker (1977) 
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consumer responses to changes in the price of alcoholic beverages vary with country; 

(iv) model design attributes such as estimation method and data frequency effect 

reported elasticity estimates, and these effects are substantial; and (v) there is an 

underlying trend in own-price elasticity estimates suggesting the demand for alcohol has 

become less inelastic since the 1950s. 

 

 The meta-regression results also provide a framework through which it is 

possible to view different estimates and understand why they differ. The results allow 

policy makers, health professionals, and economists, to take any given set of elasticity 

values, and interpret them within the most appropriate context. For example, a policy 

maker faced with a set of Hicksian own-price elasticity estimates can use the estimated 

meta-regression coefficients to convert the Hicksian estimates to approximate 

Marshallian values. The ability to move between Hicksian and Marshallian estimates, or 

between conditional and unconditional estimates, etc., is valuable.  

 

 A final significant contribution the meta-regression approach makes is to isolate 

individual factors which effect elasticity estimates. For example, since the mid 1950s, 

the general trend in own-price elasticity estimates for alcoholic beverages has been for 

them to become more elastic. However, system-wide estimation approaches give more 

inelastic estimates than single-equation methods, and over time system-wide approaches 

have become increasingly popular. So, to anyone observing only the published elasticity 

estimates, the underlying trend towards increasingly less inelastic own-price elasticity 

estimates in recent decades, would, in part, be masked by the impact of the general 

switch away from single-equation estimation methods to system-wide approaches. By 

isolating the estimation method effect, it becomes possible to observe the true 

underlying trend in elasticity values. As such, the analysis makes possible a much 

deeper and richer understanding of the nature of the demand for alcohol. 
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APPENDIX 2.1 

SUMMARY DETAILS ON ELASTICITY ESTIMATES 

 
 The original intent of Table A2.1 was to provide complete details on the 

estimation results reported in each paper. Yet even within the context of an appendix 

this proved impractical. For example, in Clements and Selvanathan (1987), a system-

wide estimation approach is used and estimates are reported for three different types of 

own-price elasticity, across three countries, and for 21 years. For this study there are 

therefore ( )3 3 21 189× × =  different own-price elasticity estimates. In Godfrey (1988) 

there are two different linear model specifications, and 4 different functional forms, so 

( )2 4 3 24× × =  different own-price elasticity estimates to consider. In strict cross-

section studies results are often reported for a range of provinces. For example, in 

Simon (1966), an early cross-section study of the US, results are reported for 28 

different states. To bring the reported elasticity information down to a manageable size, 

results have been summarised. As such, some information is lost, however this loss is 

offset by increased ease of comprehension.  

 

In general, for linear single-equation models, when the difference between 

results is simply the result of different functional forms, such as Linear-Linear, Log-Log 

etc., the results reported in Table A2.1 represent the arithmetic mean of the reported 

estimates. On occasion authors express a clear preference for one specification over 

another. In such cases the results reported are those preferred by the authors. When 

substantially different specifications have been estimated, the results for the different 

specifications are reported in Table A2.1. 

 

 In general, for system-wide approaches to estimating elasticities, results are 

reported either for more than one model specification, or for more than one time period. 

The values reported are almost always evaluated at sample means, and if not, the time 

period is stated in the comments section of Table 2.1. When both a static version and a 

dynamic version of the model are estimated, if the author does not explicitly reject one 

model, both results are reported. When different system-wide estimation approaches 

have been used, such as the Rotterdam model or the AIDS model, the results for the 

different approaches are reported. 
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 For cross-section estimation, if pooled results are reported, it is the pooled 

values which are shown in the table. Rather than presenting pooled estimates some 

authors express a preference for taking the median estimate. When the author adopts 

this approach it is the median estimate which is reported in Table A2.1. 

 

 Occasionally models report non-positive income elasticity estimates, or non-

negative own-price elasticities estimates. That alcoholic beverages are either inferior 

goods, or Giffen goods, is inconsistent with accumulated wisdom. As such, all non-

positive income elasticity estimates, and non-negative own-price elasticity estimates are 

ignored. Comment length is to a large extent determined by the space available, and 

does not reflect upon the quality of the paper.  

 

 On occasion it was difficult to determine whether estimates presented were 

compensated or uncompensated own-price elasticities. For system-wide approaches, 

where the author presented complete estimation results, it was often possible to confirm 

which type of estimate was being considered. However on other occasions this kind of 

fact checking was not possible. If it was not possible to check the reported estimates, the 

decision to classify the estimates as compensated or uncompensated was based on what 

seemed appropriate given the discussion presented in the text. 
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TABLE A2.1 
SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Linear  Dom. U  .23 .70 .89 H -.37 -.61 -.05 Adrian and 
Ferguson 

(1987) 

Applied 
Economics 

Canada 1958-81 

Linear   Imp. U  1.54 .62 .69 H -.84 -1.27 -.96 

The data are annual and pooled across province. Individual 
province estimates are also presented. A dynamic version of 
the model is estimated and rejected. 

               

AIDS Dom. U  .06 .27 .26 M -.15 -.76 -1.76 Alley et al. 
(1992) 

Empirical 
Economics 

British 
Columbia 

Apr. 1981 
– Aug. 86 AIDS Imp. U  - .29 - M - -.55 - 

    AIDS U.S. U  - .11 - M - -.97 - 
    AIDS Dom. U  - - - H -.15 -.76 -1.76 

    AIDS Imp. U  - - - H - -.55 - 

    AIDS U.S. U  - - - H - -.97 - 

Data are monthly. Homogeneity and symmetry are imposed. 
Within equation tests support homogeneity, joint tests reject 
homogeneity and symmetry. All other goods is included as 
the sixth equation so the estimates are unconditional. The 
dynamic form of the model is rejected. No distinction is made 
between domestic and imported beer or domestic or imported 
spirits. Given the low unconditional budget share of alcoholic 
beverages, similar Marshallian and Hicksian own-price 
elasticity estimates were expected.   

               

DAIDS Dom. C  .96 2.22 .08 M -.48 -.51 -.54 Andrikopoulos 
et al. (1997) 

Applied 
Economics 

Ontario 1958-87 

DAIDS Imp. C  6.38 6.00 .83 M -1.02 -.70 -.34 

    DAIDS Dom. C  - - - H -.08 -.39 -.51 

    DAIDS Imp. C  - - - H -1.00 -.35 -.27 

The data are annual. A static version of the model is rejected. 
Homogeneity and symmetry are imposed. Elasticity estimates 
are evaluated at sample means. 

               

DAIDS Dom. C  1.30 1.03 .65 H -.35 -.24 -.17 Andrikopoulos 
and Loizides 
(2000) 

Applied 
Economics 

Cyprus 1970-92 

DAIDS Imp. C  1.02 .70 1.45 H -1.00 -.56 -.72 

              

The data are annual and estimates are evaluated at sample 
means. Homogeneity and symmetry are imposed. A static 
version of the model is estimated and rejected. Spirits refers 
to brandy. Various dynamic specifications are estimated. 

               

U.K. 1952-91 AIDS  U  .81 1.85 1.16 H -1.27 -.82 -1.31 Blake and 
Nied (1997) 

Applied 
Economics   AIDS  C  .89 1.61 .98 M -.95 -.93 -1.32 

Data are annual. Non-economic variables are considered. For 
the conditional model homogeneity and symmetry are 
rejected. The paper includes a cider elasticity estimate. 

               

U.K. 1970-86 _________ -  - - - - -.88 -1.37 -.94 Baker and 
McKay 
(1990) 

Edwards et 
al. (1994)             

Taken from the secondary literature. 

(continued next page)
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Sweden 1920-51 _________ -  - - - - -1.20 -1.60 -.50 Bryding and 
Rosen 
(1969) 

Edwards et 
al. (1994)             

Taken from the secondary literature. 

               

DAIDS C  1.04 1.25 - M -.82 -.82 - Chang et al. 
(2002) 

Agribusin-
ess Review 

Australia 1975-99 

          

Annual data. Symmetry and homogeneity are imposed and 
not rejected. Non-economic variables are considered. 

               
Australia 1955-85 Rotterdam C  .81 1.00 1.83 F -.40 -.50 -.91 Clements et al.  

(1997) 
Applied 
Economics   Rotterdam C  - - - H -.18 -.42 -.77 

  Canada 1955-85 Rotterdam C  .74 1.05 1.25 F -.15 -.60 -.61 

    Rotterdam C  - - - H -.21 -.40 -.47 

  Finland 1970-83 Rotterdam C  .45 1.32 1.32 F -.61 -1.78 -1.78 

    Rotterdam C  - - - H -.51 -1.46 -1.46 

Data are annual. Symmetry and homogeneity are imposed, 
and in general not rejected. Estimates are evaluated at sample 
means. The paper presents Frisch elasticity estimates only. 
However, from the information published in the paper it is 
possible to calculate Slutsky own-price elasticity estimates. 
As expected, the calculated Slutsky estimates are all larger 
than the corresponding Frisch elasticities. 

  N.Z. 1965-82 Rotterdam C  .84 .88 1.45 F -.37 -.39 -.64  

    Rotterdam C  - - - H -.17 -.34 -.57  

  Norway 1960-86 Rotterdam C  .34 1.48 1.55 F -.03 -.12 -.12  

    Rotterdam C  - - - H -.02 -.10 -.10  

  Sweden 1967-84 Rotterdam C  .21 .69 1.52 F -.30 -.99 -2.18  

    Rotterdam C  - - - H -.28 -.88 -1.94  

  U.K. 1955-85 Rotterdam C  .82 1.06 1.34 F -.44 -.57 -.72  

    Rotterdam C  - - - H -.24 -.48 -.60  

(continued next page)
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Australia 1956-77 Working C  .73 .62 2.50 F -.35 -.37 -1.11 Clements and 
Selvanathan 
(1987) 

Theil and 
Clements 
(1987)   Working C  - - - H -.12 -.34 -.52 

    Working C  - - - M -.65 -.42 -.92 

  U.K. 1955-75 Working C  .41 1.91 1.81 F -.25 -.52 -.79 

    Working C  - - - H -.19 -.23 -.24 

    Working C  - - - M -.43 -.48 -.74 

  U.S. 1949-82 Working C  .75 .46 1.34 F -.22 -.23 -.51 

Data are annual. Estimates are presented for each year. The 
values reported here are the mean elasticity estimates. 
Homogeneity and symmetry are imposed, tested, and not 
rejected. Cross-country pooling is tested and rejected.   

    Working C  - - - H -.09 -.22 -.10  
    Working C  - - - M -.44 -.26 -.71  

               

Australia 1956-77 Rotterdam C  .83 .78 1.97 H -.09 -.39 -.41 Clements and 
Johnson 
(1983) 

Journal of 
Business   Rotterdam U  .80 .75 1.91 H -.36 -.43 -.74 

Data are annual. Symmetry and homogeneity are tested and 
not rejected. Two intercept (trend) terms are included in the 
demand equations. Estimates are at sample means. 

               

               

U.S. 1962-77 Linear  U  - - .43 H - - -1.80 Cook and 
Tauchen 
(1982) 

Bell 
Journal of 
Economics             

Data are annual and for a 30 state panel. The study estimates 
the demand response to changes in tax rates. Elasticity 
estimates evaluated at 1968. 

               

U.S. 1947-64 ________ (S) -  - - - - -.56 -.68 -.25 Comanor and 
Wilson 
(1974) 

Edwards et 
al. (1994)   ________ (L) -  - - - - -1.39 -.84 -.30 

Taken from the secondary literature. 

               

U.K. 1983-92 AIDS C  - - -  M -.90 -.70 -1.42 

 1993 AIDS  C  - - -  M -.67 -1.40 -1.18 

Crawford and 
Tanner 
(1995) 

Fiscal 
Studies 

             

Annual data. Non-economic variables are considered. The 
first estimate is for 1992 the second is for 1993, following the 
introduction of the EU single market. Only for wine is the 
hypothesis of no change between periods rejected. 

(continued next page)
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. 

TABLE A2.1 (CONTINUED) 
SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

U.K. 1989-92 AIDS C  - - - M -.74 -1.85 -.86 Crawford et al. 
(1999) 

Fiscal 
Studies  1993-96 AIDS C  - - - M -.76 -1.69 -.86 

Annual data. Non-economic variables are considered. The 
first estimate is for the four years prior to the EU single  
market, the second the four years following the single market. 

               

Duffy (1983) U.K.  Linear (OLS) U  1.07 2.54 1.61 H - -.87 -.79 

 

Applied 
Economics  

1963Q1-
78Q4 Linear (2SLS) U  .85 2.22 1.67 H - -1.00 -.77 

Quarterly data. Results are from the model with homogeneity 
imposed. 2SLS is used because of the possibility of feedback 
from sales to advertising. Multiple specifications estimated.  

               

Duffy (1987) U.K. 1963-83 Rotterdam C  .60 1.70 1.42 H -.30 -.77 -.51 

 

European 
Economic 
Review   Rotterdam U  .70 2.18 1.78 H -.36 -1.13 -.85 

Annual data. Estimates at sample means. Symmetry and 
homogeneity are tested and not rejected. Advertising is 
incorporated in the model, but shown to have little effect. 

               

Duffy (1995) U.K. Rotterdam I C  .88 2.75 2.41 H -.03 -.49 -.94 

 

Journal of 
Policy and 
Modeling  

1963Q1-
88Q4 Rotterdam II C  .72 2.87 2.34 H - -.33 -.72 

    AIDS I C  1.07 3.36 1.36 H -.24 -1.10 -.76 

    AIDS II C  .99 3.07 1.49 H -.08 -.92 -.64 

    DAIDS II C  1.44 2.37 2.53 H -.29 -.86 -.97 

    DAIDS II C  1.19 2.07 2.06 H -.34 -.85 -1.13 

Quarterly data. Estimates at sample means. Symmetry and 
homogeneity are tested and not rejected. Advertising is 
included in the model in two different forms. Tobacco, and 
other non-durable expenditures are also included in the 
system. Although the estimates vary little with different 
system-wide specifications, the author favours the Rotterdam 
specification, a specification which indicates no advertising 
effects. 

               

Duffy (2001) U.K. Rotterdam C  .76 1.25 1.34 H -.13 -.83 -.72 

 

Applied 
Economics  

1964Q1-
96Q4 AIDS C  .79 1.18 1.34 H -.12 -.67 -.72 

    CBS C  .78 1.28 1.29 H -.15 -.82 -.76 

    NBR C  .78 1.14 1.39 H -.10 -.68 -.68 

Quarterly data. Estimates at sample means. Symmetry and 
homogeneity are tested and not rejected Advertising is 
included in the model. Following testing the author favours 
the AIDS specification. This study is valuable as it allows us 
to see -- for a given data set -- different system-wide 
approaches give similar results. 

               

Duffy (2002) U.K. AIDS TECM (0) C  .93 .71 1.38 H -.39 -.14 -.67 

 

Economic 
Modelling  

1963Q1-
99Q4 AIDS TECM (1) C  .98 .67 1.30 H -.37 -.08 -.73 

    AIDS C  .98 .85 1.17 H -.37 -.22 -.93 

Quarterly data. System-wide tests reject homogeneity for the 
static model but not the dynamic model. Advertising is 
included, but the estimates indicate it has little effect. 
Evaluated at sample means. 

(continued next page)



 54

 
TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Ireland 1960-98 AIDS C  .89 2.18 .92 M -.68 -1.95 -.68 Eakins and 
Gallagher 
(2003) 

Applied 
Economics   AIDS U  1.03 2.33 1.04 M -.77 -1.59 -.75 

    DAIDS (S) U  .16 1.86 .86 M -.53 -.80 -.85 

              

Annual data. Non-economic variables are included in the 
model. The evidence regarding homogeneity and symmetry is 
mixed. There is some confusion regarding conditional and 
unconditional estimates in the paper. The estimates presented 
are the authors preferred estimates and are from specifications 
including non-economic variables. 

               

N’lands 1960-83 _________ -  - - - - - -.50 - Eecen (1985) Edwards et 
al. (1994)             

Taken from the secondary literature. 

               

Poland 1959-85 Linear U  - - 1.48 H - - -.62 Florkowski and 
McNamara 
(1992) 

Journal of 
Policy 
Modelling             

Annual Data. The article and results are difficult to interpret. 

               

Gallet (1999) U.S. 1964-66 Linear switch U  - - .67 M - - -1.35 

 

Applied 
Economics  1978-92 Linear switch U  - - - M - - -.16 

Annual data. Switching regression model. The post-78 
estimate of the income elasticity was negative and not 
statistically different from zero. 

               

U.S. 1964-73 Linear switch U  - - - H -1.72 - - Gallet and List 
(1998) 

Economics 
Letters  1983-92 Linear switch U  - - - H - - - 

Annual data. Switching regression model. The post-83 
estimate of the price elasticity was positive and not 
statistically different from zero. Income elasticity negative. 

               

U.S. 1987-88 Synthetic C  - 5.03 1.21 H -.23 -.40 -.25 Gao et al. 
(1995) 

Applied 
Economics   Synthetic C  - - - M -.22 -.32 -.70 

              

One week survey data. Combines the Rotterdam, AIDS, and 
CBS models. Non-economic variables included in the model. 
Homogeneity and symmetry imposed.  

               

U.K. 1956-80 Linear I U  - 1.60 1.49 H - -.49 -.73 Godfrey 
(1988) 

Applied 
Economics   Linear II U  - 1.34 1.07 H -1.43 -1.30 -1.90 

Annual data. Evaluated at 1980. I McGuinness (1980) 
formulation. II Duffy (1983) formulation.  Results are the 
average of different functional forms.  
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

U.S. 16 years Linear C  - - - H -1.95 - - Hausman et al. 
(1994) 

Annales 
d’economie 
et de stat.             

Monthly data. The focus of the paper is the estimation of the 
cross-price elasticity of different beer brands. At the brand 
level the AIDS model in the conditional setting is used.  

               

U.S. 1956-59 Linear U  .43 - - H -.90 - - Hogarty and 
Elzinga 
(1972) 

Review of 
Economics 
and Statistics             

Following testing to confirm validity, the four years worth of 
cross-section data are pooled. Various functional forms are 
estimated, and the results are the authors preferred estimates.  

               

Holm (1995) Finland 1965-87 AIDS I C  1.41 .75 .81 H -.88 -1.56 -.92 

 

Empirical 
Economics    C  - - .92 H - - -1.21 

    AIDS II C  1.45 .82 .75 H -.13 -.95 -.26 

     C  - - .93 H - - -.58 

    AIDS III C  1.47 .84 .78 H -.51 -.51 -.91 

     C  - - .83 H - - -.91 

Annual data. In the spirit column the first entry is for: vodka 
gin, and aquavit; the second: other spirits. The different 
models allow for different treatment of quality changes. 
Symmetry is not imposed at the initial stage of estimation 
although homogeneity and symmetry are imposed with 
respect to the quality parameters. Incudes quality indices, and 
dummy variables for strikes and structural change. While all 
specifications fit fairly well, the author expresses a preference 
for specification III. 

               

Finland 1962-87 AIDS C  - - - H -.30 -2.31 -.79 Holm and 
Suoniemi 
(1992) 

Scand. 
Journal of 
Economics    C  - - - H - - -1.24 

Data observations every four months. In the spirit column the
first entry is for: vodka gin, and aquavit; the second: other
spirits. Symmetry and homogeneity imposed.  

               

Norway 1960-74 _________ - - - - - - - -1.20 Horverak 
(1979) 

Edwards et 
al. (1994)             

Taken from the secondary literature. 

               

Sweden 1956-68 _________ - - - - - -3.00 -.70 -1.20 Huitfeldt and 
Jorner 
(1972) 

Edwards et 
al. (1994)             

Taken from the secondary literature. 
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Canada 1955-71 Linear (S) U  .04 .23 - H -.22 -.50 -.91 Johnson and 
Oksanen 
(1974) 

Applied 
Economics   Linear (L) U  .06 .40 - H -.38 -1.60 -1.30 

Annual data. Pooled across provinces. Non-economic 
variables included. Elasticity estimates evaluated at sample 
means. 

               

Canada 1956-71 Linear (S) U  - .02 .10 H -.26 -.68 -1.13 Johnson and 
Oksanen 
(1977) 

Review of 
Economics 
and Statistics   Linear (L) U  - - .16 H -.30 -1.73 -1.53 

Annual data. Estimates are the average of three different least 
squares formulations. Non-economic variables are included.  

               

Canada 1956-83 Linear I (S) U  .39 1.07 .90 H -.29 -.78 -.56 Johnson et al. 
(1992) 

Review of 
Economics 
and Statistics   Linear I (L) U  .43 2.60 1.30 H -.28 -1.26 - 

    Linear II (S) U  .27 .90 .95 H -.28 -.80 -.73 

Annual data. Linear model I is of a log-linear ECM form, 
while model II is a cointegration model in levels. Non-
economic variables are included. Results are the average of 
lag length (1) and (2). Evaluated at sample means.  

    Linear II (L) U  .27 2.19 1.02 H -.14 -1.17 -  

               

Jones (1989) U.K. AIDS (H) C  .31 1.46 1.14 H -.27 -.77 -.95 

 

Bulletin of 
Economic 
Research  

1964Q1-
83Q4 AIDS (H) C  - 1.05 - H - -.65 - 

    AIDS (N-H) C  .50 1.67 1.21 H -.40 -.94 -.79 

Quarterly data. Symmetry and homogeneity imposed. System 
includes tobacco. Compares a habit forming model (H) and a 
non-habit forming model (N-H). Evaluated at 1983. Second 
entry in the wine column is for cider.   

    AIDS (N-H) C  - 1.37 - H - -.62 -  

               

Labys (1976) France 1954-71 Linear U  - - - H - -.06 - 
 Italy 1954-71 Linear U  - .28 - H - -1.00 - 
 

Australian 
Journal of 
Agricultural 
Economics Portugal 1954-71 Linear U  - .05 - H - -.68 - 

  Spain 1954-71 Linear U  - .14 - H - -.37 - 

Annual data. Several further elasticity values are reported in 
the paper, but these values have been taken from previous 
studies.  

  Germany 1954-71 Linear U  - .51 - H - -.38 -  

  U.S. 1954-71 Linear  Dom. U  - 2.34 - H - -.44 -  

  U.S. 1954-71 Linear Imp.  U  - 3.34 - H - -1.65 -  
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Canada 1949-69 Linear U  .20 1.43 .68 H -.03 -1.65 -1.45 Lau (1975) Gibbins et 
al. (1975)             

Annual data. Several different functional forms are estimated. 
The results reported here are the results from the authors 
preferred specification. 

               

U.S. 1953-83 Linear (S) U  .08 - - H -.54 - - Lee and 
Tremblay 
(1992) 

Applied 
Economics   Linear (L) U  .11 - - H -.72 - - 

Annual data. Advertising variables and other dummy 
variables are included. Assume evaluated at means. Results 
are the average of different linear specifications. 

               

Sweden 1923-39 _________ -  - 1.32 .30 - - -.71 -.37 Malmquist 
(1948) 

Gibbons et 
al. (1975)             

Taken from the secondary literature. 

               

U.K. 1956-79 Linear U  .13 1.11 1.54 H -.30 -.17 -.38 McGuinness 
(1983) 

Grant et al. 
(1983)             

Annual data. Evaluated at 1979. Advertising and the number 
of licensed premises are included as variables. 

               

Australia 1970-71 Inferred   U  - - - H - -1.80 - Miller and 
Roberts 
(1972) 

Quarterly 
Review of 
Ag. Econs.             

The estimate is arrived at by forecasting alternative wine 
consumption patterns. Three estimates are given and the 
authors suggest -1.80 as the most appropriate estimate.  

               

Nelson (1990) U.S. 1980 Linear I U  .40 1.35 .77 M -.36 -2.29 -1.15 

 

Journal of 
Regulatory 
Economics    Linear II U  .48 1.05 1.02 M -.56 -1.86 -.89 

Cross-section model. Non-economic variables are included in 
both models, but a greater number of non-economic variables 
are included in specification II. 

               

Nelson (1999) U.S. Rotterdam I C  .77 1.84 1.07 H -.20 -.69 -.11 

 

Southern 
Economic 
Journal  

1977Q3-
94Q4 Rotterdam I C  .77 1.90 1.06 H -.11 -.44 -.10 

    Rotterdam II C  .76 1.72 1.13 H -.20 -.67 -.16 

    Rotterdam II C  .75 1.83 1.11 H -.11 -.32 -.15 

Quarterly data. Advertising is included either at an 
aggregated level, or disaggregated between broadcast and 
print media. Estimated advertising elasticities are either not 
statistically different from zero or very low in magnitude. 
Symmetry and homogeneity are tested and not rejected. 
Model II is in terms of ethanol. Evaluated at sample means.  
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

U.S. 1964-90 Rotterdam C  .77 1.28 1.20 H -.04 -.09 -.10 Nelson and 
Moran 
(1995) 

Applied 
Economics   AIDS C  .80 1.40 1.13 H -.08 -.26 -.13 

    CBS C  .80 1.34 1.15 H -.05 -.07 -.11 

    NBR C  .77 1.31 1.19 H -.07 -.27 -.12 

    Rotterdam C  - - - M -.41 -.22 -.60 

    AIDS C  - - - M -.47 -.40 -.60 

Annual data. Strong support is found for homogeneity and 
symmetry for all four models. Estimates including advertising 
variables are also presented. However, as the estimated 
advertising elasticities are either not statistically different 
from zero or very low in magnitude the estimates from these 
models are not reported here. The estimates are evaluated at 
sample means. Different system-wide approaches give similar 
results, and no preference for a particular specification is 
given. 

    CBS C  - - - M -.44 -.20 -.58  

    NBR C  - - - M -.44 -.40 -.62  

               

PhD Thesis U.S. Linear U  - .61 .32 H -.70 -.98 -2.14 Niskanen 
(1962)   

1934-41 
and 

1947-60           

Annual data. While there are multiple specifications in the 
thesis, these are the results for which complete details of the 
transformation into retail elasticities are given.  

               

U.S. 1946-70 _________ -  - - - - -.87 - - Norman 
(1975) 

Edwards et 
al. (1994)             

Taken from the secondary literature. 

               

Finland 1949-62 _________ -  .22 .97 .42 - -.49 -.83 -.13 Nyberg  
(1967) 

Lau (1975) 

     - - 1.30 - - - -.95 

              

Taken from the secondary literature. Results for a dynamic 
model are also reported, however the values for the dynamic 
model are either extreme, or positive. The first entry in the 
spirit column is for vodka, the second for other spirits. 

               

U.S. 1974-78 Linear U  - - .47 H - - -.92 Ornstein and 
Hanssens 
(1985) 

Journal of 
Consumer 
Research  1976-78 Linear U  - - - H -.12 - - 

Cross-section data. Includes non-economic variables. 
Represents the average of specifications with different 
explanatory variables. 
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Owen (1979) Australia 1955-77 Linear (S) U  - .55 - H -.28 - - 

 

Economic 
Record   Linear (L) U  - 1.23 - H -.62 - - 

Annual data. Advertising expenditure tested and then omitted. 
Various estimation results are reported, these are from the 
Ridge regression, and are preferred by the author.  

               

Kenya 1963-85 _________ (S) -  - - - - -.33 - - Partanen 
(1991) 

Edwards et 
al. (1994)   _________ (L) -  - - - - -1.00 - - 

Taken from the secondary literature. 

               

Pearce (1986) N.Z. 1965-82 Rotterdam C  .85 1.14 1.31 M -.15 -.35 -.32 

 

Discussion 
Paper             

Annual data. Homogeneity and symmetry imposed and not 
rejected. The paper is an honours dissertation. Estimates at 
sample means. 

               

Penm (1988) Australia 1968-84 Rotterdam C  .69 - - H -.45 - - 

 

Economic 
Record             

Annual data. Homogeneity and symmetry imposed and not 
rejected. The study estimates the elasticity of bottled, canned, 
and bulk beer. The estimates reported are the group estimates. 

               

Prest (1949) U.K. Linear U  .23 - .74 H -.66 - -.86 

 

Review of 
Econ. and 
Statistics  

1870-38 

          

Annual data excluding 1915-19. Multiple model forms are 
estimated, and although the author is cautious in expressing a 
preference, the reported results are the preferred estimates.  

               

Quek (1988) Canada 1953-82 Working C  .77 1.12 1.20 H -.28 -.58 -.30 

 

Discussion 
Paper    U  .44 1.26 .95 H -.16 -.66 -.66 

Annual data. Homogeneity and symmetry imposed and not 
rejected. Evaluated at sample mean. Honours dissertation. 

               

U.K. Linear (S) ECM U  .37 .77 .59 H -.21 -.55 -1.52 Salisu and 
Balasubraman
-yam (1997)  

Applied 
Economics 
Letters  

1963Q1-
92Q3 Linear (L) ECM U  .76 1.42 .88 H -.32 -.66 -1.28 

Quarterly data. Homogeneity is rejected for wine, so the wine 
estimates are from the unrestricted model. The beer and spirit 
estimates are from the homogeneity restricted model. 

               

Finland 1969-86 _________ -  - - - - -.60 -1.30 -1.00 Salo (1990) Edwards et 
al. (1994)             

Taken from the secondary literature. 
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

U.K. 1955-85 Working C  .55 1.23 1.82 H -.13 -.37 -.32 Selvanathan 
(1988) 

Applied 
Economics    U  .41 1.74 2.18 H -.20 -.49 -.79 

Annual data. Homogeneity and symmetry imposed and not 
rejected. Evaluated at sample means. Unconditional estimates 
obtained using the alcohol group equation.  

               

Australia 1955-98 Rotterdam C  .79 1.00 1.80 H -.20 -.43 -.64 

  Linear C  .77 1.06 1.93 H -.65 -.61 -.68 

Selvanathan 
and  
Selvanathan 
(2005) 

Selvanathan 
and  
Selvanathan 
(2005) Canada 1953-99 Rotterdam C  .67 1.18 1.32 H -.22 -.48 -.29 

    Linear C  .64 1.35 1.35 H -.43 -.60 -.49 

  Finland 1969-85 Rotterdam C  .44 1.52 1.29 H -.24 -.78 -.30 

    Linear C  .42 1.63 1.24 H -.81 -.39 -1.43 

  France 1971-95 Rotterdam C  .66 .88 1.23 H -.06 -.05 -.06 

Annual data. For the system-wide estimates homogeneity is 
rejected for the U.S. while symmetry is not rejected for any 
country at the 1 percent level. The study is interesting as it 
gives a direct comparison between linear single-equation 
(double-log) estimates and system-wide estimates. This 
information can help in framing the meta-analysis. The 
income elasticity estimates for both approaches are similar. In 
absolute value the own-price elasticity estimates from the 
linear model are almost universally higher. Estimates are 
evaluated at sample means. 

    Linear C  .65 .85 1.29 H -.08 -.09 -.14  

  Japan 1964-02 Rotterdam C  1.28 .63 1.02 H -.12 -.13 -.24  

    Linear C  1.31 .50 1.26 H -.33 -.06 -.44  

  N.Z. 1965-82 Rotterdam C  .84 .87 1.45 H -.18 -.34 -.40  

    Linear C  .81 1.15 1.53 H -.23 -.78 -.43  

  Norway 1960-96 Rotterdam C  .37 1.23 1.72 H -.04 -.14 -.09  

    Linear C  .40 1.38 1.64 H - -.18 -.21  

  Sweden 1960-99 Rotterdam C  .79 .46 1.35 H -.45 -.32 -.35  

    Linear C  .81 .40 1.15 H -.29 -.76 -.84  

  U.K. 1955-02 Rotterdam C  .88 .67 1.51 H -.27 -.35 -.56  

    Linear C  .80 .91 1.44 H -.67 -.41 -.80  

  U.S. 1949-00 Rotterdam C  .80 1.06 1.24 H -.13 -.27 -.18  

    Linear C  .81 1.18 1.35 H -.29 -.39 -.26  
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Australia 1955-85 Rotterdam C  .84 .73 1.94 H -.15 -.60 -.61 Selvanathan 
(1991) 

Applied 
Economics Canada 1953-82 Rotterdam C  .71 .97 1.29 H -.26 -.16 -.01 

  Finland 1969-83 Rotterdam C  .40 1.58 1.29 H -.54 -.86 -.73 

  Japan 1964-83 Rotterdam C  1.43 .29 .47 H -.25 - -.68 

  N.Z. 1965-82 Rotterdam C  .90 1.13 1.18 H -.12 -.42 -.52 

Annual data. Homogeneity and symmetry imposed and not 
rejected for any country at the 1 percent level. Cross-country 
pooling is tested and rejected. Estimates evaluated at sample 
means. 

  Norway 1960-86 Rotterdam C  .34 1.44 1.56 H -.14 -.07 -.18  

  Sweden 1960-86 Rotterdam C  .22 .48 1.52 H -.35 -.87 -.22  

  U.K. 1955-85 Rotterdam C  .52 1.31 1.83 H -.13 -.40 -.31  

  U.S. 1949-82 Rotterdam C  .71 .63 1.36 H -.11 -.05 -.11  

               

Australia 1956-99 Rotterdam C  .66 .83 2.47 H -.16 -.31 -.62 Applied 
Economics   Rotterdam U  .46 .60 1.80 H -.33 -.39 -1.30 

Annual data. Considers the age distribution of the drinking 
population. Homogeneity and symmetry are not rejected. 
Estimates evaluated at sample means. 

Selvanathan 
and  
Selvanathan 
(2004)               

               

Simon (1966) Econmetrica U.S. 1950-61 Experimental U  - - - M - - -.79 

              

Median estimate for the different states. Time and cross-
section approach. Compares the before and after consumption  
level following price changes of more than 2 percent. 

               

Smith (1976) U.S. 1970 Linear U  - - 1.75 M - - -1.50 

 

Journal of 
Law and 
Economics             

Cross-section data. Focuses on incorporating the illicit market 
for distilled spirits, with particular focus on the evasion of the 
state tax levied on wholesalers.  

               

Stone (1945) U.K. 1929-41 Linear U  .14 - .54 H -.73 - -.72 

 

J. of the 
Royal Stat. 
Society             

Annual data. Seminal work in the field of demand analysis. A 
variety of specifications are tested for both spirits and beer. 
The author’s preferred estimates are presented. 
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Stone (1951) Stone (1951) U.K. 1920-38 Linear U  - - .60 H -.69 -1.17 -.57 Annual data. Based on the Newmarch Lectures of 1948-49. 

               

U.K. 1950-56 Linear (S) U  .68 - - H -.53 - - Stone and 
Rowe (1958) 

Economic 
Journal   Linear (L) U  .52 - - H -.40 - - 

Quarterly data. The first time a dynamic framework had been 
considered. Estimates are also given for the category other 
alcoholic drink.   

               

Sweden 1931-54 _________ -  - - - - - -1.60 -.30 Sundstrom and 
Ekstrom 
(1962) 

Edwards et 
al. (1994)             

Taken from the secondary literature. 

               

Australia 1957-56 Inferred U  - 1.50 - H - -3.00 - Taplin and 
Ryan (1969) 

Quart. Rev. 
of Agricult. 
Economics             

The paper uses the homogeneity condition, other elasticity 
estimates, and consumption forecasts to infer the income and 
own-price elasticity values.  

               

Tegene (1990) U.S. 1954-79 Linear Kalman U  .50 .66 1.75 H -.71 -1.11 -1.18 

 

Applied 
Economics  1980-84 Linear Kalman U  .68 .68 1.81 H -.76 -1.10 -.86 

Annual data. The Kalman filter approach is used to test for 
structural change. Estimates for a model with advertising are 
also reported. Estimates at sample means. 

               

Ireland AIDS -  .80 1.23 1.39 - -.68 -1.60 -1.42 Thom (1984) Eakins and 
Gallagher 
(2003)  

1969Q1-
80Q4           

Taken from the secondary literature. 

               

Uri (1986) U.S. 1982 Linear U  1.46 2.02 .23 M -1.07 -.88 -1.21 

 

Bulletin of 
Economic 
Research             

Annual data. Cross-section model. Homogeneity rejected and 
symmetry not rejected  

               

Ireland 1953-68 Linear -  .78 - 1.94 - -.17 - -.57 Walsh and 
Walsh 
(1970) 

Gibbons et 
al. (1975)             

Taken from the secondary literature. 
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TABLE A2.1 (CONTINUED) 

SUMMARY DETAILS OF PAPERS AND ESTIMATES 

 Income Elasticity Own-Price Elasticity Author(s) and  
Date Source Country/ 

Region Period Framework Demand 
Model  Beer Wine Spirits Type Beer Wine Spirits

Comments 

Walsh (1982) U.K. 1956-75 Linear I U  .13 .51 1.20 H -.13 -.28 -.47 

 

Industrial 
Economics   Linear II U  .12 .99 .49 H -.26 -.38 -.45 

Annual data. Non-economic variables included. Evaluated at 
1975 level. Formulation of the dependant variable differs 
between the models. Symmetry imposed. 

               

N.Z. 1983-91 _________ -  - - - - -1.10 -1.10 -.50 Wette et al. 
(1993) 

Edwards et 
al. (1994)             

Taken from the secondary literature. 

               

Wong (1988) U.K. 1920-38 Rotterdam U  .95 1.59 .96 H -.64 -1.15 -.65 

 

Discussion 
Paper   Rotterdam C  .94 1.62 .94 H -.25 -.99 -.51 

Annual data. The evidence with respect to homogeneity and 
symmetry is borderline. Masters thesis. 

               

Notes: Demand Model: (C) denotes Conditional setting and (U) denotes Unconditional setting. 
  Framework: Imp. refers to an imported beverage, Dom. refers to a domestically produced beverage. Linear refers to single-equation estimation approaches. (S) denotes short run estimate (L) denotes long run estimate.  
  Type: (H) denotes Hicksian (Slutsky, Compensated) elasticity, (M) denotes Marshallian (Cournot, Uncompensated) elasticity and (F) denotes Frisch elasticity. 
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APPENDIX 2.2 

THE GEOMETRY OF DRINKING 

 

When considering any three products with market shares that sum to 100 

percent, it is possible to express the market share information within an equilateral 

triangle. Such an approach can be useful as it highlights relationships which are not 

immediately obvious when data are formatted into a table. The per capita ethanol 

market share consumption data for 19 countries shown in the right-hand panel of Table 

2.4, and reproduced below in Table A2.2, sum to 100 percent, and as such can be 

displayed within an equilateral triangle. 

 
 

Consider Figure A2.1. The figure shows an equilateral triangle with wine on the 

right-hand axis, beer on the left-hand axis, and spirits on the horizontal axis. Further, the 

figure illustrates how to read the consumption information represented by the triangle. 

For any given consumption combination of beer, wine, and spirits, there is a unique 

point within the triangle associated with that combination. Consider the point E. To 

work out the percent of ethanol ingested from beer associated with this point, draw a 

line parallel to the wine axis from E to the beer axis. The value bs  is the percent of total 

ethanol consumed attributable to beer. To find wine’s market share, draw a line parallel 

to the spirits axis from E to the wine axis. The value ws  is the percent of ethanol 

consumed attributable to wine. Finally, a line drawn parallel to the beer axis from E to 

the spirits axis, will give the ethanol share for spirits, .ss  By construction bs   + ws  + ss  

= 100. 

 

Figure A2.2 plots the ethanol market share information for each country listed in 

Table A2.2, and provides an easy way to classify countries. Points in the bottom left 

triangle represent points of consumption where more than 50 percent of the total  

ethanol intake is from beer. Similarly, points in the top and bottom right triangles 

represent points where, respectively, wine and spirits are the dominant beverages. The 

centre triangle represents an area where no single beverage accounts for more than 50 

percent of the consumer’s ethanol intake. 

 

Most countries in the sample, 68 percent, are beer drinking countries. Only one, 

Poland, is clearly a spirit drinking country, although perhaps Cyprus could also be 



 65

considered a spirit drinking country. Italy, France, and Portugal are clearly wine 

drinking countries, while the Spanish appear to have an equal enthusiasm for all 

beverage types. 

 

When considering the per capita ethanol consumption data in Table A2.2, the 

similarities and differences in alcohol consumption patterns between countries are not 

immediately clear. Yet plotting the data within an equilateral triangle as shown in 

Figure A2.2 readily reveals a range of interesting features. For example, the ethanol 

share for beer, wine, and spirits is quite similar in Anglophone and Nordic countries. 

Also, with the exception of Germany, the ethanol share for beer, wine, and spirits in 

continental Europe is noticeably different to that in Nordic and Anglophone countries. 

 

 

FIGURE A2.1 
READING CONSUMPTION INFORMATION ON THREE AXIS 
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TABLE A2.2 
THE GEOMETRY OF ALCOHOL CONSUMPTION IN 1996 

Market share (percent)  (X,Y) Co-ordinates 
No. Country 

Beer Wine Spirits Total  X co-ordinate Y co-ordinate 

1. Australia 57.43 26.30 16.27 100  29.42 22.78 

2. Canada 55.80 15.70 28.50 100  36.35 13.60 

3. Cyprus 34.00 20.50 45.50 100  55.75 17.75 

4. Finland 58.97 13.05 27.97 100  34.50 11.30 

5. France 17.05 62.00 20.95 100  51.95 53.69 

6. Germany 58.17 23.67 18.16 100  30.00 20.50 

7. Ireland 67.10 16.92 15.98 100  24.44 14.65 

8. Italy 13.81 75.81 10.38 100  48.29 65.65 

9. Japan 53.77 2.35 43.89 100  45.07 2.04 

10. Kenya 52.73 .61 46.67 100  46.98 0.53 

11. Netherlands 52.35 25.61 22.04 100  34.85 22.18 

12. New Zealand 59.84 25.37 14.79 100  27.48 21.97 

13. Norway 60.33 20.85 18.82 100  29.25 18.06 

14. Poland 33.08 13.38 53.54 100  60.23 11.59 

15. Portugal 27.72 65.11 7.17 100  39.73 56.39 

16. Spain 34.90 39.24 25.86 100  45.48 33.98 

17. Sweden 51.63 27.94 20.43 100  34.40 24.20 

18. U.K. 63.40 19.40 17.20 100  26.90 16.80 

19. U.S. 60.16 12.57 27.27 100  33.56 10.89 

Source:  Consumption information: Selvanathan and Selvanathan (2005). 
 (X,Y) co-ordinates: Calculated by the author. 
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FIGURE A2.2
THE GEOMETRY OF DRINKING 
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Converting the Data to (X,Y) Co-ordinates  

 

Before the market share data contained in the left-hand panel of Table A2.2 can 

be plotted, it is useful to first convert the market share information into (X,Y) co-

ordinates. As discussed in Clements and Lan (2000) the process of converting the per 

capita market share data into (X,Y) co-ordinates is straight forward, and is achieved by 

drawing on the properties of the 90º, 60º, 30º triangle. Consider Figure A2.3, and the 

triangle FGH. This triangle has properties such that if ,FH a=  ( )2 ,GH a=  and 

( )2 3.FG a=  

 

Now consider Figure A2.4. The figure shows an equilateral triangle overlayed 

onto an (X,Y) axis, and includes, for reference, a 90º, 60º, 30º triangle. Using the 

properties of the 90º, 60º, 30º triangle, the Y co-ordinates for each country can be found. 

In Figure A2.4. the angle ABC equals FHG which implies .wFH s=  This in turn 

implies FG, the Y co-ordinate, is ( )2 3.ws  As such, any point on the ray ab, shown in 

Figure A2.4, represents an acceptable Y co-ordinate. So, for Australia, as 26.30,ws =  

the relevant Y co-ordinate is ( )26.30 2 3 22.78.=  

 

Finding the X co-ordinate is slightly more complex. First consider the spirits 

information. If the market share of spirits is ss  then by moving along the spirits, or X 

axis, by the distance ,ss  it is possible to identify all points consistent with an ethanol 

market share for spirits of .ss  In Figure A2.5 they are the points along the ray cd, which 

is a ray parallel to the beer axis. The intersection of the ray ab and the ray cd, the point 

K, is the (X,Y) co-ordinate, which, when interpreted as shown in Figure A2.1, gives the 

ethanol share information for beer, wine, and spirits. 

 

As the slope of the ray cd is the same as FH, the length of the ray between the 

X-axis and the point K is .ws  Given this information it is now possible to find the X co-

ordinate. As shown in Figure A2.6, by drawing a vertical ray through the point K down 

to the X-axis, it becomes clear the X co-ordinate is equal to ss  plus (by the properties of 

the 90º, 60º, 30º triangle) ( )2 .ws  So, for each country there exists a single consumption 

point in (X,Y) space representing the relative ethanol intake of beer, wine, and spirits. 
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For Australia, as 16.27,ss =  and 26.30,ws =  the X co-ordinate is 

( )16.27 26.30 2 29.42,+ =  and so the (X,Y) co-ordinate for Australia is (29.42, 22.78). 

FIGURE A2.3 
THE 90º, 60º, 30º TRIANGLE 
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FIGURE A2.4 
FINDING THE Y CO-ORDINATE  
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FIGURE A2.5 
FINDING THE X CO-ORDINATE PART I 
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FIGURE A2.6 
FINDING THE X CO-ORDINATE PART II 
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APPENDIX 2.3 

UNIVARIATE TESTS FOR EQUALITY OF MEAN ELASTICITY VALUES 

 

If ikη  is used to denote the mean elasticity estimate of beverage i in country k, 

and ikS  denotes the associated standard deviation, then a symmetric t-test of whether the 

mean own-price elasticity of beverage i is the same in country k and j where ,k j≠ can 

be established as 
2 2

,ik ij

ik ik ij ij

t
S N S N

η η−
=

+
where ikN  represents the number of elasticity 

observations for beverage i from country k. So, for example, the calculated t-value when 

comparing the mean own-price elasticity value of beer in Canada and Australia is: 

2 2

.37 .34 .36
.23 15 .27 22

t − +
= = −

+
, which is the value shown in the beer panel of Table 

A2.3, column Australia, row Canada. 

 

The degrees of freedom for the test, while generally not known exactly, can be 

estimated using the Welch-Satterthwaite approximation, where the degrees of freedom 

are equal to 
( )
( ) ( )

22 2

4 2 4 2
.

1 1
ik ik ij ij

ik ik ik ij ij ij

S N S N

S N N S N N

+

− + −
 So, for example, the approximate 

degrees of freedom associated with the above calculated t-value are 

( )
( ) ( )

22 2

4 2 4 2

.23 15 .27 22
33.2.

.23 15 15 1 .27 22 22 1
+

=
− + −

 The critical t-value for a two-tailed test at 

the 95 precent confidence level with the degrees of freedom implied by the Welch-

Satterthwaite approximation is therefore 2.05. As the absolute value of the calculated t-

statistic is less than the critical value, it is not possible to reject the hypothesis of equal 

mean beer own-price elasticity estimates for Australia and Canada. 

 

As the test is symmetric, results are shown only in the lower diagonal of Table 

A2.3. The table shows, for beer, wine, and spirits, the calculated test statistic for each 

pair-wise country comparison. Cases where it is possible to reject the null hypothesis of 

equality of mean elasticity estimates are indicated in bold. For each country, and for 

each beverage, Table A2.3 also shows the percentage rejection rate. Although the table 

is read in the same manner as Table 2.6, it remains useful  to illustrate how Table A2.3 

is read by way of example. Consider the Japan row in the beer panel of Table A2.3. By 
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reading across the Japan row to the Japan column, it is clear the hypothesis of equal 

mean own-price elasticity estimates for beer, between Japan and country k, is rejected 

for k equal to Finland and Ireland. However, by reading down the Japan row it is also 

possible to see the hypothesis of equal mean own-price elasticity estimates for beer 

between Japan and country k is also rejected for the case of k equal to the UK and the 

US. As the null hypothesis is rejected 4 times, and for Japan there are 12 pair-wise 

comparisons, the rejection rate for beer is 4 12 33 percent.=  The remaining columns, 

rows, and panels of Table A2.3 can be interpreted similarly. In total, for beer, there are 

78 unique pair-wise country comparisons, and the null is rejected on 18 occasions, or 23 

percent of the time. For both spirits and wine it is possible to make 66 unique pair-wise 

country comparisons, and the null is rejected on 33 occasions, or 50 percent of the time 

for wine, and on 15 occasions, or 23 percent of the time for spirits. 
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TABLE A2.3 
COUNTRY OWN-PRICE ELASTICITY COMPARISON: CALCULATED T-STATISTIC FOR BEER 

Country Australia Canada Cyprus Finland France Germany Ireland Italy Japan Kenya N’lands NZ Norway Poland Portugal Spain Sweden UK US 

Australia --                   

Canada -.36 --                  

Cyprus .94 1.03 --                 

Finland 1.71 2.10 -.51 --                

France -5.02 -4.66 -1.87 -7.70 --               

Germany - - - - - --              

Ireland 1.63 1.89 -.32 .49 4.65 - --             

Italy - - - - - - - --            

Japan -1.61 -1.28 -1.36 -3.29 2.50 - -2.73 - --           

Kenya .89 .98 -.02 .47 1.80 - .29 - 1.30 --          

N’lands - - - - - - - - - - --         

N.Z -.28 -.07 -1.00 -1.25 1.96 - -1.41 - .68 -.95 - --        

Norway -4.66 -4.31 -1.90 -7.02 -0.32 - -4.58 - -2.42 -1.83 - -1.99 --       

Poland - - - - - - - - - - - - - --      

Portugal - - - - - - - - - - - - - - --     

Spain - - - - - - - - - - - - - - - --    

Sweden 1.22 1.30 .32 .86 2.02 - .68 - 1.58 .34 - 1.26 2.04 - - - --   

UK 1.36 1.76 -.61 -.38 7.39 - -.75 - 2.98 -.56 - 1.05 6.70 - - - -.93 --  

US 1.86 2.13 -.26 .69 5.09 - .14 - 3.00 -.23 - 1.56 4.98 - - - -.63 .95 -- 

Reject (%) 17 33 0 33 50 - 25 - 33 0 - 0 50 - - - 0 25 33 

(continued next page) 
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TABLE A2.3 (CONTINUED) 
COUNTRY OWN-PRICE ELASTICITY COMPARISON: CALCULATED T-STATISTIC FOR WINE 

Country Australia Canada Cyprus Finland France Germany Ireland Italy Japan Kenya N’lands NZ Norway Poland Portugal Spain Sweden UK US 

Australia --                   

Canada .09 --                  

Cyprus -1.36 -2.04 --                 

Finland 1.34 1.65 2.79 --                

France -3.39 -8.62 -2.02 -5.09 --               

Germany - - - - - --              

Ireland 2.34 2.79 3.71 1.08 5.79 - --             

Italy - - - - - - - --            

Japan -3.19 -7.63 -1.80 -4.88 0.81 - -5.62 - --           

Kenya - - - - - - - - - --          

N’lands - - - - - - - - - - --         

N.Z -.96 -1.73 .66 -2.56 4.04 - -3.56 - 3.62 - - --        

Norway -3.13 -7.89 -1.71 -4.84 2.35 - -5.58 - .50 - - -3.57 --       

Poland - - - - - - - - - - - - - --      

Portugal - - - - - - - - - - - - - - --     

Spain - - - - - - - - - - - - - - - --    

Sweden .78 1.05 2.52 -.79 6.19 - -1.95 - 5.82 - - 2.28 5.81 - - - --   

UK -.09 -.36 1.84 -1.84 8.65 - -2.96 - 7.56 - - 1.47 7.87 - - - -1.32 --  

US -.43 -.84 1.24 -2.03 4.87 - -3.09 - 4.45 - - .73 4.42 - - - -1.58 -.57 -- 

Reject (%) 36 36 18 45 73 - 82 - 73 - - 55 73 - - - 36 36 36 

(continued next page) 
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TABLE A2.3 (CONTINUED) 
COUNTRY OWN-PRICE ELASTICITY COMPARISON: CALCULATED T-STATISTIC FOR SPIRIT 

Country Australia Canada Cyprus Finland France Germany Ireland Italy Japan Kenya N’lands NZ Norway Poland Portugal Spain Sweden UK US 

Australia --                   

Canada .30 --                  

Cyprus -.96 -1.03 --                 

Finland 1.79 1.33 1.80 --                

France -8.41 -5.27 -1.25 -5.67 --               

Germany - - - - - --              

Ireland .82 .48 1.28 -.79 4.88 - --             

Italy - - - - - - - --            

Japan -1.92 -1.79 .00 -2.83 2.61 - -2.05 - --           

Kenya - - - - - - - - - --          

N’lands - - - - - - - - - - --         

N.Z -3.28 -2.24 .11 -3.33 6.40 - -2.41 - .22 - - --        

Norway -2.11 -2.05 -.39 -2.94 1.19 - -2.28 - -.59 - - -.87 --       

Poland - - - - - - - - - - - - - --      

Portugal - - - - - - - - - - - - - - --     

Spain - - - - - - - - - - - - - - - --    

Sweden .63 .44 1.16 -.48 3.12 - .10 - 1.55 - - 1.60 1.84 - - - --   

UK 1.18 .45 1.31 -1.19 9.80 - -.19 - 2.63 - - 4.66 2.64 - - - -.24 --  

US -.08 -.30 .87 -1.58 4.85 - -.74 - 1.50 - - 1.83 1.81 - - - -.62 -.83 -- 

Reject (%) 18 9 0 54 73 - 9 - 9 - - 36 27 - - - 9 27 9 
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APPENDIX 2.4 

MULTICOLLINEARITY BETWEEN REGRESSORS   

 

 Moderate to strong multicollinearity -- in the sense of high intercorrelations 

between explanatory variables -- is common in almost all applied economic work. It 

should however be noted that a high degree of intercorrelation between explanatory 

variables in itself is not a sufficient or necessary condition for imprecise least squares 

estimates. The correlation matrix provides a direct measure of the correlation between 

explanatory variables, and several tests have been proposed for determining whether 

multicollinearity is problematic. However, in reality the tests provide more an indication 

of the severity of the problem rather than guidance on how to overcome the problem. 

Common approaches to measuring the extent of multicollinearity include Klein’s rule of 

thumb, the variance-inflation factor, the condition number, and Theil’s measure.  

 

 The complete correlation matrix is shown in Table A2.4, and the correlation 

coefficient between the Level variable and the Ethanol Share variable is .936. As such, 

the issue of multicollinearity between the two variables was investigated further. The 

measure chosen to investigate the extent of multicollinearity between the level variable 

and the ethanol share variable was Klein’s rule of thumb, which based on the discussion 

presented in Maddala (1992, p. 273) may be explained as follows. Let 2
yR  be the 

squared multiple correlation coefficient between the regression of the natural logarithm 

of the absolute value of the own-price elasticity estimates and all other explanatory 

variables. Further, let 2
iR  be the squared multiple correlation coefficient between the 

regression of explanatory variable i on all other explanatory variables. If 22
iy RR <  then 

multicollinearity is regarded as a potential problem. For the data set 2
yR  equals .508 and 

when i equals the level variable 2
iR  equals .974, and when i equals the ethanol share 

variable 2
iR  equals .981. Based on this result, and the correlation matrix values, 

multicollinearity is thought to be a problem for these two variables. As such, particular 

care was taken before determining these two variables could be excluded from the 

model. 
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TABLE A2.4 
CORRELATION MATRIX OF EXPLANATORY VARIABLES 

Variables  Beer Wine Spirit Marshallian Frisch Hicksian Conditional Uncond. Inferred Cross-
section Linear System Short Long Import Year Quarterly Daily 

Beer 1.000                  
Wine -.504 1.000                 
Spirit -.492 -.504 1.000                
Marsh. -.022 -.002 .024 1.000               
Frisch .002 -.004 .002 -.132 1.000              
Hicks. .018 .004 -.022 -.780 -.517 1.000             
Conditional .019 -.025 .007 -.001 .211 -.133 1.000            
Unconditional -.019 .025 -.007 .001 -.211 .133 -1.000 1.000           
Inferred -.063 .062 .001 .040 -.027 -.018 -.126 .126 1.000          
Cross .001 -.039 .038 .258 -.047 -.194 -.220 .220 -.014 1.000         
Linear .000 -.001 .000 -.244 -.183 .326 -.573 .573 -.056 -.097 1.000        
System .012 .001 -.013 .129 .190 -.231 .613 -.613 -.140 -.245 -.882 1.000       
Short -.072 .023 .049 .088 .058 -.113 .276 -.276 .018 .031 -.320 .307 1.000      
Long .072 -.023 -.049 -.088 -.058 .113 -.276 .276 -.018 -.031 .320 -.307 -1.000 1.000     
Import -.055 .109 -.055 .007 -.052 .026 -.144 .144 -.016 -.027 .034 -.027 .034 -.034 1.000    
Year .033 -.048 .015 -.023 .105 -.046 .068 -.068 .032 .056 .068 -.080 .064 -.064 -.138 1.000   
Quart -.036 .053 -.017 -.024 -.097 .082 -.112 .112 -.029 -.051 -.039 .050 -.079 .079 .158 -.918 1.000  
Daily .001 -.002 .001 .115 -.038 -.075 .091 -.091 -.012 -.020 -.079 .082 .025 -.025 -.022 -.359 -.042 1.000 
Publication -.023 .008 .015 .089 .052 -.109 .575 -.575 -.197 -.088 -.390 .445 .172 -.172 -.012 -.105 .097 .034 
Mid-point -.031 .041 -.010 .281 -.040 -.218 .324 -.324 -.071 .090 -.290 .275 .086 -.086 .074 -.262 .209 .168 
(Mid-point)2 -.031 .041 -.010 .283 -.041 -.219 .324 -.324 -.072 .090 -.290 .276 .087 -.087 .075 -.263 .209 .170 
Australia .033 .007 -.040 -.038 .089 -.023 .119 -.119 .163 -.054 -.117 .089 .023 -.023 -.060 .123 -.113 -.044 
Canada -.011 .037 -.026 -.009 -.065 .048 -.229 .229 -.043 -.075 .107 -.089 -.197 .197 .203 -.049 .078 -.061 
Cyprus .001 -.002 .001 -.057 -.038 .073 .091 -.091 -.012 -.020 -.079 .082 .025 -.025 .356 .046 -.042 -.016 
Finland .002 -.004 .002 -.109 .056 .059 .174 -.174 -.022 -.038 -.073 .080 .048 -.048 -.043 .087 -.080 -.031 
France -.013 .026 -.013 -.062 -.041 .079 .057 -.057 -.012 -.022 -.041 .045 .027 -.027 -.024 .049 -.045 -.018 
Ireland .001 -.002 .001 .352 -.047 -.275 -.109 .109 -.014 -.025 -.097 .101 .031 -.031 -.027 .056 -.051 -.020 
Japan .014 -.028 .014 -.066 -.044 .085 .106 -.106 -.013 -.023 .033 -.027 .029 -.029 -.026 .053 -.048 -.019 
N.Z. .002 -.003 .002 .000 .071 -.045 .161 -.161 -.020 -.035 -.055 .062 .044 -.044 -.039 .080 -.074 -.029 
Norway -.019 .007 .012 -.088 .097 .015 .141 -.141 -.018 -.031 -.059 .065 .039 -.039 -.034 .070 -.065 -.025 
Sweden .002 -.003 .002 -.091 .090 .022 .146 -.146 -.018 -.032 -.035 .042 .040 -.040 -.036 .073 -.067 -.026 
U.K. .013 -.026 .013 .014 -.050 .020 -.066 .066 -.056 -.097 .034 -.012 -.004 .004 -.108 -.216 .265 -.079 
U.S. -.002 -.043 .045 .126 -.045 -.081 -.132 .132 .044 .366 .082 -.131 .046 -.046 -.031 -.058 -.065 .298 
Level .801 -.410 -.389 .030 -.024 -.011 -.043 .043 -.021 -.001 .025 -.023 -.033 .033 -.088 .047 -.046 -.010 
Ethanol Share .895 -.496 -.394 -.027 -.008 .028 -.023 .023 -.034 .009 .043 -.039 -.058 .058 -.079 .053 -.056 -.003 

(continued next page) 
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TABLE A2.4 (CONTINUED) 
CORRELATION MATRIX OF EXPLANATORY VARIABLES 

Variables  Publication Mid-point (Mid-point)2 Australia Canada Cyprus Finland France Ireland Japan N.Z. Norway Sweden U.K. U.S. Level Ethanol 
Share 

Beer                  
Wine                  
Spirit                  
Marsh.                  
Frisch                  
Hicks.                  
Conditional                  
Unconditional                  
Inferred                  
Cross                  
Linear                  
System                  
Short                  
Long                  
Import                  
Year                  
Quart                  
Daily                  
Publication 1.000                 
Mid-point .710 1.000                
(Mid-point)2 .710 1.000 1.000               
Australia .014 -.037 -.038 1.000              
Canada -.096 -.051 -.053 -.165 1.000             
Cyprus .093 .097 .098 -.044 -.061 1.000            
Finland .114 .086 .086 -.085 -.116 -.031 1.000           
France .101 .094 .095 -.048 -.066 -.018 -.034 1.000          
Ireland .158 .093 .093 -.054 -.075 -.020 -.038 -.022 1.000         
Japan .098 .108 .108 -.051 -.071 -.019 -.036 -.020 -.023 1.000        
N.Z. .091 .027 .026 -.078 -.107 -.029 -.055 -.031 -.035 -.033 1.000       
Norway .111 .045 .045 -.068 -.094 -.025 -.048 -.027 -.031 -.029 -.044 1.000      
Sweden .123 .079 .079 -.071 -.098 -.026 -.050 -.028 -.032 -.030 -.046 -.040 1.000     
U.K. -.162 -.165 -.163 -.214 -.294 -.079 -.151 -.085 -.097 -.091 -.139 -.122 -.126 1.000    
U.S. -.093 .027 .027 -.149 -.204 -.055 -.105 -.059 -.067 -.064 -.097 -.085 -.088 -.265 1.000   
Level -.066 -.061 -.061 .106 -.162 .014 -.033 .159 .121 -.068 .032 -.143 -.080 .075 -.025 1.000  
Ethanol Share -.063 -.054 -.054 .025 -.036 -.003 -.006 .026 -.004 .026 -.006 -.025 -.005 -.007 -.002 .936 1.000 
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CHAPTER 3  
 

EXPERT OPINION, REPUTATION, AND THE PRICE OF WINE 
‘One may dislike carrots, spinach, beetroot or 

the skin on hot milk, but not wine. It is like 
hating the air one breathes, since each is 

equally indispensable’ 
 

Marcel Aymè (1902-1967) 
French Writer 

 

3.1 INTRODUCTION AND OVERVIEW 

 

If we are brutal, if we strip back all mystique, if we search for a universal 

definition, then wine is just an “alcoholic drink made by fermenting the juice of fruit or 

berries” (Robinson 1999, p. 775). Yet such an unsophisticated definition leaves one 

feeling unsatisfied. Wine can be much more than just another alcoholic drink. Great 

wines exhibit infinite subtlety of character and have enduring appeal. At over 300 

dollars per bottle, the price of Penfold’s Grange certainly suggests more than just a 

simple combination of sugar, yeast, and grapes.  

 

Despite the odd temporary hiccup, in general the Australian wine industry is a 

commercial success story. During the past 15 years domestic production has boomed, 

and international sales have skyrocketed. In both volume and value terms the underlying 

trend is one of Australian producers accounting for an ever-increasing share of the 

world wine market. In 2003-04 Australia again exported a record quantity of wine, the 

value of which was approximately $2.5 billion (ABS 2004). In part, this success flows 

from the domestic industry’s dedication to best practice in all aspects of wine 

production. Australian producers lead the world not only in their application of 

scientific rigor to wine making, but also in their commitment to wine marketing and 

wine education. 

 

 While Australia’s performance to date has been impressive, competition in the 

world wine market is increasing. Other new world wine producing nations have adopted 

the strategies pioneered by Australia, and in coming years aim to replicate Australia’s 

success. Further, traditional wine producing nations have begun to respond to slumping 

sales with improved quality and enhanced marketing. Within this context the search to 
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understand what drives consumers’ wine purchase decisions takes on increased 

importance. One technique that can help expand knowledge regarding the 

characteristics wine consumers value is hedonic price analysis. 

 

Hedonic price analysis can be used to ascribe monetary values to the underlying 

characteristics embodied in a good, and is a technique which can reveal much about 

wine prices and the attributes consumers value. Indeed, several studies estimating 

hedonic price equations for wine have already been completed. Formally, the hedonic 

price approach can be described as follows:  

 
Hedonic prices are defined as the implicit prices of attributes and are revealed to 

economic agents from observed prices of differentiated products and the specific 

amounts of characteristics associated with them. … Econometrically, implicit prices are 

estimated by the first-step regression analysis (product price regressed on 

characteristics)… Consider markets for a class of commodities that are described by n 

attributes or characteristics, z = (z1, z2,…,zn). The components of z are objectively 

measured in the sense that all consumers’ perceptions or readings of the amount of 

characteristics embodied in each good are identical, though of course consumers may 

differ in their subjective valuations of alternative packages. … Each product has a 

quoted market price and is also associated with a fixed value of the vector z, so that 

products markets implicitly reveal a function p(z) = p(z1, z2,…,zn) relating prices and 

characteristics. This function is the buyer’s (and seller’s) equivalent of a hedonic price 

regression, obtained from shopping around and comparing prices of brands with 

different characteristics (Rosen 1974, pp. 34 -37).  

 

In the case of wine, the underlying characteristics may be things such as: grape variety, 

the region the wine was produced in, the current quality rating of the wine, reputation, 

brand name, etc. This chapter draws on the accumulated wisdom of previous work, 

economic insights, and viticulture theory, to develop a refined hedonic price equation 

for Australian wine. The chapter proceeds as follows. Section 3.2 reviews and discusses 

the relevant literature, with a particular focus on previous Australian results. Section 3.3 

is a lengthy section. It starts by reviewing, from first principles, the possible relevant 

attributes for a hedonic price study of Australian wine, and ends by proposing a model 

structure. Section 3.4 describes the data set, and Section 3.5 presents and discusses the 

estimation results. Concluding comments are presented in Section 3.6. An earlier 

version of this chapter was presented in Fogarty (2003). 
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3.2 LITERATURE REVIEW 

 

Although hedonic price analysis of wine is a relatively new area of research, to 

date studies have been conducted looking at wines from a wide variety of regions. The 

key features, and conclusion drawn from each study are reported in Table 3.1. To assist 

the reader with understanding how the literature has evolved, the studies are listed in 

chronological order.  

 

Before moving to a detailed discussion of the Australian results, some 

preliminary comments on the studies listed in Table 3.1 are helpful. Government control 

of the supply of alcohol in Sweden suggests the findings of Nerlove (1995) are limited 

in relevance to Sweden, or other markets with a monopoly supplier of alcohol.  Angulo 

et al. (2000) is concerned with Spanish wine, and the wines are classified as either high, 

low, or medium priced wines. The estimated coefficients are therefore not directly 

comparable with those of other studies. The remaining studies of non-Australian wines, 

while all approaching the estimation question in a different manner, suggest the 

characteristics most valued by consumers are objective, easily identifiable 

characteristics, such as region and wine classification. Further, when the characteristic 

set includes reputation characteristics, the impact of expert current quality ratings, while 

statistically significant, is relatively small in dollar terms. Of the Australian studies, 

both Blair and Burley (1998) and Wade (1999) were published in industry journals, and 

so detailed comments on their findings are not presented. The remaining studies, 

Oczkowski (1994; 2001) and Schamel and Anderson (2003), are now discussed in 

detail. 

 

Oczkowski (1994) represents the first attempt to estimate a hedonic price 

equation for Australian wine. Data are drawn from two editions of a popular wine guide, 

and the dependant variable is the natural logarithm of price. The explanatory variables 

are all dummy variables -- not uncommon for hedonic price models -- and fall into three 

categories: objectively measured characteristics such as: grape variety, region and 

vintage; interaction terms such as region-variety interaction terms; and subjective 

measures of quality as determined by wine experts. In total there are 1,604 observations, 

797 from 1991 and 807 from 1992. For the estimated results the reported degrees of 

freedom are 1,509, which implies a ratio of approximately 16 observations per 
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explanatory variable. The standard errors reported are adjusted for heteroscedasticity, 

and the reported 2R  for the model is .583. 

 

 The subjective attributes considered are (i) a quality star rating out of five, with 

half star increments (the highest rating given is five stars and the lowest two and a half 

stars) and (ii) one of six different cellaring potential ratings (the highest rating is cellar 

for more than ten years and the lowest is drink now). In the study, wines receiving the 

lowest current quality rating, sold on average, for a 14.9 percent discount to the average 

price. Wines with the highest quality rating, on the other hand, attracted a 17.9 percent 

premium. Drink now wines sold for a 13.4 percent discount, while wines with cellar 

potential of more than ten years attracted a 53.1 percent premium. Many of the 

individual dummies in the five groups of objective variables and four groups of 

interaction terms are statistically significant. For example, 14 of the 25 possible regional 

effects, and 9 of the 16 possible variety effects are individually statistically significant. 

The author therefore concludes both objectively measured and subjectively measured 

attributes are valued by consumers.  

 

Since the publication of the paper the literature has evolved to show the 

important role played by reputation indicators. No wine or winery reputation indicator is 

included in the model, and assuming there is a positive correlation between reputation 

and current quality rating, this may in part explain why subjective quality measures are 

estimated to have a large impact upon price. 

 

Oczkowski (2001) looks at the question of estimating a hedonic price equation 

for wine in a slightly different manner. The paper argues quality ratings are measured 

with error and so OLS gives both inconsistent, and overly precise estimates. The 

proposed correction for the problem is to use 2SLS. The issue the paper raises is an 

interesting one, and worthy of further investigation.  

 

Oczkowski (2001) draws on Kyte-Powell and Hooke (1999; 2000), Oliver 

(1999; 2000), Halliday (1999; 2000), and Bradley (1999; 2000) for data. The dependant 

variable is the natural logarithm of price, and there are 276 observations, 132 from 

1999, and 144 from 2000. When using OLS, current quality ratings are found to be 

statistically significant in 4 out of 6 cases, while with 2SLS, current quality ratings are 

found to be not statistically significant in 6 out of 6 cases. 
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TABLE 3.1 
HEDONIC WINE PRICE LITERATURE REVIEW 

No. Author(s) 
and Date Key Data Sources Country/ 

Region 
Dependant 
Variable 

Independent 
Variables Summary Details Key Features Conclusion 

     
1. Oczkowski 

(1994) 
Sheild and Meyer 
(1991; 1992) 
Halliday (1989) 

Australia 
and N.Z. 

 

Price Sensory (2) 
Objective (5) 
Interaction (4) 
 

2
R     .583 
Obs.   1 604 

Higher current quality ratings, wine with aging 
potential, and wine aged before release are all 
associated with higher prices. Region and 
grape variety are significant1, and small 
producers appear to receive a premium. 

Subjective attributes are important 
and have relatively large explanatory 
power. 

         
2. Nerlove 

(1995) 
 

Vin och Sprit 
(sole importer of 
alcoholic in 
Sweden) 

World 
 

Quantity 
 

Sensory (11) 
Chemical (5/6) 
Objective (4)  
 

R2      .729 - .814 
Obs.   198 - 162 
 

Objective, not sensory characteristics are most 
important. Implicit prices change when 
quantity is the dependent variable. 
 

When there is a monopoly supplier, 
price is not an appropriate dependent 
variable.  

         
3. Combris et 

al. (1997) 
50 Millions 
Consommateurs 
December 1992 
Issue 

Bordeaux  Price 
 
 

Sensory (2/1) 
Objective (3) 
 
 

2
R     .631 - .662 
Obs.   519 - 197 

While objective and sensory characteristics are 
significant, objective characteristics have 
greater explanatory power.  
 

Reputation, objective, and sensory 
variables are all important. 
 

         
4. Landon and 

Smith 
(1997) 

The Wine 
Spectator 
Bordeaux Issue 
Parker (1991) 

Bordeaux  Price 
 

Lagged Sensory (2)  
Objective (5)  
 

2
R     .728 - .916 
Obs.   559 - 54 

With some reputation indicators missing 
quality ratings are significant. With 
comprehensive reputation indicators lagged 
quality ratings are significant in 1/3 of cases.  

Reputation and objective variables 
are more important than sensory 
variables in explaining price. 

         
5. Blair and 

Burley 
(1998) 

Dan Murphy 
March 1997 wine 
catalogue 

Australia  Price Objective (3) 
 
 

R2      .491 
Obs.   392 

Continentality is significant, and an inverse 
relationship exists between price and 
continentality. 
 

Climatic variation between regions is 
important.  
  

(continued next page)
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TABLE 3.1 (CONTINUED) 

HEDONIC WINE PRICE LITERATURE REVIEW 

No. Author(s) 
and Date Key Data Sources Country/ 

Region 
Dependant 
Variable 

Independent 
Variables Summary Details Key Features Conclusion 

6. Landon and 
Smith 
(1998) 

The Wine 
Spectator 
Bordeaux Issue 
Parker  (1991) 

Bordeaux  Price 
 
 
 

Quality 

Sensory (1)  
Expected Quality (1) 
Objective (4)  
 
Lagged Sensory (2) 
Objective (4) 

R2     .877 
Obs.  302 
 
R2     .464 
Obs.  302 

While current quality and lagged current 
quality are significant, reputation indicators 
have a larger impact upon price.  

Consumers look primarily to 
objective indicators to guide purchase 
decisions. 
 

         
7. Wade 

(1999) 
Hooke and Shield 
(1996; 1997) 

Australia 
 

Price 
 

Sensory (3) 
Objective (2)  
 

R2     N.A. 
Obs.  875 - 344 

Quality and one period lagged quality ratings 
are significant. Region, variety and cellar 
potential are also significant. 

Sensory, lagged sensory, and 
objective characteristics explain wine 
prices. 

         
8. Angulo et 

al. (2000) 
Club (1998) Spain 

 
 

Price  Sensory (1) 
Objective (4) 
 

R2     .580 
Obs.  222 

Maturation time and region appear to be 
important determinants of price, as are current 
quality ratings for high priced wine. Variety 
does not appear to be important. 

Quality ratings matter only for 
expensive wines.  

        
9. Combris et 

al. (2000) 
50 Millions 
Consommateurs 
November 1993 
Issue 

Burgundy  Price 
 
 
 

Sensory (3/4)  
Objective (2) 
 

2
R    .603 - .612 
Obs.  613 

While more sensory characteristics are 
significant than objective characteristics, it is 
objective characteristics that have a greater 
impact upon price. 

Prices are mainly determined by 
easily identifiable objective 
characteristics. 
 

(continued next page)
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TABLE 3.1 (CONTINUED) 

HEDONIC WINE PRICE LITERATURE REVIEW 

No. Author(s) 
and Date Key Data Sources Country/ 

Region 
Dependant 
Variable 

Independent 
Variables Summary Details Key Features Conclusion 

10. Schamel 
(2000) 

Wine Spectator 
Unspecified years 

World  Price 
 
 

Sensory (4)  
Objective (3/2) 
 

R2     .605 - .719 
Obs.   578 - 271 

Indicators based on current quality are all 
statistically significant, as are all objective 
characteristics. In the US, wines from the Napa 
valley are the most sought after wines. 
 

Sensory and objective characteristics 
are important in explaining price. 

         
11. Oczkowski 

(2001) 
Kyte-Powell and 
Hooke (1999; 
2000), Oliver 
(1999; 2000), 
Halliday (1999; 
2000), Bradley 
(1999; 2000) 

Australia  
 

Price Sensory (2/1) 
Objective (3) 

GR2    .610 - .573 
Obs.    276 

Using OLS both objective and sensory 
characteristics are significant. Using 2SLS, 
objective characteristics are significant and 
sensory characteristics are not significant. 
 

OLS estimates overstate the 
importance of current quality ratings.  

        
12. Schamel and 

Anderson 
(2003) 

Halliday (1999 
and earlier 
editions) 
 

Australia  
 
 
 

N.Z.  

Price 
 
 
 

Price 

Sensory (3/1)  
Objective (2) 
 
 
Sensory (3/1)  
Objective (2) 
 

R2      .294 - .448 
Obs.   2154 - 255 

 
R2      .147 - .717 
Obs.   344 - 53 

Current quality ratings and reputation 
indicators are important determinants of price, 
although variety and region are more 
important.  
 

In Australia regional reputation is 
becoming more important through 
time. This trend is not clear in New 
Zealand.  

13. Cardebat 
and Figurt 
(2004) 

Oenologists, 
Brokers, and 
Wine Waiters 

Bordeaux Price Sensory (1/2)  
Objective (4) 
 

2
R  .76 
Obs 254 

While quality effects price, objective, easily 
identifiable characteristics, including historic 
reputation classifications are more important. 

Improved information and increased 
competition from new world 
producers may have decreased the 
reputation premium. 

Note: (1) Unless otherwise stated, the word  significant implies the variable in question was significant at the 95 percent confidence level. 



 91

Oczkowski (2001) also argues reputation ratings are measured with error, and so 

2SLS should also be used for this variable. As 2SLS estimates are necessarily less 

efficient than OLS estimates, using 2SLS is not without cost. It would therefore seem 

worthwhile testing whether 2SLS is required before implementing the approach. 

Empirically the issue of measurement error in explanatory variables can be investigated 

using a Hausman type test. Unfortunately no such test statistics are presented, and 

without them it is difficult to have confidence in the author’s conclusion. Rather than 

other studies mistakenly finding current quality ratings to be statistically significant, due 

to over precise OLS estimates, it could be that Oczkowski (2001) finds current quality 

ratings not significant because an unnecessarily imprecise estimation approach is used. 

 

There are also other potential problems with the study. Due to the low number of 

observations, the author restricts the total number of explanatory variables, including the 

intercept, to six. This implies a ratio of one explanatory variable per 46 observations, far 

higher than the ratio deemed acceptable in Oczkowski (1994). Besides quality rating and 

reputation rating, dummy variables are included to distinguish between only: red and 

white wine, the year of marketing, and whether the wine was from an old vintage. 

Regardless of the results of mis-specification tests, given the evidence of the important 

role region and variety play in hedonic wine price regressions, it is hard to believe the 

estimated regressions in Oczkowski (2001) do not suffer an omitted variables problem. 

The findings should therefore be treated with caution. 

 

Schamel and Anderson (2003) provides an interesting contrast to Oczkowski 

(2001). For Australia, two sets of estimates are presented. The first combines objective 

characteristics with Halliday’s reputation and quality ratings for each year 1992-2000 

inclusive. The second combines objective characteristics and the Winestate quality 

ratings for the years 1992-1999 inclusive. For both sets of equations the dependant 

variable is the natural logarithm of price. The possibility of measurement error in quality 

ratings is taken seriously by the authors, and Hausman tests are conducted. The test 

results indicate, and so the authors conclude, there exists no serious problem with 

respect to dependence between the quality ratings variables and the error term (Schamel 

and Anderson 2003, p. 362). The hedonic price equations are therefore estimated using 

OLS. 
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Halliday assigns three ratings to each wine. The first is a wine specific quality 

rating, and a 100 point scale is used. It is however worth noting, for the wines in the 

study, the lowest score a wine receives is 70 and the highest 97. The second rating is a 

winery rating, and a five star system is used. The lowest rating any winery receives is 

two and a half stars and the highest five stars. Some wineries receive no rating and for 

these wineries the authors allocate the rating two stars. The final rating Halliday gives is 

a classic wine rating. A wine is either deemed a classic or not. In general, the 

coefficients attached to the three Halliday variables are statistically significant. Over the 

nine year period for which estimates are presented, the arithmetic mean quality rating 

effect is approximately 3 percent. That is, a one point increase in the Halliday quality 

rating is associated with, on average, an approximate increase in price of 3 percent. Each 

additional winery star is associated with, on average, an approximate 7 percent increase 

in price, and classic wines, on average, attract a premium over non-classic wines of 

approximately 24 percent. The results indicate both Halliday’s current quality ratings, 

and reputation ratings are valued by consumers. 

 

Winestate assigns a single quality rating to each wine. The scale the magazine 

uses is a five star rating system with half star increments. The lowest rating a wine 

receives is three stars, the highest five. Some wines are not rated, and for these wines the 

authors assign a rating of two and a half stars. For ease of interpretation the authors 

convert the star rating into a ten point rating, and so the range of values the wine quality 

ratings actually take is five to ten. The coefficient attached to the quality rating variable 

is statistically significant in each of the eight years for which estimates are presented. 

The average increase in price associated with a one point, or half star, increase in quality 

rating is approximately 8 percent. Again it appears expert quality ratings are valued by 

consumers. 

 

The objective identifiers for variety and region are important in both sets of 

estimates. In fact, it is argued these characteristics are becoming increasingly important, 

while the importance of wine critic ratings is falling. Yet the findings of Schamel and 

Anderson (2003) should be treated with some caution. As the paper acknowledges in a 

footnote on page 361, there are a range of variables thought to be influential 

determinants of price, but not included in the model. The exclusion of these variables 

potentially influences both the point estimates, and statistical tests. 
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So, while much progress has been made toward understanding the attributes 

consumers value, there is still confusion with respect to certain issues. In particular, the 

issue of what estimation approach is appropriate, and what should be included in the 

attribute vector, require further investigation. 

 

3.3 A THEORY OF WINE PRICING 

 

To date, attempts at estimating hedonic price equations for Australian wine 

appear to have been driven by data availability. Rather than starting with the question of 

what characteristics are likely to be important, studies appear to start by looking at what 

data are available. If estimates are to be consistent, and test statistics reliable, careful 

consideration must be given to the attributes included in the model. Further, as 

identified by Rosen (1974), implicit prices apply to both buyers and sellers. As such, it 

is necessary to consider factors influencing the decisions of both producers and 

consumers. By starting from first principles, the following discussion attempts to 

correctly identify the attribute set for a hedonic price model of Australian wine, and 

provide insights into whether, from a theoretical point of view, OLS or 2SLS is the most 

appropriate estimation approach. 

 

The Producer’s Perspective 

 
It has become fashionable in some circles, with respect to wine production, to 

pay particular attention to the oenology part of the wine production process. The flying 

winemakers of Australia, discussed in Robinson (1999, p. 280), have perhaps done 

much to cultivate this tendency of emphasising the role of post-vineyard production. 

Yet from both a cost consideration point of view, and a wine production point of view, 

the viticulture part of the wine production process is most important. When developing 

a theory of wine pricing from the producer perspective, the following factors would 

seem reasonable candidates for inclusion within the set of attributes likely to influence 

price: the age of the wine at the time of release, region, variety, and reputation. These 

factors are now discussed in detail. 

 

The age of a wine at the time of release can vary significantly. Before bottling, 

certain wines spend prolonged periods stored in oak barrels, others do not. As such, 

there are significant differences in the release dates of wines. Further, producers may 
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feel the wine needs several years of bottle aging before it is ready to drink. Producers 

may therefore choose to delay the release of a wine for up to several years. The longer a 

producer stores wine in oak barrels, or in a cellar, the greater the cost, and at a minimum 

this cost is likely to reflect the opportunity cost of not converting the stock of wine into 

cash. 

 

Regardless of whether the producer owns the vines that produce the grapes, or 

purchases grapes from independent growers, the region in which the grapes are grown is 

likely to be an important cost factor. While the data is far from complete, statistics 

available from Agriculture WA provide an indication of why. In 2000 the weighted 

average price of Cabernet Sauvignon grapes produced in the Margaret River region was 

$1,621 per tonne. The corresponding figure for grapes sourced from the Swan District 

region was $1,146 per tonne (AGWA, 2001). If the winery purchases grapes from 

independent growers, the explicit cost of a key raw ingredient -- the grapes -- will vary 

with region. If the winery owns the vineyards, then the opportunity cost of grapes varies 

with region. Region is therefore likely to be important.  

 

Initially, one might be tempted to look only at the difference between red grape 

varieties and white grape varieties. As: “[t]o make 100 l (1 hl) of red wine, which is 

fermented in the presence of grape skins that can be pressed rather harder than white 

grape skins, about 130kg of grapes are needed. To make 100 l of white wine, about 

150kg of grapes are needed…” (Robinson 1999, p. 786). Yet, as certain varieties are 

more difficult to grow than others, to leave the distinction at this level is not enough. 

Pinot Noir -- the famous grape variety of the Burgundy region of France -- is widely 

acknowledged as extremely difficult to cultivate (Robinson 1999, p. 534). Further, some 

varieties need to be stored in costly oak barrels before bottling, while others do not. As 

the demands, yields, and costs associated with different varieties are not equal, 

distinction should be made between all grape varieties, not just red and white.  

 

 The analysis presented in Shapiro (1983) regarding firm reputation is interesting, 

and appears particularly relevant to the wine industry. The framework Shapiro develops 

generates equilibrium conditions for the case of perfect competition with free entry and 

exit, but imperfectly observed quality; conditions which approximate those observed in 

the wine industry. The essential propositions of the paper can be simplified and outlined 

as follows. Assume there are various quality levels a firm may choose to produce at, 
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including some minimum quality level which is, say, the regulated minimum quality 

level. As the regulated minimum quality level is guaranteed, this level of quality is 

known with certainty. Now, consider a firm wanting, in period t, to produce in a high 

quality segment of the market. To produce a high quality good the firm incurs costs 

higher than those associated with the cost of producing a good of minimum quality. Yet, 

as quality is revealed only with a lag of say n periods, for periods 1n − , where 1,n >  

the firm must sell the high quality product at the minimum quality price. So, for 1n −  

periods the firm incurs a loss. This loss can be thought of as equivalent to the firm’s 

investment in the asset reputation. To make this investment worthwhile, the firm must 

enjoy a return on this investment in period ,t n+  and all subsequent periods. Further, 

the return to the investment in reputation must represent a fair return, otherwise the 

investment will not take place. As such, products with a reputation for quality, must, in 

equilibrium, attract a premium. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

So, within this framework, any Australian wine brand with a reputation for 

quality should attract a premium, and this premium can be interpreted as a return on 

previous investments in the asset reputation. The process described is illustrated in 

Figure 3.1, a figure which is based on Shapiro (1983, p. 669). Initially the firm chooses 

to produce a quality product and so invests in the asset reputation, and for a period 

makes a loss. Then, once the firm’s reputation is established, the quality product sells 

Time
0

Profits

Investment 
in

Reputation

Established Reputation

FIGURE 3.1
THE TIME PATH OF RETURNS TO INVESTING IN REPUTATION

t t + (n-1)
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for a premium. Firms may choose to invest in reputation, and if a firm has previously 

chosen to invest in reputation we can expect the wines they sell to attract a premium. 

Firm, or wine brand reputation, is therefore likely to be a cost factor relevant for some 

firms. 

 

The Consumer’s Perspective 

 

As consumers can not know true wine quality until they have the opportunity to 

drink the wine, evaluating the question of valuable attributes from the consumer 

perspective is slightly more complex. Although consumers can not generally “try before 

they buy” they are not totally without information on product quality. There are, for 

example, numerous wine books available that provide consumers with expert opinions 

about current quality expressed though a single numerical value. As these books are 

reasonably priced, it would appear obtaining current quality information on wine is 

relatively easy. Further, as the wine guides are commercial enterprises, their very 

existence suggests at least some people find the information they provide useful. If the 

numerical ratings given to wines in wine guides accurately reflect quality, then the 

quality rating, along with consumer tastes, should explain a consumer’s willingness to 

pay for wine. 

 

However, despite the apparent objectivity of wine ratings, the process wine 

writers use to arrive at their ratings is not entirely objective. Most premium wines 

develop and improve in quality over time. As such, a wine’s rating, to a certain extent, 

reflects the reviewer’s assessment of the wine’s potential. If ultimate quality is defined 

as the price mature wines sell for in the secondary market, then even Robert Parker, the 

world’s most influential wine critic -- and one who undoubtedly does have an 

exceptional palate -- has, on occasion, initially over-rated or under-rated wines. 

 

There is also statistical evidence to suggest wine critic ratings may not be as 

objective as they at first appear. Cliff and King (1996) analysed wine ratings given to 

174 wines by five wine judges, two wine buyers and three wine writers. Wines in the 

study were rated out of 20, and average marks for the 174 wines varied substantially. 

Given the size of the sample it was expected the distribution of scores awarded by each 

judge would be approximately normal. Although this appeared to be the case for four of 

the judges, one judge had a bi-modal distribution. A summary of the results reported in 



 97

Cliff and King (1996) is presented in Table 3.2. In the table the average actual, and 

average absolute deviations are calculated as follows. Let ikr  be the rating judge 

 ( 1,...,5)k k =  gives wine ( 1,...,174),i i =  and let 51
5 1i ikk

r r
=

= ∑  be the score of wine i 

averaged over the 5 judges. The average actual deviation for judge k is then: 

( )1741
174 1

,ik ii
r r

=
−∑  and the average absolute deviation is: ( )1741

174 1
.ik ii

r r
=

−∑  

 

TABLE 3.2 
MEAN WINE SCORES FOR WINE JUDGES  

 Mean for: 

Judge 

 
All wines1 
(n = 174) 

Red wines 
(n = 35) 

White 
wines 

(n = 108) 

Dessert 
wines 

(n = 21) 

Average 
absolute 
deviation 
(n = 174) 

Average actual 
deviation 
(n = 174) 

1 9.8 11.2 9.0 11.4 3.41 -2.04 

2 13.1 13.2 12.5 15.0 1.91 1.40 

3 11.8 11.7 11.5 13.0 1.91 .10 

4 12.5 12.4 12.4 13.1 1.61 .90 

5 11.3 10.0 11.4 12.1 2.06 -.61 

Mean 11.7 11.7 11.4 12.9 2.18 .00 

St. Dev. 1.27 1.22 1.41 1.36 .71 1.35 
Source: Cliff and King (1996). 
1 Results for rose, sparkling, and port wines are not reported but are included in the overall mean (n = 10). 
 

The results indicate the existence of substantial variation in wine critics’ 

assessment of quality. The mean quality score for all wine given by wine judge one, 9.8, 

and wine judge two, 13.1, are noticeably different. The results shown in the table also 

hint at other potential idiosyncratic aspects of some wine judges. For example, judges 

one through four all rated the red wines at least as highly as the white wines, but judge 

five rated the white wines more highly than the red wines. Also, judges two through 

four appear to view the quality of white and red wines as broadly similar, while judges 

one and five see substantial differences in quality between red and white wines. Judge 

one on average rated the red wines noticeably high than the white wines, while judge 

five on average rated the white wines noticeably high than the red wines. 

 

The mean wine scores for each group actually mask what are even greater 

differences of opinion regarding the quality of individual wines. This can be seen by 

considering the average absolute deviation and the average actual deviation for each 

judge. For example, the average actual deviation score for wine judge one tells us wine 
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judge one, on average, scored wines lower than the other judges. However, by 

considering the average absolute deviation it is clear on many occasions wine judge one 

scored individual wines higher than the other judges. Similarly, while at the aggregated 

level the scores given by wine judge three almost exactly reflect the average scores, the 

average absolute deviation figure suggests this result is because approximately half the 

time judge three rates wines higher than the other judges, and approximately half the 

time rates wines lower than the other judges. 

 

Further, the wine critic’s assessment of what constitutes a good wine may differ 

from that of the average consumer. Merrit (1997) reports some wine judges believe 

wines should be rated according to how truly they reflect the historical varietal 

attributes of the wine style -- a characteristic unlikely to be at the fore of the consumer’s 

mind when making a purchase decision. Similarly, if we look closely at the classic 20 

point rating system used to evaluate wine in competitions, we find points are allocated: 

Taste: nine, Aroma: five, Appearance: three, Overall Quality: three. It is possible a large 

number of consumers view quality solely in terms of taste, rather than taste, smell and 

colour. As such, wine judges’ assessment of quality and consumers’ assessment of 

quality may vary substantially. 

 

Hugh Johnson, the world’s best selling wine writer, is perhaps the most vocal 

critic of the “wine by numbers” approach to assessing wine quality, emphasizing: (a) 

wines change over time, (b) tasting results differ depending on tasting conditions, and 

(c) regardless of anything else, wine tasting is an intrinsically subjective process 

(Robinson 1999, p. 381, 512). While the statistical evidence of Cliff and King (1996) 

discussed above supports Johnson’s view, the following example perhaps best illustrates 

the point. 

 

Kyte-Powell and Hooke (2000) and Oliver (2000) both award a quality rating to 

the 1999 vintage of the Mitchelton Blackwood Park Riesling. Kyte-Powell and Hooke 

(2000) awarded the 1999 vintage five stars (out of five) for quality, and proclaimed it 

“White Wine of the Year”. Oliver (2000) on the other hand gave the 1999 vintage a 

rating of 16.0 (out of 20), and rated it the worst vintage produced in a decade. Was 1999 

the worst vintage in a decade for the Mitchelton Blackwood Park Riesling, or did the 

1999 vintage produce the white wine of the year?  
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So, given the above discussion, it is possible consumers use more than just 

quality rating guides when making purchase decisions. Given consumers can not 

generally taste the wine before purchase, and that quality guides may provide less than 

perfect information about quality, a reasonable hypothesis could be that consumer also 

value reputation indicators. If a winery has produced many vintages of a particular 

brand of wine, and these vintages have consistently been of a high quality, then the 

brand will develop a reputation as a high quality wine. Consumers, aware of the wine’s 

reputation, may then form expectations about the quality of the current wine. The 

reputation of a wine may therefore have a direct impact upon the price a consumer is 

willing to pay. 

 

In some cases consumers may be assisted by an industry or government 

reputation rating, for example, the famous 1855 classification of wines produced in 

Bordeaux. The 1855 classification, developed by wine merchants of the time, is 

essentially a ranking of Châteaux by the prices commanded at auction for mature wines 

over the preceding century. The ratings have however remained virtually unchanged 

since their inception. The upgrading of Château Mouton-Rothschild from second 

growth to first growth in 1973 after a prolonged campaign by Baron Phillippe 

Rothschild represents one of the very few classification changes.  

 

Reputation ratings based on the prices mature wines sell for at auction are 

perhaps the most objective reputation ratings available. The approach taken by the 19th 

century wine merchants when developing the 1855 Bordeaux classification is therefore 

to be applauded. The failure to allow the classification ratings to vary over time is 

however regrettable. If the same principles used to establish the original 1855 Bordeaux 

classification were used today, the rankings would look, as shown in Table 3.3, 

noticeably different. 

 

Burgundy, another traditional wine producing region of France, also has a 

classification system for the wines produced within its bounds. These ratings, in contrast 

to the 1855 Bordeaux classification, vary over time. If a winery is performing poorly 

and producing low quality wines it will be down graded. Conversely, if it is performing 

well, and producing high quality wines it will be upgraded. Combris et al. (1997; 2000), 

when investigating the classification systems of Bordeaux and Burgundy, found, that 

while both rating systems appeared to be good indicators of quality and price (they 
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chose to treat quality and price separately), Burgundy’s rating system appeared to be the 

better predictor of quality. Intuitively the result is hardly surprising. In Burgundy, 

reputation is a function of lagged actual quality. So, in Burgundy, unlike Bordeaux 

where ratings do not change, there is a (lagged) cost associated with allowing quality to 

fall. As such, it is not surprising the relationship between a winery’s official quality 

reputation rating and quality is clearer in Burgundy than Bordeaux. 

 

TABLE 3.3 
BORDEAUX WINES - CLASSIFICATION BY PRICE AT AUCTION 

Wine/ Château 1855 1988 1997 

Le Pin - - 1 
Pétrus - 1 2 
Lafleur - 2 3 
Mouton-Rothschild 2 5 4 
Cheval Blanc - 9 5 
Latour 1 4 6 
Margaux 1 10 7 
Lafite-Rothschild 1 3 8 
La Mission Haut-Brion - 8 9 
Haut-Brion 1 6 10 
Ausone - 11 11 
Trotanoy - 7 12 
L’Evangile - 26 13 
Pichon Lalande 2 17 14 
Certan de May - 14 15 
Palmer 3 12 16 
Léoville Las Cases 2 19 17 
La Fleur Pétrus - 13 18 
Lynch Bages 5 28 19 
Les Forts de Latour - 25 20 
La Conseillante - 21 21 
Latour a Pomerol - 16 22 
Figeac 1 15 23 
Le Tertre Roteboeuf - - 24 
Cos 2 27 25 
Source: Robinson (1999, p. 814).    
 

 In Australia, some wine guides, as well as providing an assessment of the 

current vintage, provide a rating for past quality. Typically, historical quality ratings are 

long term measures based on tastings of mature wine from several vintages, and are 

much less finely graded than current quality scores. As the ratings are based on expert 
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opinion, and not the sale price of mature wine, the ratings are not ideal. However, as 

they are based on assessments of mature wine they are less a prediction about how the 

wine will develop, and more an assessment of what the mature wine tastes like. These 

historical quality, or reputation ratings may provide consumers with valuable 

information.  

 

Another valuable reputation indicator could be the wine’s investment reputation. 

Undoubtedly there exists a class of wine buyer purchasing wine as an investment. In 

fact, since ancient Roman times the practice of purchasing wine to turn a profit has been 

documented (Robinson 1999, p. 364). The existence of fine wine price indexes, such as 

Langton’s fine wine index, is testament to the importance of this activity in Australia. 

The investment reputation of a wine is therefore likely to be a characteristic considered 

by some consumers. Further, the investment reputation of a wine is directly related to 

market perceptions of past quality. The wine brands which vintage after vintage are of 

the highest quality will be the wines most sought after in the secondary market. These 

wines in turn will be the wines providing the best investment returns, and so have the 

highest investment reputation. The investment reputation of a wine may provide 

consumers, unsure of current quality, with valuable information. 

 

The quality and investment reputation of a wine are not the only potential 

indicators used by consumers. Consumers may also look at the length of time between 

when the grapes were harvested, and when the wine was released for sale. The age of 

the wine at the time of release is likely to be an important attribute in the minds of 

consumers for two reasons. Firstly, each year the wine has been aged by the producer 

represents a saving for consumers in terms of the opportunity cost of storage. The 

second reason relates specifically to Australia, where wineries release several wines 

each year, all of a different age. 

 

In Australia, wine aged for extended periods in oak, or stored in the producer’s 

cellar for several years prior to release, has in general, a reputation as higher quality 

wine. Take, for example, the Peter Lehmann winery in the Barossa Valley. Each year 

the winery releases three Shiraz based wines: the Peter Lehmann Shiraz, the 8 Songs 

Shiraz, and the Stonewell Shiraz. At the time of release the Peter Lehmann Shiraz is two 

years old, the 8 Songs three, and the Stonewell five. Consumers have been conditioned 

to expect, when the annual grape harvest takes place, the best grapes available are 
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devoted to the Stonewell Shiraz, the next best to the 8 Songs Shiraz, and the grapes of 

most modest quality to the Peter Lehmann Shiraz. The age of the wine at the time of 

release is therefore likely to be a reputation indicator valued by consumers. 

 

With respect to wine quality, the importance of region is a contentious issue, and 

one intertwined with the French concept of “terroir”. As Galdstones (1992) explains, the 

terroir of a region comprises the climate (rainfall, sunlight, temperature), topography 

(altitude, slope and aspect), geology, and hydrology of a region. While modern 

viticulture techniques can overcome many deficiencies in the terroir of a region, it could 

be argued they cannot overcome all. Reviewing the role weather variables play with 

respect to wine quality makes it clear why region is an important determinant of quality, 

and why consumers should pay attention to regional reputation.  

 

“Continentality” is a term used to describe the variation in historical average 

temperature between the hottest and coldest months of a region. In Australia it is 

generally reported as the difference between the mean temperature in January and July. 

Blair and Burley (1998) found a strict inverse relationship between continentality and 

price for 12 Australian wine-growing regions. Those regions with lower variation in 

year round temperature appeared to produce wines of a higher average price/quality. 

While consumers are unlikely to be aware of each region’s continentality factor, they 

will be aware of the region the wine comes from -- it’s on the bottle.  

 

Along similar lines, it is a well known, and oft-celebrated fact that the quality of 

wine produced from the same vines, at the same winery, varies from vintage to vintage. 

Ashenfelter et al. (1995), Byron and Ashenfelter (1995), and Fogarty (2000) have 

shown this variability in quality to be caused by climatic variation. Where quality is 

uncertain, it is reasonable to believe consumers are willing to pay a premium for wines 

from regions with a reputation for low variance in annual quality. If knowledge about 

consistent quality filters through to the wider market, wines from regions with a 

reputation for low variation in quality between vintages may enjoy a premium relative 

to wines from other regions. Not only is it plausible, it may in fact be sound practice for 

consumers to consider the reputation of a region when making purchase decisions.  

 

With the exception of purchases of cask wine, distinguishing only between red 

and white wine is unlikely to be a satisfactory description of consumer decision-making. 
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In Australia it is thought people pay attention to grape variety when purchasing a bottle 

of wine. In a study of French wine it would not always be necessary, or possible, to 

include variety as an attribute. For example, if the wine comes from Beaujolais, the 

variety is inevitable Gamay Noir à Jus Blanc. If the wine comes from Burgundy, and 

it’s red, it’s made from Pinot Noir grapes; if it’s white, it’s made from Chardonnay 

grapes. In Australia region and variety are not perfectly correlated. Australian 

consumers are therefore likely to consider both region and variety when making a 

purchase decision.  

 

A final indicator to consider is one to account for the reputation of Australia’s 

premier wine -- Penfold’s Grange. This wine has been the pre-eminent wine in Australia 

for so long, and its reputation so great, that a dummy variable could be considered to 

account for the Grange effect.  

 

 So, to summarise the discussion presented in this sub-section on the consumer 

perspective, wine is an experience good, the quality of which is not known prior to 

purchase. Although wine writers publish wine quality guides, there is much reason to 

doubt the accuracy and relevance of these publications. As such, it is likely consumers 

look to reputation indicators when making purchase decisions. Specifically, from the 

consumer perspective, the likely attributes are: current quality rating, quality reputation, 

investment reputation, the age of the wine at the time of release, region, and variety. 

 

OLS v 2SLS 

 

The above discussion regarding the lack of uniformity in wine critics’ current 

quality ratings at first appears to provide support for the proposition of Oczkowski 

(2001) that quality ratings suffer from measurement error. Yet this may not be the case. 

When it comes to taste, the various compounds providing wine with flavour ultimately 

register in one of the four taste zones of the mouth as either: Sweet, Acidic, Salty, or 

Bitter. As noted by Peynaud (1996, pp. 88-89) sensitivity in registering these taste 

sensations varies dramatically.  

 
In extreme cases differences of the order of ten have been found between 

individuals’ sensitivity to sweetness and acidity: There are some tasters who can 

detect 0.5g /l of sucrose or 50 milligrams of tartaric acid [/l], while others are 
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insensitive to 5 g/l of sucrose or 0.5g/l of tartaric acid. Differences of an order of 

double the concentration are normal among professional [wine] tasters. 
 

As individuals have different sensitivity thresholds to each taste sensation, what 

appears the perfect wine to one person may register as excessively sweet or acidic to 

another. This suggests there is no absolute objective quality measure as a base, and so 

no issue of measurement error. The ratings wines receive in wine guides will vary. The 

variation is, however, not evidence of measurement error. It is possible for two highly 

qualified wine judges to arrive at different conclusions regarding quality due to 

differences in taste level sensitivity. As such it could be argued: (i) there is no 

measurement error problem with respect to current quality ratings; and (ii) regardless of 

the lack of consistency between wine critic ratings, what is important is whether or not 

consumers impute value to the ratings provided. Such an interpretation suggests OLS 

rather than some remedial approach such as 2SLS is an appropriate estimation 

technique. It is perhaps also worth noting that even if measurement error is a problem, if 

the trade off between bias and efficiency is considered OLS may still dominate 2SLS in 

terms of MSE. Whether OLS is appropriate, can however be formally tested, and in 

Section 3.4 the issue of measurement error in the explanatory variables is examined in 

detail. 

 

The Model 

 

 Having established the set of potential characteristics that describe wine, it is 

possible to formulate a model. The general specification of a hedonic price function is 

shown at equation (3.1): 

 

    ( ) ,P P u= +Z      (3.1) 

 

where P  is an observable product price, Z is a vector of observable characteristics, and 

u  is a zero mean error term which may be heteroscedastic. In equation (3.1) the partial 

derivative of the product price with respect to the jth characteristic yields the marginal 

willingness to pay for characteristic j. Based on a review of wine characteristics from 

both the consumer and producer point of view, the specific hedonic price function for 

Australian wine can be written as shown at equation (3.2): 
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In equation (3.2), ip  is the natural logarithm of the price of wine i, α  is the intercept, 

iC  is the current quality rating of wine i, iL  is the quality reputation rating of wine i, iI  

is the investment reputation rating of wine i, iA  is the age of wine i at the time of 

release, kiR  is a dummy variable for region taking the value one when ,k i=  and the 

value zero when k i≠ , jiV  is a dummy variable for variety taking the value one when 

,j i=  and the value zero when j i≠ , iG  is a dummy variable taking the value one 

when  Grange,i =  zero otherwise, and iu  is a zero mean error term which may be 

heteroscedastic. 

 

3.4 THE DATA 

 

 This section describes in some detail each variable used to estimate the specific 

hedonic price function shown at equation (3.2). 

 

Price: Price information was obtained from Kyte-Powell and Hooke (2000) and 

the prices listed are either the producer recommended sale price, or have been calculated 

from wholesale trade prices using a standard mark-up. While discounting is common, it 

is not possible to capture the impact of this activity. To the extent discounting takes 

place across a variety of brands, and at various times, it is felt much of the impact of 

discounting will wash out. The wines in the study represent some of Australia’s most 

expensive wines, and the average price of wines in the sample was 33 dollars per 750ml 

bottle.   

 

Current Quality Rating: Earlier, the Mitchelton Blackwood Park Riesling was 

used to illustrate the lack of uniformity in wine critics’ assessment of wine quality. 

However, it was argued the issue is not the lack of uniformity in wine rating guides, but 

whether or not consumers respond to the information they provide. It is possible certain 

guides are valued by consumers, while others are not. To allow for this possibility the 

model has been estimated using two different current quality rating guides. The first 

source of current quality information, Kyte-Powell and Hooke (2000), rates wine from 

zero to five, and has half star increments. The lowest rating in the guide was two stars, 
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the highest five. The second source of current quality information was Oliver (2000) 

which uses a rating scale from zero to twenty, with increments of a tenth of a point. 

Ratings for past vintages of each wine are also given in Oliver (2000) and the lowest 

rating a wine received was 14.0, while the highest was 19.4. The coefficient attached to 

the current quality rating variable is expected to be positive. 

 

Quality Reputation Rating: Unlike France, for Australian wine there is no 

appropriate industry or government classification system. However, Oliver (2000) 

includes a series of quality reputation ratings. The classification system employed 

replicates the style of the French system, and wines receive a rating from one to five, 

where a five approximates a fifth growth wine from Bordeaux, and a one, a first growth 

wine from Bordeaux. Should the wine being reviewed not be at least the standard of a 

French fifth growth, it receives no rating. Of the 1000+ wines rated in Oliver (2000) 

only 17 received a rating of one. For estimation purposes, wines not rated have been 

given a rating of six. The wines not rated could have been coded as a separate dummy 

variable, however an F-test indicated that is was appropriate to give these wines a rating 

of six. As a lower rating (better reputation) should be associated with a higher price, the 

coefficient attached to this variable is expected to be negative. 

 

Investment Reputation Rating: The investment ratings were taken from Caillard 

and Langton (2001), which ranks wines into four bands. Band one is the highest, and 

four the lowest. In the regression analysis wines failing to receive a rating have been 

given a rating of five. Again those wine not rated could have been coded as a separate 

dummy variable, but an F-test indicated it was appropriate to give those wines a rating 

of five. A superior investment rating (lower number) is expected to have a positive 

impact upon price. As such the coefficient attached to this variable is expected to be 

negative. 

 

Wine Age: Bottle age at the time of release has been included as a variable. As 

wines aged before release represent a saving in opportunity cost term for consumers, 

and also have a reputation for being made with the finest grapes, the coefficient attached 

to bottle age is expected to be positive. 

 

Region: While the number of observations from each region in part determined 

the regional divisions, the groupings are not controversial. Wines from Western 
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Australia were divided between the Margaret River region, the Southwest, and other 

Western Australia. Victorian wines were separated into wines from the Yarra Valley, 

Goulburn Valley, and other Victoria. Wines from South Australia were split between 

Mclaren Vale, Eden Valley, Coonawarra, Barossa Valley, Clare Valley, wines blended 

from recognised regions in South Australia, Adelaide Hills, and other South Australia. 

The wines of New South Wales were divided into wines from the Hunter Valley, and 

other New South Wales. While Tasmania was defined as a single region, this is not 

necessarily a problem, as all Tasmanian winegrowing regions can be considered as cool 

climate sites (Gladstones 1992, p. 183). A final category was introduced for the limited 

number of wines from an unspecified region. 

 

Variety: The variety variable allows for preferences between the different wine 

varieties and variety blends: Semillon and Semillon-Sauvignon Blanc, Sauvignon 

Blanc, Riesling, Pinot Noir, Merlot, Shiraz, Chardonnay, Cabernet-Shiraz, Cabernet 

Sauvignon and Cabernet Sauvignon dominated blends, and wine produced from vines 

subject to Botrytis. 

 

Other details: Both region and grape variety enter as dummy variables, and 

therefore require a base with which to compare. The base region is the Barossa Valley, 

the base variety is Shiraz, and these two attributes were chosen to allow comparisons 

with the results of Schamel and Anderson (2003). Also, the Grange dummy variable is 

expected to be positive. A complete summary of the data is presented in Appendix 3.1. 

 

3.5 THE RESULTS 

 

Before discussing the results, it is worth commenting on issues of estimation 

technique, multicollinearity, and the residuals. The issue of whether 2SLS should be 

used was investigated using a Hausman type test, the details of which are presented in 

Appendix 3.2. Based on the results of the test, it is possible to conclude OLS is an 

appropriate estimation approach. The correlation matrix and Klein’s rule of thumb were 

used to investigate the question of multicollinearity between regressors, and there is no 

evidence multicollinearity is a serious problem. Again, further details of tests conducted 

are provided in Appendix 3.2. There were relatively large residuals for five wines, and 

this may indicate mis-pricing for these wines. Given such an interpretation of the 

residuals, the Cape Mentelle Cabernet Sauvignon is significantly underpriced, and four 
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wines: the d’Arenberg Coppermine Road Cabernet Sauvignon, the Wynns Michael 

Shiraz, the Jim Barry The Armagh Shiraz, and the Clarendon Hills Australis are 

significantly overpriced.  

 

The result of estimating equation (3.2) using the Kyte-Powell and Hooke quality 

ratings is shown in the first column of Table 3.4. By looking at the second entry in the 

first column of the table, it can be seen an extra quality star is estimated to add 

approximately 5 percent to the price of a bottle of wine. However, as the standard error 

of the coefficient is .033, the effect is not statistically significant. As can be seen from 

the second entry in column two of Table 3.4, the picture is similar for Oliver’s current 

quality ratings. While a one point increase in the rating a wine receives is estimated to 

add approximately 2.5 percent to the price of a bottle of wine, the effect is not 

statistically significant. For completeness, the proposition consumers consider some 

combination of quality ratings, was also tested. When the arithmetic mean of the two 

quality scores was included in the model this average variable was not statistically 

significant. As such, it is possible to conclude current quality ratings are not valued by 

consumers. Excluding current quality ratings allowed several extra observations to be 

included in the study, however for reasons of consistency both the results without the 

extra observations, and the results with the extra observations are reported. The results 

with the extra observations are reported in the final column of Table 3.4. 

 

The variables that should be included in the characteristic set appear to be: the 

age of the wine at the time of release, region, variety, investment reputation, quality 

reputation, and a dummy variable for Grange. Having established the correct 

specification appears to be one where current quality ratings play no part, it is now 

appropriate to review the coefficients attached to the various characteristics in detail. 

The following discussion is based on the results presented in the final column of Table 

3.4.  

 

Quality Reputation: Unlike the current quality ratings he provides, it appears 

consumers do value Jeremy Oliver’s reputation ratings. The highest quality reputation 

rating a wine can receive is one, and each one unit reduction in quality reputation rating 

is associated with a fall in price of approximately ( )( )exp .167 1 100 15 percent .− − × =  

So, evaluated at the sample mean price, a one unit decrease in reputation rating is 

associated with an approximate fall in price of five dollars.  The finding  suggests  while 
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TABLE 3.4 
HEDONIC WINE PRICE ESTIMATION RESULTS 

Current Quality Guide  Current Quality Guide Independent 
Variables K-P & H Oliver  No Guide No Guide 

Intercept 3.67* (.235) 3.46* (.356) 3.93* (.166) 4.00* (.165) 
Current quality rating .050 (.033) .025 (.017) - - - - 
Quality reputation rating -.162* (.022) -.159* (.026) -.174* (.022) -.167* (.020) 
Investment reputation rating -.132* (.031) -.135* (.031) -.131* (.030) -.144* (.029) 
Age at time of release .193* (.028) .189* (.027) .190* (.027) .184* (.025) 
Region         

Unknown -.190 (.157) -.182 (.159) -.171 (.157) -.208 (.158) 
Other NSW -.297* (.088) -.286* (.089) -.286* (.088) -.313* (.091) 
Hunter Valley  .026 (.081) .033 (.077) .030 (.081) -.007 (.082) 
Adelaide Hills .084 (.099) .115 (.098) .107 (.098) .084 (.101) 
S.A. blended -.006 (.109) .020 (.108) .016 (.108) -.008 (.108) 
Clare Valley .097 (.094) .092 (.093) .112 (.094) .085 (.089) 
Coonawarra .037 (.081) .042 (.081) .047 (.080) .024 (.083) 
Eden Valley -.003 (.096) -.005 (.097) .007 (.096) -.021 (.095) 
Other SA -.128 (.088) -.140 (.093) -.146 (.091) -.184* (.089) 
McLaren Vale .226** (.129) .232** (.131) .238** (.131) .215 (.133) 
Tasmania .275* (.115) .287* (.122) .286* (.120) .236** (.125) 
Other Vic. .094 (.068) .101 (.066) .103 (.067) .072 (.072) 
Goulburn Valley -.103 (.090) -.088 (.092) -.107 (.091) -.115 (.092) 
Yarra Valley .131 (.080) .139** (.080) .142 (.080) .119 (.085) 
South West .177* (.085) .168* (.085) .168 (.087) .137 (.088) 
Margaret River .101 (.087) .108 (.086) .112 (.086) .088 (.091) 
Other WA -.062 (.107) -.088 (.098) -.097 (.099) -.131 (.101) 

Variety         
Botrytis .480* (.112) .497* (.115) .483* (.109) .493* (.106) 
Cabernets .005 (.057) .015 (.059) .003 (.057) .004 (.055) 
Cabernet-Shiraz -.301* (.096) -.292* (.093) -.304* (.093) -.301* (.090) 
Chardonnay .041 (.578) .038 (.058) .038 (.058) .042 (.054) 
Merlot .290* (.084) .271* (.082) .276* (.083) .280* (.082) 
Pinot Noir .156* (.073) .144* (.072) .140** (.073) .194* (.070) 
Riesling -.347* (.082) -.338* (.084) -.351* (.082) -.343* (.076) 
Sauvignon Blanc .049 (.061) .057 (.064) .042 (.062) .036 (.060) 
Semillon and Semillon-
Sauvignon Blanc -.063 (.100) -.042 (.090) -.053 (.093) -.042 (.086) 

Grange dummy .860* (.124) .853* (.121) .855* (.121) .820* (.115) 
2

R  .745 .745 .744 .746 
(N,K) 262 32 262 32 262 31 288 31 

* Significant at the 5 percent level; ** Significant at the 10 percent level.  
Notes:  (1) The dependant variable is the natural logarithm of price.  
  (2) Standard errors are in parenthesis, and are based on White’s heteroscedasticity covariance matrix. 
  (3) N refers to the number of variables, and K the number of explanatory variables.  
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finely graded current quality ratings for wine are ignored by consumers, reputation 

information based on sensory evaluations of mature wine is valued by consumers.  

 

Investment Reputation: The investment reputation of a wine emerges as a key 

attribute  for  Australian  wine. The highest investment reputation rating a wine can 

receive is one and the lowest five. A one unit fall in the investment rating of a wine, say 

a fall from a rating of one to a rating of two, is estimated to result in a decrease in price 

of approximately 13 percent. The result demonstrates the value of an active secondary 

market for wine. The price mature wine sells for at auction is an objective measure of 

past quality. Information regarding past quality is captured by the wine’s investment 

reputation, and is valued by consumers.  

 

Bottle age at time of release:  For each year between harvest, and when the wine 

is released, the retail price of wine is estimated to increase by approximately 20 percent. 

This seems high, and prompts the question: is the return to the producer greater than the 

cost consumers face in storing wine for an extra year? The total cost to the consumer of 

storing wine for a year will be any explicit storage cost, plus the opportunity cost of 

holding wine rather than some other financial instrument, say bonds. Commercial 

storage costs for wine range from 10 to 15 dollars per annum for a 12 bottle case. The 

average price of a bottle of wine in the study was approximately 33 dollars, and so 

storage fees translate to a charge of between 2.5 and 3.8 percent, per bottle, per annum. 

Government bonds are currently returning approximately 5 percent per annum, so the 

total cost to the consumer of storing wine for a year is around 8 percent. Assuming the 

market for wine is efficient, as the estimated increase in retail price achieved by wines 

released a year later is noticeably higher than the cost of holding wine, it suggests there 

is some other cost associated when producers hold back wines from the retail market. 

This cost could be explained if producers use lower yielding, higher quality grapes in 

the wines they release several years after vintage. Given consumers are willing to pay 

more than the opportunity cost of storing the wine, it could be argued consumers do 

believe wines aged before release are made from better grapes.  

 
Region: In general, compared to a well-known wine producing region -- the 

Barossa Valley -- wines from smaller, lesser known places, which have been grouped 

into the various state based “other” categories, are less valued by consumers. That they 

are small wine producing regions possibly indicates they are not outstanding locations 
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for growing grapes. The discount to wines from these areas does not however imply 

wine production in these areas is less profitable than in other areas. Land costs in areas 

not yet established as wine-growing regions are expected to be considerably less than 

land costs in established wine-growing regions. As such, growers in these areas require 

a lower dollar per tonne sale price to be viable. 

 

Tasmanian wines appear to enjoy a substantial premium over Barossa Valley 

wines. Specifically, the premium for Tasmanian wine, relative to Barossa Valley is 

estimated to be approximately 27 percent. While Tasmanian wines appear to be 

favoured by consumers, it is worth noting the total number of observations from 

Tasmania was relatively low. Notwithstanding the possible limitations of Schamel and 

Anderson (2003) referred to earlier, it is interesting to note the study found a premium 

to Tasmanian wines of a similar order of magnitude. An F-test on the joint role of 

regional identifiers indicates it is possible to reject the hypothesis regional identifiers are 

jointly insignificant. In Australia regional reputation is an important characteristic.  

 

Variety: Botrytis wines are specialty dessert wines made from grapes affected by 

noble rot, and allowed to build up extremely high concentrations of sugars. Vines 

subject to noble rot are low yielding, and so production costs for this style of wine are 

higher than for other table wines. For Botrytis wine, picking the grapes, pressing them, 

and getting them to ferment is a painstaking process. In fact: “The risks and costs 

involved in making naturally botrytized wine make it necessarily expensive” (Robinson 

1999, p. 94). Further, as it is a speciality wine designed to be consumed with dessert, it 

will only appeal to those consumers particularly concerned with matching food and 

wine with every course. A consumer wanting to match wine with dessert is likely to be 

looking for a wine for a special occasion, and so, may be willing to pay a premium. 

Given these factors, it is not surprising to see Botrytis style wines attract, on average, an 

estimated premium of approximately 60 percent over Shiraz wines.  

 

This result contrasts sharply with the findings of Schamel and Anderson (2003), 

where in general, a statistically significant and large discount is estimated for sweet 

white wines. Packaging differences may however provide an explanation. Botrytis 

wines are packaged in 375 ml bottles, not 750 ml bottles. There may therefore be some 

confusion or inconsistency across studies with respect to the findings reported for sweet, 

or Botrytis style wines. In the current study, list prices for Botrytis style wines were 
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converted to 750 ml equivalents. Given the production cost structure for this type of 

wine, it is counter-intuitive to believe it should sell for a discount to Shiraz based wines. 

As such it is possible the conversion to 750 ml equivalents was overlooked in Schamel 

and Anderson (2003). 

 

 Traditionally, Cabernet Sauvignon based wines have been the most sought after 

wines. However, in Australia it is Shiraz based wines -- Penfold’s Grange and Henschke 

Hill of Grace -- that fill the top two spots in terms of price and reputation. That there 

appears to be no premium for Cabernet-based wines compared to Shiraz, is a result 

compatible with the high regard in which Australian Shiraz is held, and consistent with 

the general findings of Schamel and Anderson (2003).  

 

Cabernet-Shiraz wine blends on the other hand are not one of the traditional 

premium wine blends, and nor is it a style that appears to have captured the palate of 

consumers. In Australia, Cabernet-Shiraz blends are estimated to trade, on average, at a 

30 percent discount to straight Shiraz wines. A specific category for Cabernet-Shiraz 

blends is not included in Schamel and Anderson (2003), although the category Shiraz-

blends is included, and generally the wines in this category are estimated to trade at a 

substantial discount to straight Shiraz wines. 

 

Arguably, Australia’s most famous and distinguished wine outside Australia is 

not Grange, but the Leeuwin Estate Art Series Chardonnay. It is therefore not surprising 

to observe no discount between Australia’s premium white grape -- Chardonnay -- and 

Australia’s premium red grape -- Shiraz -- when other factors are controlled for. It may 

also be true that production costs for Chardonnay wines are closer to those of red wine 

than the other dry white wine varieties considered in the study. As noted earlier, the 

sample, and so the results, relate to the premium segment of the wine market. A 

characteristic of premium Chardonnay is that it is generally aged, like red wines, in oak 

barrels. If production costs for Shiraz and Chardonnay are similar, in an efficient market 

we should expect to see no lasting price differential between the two varieties. 

 

Again this finding is in sharp contrast to that of Schamel and Anderson (2003), 

where, in general, Chardonnay is estimated to trade at a substantial discount to Shiraz. 

Part of the reason for the divergent results may be related to the different samples. In 

Schamel and Anderson (2003) the average wine price for the results using the Halliday 
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ratings was 24 dollars, while for the sample using the Winestate ratings the average 

wine price was 20 dollars. This is substantially less than the 33 dollar average price for 

wines in the current study. Australia produces a lot of Chardonnay based wines, and a 

large number of cheaper Chardonnay wines are not aged oak. With a lower average 

price, it is possible the Schamel and Anderson (2003) study includes a significant 

number of unoaked Chardonnays. As production costs for unoaked Chardonnay are 

lower than for oaked Chardonnay, the results of Schamel and Anderson (2003), and the 

current study, while different, are both conceivable.  

 

Merlot wines have become fashionable in recent years. Probably in part, because 

Merlot wines are approachable and soft when young, and unlike other red varieties do 

not require prolonged bottle aging before they are appealing to drink. Further, a 

common remark from winemakers about Merlot based wines is: “Cabernet without the 

pain” (Robinson 1999, p. 444). Current fashion, and the emergence of ultra premium 

Merlot based wines such as Château Petrus, help explain the estimated 32 percent 

premium to Shiraz enjoyed by Merlot wines. The Merlot premium appears to have been 

noticed by producers, and plantings of Merlot vines in Australia have been significant in 

recent years. During the 1999 financial year 1,619 ha of Merlot vines were added, while 

in financial year 2000, a further 1,094 ha were added (ABS 2000a). Generally vines 

begin yielding usable fruit after five or six years. So, using the not unreasonable 

estimate of a wine production rate of 90hl per hectare, this level of planting implies an 

ultimate increase in Merlot production of approximately 14.5m litres from the 1999 

plantings, and a further 9.9m litres from the 2000 plantings. It will therefore be 

interesting to see if the premium to Merlot based wines is still evident around 2006/7.  

 

In Australia, Pinot Noir is regarded as a boutique wine, and is associated more 

with wine connoisseurs than the average wine consumer. As such, the brands of Pinot 

based wine released in the Australian market tend to be high quality products. Further, 

Pinot Noir is generally regarded as one of the more difficult grape varieties to cultivate 

(Robinson 1999, p. 534). Combined, these factors provide a reasonable explanation for 

the 21 percent premium Pinot Noir wines are estimated to enjoy over Shiraz based 

wines. 

 

Riesling, Germany’s most prolific and notable grape variety, appears to be 

viewed with some disdain by Australian consumers, as, other things equal, Riesling 
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wines are estimated to sell at a 41 percent discount to Shiraz wines. In Australia, as in 

many parts of the world, Riesling has suffered unfairly from association with cheap 

white wine labelled as Riesling, but made from generic (predominantly sultana) grapes. 

Australian Wine and Brandy Corporation regulations were revised at the end of 2000 to 

ensure only wines made from Riesling grapes are labelled as Riesling wine. Riesling has 

however, over many decades, developed a reputation as a rather unpalatable wine. Even 

though wine labelled as Riesling is now generally of a high standard, a reputation effect 

persists. Should the discount not disappear in coming years, it is reasonable to expect 

the amount of land covered by Riesling vines to fall, and growers to move toward 

planting more profitable grape varieties. 

 

Grange Dummy: As the Grange premium is 127 percent, the benefit of having 

the reputation as the premier Australian wine is large. This is not surprising, and again 

highlights reputation effects. While it is unlikely many people know more than one or 

two high quality wine brands, almost all Australians have heard of Grange. The result 

does however suggest Grange is overpriced. 

 
Sensitivity and Comparisons: The findings presented differ in slight, but 

important ways from the results presented in previous hedonic price studies of 

Australian wine. Both Oczkowski (1994) and Schamel and Anderson (2003) found 

current quality ratings to be statistically significant, while the current study found them 

to be not statistically significant. The divergent results are possibly explained by 

differences in the characteristic set employed. Both Oczkowski (1994) and Schamel and 

Anderson (2003) do not include an investment reputation variable, and it is debatable 

whether either study fully captures quality reputation effects. Direct comparison is of 

course impossible. However, with respect to the current data set, it is possible to explore 

the impact on estimated coefficients of excluding the investment and quality reputation 

variables. 

 

With the current data set, if quality and investment reputation variables are 

omitted, current quality ratings are estimated to be statistically significant. In particular, 

a one star increase in Kyte-Powell and Hooke’s current quality rating would be 

interpreted as resulting in a 24 percent increase in price. In the case of Oliver’s ratings, a 

one point increase would be interpreted as resulting in a 12 percent increase in price. In 

the current study, excluding variables that capture quality and investment reputation 
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effects, results in the incorrect conclusion current quality ratings matter. Further, when 

the hedonic price equation is estimated excluding these two variables, despite knowing 

they are important, the estimated equations do not fail a RESET functional form test. 

Relying on this test, as Oczkowski (1994; 2001) and Schamel and Anderson (2003) do, 

may therefore provide a misleading picture of model accuracy.  

 

When using OLS, Oczkowski (2001) found current quality ratings to be 

significant in 4 out of 6 cases, while with 2SLS current quality ratings are shown to be 

not significant in 6 out of 6 cases. Yet a convincing case is not made for the use of 

2SLS. Both the current study, and Schamel and Anderson (2003) explicitly test for 

measurement error problems and conclude OLS is appropriate. So, while Oczkowski 

(2001) draws the right conclusion -- current quality ratings do not matter -- it is possible 

the right conclusion is drawn for the wrong reasons. 

 

In comparison with Oczkowski (1994) and Schamel and Anderson (2003), the 

current study found a relatively small number of statistically significant regional effects. 

That region appears to be more important in previous studies is perhaps because region 

was acting as a relatively good proxy for the investment and quality reputation 

variables. Given the important role weather plays in determining wine quality, it is 

likely the majority of wines with high quality and investment reputations come from the 

same few regions. Similarly, those wines with low or non-existent quality and 

investment reputations are likely to be found clustered together in regions with 

unfavourable weather conditions. Were the current analysis conducted excluding 

investment reputation and quality reputation variables, the number of regions significant 

at the 95 percent level would rise from two to five. 

 

3.6 CONCLUDING COMMENTS 

 

Oczkowski (1994) started a fruitful area of research, and happily for those who 

have followed, left numerous aspects open for further investigation. Landon and Smith 

(1997; 1998) made a valuable contribution to the field by focusing on the role of both 

long-term and short-term quality ratings, while the number of observations alone in 

Schamel and Anderson (2003) makes it an important study. This chapter has presented a 

synthesis of previous work, and a refocusing on the theoretical framework. In the 

process the paper highlights the importance of correctly specifying the characteristic set. 
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For the Australian market, the characteristic set developed is the most comprehensive 

and accurate so far.  

 

Based on the chapter’s contribution, and the store of accumulated knowledge in 

this relatively new field, it is possible to conclude the following: when it comes to 

premium Australian wine, consumers value objective easily identifiable characteristics. 

In particular, it appears bottle age, regional reputation, varietal reputation, investment 

reputation, and quality reputation, all have a significant impact upon price. On the other 

hand, subjective quality ratings based on annual evaluations of the current vintage are 

not valued by consumers. That this should be the case is not surprising. Schamel and 

Anderson (2003) show the price premium associated with quality ratings has been 

declining since the start of the 1990s. That the premium associated with higher quality 

ratings has now reached a point where the effect is no longer statistically significant 

appears reasonable.  

 

The premium or discount attached to certain grape varieties relative to Shiraz, is 

interesting, and to the extent there are differences in the cost of production for different 

grape varieties, justifiable. In cases where there is little difference in the cost of 

production between varieties, in the long run, premiums are expected to be eroded by 

new plantings, and discounts to narrow as producers switch to more profitable varieties. 

The substantial new plantings of Merlot vines at the turn of the century provides some 

evidence to support the view that market signals are operating effectively, and it is 

likely the Merlot premium will, in time, disappear. 

 

The use of regional labelling is relatively new in Australia, and really only 

became official practice following the 1993 amendments to the Australian Wine and 

Brandy Corporation Act (1980). In Australia, zone, region, and sub-region 

classifications are not based solely on aspects which might reasonably come under the 

heading terroir, but also depend on things such as the history of the area. Given the 

apparent importance of  regional reputation, and given the flexibility of the system, it is 

likely the process of defining regional wine boundaries in Australia will continue to be a 

controversial practice.  

 

The importance of quality reputation ratings raises an interesting question. If 

consumers value quality reputation indicators, should the industry look at developing an 
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official classification system for its wines? One view is that to leave something highly 

valued by consumers, such as  reputation  ratings, in the hands of one or two individuals 

could be inviting disaster. For example it has been said Robert Parker’s:  
 
…success [as a wine writer on Bordeaux] has won a degree of power over the wine 

market so great it is dangerous, in that such a high proportion of producers, particularly 

red wine producers, seem deliberately to be adapting the style of their wines to suit this 

one compelling palate (Robinson 1999, p. 512). 

 

Yet to regulate the market, as has been done in France, would possibly stifle a most 

dynamic industry. Wine guides containing reputation information have to be 

informative or consumers will not purchase them. There is therefore an incentive to 

maintain and adjust the quality reputation ratings of wines and wineries. Further, market 

information about past quality is contained in the prices wines sell for in the secondary 

market, and this information is conveyed to consumers through the wine’s investment 

reputation. As such, perhaps it is best to leave the market for quality and investment 

reputation ratings unregulated, and keep the task of conveying information to consumers 

with market based mechanisms. Regulating regional and varietal labelling, while 

leaving the allocation of quality and investment reputation ratings to the market, might 

just be the appropriate balance. 
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APPENDIX 3.1 

DATA SUMMARY  

 

Table A3.1 provides summary information on the data, and Figure A3.1 presents 

histograms for several key variables. The sample appears an approximate match for the 

industry as a whole, with one exception, NSW. The wines from NSW are noticeably 

under represented in the sample. This anomaly is explained principally by the low 

relative quality of the wines produced in NSW. For, while the Hunter Valley is 

renowned for fine wine, the Hunter Valley region produces less than 3 percent of the 

nation’s wine. In NSW, production is concentrated in the Riverina (or Murrumbidgee) 

region, and here:  

 
The wines reflect the very warm climate and the quasi-hydroponic growing 

regimes. The technical excellence of the wineries assures clean, fault-free, mildly 

fruity wines well suited to the drinker of cask wine (in boxes), and to the 

requirements of overseas bulk markets such as Sweden and the own brands of the 

British retail chains (Robinson 1999, p. 480). 

 

So, in a study concerned primarily with premium wines -- 75 precent of the wines in the 

study cost 20 dollars or more -- NSW will not feature prominently.  
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TABLE A3.1 
SUMMARY INFORMATION ON THE WINE DATA SET 

(Percent of total number of observation) 
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     Region 

Clare Valley 2.8 2.8 0.0 4.5 0.0 0.0 1.0 0.0 0.0 0.0 0.0 11.1 

Coonawarra 3.1 5.6 0.3 0.7 0.0 0.7 0.0 0.7 0.0 0.7 0.0 11.8 

Eden Valley 0.0 0.7 0.7 1.7 0.3 0.0 0.0 0.0 0.3 0.0 0.0 3.8 

McLaren Valley 3.5 1.7 1.4 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.0 7.3 

Adel. Hills 0.0 0.3 1.7 0.0 0.3 1.0 0.0 0.0 0.0 0.0 0.0 3.5 

Barossa Valley 4.5 1.4 0.0 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 6.6 

Other S.A. 1.0 0.0 0.7 0.0 0.0 0.7 0.0 0.7 0.0 0.0 0.0 3.1 

S.A. Blends 1.0 1.0 0.3 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 3.1 

Total SA 16.0 13.5 5.2 7.3 0.7 2.8 1.0 2.1 0.7 1.0 0.0 50.3 

Other Vic. 6.3 2.4 3.8 0.3 2.1 1.4 0.0 0.0 0.3 0.0 0.0 16.7 

Yarra Valley 0.3 2.1 2.1 0.0 2.8 0.7 0.0 0.0 0.0 0.0 0.0 8.0 

Goulburn Valley 1.0 0.3 0.7 0.7 0.0 0.3 0.0 0.0 0.0 0.0 0.0 3.1 

Total Vic 7.6 4.9 6.6 1.0 4.9 2.4 0.0 0.0 0.3 0.0 0.0 27.8 

Margaret River 0.7 2.4 2.8 0.0 0.0 0.3 1.0 0.0 0.0 0.3 0.0 7.6 

South West 0.7 1.4 0.7 1.4 0.3 0.0 0.0 0.0 0.0 0.0 0.0 4.5 

Other WA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 

Total WA 1.4 3.8 3.5 1.4 0.3 0.3 1.0 0.0 0.0 0.3 1.0 13.2 

Other N.S.W. 0.7 1.0 0.3 0.0 0.0 0.0 0.0 0.0 1.0 0.3 0.0 3.5 

Hunter Valley 0.7 0.0 1.4 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 2.8 

Total N.S.W. 1.4 1.0 1.7 0.0 0.0 0.0 0.7 0.0 1.0 0.3 0.0 6.3 

Tasmania 0.0 0.0 0.3 0.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0 1.7 

Unknown 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 

Total 26.4 24.0 17.4 10.4 6.6 5.6 2.8 2.1 2.1 1.7 1.0 100.0
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Red Wine: By Type
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SUMMARY WINE DATA INFORMATION  

(continued next page) 
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The Price of Wine
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APPENDIX 3.2 

FURTHER DETAILS REGARDING ESTIMATION ISSUES 

 

Hausman Test Approximation 

 

 Before the issue of measurement error with respect to current quality ratings 

could be investigated it was necessary to find a suitable instrument for the current 

quality rating variable. Fortunately two sets of current quality ratings were at hand, 

Kyte-Powell and Hooke (2000), and Oliver (2000). Below, the Kyte-Powell and Hooke 

(2000) ratings are referred to as current quality rating set one, and those of Oliver 

(2000) as current quality rating set two. Current quality rating set two is a suitable 

instrument for current quality rating set one. 

 

The first step in the process was to regress current quality rating set one on the 

explanatory variables identified in equation (3.2), plus current quality rating set two. 

The specific equation estimated is shown at (A3.1):   

 

1 2 1 1
.K J

i i i i i k ki j ji i ik j
C C L I A R V G uα β δ γ ϕ φ λ η

= =
= + + + + + + + +∑ ∑  (A3.1) 

 

In equation (A3.1) 1iC  is the current quality rating of wine i given in rating set one, α  is 

the intercept, 2iC  is the current quality rating of wine i given in rating set two, iL  is the 

quality reputation rating of wine i, iI  is the investment reputation rating of wine i, iA  is 

the age of wine i at the time of release, kiR  is a dummy variable for region taking the 

value one when ,k i=  and the value zero when k i≠ , jiV  is a dummy variable for 

variety taking the value one when ,j i=  and the value zero when j i≠ , iG  is a dummy 

variable taking the value one when Grange,i =  zero otherwise, and iu  is a zero mean 

error term, which may be heteroscedatic. 

 

 Next, equation (A3.2) was estimated, where in equation (A3.2) 1
ˆ

iC  is the fitted 

value from equation (A3.1), and ip  is the natural logarithm of the price of wine i. 

 

1 1 1 1
ˆ .K J

i i i i i i k ki j ji i ik j
p C C L I A R V G uα β σ δ γ ϕ φ λ η

= =
= + + + + + + + + +∑ ∑  (A3.2) 
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Using the above framework, if when estimating equation (A3.2) ˆ ,σ  the estimated OLS 

coefficient attached to the 1
ˆ

iC  variable, is not statistically different from zero, OLS is an 

appropriate estimation technique. When equation (A3.2) was estimated, 1
ˆ

iC  was not 

statistically different from zero, and so OLS has been deemed appropriate. 

 

Klein’s Rule of Thumb for Multicollinearity 

 

Klein’s Rule of Thumb, discussed in Maddala (1992, p. 273), and also in 

Appendix 2.4 of the previous chapter, can be explained as follows. Let 2
yR  be the 

squared multiple correlation coefficient of the regression of the natural logarithm of the 

price of a bottle of wine and all explanatory variables. Let 2
iR  be the squared multiple 

correlation coefficient of the regression of variable i and all other explanatory variables. 

If 22
iy RR <  for any i, then multicollinearity is a potential problem. For the data set 

22
iy RR >  for all i, so multicollinearity is not likely to be a problem. For completeness 

the correlation matrix of explanatory variables was also computed, and is shown at 

Table A3.2. The highest correlation, in absolute value terms, was that between the 

current quality rating in Oliver (2000) and the quality reputation rating. However, as the 

absolute value of the correlation was only .559, the results again suggest 

multicollinearity is not a serious problem. 
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TABLE A3.2 
CORRELATION MATRIX FOR HEDONIC PRICE EQUATION EXPLANATORY VARIABLES  

Explanatory 
Variables 

K-P & H 
Rating 

Oliver 
Rating 

Wine 
Age 

Unknown 
Region 

Other 
NSW 

Hunter 
Valley 

Adelaide 
Hills 

S.A. 
Blended 

Clare 
Valley Coonawarra Barossa 

Valley 
Eden 

Valley 
Other 
S.A. 

McLaren 
Vale Tasmania Other 

Victoria 
Goulburn 

Valley 

K-P & H Rating 1.000                 
Oliver Rating .422 1.000                
Wine Age .055 .128 1.000               
Unknown Region -.046 -.094 -.005 1.000              
Other NSW -.017 -.068 .072 -.017 1.000             
Hunter Valley -.058 -.077 -.089 -.013 -.030 1.000            
Adelaide Hills .141 -.002 -.095 -.017 -.040 -.030 1.000           
S.A. Blended .160 .031 .187 -.017 -.038 -.029 -.038 1.000          
Clare Valley .143 .188 -.150 -.030 -.068 -.052 -.068 -.064 1.000         
Coonawarra .044 .041 .068 -.032 -.072 -.055 -.072 -.068 -.122 1.000        
Barossa Valley  -.056 .021 .261 -.023 -.052 -.040 -.052 -.050 -.089 -.095 1.000       
Eden Valley .018 .043 -.053 -.017 -.040 -.030 -.040 -.038 -.068 -.072 -.052 1.000      
Other S.A. -.250 -.165 -.033 -.016 -.035 -.027 -.035 -.033 -.060 -.064 -.047 -.035 1.000     
McLaren Vale .031 .040 -.017 -.026 -.059 -.045 -.059 -.056 -.100 -.106 -.078 -.059 -.052 1.000    
Tasmania .001 -.017 -.095 -.012 -.028 -.021 -.028 -.026 -.047 -.050 -.037 -.028 -.025 -.041 1.000   
Other Victoria -.003 .006 -.005 -.040 -.092 -.071 -.092 -.087 -.156 -.166 -.122 -.092 -.082 -.136 -.064 1.000  
Goulburn Valley -.132 -.186 .037 -.016 -.035 -.027 -.035 -.033 -.060 -.064 -.047 -.035 -.031 -.052 -.025 -.082 1.000 
Yarra Valley -.036 -.032 -.047 -.024 -.054 -.042 -.054 -.051 -.092 -.098 -.072 -.054 -.048 -.080 -.038 -.125 -.048 
South West -.093 .008 -.032 -.018 -.042 -.032 -.042 -.039 -.071 -.075 -.055 -.042 -.037 -.062 -.029 -.097 -.037 
Margaret River .081 .040 -.002 -.026 -.059 -.045 -.059 -.056 -.100 -.106 -.078 -.059 -.052 -.087 -.041 -.136 -.052 
Other W.A. -.215 -.103 -.081 -.009 -.021 -.016 -.021 -.020 -.036 -.039 -.028 -.021 -.019 -.032 -.015 -.050 -.019 
Botrytis  .055 -.010 .098 -.013 .369 -.023 -.030 -.029 -.052 -.055 -.040 .103 -.027 .049 -.021 -.004 -.027 
Cabernet .037 -.084 .243 .159 .032 -.084 -.063 .045 -.038 .171 -.035 -.015 -.098 .004 -.077 -.088 -.045 
Cabernet-Shiraz -.058 -.094 .098 -.013 -.030 -.023 -.030 .251 -.052 .105 -.040 -.030 .269 -.045 -.021 -.071 -.027 
Chardonnay .022 .047 -.176 -.039 -.034 .139 .181 -.027 -.150 -.159 -.117 -.034 .041 .021 .014 .066 .041 
Merlot -.049 .054 -.008 -.012 .118 -.021 -.028 -.026 -.047 .125 -.037 -.028 -.025 .062 -.019 -.064 -.025 
Pinot Noir -.095 -.007 -.102 -.021 -.047 -.036 .041 -.045 -.081 -.085 -.063 .041 -.042 -.070 .215 .113 -.042 
Riesling .072 .073 -.351 -.031 -.070 -.054 -.070 -.067 .401 -.050 -.044 .247 -.063 -.104 .129 -.131 .008 
Sauvignon Blanc -.106 -.213 -.281 -.022 -.051 -.039 .199 -.048 -.086 .008 -.002 -.051 .140 -.075 -.036 .050 .047 
Sem and Sauvignon .101 .003 -.158 -.015 -.033 .133 -.033 -.031 .177 -.060 -.044 -.033 -.029 -.049 -.023 -.076 -.029 
Shiraz .031 .149 .377 -.054 -.033 .020 -.123 .025 -.040 .020 .254 -.123 -.010 .133 -.086 .120 .040 
Grange Dummy .022 .065 .191 -.005 -.012 -.009 -.012 -.012 -.021 -.022 .235 -.012 -.011 -.018 -.009 -.029 -.011 
Investment 
Reputation -.232 -.215 -.380 .034 .031 .059 .077 -.193 .044 .001 -.166 .008 .069 .115 .022 -.053 .069 

Quality Reputation -.533 -.559 -.234 .171 .073 .128 -.110 -.174 -.071 -.048 -.068 -.027 .198 .048 -.007 .005 .124 
(continued next page) 
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TABLE A3.2 (CONTINUED) 
CORRELATION MATRIX FOR HEDONIC PRICE EQUATION EXPLANATORY VARIABLES  

Explanatory  
Variables 

Yarra 
Valley 

South 
West 

Margaret 
River 

Other 
W.A. Botrytis Cabernet Cabernet-

Shiraz Chardonnay Merlot Pinot 
Noir Riesling Sauvignon 

Blanc 
Sem and 

Sauvignon Shiraz Grange 
Dummy 

Investment 
Reputation

Quality 
Reputation 

K-P & H Rating                  
Oliver Rating                  
Wine Age                  
Unknown Region                  
Other NSW                  
Hunter Valley                  
Adelaide Hills                  
S.A. Blended                  
Clare Valley                  
Coonawarra                  
Barossa Valley                   
Eden Valley                  
Other S.A.                  
McLaren Vale                  
Tasmania                  
Other Victoria                  
Goulburn Valley                  
Yarra Valley 1.000                 
South West -.057 1.000                
Margaret River -.080 -.062 1.000               
Other W.A. -.029 -.023 -.032 1.000              
Botrytis  -.042 -.032 -.045 -.016 1.000             
Cabernet .065 .020 .070 -.059 -.084 1.000            
Cabernet-Shiraz -.042 -.032 -.045 -.016 -.023 -.084 1.000           
Chardonnay .043 .010 .135 -.048 -.068 -.244 -.068 1.000          
Merlot -.038 -.029 .062 -.015 -.021 -.077 -.021 -.062 1.000         
Pinot Noir .271 -.050 -.070 -.026 -.036 -.131 -.036 -.105 -.033 1.000        
Riesling -.096 .169 -.104 -.038 -.054 -.194 -.054 -.156 -.049 -.084 1.000       
Sauvignon Blanc .057 -.053 -.017 -.027 -.039 -.140 -.039 -.113 -.036 -.061 -.090 1.000      
Sem and Sauvignon -.045 -.035 .213 -.018 -.025 -.091 -.025 -.073 -.023 -.039 -.058 -.042 1.000     
Shiraz -.133 -.044 -.119 -.066 -.094 -.339 -.094 -.273 -.086 -.146 -.217 -.157 -.102 1.000    
Grange Dummy -.017 -.013 -.018 -.007 -.009 -.034 -.009 -.027 -.009 -.015 -.022 -.016 -.010 .101 1.000   
Investment Reputation .105 .037 -.178 .042 .000 -.057 -.029 .041 .054 .033 .081 .099 .064 -.146 -.262 1.000  
Quality Reputation .064 -.068 -.092 .150 -.042 -.017 .065 -.003 .016 .039 -.113 .165 .007 -.061 -.137 .530 1.000 
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CHAPTER 4  
 

WINE AND THE REWARDS OF PATIENCE 
‘Nothing more excellent or valuable 

than wine has ever been granted by the 
gods to man’ 

 
Plato (427-347 BC) 

Philosopher 
 

4.1 INTRODUCTION AND OVERVIEW 

 

 Wine. Art or investment? This chapter investigates the rate of return to holding 

Australian wine, and goes someway toward increasing our understanding of the way 

Australian wine prices change through time. The oldest and most developed wine 

market is that for French wine, and while the finest wines from the Rhône and 

Burgundy are often traded at auction, it is Bordeaux reds, with their extreme longevity, 

that dominate the market. The recent history of Bordeaux wine, as recounted in 

Robinson (1999, pp. 364-365), is interesting, and reviewing this history provides useful 

insights into the way other fine wine markets can be expected to operate.  

 

Historically Bordeaux wine prices have followed a cyclical pattern. The first 

recorded boom in Bordeaux wine prices occurred during the late 1840s to the mid 

1870s. This period saw a combination of reduced supply, due to powdery mildew, and 

increased English demand, due to the lowering of duties and deregulation of retail wine 

sales. With price acting as a signal to increase supply, it was inevitable high prices 

would not last forever. The highs touched at the peak of this first boom in 1868 were not 

to be surpassed until the mid 1920s.  

 

The next boom in Bordeaux wine prices was driven by increased international 

demand. Devaluations of the Franc in 1959 and 1969 led American buyers to enter the 

market with enthusiasm, driving prices to new highs. It was not until the mid 1970s, 

when high oil prices started to bite, that prices really began to cool. The market rebound 

of the early 1980s failed to gather momentum and prices were flat until the mid 1990s.  

 

As a result of enthusiastic Asian purchases, French wines prices soared in 1997. 

Yet, this most recent boom was also the shortest, and prices collapsed following the 
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East-Asian economic meltdown. By 1999 prices for top Bordeaux wines were back to 

pre-boom levels.  

 

It is clear many factors influence the market for premium wine: regulatory 

changes with respect to the sale of alcohol; crop failure or supply bottlenecks; exchange 

rate fluctuations; and international economic conditions all appear capable of having a 

significant impact. Such background information is useful, as it suggests the financial 

return to wine investment is likely to vary significantly through time.  

 

 Unlike Europe, wine investment in Australia has a short history. Until the 1980s 

what interest there was in storing and trading fine wine was confined to the wines of 

Europe. However, in the mid 1980s, as the recently floated Australian dollar began to 

depreciate, interest was sparked in domestic wines with aging potential. By 1991 

interest had grown to the point where the Langton’s auction house began to publish a 

wine investment guide. Turnover at auction has continued to grow, and in 2000 

Langton’s released the third edition of their comprehensive classification of Australian 

investment wines. 

  

The objective of this chapter is to analyse the rate of return to Australian wine. 

However, before investigating the rate of return to Australian wine, it is first necessary 

to develop a metric which accurately captures changes in the overall wine price level. 

Unlike the market for shares and bonds, which are highly liquid, the market for wine is 

illiquid. In the case of some wines, years may pass before a subsequent trade takes 

place. This illiquidity has implication for how a wine price index can be created.  

 

Section 4.2 reviews the methods currently used to measure price change in 

illiquid markets, and Section 4.3 presents a literature review. Section 4.4 investigates 

the suitability for investment of wines made from different grape varieties, and Section 

4.5 outlines the data set. The specifics of the model used to estimate the return to storing 

wine are explained in Section 4.6, and Section 4.7 is devoted to commentary on the 

results. Further analysis of the rate of return to wine is presented in Section 4.8, and 

concluding comments are made in Section 4.9.  
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4.2 MEASURING PRICE CHANGE IN ILLIQUID MARKETS 

 

 The annual percentage return to wine i, at time t -- ignoring for the moment 

issues of storage costs, sales commissions, and insurance -- can be expressed as: 

( )1 1 100,t t t t
i i i iR P P P− −⎡ ⎤= − ×⎣ ⎦  where t

iP  is the price of wine i ( 1,..., )i n=  in year t. The 

return to a portfolio of wine in any given period is some average of the n individual 

returns. From such information, if desired, a wine price index can then be constructed. 

Unfortunately wine sales are infrequent, and all n wines are not sold in all periods. 

While there is an underlying price process for each wine, we observe prices only at 

infrequent and irregular intervals. The challenge, therefore, is to describe the underlying 

but unobserved price path from limited information. Various methods have been 

proposed to meet this challenge, and each has strengths and weaknesses. The following 

section outlines the main methodologies used to calculate returns when faced with 

infrequent sales of heterogeneous products. For each approach the hypothetical data 

presented in Table 4.1 is used to illustrate the computational process.  

 

TABLE 4.1 
HYPOTHETICAL PRICE DATA FOR WINES FROM VINTAGE 1996 

(Dollars per bottle)  

Wines Period 0 Period 1 Period 2 Period 3 
Château le Red Cardboard 20 21 - - 
Château le Thames Red 22 - - 24 
Vin de Payes Blanc 10 - 9 - 
Château le White Cardboard 7 9 - - 
Vin de Payes Rouge - 24 22 - 
Château le Thames White - 8 - 10 
La Colonial Red  - - 20 - 
La Colonial White - - 9 10 

 

 

I. The Multiplicative Chain Price Index 

Although focused on introducing the repeat sales regression model, Bailey et al. 

(1963, p. 934) also provides one of the most lucid accounts of the multiplicative chain 

price index approach. Under this approach the index number for period zero, the base 

period, is set at unity. The remaining index values are then found as the geometric mean 

of adjusted price relatives. Formally, the process of calculating adjusted price relatives 

and computing the index numbers for each period can be explained as follows.  
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Let t
iP  denote the price of wine i  in period ( 1,..., ),t t T=  and let s

iP  denote the 

price of wine i  in period ,s  where .s t<  Then, ( )t t s
i i iR P P=  denotes the ith unadjusted 

price relative. Now, note that for all periods other than 1,t =  the amount of time that has 

elapsed between the first sale observation in period s  and the second sale observation in 

period t  can vary. So, before the unadjusted price relatives can be used they must be 

standardised, or adjusted. Using the multiplicative chain price index approach, the ith 

adjusted price relative is found as ( ) .t t s
i i i sR P P I= ×  Given this notation the 

multiplicative chain price index series, a series expressed directly in levels, can be 

written as 0 1,I =  and ( )11
.

nn t
t ii

I R
=

=∏   

 

Implementing the approach for the hypothetical data given in Table 4.1 yields 

the following index series: 

0 1;I =  

( )1 22 1
1 1

1.162;ii
I R

=
= =∏  

( )1 22 2
2 1

0.979;ii
I R

=
= =∏    

( )1 33 3
3 1

1.199.ii
I R

=
= =∏    

 

The index values shown above are in levels, and relate back to the base period. The 

estimates based on the multiplicative approach suggests between period zero and period 

one the average increase in wine prices is 16.2 percent. Between period zero and period 

two the estimated average increase is minus 2.1 percent, and between period zero and 

period three the estimated increase in average price is 19.9 percent. Estimated returns 

are therefore positive in period one, negative in period two, and positive in period three.   

 

Given even limited computing power the methodology is simple to implement. 

The drawback is then not with implementing the process, but rather in the way 

information is excluded from the sample. If there is only one price observation for a 

wine, as is the case for La Colonial Red, the price information is ignored. Failure to 

incorporate such information is a serious weakness of the approach.   

 

II. The Geometric Mean Price Index  

 The geometric mean approach is the simplest procedure to implement. Let s
ip  

denote the price of wine i, a wine sold at time s, where period s is the base period, and 
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let t
ip  denote the price of wine i, a wine sold at time t, where .t s>  Let sP  denote the 

geometric mean of all wines sold in period s, and let tP  denote the geometric mean of 

all wines sold in period t. The index number for period t  is then ( )t s
tI P P= , where 

( )11

nns s
ii

P p
=

= ∏  and ( )11
.

nnt t
ii

P p
=

= ∏  

 

If the geometric mean approach is used, the population from which the goods are 

drawn needs to be fixed in advance. For the art market, where most paintings of interest 

are by deceased painters, this restriction is not usually a problem. In the wine market, 

where a new vintage is released each year, the restriction is severe. A further general 

criticism of the method is the assumption of constant quality for objects sold at each 

auction. The market for prints is quite similar to the market for wine, and Stein (1977) 

provides an excellent illustration of how the geometric mean approach can be used to 

develop a price index. 

 

 If, in period zero, the population of wines is fixed at the eight wines listed in 

Table 4.1, then the results for the geometric mean approach are as follows: 

( )1 440 0
1

13.247,ii
P p

=
= =∏  and 0 1;I =  

( )1 441 1
1

13.802,ii
P p

=
= =∏  and ( )1 0

1 1.042;I P P= =  

( )1 442 2
1

13.740,ii
P p

=
= ∏  and ( )2 0

2 1.037;I P P= =  

( )1 333 3
1

13.389ii
P p

=
= ∏ and ( )3 0

3 1.011.I P P= =  

 

The index values are expressed directly in levels and relate back to the base period. 

Using the geometric mean approach the estimated average increase in wine prices 

between period zero and period one is 4.2 percent. The estimated average increase in 

price between period zero and period two is 3.7 percent, and the estimated increase in 

wine prices between period zero and period three is 1.1 percent. Estimated annual 

returns are therefore positive in period one and negative in periods two and three. 

Although a simple approach to implement it does have the disadvantage that the basket 

of goods changes over time, and so quality is not constant.  
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III. The Repeat Sales Regression Price Index 

The repeat sales regression price index methodology due to Bailey et al. (1963, 

pp. 934 - 936) is concerned with the creation of house price indexes, but as noted in 

Ashenfelter and Graddy (2003, p. 769) the process has been used to create numerous art 

price indexes. The approach does however suffer the same limitation as the 

multiplicative chain index approach, in that when there is only one half of a price 

relative, the price information is ignored. A general exposition of the approach follows. 

 

Suppose wine i ( 1,..., )i n=  is sold in period s ( 0,..., 1)s T= −  and period t 

( 1,... )t T=  and note, .s t<  Then, let st
iR  denote the price relative, ( )t s

i iP P . If sB and 

tB  denote the true but unknown price indexes for periods s and t, the regression model 

can be expressed as: ( )st t s st
i iR B B U= × , or if lower case letters are used to denote 

natural logarithms: st t s st
i ir b b u= − + , where in log form the errors have zero mean and 

constant variance. Let xτ  take the value minus one if ,sτ =  one if ,tτ =  and zero 

otherwise. The regression model can then be expressed as 
1

Tst st
i i ir b x uτ τ

τ =
= +∑ , where 

bτ  gives the logarithm of the index number in period .τ  The series is normalised by 

setting 0 0.b =   

 

Using the data in Table 4.1 the model is 3

1
,st st

i i ir b x uτ τ
τ =

= +∑  where 1,...,7.i =  

Estimating the equation using OLS, and using matrix notation to express the result, 

[ ]ˆ .0743 .0226 .1558′ = −b  and so the index series is: 

0 1;I =  
1 1

1
ˆˆ exp( ) exp(.0743) 1.077;I B b= = = =  

2 2
2

ˆˆ exp( ) exp( .0226) 0.978;I B b= = = − =  
3 3

3
ˆˆ exp( ) exp(.1558) 1.169.I B b= = = =  

 

As with the previous examples the results are expressed directly in levels and relate to 

the base period. Using the repeat sales regression approach the estimated average 

increase in wine prices between period zero and period one is 7.7 percent. The estimated 

average increase in price between period zero and period two is minus 2.2 percent, and 

the estimated average increase in price between period zero and period three is 16.9 

percent. Estimated returns are therefore positive in period one, negative in period two, 
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and positive in period three. Although not reported, it is worth noting regression based 

models not only provide a point estimate of price change, but also a standard error for 

each estimate. The additional information provided by the standard errors represents an 

advantage of regression based models over non-regression based approaches. 

  

IV. Hedonic Price Equation Approach 

 The hedonic approach to estimating price change is well documented and widely 

understood. See for general examples Berndt (1990), Rosen (1974), and Diewert (2003), 

and for applications related to wine see De Vittorio and Ginsburg (1996). While there 

are several different hedonic price approaches, a common approach is the time dummy 

variable approach. One of the clearest introductions to the time dummy variable hedonic 

price approach is that of Silver and Heravi (2003, pp. 280-281), and the following 

exposition is based on the framework they present. 

 

 At each auction wines from a number of different producers will be presented 

for sale. These wines can be thought of as different product brands. Within each brand 

there will be several different wine vintages or models, each model having different 

characteristics. A characteristic set which describes all wines { },kz  where 1,...,k K=  is 

then identified, and data on the i ( 1,..., )i n=  models over the t ( 0,..., )t T=  periods 

collected. Let itp  denote the natural logarithm of the price of wine i at time t, and itD  

denote a dummy variable taking the value one if wine i is sold in period t, zero 

otherwise. The dummy variable hedonic regression model can then be written as: 

1 1
,T K

it t it k kit itt k
p D z uα β γ

= =
= + + +∑ ∑  where α  is the intercept, and itu  is a zero mean 

constant variance error term. As variations in the quality of different wines are 

controlled for by the 
1

K
k kitk
zγ

=∑  term, the quality adjusted average percentage price 

change of wine between period zero and period t is given by ( )( )exp 1 100.tβ − ×  

Normalising the series by setting 0 1I =  allows ( )exp tβ to be used directly as the basis 

of an index series. 

 

 Assuming the characteristic set which describes the wines in Table 4.1 is 

{ }red wine, white wine ,z =  a dummy variable for red wine can be used to describe all 

relevant characteristics. Then, given the assumptions regarding the error term, the model 
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to be estimated is 3
11

,it t it k kit itt
p D z uα β γ

=
= + + +∑  where 1,...,8,i =  and 0,...,3.t =  As 

all eight wines are not sold in each period, the total number of observations is not 

(8 4 32)× =  but 15. The 15 observations, and OLS, can be used to estimate an index 

series. Estimating the regression, and using matrix notation to express the result gives 

[ ]ˆ .0410 .0365 .1616 ,t′ =β  and so the index series is: 

0 1;I =  

1 1̂exp( ) exp(.0410) 1.042;I β= = =  

2 2
ˆexp( ) exp(.0365) 1.037;I β= = =  

3 3
ˆexp( ) exp(.1616) 1.175.I β= = =  

 

When formulated this way, the estimated index is expressed directly in levels and so the 

estimated values relate back to the base period. Using the hedonic price approach the 

estimated average price increase between period zero and period one is 4.2 percent. The 

estimated average price increase between period zero and period two is 3.7 percent, and 

the estimated increase in average wine prices between period zero and period three is 

17.5 percent. Returns are therefore positive in period one, negative in period two, and 

positive in period three. Although not reported, as the hedonic price approach is a 

regression based approach, there is a standard error associated with each point estimate. 

 

 A notable limitation of the time dummy variable approach is the constraint of 

equality through time placed on the characteristics which control for quality variation. 

The reason it is not wise to constrain implicit attribute prices through time is outlined 

clearly by Berndt (1990, p.117): 

 
In brief, the hedonic hypothesis is that heterogeneous goods are 

aggregations of characteristics. … Once one views heterogeneous goods as 

aggregates of individual characteristics, it becomes clear that the 

relationship between the overall bundle price and the level or quantity of the 

various characteristics need not be constant over time. … When supply or 

demand curves for characteristics shift, the implicit price relationships 

between the overall price of the bundle, and the individual characteristics 

might also change.  

 

However, when the sampling interval is relatively short, say quarters, and where there 

are sufficient data, the adjacent period hedonic price approach can at least partly address 
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the problem of implicit prices varying through time. The adjacent period hedonic price 

approach is explained below. 

 

Consider the two regression equations: 0 1
,K

is k kis isk
p z uβ β

=
= + +∑  and 

0 1
,K

it st k kit itk
p z uα β β

=
= + + +∑  where isp  is the natural logarithm of the price of wine i 

( 1,... )i n=  at time s ( 1),s t= −  and itp  is the natural logarithm of the price of wine i at 

time  ( 1,..., ).t t T=  Further, assume both error terms have zero mean and constant 

variance. As there are no time sub-scripts attached to the β  coefficients, they are 

constrained to be the same for both periods, and so ,stα  which is the coefficient of a 

dummy variable, represents the average price change between period s and t, and can be 

used as the basis of an index series. However, unlike the time dummy variable 

approach, as the adjacent period is rolled forward, the β  coefficients are free to vary. If, 

as is likely, the implicit prices of characteristics change only slowly, the adjacent period 

approach adequately addresses the deficiency of the time dummy variable approach. 

Further, when the natural logarithm of price is used as the dependant variable, as shown 

in Diewert (2003, pp. 21-25), the adjacent period approach satisfies both the implied 

homogeneity condition, and the time reversal test. For the interested reader the implied 

homogeneity condition and time reversal test are explained in detail in Appendix 4.1.

  

V. Langton’s Fine Wine Index  

Currently the only commercial wine index for Australian wine is the Langton’s 

fine wine index. Details on the index can be found on the Langton’s website [1]. The 

index is based on a Laspeyres approach, and tracks the performance of 84 wines (28 

wine brands x 3 vintages). The 28 wine brands chosen include very expensive wines, 

and wines of a more modest price. The vintages chosen -- 1986, 1990, and 1994 -- are 

vintages regarded as vintages when wines of a particularly high quality were produced. 

As the wines and vintages forming the index were selected ex-post, the index exhibits 

an upward bias. However, as it is possible to buy the index basket of wines today, the 

index may still serve as a valid investment guide. It is worth noting the index reflects 

price changes in a portfolio where equal dollar amounts are allocated to each wine, not 

the performance of a basket including one bottle of each wine.  
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The Laspeyres price index approach requires price information on all i 

( 1,..., )i n=  wines for all t ( 1,..., )t T=  periods. As all n wines are not sold in all t 

periods, assumptions must be made regarding price when no sale occurs. If 1t
ip −  denotes 

the price of wine i at time 1,t −  the assumption used to construct the index can be 

expressed as 1t t
i ip p− =  when wine i is sold in period 1t −  but not in period .t  Given the 

assumption used for the index the formal framework can be succinctly expressed as 

shown below.  

 

Let 1tN −  denote the number of wines with price observations, implied or 

observed, in period 1.t −  Let t
ir denote the percentage change in value of wine i 

between period t and period 1,t −  i.e. ( )1 1 100.t t t t
i i i ir p p p− −⎡ ⎤= − ×⎣ ⎦  The estimated 

percentage change in the portfolio between period t and period 1t −  is then ,tR where 

1

1

1
1

.t

t

Nt t
iN i

R r−

− =
= ∑  Table 4.2 brings further clarity to the situation. The values in bold in 

Table 4.2 correspond to the values shown in Table 4.1, and are the actual hypothetical 

price observations. The values in italics are the implied values the method uses to 

estimate price changes. While the method uses all available price information, the 

assumption regarding the underlying price process of the wines is less than ideal.  

 
TABLE 4.2 

HYPOTHETICAL ACTUAL AND IMPLIED PRICE DATA FOR 
LANGTON’S METHODOLOGY  

(Dollars per bottle) 

Wines Period 0 Period 1 Period 2 Period 3 
Château le Red Cardboard 20 21 21 21 
Château le Thames Red 22 22 22 24 
Vin de Payes Blanc 10 10 9 9 
Château le White Cardboard 7 9 9 9 
Vin de Payes Rouge - 24 22 22 
Château le Thames White - 8 8 10 
La Colonial Red  - - 20 20 
La Colonial White - - 9 10 
 

Unlike the other approaches discussed, the direct estimates which flow from the 

Langton’s approach are estimates of the year-on-year percentage change in the average 

value of wine. To enable direct comparison with the estimates generated using other 

estimation approaches, the year-on-year estimates have then been converted to their 
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implied index values in levels. Using the Langton’s methodology for the hypothetical 

data set yields: 

0 1;I =  
1 14

11 4 8.393;i iR r== =∑  and so 1 1.084;I =  
1 26

12 6 3.056;i iR r== = −∑  and so 2 1.051;I =  
1 38

13 8 5.650;i iR r== =∑  and so 3 1.110.I =  
 

The index values expressed this way relate back to the base period. So the estimated 

average price increase between period zero and period one is 8.4 percent. The estimated 

average price increase between period zero and period two is 5.1 percent, and the 

estimated increase in average wine prices between period zero and period three is 11.0 

percent. As shown by the direct estimates, the returns in period one are positive, the 

returns in period two are negative, and the returns in period three are positive. 

  

 In any given circumstance the methodology deemed most suitable will depend 

on the nature of the data set, the end user, and various subjective factors. However, as 

the summarised results in Table 4.3 indicate, the choice of method matters. For the 

hypothetical data set estimated price changes vary substantially with methodology. At 

the end of period three the geometric mean approach suggests average wine prices have 

increased by approximately one percent. The multiplicative chain approach on the other 

hand suggests the average increase in wine prices has been almost 20 percent. The 

results for the other approaches fall somewhere between these two extremes. 

 

Of the five methods considered, only for the geometric mean approach is the 

estimated return in period three negative. As such this result deserves further comment. 

In Table 4.1 there are both red and white wines, and they have noticeably different 

prices. In periods zero, one, and two, the ratio of red wine to white wine is 1:1. 

However, in period three, the ratio of red wine to white wine is 1:2; a dramatic change. 

Essentially, the assumption implied in the geometric mean approach of constant quality 

of objects sold in each period is violated. The above finding is a clear illustration of the 

impact violating the assumption of constant quality can have when using this method. 
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TABLE 4.3 
COMPARATIVE INDEX RESULTS  

Methodology Period 0 Period 1 Period 2 Period 3 

1. The Multiplicative Chain Price Index 1.000 1.162 0.979 1.199 

2. The Geometric Mean Price Index  1.000 1.042 1.037 1.011 

3. The Repeat Sales Regression Price Index 1.000 1.077 0.978 1.169 

4. Hedonic Price Equation Approach Index 1.000 1.042 1.037 1.175 

5. Langton’s Fine Wine Index  1.000 1.084 1.051 1.110 

Arithmetic Mean 1.000 1.081 1.016 1.133 

Standard Deviation .0000 .0491 .0351 .0755 

Range (highest – lowest) .0000 .1200 .0730 .1880 

 

Selecting the appropriate methodology to estimate price changes for Australian 

fine wine, in the face of heterogeneity and infrequent sales, is no easy task; and no 

methodology is without its faults. The Laspeyres (Langton’s) approach ignores price 

fluctuations between observed sales; the geometric mean index, multiplicative chain 

index, and repeat sales regression index approaches all fail to incorporate all available 

price information; and the hedonic price approach constrains implicit prices through 

time. However, given the data in the study are quarterly, it is thought, in this instance, if 

an adjacent period hedonic price equation is used, the constraint of equality through 

time on implicit prices is not great. As such, the adjacent period hedonic price 

methodology is thought the most appropriate approach. 

 

4.3 THE RETURN TO WINE LITERATURE 

 

 In calculating the return to wine the treatment of storage costs, insurance, and 

transaction costs will be important. As mentioned in Chapter 3 annual commercial 

storage costs for wine in Australia are approximately 10 to 15 dollars per annum for a 

12 bottle carton. However, a large proportion of those interested in the return to wine 

are likely to have access to a private cellar. For such people annual storage costs can be 

less than a dollar per 12 bottle carton per annum. Buyer’s premiums in Australia are 

around 15 percent of the hammer price, while sellers’ fees depend on the quantity and 

quality of wine sold. As actual holding and transaction costs vary dramatically across 

individuals, unless otherwise stated, the returns presented throughout the chapter 

exclude: storage costs, insurance, and transaction costs. Summary information on papers 

investigating the rate of return to wine is presented in Table 4.4. 
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TABLE 4.4 
 RETURN TO WINE LITERATURE REVIEW  

Author(s) 
and Date Method Period Wines  Obs Summary of the Main Findings 

Krasker 
(1979) 

Repeat Sales  
Regression 
(consecutive 
periods) 

1973/74 
to 76/77 
 

Red Bordeaux 
and California 
Cabernet 
vintage 1950+  

N = 137 
 

The mean return to wine excluding storage costs is 64 basis points higher than treasury bills, and the 
standard deviation is 24 percent. With an unrestricted estimate for storage costs, the point estimate for 
the premium over treasury bills was negative but not significantly different from zero. The estimate for 
storage costs was $1.40 per bottle, with a standard error of $0.72. 

     
Jaeger 

(1981) 
Repeat Sales 
Regression 
(consecutive 
periods) 

1969/70 
to 76/77 

Red Bordeaux 
and California 
Cabernet 
vintage 1950+ 

N = 199 The Krasker (1979) data set is extended by 4 years, and a figure of $.499 per case per annum is used as 
the storage cost figure. Despite this restriction, for the 73/74 – 76/77 period, the premium to wine over 
treasury bills is not statistically different from zero. Returns are shown to vary with price, lower priced 
wines exhibiting both higher risk and return. For the period 69/70 – 76/77 the premium to wine over 
treasury bills is estimated to be 12.4 percent, standard error 6.7 percent. 

     
Weil  

(1993) 
Tracks an 
actual wine 
investor 

Mid 
1970s to 
mid 1990s 

33 Bordeaux,  
32 Burgundy,  
3 Rhone, 2 
other white 

N = 70 As the return tracks an actual investor the measure of return takes into account quantity and price 
information. Over the period the economic rate of return to wine was 9.9 percent per annum. Bordeaux 
wines showed the highest median return (11 per cent per annum) and the lowest standard deviation (3.7 
percent).  

     
De Vittorio 

and 
Ginsberg 
(1996) 

Hedonic Price 
Equation 

1980 to 
1992 

Red Bordeaux 
vintage  
1949 - 88 

N =  
29,901 

Between 1980 and 1985 prices rose by 80 percent before falling by 14 percent between 1985 and 1992. 
The mean return for the period was 4.2 percent per annum and the standard deviation 10.2 percent. The 
introduction of a 10 percent buyer’s premium by Christie’s in 1986 is noted. Returns vary dramatically 
depending on vintage and château. Vintage return is shown to be related to weather variables.  

     
Burton and 

Jacobsen 
(2001) 

Repeat Sales 
Regression 

1986 to 
1996 

Red Bordeaux 
vintage 1960+ 
 

N =  
10,558 

The semi-annual rate of return to all wines for the sample period was 3.9 percent, standard deviation 
13.3 percent. Interestingly, with mean return 3.3 percent and standard deviation 26.1 percent, the most 
expensive wines -- the first growths -- performed worse than the general portfolio. The semi-annual rate 
of return to a portfolio of vintage 1982 only wines was 6.9 percent, standard deviation 13.4 percent.  

Bentzen et 
al. (2002) 

Estimation 
method is 
unclear 

1988 to 
2002 

11 Premier Cru 
Bordeaux reds 
vintage 1950+ 

N = 48 
auctions 

The paper is difficult to follow, and from the data presented it is not possible to calculate a measure of 
the variability of returns. Based on Figure 3 in the paper the annual returns for the period 1988 to 2000 
appear to be approximately 8.7 percent. Although for the period 1988 to 1996 average annual returns 
were about 18.5 percent, while for the period 1996 to 2002 they were approximately minus 3.2 percent. 



 142

 
 Further research into the rate of return to wine is sparse, although some 

interesting information can be gleaned from work looking at the relationship between 

wine and weather. Ashenfelter et al. (1995), is a paper investigating the ability of 

weather to predict wine quality, and presents summary information regarding the price 

of Bordeaux reds, vintages 1961-1972, sold in London over the period 1971 - 1989. 

From the information presented it is possible to calculate the annual average return for a 

benchmark wine portfolio. The benchmark portfolio consists of wines from some of the 

best Châteaux and from some of the best vintages. While the average annual return to 

the portfolio at 17.9 percent is high, it is worth remembering, at the time UK inflation 

averaged 10.2 percent per annum.  

 

There is almost no mention of the return to Australian wine in the literature, 

although Byron and Ashenfelter (1995, p. 42) makes reference to an implied annual real 

rate of return to storing Penfold’s Grange of 3.9 percent. Rate of return information can 

also be gleaned from Fogarty (2000, p. 40) where rates of return are calculated for 

different vintages of Moss Wood Cabernet Sauvignon over the period 1997-1999. For 

the period, annual returns for different vintages of Moss Wood varied between 50 

percent and minus 12 percent. The arithmetic mean return across all vintages of Moss 

Wood in 1998 was 30.4 percent, standard deviation 10.7 percent, and in 1999 the return 

was 11 percent, standard deviation 13.1 percent.  

 

Once summarised, the literature on the rate of return to wine can be condensed 

to four key propositions: (i) returns to wine are both volatile and cyclical; (ii) external 

shocks -- such as the introduction of a buyer’s premium -- may have substantial price 

effects; (iii) the return to wine over extended periods is likely to be higher than the 

return to risk free assets, but may or may not be higher than for an equity portfolio; and 

(iv) sub-market portfolios of particular vintages will outperform the return to a portfolio 

of wines from all vintages.  

 

4.4 ASPECTS OF THE AUSTRALIAN WINE MARKET  

 

As previously noted, transaction costs when buying and selling wine at auction 

are substantial. The practicalities of wine investment therefore suggest wines purchased 

for investment should be held for extended periods. With the exception of Weil (1993), 
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prior studies, when investigating the return to wine, have confined themselves to the red 

wine varieties originally associated with Bordeaux -- Cabernet Sauvignon, Cabernet 

Franc, Merlot, Petit Verdot and Malbec -- varieties known to benefit from extended 

aging. Yet it is questionable whether one should be so restrictive. In Australia, at least, a 

diverse range of wines improve with extended aging. The suitability or otherwise of the 

main varieties planted in Australia, from an investment perspective, is now considered. 

 

Shiraz (or Syrah) is widely planted in Australia, and is Australia’s signature red 

variety. The two most expensive Australian wines -- Penfolds Bin 95 Grange and 

Henschke Hill of Grace -- are both Shiraz based wines. The ability of Shiraz wines from 

the Rhône to age gracefully for decades has been known since at least the 18th century, 

Robinson (1999, p. 682). The finest Australian Shiraz, coming predominately from old 

vines in the Barossa Valley, will, like the best French examples, age majestically for 

decades. Australian Shiraz is eminently suitable for consideration in a wine investment 

portfolio. 

 

Many of the earliest attempts at viticulture in Australia were those made by 

settlers from Germany. As such, Riesling has a long history in Australia, and in fact was 

overtaken by Chardonnay as the most widely planted white grape variety only in 1990. 

As noted in Robinson (1999, p. 580) Riesling wines have a long and distinguished 

history:  
 

In the late 19th and early 20th centuries, German Riesling wines were prized, 

and priced as highly as the great red wines of France. Connoisseurs knew that, 

thanks to their magical combination of acidity and extract, these wines could 

develop for decades in the bottle, regardless of the alcohol strength and 

residual sugar. 

  

Today, Australia’s finest Rieslings are generally found in either Clare or Eden Valley, 

and the Grosset Polish Hill Riesling and the Grosset Watervale Riesling are two of the 

most highly regarded examples. While most Australian Riesling is fully developed 

within a few years, the most notable examples continue improving for eight years or 

more. Further, once developed, they maintain their intensity of flavour for many years. 

Despite this potential to improve with age, of the varieties under consideration, Riesling 

is the variety most likely to be questioned as suitable for inclusion in a wine investment 

portfolio. Yet questioning the investment potential of Australian Riesling is more the 
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result of failing to appreciate the quality of Australian Riesling than any fault of the 

wine. Excluding Riesling from the sample a priori, seems, therefore, unjustified. 

 

Cabernet Sauvignon and Merlot are varieties intimately associated with 

Bordeaux. These varieties complement each other so well, in Bordeaux at least, it is 

uncommon to find a bottle which includes one and not the other. Historically, in 

Australia, the majority of fine Cabernet Sauvignon and Merlot wines came from the 

Coonawarra region of South Australia; yet today, the finest examples are just as likely 

to be from the Margaret River region of Western Australia. While the best Australian 

examples of Cabernet Sauvignon, Merlot, and blends of the two -- such as the Moss 

Wood Cabernet Sauvignon, and the Mount Mary Quintet Cabernet blend --  do not have 

the longevity of Premier Cru Bordeaux wines, they still benefit from up to 20 years in 

the cellar. Unquestionably, leading Australian Cabernet Sauvignon and Merlot wines 

are suitable for inclusion in a wine investment portfolio.  

 

While widely planted today, the home of Semillon -- where it is made into a 

sweet white wine -- is the Bordeaux region of France. Unfortunately outside Australia 

and France most of the world thinks of Semillon as a light white wine with no aging 

potential. Yet as noted by Clark and Rand (2001, p. 238) both France and Australia 

produce Semillon wines that last for decades. Unwooded, aged, Hunter Valley 

Semillons start life dull and flat, but after 10 to 15 years, come to life as powerful and 

remarkably complex wines. So, while the vast majority of Semillon produced in 

Australia is not of a type suitable for an investment portfolio, there will be exceptions. 

The most prominent exception, and a wine which certainly benefits from extended 

aging, is Tyrrell’s Vat 1 Hunter Valley Semillon. A priori, Semillon wines should not be 

excluded from a wine investment portfolio. 

 

 When produced to a high standard, Pinot Noir -- the traditional and extremely 

fickle red wine of the Burgundy region of France -- can benefit greatly from extended 

aging. While, in general, Australian Pinot Noir hits its peak within five years of bottling, 

there are numerous exceptions. Leading examples include the elusive Bass Phillip 

Premium Pinot Noir, and the Picardy tete de cuvee. The finest Australian examples of 

Pinot Noir, taking considerably longer than the average Pinot Noir to mature, are 

suitable investment wines. 
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Chardonnay is the only white grape variety planted in Burgundy, and along with 

Pinot Noir and Meunier, the basis of all Champagne. Given the incredible volume of 

Chardonnay -- both oaked and unoaked -- lining liquor store shelves in Australia, it is 

easy to forget Australian plantings of Chardonnay were virtually non-existent as late as 

the early 1970s. Of the white wines produced in Australia, it is oaked Chardonnay 

which consistently receives the highest international praise. While of the Chardonnay 

produced, it is the Leeuwin Estate Art Series Chardonnay which regularly receives the 

highest acclaim. The following review of the 2001 Leeuwin Estate Art Series 

Chardonnay by Harvey Steiman, Wine Spectator Editor at Large, and appearing in the 5 

August 2004, edition of Wine Spectator is not atypical of the reviews the wine 

consistently receives: 
 

This gets my vote for the greatest white wine Australia has ever produced. 

Utterly seamless, harmonious and seductive, a gorgeous cascade of pear, 

pineapple, guava, nectarine and subtle spice aromas and flavours that flow 

over the palate like a babbling brook in a Japanese garden. It's amazingly 

refined and built to last, but it feels perfectly comfortable for itself already. 

The finish just sails on and on. Drink now through 2020. From Australia. 98 

points.  

 

While typically Australian Chardonnay reaches its peak within a few years of bottling, 

the leading Australian examples, like their French counterparts, continue to improve for 

more than a decade. Again, while a white wine, and so one not typically associated with 

wine investment, top Australian Chardonnay has considerable staying power, and is a 

worthy inclusion in any investment portfolio. 

 

 Botrytis-affected wines are made from grapes affected by the fungal disease 

Botrytis cinerea, or, as it is commonly known, noble rot. While history notes the Tokaj 

region in Hungary, and the Rheingau region of Germany, as important centres for this 

style of wine, it is the Sauternes region of Bordeaux which is most strongly associated 

with Botrytis-affected wines. And of all the Sauternes producers, it is the LVMH owned 

Château d’Yquem that epitomises quality. Clark and Rand (2001, p. 239) suggest 

optimal drinking for Sauternes Premier Cru Classé wines to be between 14 and 26 years 

after bottling. While the finest Australian examples do not have quite the same staying 

power, wines such as the De Bortoli Nobel One Botrytis Semillon do benefit from 

extended aging. Leading Australian Botrytis-affected wines are perhaps on the cusp of 

suitability for a wine investment portfolio where the main strategy is to buy, and then 
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hold for extended periods of time. Yet, without further information it would seem 

unjustified to exclude the style from the sample. 

 

 The ability of wine to improve, or at least not decline in quality, with age varies 

considerably with variety. Yet, a priori, excluding wines of a particular grape variety en 

bloc is inappropriate. For the eight wine varieties considered, wine brands exist which 

benefit from extended aging. As such, no wines are excluded from the sample simply 

because they are of a particular variety. Only if a wine will not benefit from extended 

aging should it be excluded.  

 

The criteria used to determine whether a wine will benefit from extended aging 

is straight forward. Regardless of variety, if the wine is listed in Langton’s classification 

of investment quality wines, the wine is considered suitable for inclusion in a wine 

investment portfolio. Table 4.5 provides summary details on the wines considered to be 

of investment quality. The first column gives the wine brand, the second the grape 

variety, and the third the region. Table 4.5 is also divided into four panels, and while not 

exact, the four panels: Exceptional, Outstanding, Excellent, and Distinguished, separate 

the listed wines into broad price groupings. The most expensive wines are generally 

those with the rating Exceptional, the next most expensive generally have the rating 

Outstanding, and so on. The least expensive -- although certainly not cheap -- wines 

generally have the rating Distinguished. The wines listed in Table 4.5 are drawn from 

throughout Australia. Specifically, there are 44 wines from South Australia, 24 from 

Victoria, 13 from Western Australia, 7 from New South Wales, and 1 from Tasmania.   

 
 

TABLE 4.5  
SUMMARY DETAILS OF THE WINES IN THE SAMPLE  

Brand  Variety  Region  

1. EXCEPTIONAL WINE  
Penfolds Bin 95 Grange  Shiraz  S.A. Various  
Henschke Hill of Grace  Shiraz  S.A. Keyneton  
Leeuwin Estate Art Series  Chardonnay  W.A. Margaret River  
Moss Wood  Cabernet Sauvignon  W.A. Margaret River  
Mount Mary Quintet  Cabernet Blend  Vic. Yarra Valley  
Penfolds Bin 707  Cabernet Sauvignon  S.A. Various  
Wendouree  Shiraz  S.A. Clare Valley  

2. OUTSTANDING WINE  

Bannockburn  Pinot Noir  Vic. Geelong  
(continued next page)



 147

 
TABLE 4.5 (CONTINUED) 

SUMMARY DETAILS OF THE WINES IN THE SAMPLE 
Brand  Variety  Region  
Bass Phillip Premium  Pinot Noir  Vic. Gippsland  
Brokenwood Graveyard 
Vineyard  Shiraz  N.S.W. Hunter Valley  

Cape Mentelle  Cabernet Sauvignon  W.A. Margaret River  
Cullen  Cabernet-Merlot  W.A. Margaret River  
Dalwhinnie  Shiraz  Vic. Moonambel  
Giaconda  Chardonnay  Vic. Beechworth  
Giaconda  Pinot Noir  Vic. Beechworth  
Grosset Polish Hill  Riesling  S.A. Clare Valley  
Henschke Cyril Henschke  Cabernet Sauvignon  S.A. Keyneton  
Henschke Mount Edelstone  Shiraz  S.A. Keyneton  
Jasper Hill Emily’s Paddock  Shiraz-Cabernet Franc  Vic. Heathcote  
Jasper Hill Georgia’s Paddock  Shiraz  Vic. Heathcote  
Jim Barry The Armagh  Shiraz  S.A. Clare Valley  
Mount Mary   Pinot Noir  Vic. Yarra Valley  
Pierro  Chardonnay  W.A. Margaret River  
Rockford Basket Press  Shiraz  S.A. Barossa Valley  
Tahbilk 1860 Vines  Shiraz  S.A. Clare Valley  
Wendouree  Cabernet-Malbec  S.A. Clare Valley  
Wendouree  Cabernet Sauvignon  S.A. Clare Valley  
Wendouree  Shiraz-Malbec  S.A. Clare Valley  
Wendouree  Shiraz-Mataro  S.A. Clare Valley  
Yeringberg  Cabernet Blend  Vic. Yarra Valley  
Yarra Yering No. 1  Cabernet  Vic. Yarra Valley  

3. EXCELLENT WINE  

Bannockburn  Chardonnay  Vic. Geelong  
Barossa Valley Estate E & E 
Black Pepper  Shiraz  S.A. Barossa Valley  

Charles Melton Nine Popes  Shiraz-Grenache-
Mourvedre  S.A. Barossa Valley  

Coriole Lloyd Reserve  Shiraz  S.A. McLaren Vale  
Craiglee  Shiraz  Vic. Sunbury  
Dalwhinnie  Cabernet  Vic. Moonambel  
De Bortoli Noble One  Botrytis Semillon  N.S.W. Riverina  
Elderton Command  Shiraz  S.A. Barossa Valley  
Grosset Watervale  Riesling  S.A. Clare Valley  
Hardys Eileen Hardy  Shiraz  S.A. Various  
Howard Park  Cabernet-Merlot  W.A. Margaret River  
Irvine Grand   Merlot  S.A. Eden Valley  

Joseph Moda Amarone  Cabernet-Merlot  S.A. Coonawarra & 
McLaren Vale  

Lake’s Folly White Label  Cabernet Blend  N.S.W. Hunter Valley  
Mount Langi Ghiran Langi  Shiraz  Vic. Grampians  
Mount Mary  Chardonnay  Vic. Yarra Valley  
Penfolds Bin 389  Shiraz  S.A. Various  
Penfolds St Henri  Shiraz-Cabernet  S.A. Various  
Petaluma  Chardonnay  S.A Piccadilly Valley  
Petaluma Coonawarra  Cabernet-Merlot  S.A. Coonawarra  

(continued next page)
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TABLE 4.5 (CONTINUED) 

SUMMARY DETAILS OF THE WINES IN THE SAMPLE 
Brand  Variety  Region  
Petaluma  Riesling  S.A. Clare Valley  
Peter Lehmann Stonewell  Shiraz  S.A. Barossa Valley  

Redbank Sally’s Paddock  Cabernet-Shiraz-Cabernet 
Franc-Merlot  Vic. Redbank  

St. Hallett Old Block  Shiraz  S.A. Barossa Valley  
Tyrrell’s Vat 47  Chardonnay  N.S.W. Hunter Valley  
Tyrrell’s Vat 1  Semillon  N.S.W. Hunter Valley  
Wolf Blass Black Label  Cabernet Blend  S.A. Various  
Wynns Coonawarra Estate 
John Riddoch  Cabernet Sauvignon  S.A. Coonawarra  

Yarra Yering No. 2  Shiraz  Vic. Yarra Valley  

4. DISTINGUISHED WINE  

Bowen Estate  Cabernet Sauvignon  S.A. Coonawarra  
Bowen Estate  Shiraz  S.A. Coonawarra  
Cape Mentelle  Chardonnay  W.A. Margaret River  
Cape Mentelle  Shiraz  W.A. Margaret River  
Coldstream Hills Reserve  Chardonnay  Vic. Yarra Valley  
Coldstream Hills Reserve  Pinot Noir  Vic. Yarra Valley  
Cullen  Chardonnay  W.A. Margaret River  
Katnook Estate   Cabernet Sauvignon  S.A. Coonawarra  
Lake’s Folly Yellow Label  Chardonnay  N.S.W. Hunter Valley  
Leeuwin Estate Art Series  Cabernet Sauvignon  W.A. Margaret River  
Leconfield  Cabernet Sauvignon  S.A. Coonawarra  
Lindemans Limestone Ridge  Shiraz-Cabernet  S.A. Coonawarra  
Lindemans Pyrus  Cabernet Blend  S.A. Coonawarra  
Lindemans St. George  Cabernet  S.A. Coonawarra  
Mountadam  Chardonnay  S.A. Eden Valley  
Orlando Lawsons  Shiraz  S.A. Padthaway  
Orlando St. Hugo  Cabernet  S.A. Coonawarra  
Penfolds Magill Estate  Shiraz  S.A. Adelaide  
Plantagenet  Cabernet Sauvignon  W.A. Mount Barker  
Pipers Brook Vineyard  Riesling  Tas. Pipers Brook  
Seppelt Dorrien  Cabernet  S.A. Barossa Valley  
Seppelt Great Western  Shiraz  Vic. Grampians  
Taltarni  Cabernet Sauvignon  Vic. Moonambel  
Tyrrell’s Vat 9  Shiraz  N.S.W. Hunter Valley  
Vasse Felix  Cabernet Sauvignon  W.A. Margaret River  

Virgin Hills  Cabernet-Shiraz-Merlot-
Malbec  Vic. Kyneton  

Wynns Coonawarra Estate  Cabernet Sauvignon  S.A. Coonawarra  
Xanadu Reserve  Cabernet   W.A. Margaret River  
Yarra Yering  Pinot Noir  Vic. Yarra Valley  

 Source: Caillard and Langton (2001). 
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4.5 THE DATA  

 

The data, kindly provided by Langton’s auction house, have been summarised at 

the quarterly frequency, and cover the period 1988Q1 to 2000Q4. While there are other 

auctioneers of fine wine in Australia, the majority of sales take place through Langton’s. 

At any given auction it is possible for several lots of an identical wine to be presented 

for sale. If several lots of an identical wine were presented for sale, the unweighted 

arithmetic mean of the highest and lowest hammer price has been used as the price. This 

assumption was necessary due to the way the data was stored in the Langton’s computer 

system. If more than one auction took place in any given quarter, the unweighted 

arithmetic mean of the prices recorded for each auction have been used as the sale 

prices for that quarter. Vintages prior to 1965 were excluded from the sample as they 

are likely to be traded as antiques. Also, few trades took place prior to 1989Q4, and as 

such, periods prior to 1989Q4 are excluded from the sample.  

 

In total there were 14,102 usable observations covering 84 of the 89 wines listed 

in Table 4.5. The data set is unique, and much effort was required to put the information 

provided by Langton’s into a usable format. Table 4.6 is an example of the price 

information collated for each wine. For the interested reader a data appendix compact 

disk is provided at the back of the thesis. The appendix contains summary price 

information on the 84 wines traded during the sample period. The files are in a read 

only format and the values shown, like those in Table 4.6, have been rounded to the 

nearest dollar. 

 

While it would be overwhelming to present each individual wine table, the data 

can be summarised in meaningful ways. Consider first, Panel A of Figure 4.1. The 

figure records the number of observations in each quarter, and shows how over the 

sample period, turnover increased. The average number of quarterly observations in the 

first four quarters was 125, while for the last four quarters the average number of 

observations was 664. As an adjacent period hedonic model is used to estimate price 

changes, the estimates for the later periods are necessarily more precise than those in the 

earlier periods. 

 

Panel B of Figure 4.1 shows the number of observations from each vintage. This 

visual representation helps illustrate an intriguing aspect of the wine auction market. In 
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recent history, two of the most celebrated Australian vintages have been 1986 and 1990. 

Vintage 1989 on the other hand, was a difficult vintage, and the wines from this vintage 

are generally considered to be of below average quality. As Panel B indicates the total 

number of observations from each vintage, a possible interpretation of the picture 

presented in Panel B is that wines from poor vintages disappear from the market faster 

than wines of average quality, while wines from above average vintages tend to appear 

more frequently. Such an interpretation is consistent with the suggestion of Ashenfelter 

et al. (1995, p. 9) that wines of a lesser quality trade less frequently and disappear from 

the market faster than wines of a higher quality. 

 

Figure 4.2 presents an alternative data summary. Panel A of Figure 4.2 records 

the number of observations from each of the four Langton’s classifications, and the 

mean number of observations. The number above each column represents the total 

number of observations in each category. Thus, in the sample, Excellent wines are 

slightly overrepresented, and Outstanding wines are slightly underrepresented. 

 

Panel B of Figure 4.2 shows the number of observations from each of the eight 

wine styles. Some assumptions are necessary to classify wines this way, and the 

assumptions are as follows. First, if a wine is predominantly one grape variety it has 

been classed as being 100 percent the main variety. A classic example of where this 

assumption is used is Penfold’s Bin 95 Grange, which while predominantly Shiraz, may 

contain up to 12 percent Cabernet Sauvignon in any one year. Such simplifications are 

not controversial, for as long as the wine contains 85 percent of any given variety, 

Australian labelling law is such that the wine label need only acknowledge the dominant 

variety. Also, for any wine containing both Cabernet Sauvignon and Merlot, it is 

assumed the dominant variety is Cabernet Sauvignon. Again this is an uncontroversial 

assumption. 

 

Panel B of Figure 4.2 is interesting. It shows that although the majority of wine 

sold at auction is either Shiraz or Cabernet based, reasonable quantities of other wine 

types are traded; in particular, Chardonnay and Pinot Noir. In the figure the number 

above each column indicates the total number of observations for each variety. In all 

there are 2,660 observations for non Shiraz or Cabernet wines; approximately 19 

percent of the total. Clearly, studying the return to only Cabernet, or Cabernet and 

Shiraz wines, would be to ignore a substantial part of the wine auction market. 
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TABLE 4.6 
SUMMARY PRICE INFORMATION: WOLF BLASS “BLACK LABEL” CABERNET BLEND 

(Dollars per bottle) 

Vintage 
Period 

65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 

89Q4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

90Q1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

90Q2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

90Q3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

90Q4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

91Q1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

91Q2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

91Q3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

91Q4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

92Q1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

92Q2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

92Q3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

92Q4 - - - - - - - - - - - - 23 - - - 20 31 23 26 24 - - - - - - - - - - - - - - - 

93Q1 - - - - - - - - - 31 - - - - - - - - 22 21 - - - - - - - - - - - - - - - - 

93Q2 - - - - - - - - 26 32 35 26 31 24 - 28 25 32 - 24 26 - - - - - - - - - - - - - - - 

93Q3 - - - - - - - - - 23 - - 24 - - - - - - - - - - - - - - - - - - - - - - - 

93Q4 - - - - - - - - - - - - - - - 34 28 - - - - 21 - - - - - - - - - - - - - - 

94Q1 - - - - - - - - 38 - - - - - - - - - 27 26 24 27 - - - - - - - - - - - - - - 

94Q2 - - - - - - - - 37 - 34 - - - - 38 - - 37 - 33 26 - - - - - - - - - - - - - - 

94Q3 - - - - - - - - 26 34 - - - 31 26 31 40 - 34 - 30 - - - - - - - - - - - - - - - 

94Q4 - - - - - - - - - 23 - - - 29 - - - - 27 26 33 28 - - - - - - - - - - - - - - 

95Q1 - - - - - - - - - - - - - 32 - - - 32 - - - - - - 23 24 24 - - - - - - - - - 

95Q2 - - - - - - - - - - 40 - - - 26 40 34 36 - - 36 34 - - - - 34 - - - - - - - - - 

95Q3 - - - - - - - - - 36 - - - - - 46 38 - 40 - - - - - - - 26 - - - - - - - - - 

95Q4 - - - - - - - - - 30 - - - - - 26 29 - - 30 29 46 - - - 32 - - - 27 - - - - - - 
 

(continued next page)
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TABLE4.6 (CONTINUED) 
SUMMARY PRICE INFORMATION: WOLF BLASS “BLACK LABEL” CABERNET BLEND 

(Dollars per bottle) 
Vintage 

Period 
65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 

96Q1 - - - - - - - - - - - 30 - - - - 42 - - - 44 47 - - - - 32 29 - - - - - - - - 

96Q2 - - - - - - - - - - - - - - - - - - - - - 38 - - - - 31 32 - - - - - - - - 

96Q3 - - - - - - - - 42 45 43 33 - 36 41 - 35 - - 42 35 42 - 47 - - 32 - - - - - - - - - 

96Q4 - - - - - - - - 51 51 51 41 - 39 43 46 40 - 42 42 - 43 - - - - 32 33 - - - - - - - - 

97Q1 - - - - - - - - 52 - 52 - 43 37 - - 43 - - - - 49 - - - - - - - - - - - - - - 

97Q2 - - - - - - - - - 42 - 55 - 40 - - - - - - 55 - - - - - 54 - - - - - - - - - 

97Q3 - - - - - - - - 55 62 66 60 61 61 56 63 55 59 66 75 56 72 56 - 56 63 - - - - - - - - - - 

97Q4 - - - - - - - - 61 61 57 - - - - - 59 73 57 62 - 85 - - - 91 65 61 - - - - - - - - 

98Q1 - - - - - - - - 70 - - - - 70 - - - - 54 70 - - - - 51 - 61 - - - - - - - - - 

98Q2 - - - - - - - - - 62 66 - - - - - 61 - - - - - - - - - 68 - 62 - - - - - - - 

98Q3 - - - - - - - - 71 59 - - - 51 80 58 50 67 57 57 50 - 50 - - 70 59 45 65 - - - - - - - 

98Q4 - - - - - - - - 66 57 61 50 40 - 52 61 50 60 50 50 57 - - - 96 - 65 56 53 - - - - - - - 

99Q1 - - - - - - - - 65 52 60 - 48 - 65 70 60 65 58 61 56 78 55 60 55 76 65 60 65 55 - - - - - - 

99Q2 - - - - - - - - - 60 76 65 65 56 60 - - 70 - 71 55 65 64 60 58 - 58 52 - - - - - - - - 

99Q3 - - - - - - - - 78 66 71 - 51 - - - - 66 - - 56 76 60 - - 85 58 57 60 61 - - - - - - 

99Q4 - - - - - - - - 72 86 89 60 - 56 - - - 56 - 58 52 - - - 53 - 61 - 56 51 - - - - - - 

00Q1 - - - - - - - - 75 68 53 - - 56 60 65 - - - - 61 71 - - - - - 66 61 64 - - - - - - 

00Q2 - - - - - - - - 66 73 71 - 59 47 75 61 59 64 57 56 52 50 51 - - - 75 58 68 67 - - - - - - 

00Q3 - - - - - - - - - 71 64 - - 59 - - - - - 60 58 70 66 60 - 72 71 - - - - - - - - - 

00Q4 - - - - - - - - 70 64 - 50 53 - - 63 56 57 - 57 54 - - - 50 - 52 42 58 55 - - - - - - 
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FIGURE 4.1 
WINE DATA SUMMARY

A. Observation Frequency Through Time

B. Observation Frequency by Vintage
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FIGURE 4.2 
ALTERNATE WINE DATA SUMMARY

A. Observation Frequency by Rating
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4.6 THE ANALYTICAL FRAMEWORK  

 

Although the central purpose of the chapter is to calculate the average return to 

investment quality wine, certain sub-market portfolios are also of interest. As the one 

commercially available wine index is based on wines from vintages 1986, 1990, and 

1994 only, this is a natural sub-market portfolio to consider. Also, Penfolds Bin 95 

Grange is the wine most associated with wine investment, and the wine most written 

about in newspapers. Given its high profile, an investment portfolio consisting solely of 

Grange is therefore another investment portfolio whose return is of interest.  

 

To calculate the average return to wine, and the return to a basket of vintage 

1986, 1990, and 1994 only wines, an adjacent period hedonic price model is used. The 

properties of the approach are discussed at some length in Section 4.2 and Appendix 

4.1, and so are not discussed here. The hedonic price approach does, however, assume it 

is possible to completely describe the underlying attributes of the product in question. It 

is therefore assumed the price of a bottle of wine sold at auction is completely described 

by: (i) time of sale (1989Q4 – 2000Q4); (ii) vintage (1965 – 2000); (iii) Langton’s 

rating: Exceptional, Outstanding, Excellent, and Distinguished; and (iv) grape variety: 

Shiraz, Cabernet, Merlot, Pinot Noir, Botrytis, Chardonnay, Semillon, and Riesling. It 

may be tempting to consider region as a relevant characteristic, however, as noted in 

Chapter 3, for Australia, region is generally only relevant when considering established 

wine regions versus non-established wine regions. As the wines considered are all from 

regions renowned for producing fine wine, region is not thought to be an important 

attribute. Further, the penalty for including region, in terms of degrees of freedom, is 

large, and in some instances results in an unidentifiable model. 

 

For the data set, as described above, the adjacent period hedonic price model can 

be written as: 

0
V K C

is v isv k isk c isc isv k c
p x y z uβ γ φ δ= + + + +∑ ∑ ∑    (4.1) 

0  .V K C
it st v itv k itk c itc itv k c

p x y z uα β γ φ δ= + + + + +∑ ∑ ∑   (4.2) 

In the above, isp  is the natural logarithm of the price of wine  ( 1,..., )i i n=  in period 

 ( 1);s s t= −  itp  is the natural logarithm of the price of wine i in period 

 ( 1990Q1,...,2000Q4);t t =  and n  is equal to the sum of the number of observations in 

periods t and s. If wine i, a wine sold in period s, is from vintage  ( 1965,...,2000)v v =  
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then isvx  takes the value one; zero otherwise. If wine i, a wine sold in period s, is from 

Langton’s classification ( 1,...,4)k k =  then isky  takes the value one; zero otherwise. If 

wine i, a wine sold in period s, is from grape variety ( 1,...,8)c c =  then iscz  takes the 

value one; zero otherwise. The interpretation for wines sold in period t is the same. As 

the 0 ,β ,vγ ,kφ  and cδ coefficients are constrained to be the same in adjacent periods, 

the estimated average percentage change in price between period s and period t can be 

found as ( )ˆexp( ) 1 100,stα − ×  where ˆstα is the OLS estimate of .stα  The isu  and itu  in 

equations (4.1) and (4.2) are zero mean error terms, which may or may not have 

constant variance.  

 

When estimating the return to Grange, infrequent sales and heterogeneity are not 

a problem. As such, to calculate the investment return to a portfolio of Grange, a 

chained Laspeyres price index approach has been used. As generally a new vintage 

appears in the market each year, some care is required when estimating price changes. 

The approach used can be described as follows. In period t, a portfolio of Grange 

consists of tn  bottles of Grange, each from a different vintage, and with prices: 

1 ,..., .
t

t t
np p  The arithmetic mean of which is: 

1
1 .tn t

t t ii
I n p

=
= ∑  The possibility of the 

introduction of a new vintage in period t+1 is, for the moment, ignored, and so the 

average price in period t+1 is found as: 1
1 1

1 .tn t
t t ii

I n p +
+ =
= ∑  The percentage change in 

the value of the portfolio between period t and period 1t +  is: 

1001 ×
−+

t

tt

I
II

 = 10011 ×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+

t

t

I
I
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1

1

1
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∑

  

In period t+1, a portfolio of Grange consists of 1+tn  bottles of Grange, each from a 

different vintage, and with prices 
1

1 1,..., ,
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+ +  the arithmetic mean of which is: 
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1 1 1
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I n p+ +
+ + =
= ∑  The possibility of the introduction of a new vintage in period t+2 

is, once more, temporarily ignored and so the average price in period t+2 is found as: 
1 2

2 1 1
1 tn t
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period 1t +  and period 2t +  is: 
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These percentage changes provide the basis for developing a Grange Price Index. On 

occasion a quarter passed when a particular vintage of Grange was not sold. In such 

instances the arithmetic mean of the price either side of the missing observation has 

been used to fill the vacancy. The actual price data used to construct the index, 

including the values calculated by interpolation, and worked examples of the 

calculations, are presented in Appendix 4.2. 

 

4.7 THE RESULTS  

 

In the hedonic price equations estimated, as the right hand variables are dummy 

variables, to avoid perfect multicollinearity it is necessary to include a vintage, a 

variety, and one of the Langton’s ratings in the base. The base vintage is always the 

earliest, 1965 or 1986; the base rating is always the highest, Exceptional; and the base 

variety is always Shiraz. If appropriate, standard errors are corrected for 

heteroscedasticity. Given the dummy variable nature of the regressors, the White (1980) 

general test for heteroscedasticity appeared inappropriate. As such the Koenker and 

Bassett adjusted Breusch-Pagan Lagrange Multiplier test was used to test for 

heteroscedasticity (Greene 2003, p. 224). In this instance, the original regressors 

comprise the vector of variables used in the test. When homoscedasticity is rejected, the 

White (1980) general correction is used to calculate correct standard errors. These 

standard errors are then scaled by a factor of /( ),n n k−  where n is the number of 

observations, and k the number of regressors. The standard errors are scaled as 

Davidson and Mackinnon (1993), discussed in Greene (2003, p. 220), suggest this as an 

appropriate adjustment to White’s standard errors, especially in small samples. All 

adjacent period hedonic price equations were estimated using GAUSS 5.0. 

 

While it is useful to refer to -- and essential to report -- the complete estimation 

results, it would be overwhelming to present the estimation results in their entirety here. 

So, while complete estimation results are reported in Appendix 4.4, only summary 

results are reported in Table 4.7 (point estimates) and Table 4.8 (t-ratios). And, although 

specific results will be examined in detail in later sections, some initial comments on the 

results reported in Table 4.7 are warranted. Looking first at the estimated mean log price 

changes -- log returns -- we see the estimated mean quarterly change in the log price of 

Australian investment quality wine between 1989Q4 and 2000Q4 was .023. The 
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estimated mean quarterly change in the log price of vintage 1986, 1990, and 1994 wines 

at .034, is noticeably higher.  

 

The mean vintage coefficients refer to the premium or discount, relative to 

vintage 1965, that each vintage, on average, sold for. The vintage premium or discount 

figures are not adjusted for age. So, in Table 4.7, as we move down the mean point 

estimate column from vintage 1966 to vintage 2000 we should see the discount relative 

to vintage 1965 increase. In fact, if the wine produced in each vintage was of the same 

quality, we would expect to see the discount between vintage 1965 and subsequent 

vintages increase by a constant amount. In the case of constant quality, relative to 

vintage 1965, vintage 1966 wine should sell, on average, for a discount of four times the 

mean quarterly return to wine; specifically, the discount should be ( ).023 4 .092 .× =  

However, as can be seen from Table 4.7, on average, vintage 1966 wine sold for a 

premium relative to vintage 1965. Although by considering the summary t-ratio 

information in Table 4.8, it can be seen the premium, on average, was not statistically 

significant. In the case of constant quality, relative to vintage 1965, vintage 1967 wine 

should sell, on average, for a discount of eight times the mean quarterly return to wine; 

specifically, the discount should be ( ).023 8 .184 .× =  The estimated mean discount, as 

recorded in Table 4.7, is in fact .247. Although again, by considering the t-ratio 

information in Table 4.8 it can be seen the discount was generally not statistically 

significant. 

 

Visual inspection of the remaining mean vintage coefficient estimates is enough 

to see they do not fall by .092 with each subsequent vintage. That the vintage 

coefficients do not follow such a pattern suggests, once other factors are controlled for, 

vintage quality is not constant. Quality variation between vintages is legendary, and so 

the empirical findings are not surprising. Variation in vintage quality, and its 

implications are explored more fully in Section 4.8. For the vintage 1986, 1990, and 

1994 only portfolio, the base vintage is vintage 1986, and so the vintage 1990 and 

vintage 1994 coefficients represent -- the unadjusted for age -- discount relative to 

vintage 1986. Specifically, the average discount for vintage 1990 wine is estimated to 

be .164, and the average discount for vintage 1994 wine is estimated to be .392. The 

summary t-ratio information in Table 4.8 shows that while the discount was not always 
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statistically significant for vintage 1990 wine, in almost all cases the discount for 

vintage 1994 wine was statistically significant.  

 

The grape variety coefficients represent the average discount or premium, 

associated with each variety, relative to Shiraz. In themselves the coefficients are not 

particularly interesting, although the trend in the estimated values, a topic which is 

examined in Section 4.8, is very interesting. The mean estimates of the various 

Langton’s coefficients are not surprising. As noted earlier, the Langton’s ratings broadly 

reflected price brackets. In descending order, the brackets are: Exceptional, 

Outstanding, Excellent, and Distinguished. In both the all vintage, and vintage 1986, 

1990, and 1994 only models, the base rating is Exceptional and the estimated coefficient 

means follow the expected order of increasing discount relative to the base. For the all 

wine portfolio the mean discounts in log price terms are: Outstanding (.715), Excellent 

(.972), and Distinguished (1.121). For the vintage 1986, 1990, and 1994 only portfolio 

the mean log price discounts are: Outstanding (.660), Excellent (.830), and 

Distinguished (1.029).   

          

As the primary objective of the chapter is to establishing the rate of return to 

wine, it is valuable to elaborate on the summary return information presented in Table 

4.7. For the three portfolios considered: all wine, vintage 1986, 1990, and 1994 only, 

and Grange only, Table 4.9 presents detailed return information. For each quarter, Table 

4.9 gives the point estimate and standard error for the all wine and vintage 1986, 1990, 

and 1994 only portfolios, as well as the percentage return and index value for all three 

portfolios.  

 

In Table 4.9, for the all wine and vintage 1986, 1990, and 1994 columns, the 

first entry is the point estimate of the log return for the quarter indicated, and the second 

entry is the associated standard error. The entry in the return column, when multiplied 

by 100, is the estimated mean quarterly percentage return, and is found as ,ˆexp( ) 1t
iβ −  

where ˆ t
iβ  is the estimated log return for portfolio ( 1,2)i i =  in the adjacent period 

ending in period  ( 1990Q1,...,2000Q4).t t =  The estimated mean quarterly returns, when 

expressed this way, are directly comparable with the estimates of quarterly returns 

presented for the Grange portfolio. Summary information on the average return, the 
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standard deviation of returns, and the coefficient of variation 

( )standard deviation return  are also presented in Table 4.9.  

 

For the period 1989Q4 to 2000Q4, for the all wine portfolio, the estimated mean 

quarterly return was 2.6 percent, standard deviation 6.7 percent, and coefficient of 

variation 2.58. Interestingly, for those with an eye for the more expensive wines, the 

Grange only portfolio, with estimated mean quarterly return 2.7 percent, standard 

deviation 5.9 percent, and coefficient of variation 2.19, performed slightly better than 

the all wine portfolio. Given much return information was already available when 

Langton’s selected the vintages for their index, it is not surprising to find a portfolio of 

vintage 1986, 1990, and 1994 only wines outperformed the other portfolios in terms of 

return. Yet, the estimated mean quarterly return of 4.0 percent is associated with a 

standard deviation of 10.1 percent, and so a coefficient of variation of 2.52. So, once 

risk is taken into consideration, it is not clear a vintage 1986, 1990, and 1994 only 

portfolio is more desirable. Intuitively the result makes sense. A portfolio consisting of 

wines from only three vintages is less diversified than a portfolio consisting of wines 

from 35 vintages. So, assuming returns to different vintages are not perfectly correlated, 

it is natural to expect a portfolio with only three vintages to display greater variability of 

returns. 

 

If an index value of 100 is used for period 1989Q4, the quarterly return 

information can be used to construct a price index for each portfolio. The result, when 

this is done, is shown in the index column of Table 4.9, and illustrated in Figure 4.3. 

The index values in 2000Q4 are: all wine portfolio (279.9), vintage 1986, 1990, and 

1994 only portfolio (449.0), and Grange only portfolio (306.3).  
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TABLE 4.7 
SUMMARY ESTIMATION RESULTS: POINT ESTIMATES 

 All Wines  Vintage 1986,1990 and 1994 

 Obs. Mean St. Dev. Max Min Median  Obs. Mean St. Dev. Max Min Median 

Log Return 44 0.023 0.065 0.178 -0.110 0.028  44 0.034 0.098 0.303 -0.219 0.037 
Vintage              
1966 43 0.086 0.270 0.591 -0.494 0.087  - - - - - - 
1967 44 -0.247 0.299 0.547 -0.838 -0.279  - - - - - - 
1968 44 -0.406 0.320 0.220 -1.100 -0.340  - - - - - - 
1969 43 -0.561 0.286 0.072 -1.059 -0.572  - - - - - - 
1970 44 -0.393 0.264 0.158 -0.970 -0.429  - - - - - - 
1971 44 -0.044 0.299 0.994 -0.686 -0.064  - - - - - - 
1972 44 -0.554 0.284 0.259 -1.075 -0.583  - - - - - - 
1973 44 -0.495 0.282 0.108 -1.256 -0.449  - - - - - - 
1974 44 -0.425 0.338 0.425 -1.238 -0.481  - - - - - - 
1975 44 -0.370 0.276 0.196 -0.928 -0.361  - - - - - - 
1976 44 -0.222 0.297 0.401 -0.781 -0.225  - - - - - - 
1977 44 -0.462 0.296 0.230 -1.068 -0.509  - - - - - - 
1978 44 -0.418 0.242 0.078 -0.901 -0.427  - - - - - - 
1979 44 -0.431 0.281 0.369 -0.902 -0.459  - - - - - - 
1980 44 -0.344 0.234 0.187 -0.821 -0.339  - - - - - - 
1981 44 -0.455 0.231 -0.020 -1.198 -0.463  - - - - - - 
1982 44 -0.260 0.246 0.269 -0.722 -0.269  - - - - - - 
1983 44 -0.485 0.249 0.025 -1.152 -0.483  - - - - - - 
1984 44 -0.509 0.245 0.010 -0.963 -0.506  - - - - - - 
1985 44 -0.510 0.274 0.047 -1.182 -0.508  - - - - - - 
1986 44 -0.338 0.300 0.220 -1.154 -0.311  - - - - - - 
1987 44 -0.578 0.268 -0.031 -1.114 -0.562  - - - - - - 
1988 44 -0.563 0.285 -0.038 -1.293 -0.498  - - - - - - 
1989 41 -0.687 0.366 0.087 -1.564 -0.656  - - - - - - 
1990 37 -0.455 0.341 0.065 -1.024 -0.490  37 -0.164 0.176 0.073 -0.551 -0.148 
1991 35 -0.495 0.512 1.015 -1.221 -0.424  - - - - - - 
1992 32 -0.651 0.304 -0.143 -1.212 -0.585  - - - - - - 
1993 29 -0.669 0.297 -0.235 -1.417 -0.557  - - - - - - 
1994 22 -0.570 0.292 -0.181 -1.357 -0.518  22 -0.392 0.160 -0.233 -0.862 -0.329 
1995 19 -0.591 0.183 -0.354 -1.163 -0.602  - - - - - - 
1996 16 -0.578 0.152 -0.361 -0.860 -0.616  - - - - - - 
1997 12 -0.597 0.108 -0.489 -0.771 -0.553  - - - - - - 
1998 9 -0.574 0.174 -0.360 -0.873 -0.621  - - - - - - 
1999 5 -0.644 0.143 -0.530 -0.877 -0.563  - - - - - - 
2000 1 -0.855 - -0.855 -0.855 -0.855  - - - - - - 
Grape Variety              
Cabernet 44 -0.153 0.062 0.007 -0.283 -0.156  44 -0.063 0.136 0.385 -0.265 -0.091 
Chardonnay 44 -0.093 0.165 0.259 -0.336 -0.120  44 -0.136 0.236 0.597 -0.461 -0.166 
Pinot Noir 44 0.187 0.219 0.513 -0.092 0.101  43 0.213 0.309 0.955 -0.330 0.201 
Riesling 44 -0.391 0.156 -0.004 -0.626 -0.447  34 -0.448 0.147 -0.048 -0.629 -0.483 
Botrytis 38 0.171 0.277 0.762 -0.211 0.130  22 -0.131 0.239 0.173 -0.549 -0.113 
Merlot 16 0.175 0.241 0.402 -0.339 0.318  11 0.069 0.236 0.311 -0.298 0.231 
Semillon 37 -0.480 0.093 -0.272 -0.753 -0.501  33 -0.402 0.192 0.079 -0.858 -0.423 
Langton’s              
Outstanding 44 -0.715 0.101 -0.554 -0.926 -0.707  44 -0.660 0.142 -0.260 -1.025 -0.663 
Excellent 44 -0.972 0.104 -0.745 -1.156 -1.003  44 -0.830 0.275 -0.111 -1.193 -0.873 
Distinguished 44 -1.121 0.169 -0.758 -1.378 -1.180  44 -1.029 0.330 -0.305 -1.433 -1.162 
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TABLE 4.8 
SUMMARY ESTIMATION RESULTS: T-VALUES 

 All Wines  Vintage 1986,1990 and 1994 

 Obs. Mean St. Dev. Max Min Median  Obs. Mean St. Dev. Max Min Median 

Log Return 44 0.676 1.831 4.126 -3.253 0.904  44 0.482 0.938 2.317 -1.680 0.578 
Vintage              
1966 43 0.305 0.896 2.231 -1.612 0.330  - - - - - - 
1967 44 -0.966 1.068 1.526 -2.772 -1.059  - - - - - - 
1968 44 -1.733 1.576 0.404 -7.795 -1.634  - - - - - - 
1969 43 -2.389 1.970 0.122 -9.398 -2.161  - - - - - - 
1970 44 -1.931 1.731 0.496 -7.051 -1.634  - - - - - - 
1971 44 -0.158 1.057 3.678 -3.154 -0.246  - - - - - - 
1972 44 -2.822 1.949 0.893 -7.519 -2.765  - - - - - - 
1973 44 -2.295 1.529 0.338 -6.115 -2.395  - - - - - - 
1974 44 -2.134 2.168 1.423 -10.72 -2.014  - - - - - - 
1975 44 -1.742 1.409 0.603 -5.192 -1.639  - - - - - - 
1976 44 -1.180 1.474 1.490 -5.426 -0.935  - - - - - - 
1977 44 -2.265 1.798 0.900 -8.105 -2.222  - - - - - - 
1978 44 -2.261 2.037 0.148 -9.522 -1.888  - - - - - - 
1979 44 -2.471 2.235 1.439 -9.313 -2.125  - - - - - - 
1980 44 -1.936 1.652 0.356 -7.398 -1.626  - - - - - - 
1981 44 -2.500 1.956 -0.041 -8.244 -2.183  - - - - - - 
1982 44 -1.718 2.004 0.829 -8.967 -1.245  - - - - - - 
1983 44 -2.503 1.665 0.048 -7.429 -2.384  - - - - - - 
1984 44 -3.028 2.501 0.018 -10.44 -2.520  - - - - - - 
1985 44 -3.098 2.685 0.096 -11.79 -2.567  - - - - - - 
1986 44 -2.087 2.310 0.447 -10.33 -1.421  - - - - - - 
1987 44 -3.467 2.911 -0.064 -14.08 -2.828  - - - - - - 
1988 44 -3.317 3.062 -0.077 -14.79 -2.591  - - - - - - 
1989 41 -3.968 3.135 0.130 -15.30 -3.065  - - - - - - 
1990 37 -2.788 3.090 0.183 -12.52 -1.922  37 -1.485 1.664 1.363 -5.758 -1.755 
1991 35 -3.324 3.606 2.245 -14.84 -2.482  - - - - - - 
1992 32 -4.121 3.111 -0.327 -11.85 -3.196  - - - - - - 
1993 29 -4.659 4.267 -0.474 -22.46 -3.400  - - - - - - 
1994 22 -3.775 3.694 -0.365 -17.99 -2.957  22 -4.856 1.3536 -1.720 -6.831 -5.184 
1995 19 -3.892 3.018 -0.697 -13.84 -3.112  - - - - - - 
1996 16 -3.714 2.003 -1.474 -8.569 -3.229  - - - - - - 
1997 12 -4.037 2.320 -1.749 -10.42 -3.392  - - - - - - 
1998 9 -3.260 1.332 -1.227 -5.371 -3.242  - - - - - - 
1999 5 -3.519 1.465 -1.979 -5.541 -3.779  - - - - - - 
2000 1 -6.020 - -6.020 -6.020 -6.020  - - - - - - 
Grape Variety          
Cabernet 44 -4.206 2.364 0.101 -9.178 -3.827  44 -1.095 1.358 1.770 -4.212 -1.272 
Chardonnay 44 -2.585 3.607 2.410 -9.181 -2.135  44 -1.525 1.928 1.731 -5.422 -1.302 
Pinot Noir 44 1.775 2.448 5.922 -2.096 1.545  43 0.836 1.668 4.273 -2.345 0.986 
Riesling 44 -6.281 4.981 -0.022 -16.81 -5.223  34 -4.302 3.712 -0.124 -13.86 -3.423 
Botrytis 38 1.056 2.426 5.848 -3.542 1.685  22 -1.618 2.442 2.189 -6.918 -1.245 
Merlot 16 3.815 5.006 12.09 -5.436 4.991  11 1.743 4.299 9.275 -4.063 2.666 
Semillon 37 -6.031 3.118 -1.333 -15.07 -5.977  33 -2.888 2.870 0.241 -12.31 -1.882 
Langton’s              
Outstanding 44 -12.29 3.946 -6.323 -18.85 -12.10  44 -4.907 2.003 -1.053 -7.824 -5.191 
Excellent 44 -21.17 8.785 -9.804 -40.03 -19.68  44 -7.164 3.843 -0.532 -14.55 -7.610 
Distinguished 44 -24.59 11.91 -9.772 -49.18 -21.54  44 -9.285 5.268 -0.797 -19.35 -9.154 
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TABLE 4.9 
SUMMARY RETURN INFORMATION 

All Wines  Vintage 1986,1990 and 1994  Grange 
Period 

Est. S.E. Return Index  Est. S.E. Return Index  Return Index 

1989Q4 - - - 100.0  - - - 100.0  - 100.0 
1990Q1 -0.068 (0.052) -0.066 93.4  0.105 (0.190) 0.111 111.1  -0.024 97.6 
1990Q2 0.062 (0.065) 0.064 99.4  -0.080 (0.377) -0.077 102.5  -0.020 95.6 
1990Q3 0.012 (0.057) 0.012 100.5  -0.219 (0.306) -0.196 82.4  -0.033 92.4 
1990Q4 -0.045 (0.044) -0.044 96.1  0.303 (0.131) 0.354 111.5  0.010 93.3 
1991Q1 -0.006 (0.053) -0.006 95.5  0.049 (0.132) 0.050 117.1  -0.038 89.8 
1991Q2 0.055 (0.049) 0.057 100.9  -0.202 (0.130) -0.183 95.7  0.077 96.7 
1991Q3 0.013 (0.049) 0.013 102.2  0.146 (0.133) 0.157 110.7  0.045 101.0 
1991Q4 0.106 (0.049) 0.112 113.7  0.127 (0.139) 0.136 125.7  0.016 102.7 
1992Q1 -0.110 (0.043) -0.104 101.8  -0.028 (0.088) -0.028 122.2  0.057 108.6 
1992Q2 0.057 (0.045) 0.059 107.8  0.107 (0.089) 0.113 136.0  0.013 109.9 
1992Q3 -0.017 (0.061) -0.016 106.0  -0.133 (0.124) -0.124 119.1  0.008 110.8 
1992Q4 0.146 (0.065) 0.158 122.7  0.183 (0.092) 0.201 143.0  0.084 120.2 
1993Q1 -0.090 (0.053) -0.086 112.1  -0.070 (0.110) -0.068 133.4  0.030 123.8 
1993Q2 0.126 (0.048) 0.134 127.2  0.130 (0.121) 0.139 151.9  0.062 131.4 
1993Q3 0.016 (0.051) 0.016 129.2  0.106 (0.106) 0.112 169.0  -0.019 128.9 
1993Q4 -0.023 (0.052) -0.023 126.2  -0.130 (0.103) -0.122 148.4  0.045 134.7 
1994Q1 0.178 (0.045) 0.194 150.8  0.158 (0.104) 0.171 173.8  0.155 155.6 
1994Q2 -0.077 (0.044) -0.074 139.6  0.010 (0.098) 0.010 175.6  0.028 159.9 
1994Q3 -0.053 (0.040) -0.051 132.5  0.033 (0.083) 0.033 181.5  0.029 164.6 
1994Q4 0.060 (0.038) 0.062 140.6  0.068 (0.079) 0.070 194.2  -0.081 151.3 
1995Q1 0.062 (0.039) 0.064 149.5  0.070 (0.081) 0.072 208.2  -0.002 151.0 
1995Q2 0.104 (0.040) 0.110 166.0  0.039 (0.088) 0.040 216.6  0.167 176.2 
1995Q3 -0.019 (0.034) -0.019 162.8  0.082 (0.075) 0.085 235.1  0.083 190.7 
1995Q4 0.101 (0.034) 0.106 180.1  0.114 (0.074) 0.121 263.5  0.000 190.7 
1996Q1 0.052 (0.035) 0.053 189.7  0.127 (0.070) 0.136 299.3  0.102 210.1 
1996Q2 0.121 (0.029) 0.129 214.1  0.050 (0.068) 0.051 314.5  0.169 245.5 
1996Q3 -0.083 (0.026) -0.079 197.2  -0.058 (0.065) -0.057 296.7  -0.020 240.7 
1996Q4 0.050 (0.027) 0.051 207.2  0.059 (0.059) 0.060 314.6  -0.025 234.7 
1997Q1 0.022 (0.026) 0.023 211.9  0.053 (0.056) 0.055 331.7  0.003 235.3 
1997Q2 0.078 (0.028) 0.081 229.1  0.088 (0.068) 0.092 362.3  0.111 261.5 
1997Q3 0.036 (0.027) 0.037 237.5  -0.009 (0.062) -0.009 359.0  0.122 293.4 
1997Q4 0.072 (0.022) 0.074 255.2  0.093 (0.049) 0.097 394.0  0.016 298.1 
1998Q1 0.033 (0.023) 0.033 263.7  0.053 (0.049) 0.054 415.4  -0.006 296.2 
1998Q2 0.013 (0.022) 0.013 267.2  0.026 (0.047) 0.026 426.2  0.009 298.9 
1998Q3 0.037 (0.020) 0.038 277.3  0.006 (0.043) 0.006 428.6  -0.049 284.3 
1998Q4 -0.057 (0.017) -0.055 262.0  -0.062 (0.037) -0.060 402.9  -0.052 269.4 
1999Q1 0.039 (0.017) 0.039 272.3  0.034 (0.038) 0.035 416.9  0.035 278.8 
1999Q2 -0.012 (0.018) -0.011 269.2  0.024 (0.040) 0.024 427.0  -0.060 262.1 
1999Q3 0.037 (0.017) 0.038 279.4  0.017 (0.037) 0.017 434.4  0.079 282.7 
1999Q4 0.034 (0.016) 0.034 289.0  0.034 (0.036) 0.035 449.5  0.068 302.0 
2000Q1 -0.010 (0.017) -0.010 286.1  0.007 (0.038) 0.007 452.5  0.020 308.1 
2000Q2 0.006 (0.016) 0.006 287.9  -0.011 (0.035) -0.011 447.6  -0.001 307.9 
2000Q3 -0.035 (0.016) -0.034 278.0  0.006 (0.034) 0.006 450.3  -0.014 303.5 
2000Q4 0.006 (0.016) 0.006 279.7  -0.003 (0.036) -0.003 449.0  0.009 306.3 
Arith. Mean   0.026     0.040   0.027  
St. Dev.   0.067     0.101   0.059  
Co. of Var.    2.58     2.52   2.19  
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 Understanding the difference between the performance of a portfolio of wines 

from all vintages, and the performance of a portfolio consisting of wines from only 

certain vintages is important. Commercial wine indices, whether Australian or 

international, are generally based on select vintages, and the vintages selected are 

chosen only after several years worth of return information is available. Commercial 

indices therefore suffer from a type of selection bias, and will typically overstate the 

return to wine. To those with some knowledge of the wine industry, the widely 

divergent performance of wines from different vintages is well known. However, to the 

uninitiated, this phenomenon may lead a person relying on a commercial wine index to 

overestimate the average return to wine investment.  

 

While it has been shown, when looking at specific well defined regions, it is 

possible to forecast the vintages that outperform the average by modelling weather 

during the growing season, Ashenfelter et al. (1995), Byron and Ashenfelter (1995), 

Fogarty (2000), this technique is not widely understood or accepted. It is certainly not 

clear within the Australian context, where the wines traded are drawn from vastly 

different regions, how a weather based model could be used to forecast the vintages that 

will outperform the average. The 2000 vintage may for example be a fantastic vintage 

for Margaret River Cabernet, but a terrible vintage for Barossa Valley Shiraz. As such, 

for an Australia wide context, an index based on the return achieved from holding wines 

from all vintages is thought the best indicator of the return to wine. It therefore appears 

reasonable to conclude, for the period 1989Q4 to 2000Q4, the average return to wine 

was 2.6 percent per quarter, and the standard deviation of returns 6.7 percent. 

50

150

250

350

450

1990 1995 2000

Index  

FIGURE 4.3  
ACCUMULATION INDEX FOR VARIOUS WINE PORTFOLIOS 
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4.8 THE EVOLUTION OF MARGINAL ATTRIBUTE PRICES 

 

Consider, for a moment, the hedonic price equation estimated in the previous 

sections of this chapter which is reproduced below:  

0
V K C

is v isv k isk c isc isv k c
p x y z uβ γ φ δ= + + + +∑ ∑ ∑    (4.1) 

0  .V K C
it st v itv k itk c itc itv k c

p x y z uα β γ φ δ= + + + + +∑ ∑ ∑   (4.2) 

 

As the quality-adjusted average percentage price change of wine between period s and 

period t is given by ( )( )ˆexp 1 100,stα − ×  where ˆstα  is the OLS estimate of ,stα  the stα  

coefficient is naturally the coefficient of primary interest. Yet the coefficients which 

control for quality differences also contain potentially valuable information. In 

equations (4.1) and (4.2), the vγ  coefficients represent the premium or discount of 

vintage  ( 1966,...,2000)v v = , relative to vintage 1965; the kφ  coefficients represent the 

premium or discount of wines with Langton’s classification ( 2,3,4)k k = , relative to 

wines with the Langton’s classification Exceptional; and the cδ  coefficients represent 

the premium or discount of variety ( 1,...,7)c c =  relative to Shiraz. 

 

As noted previously, these coefficients may vary over time, and by analysing the 

way the coefficients which control for wine heterogeneity evolve through time it is 

possible to compare the relative within group performance of wines with different 

attributes. To illustrate how this can be done, it is useful to concentrate first on just one 

particular set of coefficients, say the variety coefficients. In equations (4.1) and (4.2), as 

 ( 1),s s t= −  and  ( 1990Q1,...,2000Q4),t t =  there are potentially 44 point estimates for 

each of the 7 different variety coefficents. If τ  is used to denote the adjacent period 

ending at time t, then τδc  can be used to denote the premium or discount of grape 

variety c, relative to Shiraz, in the adjacent period ending at time t. The OLS estimate of 

this coefficient is denoted ˆ ,c
τδ  and the way ĉ

τδ  evolves through time gives an indication 

of the performance of variety c relative to Shiraz. If, over time, ĉ
τδ  is in general 

increasing, it suggests that, holding all other factors constant, variety c is increasing in 

value faster than Shiraz. 
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One way to formalise analysis of this nature is to suppose the point estimates of 
τδc  are subject to a simple linear time trend:  

 ˆ .c c c cT uτ τδ α λ= + +       (4.3) 

 

In equation (4.3) cλ  is the slope coefficient, cα  is a constant, T is a linear trend term, 

and τ
cu  is a zero mean error term. If ˆ ,cλ  the OLS estimate of cλ  in equation (4.3) is 

positive, and significantly different from zero, this says, given all other factors are held 

constant, over the sample period variety c increased in value faster than Shiraz. So, from 

an investment point of view, variety c can be said to outperform Shiraz over the sample 

period. The opposite is true for negative ĉλ ; while ĉλ  not statistically different from 

zero suggests Shiraz and variety c increase in value at approximately the same rate. The 

same kind of analysis can be performed on the Langton’s classification coefficients, and 

the vintage coefficients. Such analysis is not important so much for its ability to inform 

future possible portfolio decisions, but because today, in Australia, so little is known 

about the relative performance of different vintages, varieties, and wines of different 

price.  

 

 Figure 4.4 shows plots of the point estimates for each attribute through time with 

equation (4.3) fitted to the data. Also, for each individual attribute, the slope coefficient 

point estimate, standard error, and 2R are given. In almost all cases, autocorrelation and 

or heteroscedasticity appeared to be a problem. As the dependant variable is an 

estimated parameter, and the model is a time series model, heteroscedasticity and 

autocorrelation were expected. Given these problems, the Newey and West (1987) 

autocorrelation and heteroscedasticity consistent variance-covariance matrix was used 

to calculate correct standard errors. Microfit 4.1 for Windows was used to estimate each 

regression, and as suggested in Pesaran and Pesaran (1997, p. 402), the Parzen lag 

window has been used. The estimates computed by Microfit automatically perform the 

small sample size correction suggested in MacKinnon and White (1985), and it is these 

adjusted standard errors which appear throughout Figure 4.4. The base rating is 

Exceptional, the base variety is Shiraz, and the base vintage is 1965. 

 

Langton’s Ratings 

 Consider the first attribute plot shown in Figure 4.4, the Outstanding plot. The 

plot shows, holding all other factors constant, over the period 1989Q4 to 2000Q4 the 
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discount between wine with the rating Outstanding and wine with the rating Exceptional 

decreased. Specifically, when equation (4.3) is fitted to the data the OLS estimate of the 

slope coefficient is .006, and the point estimate is statistically different from zero. This 

implies that over the sample period wine with the rating Outstanding increased in value 

faster than wine with the rating Exceptional. It is a different story for wine with the 

rating Excellent, and wine with the rating Distinguished. The Excellent plot and the 

Distinguished plot in Figure 4.4 indicate that, holding all other factors constant, over the 

sample period the discount between Excellent wine and Exceptional wine, and the 

discount between Distinguished wine and Exceptional wine increased. Specifically, 

when equation (4.3) is fitted to the data the estimated slope coefficient for Excellent 

wine is -.006 and the estimated slope coefficient for Distinguished wine is -.012, and in 

both cases the point estimates are statistically different from zero. This implies that over 

the sample period those wines rated Excellent or Distinguished increased in value at a 

slower rate than wines rated Exceptional. 

 

In general, wines rated as Exceptional or Outstanding represent the most 

expensive wines, and so in Australia it appears, holding all other factors constant, the 

most expensive wines provide the highest returns. The individual plots shown in Figure 

4.4 do not however provide information on the variability of returns for the different 

groups. Based on the plots and summary statistical information reported in Figure 4.4 it 

is not possible to say whether the higher returns associated with the most expensive 

wines are associated with higher risk. The question of risk and return is however 

addressed in detail in Chapter 5.  

 

Variety 

Throughout the world it is Cabernet and Cabernet blends -- the classic red wines 

of Bordeaux for example -- that are most sought after. This fact is perhaps reflected in 

the selection criteria others have employed when estimating the return to wine. With the 

exception of Weil (1993), which tracks a person’s actual wine holdings, all other studies 

of the return to wine have focused on the return to either red Bordeaux wines, or wines 

made from red Bordeaux grape varieties planted in the new world. Australia is different. 

Australia’s two most expensive wines are both Shiraz based wines, and as can be seen 

from the Cabernet plot in Figure 4.4, despite a brief move towards parity with Shiraz in 

the early 1990s, other factors held constant, Cabernet based wines sell for a discount to 

Shiraz based wines. Although it should be noted it is not so much whether a particular 
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variety sells for a discount or premium relative to Shiraz, but rather the trend in the 

premium or discount that is important. 

 

As shown in the Cabernet and Semillon plots of Figure 4.4, the estimated slope 

coefficient for these two varieties is not statistically different from zero. So, holding 

other factors constant, it appears these wine styles have increased in value at 

approximately the same rate as Shiraz based wines. The slope coefficient for 

Chardonnay, Pinot Noir, Riesling, and Botrytis wines on the other hand are all negative, 

and significantly different from zero. This result implies, holding other factors constant, 

these four varieties increased in value at a rate slower than Shiraz based wines. For the 

case of predominately Merlot based wines there are perhaps too few observations to 

make any clear conclusion. Although, as noted in Chapter 3, Merlot based wines 

increased in popularity in the late 1990s, and so a positive slope coefficient for Merlot is 

not unreasonable. 

 

Vintage 

 As the wines in the study are drawn from different regions across a vast 

continent, it is not possible -- as De Vittorio and Ginsberg (1996) do -- to establish a 

relationship between the vintage information generated by the model, and weather 

during the growing season. However, it is possible to establish whether a particular 

vintage, for whatever reason, outperformed vintage 1965, the base vintage. As shown in 

Figure 4.4, for vintages 1966 to 1999, the slope coefficient is positive and significantly 

different from zero only for vintages: 1986, 1987, 1988, 1990, 1992, 1993, 1994, and 

1998. Interestingly, if the sample of vintages is split into thirds, no vintages in the 

earliest third of the sample outperform vintage 1965. In the middle third there are two 

vintages that outperform vintage 1965, and in the final third there are six.  

 

One possible explanation for this pattern could be as follows. When wines from 

a particular vintage are young, there is great uncertainty about ultimate quality. 

However, as the years pass, quality becomes more certain, and the wines are revealed as 

either: above average, average, or below average. If the wines reveal themselves as 

above average, there is a spurt in the rate of growth of prices. This higher rate of growth 

in prices may be sustained for quite some time, but ultimately comes to an end. Once 

the adjustment process has ended, the wines then increase in value at the same rate as 

wines from other vintages. There may of course be other explanations for the 
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concentration of high performing vintages in the latter third of the sample. Perhaps 

technology has improved, and the wines from more recent times are in fact more likely 

to be of a higher quality. Or, possibly, nation wide, weather has been more conducive to 

producing high quality wine in the 1990s. The hypothesised reason does however seem 

reasonable, and is an interpretation consistent with the efficient markets hypothesis. 

 

Analysing the performance of different vintages using this framework also 

highlights another interesting fact. All three vintages selected by Langton’s when 

constructing their wine index are vintages shown to outperform the base vintage. This 

finding is hardly surprising given the difference in estimated mean quarterly returns for 

the all wine portfolio and the vintage 1986, 1990, and 1994 only portfolio reported in 

Table 4.7. It does however suggest the return to the all wine portfolio is a better 

indicator of the general return to wine than a select vintage portfolio.  

 

Log Price Change 

 As an interesting final comparison, the quarterly estimates of the log change in 

price -- log returns-- are plotted through time, and a trend line fitted. Unsurprisingly, 

when this is done the estimated slope coefficient is not statistically different from zero. 

Although, as can be seen from the final plot in Figure 4.4, returns in the second half of 

the 1990s appear to be more stable than returns in the first half of the 1990s. This result 

perhaps reflects two factors. Firstly, as the number of observations from which the 

returns are estimated increases through time, the estimates in the second half of the 

1990s are necessarily more precise. Secondly, as the market has developed and 

participants have become more experienced, in any given quarter there is less chance 

prices will deviate from long-run trend values. Combined, these factors provide a 

reasonable explanation as to why estimated returns appear more stable in the second 

half of the 1990s. 
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FIGURE 4.4 (CONTINUED)
CHANGES IN THE MARGINAL PRICE OF ATTRIBUTES
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4.9 CONCLUSION 
 
 This chapter started by investigating the different ways in which, in the face of 

heterogeneity and infrequent sales, estimates of price change can be obtained. After 

evaluating several methods, the adjacent period hedonic price framework was selected 

as the most appropriate estimation technique. Compared to other approaches there are 

several advantages to using the adjacent period hedonic price framework. The 

methodology employs all available data, and provides not only an estimate of price 

change, but also a standard error for each estimate. Further, as shown in Appendix 4.1, 

the adjacent period hedonic price framework also satisfies the implied homogeneity 

condition, and the time reversal test. As infrequent sales and heterogeneity are not 

issues when estimating the price change of a Grange only portfolio, a chained Laspeyres 

price index approach was used to estimate the quarterly return to Grange.  

 

Details of the estimated quarterly rate of return for the period 1989Q4 to 

2000Q4 were reported in Table 4.9. For the all wine portfolio, the estimated mean 

quarterly return was 2.6 percent, standard deviation 6.7 percent, and coefficient of 

variation 2.58. For the vintage 1986, 1990, and 1994 only portfolio, the estimated mean 

quarterly return was 4.0 percent, standard deviation 10.1 percent, and coefficient of 

variation 2.52. For the Grange only portfolio, the estimated mean quarterly return was 

2.7 percent, standard deviation 5.9 percent, and coefficient of variation 2.19. 

 

 Finally, with the hope of increasing the understanding of the rate of return to 

different wine sub-markets, the three attribute groups: Langton’s rating, vintage, and 

variety, were analysed in detail. The analysis suggested, holding other factors constant, 

wines with the Langton’s rating Exceptional or Outstanding, on average, increased in 

value faster than wines with the rating Excellent or Distinguished. This result provides 

some evidence, that in Australia, more expensive wines provide higher returns. Holding 

other factors constant, the varieties which on average provided the highest returns 

appeared to be: Shiraz, Cabernet, Merlot and Semillon. This was an intriguing finding 

as it suggests, at least in Australia, not all the best performing wines are red wines. It 

was also noted that the vintages providing the highest rate of return were concentrated 

in the most recent years.   

 

 These findings, representing the first comprehensive analysis of the rate of 

return to Australian wine, make a substantial contribution to knowledge, and can be 
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used in further analysis. As illustrated by the results for the portfolio of vintage 1986, 

1990, and 1994 only wine, the adjacent period hedonic price framework is an 

appropriate method for estimating price change in wine sub-markets. Chapter 5 extends 

the analysis presented in this chapter by estimating risk and return information for four 

wine sub-markets. The standard tools of financial analysis are then used to interpret the 

results. Finally, Chapter 5 completes the analysis of the rate of return to wine by  

investigating whether wine, as an alternative asset class, can decrease the risk of a 

standard investment portfolio.  
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APPENDIX 4.1 

FURTHER ASPECTS OF THE ADJACENT PERIOD HEDONIC MODEL  

 

 Diewert (2003) is a comprehensive paper, and investigates a range of issues 

relating to hedonic price models. Among the many issues addressed in the paper are the 

properties of adjacent period hedonic price models. The discussion on Homogeneity and 

the Time Reversal Test which follows is based directly on Diewert (2003, pp. 21-25), 

while the discussion of Homoscedasticity is based on Diewert (2003, pp. 4-5). The 

exposition presented here allows the reader, interested only in aspects of hedonic price 

equations which relate directly to the model present in the chapter, to quickly review 

these concepts. The reader interested in more general hedonic price equation forms and 

issues should refer, as a starting point, to Diewert (2003).   

 

Homoscedasticity 

 For homoscedasticity to hold, using price untransformed as the dependant 

variable, the difference between a model’s price and its mean is randomly distributed 

with mean zero, and constant variance. For homoscedasticity to hold, using log price as 

the dependant variable, the ratio of model price to its mean is randomly distributed with 

mean one and constant variance. In general, when estimating hedonic price equations, 

the dependant variable can take a large range of values. When a model has a high 

number of attributes it is likely to have a high price, and so the error terms are likely to 

be large. When a model has a low number of attributes it is likely to have a low price, 

and so the error terms are likely to be small. As such, a priori, the assumptions implied 

when log price is used as the dependant variable are generally more likely to be true 

than the assumptions implied when price untransformed is used.  

 

Homogeneity 

Consider the following standard formulation of the adjacent period hedonic price 

model: 

0 1

K
is k kis isk

P z uβ β
=

= + +∑      (A4.1) 

0 1
,K

it st k kit itk
P z uα β β

=
= + + +∑     (A4.2) 

where isP  is the price of wine ( 1,..., )i i n=  in period ( 1);s s t= −  itP  is the price of 

wine i in period  ( 1,..., );t t T=  { }kz  is the characteristic set; and  and is itu u  are zero 

mean constant variance error terms. As the β  coefficients in the two equations are 
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constrained to be the same, the quality-adjusted price change between period s and t is 

summarised by the stα  coefficient. Providing 2,n K> +  where n is the number of 

observations, the model, as described above, can be estimated using OLS, and the 

estimates obtained denoted 0
ˆˆ ,  ,stα β  etc. 

 

 That the adjacent period hedonic price framework be linearly homogeneous is 

desirable. Within the framework of OLS estimation the linear homogeneity question 

may be thought of as implying the following condition. If all n wines are sold in period 

s and period t, and all n wines increase in value between the two periods by ,λ  where λ  

is some positive constant, then the OLS predicted values in period t should be exactly λ  

times their period s predicted values, i.e. ˆ  .it isP P iλ= ∀  The concept of homogeneity, 

when formulated this way, implies the following relationship between the parameter 

estimates of equation (A4.1) and (A4.2): 0 01 1
ˆ ˆ ˆ ˆˆ .K K

st k kit k kisk k
z zα β β λ β β

= =
⎡ ⎤+ + = +⎣ ⎦∑ ∑  

As this condition can only be solved for 0
ˆˆ ,  stα β  and ˆ

kβ  if 1λ = , the linear adjacent 

period regression hedonic model, with price as the dependant variable, does not satisfy 

the implied linear homogeneity property. If we want to use the adjacent period hedonic 

price approach, some transformation is required before the condition can be satisfied. 

The condition can be satisfied in two ways: either write equation (A4.2) in a non-linear 

form, or use the natural logarithm of price as the dependant variable.  

 

If equation (A4.2) is rewritten as 0 1
,K

it st k kit itk
P z uα β β

=
⎡ ⎤= + +⎣ ⎦∑  then the 

homogeneity condition requires 0 01 1
ˆ ˆ ˆ ˆˆ ,K K

st k kit k kisk k
z zα β β λ β β

= =
⎡ ⎤ ⎡ ⎤+ = +⎣ ⎦ ⎣ ⎦∑ ∑  and is 

satisfied when ˆ .stα λ=  Yet, given the complexity and uncertainty of non-linear models, 

if the homogeneity condition can be met using a linear model, the linear approach is 

thought  preferable. 

 

If isp  is used to denote the natural logarithm of isP , then equation (A4.1) and 

(A4.2) can be rewritten in log-linear form as: 

0 1

K
is k kis isk

p z uβ β
=

= + +∑      (A4.3) 

0 1
.K

it st k kit itk
p z uα β β

=
= + + +∑     (A4.4) 

Taking the antilog of both sides of the equations we have: 
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 [ ]0 1
exp expK

is k kis isk
P z uβ β

=
⎡ ⎤= +⎣ ⎦∑  and [ ] [ ]0 1

exp exp exp ,K
it st k kit itk

P z uα β β
=

⎡ ⎤= +⎣ ⎦∑   

where, when estimated using OLS, the implied homogeneity condition that the 

predicted values in period t be exactlyλ  times the period s values requires: 

[ ] 0 01 1
ˆ ˆ ˆ ˆˆexp exp exp ,K K

st k kit k kisk k
z zα β β λ β β

= =
⎡ ⎤ ⎡ ⎤+ = +⎣ ⎦ ⎣ ⎦∑ ∑  a condition met when 

[ ]ˆexp .stλ α=  So, in linear adjacent period hedonic price models, when the natural 

logarithm of price is used as the dependant variable, the implied homogeneity condition 

is satisfied. 

 

The Time Reversal Test 

 Fisher (1997, p. 64) suggests the time reversal criteria as a desirable property for 

index numbers. The time reversal criterion requires the price index at time period t, with 

base period s and denoted stI  be the reciprocal of tsI  the price index at time period s 

with base period t. Alternatively, the criteria can be stated as follows. If starting in 

period s and moving forward to period t we find prices have, on average, doubled; then, 

if we start in period t and move backwards to period s we should find the price level in 

period s to be half that of period t.  

 

Consider the two sets of hedonic price equations given below, where the 

notation is as discussed above: 

0 1

0 1

K
is k kis isk

K
it st k kit itk

P z u

P z u

β β

α β β
=

=

⎫= + + ⎪
⎬

= + + + ⎪⎭

∑
∑

 A  

0 1

0 1
.

K
is ts k kis isk

K
it k kit itk

P z u

P z u

α β β

β β
=

=

⎫= + + + ⎪
⎬

= + + ⎪⎭

∑
∑

 B  

Equation set A is identical to equation set B, except for the location of the shift 

parameter. In equation set A, the shift parameter is located in the second equation, while 

in equation set B, the shift parameter is located in the first equation. In equation set A, 

the OLS estimate ˆ ,stα  is the estimated price index in period t with base period s, and so 

ˆst stI α= . In equation set B, the estimate ˆ ,tsα  is the estimated price index in period s 

with base period t, and so ˆst stI α= . As such, the time reversal test of 1
ts

st

I
I

=  is 

satisfied if 1ˆ
ˆts

st

α
α

= .     
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Now, let the data be ordered so all observations from period s appear before the 

observations from period t. Let s0 denote a column vector of length equal to the number 

of observations from period s, all the elements of which are zeros. Let t1  denote a 

column vector of length equal to the number of observations in period t, all the elements 

of which are ones. Given this notation and ordering, the relationship between the OLS 

parameter estimates of equation set A and B can be simplified to: 

0 0
ˆˆˆ ˆ ,st tsα β α β

⎡ ⎤⎡ ⎤ ⎡ ⎤ ⎡ ⎤
+ = +⎢ ⎥⎢ ⎥ ⎢ ⎥ ⎢ ⎥

⎣ ⎦ ⎣ ⎦ ⎣ ⎦⎣ ⎦

ss s s

tt t t

10 1 1
01 1 1

 which implies the following two equations: 

0 0
ˆˆˆ ˆst tsα β α β⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤+ = +⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦

s s s s0 1 1 1  and 0 0
ˆˆˆ ˆ .st tsα β α β⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤+ = +⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦

t t t t1 1 0 1  Equations 

which in turn simplify to: 0 0
ˆˆ ˆtsβ α β= +  and 0 0

ˆˆˆ ,stα β β+ =  and so imply ˆ ˆ ,ts stα α= −  or 

.ts stI I= −  With price as the dependant variable the time reversal property is not 

satisfied.  

 

Now consider the two sets of hedonic price equations given below, where the 

dependant variable is the natural logarithm of price.  

0 1

0 1

K
is k kis isk

K
it st k kit itk

p z u

p z u

β β

α β β
=

=

⎫= + + ⎪
⎬

= + + + ⎪⎭

∑
∑

 C  

0 1

0 1

K
is ts k kis isk

K
it k kit itk

p z u

p z u

α β β

β β
=

=

⎫= + + + ⎪
⎬

= + + ⎪⎭

∑
∑

 D  

Equation set C is identical to equation set D, except for the location of the shift 

parameter. In equation set C, the shift parameter is located in the second equation, while 

in equation set D, the shift parameter is located in the first equation. The relationship 

between the two sets of equations therefore reduces as shown for equation sets A and B 

to ˆ ˆts stα α= − . Taking the antilog of both sides gives: [ ] [ ]ˆ ˆexp expts stα α= −  and so 

1 .ts
st

I
I

=  With log price as the dependant variable the time reversal property is satisfied.  
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APPENDIX 4.2 

ESTIMATING THE RETURN TO GRANGE  

 

 As discussed in the text, when estimating the return to a portfolio of Grange 

between period  ( 1989Q4,...,2000Q3)t t =  and period 1,t +  the possibility of the 

introduction of a new vintage in period 1t +  is ignored. As such the chained Laspeyres 

estimate of price change can be written as: 
1

1

1

1 100,
t

t

n t
t ii

n t
t ii

n p

n p

+
=

=

⎛ ⎞
⎜ ⎟− ×
⎜ ⎟
⎝ ⎠

∑
∑

 where tn  is the 

number of different vintages of Grange sold at time t. 

 

 Before illustrating with an example how the process of estimating returns 

incorporates the information in Table A4.1, some comments on the table are required. 

The table shows the average sale price of different vintages of Grange at different points 

in time. For example, the average sale price of vintage 1965 Grange in 1989Q4 was 

$158.0 and in 1990Q1 it was $152.8. In Table A4.1 the values in the total row represent 

the sum of the average sale values for each vintage, at each time period. So, in 1989Q1, 

vintages 1965 to 1983 were sold, and the total sale value of these 19 vintages was 

$1,586.4.  

 

There are however two entries in the total row for some times periods, and the 

1990Q4 column is the first column with two entries. Careful consideration of the 

formula for estimating price changes shows why this is necessary. When estimating the 

price change in period t, only those vintages already available in period 1t −  are 

considered. Vintage 1984 Grange is sold for the first time in period 1990Q4, and so this 

observation is not used when calculating the return in period 1990Q4, but is used when 

calculating the return in period 1991Q1. The first entry in the total row for period 

1990Q4 represents the sum of the average sale value of vintages 1965 to 1983 in period 

1990Q4. As such, the value $1,480.8 is used in the numerator of the price change 

formula to estimate the return for period 1990Q4. The second entry in the total row for 

period 1990Q4 represents the sum of the average sale value of vintages 1965 to 1984 in 

period 1990Q4. The value, $1,525.8, is used in the denominator of the price change 

formula to estimate the return for period 1991Q1. The difference between these two 

values, $45.0, is the average sale price of vintage 1984 Grange in period 1990Q4. The 

specific calculations are shown below. 
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The return to Grange in 1990Q4 is estimated as: 

( )
( )

90 3

90 3

90 4 90 4 90 490 4
90 3 1965 1966 198390 3 1

90 3 90 3 90 390 3
90 3 1965 1966 198390 3 1

...
1 100 1 100

...

Q

Q

n Q Q QQ
QQ ii

n Q Q QQ
QQ ii

n p p pn p
n p p pn p

=

=

⎛ ⎞ ⎛ ⎞× + + +
⎜ ⎟ ⎜ ⎟− × = − × =

⎜ ⎟⎜ ⎟ × + + +⎝ ⎠⎝ ⎠

∑
∑

  

( )
( )

19 138.8 142.8 ... 56.7 1480.81 100 1 100 .975
19 126.0 147.3 ... 55.3 1466.5
⎛ ⎞× + + + ⎛ ⎞− × = − × =⎜ ⎟ ⎜ ⎟⎜ ⎟× + + + ⎝ ⎠⎝ ⎠

percent.  

 

The return to Grange in 1991Q1 is estimated as: 

( )
( )

90 4

90 4

91 1 91 1 91 191 1
90 3 1965 1966 198490 4 1

90 4 90 4 90 490 4
90 3 1965 1966 198490 4 1

...
1 100 1 100

...

Q

Q

n Q Q QQ
QQ ii

n Q Q QQ
QQ ii

n p p pn p

n p p pn p
=

=

⎛ ⎞ ⎛ ⎞× + + +
⎜ ⎟ ⎜ ⎟− × = − × =

⎜ ⎟⎜ ⎟ + + +⎝ ⎠⎝ ⎠

∑
∑

 

( )
( )

20 101.0 105.0 ... 47.5 1467.91 100 1 100 3.795
20 138.8 142.8 ... 45.0 1525.8

⎛ ⎞× + + + ⎛ ⎞− × = − × = −⎜ ⎟ ⎜ ⎟⎜ ⎟× + + + ⎝ ⎠⎝ ⎠
 percent. 

 

Finally, the mean vintage return figure presented in the last column of Table 

A4.1 is the arithmetic mean of the quarterly return for each vintage. The reason the 

arithmetic mean, rather than some other measure, was chosen is outlined in Appendix 

4.3. Based on this measure, the two best performing vintages of Grange over the sample 

period were the 1990 vintage, and the 1986 vintage.  
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TABLE A4.1 
GRANGE QUARTERLY NOMINAL PRICE DATA (dollars)   

Time (Year and Quarter) 
1989 1990 1991 1992 1993 1994 1995 Vintage 

4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 
1965 158.0 152.8 165.0 126.0 138.8 101.0 110.5 136.8 136.5 136.2 136.0 145.8 155.7 159.2 162.7 161.0 145.5 195.0 158.2 203.7 141.6 180.5 204.0 
1966 174.5 126.0 136.6 147.3 142.8 105.0 142.2 145.5 150.0 141.0 154.5 172.5 181.5 168.8 156.0 152.0 145.5 166.3 233.5 243.7 189.0 185.5 273.7 
1967 120.3 134.0 132.0 83.7 88.0 90.9 93.8 91.8 81.5 147.0 101.0 95.0 135.8 133.0 130.3 115.5 130.7 185.0 125.6 126.3 133.4 134.0 162.3 
1968 105.3 97.0 90.0 70.3 70.0 85.0 80.6 76.3 85.5 85.5 85.5 90.5 93.0 96.8 100.5 93.5 123.5 112.0 111.0 122.0 98.9 96.8 128.0 
1969 74.0 81.0 50.0 71.2 67.0 71.5 76.0 74.0 71.3 70.0 78.0 73.3 87.0 87.5 88.0 81.0 90.0 90.0 97.5 93.7 92.5 80.5 93.3 
1970 63.0 73.0 67.5 78.0 73.0 71.0 81.2 91.0 86.0 81.0 81.5 84.0 87.8 96.5 105.3 85.8 105.0 120.0 114.3 105.2 103.6 91.0 107.8 
1971 124.5 129.0 140.0 134.0 121.1 111.0 123.5 150.5 143.3 138.5 144.5 133.5 164.7 180.0 191.5 178.0 214.7 241.5 275.5 270.3 254.8 240.8 258.3 
1972 59.5 48.8 55.0 57.8 56.8 61.3 65.8 71.0 70.8 65.0 72.3 60.5 78.3 77.5 74.5 71.5 68.0 84.5 83.9 74.3 82.0 73.5 108.7 
1973 66.8 68.5 56.8 67.5 62.0 66.0 71.0 63.0 70.5 81.0 81.0 81.0 85.7 91.8 98.0 98.5 95.5 113.8 97.0 108.5 94.3 91.5 85.5 
1974 70.5 79.0 74.5 70.0 88.0 84.8 81.5 78.3 75.0 92.0 85.3 78.5 101.5 101.3 101.0 125.0 120.0 105.0 99.8 97.2 100.7 100.5 108.0 
1975 70.8 65.5 61.5 75.9 67.0 71.0 69.8 75.4 81.0 85.0 80.5 84.3 88.0 99.0 110.0 105.8 114.8 118.8 115.5 113.7 115.0 115.5 129.0 
1976 86.8 85.5 80.0 94.3 88.8 88.8 88.8 90.0 82.2 88.0 100.0 111.0 110.8 114.8 130.0 125.5 128.3 161.3 166.8 163.5 147.1 148.3 155.3 
1977 61.5 61.8 65.3 63.8 65.8 76.0 78.2 71.0 71.0 75.7 80.3 85.0 89.0 93.5 101.0 109.5 100.5 112.3 107.8 133.5 111.0 131.0 138.0 
1978 70.5 68.5 67.6 66.8 65.9 58.4 51.0 67.0 74.0 81.0 81.3 81.7 82.0 86.5 113.3 109.0 104.0 116.5 117.7 126.8 113.0 98.5 120.0 
1979 61.9 63.8 58.1 52.5 59.7 61.8 64.0 66.0 67.3 68.7 70.0 70.0 76.8 81.5 77.5 81.0 79.0 100.5 103.7 110.8 85.0 99.3 119.8 
1980 58.0 50.0 51.8 52.3 53.5 53.0 64.5 51.0 70.0 73.2 76.3 76.0 81.3 80.0 83.0 85.8 87.8 97.5 114.8 115.8 110.3 119.8 122.6 
1981 49.7 51.5 52.8 42.8 50.3 45.5 56.0 58.4 60.8 60.9 61.0 61.0 56.3 68.3 76.0 81.0 86.0 118.5 104.3 109.5 105.0 91.0 127.8 
1982 60.0 60.0 58.7 57.3 65.7 57.5 67.7 73.0 73.5 77.5 81.5 82.0 85.8 83.5 94.5 100.8 103.0 109.3 120.1 118.2 116.3 112.0 136.5 
1983 51.0 52.4 53.8 55.3 56.7 60.9 65.1 69.3 73.5 81.0 81.0 81.0 70.5 77.5 91.0 90.5 91.0 120.5 135.5 137.2 134.0 131.8 141.8 
1984 - - - - 45.0 47.5 50 52.5 55.0 52.0 65.0 64.0 63.0 58.5 71.3 65.0 80.0 83.0 107.7 95.5 101.6 106.0 110.5 
1985 - - - - - - - - 55.8 53.3 60.0 60.9 61.8 62.8 67.8 65.0 75.4 85.8 98.5 102.5 95.5 99.0 105.0 
1986 - - - - - - - - - - 91.0 92.3 93.7 95.0 104.8 99.0 95.0 123.7 140.0 142.2 148.8 143.3 174.0 
1987 - - - - - - - - - - - - - - 65.0 67.7 70.3 73.0 84.0 86.0 78.0 90.5 102.3 
1988 - - - - - - - - - - - - - - - - - - 90.5 91.0 90.3 90.5 104.0 
1989 - - - - - - - - - - - - - - - - - - - - 87.5 72.0 93.8 
1990 - - - - - - - - - - - - - - - - - - - - - - - 
1991 - - - - - - - - - - - - - - - - - - - - - - - 
1992 - - - - - - - - - - - - - - - - - - - - - - - 
1993 - - - - - - - - - - - - - - - - - - - - - - - 
1994 - - - - - - - - - - - - - - - - - - - - - - - 
1995 - - - - - - - - - - - - - - - - - - - - - - - 

                        
1586.4 1547.9 1516.9 1466.5 1480.8 1467.9 1581.0 1651.5 1678.8 1833.3 1856.5 1963.8 2129.7 2193.0 2327.9 2347.2 2453.4 2833.7 2912.5 3090.8 2841.6 2922.8 3409.6 

Total 
     1525.8    1734.5  1947.5    2392.9    3003.0  2929.1   

Return (%) - -2.423 -2.005 -3.324 0.975 -3.795 7.705 4.465 1.647 5.696 1.266 0.834 8.449 2.974 6.152 -1.912 4.525 15.501 2.783 2.921 -8.062 -0.216 16.658 
 

 
(continued next page) 



 184

TABLE A4.1 (CONTINUED) 
GRANGE QUARTERLY NOMINAL PRICE DATA (dollars)   

Time (Year and Quarter) 

1995 1996 1997 1998 1999 2000 Vintage 

3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Mean 
Vintage 
Return 

(%) 

1965 207.3 244.3 230.0 227.6 268.0 289.0 246.8 250.0 236.5 244.0 260.3 248.0 220.0 277.0 272.0 283.4 276.5 305.5 253.3 369.2 308.1 304.9 2.705 
1966 278.7 321.5 260.3 349.0 324.2 277.8 282.0 340.0 352.6 333.5 302.0 373.8 330.5 327.8 433.8 315.0 396.9 373.3 483.8 417.2 353.3 302.8 2.851 
1967 171.5 149.0 141.0 183.2 189.5 186.8 200.0 200.0 194.5 196.0 166.5 200.5 180.3 166.0 197.0 170.7 219.8 230.5 235.3 215.0 181.9 235.3 3.420 
1968 129.0 117.3 127.0 134.3 182.0 144.7 144.8 160.0 199.1 186.0 198.7 206.5 157.0 154.7 175.5 137.5 160.5 192.0 230.0 163.0 158.8 190.5 2.472 
1969 111.5 105.2 131.0 141.8 134.0 116.8 135.0 159.0 183.0 146.5 150.8 150.5 176.2 127.3 138.5 143.0 192.4 187.0 204.9 172.1 185.1 185.3 3.203 
1970 124.4 110.0 120.3 153.9 141.7 135.5 128.0 175.0 201.5 188.0 170.5 198.0 177.8 138.7 148.7 144.9 175.4 204.5 210.1 214.0 197.0 196.8 3.392 
1971 298.9 279.8 306.0 375.3 324.8 360.5 348.5 397.5 422.8 485.0 483.8 447.9 492.2 511.5 459.6 395.1 443.2 464.1 420.8 446.8 491.9 489.0 3.655 
1972 114.2 101.7 127.5 133.0 129.3 105.5 150.0 150.0 156.9 153.3 165.3 147.2 143.5 105.7 131.5 128.8 136.3 142.9 175.3 151.5 169.6 159.0 3.323 
1973 110.0 103.2 106.5 141.2 128.5 142.5 130.0 142.5 160.3 169.7 166.7 164.8 127.1 123.9 141.2 111.3 146.1 150.0 150.0 161.5 177.0 183.6 3.074 
1974 142.5 120.0 120.5 126.5 133.3 150.5 148.0 142.9 137.8 165.2 171.4 179.8 184.0 184.8 166.0 167.8 182.0 211.5 206.0 201.1 190.7 190.0 2.834 
1975 139.4 150.0 142.0 187.3 168.0 167.5 151.8 166.3 182.8 169.7 194.0 197.2 176.1 150.8 159.6 148.4 147.0 282.1 204.6 182.3 182.2 181.1 3.262 
1976 159.5 156.8 213.3 228.7 214.0 193.7 160.0 272.5 306.6 306.7 288.7 255.0 287.1 271.0 321.5 245.4 305.1 282.1 302.3 302.6 385.9 364.4 4.337 
1977 135.8 126.7 144.3 164.5 166.3 147.5 164.3 170.0 182.3 183.2 195.7 177.5 198.5 183.3 186.5 147.2 170.8 162.9 174.0 194.0 215.1 180.9 2.951 
1978 132.2 131.8 144.0 160.3 163.3 162.5 180.5 180.0 204.5 204.5 166.0 201.0 194.3 170.7 197.8 202.8 188.1 211.9 230.0 233.8 245.0 242.0 3.394 
1979 126.9 115.5 140.0 161.3 184.0 165.0 147.8 175.0 193.5 201.0 169.8 188.7 195.3 158.0 167.8 187.8 184.0 177.6 225.3 214.4 200.3 208.8 3.423 
1980 126.3 131.3 160.0 175.3 172.0 166.0 174.3 185.0 211.9 220.5 229.3 228.3 211.4 195.9 193.9 186.4 198.5 213.6 225.9 230.4 230.6 219.8 3.482 
1981 128.9 125.8 150.0 155.3 158.7 166.5 161.5 177.5 201.9 217.2 219.8 227.0 215.1 205.3 183.4 188.1 198.4 196.5 209.7 214.1 219.5 234.9 4.191 
1982 133.1 140.7 143.5 173.4 170.5 166.7 172.0 187.5 204.8 196.8 224.0 217.0 207.3 196.4 184.7 178.5 185.8 205.5 231.5 223.6 217.3 211.3 3.175 
1983 155.3 155.7 189.3 210.3 202.7 212.2 209.8 227.5 259.3 274.2 293.8 258.8 255.3 236.4 235.4 217.3 237.9 244.0 233.3 262.4 235.5 249.3 4.012 
1984 128.8 114.3 133.5 157.8 145.5 135.0 155.3 172.5 198.3 210.3 222.8 205.5 191.6 188.1 177.8 174.1 178.9 185.1 190.6 203.8 199.3 198.0 4.271 
1985 130.0 122.2 139.5 161.5 155.3 144.3 143.3 167.5 202.3 201.8 218.8 216.0 196.2 177.8 180.5 185.9 199.8 215.3 182.6 204.1 204.1 212.7 4.188 
1986 180.3 183.8 211.0 262.2 290.8 272.0 269.5 282.5 320.1 360.0 327.5 329.7 321.5 293.8 309.6 304.6 296.0 319.9 316.5 327.5 321.9 355.5 4.466 
1987 114.0 122.3 144.0 156.2 143.2 142.3 151.5 165.0 194.9 204.5 220.2 225.5 195.2 184.8 173.7 173.0 195.0 198.5 191.3 201.8 202.5 206.8 4.240 
1988 121.8 121.8 143.0 168.7 154.7 159.0 150.0 175.0 208.4 207.2 215.5 208.5 195.1 196.1 183.3 189.0 203.1 213.0 209.5 218.7 205.6 215.7 3.725 
1989 91.3 104.3 120.8 144.9 129.5 144.5 153.5 172.5 204.0 208.3 213.8 211.5 190.5 170.3 177.3 197.1 184.3 204.6 204.0 204.3 200.5 212.1 4.352 
1990 160.0 196.0 255.0 325.0 287.2 273.2 284.3 302.5 407.8 401.5 387.0 422.2 357.6 381.5 375.5 376.4 377.9 413.0 414.6 412.9 401.0 426.3 5.519 
1991 - - - - 214.3 221.0 220.0 217.5 258.5 255.8 233.7 235.2 225.3 197.9 221.3 217.5 226.5 244.5 252.8 249.5 235.8 244.2 1.019 
1992 - - - - - - - - 221.3 219.8 213.3 205.3 206.7 199.1 201.5 194.3 189.0 206.0 205.3 196.1 187.1 195.5 -0.877 
1993 - - - - - - - - - - - - 222.3 219.2 212.4 216.5 200.6 209.4 211.4 205.3 188.3 195.2 -1.341 
1994 - - - - - - - - - - - - - - - - 236.0 236.8 242.0 228.7 223.5 213.5 -1.942 
1995 - - - - - - - - - - - - - - - - - - - 220.5 222.0 199.6 -4.705 

                    
3691.3 3850.7 4243.0 4958.1 4861.0 4948.3 4962.0 5513.2 6186.5 6510.1 6469.4 6526.8 6208.7 6093.5 6306.9 5927.5 6395.7 7083.5 7226.3 7221.7 7336.2 7404.4 

Total 
3851.3    5075.3    6407.7    6430.9    6631.7   7442.2 

Return (%) 8.260 -0.015 10.189 16.854 -1.959 -2.502 0.278 11.108 12.212 1.598 -0.624 0.886 -4.874 -5.247 3.502 -6.015 7.898 6.814 2.015 -0.063 -1.424 0.931  

Notes:  (1) As discussed in the text values in italics are values found by interpolation.  (2)  Mean vintage return is the arithmetic mean of the individual quarterly returns. See Appendix 4.3 for details.
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APPENDIX 4.3 

MEASURING THE AVERAGE RATE OF RETURN 

 

The Problem 

 Representing the average rate of return for an extended period with a single 

figure is not a judgement free task. Different methods of calculating average returns 

give different figures. The appropriate method, like so many things, depends on the end 

use, and the criteria used to evaluate each approach. One approach to assessing different 

methods is to realise the estimated average return for the entire period is the weighted 

sum of the individual returns. Differences in estimates can therefore be explained by 

differences in weighting schemes. These weighting schemes can then be compared, and 

the method with the most appropriate weighting scheme chosen. Others have also 

employed this framework to assess different methods for estimating average returns, 

and the following notes draw heavily on Kakwani (1992, pp. 3-9).  

 

I. Ordinary Least Squares 

 Perhaps the most common approach, and so a good starting point for discussion, 

is the least squares regression approach. The approach has, at its heart, the log 

transformation of the compound interest rate equation: t
t RPP )1(1 += , where tP  is the 

price in period  ( 2,..., )t t T= ; 1P  is the price in the base period, and R is the average 

return. If we allow α  to denote 1log P , and β  to denote )1log( R+ , then the OLS 

regression equation can be written as log ,t tP tα β ε= + +  where tε  is a zero mean 

constant variance error term. Then, using β̂  and α̂  to denote the OLS estimates of β  

and ,α  the estimated average return, denoted R̂ , is ˆexp( ) 1.β −   

 

 Let ( )( )1 1t t t tr P P P− −= −  and so denote the return in period t. Then, as shown in 

Kakwani (1992, pp. 4-5), 
2

ˆ ˆlog(1 ) log(1 )T
t tt

R w rβ
=

= + = +∑ , where 
2

1,T
tt

w
=

=∑  and 

6( 1)( 1 ) .
( 1)( 1)t
t T tw

T T T
− + −

=
+ −

 The OLS regression approach therefore places greater weight on 

the returns in the middle of the sample, and the maximum weight is given when 
2
Tt = .  

The impact of such a weighting scheme is non trivial. In the case of the Grange data set 

there are price observations for 45 quarters. The OLS approach therefore weights 
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returns in quarters 22 and 23 approximately 11 times greater than the returns in quarters 

2 and 45. 

 

II. Restricted Ordinary Least Squares 

 The above OLS approach can be modified. The α  coefficient, 1log ,P  is known 

in advance, and so the equation estimated can be restricted so α̂ α= . In effect, the 

regression equation becomes: 1(log log ) ( 1) ,t tP P tβ ε− = − +  where, as shown in 

Kakwani (1992, pp. 4-5), 
2

ˆ ˆlog(1 ) log(1 )T
t tt

R w rβ
=

= + = +∑ , 
2

1,T
tt

w
=

=∑  and 

3[ ( 1) ( 1)( 2)].
( 1)(2 1)t

T T t tw
T T T
− − − −

=
+ −

 The weights are a decreasing function of time, and so 

the restricted OLS approach places greater emphasis on earlier returns. Specifically, for 

the Grange data set, the weight given to the return in quarter 2 is approximately 22 

times greater than the weight given to the return in quarter 45. 

 

 III. Equal Weight Ordinary Least Squares 

 Both the standard OLS and restricted OLS estimation approaches implicitly 

weight the individual returns in undesirable ways. Yet, the problem is not satisfactorily 

solved by simply imposing equal weights on the model. Imposing equal weights 

implies: 
2

1

1
ˆ ˆlog(1 ) log(1 )T

ttT
R rβ

=−
= + = +∑ , and, by taking the exponent of both sides  

( )
1

1
2

ˆ(1 ) 1 .T
T

t
R r −

=
+ = +∏  Remembering ( )( )1 1t t t tr P P P− −= − , the result collapses to 

( )
1

1
1

ˆ 1 .T
TR P P −

⎡ ⎤= −⎢ ⎥⎣ ⎦
 Dependence on only the first and last observation for calculating 

the average return over an extended time period is generally inappropriate. As such, the 

equally weighted OLS approach is not appropriate. 

 

IV. Arithmetic Mean  

 Rather than give equal weight to 
2
log(1 ),T

tt
r

=
+∑  one could think of giving 

equal weight directly to tr , so that 
2

1

1
ˆ T

ttT
R r

=−
= ∑ . The estimated mean return is then 

the arithmetic mean of the individual returns. While the simplest measure of the mean 

return, simplicity, on occasion, has advantages.  
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 That, however, is not to say there are no limitations to using the arithmetic mean 

as a summary statistic. For example, say in period one the price of a bottle of wine is 

$100, in period two the price increases to $200, and in period three the price falls back 

to $100. Given this scenario, the calculated arithmetic mean return for the period is 

( ) ( )1 2 200 100 100 100 200 200 100 25 percent.× − + − × =⎡ ⎤⎣ ⎦  The calculated geometric 

mean return on the other hand is ( )1 2100 100 1 100 0 percent.⎡ ⎤− × =⎣ ⎦  The figure 

providing the most appropriate measure of return will vary depending on the 

circumstances.  

 

If we assume the investor bought 10 bottles of wine in period one, did nothing in 

period two, and then sold the wine in period three, the geometric mean is the most 

appropriate indicator of investor return. The wine was bought for $100 10 = $1,000×  in 

period one, and sold for $1,000 in period three, and so the average return for the total 

period is zero. If, however, different assumptions are made, the arithmetic mean is the 

most appropriate measure.  

 

Assume in period one $1,000 is invested in wine. Then, assume in period two 

this investment is realised, and the profit or loss transferred to or from a separate bank 

account. Further, assume in period two, $1,000 is again invested in wine, and in period 

three this investment is realised, and the profit or loss transferred to or from a separate 

bank account. The dollar return for such an investor is $1,000 in period two and minus 

$500 in period three. The average return over the entire period is then 

( )( )1 2 1000 500 1000 100 25 percent .× − × =  Given this set of assumptions about the  

investment strategy, the arithmetic mean is a suitable summary measure of average 

return for the entire period. 

 

Summary 

 The four approaches discussed above weight individual returns in different 

ways. The standard OLS estimation approach places greatest emphasis on the middle 

observations; the restricted OLS approach places greatest emphasis on the early 

observations; the equal weight OLS approach uses only the first and last observation; 

and the arithmetic mean approach places equal weight on each observation. For 

completeness, we should note it is also possible to conceive of a system that places 

greater emphasis on later observations. Kakwani (1992, p. 8) notes the following 
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weighting structure as generating weights which are monotonically increasing with 

time: 
( )2

2 ,
2t

tw
T T

=
+ −

 and 
2

1.T
tt

w
=

=∑  In choosing a method for calculating the 

mean return, the purpose the measure is to be used for, and the assumptions made, are 

important. Ultimately however, an element of subjectivity remains, and there is no 

absolute correct answer. With respect to providing a measure of the average return to 

wine, it is felt, on balance, the arithmetic mean approach provides the best summary 

indicator. As such, unless otherwise stated in the text, mean refers to the arithmetic 

mean. 
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APPENDIX 4.4 

ESTIMATION RESULTS AND SUMMARY FINDINGS  

 
 

The adjacent period hedonic price model used in the chapter is reproduced and 

renumbered below: 

0
V K C

is v isv k isk c isc isv k c
p x y z uβ γ φ δ= + + + +∑ ∑ ∑    (A4.5) 

0 .V K C
it st v itv k itk c itc itv k c

p x y z uα β γ φ δ= + + + + +∑ ∑ ∑   (A4.6) 

Where isp  is the natural logarithm of the price of wine ( 1,..., )i i n=  in period 

 ( 1);s s t= −  itp  is the natural logarithm of the price of wine i in period 

 ( 1990Q1,...,2000Q4);t t =  and n  is equal to the sum of the number of observations in 

periods t and s. If wine i, a wine sold in period s, is from vintage  ( 1965,...,2000)v v =  

then isvx  takes the value one; zero otherwise. If wine i, a wine sold in period s, is from 

Langton’s classification ( 1,...,4)k k =  then isky  takes the value one; zero otherwise. If 

wine i, a wine sold in period s, is from grape variety ( 1,...,8)c c =  then iscz  takes the 

value one; zero otherwise. The interpretation for wines sold in period t is the same. As 

the 0 ,β ,vγ ,kφ  and cδ  coefficients are constrained to be the same in adjacent periods, 

the estimated average percentage change in price between period s and period t can be 

found as ( )ˆexp( ) 1 100,stα − ×  where ˆstα  is the OLS estimate of .stα  The isu  and itu  in 

equations (A4.5) and (A4.6) are zero mean error terms, which may be heteroscedastic.  

 

 The complete estimation results for the model are reported in Table A4.2. For 

example, consider the adjacent period 1989Q4-1990Q1. The estimated change in the log 

price of wine in 1990Q1, the log return, was -.068, and so the estimated return is minus 

6.6 percent. The remaining coefficient estimates are constrained to be equal in both 

1989Q4 and 1990Q1, and can be interpreted as follows. In the adjacent period 1989Q4-

1990Q1, the estimated premium of vintage 1966 wines, relative to vintage 1965 wines, 

was, in log price terms, .163, or 17.7 percent. The estimated discount, relative to Shiraz, 

that Cabernet wine sold for, was, in log price terms, .156, or 14.4 percent. Wines with 

the rating Outstanding, relative to wines with the rating Exceptional, sold for a discount, 

in log price terms, of .802, or 55.2 percent. The estimates for the remaining adjacent 

periods, as well as the vintage 1986, 1990, and 1994 wine portfolio estimates, are 

interpreted the same way. Standard errors, corrected for heteroscedasticity where 
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appropriate, are also presented. Finally, for each adjacent period, summary statistics are 

given. The Chi-statistic was used in the Koenker and Basset adjusted Breusch-Pagan 

Lagrange Multiplier test for heteroscedasticity. In the last row of each table N refers to 

the number of observations, and K to the number of estimated parameters. To assist with 

comprehending the detail presented in Table A4.2, summary frequency plots of the 

estimates are also presented. Figure A4.1 shows the distribution of point estimates for 

each variable in the all wine model, and Figure A4.2 shows the distribution of point 

estimates for each variable in the vintage 1986, 1990, and 1994 only model. 

 

 



 191

 

TABLE A4.2 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1989Q4-1990Q1  Period 1990Q1-1990Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.395 (0.219)  2.961 (0.444)  4.384 (0.253)  3.286 (0.590) 
log return -0.068 (0.052)  0.105 (0.190)  0.062 (0.065)  -0.080 (0.377) 
Vintage            
1966 0.163 (0.341)  - -  0.052 (0.414)  - - 
1967 -0.164 (0.320)  - -  -0.168 (0.353)  - - 
1968 -0.191 (0.299)  - -  -0.299 (0.353)  - - 
1969 -0.470 (0.309)  - -  -0.667 (0.489)  - - 
1970 -0.518 (0.330)  - -  -0.164 (0.261)  - - 
1971 -0.304 (0.367)  - -  -0.053 (0.349)  - - 
1972 -0.796 (0.265)  - -  -0.637 (0.262)  - - 
1973 -0.525 (0.252)  - -  -0.742 (0.282)  - - 
1974 -0.472 (0.289)  - -  -0.687 (0.345)  - - 
1975 -0.524 (0.265)  - -  -0.379 (0.274)  - - 
1976 -0.113 (0.232)  - -  -0.176 (0.288)  - - 
1977 -0.551 (0.239)  - -  -0.496 (0.287)  - - 
1978 -0.502 (0.222)  - -  -0.542 (0.278)  - - 
1979 -0.545 (0.229)  - -  -0.637 (0.276)  - - 
1980 -0.296 (0.219)  - -  -0.308 (0.264)  - - 
1981 -0.353 (0.222)  - -  -0.377 (0.266)  - - 
1982 -0.252 (0.216)  - -  -0.259 (0.255)  - - 
1983 -0.594 (0.222)  - -  -0.583 (0.265)  - - 
1984 -0.485 (0.220)  - -  -0.476 (0.263)  - - 
1985 -0.567 (0.225)  - -  -0.617 (0.266)  - - 
1986 -0.594 (0.229)  - -  -0.531 (0.269)  - - 
1987 -0.707 (0.223)  - -  -0.572 (0.257)  - - 
1988 -0.773 (0.247)  - -  -0.668 (0.285)  - - 
1989 - -  - -  - -  - - 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.156 (0.068)  0.385 (0.331)  -0.200 (0.082)  0.165 (0.506) 
Chardonnay 0.043 (0.092)  0.597 (0.355)  -0.056 (0.105)  -0.009 (0.622) 
Pinot Noir 0.459 (0.100)  0.955 (0.314)  0.513 (0.144)  0.576 (0.488) 
Riesling -0.071 (0.138)  - -  -0.402 (0.186)  - - 
Botrytis 0.512 (0.088)  - -  0.487 (0.097)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Langton’s Categories            
Outstanding -0.802 (0.112)  -0.448 (0.347)  -0.880 (0.139)  -0.453 (0.405) 
Excellent -0.791 (0.072)  -0.604 (0.402)  -0.817 (0.083)  -0.268 (0.492) 
Distinguished -0.873 (0.077)  -0.606 (0.340)  -0.868 (0.089)  -0.522 (0.402) 
Summary Statistics            

2R , 2R  0.588 0.538  0.510 0.281  0.651 0.591  0.373 -0.175 
F- statistic 11.934   2.227   10.895   0.680  
Chi-statistic 73.618   9.206   55.732   7.574  
(N,K) 301 33  23 8  220 33  16 8 

 

(continued next page) 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1990Q2-1990Q3  Period 1990Q3-1990Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.965 (0.241)  3.425 (0.601)  3.910 (0.538)  3.162 (0.228) 
log return 0.012 (0.057)  -0.219 (0.306)  -0.045 (0.044)  0.303 (0.131) 
Vintage            
1966 -0.494 (0.314)  - -  0.565 (0.581)  - - 
1967 -0.643 (0.295)  - -  0.286 (0.545)  - - 
1968 -0.754 (0.310)  - -  0.134 (0.536)  - - 
1969 -0.986 (0.287)  - -  0.072 (0.592)  - - 
1970 -0.970 (0.295)  - -  -0.139 (0.559)  - - 
1971 -0.478 (0.286)  - -  0.199 (0.578)  - - 
1972 -1.075 (0.295)  - -  -0.213 (0.544)  - - 
1973 -1.256 (0.266)  - -  -0.227 (0.541)  - - 
1974 -1.238 (0.297)  - -  -0.218 (0.554)  - - 
1975 -0.837 (0.310)  - -  0.196 (0.529)  - - 
1976 -0.574 (0.272)  - -  0.301 (0.544)  - - 
1977 -0.965 (0.279)  - -  -0.022 (0.542)  - - 
1978 -0.762 (0.304)  - -  0.078 (0.526)  - - 
1979 -0.857 (0.265)  - -  0.066 (0.530)  - - 
1980 -0.764 (0.266)  - -  0.187 (0.525)  - - 
1981 -1.198 (0.263)  - -  -0.160 (0.531)  - - 
1982 -0.722 (0.261)  - -  0.269 (0.524)  - - 
1983 -1.152 (0.272)  - -  -0.044 (0.523)  - - 
1984 -0.963 (0.262)  - -  0.010 (0.525)  - - 
1985 -1.182 (0.262)  - -  -0.073 (0.525)  - - 
1986 -1.154 (0.267)  - -  -0.046 (0.528)  - - 
1987 -1.114 (0.274)  - -  -0.210 (0.525)  - - 
1988 -1.293 (0.284)  - -  -0.344 (0.528)  - - 
1989 - -  - -  0.087 (0.669)  - - 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.140 (0.071)  0.052 (0.314)  -0.197 (0.059)  -0.083 (0.151) 
Chardonnay -0.042 (0.097)  0.109 (0.475)  -0.025 (0.073)  -0.150 (0.239) 
Pinot Noir 0.291 (0.152)  0.491 (0.419)  0.257 (0.128)  0.258 (0.226) 
Riesling -0.376 (0.143)  - -  -0.358 (0.098)  -0.338 (0.393) 
Botrytis - -  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Langton’s Categories            
Outstanding -0.887 (0.117)  -0.641 (0.609)  -0.698 (0.091)  -0.260 (0.221) 
Excellent -0.864 (0.077)  -0.320 (0.429)  -0.745 (0.070)  -0.111 (0.209) 
Distinguished -0.931 (0.078)  -0.349 (0.439)  -0.787 (0.069)  -0.305 (0.207) 
Summary Statistics            

2R , 2R  0.730 0.680  0.341 -0.429  0.554 0.507  0.402 0.174 
F- statistic 14.654   0.443   11.906   1.765  
Chi-statistic 31.542   7.789   89.729   9.280  
(N,K) 200 32  14 8  340 33  30 9 

 

(continued next page) 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1990Q4-1991Q1  Period 1991Q1-1991Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 3.826 (0.539)  3.621 (0.180)  4.632 (0.236)  4.632 (0.236) 
log return -0.006 (0.053)  0.049 (0.132)  0.055 (0.049)  0.055 (0.049) 
Vintage            
1966 0.591 (0.577)  - -  -0.240 (0.289)  - - 
1967 0.295 (0.543)  - -  -0.378 (0.334)  - - 
1968 0.220 (0.545)  - -  -0.511 (0.334)  - - 
1969 -0.075 (0.639)  - -  -0.854 (0.334)  - - 
1970 -0.063 (0.579)  - -  -0.480 (0.304)  - - 
1971 0.237 (0.606)  - -  -0.156 (0.289)  - - 
1972 -0.242 (0.549)  - -  -0.919 (0.290)  - - 
1973 -0.107 (0.548)  - -  -0.716 (0.304)  - - 
1974 -0.184 (0.573)  - -  -0.635 (0.309)  - - 
1975 -0.044 (0.569)  - -  -0.928 (0.268)  - - 
1976 0.160 (0.545)  - -  -0.700 (0.275)  - - 
1977 0.015 (0.540)  - -  -0.628 (0.274)  - - 
1978 0.052 (0.521)  - -  -0.648 (0.265)  - - 
1979 0.031 (0.529)  - -  -0.784 (0.278)  - - 
1980 0.156 (0.523)  - -  -0.712 (0.258)  - - 
1981 -0.063 (0.528)  - -  -0.770 (0.260)  - - 
1982 0.248 (0.523)  - -  -0.553 (0.255)  - - 
1983 0.025 (0.520)  - -  -0.852 (0.264)  - - 
1984 -0.043 (0.520)  - -  -0.917 (0.250)  - - 
1985 0.029 (0.522)  - -  -0.874 (0.252)  - - 
1986 0.085 (0.522)  - -  -0.835 (0.253)  - - 
1987 -0.190 (0.523)  - -  -0.973 (0.260)  - - 
1988 -0.260 (0.526)  - -  -0.982 (0.282)  - - 
1989 0.072 (0.676)  - -  -1.564 (0.313)  - - 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.199 (0.061)  -0.211 (0.152)  -0.190 (0.063)  -0.194 (0.226) 
Chardonnay -0.016 (0.091)  -0.293 (0.270)  -0.009 (0.108)  -0.145 (0.384) 
Pinot Noir 0.422 (0.113)  0.413 (0.206)  0.513 (0.100)  0.557 (0.253) 
Riesling -0.250 (0.118)  -0.389 (0.349)  -0.153 (0.185)  -0.365 (0.364) 
Botrytis       0.621 (0.346)    
Merlot            
Semillon            
Langton’s Categories            
Outstanding -0.681 (0.093)  -0.384 (0.180)  -0.747 (0.081)  -0.751 (0.190) 
Excellent -0.754 (0.074)  -0.171 (0.202)  -0.804 (0.064)  -0.547 (0.186) 
Distinguished -0.758 (0.074)  -0.508 (0.176)  -0.774 (0.065)  -0.728 (0.179) 
Summary Statistics            

2R , 2R  0.544 0.485  0.528 0.348  0.703 0.651  0.690 0.535 
F- statistic 9.222   2.932   13.484   4.456  
Chi-statistic 79.445   8.732   40.271   9.437  
(N,K) 280 33  30 9  222 34  25 9 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1991Q2-1991Q3  Period 1991Q3-1991Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.559 (0.210)  3.279 (0.254)  4.505 (0.250)  3.362 (0.275) 
log return 0.013 (0.049)  0.146 (0.133)  0.106 (0.049)  0.127 (0.139) 
Vintage            
1966 -0.084 (0.273)  - -  0.133 (0.321)  - - 
1967 -0.036 (0.327)  - -  -0.098 (0.352)  - - 
1968 -0.238 (0.413)  - -  -0.166 (0.352)  - - 
1969 -0.229 (0.414)  - -  - -  - - 
1970 -0.283 (0.291)  - -  -0.312 (0.352)  - - 
1971 0.081 (0.274)  - -  0.392 (0.295)  - - 
1972 -0.773 (0.253)  - -  -0.604 (0.293)  - - 
1973 -0.697 (0.272)  - -  -0.746 (0.288)  - - 
1974 -0.519 (0.255)  - -  -0.295 (0.293)  - - 
1975 -0.568 (0.274)  - -  -0.328 (0.320)  - - 
1976 -0.568 (0.242)  - -  -0.515 (0.281)  - - 
1977 -0.622 (0.239)  - -  -0.668 (0.276)  - - 
1978 -0.544 (0.232)  - -  -0.459 (0.281)  - - 
1979 -0.719 (0.245)  - -  -0.560 (0.283)  - - 
1980 -0.483 (0.237)  - -  -0.465 (0.269)  - - 
1981 -0.610 (0.240)  - -  -0.584 (0.277)  - - 
1982 -0.475 (0.224)  - -  -0.407 (0.259)  - - 
1983 -0.825 (0.232)  - -  -0.746 (0.270)  - - 
1984 -0.740 (0.222)  - -  -0.626 (0.262)  - - 
1985 -0.845 (0.222)  - -  -0.823 (0.259)  - - 
1986 -0.784 (0.223)  - -  -0.661 (0.259)  - - 
1987 -0.937 (0.225)  - -  -0.864 (0.258)  - - 
1988 -0.850 (0.253)  - -  -0.828 (0.278)  - - 
1989 -1.563 (0.281)  - -  -1.079 (0.295)  - - 
1990 - -  - -  -0.692 (0.360)  -0.140 (0.241) 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.077 (0.063)  0.237 (0.192)  -0.014 (0.061)  0.181 (0.161) 
Chardonnay 0.125 (0.115)  0.304 (0.380)  0.227 (0.094)  0.174 (0.213) 
Pinot Noir 0.501 (0.095)  0.808 (0.227)  0.450 (0.102)  0.802 (0.245) 
Riesling -0.314 (0.227)  - -  -0.277 (0.171)  -0.249 (0.375) 
Botrytis 0.762 (0.271)  - -  0.611 (0.216)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.585 (0.439)  - - 
Langton’s Categories            
Outstanding -0.737 (0.083)  -0.624 (0.226)  -0.756 (0.086)  -0.480 (0.262) 
Excellent -0.865 (0.068)  -0.613 (0.197)  -0.937 (0.068)  -0.532 (0.234) 
Distinguished -0.913 (0.068)  -0.671 (0.215)  -0.985 (0.067)  -0.564 (0.238) 
Summary Statistics            

2R , 2R  0.709 0.662  0.600 0.435  0.709 0.661  0.522 0.318 
F- statistic 15.043   3.641   14.942   2.553  
Chi-statistic 28.820   7.327   40.376   10.573  
(N,K) 238 34  25 8  244 35  31 10 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1991Q4-1992Q1  Period 1992Q1-1992Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.764 (0.191)  3.710 (0.160)  4.339 (0.432)  4.339 (0.432) 
log return -0.110 (0.043)  -0.028 (0.088)  0.057 (0.045)  0.057 (0.045) 
Vintage            
1966 - -  - -  0.268 (0.462)  - - 
1967 -0.164 (0.304)  - -  -0.021 (0.533)  - - 
1968 -0.693 (0.362)  - -  -0.352 (0.545)  - - 
1969 -1.059 (0.298)  - -  -0.674 (0.483)  - - 
1970 -0.732 (0.300)  - -  -0.208 (0.486)  - - 
1971 -0.185 (0.463)  - -  -0.152 (0.573)  - - 
1972 -0.608 (0.220)  - -  -0.250 (0.441)  - - 
1973 -0.893 (0.300)  - -  -0.310 (0.467)  - - 
1974 -0.187 (0.226)  - -  0.182 (0.432)  - - 
1975 -0.490 (0.271)  - -  -0.335 (0.566)  - - 
1976 -0.651 (0.271)  - -  -0.082 (0.481)  - - 
1977 -1.068 (0.360)  - -  -0.522 (0.440)  - - 
1978 -0.511 (0.221)  - -  -0.336 (0.463)  - - 
1979 -0.727 (0.219)  - -  -0.382 (0.441)  - - 
1980 -0.679 (0.214)  - -  -0.314 (0.456)  - - 
1981 -0.658 (0.208)  - -  -0.269 (0.439)  - - 
1982 -0.567 (0.196)  - -  -0.187 (0.433)  - - 
1983 -0.726 (0.206)  - -  -0.349 (0.444)  - - 
1984 -0.813 (0.196)  - -  -0.505 (0.434)  - - 
1985 -0.936 (0.195)  - -  -0.539 (0.435)  - - 
1986 -0.778 (0.197)  - -  -0.331 (0.435)  - - 
1987 -0.985 (0.201)  - -  -0.625 (0.435)  - - 
1988 -0.871 (0.201)  - -  -0.441 (0.439)  - - 
1989 -1.088 (0.208)  - -  -0.661 (0.439)  - - 
1990 -1.012 (0.260)  -0.284 (0.268)  -0.677 (0.446)  -0.295 (0.168) 
1991 -1.013 (0.230)  - -  -0.650 (0.438)  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.179 (0.057)  -0.069 (0.119)  -0.212 (0.063)  -0.231 (0.138) 
Chardonnay 0.081 (0.074)  -0.088 (0.142)  -0.035 (0.084)  -0.139 (0.161) 
Pinot Noir 0.403 (0.079)  0.542 (0.184)  0.432 (0.073)  0.292 (0.175) 
Riesling -0.292 (0.085)  -0.381 (0.269)  -0.270 (0.098)  - - 
Botrytis 0.368 (0.110)  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon -0.507 (0.151)  - -  -0.502 (0.088)  -0.641 (0.347) 
Langton’s Categories            
Outstanding -0.729 (0.074)  -0.529 (0.157)  -0.828 (0.082)  -0.622 (0.169) 
Excellent -0.832 (0.073)  -0.621 (0.133)  -0.885 (0.065)  -0.690 (0.132) 
Distinguished -0.849 (0.067)  -0.565 (0.136)  -0.869 (0.066)  -0.689 (0.130) 
Summary Statistics            

2R , 2R  0.717 0.675  0.648 0.517  0.755 0.714  0.686 0.588 
F- statistic 16.977   4.919   18.444   7.034  
Chi-statistic 93.128   8.070   91.624   10.914  
(N,K) 270 36  34 10  245 37  39 10 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1992Q2-1992Q3  Period 1992Q3-1992Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.442 (0.415)  3.780 (0.183)  4.112 (0.236)  3.490 (0.139) 
log return -0.017 (0.061)  -0.133 (0.124)  0.146 (0.065)  0.183 (0.092) 
Vintage            
1966 0.239 (0.420)  - -  0.020 (0.318)  - - 
1967 -0.152 (0.517)  - -  0.547 (0.359)  - - 
1968 0.043 (0.417)  - -  0.046 (0.298)  - - 
1969 -0.460 (0.549)  - -  -0.107 (0.319)  - - 
1970 -0.018 (0.416)  - -  0.158 (0.319)  - - 
1971 -0.150 (0.485)  - -  0.464 (0.272)  - - 
1972 -0.302 (0.421)  - -  0.097 (0.318)  - - 
1973 -0.333 (0.449)  - -  0.108 (0.319)  - - 
1974 0.173 (0.468)  - -  0.425 (0.299)  - - 
1975 -0.600 (0.634)  - -  -0.140 (0.359)  - - 
1976 0.238 (0.417)  - -  0.309 (0.318)  - - 
1977 -0.443 (0.448)  - -  0.165 (0.318)  - - 
1978 -0.672 (0.553)  - -  -0.206 (0.317)  - - 
1979 -0.319 (0.431)  - -  0.056 (0.326)  - - 
1980 -0.215 (0.446)  - -  -0.008 (0.258)  - - 
1981 -0.339 (0.423)  - -  -0.149 (0.267)  - - 
1982 -0.193 (0.420)  - -  0.149 (0.247)  - - 
1983 -0.490 (0.441)  - -  -0.118 (0.253)  - - 
1984 -0.610 (0.422)  - -  -0.088 (0.246)  - - 
1985 -0.619 (0.428)  - -  -0.243 (0.247)  - - 
1986 -0.419 (0.427)  - -  -0.133 (0.239)  - - 
1987 -0.717 (0.429)  - -  -0.434 (0.244)  - - 
1988 -0.628 (0.436)  - -  -0.492 (0.251)  - - 
1989 -0.745 (0.433)  - -  -0.691 (0.253)  - - 
1990 -0.526 (0.434)  -0.282 (0.269)  -0.598 (0.284)  -0.518 (0.138) 
1991 - -  - -  1.015 (0.473)  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.067 (0.082)  0.021 (0.168)  0.007 (0.070)  0.181 (0.102) 
Chardonnay 0.046 (0.096)  0.130 (0.236)  0.259 (0.108)  0.251 (0.145) 
Pinot Noir 0.468 (0.131)  0.657 (0.238)  0.496 (0.125)  0.605 (0.142) 
Riesling -0.213 (0.136)  - -  -0.004 (0.184)  - - 
Botrytis - -  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon -0.522 (0.136)  - -  -0.467 (0.305)  -0.507 (0.270) 
Langton’s Categories            
Outstanding -0.921 (0.126)  -0.686 (0.234)  -0.926 (0.114)  -0.719 (0.171) 
Excellent -0.977 (0.087)  -0.709 (0.174)  -1.063 (0.078)  -0.568 (0.144) 
Distinguished -1.031 (0.084)  -0.735 (0.170)  -1.150 (0.086)  -0.671 (0.135) 
Summary Statistics            

2R , 2R  0.788 0.738  0.592 0.444  0.740 0.688  0.782 0.700 
F- statistic 15.857   3.998   14.262   9.555  
Chi-statistic 56.755   7.741   38.356   9.216  
(N,K) 180 35  31 9  211 36  34 10 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1992Q4-1993Q1  Period 1993Q1-1993Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.121 (0.194)  3.878 (0.160)  4.298 (0.311)  3.879 (0.149) 
log return -0.090 (0.053)  -0.070 (0.110)  0.126 (0.048)  0.130 (0.121) 
Vintage            
1966 0.119 (0.291)  - -  0.082 (0.412)  - - 
1967 -0.018 (0.291)  - -  -0.427 (0.434)  - - 
1968 -0.172 (0.269)  - -  -0.377 (0.367)  - - 
1969 -0.462 (0.290)  - -  -0.767 (0.490)  - - 
1970 0.113 (0.330)  - -  -0.434 (0.445)  - - 
1971 0.994 (0.270)  - -  0.135 (0.435)  - - 
1972 0.259 (0.290)  - -  -0.287 (0.412)  - - 
1973 -0.209 (0.271)  - -  -0.439 (0.384)  - - 
1974 0.413 (0.290)  - -  -0.118 (0.375)  - - 
1975 -0.134 (0.332)  - -  0.191 (0.317)  - - 
1976 0.401 (0.269)  - -  -0.073 (0.347)  - - 
1977 0.230 (0.256)  - -  0.045 (0.326)  - - 
1978 0.020 (0.246)  - -  -0.038 (0.326)  - - 
1979 0.369 (0.256)  - -  -0.008 (0.332)  - - 
1980 -0.088 (0.229)  - -  -0.085 (0.323)  - - 
1981 -0.082 (0.239)  - -  -0.353 (0.318)  - - 
1982 0.175 (0.211)  - -  -0.046 (0.317)  - - 
1983 -0.073 (0.208)  - -  -0.372 (0.316)  - - 
1984 -0.059 (0.205)  - -  -0.367 (0.315)  - - 
1985 -0.170 (0.205)  - -  -0.331 (0.314)  - - 
1986 -0.052 (0.204)  - -  -0.292 (0.315)  - - 
1987 -0.347 (0.210)  - -  -0.468 (0.314)  - - 
1988 -0.397 (0.213)  - -  -0.553 (0.318)  - - 
1989 -0.591 (0.211)  - -  -0.753 (0.319)  - - 
1990 -0.582 (0.250)  -0.551 (0.152)  -0.655 (0.334)  -0.420 (0.187) 
1991 0.998 (0.444)  - -  -0.779 (0.314)  - - 
1992 -0.143 (0.439)  - -  -0.632 (0.379)  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.080 (0.057)  -0.024 (0.108)  -0.171 (0.053)  -0.155 (0.130) 
Chardonnay 0.149 (0.103)  0.116 (0.195)  0.049 (0.075)  0.060 (0.212) 
Pinot Noir 0.362 (0.141)  0.288 (0.201)  0.324 (0.106)  0.213 (0.275) 
Riesling -0.069 (0.187)  - -  -0.259 (0.111)  -0.048 (0.391) 
Botrytis 0.696 (0.394)  - -  0.080 (0.130)  -0.181 (0.356) 
Merlot - -  - -  - -  - - 
Semillon -0.601 (0.417)  -0.634 (0.329)  -0.432 (0.112)  -0.525 (0.356) 
Langton’s Categories            
Outstanding -0.662 (0.091)  -0.667 (0.192)  -0.622 (0.087)  -0.437 (0.194) 
Excellent -0.858 (0.064)  -0.614 (0.150)  -0.803 (0.060)  -0.651 (0.151) 
Distinguished -1.020 (0.070)  -0.770 (0.136)  -0.960 (0.062)  -0.764 (0.144) 
Summary Statistics            

2R , 2R  0.710 0.663  0.718 0.627  0.694 0.654  0.591 0.442 
F- statistic 15.067   7.910   17.429   3.948  
Chi-statistic 37.274   10.765   79.865   14.045  
(N,K) 266 38  38 10  323 38  42 12 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1993Q2-1993Q3  Period 1993Q3-1993Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.706 (0.222)  4.007 (0.154)  4.729 (0.188)  4.068 (0.159) 
log return 0.016 (0.051)  0.106 (0.106)  -0.023 (0.052)  -0.130 (0.103) 
Vintage            
1966 -0.084 (0.296)  - -  0.087 (0.262)  - - 
1967 -0.535 (0.315)  - -  -0.439 (0.307)  - - 
1968 -0.586 (0.279)  - -  -0.576 (0.308)  - - 
1969 -0.663 (0.334)  - -  -0.830 (0.325)  - - 
1970 -0.555 (0.278)  - -  -0.427 (0.219)  - - 
1971 -0.104 (0.339)  - -  0.085 (0.332)  - - 
1972 -0.634 (0.233)  - -  -0.575 (0.193)  - - 
1973 -0.589 (0.273)  - -  -0.685 (0.250)  - - 
1974 -0.480 (0.325)  - -  -0.423 (0.401)  - - 
1975 -0.015 (0.219)  - -  -0.033 (0.193)  - - 
1976 -0.366 (0.265)  - -  -0.298 (0.247)  - - 
1977 -0.299 (0.259)  - -  -0.589 (0.259)  - - 
1978 -0.151 (0.239)  - -  -0.452 (0.257)  - - 
1979 -0.357 (0.264)  - -  -0.382 (0.218)  - - 
1980 -0.181 (0.240)  - -  -0.339 (0.228)  - - 
1981 -0.589 (0.233)  - -  -0.403 (0.231)  - - 
1982 -0.210 (0.235)  - -  -0.214 (0.212)  - - 
1983 -0.571 (0.240)  - -  -0.651 (0.219)  - - 
1984 -0.583 (0.228)  - -  -0.509 (0.205)  - - 
1985 -0.499 (0.232)  - -  -0.561 (0.205)  - - 
1986 -0.477 (0.230)  - -  -0.472 (0.199)  - - 
1987 -0.669 (0.229)  - -  -0.775 (0.198)  - - 
1988 -0.669 (0.235)  - -  -0.618 (0.206)  - - 
1989 -0.964 (0.235)  - -  -0.876 (0.206)  - - 
1990 -0.681 (0.235)  -0.273 (0.146)  -0.686 (0.218)  -0.219 (0.106) 
1991 -1.044 (0.235)  - -  -1.135 (0.217)  - - 
1992 -1.084 (0.226)  - -  -0.949 (0.205)  - - 
1993 - -  - -  -0.999 (0.196)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.167 (0.057)  -0.084 (0.131)  -0.205 (0.064)  0.042 (0.119) 
Chardonnay 0.096 (0.071)  0.046 (0.164)  0.069 (0.088)  0.071 (0.207) 
Pinot Noir 0.367 (0.090)  0.250 (0.201)  0.422 (0.100)  0.595 (0.179) 
Riesling -0.230 (0.115)  -0.172 (0.347)  -0.254 (0.104)  - - 
Botrytis 0.099 (0.112)  -0.157 (0.333)  0.371 (0.134)  - - 
Merlot - -  - -  - -  - - 
Semillon -0.377 (0.108)  -0.526 (0.253)  -0.481 (0.080)  -0.442 (0.264) 
Langton’s Categories            
Outstanding -0.811 (0.102)  -0.637 (0.178)  -0.790 (0.092)  -0.876 (0.182) 
Excellent -0.946 (0.066)  -0.672 (0.156)  -0.923 (0.071)  -0.699 (0.159) 
Distinguished -1.076 (0.067)  -0.823 (0.158)  -1.053 (0.067)  -0.929 (0.157) 
Summary Statistics            

2R , 2R  0.732 0.695  0.644 0.514  0.745 0.705  0.637 0.544 
F- statistic 19.690   4.937   18.820   6.822  
Chi-statistic 67.837   19.814   67.832   15.228  
(N,K) 305 38  42 12  284 39  45 10 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1993Q4-1994Q1  Period 1994Q1-1994Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.820 (0.206)  4.077 (0.170)  4.952 (0.157)  4.336 (0.139) 
log return 0.178 (0.045)  0.158 (0.104)  -0.077 (0.044)  0.010 (0.098) 
Vintage            
1966 0.138 (0.206)  - -  -0.081 (0.262)  - - 
1967 -0.587 (0.467)  - -  -0.576 (0.304)  - - 
1968 -0.640 (0.306)  - -  -0.763 (0.226)  - - 
1969 -1.011 (0.349)  - -  -0.650 (0.327)  - - 
1970 -0.451 (0.237)  - -  -0.519 (0.190)  - - 
1971 0.023 (0.352)  - -  -0.067 (0.285)  - - 
1972 -0.653 (0.218)  - -  -0.591 (0.207)  - - 
1973 -0.616 (0.262)  - -  -0.475 (0.192)  - - 
1974 -0.188 (0.241)  - -  -0.698 (0.242)  - - 
1975 -0.365 (0.269)  - -  -0.445 (0.190)  - - 
1976 -0.527 (0.261)  - -  -0.450 (0.206)  - - 
1977 -0.771 (0.271)  - -  -0.742 (0.230)  - - 
1978 -0.761 (0.255)  - -  -0.633 (0.202)  - - 
1979 -0.507 (0.230)  - -  -0.551 (0.167)  - - 
1980 -0.477 (0.246)  - -  -0.252 (0.179)  - - 
1981 -0.495 (0.233)  - -  -0.493 (0.192)  - - 
1982 -0.412 (0.237)  - -  -0.343 (0.178)  - - 
1983 -0.840 (0.233)  - -  -0.545 (0.194)  - - 
1984 -0.626 (0.222)  - -  -0.680 (0.178)  - - 
1985 -0.708 (0.222)  - -  -0.665 (0.174)  - - 
1986 -0.646 (0.221)  - -  -0.482 (0.164)  - - 
1987 -0.912 (0.218)  - -  -0.782 (0.166)  - - 
1988 -0.867 (0.232)  - -  -0.783 (0.169)  - - 
1989 -1.045 (0.222)  - -  -1.041 (0.170)  - - 
1990 -0.918 (0.242)  -0.241 (0.110)  -1.024 (0.161)  -0.501 (0.102) 
1991 -1.221 (0.241)  - -  -0.841 (0.207)  - - 
1992 -1.142 (0.219)  - -  -0.863 (0.185)  - - 
1993 -1.197 (0.218)  - -  -0.931 (0.168)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.093 (0.059)  0.032 (0.119)  -0.059 (0.055)  -0.123 (0.103) 
Chardonnay 0.134 (0.074)  0.135 (0.198)  0.126 (0.073)  0.113 (0.178) 
Pinot Noir 0.420 (0.118)  0.563 (0.159)  0.384 (0.086)  0.254 (0.159) 
Riesling -0.163 (0.080)  - -  -0.265 (0.100)  -0.520 (0.327) 
Botrytis 0.312 (0.129)  - -  0.393 (0.116)  - - 
Merlot - -  - -  - -  - - 
Semillon -0.400 (0.070)  -0.262 (0.264)  -0.501 (0.107)  -0.257 (0.319) 
Langton’s Categories            
Outstanding -0.867 (0.085)  -1.025 (0.201)  -0.878 (0.078)  -0.822 (0.154) 
Excellent -0.918 (0.067)  -0.858 (0.174)  -1.003 (0.062)  -0.839 (0.129) 
Distinguished -1.116 (0.072)  -1.075 (0.173)  -1.185 (0.071)  -1.020 (0.132) 
Summary Statistics            

2R , 2R  0.754 0.720  0.608 0.515  0.723 0.690  0.709 0.637 
F- statistic 21.887   6.536   21.483   9.768  
Chi-statistic 113.37   12.804   98.207   14.948  
(N,K) 310 39  48 10  351 39  51 11 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1994Q2-1994Q3  Period 1994Q3-1994Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.914 (0.183)  4.340 (0.111)  5.105 (0.165)  4.206 (0.114) 
log return -0.053 (0.040)  0.033 (0.083)  0.060 (0.038)  0.068 (0.079) 
Vintage            
1966 -0.009 (0.309)  - -  -0.455 (0.452)  - - 
1967 -0.484 (0.263)  - -  -0.838 (0.319)  - - 
1968 -0.818 (0.288)  - -  -1.100 (0.324)  - - 
1969 -0.416 (0.370)  - -  -0.926 (0.334)  - - 
1970 -0.585 (0.214)  - -  -0.601 (0.196)  - - 
1971 -0.333 (0.277)  - -  -0.463 (0.326)  - - 
1972 -0.764 (0.207)  - -  -1.015 (0.182)  - - 
1973 -0.637 (0.221)  - -  -0.893 (0.203)  - - 
1974 -0.679 (0.232)  - -  -0.889 (0.226)  - - 
1975 -0.491 (0.206)  - -  -0.782 (0.217)  - - 
1976 -0.527 (0.222)  - -  -0.781 (0.214)  - - 
1977 -0.696 (0.233)  - -  -0.816 (0.202)  - - 
1978 -0.590 (0.216)  - -  -0.766 (0.198)  - - 
1979 -0.665 (0.199)  - -  -0.902 (0.196)  - - 
1980 -0.474 (0.202)  - -  -0.821 (0.188)  - - 
1981 -0.494 (0.205)  - -  -0.675 (0.184)  - - 
1982 -0.422 (0.194)  - -  -0.634 (0.179)  - - 
1983 -0.511 (0.214)  - -  -0.768 (0.199)  - - 
1984 -0.709 (0.207)  - -  -0.796 (0.191)  - - 
1985 -0.650 (0.201)  - -  -0.851 (0.180)  - - 
1986 -0.452 (0.191)  - -  -0.664 (0.179)  - - 
1987 -0.821 (0.194)  - -  -1.007 (0.176)  - - 
1988 -0.811 (0.192)  - -  -1.001 (0.181)  - - 
1989 -1.029 (0.197)  - -  -1.119 (0.184)  - - 
1990 -0.966 (0.191)  -0.525 (0.091)  -0.920 (0.184)  -0.266 (0.081) 
1991 -0.644 (0.249)  - -  -1.039 (0.213)  - - 
1992 -0.757 (0.200)  - -  -1.125 (0.185)  - - 
1993 -0.774 (0.203)  - -  -1.031 (0.183)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.135 (0.049)  -0.128 (0.095)  -0.156 (0.044)  0.039 (0.089) 
Chardonnay -0.007 (0.099)  0.084 (0.234)  -0.041 (0.069)  -0.083 (0.159) 
Pinot Noir 0.323 (0.067)  0.247 (0.141)  0.300 (0.056)  0.298 (0.130) 
Riesling -0.526 (0.135)  -0.158 (0.242)  -0.516 (0.098)  -0.179 (0.195) 
Botrytis 0.269 (0.163)  0.009 (0.314)  0.211 (0.080)  0.136 (0.320) 
Merlot - -  - -  - -  - - 
Semillon -0.554 (0.090)  -0.309 (0.314)  -0.395 (0.140)  -0.057 (0.232) 
Langton’s Categories            
Outstanding -0.768 (0.067)  -0.716 (0.128)  -0.804 (0.065)  -0.652 (0.132) 
Excellent -0.986 (0.055)  -0.886 (0.116)  -1.036 (0.054)  -0.845 (0.120) 
Distinguished -1.109 (0.061)  -0.981 (0.113)  -1.175 (0.058)  -1.059 (0.123) 
Summary Statistics            

2R , 2R  0.696 0.666  0.734 0.673  0.723 0.696  0.675 0.615 
F- statistic 23.097   12.027   27.076   11.165  
Chi-statistic 79.973   13.545   126.38   12.844  
(N,K) 423 39  60 12  434 39  71 12 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1994Q4-1995Q1  Period 1995Q1-1995Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.044 (0.074)  4.188 (0.117)  5.205 (0.021)  4.394 (0.122) 
log return 0.062 (0.039)  0.070 (0.081)  0.104 (0.040)  0.039 (0.088) 
Vintage            
1966 -0.421 (0.369)  - -  0.161 (0.113)  - - 
1967 -0.641 (0.278)  - -  -0.432 (0.157)  - - 
1968 -1.064 (0.252)  - -  -0.889 (0.317)  - - 
1969 -0.941 (0.213)  - -  -0.952 (0.102)  - - 
1970 -0.732 (0.138)  - -  -0.970 (0.138)  - - 
1971 -0.132 (0.360)  - -  -0.509 (0.325)  - - 
1972 -0.849 (0.113)  - -  -0.912 (0.156)  - - 
1973 -0.782 (0.131)  - -  -0.726 (0.170)  - - 
1974 -0.875 (0.186)  - -  -0.806 (0.128)  - - 
1975 -0.769 (0.210)  - -  -0.690 (0.141)  - - 
1976 -0.514 (0.143)  - -  -0.664 (0.141)  - - 
1977 -0.722 (0.151)  - -  -0.768 (0.115)  - - 
1978 -0.660 (0.117)  - -  -0.901 (0.095)  - - 
1979 -0.756 (0.104)  - -  -0.755 (0.081)  - - 
1980 -0.603 (0.150)  - -  -0.590 (0.112)  - - 
1981 -0.690 (0.109)  - -  -0.855 (0.104)  - - 
1982 -0.493 (0.105)  - -  -0.699 (0.094)  - - 
1983 -0.644 (0.132)  - -  -0.817 (0.132)  - - 
1984 -0.681 (0.110)  - -  -0.885 (0.086)  - - 
1985 -0.752 (0.104)  - -  -0.897 (0.079)  - - 
1986 -0.560 (0.103)  - -  -0.734 (0.079)  - - 
1987 -0.815 (0.100)  - -  -0.844 (0.078)  - - 
1988 -0.857 (0.108)  - -  -0.992 (0.085)  - - 
1989 -0.888 (0.105)  - -  -0.989 (0.092)  - - 
1990 -0.756 (0.106)  -0.212 (0.079)  -0.965 (0.077)  -0.247 (0.086) 
1991 -1.003 (0.129)  - -  -1.154 (0.104)  - - 
1992 -1.027 (0.106)  - -  -1.212 (0.114)  - - 
1993 -0.946 (0.098)  - -  -1.417 (0.063)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.155 (0.047)  0.045 (0.088)  -0.126 (0.050)  0.007 (0.092) 
Chardonnay -0.008 (0.054)  -0.098 (0.140)  -0.085 (0.065)  -0.195 (0.160) 
Pinot Noir 0.195 (0.075)  0.201 (0.197)  0.076 (0.116)  - - 
Riesling -0.445 (0.095)  -0.304 (0.240)  -0.340 (0.088)  -0.482 (0.331) 
Botrytis 0.185 (0.071)  0.159 (0.329)  0.244 (0.087)  0.147 (0.333) 
Merlot - -  - -  - -  - - 
Semillon -0.272 (0.145)  0.079 (0.326)  -0.531 (0.072)  -0.524 (0.242) 
Langton’s Categories            
Outstanding -0.770 (0.070)  -0.535 (0.136)  -0.668 (0.075)  -0.685 (0.140) 
Excellent -1.033 (0.055)  -0.770 (0.115)  -1.001 (0.063)  -0.860 (0.118) 
Distinguished -1.224 (0.059)  -0.998 (0.123)  -1.198 (0.068)  -1.131 (0.132) 
Summary Statistics            

2R , 2R  0.760 0.733  0.636 0.569  0.766 0.738  0.670 0.604 
F- statistic 28.492   9.391   27.094   10.170  
Chi-statistic 88.711   17.142   57.871   13.402  
(N,K) 381 39  71 12  353 39  61 11 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1995Q2-1995Q3  Period 1995Q3-1995Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.336 (0.022)  4.574 (0.106)  5.063 (0.267)  4.631 (0.103) 
log return -0.019 (0.034)  0.082 (0.075)  0.101 (0.034)  0.114 (0.074) 
Vintage            
1966 -0.357 (0.305)  - -  -0.143 (0.378)  - - 
1967 -0.543 (0.196)  - -  -0.405 (0.318)  - - 
1968 -0.851 (0.160)  - -  -0.750 (0.300)  - - 
1969 -0.892 (0.095)  - -  -0.734 (0.298)  - - 
1970 -0.933 (0.142)  - -  -0.623 (0.284)  - - 
1971 -0.686 (0.217)  - -  -0.404 (0.340)  - - 
1972 -1.003 (0.158)  - -  -0.828 (0.302)  - - 
1973 -0.944 (0.197)  - -  -0.818 (0.311)  - - 
1974 -0.857 (0.137)  - -  -0.609 (0.306)  - - 
1975 -0.663 (0.128)  - -  -0.560 (0.312)  - - 
1976 -0.671 (0.124)  - -  -0.315 (0.294)  - - 
1977 -0.809 (0.100)  - -  -0.648 (0.299)  - - 
1978 -0.870 (0.117)  - -  -0.576 (0.294)  - - 
1979 -0.839 (0.097)  - -  -0.615 (0.301)  - - 
1980 -0.674 (0.091)  - -  -0.454 (0.286)  - - 
1981 -0.872 (0.109)  - -  -0.606 (0.287)  - - 
1982 -0.652 (0.073)  - -  -0.366 (0.279)  - - 
1983 -0.748 (0.101)  - -  -0.554 (0.284)  - - 
1984 -0.792 (0.076)  - -  -0.593 (0.278)  - - 
1985 -0.820 (0.070)  - -  -0.527 (0.278)  - - 
1986 -0.690 (0.067)  - -  -0.387 (0.275)  - - 
1987 -0.862 (0.061)  - -  -0.644 (0.275)  - - 
1988 -0.929 (0.063)  - -  -0.672 (0.274)  - - 
1989 -1.024 (0.067)  - -  -0.746 (0.276)  - - 
1990 -0.884 (0.071)  -0.181 (0.074)  -0.560 (0.277)  -0.160 (0.076) 
1991 -1.079 (0.073)  - -  -0.747 (0.278)  - - 
1992 -1.160 (0.098)  - -  -0.846 (0.280)  - - 
1993 -1.111 (0.135)  - -  -0.691 (0.280)  - - 
1994 -1.357 (0.075)  -0.862 (0.365)  -0.920 (0.292)  -0.652 (0.208) 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.167 (0.040)  -0.043 (0.083)  -0.185 (0.040)  -0.118 (0.085) 
Chardonnay -0.182 (0.058)  -0.394 (0.154)  -0.203 (0.066)  -0.461 (0.145) 
Pinot Noir 0.108 (0.063)  0.284 (0.198)  0.095 (0.069)  0.059 (0.187) 
Riesling -0.442 (0.085)  -0.477 (0.169)  -0.491 (0.072)  -0.483 (0.156) 
Botrytis 0.355 (0.092)  - -  0.344 (0.142)  - - 
Merlot - -  - -  - -  - - 
Semillon -0.542 (0.066)  -0.403 (0.196)  -0.510 (0.088)  -0.423 (0.269) 
Langton’s Categories            
Outstanding -0.738 (0.058)  -0.934 (0.119)  -0.739 (0.058)  -0.817 (0.122) 
Excellent -1.020 (0.047)  -0.993 (0.105)  -1.003 (0.048)  -0.891 (0.102) 
Distinguished -1.213 (0.055)  -1.263 (0.114)  -1.229 (0.050)  -1.246 (0.114) 
Summary Statistics            

2R , 2R  0.733 0.711  0.742 0.700  0.733 0.711  0.730 0.691 
F- statistic 33.486   17.737   33.822   18.698  
Chi-statistic 77.017   10.726   80.312   13.301  
(N,K) 516 40  80 12  521 40  88 12 

 

(continued next page) 



 203

TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1995Q4-1996Q1  Period 1996Q1-1996Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.139 (0.273)  4.732 (0.100)  5.372 (0.052)  4.942 (0.098) 
log return 0.052 (0.035)  0.127 (0.070)  0.121 (0.029)  0.050 (0.068) 
Vintage            
1966 -0.150 (0.353)  - -  -0.344 (0.214)  - - 
1967 -0.650 (0.387)  - -  -0.655 (0.286)  - - 
1968 -0.706 (0.322)  - -  -0.626 (0.080)  - - 
1969 -0.748 (0.321)  - -  -0.734 (0.197)  - - 
1970 -0.566 (0.287)  - -  -0.553 (0.102)  - - 
1971 -0.267 (0.349)  - -  -0.308 (0.294)  - - 
1972 -0.721 (0.307)  - -  -0.796 (0.113)  - - 
1973 -0.754 (0.290)  - -  -0.830 (0.136)  - - 
1974 -0.423 (0.277)  - -  -0.617 (0.058)  - - 
1975 -0.684 (0.323)  - -  -0.847 (0.219)  - - 
1976 -0.213 (0.295)  - -  -0.435 (0.135)  - - 
1977 -0.627 (0.312)  - -  -0.710 (0.163)  - - 
1978 -0.531 (0.291)  - -  -0.634 (0.087)  - - 
1979 -0.549 (0.302)  - -  -0.752 (0.107)  - - 
1980 -0.420 (0.296)  - -  -0.583 (0.102)  - - 
1981 -0.455 (0.282)  - -  -0.688 (0.096)  - - 
1982 -0.299 (0.287)  - -  -0.536 (0.090)  - - 
1983 -0.608 (0.290)  - -  -0.705 (0.107)  - - 
1984 -0.683 (0.284)  - -  -0.868 (0.088)  - - 
1985 -0.583 (0.285)  - -  -0.757 (0.082)  - - 
1986 -0.339 (0.281)  - -  -0.497 (0.082)  - - 
1987 -0.651 (0.281)  - -  -0.838 (0.075)  - - 
1988 -0.661 (0.279)  - -  -0.830 (0.072)  - - 
1989 -0.745 (0.286)  - -  -0.986 (0.088)  - - 
1990 -0.490 (0.282)  -0.137 (0.073)  -0.698 (0.083)  -0.160 (0.071) 
1991 -0.730 (0.284)  - -  -0.961 (0.079)  - - 
1992 -0.802 (0.285)  - -  -0.955 (0.083)  - - 
1993 -0.739 (0.286)  - -  -1.039 (0.095)  - - 
1994 -0.891 (0.290)  -0.608 (0.163)  -1.199 (0.179)  -0.648 (0.154) 
1995 - -  - -  -1.163 (0.084)  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.241 (0.041)  -0.237 (0.082)  -0.260 (0.034)  -0.221 (0.078) 
Chardonnay -0.212 (0.069)  -0.430 (0.126)  -0.208 (0.055)  -0.279 (0.117) 
Pinot Noir -0.092 (0.084)  -0.330 (0.238)  -0.008 (0.058)  0.179 (0.181) 
Riesling -0.556 (0.074)  -0.564 (0.165)  -0.478 (0.085)  -0.535 (0.180) 
Botrytis 0.476 (0.086)  - -  0.218 (0.116)  - - 
Merlot - -  - -  - -  - - 
Semillon -0.420 (0.084)  - -  -0.467 (0.073)  -0.208 (0.339) 
Langton’s Categories            
Outstanding -0.656 (0.055)  -0.613 (0.129)  -0.685 (0.049)  -0.753 (0.118) 
Excellent -0.976 (0.049)  -0.833 (0.094)  -0.989 (0.042)  -1.023 (0.096) 
Distinguished -1.148 (0.048)  -1.192 (0.103)  -1.108 (0.043)  -1.271 (0.098) 
Summary Statistics            

2R , 2R  0.762 0.740  0.763 0.731  0.772 0.754  0.750 0.719 
F- statistic 33.982   23.853   42.779   24.220  
Chi-statistic 77.149   17.727   71.574   20.027  
(N,K) 454 40  85 11  547 41  101 12 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1996Q2-1996Q3  Period 1996Q3-1996Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.863 (0.597)  5.011 (0.155)  4.722 (0.489)  4.948 (0.152) 
log return -0.083 (0.026)  -0.058 (0.065)  0.050 (0.027)  0.059 (0.059) 
Vintage            
1966 0.522 (0.635)  - -  0.504 (0.518)  - - 
1967 0.095 (0.623)  - -  0.077 (0.518)  - - 
1968 0.040 (0.630)  - -  -0.088 (0.528)  - - 
1969 -0.033 (0.612)  - -  -0.271 (0.506)  - - 
1970 -0.045 (0.626)  - -  -0.084 (0.506)  - - 
1971 0.234 (0.636)  - -  0.209 (0.523)  - - 
1972 -0.110 (0.604)  - -  -0.190 (0.498)  - - 
1973 -0.092 (0.620)  - -  0.020 (0.506)  - - 
1974 0.013 (0.628)  - -  -0.065 (0.513)  - - 
1975 0.030 (0.615)  - -  0.138 (0.498)  - - 
1976 0.089 (0.613)  - -  0.138 (0.498)  - - 
1977 -0.019 (0.610)  - -  -0.007 (0.498)  - - 
1978 -0.133 (0.606)  - -  -0.102 (0.495)  - - 
1979 -0.123 (0.608)  - -  0.001 (0.496)  - - 
1980 -0.006 (0.607)  - -  0.092 (0.498)  - - 
1981 -0.125 (0.607)  - -  -0.020 (0.495)  - - 
1982 0.050 (0.605)  - -  0.153 (0.494)  - - 
1983 -0.114 (0.610)  - -  -0.142 (0.497)  - - 
1984 -0.200 (0.605)  - -  -0.016 (0.492)  - - 
1985 -0.081 (0.604)  - -  0.047 (0.492)  - - 
1986 0.098 (0.605)  - -  0.220 (0.492)  - - 
1987 -0.193 (0.604)  - -  -0.031 (0.492)  - - 
1988 -0.202 (0.604)  - -  -0.038 (0.492)  - - 
1989 -0.315 (0.604)  - -  -0.166 (0.493)  - - 
1990 -0.094 (0.605)  -0.168 (0.068)  0.065 (0.492)  -0.138 (0.063) 
1991 -0.290 (0.604)  - -  -0.071 (0.493)  - - 
1992 -0.377 (0.604)  - -  -0.260 (0.492)  - - 
1993 -0.422 (0.607)  - -  -0.235 (0.496)  - - 
1994 -0.407 (0.629)  -0.377 (0.219)  -0.181 (0.495)  -0.327 (0.106) 
1995 -0.675 (0.612)  - -  -0.354 (0.508)  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.223 (0.032)  -0.174 (0.080)  -0.226 (0.033)  -0.153 (0.073) 
Chardonnay -0.154 (0.052)  -0.281 (0.144)  -0.258 (0.053)  -0.308 (0.126) 
Pinot Noir 0.038 (0.046)  0.026 (0.104)  0.012 (0.047)  0.064 (0.082) 
Riesling -0.532 (0.083)  -0.602 (0.179)  -0.626 (0.089)  -0.629 (0.161) 
Botrytis 0.138 (0.063)  0.153 (0.070)  0.106 (0.067)  0.077 (0.089) 
Merlot - -  - -  -0.339 (0.062)  -0.298 (0.073) 
Semillon -0.418 (0.064)  -0.383 (0.190)  -0.536 (0.080)  -0.470 (0.238) 
Langton’s Categories            
Outstanding -0.712 (0.048)  -0.783 (0.148)  -0.721 (0.048)  -0.811 (0.147) 
Excellent -1.008 (0.043)  -1.077 (0.142)  -1.081 (0.043)  -1.105 (0.141) 
Distinguished -1.134 (0.045)  -1.310 (0.135)  -1.215 (0.047)  -1.323 (0.137) 
Summary Statistics            

2R , 2R  0.740 0.724  0.707 0.675  0.732 0.716  0.735 0.706 
F- statistic 45.160   22.314   44.277   25.978  
Chi-statistic 146.52   31.380   153.16   40.449  
(N,K) 675 41  124 13  706 42  136 14 

 

(continued next page) 



 205

TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1996Q4-1997Q1  Period 1997Q1-1997Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.025 (0.247)  5.069 (0.133)  5.157 (0.178)  5.067 (0.131) 
log return 0.022 (0.026)  0.053 (0.056)  0.078 (0.028)  0.088 (0.068) 
Vintage            
1966 0.114 (0.275)  - -  0.056 (0.213)  - - 
1967 -0.046 (0.269)  - -  -0.286 (0.242)  - - 
1968 -0.498 (0.320)  - -  -0.541 (0.280)  - - 
1969 -0.591 (0.262)  - -  -0.703 (0.201)  - - 
1970 -0.329 (0.248)  - -  -0.442 (0.198)  - - 
1971 0.032 (0.292)  - -  -0.148 (0.265)  - - 
1972 -0.405 (0.257)  - -  -0.365 (0.197)  - - 
1973 -0.204 (0.266)  - -  -0.425 (0.208)  - - 
1974 -0.451 (0.272)  - -  -0.686 (0.210)  - - 
1975 -0.110 (0.263)  - -  -0.302 (0.207)  - - 
1976 -0.155 (0.255)  - -  -0.237 (0.197)  - - 
1977 -0.326 (0.275)  - -  -0.466 (0.235)  - - 
1978 -0.236 (0.255)  - -  -0.305 (0.191)  - - 
1979 -0.192 (0.254)  - -  -0.378 (0.195)  - - 
1980 -0.096 (0.262)  - -  -0.277 (0.197)  - - 
1981 -0.196 (0.249)  - -  -0.301 (0.190)  - - 
1982 -0.043 (0.250)  - -  -0.123 (0.191)  - - 
1983 -0.406 (0.269)  - -  -0.438 (0.206)  - - 
1984 -0.226 (0.249)  - -  -0.425 (0.188)  - - 
1985 -0.176 (0.249)  - -  -0.368 (0.188)  - - 
1986 0.049 (0.246)  - -  -0.086 (0.184)  - - 
1987 -0.231 (0.246)  - -  -0.351 (0.181)  - - 
1988 -0.157 (0.246)  - -  -0.299 (0.182)  - - 
1989 -0.352 (0.251)  - -  -0.529 (0.185)  - - 
1990 -0.115 (0.246)  -0.148 (0.061)  -0.211 (0.182)  -0.128 (0.075) 
1991 -0.224 (0.248)  - -  -0.325 (0.184)  - - 
1992 -0.452 (0.249)  - -  -0.581 (0.184)  - - 
1993 -0.420 (0.252)  - -  -0.547 (0.186)  - - 
1994 -0.384 (0.250)  -0.398 (0.076)  -0.492 (0.187)  -0.414 (0.097) 
1995 -0.457 (0.253)  - -  -0.660 (0.212)  - - 
1996 -0.539 (0.245)  - -  -0.596 (0.202)  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.221 (0.031)  -0.180 (0.071)  -0.283 (0.031)  -0.265 (0.082) 
Chardonnay -0.308 (0.051)  -0.337 (0.100)  -0.336 (0.057)  -0.405 (0.123) 
Pinot Noir -0.014 (0.055)  0.076 (0.093)  -0.069 (0.068)  -0.045 (0.110) 
Riesling -0.507 (0.096)  -0.513 (0.150)  -0.492 (0.050)  -0.462 (0.084) 
Botrytis 0.122 (0.070)  0.034 (0.070)  -0.097 (0.115)  -0.432 (0.093) 
Merlot -0.208 (0.084)  -0.176 (0.091)  -0.134 (0.058)  -0.164 (0.077) 
Semillon -0.631 (0.085)  -0.784 (0.064)  -0.753 (0.092)  -0.858 (0.077) 
Langton’s Categories            
Outstanding -0.735 (0.045)  -0.803 (0.132)  -0.673 (0.044)  -0.631 (0.117) 
Excellent -1.156 (0.039)  -1.193 (0.118)  -1.075 (0.039)  -1.086 (0.115) 
Distinguished -1.297 (0.044)  -1.350 (0.113)  -1.220 (0.036)  -1.214 (0.096) 
Summary Statistics            

2R , 2R  0.780 0.765  0.801 0.778  0.785 0.769  0.775 0.746 
F- statistic 51.830   35.847   48.928   27.225  
Chi-statistic 83.067   26.850   75.152   23.773  
(N,K) 656 43  130 15  605 43  117 14 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1997Q2-1997Q3  Period 1997Q3-1997Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.275 (0.176)  5.073 (0.136)  5.333 (0.115)  5.101 (0.144) 
log return 0.036 (0.027)  -0.009 (0.062)  0.072 (0.022)  0.093 (0.049) 
Vintage            
1966 0.014 (0.262)  - -  -0.005 (0.268)  - - 
1967 -0.519 (0.297)  - -  -0.282 (0.154)  - - 
1968 -0.329 (0.227)  - -  -0.284 (0.166)  - - 
1969 -0.625 (0.246)  - -  -0.300 (0.136)  - - 
1970 -0.302 (0.277)  - -  -0.336 (0.184)  - - 
1971 -0.151 (0.361)  - -  -0.303 (0.259)  - - 
1972 -0.472 (0.198)  - -  -0.572 (0.145)  - - 
1973 -0.411 (0.198)  - -  -0.389 (0.136)  - - 
1974 -0.560 (0.248)  - -  -0.536 (0.206)  - - 
1975 -0.310 (0.215)  - -  -0.284 (0.143)  - - 
1976 -0.253 (0.202)  - -  -0.277 (0.155)  - - 
1977 -0.575 (0.237)  - -  -0.605 (0.179)  - - 
1978 -0.395 (0.207)  - -  -0.377 (0.150)  - - 
1979 -0.499 (0.196)  - -  -0.538 (0.138)  - - 
1980 -0.327 (0.196)  - -  -0.384 (0.151)  - - 
1981 -0.439 (0.196)  - -  -0.473 (0.136)  - - 
1982 -0.293 (0.191)  - -  -0.341 (0.131)  - - 
1983 -0.357 (0.193)  - -  -0.365 (0.140)  - - 
1984 -0.474 (0.185)  - -  -0.498 (0.123)  - - 
1985 -0.509 (0.185)  - -  -0.506 (0.124)  - - 
1986 -0.228 (0.187)  - -  -0.249 (0.123)  - - 
1987 -0.514 (0.185)  - -  -0.553 (0.123)  - - 
1988 -0.423 (0.185)  - -  -0.440 (0.122)  - - 
1989 -0.656 (0.186)  - -  -0.628 (0.128)  - - 
1990 -0.263 (0.184)  -0.036 (0.073)  -0.277 (0.122)  -0.025 (0.059) 
1991 -0.417 (0.182)  - -  -0.492 (0.120)  - - 
1992 -0.604 (0.183)  - -  -0.621 (0.121)  - - 
1993 -0.629 (0.185)  - -  -0.656 (0.123)  - - 
1994 -0.626 (0.185)  -0.385 (0.085)  -0.689 (0.123)  -0.432 (0.063) 
1995 -0.702 (0.194)  - -  -0.760 (0.130)  - - 
1996 -0.756 (0.193)  - -  -0.860 (0.121)  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.233 (0.030)  -0.209 (0.079)  -0.151 (0.028)  -0.124 (0.064) 
Chardonnay -0.224 (0.047)  -0.265 (0.118)  -0.158 (0.038)  -0.165 (0.096) 
Pinot Noir -0.045 (0.051)  -0.120 (0.094)  -0.064 (0.041)  -0.158 (0.067) 
Riesling -0.574 (0.065)  -0.604 (0.137)  -0.495 (0.059)  -0.553 (0.124) 
Botrytis -0.211 (0.060)  -0.347 (0.096)  -0.133 (0.048)  -0.335 (0.095) 
Merlot -0.021 (0.099)  -0.123 (0.071)  0.005 (0.083)  -0.091 (0.059) 
Semillon -0.564 (0.064)  -0.448 (0.117)  -0.472 (0.054)  -0.419 (0.091) 
Langton’s Categories            
Outstanding -0.686 (0.047)  -0.694 (0.124)  -0.702 (0.052)  -0.745 (0.143) 
Excellent -1.038 (0.042)  -1.034 (0.130)  -1.093 (0.043)  -1.114 (0.139) 
Distinguished -1.231 (0.038)  -1.226 (0.113)  -1.300 (0.043)  -1.344 (0.134) 
Summary Statistics            

2R , 2R  0.747 0.731  0.713 0.686  0.744 0.731  0.732 0.711 
F- statistic 48.856   25.670   56.424   33.887  
Chi-statistic 111.07   32.798   150.26   47.760  
(N,K) 739 43  148 14  857 43  175 14 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1997Q4-1998Q1  Period 1998Q1-1998Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.190 (0.183)  5.108 (0.142)  5.165 (0.167)  5.127 (0.130) 
log return 0.033 (0.023)  0.053 (0.049)  0.013 (0.022)  0.026 (0.047) 
Vintage            
1966 0.339 (0.218)  - -  0.201 (0.299)  - - 
1967 -0.171 (0.227)  - -  -0.159 (0.227)  - - 
1968 -0.111 (0.200)  - -  -0.061 (0.197)  - - 
1969 -0.245 (0.188)  - -  -0.561 (0.221)  - - 
1970 -0.271 (0.257)  - -  -0.377 (0.224)  - - 
1971 -0.286 (0.305)  - -  -0.157 (0.293)  - - 
1972 -0.489 (0.218)  - -  -0.544 (0.197)  - - 
1973 -0.230 (0.205)  - -  -0.229 (0.203)  - - 
1974 -0.526 (0.234)  - -  -0.531 (0.208)  - - 
1975 -0.231 (0.197)  - -  -0.216 (0.191)  - - 
1976 -0.066 (0.223)  - -  -0.084 (0.217)  - - 
1977 -0.215 (0.208)  - -  -0.208 (0.194)  - - 
1978 -0.258 (0.198)  - -  -0.316 (0.191)  - - 
1979 -0.380 (0.204)  - -  -0.259 (0.193)  - - 
1980 -0.291 (0.204)  - -  -0.178 (0.186)  - - 
1981 -0.355 (0.199)  - -  -0.326 (0.183)  - - 
1982 -0.094 (0.196)  - -  -0.067 (0.180)  - - 
1983 -0.281 (0.199)  - -  -0.218 (0.189)  - - 
1984 -0.353 (0.190)  - -  -0.378 (0.175)  - - 
1985 -0.285 (0.189)  - -  -0.260 (0.174)  - - 
1986 -0.056 (0.188)  - -  -0.037 (0.174)  - - 
1987 -0.319 (0.185)  - -  -0.249 (0.171)  - - 
1988 -0.251 (0.185)  - -  -0.227 (0.170)  - - 
1989 -0.311 (0.191)  - -  -0.267 (0.173)  - - 
1990 -0.052 (0.185)  -0.001 (0.062)  0.031 (0.170)  0.067 (0.064) 
1991 -0.238 (0.185)  - -  -0.134 (0.169)  - - 
1992 -0.376 (0.185)  - -  -0.332 (0.170)  - - 
1993 -0.429 (0.185)  - -  -0.361 (0.169)  - - 
1994 -0.402 (0.186)  -0.359 (0.063)  -0.337 (0.170)  -0.331 (0.065) 
1995 -0.479 (0.189)  - -  -0.379 (0.172)  - - 
1996 -0.402 (0.251)  - -  -0.404 (0.191)  - - 
1997 -0.503 (0.214)  - -  -0.504 (0.177)  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.167 (0.027)  -0.098 (0.061)  -0.188 (0.028)  -0.094 (0.062) 
Chardonnay -0.251 (0.040)  -0.167 (0.086)  -0.298 (0.040)  -0.106 (0.077) 
Pinot Noir -0.044 (0.049)  -0.037 (0.093)  -0.052 (0.052)  0.011 (0.107) 
Riesling -0.489 (0.051)  -0.525 (0.065)  -0.499 (0.050)  -0.629 (0.055) 
Botrytis -0.105 (0.056)  -0.410 (0.065)  -0.180 (0.121)  -0.549 (0.201) 
Merlot - -  - -  0.315 (0.043)  - - 
Semillon -0.414 (0.060)  -0.405 (0.105)  -0.528 (0.074)  -0.431 (0.160) 
Langton’s Categories            
Outstanding -0.638 (0.047)  -0.684 (0.132)  -0.610 (0.040)  -0.716 (0.109) 
Excellent -1.085 (0.041)  -1.060 (0.131)  -1.050 (0.038)  -1.054 (0.114) 
Distinguished -1.288 (0.041)  -1.333 (0.122)  -1.255 (0.036)  -1.353 (0.101) 
Summary Statistics            

2R , 2R  0.740 0.727  0.726 0.706  0.745 0.731  0.743 0.724 
F- statistic 54.411   36.473   55.433   40.614  
Chi-statistic 177.45   50.739   156.60   43.634  
(N,K) 844 43  178 13  861 45  182 13 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1998Q2-1998Q3  Period 1998Q3-1998Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.384 (0.060)  5.184 (0.111)  5.380 (0.131)  5.145 (0.105) 
log return 0.037 (0.020)  0.006 (0.043)  -0.057 (0.017)  -0.062 (0.037) 
Vintage            
1966 -0.027 (0.310)  - -  0.223 (0.229)  - - 
1967 -0.277 (0.104)  - -  -0.418 (0.215)  - - 
1968 -0.318 (0.135)  - -  -0.303 (0.131)  - - 
1969 -0.801 (0.143)  - -  -0.572 (0.164)  - - 
1970 -0.494 (0.130)  - -  -0.527 (0.164)  - - 
1971 -0.170 (0.213)  - -  -0.044 (0.224)  - - 
1972 -0.716 (0.114)  - -  -0.731 (0.152)  - - 
1973 -0.484 (0.111)  - -  -0.440 (0.149)  - - 
1974 -0.632 (0.140)  - -  -0.483 (0.169)  - - 
1975 -0.497 (0.111)  - -  -0.412 (0.152)  - - 
1976 -0.270 (0.161)  - -  -0.143 (0.185)  - - 
1977 -0.544 (0.103)  - -  -0.551 (0.166)  - - 
1978 -0.548 (0.107)  - -  -0.416 (0.157)  - - 
1979 -0.449 (0.103)  - -  -0.469 (0.148)  - - 
1980 -0.367 (0.098)  - -  -0.386 (0.151)  - - 
1981 -0.474 (0.101)  - -  -0.510 (0.164)  - - 
1982 -0.325 (0.090)  - -  -0.273 (0.146)  - - 
1983 -0.400 (0.103)  - -  -0.405 (0.143)  - - 
1984 -0.578 (0.077)  - -  -0.507 (0.137)  - - 
1985 -0.503 (0.073)  - -  -0.505 (0.135)  - - 
1986 -0.264 (0.078)  - -  -0.259 (0.137)  - - 
1987 -0.473 (0.075)  - -  -0.505 (0.136)  - - 
1988 -0.474 (0.071)  - -  -0.452 (0.135)  - - 
1989 -0.582 (0.077)  - -  -0.568 (0.138)  - - 
1990 -0.225 (0.073)  0.049 (0.056)  -0.242 (0.135)  0.026 (0.048) 
1991 -0.424 (0.070)  - -  -0.403 (0.134)  - - 
1992 -0.573 (0.072)  - -  -0.517 (0.135)  - - 
1993 -0.557 (0.073)  - -  -0.525 (0.136)  - - 
1994 -0.593 (0.072)  -0.321 (0.056)  -0.544 (0.135)  -0.270 (0.048) 
1995 -0.644 (0.077)  - -  -0.631 (0.137)  - - 
1996 -0.726 (0.085)  - -  -0.653 (0.138)  - - 
1997 -0.771 (0.074)  - -  -0.728 (0.138)  - - 
1998 - -  - -  -0.643 (0.146)  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.156 (0.025)  -0.102 (0.056)  -0.129 (0.021)  -0.100 (0.049) 
Chardonnay -0.314 (0.035)  -0.263 (0.079)  -0.303 (0.033)  -0.386 (0.071) 
Pinot Noir -0.027 (0.037)  -0.003 (0.084)  -0.050 (0.034)  -0.086 (0.071) 
Riesling -0.535 (0.038)  -0.556 (0.069)  -0.499 (0.032)  -0.486 (0.072) 
Botrytis -0.191 (0.102)  -0.535 (0.205)  -0.118 (0.065)  - - 
Merlot 0.225 (0.077)  - -  0.348 (0.094)  - - 
Semillon -0.424 (0.077)  -0.295 (0.162)  -0.368 (0.074)  -0.313 (0.172) 
Langton’s Categories            
Outstanding -0.607 (0.036)  -0.731 (0.101)  -0.635 (0.034)  -0.687 (0.097) 
Excellent -1.018 (0.033)  -1.090 (0.104)  -1.007 (0.030)  -1.039 (0.095) 
Distinguished -1.237 (0.032)  -1.342 (0.094)  -1.238 (0.031)  -1.275 (0.087) 
Summary Statistics            

2R , 2R  0.770 0.759  0.756 0.741  0.768 0.759  0.734 0.721 
F- statistic 69.604   48.614   82.282   58.140  
Chi-statistic 145.46   29.488   133.62   44.475  
(N,K) 939 44  201 13  1139 45  244 12 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1998Q4-1999Q1  Period 1999Q1-1999Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.271 (0.151)  5.037 (0.103)  5.295 (0.178)  5.049 (0.103) 
log return 0.039 (0.017)  0.034 (0.038)  -0.012 (0.018)  0.024 (0.040) 
Vintage            
1966 0.243 (0.201)  - -  0.304 (0.206)  - - 
1967 -0.349 (0.234)  - -  -0.345 (0.253)  - - 
1968 -0.553 (0.240)  - -  -0.585 (0.232)  - - 
1969 -0.418 (0.200)  - -  -0.418 (0.232)  - - 
1970 -0.431 (0.188)  - -  -0.329 (0.207)  - - 
1971 0.076 (0.237)  - -  0.239 (0.257)  - - 
1972 -0.693 (0.166)  - -  -0.554 (0.189)  - - 
1973 -0.422 (0.165)  - -  -0.459 (0.189)  - - 
1974 -0.479 (0.180)  - -  -0.509 (0.214)  - - 
1975 -0.327 (0.168)  - -  -0.322 (0.192)  - - 
1976 -0.155 (0.194)  - -  -0.130 (0.198)  - - 
1977 -0.491 (0.182)  - -  -0.384 (0.190)  - - 
1978 -0.323 (0.192)  - -  -0.380 (0.209)  - - 
1979 -0.401 (0.166)  - -  -0.322 (0.194)  - - 
1980 -0.305 (0.171)  - -  -0.361 (0.198)  - - 
1981 -0.516 (0.173)  - -  -0.471 (0.190)  - - 
1982 -0.265 (0.164)  - -  -0.368 (0.192)  - - 
1983 -0.457 (0.163)  - -  -0.477 (0.192)  - - 
1984 -0.482 (0.158)  - -  -0.514 (0.187)  - - 
1985 -0.493 (0.155)  - -  -0.477 (0.183)  - - 
1986 -0.222 (0.157)  - -  -0.225 (0.183)  - - 
1987 -0.447 (0.156)  - -  -0.454 (0.182)  - - 
1988 -0.423 (0.155)  - -  -0.392 (0.182)  - - 
1989 -0.513 (0.158)  - -  -0.521 (0.183)  - - 
1990 -0.210 (0.155)  0.020 (0.050)  -0.162 (0.182)  0.073 (0.053) 
1991 -0.332 (0.155)  - -  -0.330 (0.181)  - - 
1992 -0.498 (0.155)  - -  -0.490 (0.181)  - - 
1993 -0.503 (0.155)  - -  -0.496 (0.182)  - - 
1994 -0.522 (0.155)  -0.283 (0.049)  -0.514 (0.181)  -0.276 (0.050) 
1995 -0.602 (0.157)  - -  -0.583 (0.182)  - - 
1996 -0.654 (0.156)  - -  -0.637 (0.182)  - - 
1997 -0.622 (0.164)  - -  -0.571 (0.187)  - - 
1998 -0.621 (0.167)  - -  -0.659 (0.203)  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.104 (0.020)  -0.046 (0.046)  -0.097 (0.021)  -0.024 (0.047) 
Chardonnay -0.240 (0.035)  -0.346 (0.086)  -0.238 (0.035)  -0.301 (0.093) 
Pinot Noir -0.035 (0.043)  -0.094 (0.074)  -0.006 (0.045)  -0.046 (0.078) 
Riesling -0.479 (0.038)  -0.425 (0.113)  -0.441 (0.048)  -0.432 (0.109) 
Botrytis -0.105 (0.065)  - -  -0.138 (0.077)  -0.360 (0.052) 
Merlot 0.370 (0.087)  - -  0.243 (0.036)  - - 
Semillon -0.376 (0.075)  -0.297 (0.195)  -0.322 (0.077)  -0.156 (0.182) 
Langton’s Categories            
Outstanding -0.624 (0.033)  -0.646 (0.090)  -0.602 (0.034)  -0.619 (0.089) 
Excellent -0.999 (0.030)  -0.999 (0.088)  -1.005 (0.031)  -1.048 (0.088) 
Distinguished -1.246 (0.030)  -1.268 (0.081)  -1.255 (0.031)  -1.301 (0.080) 
Summary Statistics            

2R , 2R  0.751 0.742  0.722 0.709  0.758 0.748  0.737 0.723 
F- statistic 78.606   56.446   74.699   51.440  
Chi-statistic 149.60   50.343   137.88   48.124  
(N,K) 1191 45  251 12  1095 45  233 13 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1999Q2-1999Q3  Period 1999Q3-1999Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.416 (0.127)  5.113 (0.099)  5.347 (0.149)  5.177 (0.095) 
log return 0.037 (0.017)  0.017 (0.037)  0.034 (0.016)  0.034 (0.036) 
Vintage            
1966 -0.063 (0.234)  - -  0.037 (0.215)  - - 
1967 -0.391 (0.225)  - -  -0.016 (0.161)  - - 
1968 -0.511 (0.143)  - -  -0.284 (0.153)  - - 
1969 -0.550 (0.178)  - -  -0.524 (0.218)  - - 
1970 -0.588 (0.154)  - -  -0.514 (0.190)  - - 
1971 0.053 (0.191)  - -  -0.060 (0.235)  - - 
1972 -0.636 (0.138)  - -  -0.515 (0.159)  - - 
1973 -0.578 (0.161)  - -  -0.433 (0.177)  - - 
1974 -0.712 (0.190)  - -  -0.493 (0.219)  - - 
1975 -0.492 (0.151)  - -  -0.356 (0.192)  - - 
1976 -0.263 (0.157)  - -  -0.267 (0.184)  - - 
1977 -0.467 (0.137)  - -  -0.357 (0.165)  - - 
1978 -0.491 (0.156)  - -  -0.437 (0.171)  - - 
1979 -0.560 (0.151)  - -  -0.511 (0.165)  - - 
1980 -0.581 (0.151)  - -  -0.474 (0.165)  - - 
1981 -0.554 (0.145)  - -  -0.488 (0.168)  - - 
1982 -0.440 (0.143)  - -  -0.281 (0.158)  - - 
1983 -0.506 (0.143)  - -  -0.353 (0.159)  - - 
1984 -0.631 (0.137)  - -  -0.495 (0.154)  - - 
1985 -0.610 (0.135)  - -  -0.485 (0.156)  - - 
1986 -0.354 (0.133)  - -  -0.221 (0.155)  - - 
1987 -0.621 (0.133)  - -  -0.475 (0.154)  - - 
1988 -0.504 (0.133)  - -  -0.428 (0.153)  - - 
1989 -0.597 (0.133)  - -  -0.473 (0.154)  - - 
1990 -0.305 (0.132)  0.066 (0.050)  -0.218 (0.151)  0.009 (0.055) 
1991 -0.475 (0.130)  - -  -0.367 (0.150)  - - 
1992 -0.589 (0.131)  - -  -0.479 (0.151)  - - 
1993 -0.614 (0.131)  - -  -0.529 (0.151)  - - 
1994 -0.608 (0.130)  -0.233 (0.047)  -0.531 (0.150)  -0.290 (0.053) 
1995 -0.701 (0.131)  - -  -0.622 (0.151)  - - 
1996 -0.728 (0.132)  - -  -0.637 (0.151)  - - 
1997 -0.742 (0.135)  - -  -0.685 (0.153)  - - 
1998 -0.873 (0.162)  - -  -0.716 (0.172)  - - 
1999 - -  - -  -0.877 (0.158)  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.122 (0.021)  -0.079 (0.045)  -0.118 (0.020)  -0.088 (0.042) 
Chardonnay -0.207 (0.033)  -0.285 (0.093)  -0.184 (0.032)  -0.280 (0.089) 
Pinot Noir -0.029 (0.032)  -0.040 (0.062)  -0.024 (0.035)  -0.037 (0.075) 
Riesling -0.449 (0.035)  -0.480 (0.084)  -0.500 (0.031)  -0.568 (0.062) 
Botrytis -0.127 (0.071)  -0.221 (0.111)  -0.147 (0.064)  -0.098 (0.032) 
Merlot 0.322 (0.047)  0.276 (0.104)  0.343 (0.048)  0.231 (0.077) 
Semillon -0.387 (0.059)  -0.124 (0.079)  -0.433 (0.061)  -0.302 (0.178) 
Langton’s Categories            
Outstanding -0.592 (0.034)  -0.659 (0.091)  -0.585 (0.034)  -0.682 (0.090) 
Excellent -1.016 (0.031)  -1.080 (0.088)  -1.018 (0.031)  -1.057 (0.087) 
Distinguished -1.244 (0.032)  -1.347 (0.083)  -1.240 (0.031)  -1.346 (0.082) 
Summary Statistics            

2R , 2R  0.755 0.745  0.746 0.733  0.749 0.740  0.748 0.735 
F- statistic 80.107   54.296   83.807   58.787  
Chi-statistic 135.26   52.827   164.08   61.392  
(N,K) 1190 45  254 14  1309 46  272 14 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 1999Q4-2000Q1  Period 2000Q1-2000Q2 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.247 (0.162)  5.193 (0.101)  5.219 (0.277)  5.208 (0.092) 
log return -0.010 (0.017)  0.007 (0.038)  0.006 (0.016)  -0.011 (0.035) 
Vintage            
1966 0.461 (0.207)  - -  0.376 (0.319)  - - 
1967 0.189 (0.173)  - -  0.094 (0.287)  - - 
1968 -0.085 (0.194)  - -  -0.145 (0.301)  - - 
1969 -0.388 (0.241)  - -  -0.184 (0.305)  - - 
1970 -0.291 (0.223)  - -  -0.122 (0.326)  - - 
1971 0.070 (0.260)  - -  0.339 (0.319)  - - 
1972 -0.359 (0.167)  - -  -0.352 (0.282)  - - 
1973 -0.307 (0.197)  - -  -0.232 (0.317)  - - 
1974 -0.165 (0.225)  - -  -0.277 (0.316)  - - 
1975 -0.184 (0.195)  - -  -0.330 (0.308)  - - 
1976 -0.028 (0.201)  - -  0.029 (0.310)  - - 
1977 -0.283 (0.180)  - -  -0.385 (0.299)  - - 
1978 -0.331 (0.177)  - -  -0.170 (0.286)  - - 
1979 -0.286 (0.182)  - -  -0.256 (0.290)  - - 
1980 -0.303 (0.181)  - -  -0.256 (0.290)  - - 
1981 -0.411 (0.183)  - -  -0.344 (0.288)  - - 
1982 -0.164 (0.169)  - -  -0.127 (0.282)  - - 
1983 -0.275 (0.174)  - -  -0.325 (0.287)  - - 
1984 -0.378 (0.167)  - -  -0.366 (0.282)  - - 
1985 -0.282 (0.168)  - -  -0.253 (0.281)  - - 
1986 -0.046 (0.168)  - -  -0.033 (0.280)  - - 
1987 -0.316 (0.165)  - -  -0.300 (0.280)  - - 
1988 -0.247 (0.164)  - -  -0.234 (0.279)  - - 
1989 -0.388 (0.168)  - -  -0.425 (0.281)  - - 
1990 -0.066 (0.164)  -0.016 (0.061)  -0.074 (0.279)  -0.033 (0.051) 
1991 -0.186 (0.162)  - -  -0.172 (0.279)  - - 
1992 -0.363 (0.163)  - -  -0.350 (0.279)  - - 
1993 -0.402 (0.163)  - -  -0.392 (0.279)  - - 
1994 -0.369 (0.163)  -0.299 (0.058)  -0.328 (0.278)  -0.275 (0.047) 
1995 -0.480 (0.163)  - -  -0.436 (0.279)  - - 
1996 -0.455 (0.163)  - -  -0.411 (0.279)  - - 
1997 -0.535 (0.165)  - -  -0.489 (0.279)  - - 
1998 -0.522 (0.173)  - -  -0.360 (0.294)  - - 
1999 -0.688 (0.168)  - -  -0.563 (0.285)  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.107 (0.020)  -0.080 (0.044)  -0.102 (0.018)  -0.096 (0.040) 
Chardonnay -0.260 (0.035)  -0.390 (0.093)  -0.283 (0.033)  -0.386 (0.074) 
Pinot Noir -0.023 (0.043)  -0.092 (0.094)  0.007 (0.039)  -0.090 (0.079) 
Riesling -0.540 (0.034)  -0.592 (0.067)  -0.577 (0.034)  -0.564 (0.041) 
Botrytis -0.084 (0.083)  -0.096 (0.041)  -0.017 (0.047)  -0.129 (0.044) 
Merlot 0.376 (0.066)  0.251 (0.071)  0.402 (0.033)  0.311 (0.034) 
Semillon -0.508 (0.055)  -0.465 (0.114)  -0.549 (0.036)  -0.520 (0.067) 
Langton’s Categories            
Outstanding -0.579 (0.034)  -0.596 (0.089)  -0.554 (0.033)  -0.570 (0.082) 
Excellent -1.031 (0.030)  -1.015 (0.086)  -1.038 (0.031)  -1.018 (0.081) 
Distinguished -1.282 (0.029)  -1.319 (0.080)  -1.309 (0.029)  -1.354 (0.075) 
Summary Statistics            

2R , 2R  0.769 0.760  0.741 0.727  0.777 0.769  0.767 0.756 
F- statistic 89.710   53.579   97.583   66.430  
Chi-statistic 131.53   50.072   172.42   45.779  
(N,K) 1260 46  258 14  1309 46  276 14 
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TABLE A4.2 (CONTINUED) 
HEDONIC PRICE EQUATION ESTIMATION  RESULTS 

Period 2000Q2-2000Q3  Period 2000Q3-2000Q4 

All Wines  Vint. 86, 90, 94  All Wines  Vint. 86, 90, 94 Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.294 (0.229)  5.251 (0.087)  5.295 (0.135)  5.330 (0.087) 
log return -0.035 (0.016)  0.006 (0.034)  0.006 (0.016)  -0.003 (0.036) 
Vintage            
1966 0.281 (0.257)  - -  0.352 (0.160)  - - 
1967 -0.110 (0.240)  - -  -0.042 (0.178)  - - 
1968 -0.273 (0.257)  - -  -0.234 (0.169)  - - 
1969 -0.308 (0.249)  - -  -0.407 (0.189)  - - 
1970 -0.168 (0.269)  - -  -0.095 (0.177)  - - 
1971 0.151 (0.269)  - -  0.124 (0.190)  - - 
1972 -0.458 (0.255)  - -  -0.519 (0.163)  - - 
1973 -0.261 (0.247)  - -  -0.370 (0.165)  - - 
1974 -0.356 (0.253)  - -  -0.348 (0.167)  - - 
1975 -0.430 (0.269)  - -  -0.389 (0.157)  - - 
1976 -0.005 (0.263)  - -  0.128 (0.189)  - - 
1977 -0.344 (0.250)  - -  -0.361 (0.152)  - - 
1978 -0.246 (0.243)  - -  -0.331 (0.164)  - - 
1979 -0.329 (0.237)  - -  -0.366 (0.146)  - - 
1980 -0.340 (0.235)  - -  -0.343 (0.147)  - - 
1981 -0.356 (0.237)  - -  -0.373 (0.152)  - - 
1982 -0.171 (0.234)  - -  -0.168 (0.143)  - - 
1983 -0.473 (0.242)  - -  -0.502 (0.151)  - - 
1984 -0.384 (0.233)  - -  -0.385 (0.144)  - - 
1985 -0.305 (0.232)  - -  -0.310 (0.140)  - - 
1986 -0.046 (0.231)  - -  -0.009 (0.139)  - - 
1987 -0.321 (0.231)  - -  -0.318 (0.141)  - - 
1988 -0.282 (0.231)  - -  -0.212 (0.138)  - - 
1989 -0.439 (0.232)  - -  -0.420 (0.141)  - - 
1990 -0.096 (0.230)  -0.040 (0.048)  -0.048 (0.138)  -0.039 (0.048) 
1991 -0.222 (0.230)  - -  -0.187 (0.136)  - - 
1992 -0.352 (0.230)  - -  -0.309 (0.137)  - - 
1993 -0.439 (0.230)  - -  -0.364 (0.136)  - - 
1994 -0.357 (0.230)  -0.297 (0.045)  -0.300 (0.137)  -0.283 (0.045) 
1995 -0.476 (0.230)  - -  -0.427 (0.137)  - - 
1996 -0.432 (0.230)  - -  -0.361 (0.137)  - - 
1997 -0.514 (0.231)  - -  -0.497 (0.141)  - - 
1998 -0.387 (0.244)  - -  -0.388 (0.148)  - - 
1999 -0.530 (0.240)  - -  -0.563 (0.149)  - - 
2000 - -  - -  -0.855 (0.142)  - - 
Grape Variety            
Cabernet -0.127 (0.018)  -0.125 (0.040)  -0.170 (0.019)  -0.181 (0.043) 
Chardonnay -0.248 (0.033)  -0.347 (0.073)  -0.270 (0.037)  -0.369 (0.099) 
Pinot Noir -0.014 (0.037)  -0.078 (0.078)  -0.088 (0.042)  -0.140 (0.080) 
Riesling -0.544 (0.038)  -0.520 (0.038)  -0.530 (0.043)  -0.433 (0.105) 
Botrytis -0.008 (0.055)  0.173 (0.229)  -0.012 (0.078)  0.074 (0.302) 
Merlot 0.381 (0.035)  0.297 (0.048)  0.320 (0.038)  0.246 (0.042) 
Semillon -0.532 (0.037)  -0.509 (0.073)  -0.551 (0.047)  -0.435 (0.092) 
Langton’s Categories            
Outstanding -0.563 (0.032)  -0.593 (0.079)  -0.584 (0.032)  -0.624 (0.081) 
Excellent -1.076 (0.030)  -1.080 (0.079)  -1.154 (0.029)  -1.166 (0.080) 
Distinguished -1.344 (0.029)  -1.384 (0.074)  -1.378 (0.028)  -1.433 (0.074) 
Summary Statistics            

2R , 2R  0.774 0.767  0.792 0.781  0.785 0.778  0.798 0.787 
F- statistic 101.06   75.682   103.48   71.586  
Chi-statistic 180.90   48.653   143.04   43.101  
(N,K) 1372 46  273 14  1347 47  250 14 
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FIGURE A4.1
ADJACENT PERIOD POINT ESTIMATES: ALL WINE PORTFOLIO
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CHAPTER 5  
 

A MEAN-VARIANCE APPROACH TO WINE INVESTMENT 
‘Not only does one drink wine, but one 
inhales it, one looks at it, one tastes it, 

one swallows it…and one talks about it’ 
 

King Edward VII (1841-1910) 

 

5.1 INTRODUCTION AND OVERVIEW 

 

 The previous chapter developed an approach suitable for estimating asset returns 

in markets like wine, where goods are heterogeneous, and sales observations infrequent 

and irregular. The approach developed is known as the adjacent period hedonic price 

equation method, and based on this approach the mean quarterly rate of return to wine 

over the period 1989Q4 to 2000Q4 was estimated to be 2.6 percent, with standard 

deviation 6.7 percent. The previous chapter did however note the rate of return to wine 

varied across vintage, variety, and price. This chapter presents a more detailed analysis 

of the rate of return to wine, and in doing so focuses on whether wine returns can be 

analysed using the same techniques used to study the return to standard financial assets. 

Specifically, the remainder of the chapter is organised as follows.  

 

Section 5.2 starts by considering four different wine assets, and uses the adjacent 

period hedonic price equation method developed in Chapter 4 to estimate quarterly 

returns to the four assets. A separate series of adjacent period hedonic price equations 

are estimated for each wine asset. The quarterly return information is reported and 

discussed, and the risk-return profile of the different assets compared. The section 

concludes by checking the most extreme return estimates for accuracy. 

 

The mean-variance framework of Markowitz (1952) is introduced in Section 5.3, 

and the question of what an optimal wine asset portfolio might look like is investigated. 

Mean-variance analysis involves the symmetric balancing of risk and return, and is 

based on two propositions: (i) no matter how you define return, investors prefer higher 

returns to lower returns; and (ii) for any given level of return, investors prefer less risk 

to more risk. An attractive feature of mean-variance analysis is that no matter how large 

the number of assets under consideration, it is always possible to plot an efficient 
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frontier in two-dimensional risk-return space. Once the efficient frontier has been found, 

it is then possible to find the optimal portfolio. In this instance the optimal portfolio is 

defined as the portfolio which provides the highest return per unit of risk.  

 

In Section 5.4 practical strategies for implementing the mean-variance analysis 

concepts developed in Section 5.3 are considered. Specifically, for the period 1997Q3 to 

2000Q4, the performance of mean-variance optimised portfolios, rebalanced with 

varying frequency rates, are compared to the performance of an equally weighted 

investment portfolio. For each portfolio, summary return information is presented, and 

the results make for interesting reading. Section 5.4 concludes by examining the 

evolution of optimal portfolio weights for the period 1997Q3 to 2000Q4.  

 

The structure of Sections 5.5 and 5.6 mirrors that of Sections 5.3 and 5.4. 

Although while Sections 5.3 and 5.4 are concerned with the question of asset allocation 

between different wine assets, Sections 5.5 and 5.6 are concerned with the question of 

asset allocation between wine, shares, and bonds. Specifically, Section 5.5 uses the 

mean-variance framework to describe the efficient frontier for an investment portfolio 

which may include as assets: Australian wine, Australian bonds, and Australian shares, 

and identifies the optimal portfolio. In Section 5.6 practical strategies for implementing 

mean-variance analysis for a wine, bonds, and shares portfolio are considered. Again, as 

in Section 5.4, the performance of mean-variance optimised portfolios, rebalanced with 

varying rates of frequency, are compared to the performance of an equally weighted 

investment portfolio.  

 

A sensitivity analysis is presented in Section 5.7. In particular, the sensitivity 

analysis addresses two questions: (i) do outliers effect portfolio performance? and (ii) 

can the Jorion (1985) Bayes-Stein estimator be used to improve investment 

performance? Concluding comments are presented in Section 5.8. 

 

5.2 THE RETURN TO FOUR WINE ASSETS 

 

The properties of adjacent period hedonic price models were discussed at length 

in Section 4.2 and Appendix 4.1, while the data set was described in detail in Section 

4.3 and in the CD appendix. As such, detailed discussions of the data, and adjacent 

period hedonic price models are not presented here. However, before beginning an 
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investigation into the rate of return to wine sub-markets, it is useful to briefly recap the 

key features of the approach used in Chapter 4 to estimate the return to wine. 

 

In Chapter 4 it was argued the sample data were completely described by: (i) 

time of sale (1989Q4 - 2000Q4); (ii) vintage (1965 - 2000); (iii) Langton’s rating 

(Exceptional, Outstanding, Excellent, and Distinguished); and (iv) grape variety (Shiraz, 

Cabernet, Merlot, Pinot Noir, Botrytis, Chardonnay, Semillon, and Riesling). The 

adjacent period hedonic price model implied by this description of the data was then 

shown, in Section 4.6, to be represented by equations (4.1) and (4.2), equations which 

are reproduced and renumbered below: 

 
2000 4 8

0 1965 1 1is v isv k isk c isc isv k c
p x y z uβ γ φ δ

= = =
= + + + +∑ ∑ ∑    (5.1) 

2000 8 8
0 1965 1 1

.it st v itv k itk c itc itv k c
p x y z uα β γ φ δ

= = =
= + + + + +∑ ∑ ∑   (5.2) 

 

In equations (5.1) and (5.2) isp  represents the natural logarithm of the price of wine 

 ( 1,..., )i i n=  in period ( 1);s s t= −  itp  represents the natural logarithm of the price of 

wine i in period  ( 1990Q1,...,2000Q4);t t =  and n  is equal to the sum of the number of 

observations in periods t and s. If wine i, a wine sold in period s, is from vintage 

 ( 1965,...,2000)v v =  then the variable isvx  takes the value one; zero otherwise. If wine 

i, a wine sold in period s, is from Langton’s classification ( 1,...,4)k k =  the variable 

isky  takes the value one; zero otherwise. If wine i, a wine sold in period s, is from grape 

variety  ( 1,...,8)c c =  the variable iscz  takes the value one; zero otherwise. The 

interpretation for wines sold in period t is the same. The 0 ,β  ,vγ  ,kφ  and cδ  

coefficients are constrained to be the same in adjacent periods, and as they control for 

differences in quality, the estimated percentage change in price of a theoretically 

homogeneous bottle of wine between period s and period t can be found as 

( )ˆexp( ) 1 100,stα − ×  where ˆstα  is the OLS estimate of .stα  This estimated price change 

forms the basis of the constant-quality index of wine prices. The isu  and itu  in equations 

(5.1) and (5.2) are zero mean error terms, which may be heteroscedastic.  

 

Given the formulation of equations (5.1) and (5.2), if we are interested in 

estimating the return to different wine sub-markets, it is natural to consider the sub-
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markets represented by the three attribute sets on the right hand side of the equations: 

vintage, variety, and the Langton’s rating. The first of these attributes, vintage, is not a 

suitable candidate for wine sub-market analysis as there are a low number of 

observations for many vintages, and for vintages 1989 to 2000 the time series is 

necessarily restricted. The second attribute, variety, is not a suitable candidate for wine 

sub-market analysis due to the concentration of data observations in certain varieties. 

Approximately 89 percent of the observations concern just three varieties: Shiraz, 

Cabernet, and Chardonnay. As the remaining five varieties: Pinot Noir, Riesling, 

Botrytis, Semillon, and Merlot account for just 11 percent of the observations, for these 

varieties in many periods the adjacent period hedonic price model is not identified. 

 

The third attribute, Langton’s rating, is however a suitable candidate for wine 

sub-market analysis. Although the number of wine brands in each rating category varies 

substantially -- Exceptional 7, Outstanding 24, Excellent 29, and Distinguished 29 -- the 

actual price observations are split relatively evenly between the four classifications. 

Approximately 22 percent of the observations are for wines with the rating Exceptional; 

16 percent are for wines with the rating Outstanding; 36 percent are for wines with the 

rating Excellent; and 26 percent are for wines with the rating Distinguished. 

 

As such, it is possible to formulate an adjacent period hedonic price model to 

estimate returns for these four wine sub-markets. The model implied is shown at 

equations (5.3) and (5.4): 

 
2000 8

0 1965 1
k k k k k k k
is v isv c isc isv c

p x z uβ γ δ
= =

= + + +∑ ∑     (5.3) 

2000 8
0 1965 1

.k k k k k k k k
it st v itv c itc itv c

p x z uα β γ δ
= =

= + + + +∑ ∑    (5.4) 

 

In equations (5.3) and (5.4) k
isp  is the natural logarithm of the price of wine 

 ( 1,..., ),ki i n=  a wine with Langton’s rating ( 1,...,4),k k =  and sold in period 

 ( 1);s s t= −  k
itp  is the natural logarithm of the price of wine i, a wine with Langton’s 

rating k, and sold in period ( 1990Q1,...,2000Q4);t t =  and kn  is equal to the sum of the 

number of observations from wine classification k, sold in periods s and t.  
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If wine i, a wine from classification k, and sold in period s, is from vintage 

 ( 1965,...,2000),v v =  then the variable k
isvx  takes the value one; zero otherwise. If wine 

i, a wine from classification k, and sold in period s, is from grape variety  ( 1,...,8),c c =  

then the variable k
iscz  takes the value one; zero otherwise. The interpretation for wines 

sold in period t is the same. The 0 ,kβ  ,k
vγ  and k

cδ  coefficients control for quality 

differences, and are constrained to be the same in adjacent periods. As such, the 

estimated percentage change in price between period s and period t, for a theoretically 

homogeneous bottle of wine from Langton’s classification k, can be found as 

( )ˆexp( ) 1 100,k
stα − ×  where ˆ k

stα  is the OLS estimate of .k
stα  The k

isu  and k
itu  in equations 

(5.3) and (5.4) are zero mean error terms, which may be heteroscedastic.  

 

By comparing equations (5.3) and (5.4) with equations (5.1) and (5.2), it can be 

seen that the only difference between the two sets of equations is that the estimated 

coefficients now vary with k. The extra flexibility of the model is of course associated 

with a degrees of freedom penalty, and so a lower level of precision with respect to all 

estimates. If asset one is used to denote wines with the rating Exceptional, asset two the 

wines with the rating Outstanding, etc., then for 1,k =  there are 3,158 observations; for 

2,k =  there are 2,292 observations; for 3,k =  there are 5,031 observations; and for 

4,k =  there are 3,621 observations. It will sometimes be convenient to refer to asset 

one, rather than say the wines with the rating Exceptional. When this is done, the 

ordering is as described above. 

 

In estimating equations (5.3) and (5.4), to avoid perfect multicollinearity, it is 

necessary to include both a vintage and variety in the base. Although not always vintage 

1965, the base vintage is always the earliest vintage. The base variety is always Shiraz. 

If appropriate, standard errors have corrected for heteroscedasticity. Given the dummy 

variable nature of the regressors, the White (1980) general test for heteroscedasticity 

appeared inappropriate. As such the Koenker and Bassett adjusted Breusch-Pagan 

Lagrange Multiplier test was used to test for heteroscedasticity (Greene 2003, p. 224). 

In this instance, the original regressors comprise the vector of variables used in the test. 

When homoscedasticity is rejected, the White (1980) general correction is used to 

calculate correct standard errors. These standard errors are then scaled by a factor of 

/( ),n n d−  where n is the number of observations, and d the number of regressors. The 
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standard errors are scaled as Davidson and Mackinnon (1993), discussed in Greene 

(2003, p. 220), suggest this as an appropriate adjustment to White’s standard errors, 

especially in small samples. All adjacent period hedonic price equations were estimated 

using GAUSS 5.0. 

 

 As there are four wine assets, and the sample period runs from 1989Q4 to 

2000Q4, there are ( )44 4 176× =  separate adjacent period hedonic price equations. 

Details on the coefficient of interest -- the estimates of quarterly price change -- are 

reported in Table 5.1. Complete estimation results are however reported in Appendix 

5.1.  

 

 In Table 5.1, for each asset, the entry in the first column represents the log 

change in price for each period. So, the estimated log change in price -- the log return -- 

for Exceptional wine in 1991Q1 was -.038, while for Outstanding wine it was .191, for 

Excellent wine it was -.034, and for Distinguished wine it was -.015. The second 

column in Table 5.1 shows the standard error associated with each estimate, and the 

third column, when multiplied by 100, gives the percentage return for each quarter. For 

each asset the estimated mean quarterly return and standard deviation are shown at the 

bottom of the table. The values are: Exceptional wine: mean quarterly return 3.3 

percent, standard deviation 8.6 percent; Outstanding wine: mean quarterly return 4.1 

percent, standard deviation 12.3 percent; Excellent wine: mean quarterly return 2.1 

percent, standard deviation 8.8 percent; and, Distinguished wine: mean quarterly return 

2.7 percent, standard deviation 6.7 percent. For each wine asset, the final column in 

Table 5.1 provides an accumulation index measure of performance. The base value for 

the index is 100, and in 2000Q4 the index values were: Exceptional wine 352.0, 

Outstanding wine 444.0, Excellent wine 216.9, and Distinguished wine 293.0. It is 

worth noting the returns and index values discussed hold quantity constant, and thus 

solely reflect price changes. 

 

 Interestingly, the wine asset with the highest return also had the highest risk. 

And, if the coefficient of variation (standard deviation/return) is used as the measure of 

asset performance, it is Distinguished wines, in general the cheapest wines, which 

perform best. Specifically, based on the coefficient of variation, the preference ordering 

would be: Distinguished wine: coefficient of variation 2.5, Exceptional wine: coefficient 

of variation 2.6, Outstanding wine: coefficient of variation 3.0, and Excellent wine: 
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coefficient of variation 4.2. Actually, for Distinguished wine, Exceptional wine, and 

Outstanding wine, the coefficient of variation values are not dissimilar. This suggests, 

for these three assets, the return per unit of risk is approximately the same. For 

Excellent wine on the other hand, return per unit of risk is noticeably lower. Compared 

to the other three wine assets, from an investment point of view, Excellent wine has a 

relatively unattractive risk-return profile. 

 

 The information shown in Table 5.1 can also be represented using a series of 

diagrams. Panel A of Figure 5.1 shows the quarterly return information for each asset 

through time; the dotted line indicates the mean, and the solid line the actual estimated 

values. The two most notable features of the figures in Panel A are: (i) that estimates of 

quarterly returns become more stable in the later part of the sample, and (ii) for all but 

Exceptional wine, the estimated return in 1992Q4 is relatively large.  

 

That return estimates are more stable in the second half of the sample is not 

surprising, and can be thought of as reflecting two mutually reinforcing developments. 

In the early 1990s the volume of wine traded was low, information on prices relatively 

scarce, and market participants relatively inexperienced. As such, it is reasonable to 

expect higher volatility in prices in the early 1990s. There is however also an estimation 

component to the high volatility shown in the early part of the sample. When the 

degrees of freedom in the adjacent period hedonic price equation are low, there is less 

precision with respect to each point estimate of price change, and so greater variability 

in reported price change estimates.  

 

For Exceptional wine the quarter with the highest return was 1994Q1. For the 

remaining three wine assets the quarter with the highest return was 1992Q4. It is 

therefore worth looking more closely at the estimated returns for 1992Q4. The 

estimated quarterly returns in 1992Q4 were: Exceptional wine -1.0 percent, Outstanding 

wine 50.0 percent, Excellent wine 37.5 percent, and Distinguished wine 27.4 percent. 

The degrees of freedom associated with each estimate of price change are reported in 

Appendix 5.1, and for the adjacent period ending in 1992Q4 are: Exceptional wine 29, 

Outstanding wine 6, Excellent wine 48, and Distinguished wine 38. As such, before 

proceeding, it is worth examining the estimated return to Outstanding wine in 1992Q4 

in more detail.  
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TABLE 5.1 
THE QUARTERLY RETURN TO FOUR WINE ASSETS  

Asset One  
(Exceptional wines)  Asset Two 

(Outstanding wines)  Period 

Est. S.E. Return Index  Est. S.E. Return Index 

1989Q4 - - - 100.0  - - - 100.0 
1990Q1 -.038 (.145) -.037 96.3  .191 (.225) .210 121.0 
1990Q2 .022 (.128) .022 98.4  -.141 (.424) -.131 105.2 
1990Q3 -.068 (.086) -.066 91.9  -.004 (.284) -.004 104.7 
1990Q4 -.216 (.139) -.194 74.1  .216 (.132) .241 130.0 
1991Q1 .169 (.166) .185 87.7  -.127 (.127) -.119 114.5 
1991Q2 .110 (.116) .116 97.9  -.058 (.135) -.057 108.1 
1991Q3 .124 (.099) .131 110.8  .017 (.136) .017 109.9 
1991Q4 -.010 (.103) -.010 109.8  .097 (.128) .102 121.0 
1992Q1 -.075 (.125) -.072 101.8  -.171 (.104) -.157 102.0 
1992Q2 .101 (.118) .106 112.6  .052 (.100) .053 107.4 
1992Q3 .077 (.102) .081 121.7  -.266 (.116) -.234 82.3 
1992Q4 -.010 (.089) -.010 120.5  .406 (.164) .500 123.5 
1993Q1 -.128 (.085) -.120 106.0  .168 (.145) .183 146.1 
1993Q2 .152 (.078) .164 123.4  .058 (.141) .060 154.8 
1993Q3 .058 (.066) .060 130.7  -.021 (.171) -.021 151.7 
1993Q4 -.064 (.061) -.062 122.6  -.168 (.146) -.154 128.2 
1994Q1 .187 (.069) .206 147.9  -.039 (.116) -.038 123.4 
1994Q2 -.060 (.087) -.058 139.3  -.016 (.117) -.016 121.4 
1994Q3 .006 (.080) .006 140.1  .064 (.071) .066 129.4 
1994Q4 .059 (.068) .061 148.6  .104 (.077) .110 143.6 
1995Q1 -.030 (.066) -.029 144.3  .174 (.102) .190 171.0 
1995Q2 .183 (.072) .201 173.3  .063 (.096) .065 182.1 
1995Q3 .054 (.054) .055 182.8  .045 (.079) .046 190.5 
1995Q4 .015 (.058) .016 185.6  .103 (.086) .109 211.3 
1996Q1 .095 (.059) .100 204.1  .088 (.092) .092 230.8 
1996Q2 .138 (.042) .148 234.3  .049 (.067) .051 242.4 
1996Q3 -.064 (.041) -.062 219.8  -.028 (.052) -.027 235.8 
1996Q4 .010 (.045) .010 222.0  .138 (.051) .148 270.7 
1997Q1 .148 (.044) .160 257.5  .038 (.059) .039 281.1 
1997Q2 .029 (.039) .029 265.1  .128 (.065) .137 319.6 
1997Q3 .010 (.043) .010 267.8  -.056 (.057) -.054 302.2 
1997Q4 .083 (.049) .087 291.0  .186 (.060) .205 364.1 
1998Q1 .039 (.050) .040 302.6  .075 (.058) .078 392.6 
1998Q2 .008 (.044) .008 305.1  -.012 (.050) -.012 387.7 
1998Q3 .025 (.044) .025 312.7  .011 (.047) .011 392.0 
1998Q4 -.042 (.040) -.041 299.9  -.063 (.040) -.061 368.0 
1999Q1 .049 (.040) .051 315.0  .043 (.037) .044 384.2 
1999Q2 -.031 (.041) -.031 305.4  .004 (.040) .004 385.8 
1999Q3 .027 (.041) .027 313.8  .045 (.036) .046 403.4 
1999Q4 .063 (.042) .065 334.0  .029 (.035) .030 415.4 
2000Q1 .006 (.039) .006 336.1  .038 (.043) .039 431.7 
2000Q2 -.028 (.045) -.028 326.7  .019 (.039) .019 440.0 
2000Q3 .028 (.044) .028 335.9  .010 (.034) .010 444.3 
2000Q4 .047 (.036) .048 352.0  -.001 (.040) -.001 444.0 

Arith. Mean - - .0325 -  - - .0413 - 
St. Dev.  - - .0856 -  - - .1234 - 
Coeff. of 
Variation - - 2.631 -  - - 2.986 - 

 

(continued next page) 
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TABLE 5.1(CONTINUED)  
THE QUARTERLY RETURN TO FOUR WINE ASSETS 

Asset Three  
(Excellent wines)  Asset Four  

(Distinguished wines) Period 

Est. S.E. Return Index  Est. S.E. Return Index 

1989Q4 - - - 100.0  - - - 100.0 
1990Q1 -.034 (.061) -.033 96.7  -.015 (.124) -.015 100.0 
1990Q2 .017 (.080) .018 98.4  .078 (.095) .081 98.5 
1990Q3 -.028 (.099) -.028 95.6  .113 (.092) .119 106.5 
1990Q4 .012 (.075) .012 96.8  -.026 (.063) -.026 119.2 
1991Q1 -.044 (.086) -.043 92.6  .002 (.079) .002 116.1 
1991Q2 -.035 (.080) -.034 89.4  -.030 (.069) -.029 116.3 
1991Q3 -.073 (.075) -.070 83.1  -.027 (.103) -.026 112.9 
1991Q4 .131 (.114) .139 94.7  .077 (.085) .080 109.9 
1992Q1 -.117 (.051) -.110 84.3  .020 (.060) .020 118.7 
1992Q2 .108 (.053) .114 93.9  .024 (.058) .024 121.0 
1992Q3 -.129 (.089) -.121 82.5  -.100 (.088) -.095 123.9 
1992Q4 .319 (.104) .375 113.5  .242 (.139) .274 112.2 
1993Q1 -.099 (.084) -.095 102.8  .029 (.090) .030 143.0 
1993Q2 .101 (.054) .107 113.7  .123 (.067) .130 147.2 
1993Q3 .048 (.055) .049 119.3  .019 (.069) .019 166.4 
1993Q4 -.095 (.091) -.090 108.5  .070 (.089) .072 169.6 
1994Q1 .137 (.053) .147 124.5  .048 (.072) .050 181.8 
1994Q2 -.021 (.052) -.021 121.9  -.005 (.082) -.005 190.8 
1994Q3 -.096 (.051) -.092 110.7  -.063 (.096) -.061 189.9 
1994Q4 .040 (.047) .040 115.2  -.024 (.086) -.023 178.3 
1995Q1 .030 (.060) .031 118.7  -.042 (.073) -.041 174.1 
1995Q2 .105 (.052) .111 131.9  .066 (.078) .068 167.0 
1995Q3 .025 (.039) .026 135.3  -.047 (.074) -.046 178.4 
1995Q4 .061 (.048) .063 143.8  .092 (.056) .096 170.1 
1996Q1 .037 (.047) .038 149.3  .148 (.055) .160 186.5 
1996Q2 .069 (.032) .072 159.9  .071 (.056) .074 216.3 
1996Q3 -.032 (.031) -.031 154.9  -.045 (.045) -.044 232.2 
1996Q4 -.025 (.033) -.025 151.1  .009 (.045) .009 222.0 
1997Q1 .039 (.033) .039 157.0  .068 (.048) .071 224.0 
1997Q2 .170 (.039) .185 186.1  .074 (.043) .077 239.8 
1997Q3 .009 (.038) .009 187.8  -.007 (.036) -.007 258.4 
1997Q4 .050 (.030) .051 197.4  .080 (.031) .084 256.7 
1998Q1 .061 (.029) .063 209.8  .061 (.029) .063 278.2 
1998Q2 .047 (.033) .048 219.9  .014 (.032) .014 295.6 
1998Q3 .031 (.029) .032 226.9  .012 (.030) .012 299.7 
1998Q4 -.042 (.026) -.041 217.6  -.037 (.026) -.037 303.5 
1999Q1 .035 (.025) .036 225.4  .031 (.026) .031 292.3 
1999Q2 -.015 (.027) -.015 222.0  -.011 (.025) -.011 301.4 
1999Q3 .022 (.024) .023 227.0  .062 (.028) .064 298.1 
1999Q4 .044 (.022) .045 237.2  .016 (.025) .017 317.2 
2000Q1 -.030 (.023) -.030 230.2  -.035 (.024) -.035 322.4 
2000Q2 .018 (.024) .018 234.3  -.015 (.022) -.015 311.3 
2000Q3 -.044 (.024) -.043 224.1  -.046 (.025) -.045 306.8 
2000Q4 -.033 (.025) -.032 216.9  .021 (.016) .022 293.0 

Arith. Mean - - .0213 -  - - .0273 - 
St. Dev.  - - .0883 -  - - .0674 - 
Coeff. of 
Variation - - 4.156 -  - - 2.471 - 
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FIGURE 5.1
THE QUARTERLY RETURNS TO FOUR WINE ASSETS
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Comfort regarding the 1992Q4 estimate for the return to Outstanding wine can 

be taken from two sources. Firstly, it is known share prices in a particular industry tend 

to move together. Assuming for a moment this is also generally true for wine assets, 

then, as the estimated returns to Excellent and Distinguished wine in 1992Q4 are also 

relatively high, we can be partially reassured. Secondly, it is possible to consider repeat 

sale observations for individual wine brands sold in the adjacent period ending in 

1992Q4. For this period there are five repeat sale observations for individual wine 

brands with the Langton’s rating Outstanding. The returns in 1992Q4 for the five repeat 

sale observations varied between minus 13.5 percent, and 47.1 percent. So, while the 

return estimates for 1992Q4 in general -- and for Outstanding wine in particular -- 

should be treated with caution, they are plausible.  

 

For each wine asset, Panel B of Figure 5.1 shows the accumulation index 

information, and displays the 2000Q4 index value. The 1989Q4 index value is set at 

100. Finally, Panel C of Figure 5.1 shows the frequency distribution of the estimated 

quarterly returns for each wine asset. The returns to Exceptional wine appear to be 

approximately symmetric, while the distribution of returns to: Outstanding wine, 

Excellent wine, and Distinguished wine, have a noticeable positive skew. As the 

theoretical maximum loss in any one quarter is 100 percent, and the theoretical 

maximum gain is infinite, it is unsurprising to see evidence of a positive skew with 

respect to wine returns. Given the kurtosis values -- Exceptional wine 3.0, Outstanding 

wine 5.9, Excellent wine 7.1, and Distinguished wine 5.3 -- the three wine assets with 

noticeable positive skew also have a high number of relatively extreme values. Wine 

returns, it appears, exhibit characteristics not dissimilar to the characteristics of other 

financial assets identified in Engle (2003). 

 

 At this stage it is worth noting the clear advance made on the discussion 

presented in Chapter 4. In Chapter 4 expensive wine was shown to increase in value 

faster than cheaper wine, but nothing could be said about risk. Based on the results 

presented in Table 5.1, it is now possible to say, that while the most expensive wine -- 

wine with the rating Exceptional or Outstanding -- does in general increase in value at a 

rate faster than cheaper wine, the higher returns, are, in general, associated with higher 

risk.  
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This section has used the adjacent period hedonic price framework to estimate 

quarterly return information for four different wine assets. The return, and the 

distribution of returns to each asset, were then described in detail. As very little is 

known about the return to Australian wine, this represents a significant contribution to 

knowledge regarding wine investment. Sections 5.3 and 5.4 extend the analysis of the 

rate of return to wine by investigating the question of optimal asset allocation between 

these four wine assets. 

 

5.3 THE MEAN-VARIANCE INVESTMENT APPROACH 

 

The future return to an asset, is, of course, unknown. Yet future return can be 

modelled as a random variable. Although not always the most efficient estimator, an 

unbiased and commonly used estimator of expected return is the historic arithmetic 

mean return. If the historic arithmetic mean return is used as the estimator of expected 

return, the expected return to a portfolio of different assets is simply 
1

,N
i ii
wμ

=∑ where 

iμ  is the expected return to wine asset i, iw  is the proportion of the portfolio invested in 

asset i, and 
1

1.N
ii

w
=

=∑  If the investment problem was one of simply maximising 

expected portfolio return, the problem is easily solved. The investor places 100 percent 

of the amount to be invested in the asset with the highest expected return. However, 

such a strategy is very risky, and in general does not reflect observed investor 

behaviour. An alternative framework for discussing investor behaviour, originally 

suggested in Markowitz (1952), is the mean-variance framework. The mean-variance 

approach to investment involves the symmetric balancing of risk and return, and can be 

used to investigate the question of optimal asset allocation. The general Markowitz 

(1952) framework is outlined below. 

 

Let N be the number of assets under consideration, let μ  be the N × 1 mean 

return vector, and let e  be an N × 1 vector of ones. Let w be an N × 1 vector whose 

elements iw  represent the different weight allocations to the N assets, and let 1.′ =e w  

Further, assume a market for short selling does not exist, so, .≥w 0  Given such 

notation, the expected return to a portfolio of assets is ,′w μ  and if Ω is used to denote 

the N × N covariance matrix, the variance of the portfolio is .′w Ωw  The risk of the 

portfolio can then be measured by its standard deviation, .′w Ωw  
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Within this context, a portfolio is said to be efficient, if, and only if, for any 

given expected portfolio return there is no alternate portfolio with lower variance. 

Specifically, efficient portfolios are found by solving a series of quadratic programming 

problems with linear constraints. Formally the problem can be written as: 

min. 
s.t. ;

;
1.

L

′
′ ′≥

≥
′ =

w Ωw
w μ w μ

w 0
e w

     (5.5) 

In problem (5.5) L′w μ  is some suitably chosen minimum portfolio return less than the 

maximum portfolio return achievable, which once set is varied upwards in increments 

until ,L U′ ′=w μ w μ  where U′w μ  is some suitably chosen upper limit to portfolio return. 

As long as Ω is positive definite, and L′w μ  and U′w μ  are chosen with care, there will 

be a unique set of portfolio weights for each expected portfolio return. Once the set of 

quadratic programming problems described by (5.5) are solved, the output can be 

plotted in two-dimensional risk-return space, and the efficient frontier identified. 

 

Naturally, as with any constrained minimisation problem, (5.5) can also be 

written as a constrained maximisation problem. If this is done the problem becomes one 

of maximising a linear objective function with linear and non-linear constraints. For 

further information on this point, and portfolio theory in general, it is left to the 

interested reader to consult any of the many excellent texts on the topic, texts which 

include Elton and Gruber (1995) for an introduction, and Korn (1997) for an advanced 

treatment. 

 

 All points on the efficient frontier are by definition efficient. This means one 

portfolio on the efficient frontier does not dominate another portfolio on the frontier. 

How then is it possible to identify the portfolio an investor might actually wish to hold? 

One approach to finding the portfolio an investor will want to hold is to overlay a utility 

function onto the efficient frontier. There is however an alternate approach to finding 

the optimal portfolio, and the alternate approach does not rely on utility theory. The 

approach involves maximising the Sharpe Ratio. 

 

The Sharpe Ratio is an interesting financial ratio to consider. The Sharpe Ratio 

measures return (or excess return) per unit of standard deviation (risk) and is calculated 

⎫
⎪
⎪
⎬
⎪
⎪⎭
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as .′ ′w μ w Ωw  It can be argued that a utility free measure of the optimal portfolio is 

the portfolio which maximises the Sharpe Ratio. That is, the optimal portfolio is the 

portfolio providing the highest return per unit of risk. As this approach is independent of 

utility theory, it is an attractive approach, and in the following work, the portfolio which 

maximises the Sharpe Ratio will be referred to as the optimal portfolio.  

 

Let us now return to the specifics of the wine asset allocation problem. Based on 

the historic return data presented in Table 5.1, it is possible to estimate the covariance 

matrix via mean squares and cross products. The actual estimated covariance matrix is, 
 

2

                  Except.     Outstand.   Excell.     Disting.
.731390 -.191700 .203562 .091599

1.522141 .640434 .355372
10 ,

.780349 .400522
.455343

−

⎡ ⎤
⎢ ⎥
⎢ ⎥× =
⎢ ⎥
⎢ ⎥
⎣ ⎦

Ω
   (5.6) 

and the corresponding estimated mean return vector is, 

[ ]1

                   Except.      Outstand.     Excell.      Disting.
10 .3250030 .4131755 .2125357 .2730486 .− ′× =μ

   (5.7) 

 

As the covariance matrix is symmetric, it is sufficient to show only the upper diagonal 

elements of the matrix. A striking feature of the estimated covariance matrix of wine 

returns is the second element of the first row. Returns to the four wine assets were 

expected to be positively correlated, yet it appears the return to Exceptional wine and 

the return to Outstanding wine are negatively correlated. Given these two wine assets 

also have the highest estimated mean quarterly return, the result is particularly 

interesting. 

 

The correlation coefficient ij ij i jρ σ σ σ= , is bounded by minus one (perfect 

negative correlation) and one (perfect positive correlation) and gives a standardised 

measure of the relationship between variable pairs. For comparison purposes the 

correlation matrix provides values with a more natural interpretation than the covariance 

matrix values. Based on (5.6), the correlation matrix of wine returns is,  

   

1 -.182 .269 .159
1 .588 .427

.
1 .627

1

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦
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The correlation matrix values indicate mild negative correlation between the returns to 

Exceptional wine and Outstanding wine, and positive correlations for all other asset 

pairs. The strongest positive correlation of returns is that between Excellent wine and 

Distinguished wine. The correlation coefficient values are interesting. By looking at the 

covariance matrix it is possible to see whether wine asset returns are positively 

correlated, negatively correlated, or independent. However, by looking at the correlation 

matrix values it is possible to also obtain a measure of the degree of correlation. 

 

By combining the covariance matrix (5.6), the mean return vector (5.7), and 

problem (5.5), it is possible to identify the efficient frontier for wine. Given the data, 

letting L′w μ  = .02500, and increasing L′w μ  by .0001 until L′w μ = U′w μ  = .03690, 

ensures a sensible set of solution values. The solutions to the quadratic programming 

problems were obtained using GAUSS 5.0, and along with associated relevant 

information, the solution values are shown in Table 5.2.  

 

Consider, for a moment, the first set of solution values shown in Table 5.2. 

When the required rate of return is 2.50 percent per quarter, portfolio risk is minimised 

by holding a portfolio of approximately 13 percent Exceptional wine, zero percent 

Outstanding wine, 49 percent Excellent wine, and 38 percent Distinguished wine. 

Specifically, the risk associated with the portfolio is 6.71 percent. Now consider a 

portfolio where the required rate of return is 2.51 percent per quarter. The minimum 

portfolio risk achievable when the required rate of return is 2.51 percent is 6.67 percent. 

As compared to the portfolio with a required rate of return of 2.50 percent, the expected 

return has increased, and portfolio risk decreased, the new portfolio represents a clear 

improvement. The portfolio with return 2.50 percent and risk 6.71 percent is strictly 

dominated by the portfolio with return 2.51 percent and risk 6.67 percent. So, while the 

first portfolio combination shown in Table 5.2 represents a solution to the constrained 

optimisation problem, the portfolio is not an efficient portfolio. Specifically, all 

portfolios with a required rate of return less than 3.12 percent per quarter, while 

representing solutions to the constrained optimisation problem, do not represent 

efficient portfolios. The efficient frontier is described by all portfolios where the 

required rate of return is greater than or equal to 3.12 percent. The solution values to the 

constrained optimisation problem which are not part of the efficient frontier are 

indicated in Table 5.2 with italics. 
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TABLE 5.2  
CONSTRAINED OPTIMISATION SOLUTIONS: WINE 1989Q4-2000Q4 

Asset Allocation  Asset Allocation Return 
(%) 

Risk 
(%) 

Sharpe 
Ratio 

1w  
2w  3w  

4w   
Return 

(%) 
Risk 
(%) 

Sharpe 
Ratio 

1w  
2w  3w  

4w  

2.500 6.712 .3725 .1274 .0000 .4903 .3823  3.100 5.489 .5648 .3798 .1229 .0000 .4973 
2.510 6.668 .3764 .1329 .0000 .4785 .3886  3.110 5.487 .5668 .3833 .1287 .0000 .4880 
2.520 6.625 .3804 .1385 .0000 .4667 .3948  3.120 5.487 .5686 .3869 .1345 .0000 .4786 
2.530 6.583 .3843 .1440 .0000 .4550 .4010  3.130 5.487 .5704 .3904 .1404 .0000 .4692 
2.540 6.541 .3883 .1496 .0000 .4432 .4072  3.140 5.488 .5721 .3940 .1462 .0000 .4599 
2.550 6.501 .3923 .1551 .0000 .4314 .4135  3.150 5.490 .5737 .3975 .1520 .0000 .4505 
2.560 6.461 .3962 .1606 .0000 .4197 .4197  3.160 5.493 .5752 .4011 .1578 .0000 .4411 
2.570 6.422 .4002 .1662 .0000 .4079 .4259  3.170 5.497 .5766 .4046 .1636 .0000 .4318 
2.580 6.383 .4042 .1717 .0000 .3961 .4322  3.180 5.502 .5780 .4082 .1695 .0000 .4224 
2.590 6.346 .4081 .1773 .0000 .3844 .4384  3.190 5.508 .5792 .4117 .1753 .0000 .4130 
2.600 6.309 .4121 .1828 .0000 .3726 .4446  3.200 5.514 .5803 .4152 .1811 .0000 .4037 
2.610 6.274 .4160 .1883 .0000 .3608 .4508  3.210 5.521 .5814 .4188 .1869 .0000 .3943 
2.620 6.239 .4199 .1939 .0000 .3491 .4571  3.220 5.530 .5823 .4223 .1927 .0000 .3849 
2.630 6.205 .4238 .1994 .0000 .3373 .4633  3.230 5.539 .5832 .4259 .1986 .0000 .3755 
2.640 6.173 .4277 .2050 .0000 .3255 .4695  3.240 5.549 .5839 .4294 .2044 .0000 .3662 
2.650 6.141 .4315 .2105 .0000 .3137 .4757  3.250 5.559 .5846 .4330 .2102 .0000 .3568 
2.660 6.110 .4354 .2161 .0000 .3020 .4820  3.260 5.571 .5852 .4365 .2160 .0000 .3474 
2.670 6.080 .4392 .2216 .0000 .2902 .4882  3.270 5.583 .5857 .4401 .2219 .0000 .3381 
2.680 6.051 .4429 .2271 .0000 .2784 .4944  3.280 5.597 .5861 .4436 .2277 .0000 .3287 
2.690 6.023 .4466 .2327 .0000 .2667 .5006  3.290 5.611 .5864 .4472 .2335 .0000 .3193 
2.700 5.996 .4503 .2382 .0000 .2549 .5069  3.300 5.626 .5866 .4507 .2393 .0000 .3100 
2.710 5.970 .4539 .2438 .0000 .2431 .5131  3.310 5.641 .5868 .4543 .2451 .0000 .3006 
2.720 5.946 .4575 .2493 .0000 .2314 .5193  3.320 5.658 .5868 .4578 .2510 .0000 .2912 
2.730 5.922 .4610 .2548 .0000 .2196 .5256  3.330 5.675 .5868 .4614 .2568 .0000 .2819 
2.740 5.899 .4645 .2604 .0000 .2078 .5318  3.340 5.693 .5867 .4649 .2626 .0000 .2725 
2.750 5.878 .4679 .2659 .0000 .1961 .5380  3.350 5.712 .5865 .4685 .2684 .0000 .2631 
2.760 5.857 .4712 .2715 .0000 .1843 .5442  3.360 5.732 .5862 .4720 .2742 .0000 .2538 
2.770 5.838 .4745 .2770 .0000 .1725 .5505  3.370 5.752 .5859 .4756 .2801 .0000 .2444 
2.780 5.820 .4777 .2825 .0000 .1608 .5567  3.380 5.773 .5855 .4791 .2859 .0000 .2350 
2.790 5.802 .4808 .2881 .0000 .1490 .5629  3.390 5.795 .5850 .4826 .2917 .0000 .2256 
2.800 5.786 .4839 .2936 .0000 .1372 .5691  3.400 5.818 .5844 .4862 .2975 .0000 .2163 
2.810 5.772 .4869 .2992 .0000 .1255 .5754  3.410 5.841 .5838 .4897 .3033 .0000 .2069 
2.820 5.758 .4898 .3022 .0030 .1184 .5764  3.420 5.865 .5831 .4933 .3092 .0000 .1975 
2.830 5.744 .4927 .3046 .0066 .1125 .5762  3.430 5.890 .5823 .4968 .3150 .0000 .1882 
2.840 5.731 .4956 .3071 .0103 .1066 .5760  3.440 5.916 .5815 .5004 .3208 .0000 .1788 
2.850 5.717 .4985 .3096 .0140 .1006 .5759  3.450 5.942 .5806 .5039 .3266 .0000 .1694 
2.860 5.704 .5014 .3120 .0176 .0946 .5757  3.460 5.969 .5797 .5075 .3325 .0000 .1601 
2.870 5.692 .5042 .3145 .0213 .0887 .5756  3.470 5.997 .5787 .5110 .3383 .0000 .1507 
2.880 5.679 .5071 .3169 .0249 .0828 .5754  3.480 6.025 .5776 .5146 .3441 .0000 .1413 
2.890 5.667 .5100 .3194 .0286 .0768 .5752  3.490 6.054 .5765 .5181 .3499 .0000 .1320 
2.900 5.655 .5128 .3218 .0322 .0709 .5751  3.500 6.083 .5753 .5217 .3557 .0000 .1226 
2.910 5.643 .5157 .3243 .0359 .0649 .5749  3.510 6.114 .5741 .5252 .3616 .0000 .1132 
2.920 5.632 .5185 .3267 .0396 .0590 .5747  3.520 6.144 .5729 .5288 .3674 .0000 .1039 
2.930 5.621 .5213 .3292 .0432 .0530 .5746  3.530 6.176 .5716 .5323 .3732 .0000 .0945 
2.940 5.610 .5241 .3317 .0469 .0471 .5744  3.540 6.208 .5702 .5359 .3790 .0000 .0851 
2.950 5.599 .5269 .3341 .0505 .0411 .5743  3.550 6.241 .5688 .5394 .3848 .0000 .0758 
2.960 5.588 .5297 .3366 .0542 .0352 .5741  3.560 6.274 .5674 .5430 .3907 .0000 .0664 
2.970 5.578 .5324 .3390 .0578 .0292 .5739  3.570 6.308 .5660 .5465 .3965 .0000 .0570 
2.980 5.568 .5352 .3415 .0615 .0233 .5738  3.580 6.342 .5645 .5500 .4023 .0000 .0476 
2.990 5.558 .5379 .3439 .0652 .0173 .5736  3.590 6.377 .5629 .5536 .4081 .0000 .0383 
3.000 5.549 .5406 .3464 .0688 .0114 .5734  3.600 6.413 .5614 .5571 .4139 .0000 .0289 
3.010 5.540 .5433 .3488 .0725 .0054 .5733  3.610 6.449 .5598 .5607 .4198 .0000 .0195 
3.020 5.531 .5460 .3514 .0763 .0000 .5723  3.620 6.486 .5581 .5642 .4256 .0000 .0102 
3.030 5.523 .5487 .3549 .0821 .0000 .5629  3.630 6.523 .5565 .5678 .4314 .0000 .0008 
3.040 5.515 .5512 .3585 .0880 .0000 .5535  3.640 6.563 .5547 .5577 .4423 .0000 .0000 
3.050 5.509 .5537 .3620 .0938 .0000 .5442  3.650 6.607 .5524 .5464 .4536 .0000 .0000 
3.060 5.503 .5561 .3656 .0996 .0000 .5348  3.660 6.656 .5499 .5350 .4650 .0000 .0000 
3.070 5.498 .5584 .3691 .1054 .0000 .5254  3.670 6.710 .5469 .5237 .4763 .0000 .0000 
3.080 5.494 .5606 .3727 .1113 .0000 .5161  3.680 6.769 .5437 .5124 .4876 .0000 .0000 
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In Table 5.2, the optimal portfolio is indicated with shading. It is the portfolio 

where the expected quarterly return is 3.32 percent, the portfolio risk is 5.66 percent, 

and the Sharpe Ratio is .587. The asset allocation associated with the optimal portfolio 

is approximately: 46 percent to Exceptional wine, 25 percent to Outstanding wine, 

nothing to Excellent wine, and 29 percent to Distinguished wine.  

 

While Table 5.2 shows the optimal individual wine asset weights when the 

required minimum portfolio return varies, it is perhaps more insightful to focus on 

Figures 5.2 and 5.3. Figure 5.2 shows all solution values to the constrained optimisation 

problem -- given L′w μ  = .02500 and U′w μ  = .03690 -- in risk-return space, and 

indicates the location of the individual assets and an equally weighted portfolio 

(evaluated at sample means). Clearly, using the two axioms of investor behaviour noted 

by Markowitz, it is not efficient to invest solely in one asset, or to hold an equally 

weighted portfolio. This can be confirmed by considering the Sharpe Ratio for each 

individual asset, and the Sharpe Ratio for an equally weighted portfolio. The relevant 

Sharpe Ratios are: Exceptional wine .380, Outstanding wine .335, Excellent wine .241, 

Distinguished wine .405, and an equally weighted portfolio .480. Actually, it is 

interesting to note the return per unit of risk for the equally weighted portfolio is 

noticeably higher than for any of the individual wine assets, and not that far below the 

return per unit of risk achieved by the optimal portfolio. 

 

The plot shown in Figure 5.2 starts with the point: portfolio return 2.50 percent, 

portfolio risk 6.71 percent, and shows all portfolios with a required rate of return less 

than 3.12 percent are not efficient. For all points on the curve below the point: return 

3.12 percent, risk 5.49 percent, it is possible to find an alternate portfolio with the same 

level of risk, but with a higher level of return. As shown in Table 5.2, the portfolio 

where the expected quarterly return is 3.32 percent and portfolio risk 5.66 percent, is the 

optimal portfolio. This portfolio combination is indicated in Figure 5.2.  

 

Figure 5.3 illustrates how, as the minimum required rate of return varies, the 

optimal weight given to each asset changes. Given a minimum return requirement of 

2.50 percent, portfolio variance is minimised by holding a portfolio consisting of 

approximately 13 percent Exceptional wine, zero percent Outstanding wine, 49 percent 

Excellent wine, and 38 percent Distinguished wine. Given a different minimum return 

requirement, say 3.69 percent, portfolio risk is minimised by holding approximately 
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equal quantities of Exceptional and Outstanding wine, and nothing else. The efficient 

frontier is described by those portfolios with return equal to or greater than 3.12 percent. 

As such, Figure 5.3 shows that no efficient portfolio includes a positive holding of 

Excellent wine. 

 

Without the restriction of no short selling, mean-variance type problems often 

suggest an allocation of zero to the majority of assets under consideration. Yet even 

with the restriction of no short selling -- as is the case in this example -- it is common 

for the mean-variance solution to suggest the optimal weight to certain assets is zero. It 

is therefore not surprising to see the optimal wine portfolio includes positive quantities 

of only three of the four wine assets. Having introduced the mean-variance framework, 

described the efficient frontier, and identified the optimal portfolio, it is now appropriate 

to consider practical ways of using mean-variance analysis to guide investment 

decisions. 

 

5.4 PRACTICAL STRATEGIES FOR SELECTING WINE ASSET WEIGHTS  

 

Given information on asset returns, variances, and covariances are available, 

mean-variance analysis, as described in Section 5.3, clearly identifies optimal portfolio 

weights. Specifically, in the case of the four wine assets considered, based on the 

information shown in Table 5.1, the optimal portfolio asset allocation was found to be: 

Exceptional wine 46 percent, Outstanding wine 25 percent, Excellent wine zero percent, 

and Distinguished wine 29 percent. Yet one can question whether this information is of 

practical use to the investor. The investor has to make a decision about asset allocation 

for time period t based only on the information available at time period 1.t −  As such, 

successful practical implementation of mean-variance analysis depends on whether the 

optimal portfolio weights based on the information available at time period 1t −  are 

accurate forecasts of the optimal portfolio weights in time period t. This section 

investigates whether, once practically implemented, mean-variance analysis can be used 

to achieve an investment return greater than the return available from an equally 

weighted investment portfolio.  

 

How the mean-variance portfolio approach to wine investment -- for the sample 

period discussed in this chapter -- can be practically implemented can be outlined as 

follows. Let tμ  and tΩ  denote the 4 × 1 mean return vector and 4 × 4 estimated 
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covariance matrix for a rolling 30 quarter window ending at time 

 ( 1997Q2,...,2000Q3).t t =  In selecting the length of the rolling window it is necessary 

to balance the two competing objectives of (i) having a window of length sufficient to 

generate sensible estimates of tμ  and ;tΩ  and (ii) having a forecast period of 

reasonable length. The number of independent elements in the N × N covariance matrix 

is ( )21
2

N N N− + = ( )1
2

1N N + , and so for N = 4, this is 1
2

4 5 10.× × =  It could 

therefore be argued a rolling window of length greater than 30 quarters is desirable. 

Unfortunately, given the length of the data set, and the desire to maintain a forecast 

period of reasonable duration, a longer rolling window is simply not possible.  

 

The maximum Sharpe Ratio on the efficient frontier for the rolling 30 quarter 

window ending at time t, and denoted *
tm  is found as * * *

t t t t t′ ′w μ w Ω w , where *
tw  is 

the 4 × 1 vector of portfolio weights that maximises tm . For practical implementation 

purposes, the portfolio weight vector *
tw  is then used as the forecast of the portfolio 

weight vector which will maximise the Sharpe Ratio in future periods. Specifically, *
tw  

represents the estimate of optimal portfolio weights until the portfolio is rebalanced. As 

return information is quarterly, the most frequent -- and theoretically most appropriate -- 

rebalancing frequency is quarterly, although less frequent rebalancing is also possible. 

 

Transaction costs when trading wine are high. For example, the buyers’ 

premium, including GST, is currently 15 percent at Langton’s, and while sellers’ 

premiums vary according to the quantity of wine sold, they too can be as high as 15 

percent. Information processing costs for mean-variance analysis are also relatively 

high. Given transaction and information processing costs are high, it is worth 

considering whether quarterly rebalancing is necessary, or whether the same result can 

be achieved using less frequent rebalancing. Specifically, the investment performance of 

the following four portfolios are evaluated. 

(i) The benchmark portfolio. For this portfolio the asset weight vector is w  

for all periods, where w  is a 4 × 1 vector whose elements 1 .iw N=  In 

words, the benchmark portfolio is an equally weighted portfolio. 

(ii) The fixed weight portfolio. For this portfolio the optimal portfolio weight 

vector, based on the return information contained in the first thirty 
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quarters, is estimated. This weight vector is then held constant for all 

future periods. No rebalancing takes place during the forecast period. 

(iii) The annually rebalanced portfolio. For this portfolio the optimal portfolio 

weight vector, based on the return information contained in the first 

thirty quarters, is estimated. This weight vector is then held constant for 

four quarters. After every four quarters the weight vector is updated 

using the return information contained in the previous thirty quarters.  

(iv) The quarterly rebalanced portfolio. For this portfolio asset weights are 

updated each quarter based on the information contained in the previous 

30 quarters. That is to say, the actual optimal asset weight vector in 

period t, is the estimate of the optimal asset weight vector in period 1.t +  

Specifically, for the quarterly rebalanced portfolio *
+1ˆt t=w w  for 

1997Q2,...,2000Q3.t =  

 

 One approach to evaluating the success of the different investment strategies 

would be to use an index approach. The problem when return information is presented 

this way is that past performance necessarily influences future performance. A common 

alternate approach to evaluating investment performance is the zero bank balance 

approach. When return performance is evaluated using the zero bank balance approach, 

past performance does not influence future performance. As such, the zero bank balance 

approach can in some ways be thought of as providing return information which is 

homogeneous with respect to time. While it is true taking the logarithm of the index 

number series also produces a series which can be thought of as homogeneous with 

respect to time, it is felt the values given by the zero bank balance approach have a more 

natural interpretation. The zero bank balance methodology, as used in this chapter, is 

outlined below. 

 

Assume at the beginning of period one $1,000 is invested in each of the four 

portfolios outlined above. At the end of the period, if the return has been positive, the 

dollar amount over $1,000 is transferred into a separate bank account, and at the start of 

period two, $1,000 is once more invested in each of the four portfolios. This process 

repeats each quarter. In any given period, should the return to a portfolio be negative, 

the amount required to bring the balance up to $1,000 is transferred out of the separate 

bank account before the next period begins. At the conclusion of the last period, the 

balances in the separate bank accounts are compared. It is assumed no interest is paid on 
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monies held in each separate bank account. Likewise, it is assumed no interest is 

charged when balances are negative. 

 

The performance of each portfolio for each quarter of the period 1997Q3 to 

2000Q4 is summarised in Table 5.3. The summary details presented in Table 5.3 show 

the portfolio where weights are updated quarterly using mean-variance analysis is 

unambiguously the best performing portfolio. Of all portfolios considered it has the 

highest mean quarterly return, 1.91 percent, and lowest standard deviation, 3.78 percent. 

As such, the quarterly rebalanced portfolio also has the highest average Sharpe Ratio, 

.506. Detailed quarter-by-quarter return information for each of the portfolios shown in 

Table 5.3 is reported in Appendix 5.3. 

 

TABLE 5.3 
SUMMARY PORTFOLIO PERFORMANCE: WINE ONLY  

Mean Asset Weights 
Portfolio Asset 

One 
Asset 
Two 

Asset 
Three 

Asset 
Four 

 
Cumm. 

Bal. 
($) 

Portfolio 
Return 

(%) 

Portfolio 
S.D. 
(%) 

Mean 
Sharpe 
Ratio 

Benchmark (equally weighted) .2500 .2500 .2500 .2500     243.24 1.738   3.799 .457 

Fixed Weight .4217 .2322 .0000 .3461     262.00 1.871   3.920 .477 

Weights Updated Annually .4622 .2255 .0000 .3124     249.42 1.782   3.970 .449 

Weights Updated Quarterly .4836 .2584 .0000 .2580     267.43 1.910   3.776 .506 

   
 

 
Figure 5.4 provides a visual representation of the underlying quarter-by-quarter 

return information summarised in Table 5.3. For each portfolio, Panel A of Figure 5.4 

shows the amount deposited or withdrawn from the separate bank account each quarter, 

and provides key summary statistics. Panel B shows the cumulative bank account 

balance for each portfolio, and Panel C gives a frequency plot of the return information. 

For the frequency plots in Panel C, given the low number of observations, it is perhaps 

wisest to simply note the estimated values for the third and fourth moments of the 

distribution appear reasonable, and make no further comment. 

 

It is interesting to consider the evolution of the individual asset weights in the 

mean-variance optimised quarterly rebalanced portfolio. Specifically, it is worth 
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SUMMARY INFORMATION ON DIFFERENT WINE PORTFOLIOS
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C. Frequency Distribution of Portfolio Returns
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considering whether the asset weights following a simple linear trend. As such, Figure 

5.5 shows the result of fitting equation (5.8) to the data: 

 
* .it i i itw t uα β= + +       (5.8) 

 

In equation (5.8) *
itw  is the optimal portfolio weight of wine asset  ( 1,...,4),i i =  at time 

period  ( 1997Q2,...,2000Q4);t t =  iα  is the intercept for wine i; iβ  is the slope 

coefficient for wine i; t is a linear trend term, and itu  is a zero mean error term. At 

standard levels of significance, only for wine asset two -- Outstanding wine -- is the 

slope coefficient statistically different from zero. This could be interpreted as 

suggesting, in general, optimal portfolio weights for wine assets do not follow a simple 

linear trend. The actual OLS estimates of the slope coefficient and the intercept, along 

with standard errors and the 2R  values, are shown in Figure 5.5. If appropriate, standard 

errors have been corrected for heteroscedasticity and or autocorrelation, using, where 

appropriate, either the White (1980) heteroscedastic consistent covariance matrix, or the 

Newey and West (1987) heteroscedastic and autocorrelation consistent covariance 

matrix. Actual estimates were obtained using Micofit 5.0 for Windows. 

 

Equation (5.8) has further interesting properties. As 4 *
1

1,iti
w

=
=∑  it follows that 

4

1
1,ii

α
=

=∑  and 4 4

1 1
0,i iti i

uβ
= =

= =∑ ∑  and it can be shown the OLS estimates of iα  and 

iβ , denoted ˆiα  and ˆ
iβ  satisfy these constraints automatically. The specific results 

illustrating that the constraints are satisfied are shown in Table 5.4.  

  

TABLE 5.4 
ESTIMATES OF THE WEIGHT EQUATION: 

*
it i i itw t uα β= + +  

Asset ˆ
iα  S.E. ˆ

iβ  S.E. 

Exceptional wine .5253 (.0513) -.0063 (.0056) 

Distinguished wine .1438 (.0400) .0152 (.0044) 

Excellent wine .0000 - .0000 - 

Outstanding wine .3309 (.0484) -.0088 (.0053) 

Total 1.000 - .000 - 
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So, in summary, it appears historical return information and mean-variance 

analysis can be used to obtain a return higher than that provided by an equally weighted 

wine investment portfolio. Specifically, over the sample period, the portfolio employing 

quarterly rebalancing and mean-variance analysis had an average quarterly return .17 

percent higher than that of an equally weighted portfolio. Further, the increase in return 

was achieved without extra risk. In fact, the portfolio employing quarterly rebalancing 

and mean-variance analysis had the lowest average risk of the four portfolios 

considered. 

 

Yet before concluding in favour of active mean-variance portfolio management 

it is worth considering costs. In particular it is worth considering whether the higher 

returns of active portfolio management cover the associated higher costs. Firstly, there 

are transaction costs. As noted previously, in the wine market transaction costs are 

substantial, and buyer’s and seller’s premiums can be up to 15 percent. Quarterly 

rebalancing therefore results in significant additional transaction costs each quarter. The 

equally weighted portfolio on the other hand does not require quarterly rebalancing, and 

so does not incur additional transaction costs each quarter.  

 

Asset One: Exceptional Wines Asset Two: Outstanding Wines

FIGURE 5.5
THE EVOLUTION OF OPTIMAL ASSET WEIGHTS
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Then there are monitoring and implementation costs. Maintaining and updating 

data files on wine sale prices is a time consuming process. As such it is a costly -- if 

only in opportunity cost terms -- process. The mean return to the quarterly rebalanced 

portfolio was only .17 percent per quarter higher than the equally weighted portfolio, 

and this is unlikely to be high enough to cover the costs associated with implementing 

quarterly rebalancing and mean-variance analysis. So, for most wine investors, an 

equally weighted portfolio is likely to represent the most appropriate investment 

portfolio. Actually, there are circumstances when the optimal mean-variance solution 

will be an equally weighted portfolio, and the sufficient conditions for such a result are 

explored in Appendix 5.2. 

 

Finally, there are perhaps other reasons to favour an equally weighted portfolio 

with respect to wine investment. A feature of mean-variance analysis, regardless of 

setting, is the tendency to arrive at optimal weight vectors with many elements equal to 

zero. In this example the weight given to asset three, Excellent wine, is zero in every 

period. It is possible, perhaps even probable, potential wine investors will want to hold 

strictly positive quantities of each wine asset. Potential investors may therefore feel 

uncomfortable adopting the portfolio suggested by mean-variance analysis. A further 

point in favour of the equally weighted portfolio is that conceptually, unlike mean-

variance analysis, it is easy to explain, and easy for potential investors to understand. 

For a typical person investing in wine, an approach centred on the role of variances, 

covariances, and quadratic programming, may appear bewilderingly complex. As there 

are no complex mathematical principles underlying the equally weighted portfolio, this 

simplicity can be seen as an advantage. 

 

So, while quarterly rebalancing and mean-variance analysis have been shown to 

increase investment performance during the sample period, due to the current high cost 

of implementing the approach, investors are probably better served -- for the moment -- 

by holding an equally weighted portfolio. In the future, as trading volumes grow, and 

competition in the fine wine auction market increases, it is possible commission rates 

will fall. At some point in the future it is therefore likely the gains made from pursuing 

an active wine investment portfolio approach will surpass monitoring, implementation, 

and transaction costs. Further, as more time series data becomes available, it will be 

possible to use a longer rolling window for implementing mean-variance analysis. A 

longer rolling window will allow for more precise estimates of both the covariance 
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matrix and the mean return vector, and so, this should result in the mean-variance 

optimised quarterly rebalanced portfolio outperforming the equally weighted portfolio 

by an even greater margin. So, while for the moment the passive equally weighted 

approach appears, in general, the most suitable wine investment strategy, this can be 

expected to change at some point in the future. 

 

5.5 RISK DIVERSIFICATION AND A SHARES, BONDS, AND WINE PORTFOLIO 

 

Having analysed the return to wine in some detail, it is natural to wonder about 

the broader role of wine in a diversified investment portfolio. Can wine, as an 

alternative asset class, decrease risk in an investment portfolio? This question can be 

answered with reference to the same mean-variance approach outlined in Section 5.3. In 

the following analysis three broad asset classes are considered: Australian Shares, 

Australian Bonds, and Australian Wine. The sample period is once more 1989Q4 to 

2000Q4, and while daily return data is available for both bonds and shares, as wine 

returns are quarterly, all returns are expressed at the quarterly frequency. However, 

before preceding it is worth making some comments on the asset return information 

reported in Table 5.5.  

 

The income derived from wine investment is solely determined by changes in 

the capital value of wine assets. The possibility investors receive some psychic joy, or 

aesthetic pleasure, from looking at their wine collection is ignored. Table 5.1 in Section 

5.3 provides information on the quarterly change in the capital value of four wine 

assets: Exceptional wine, Outstanding wine, Excellent wine, and Distinguished wine. If 

the quarterly return to wine asset ( 1,...,4),i i =  at time ( 1990Q1,...,2000Q4)t t =  is 

denoted .itr  The return to the general asset class wine, at time t, is then 4

1t it iti
R w r

=
= ∑  

where itw  is the weight given to wine asset i, at time t, and 4

1
1.iti

w
=

=∑  If each wine 

asset is given an equal weight in each period, the return to wine at time t can be written 

as 4

1
1 4 ,t iti

R r
=

= ∑  and tR  represents the return to an equally weighted wine investment 

portfolio. The return to wine shown in the left hand panel of Table 5.5 is the return to an 

equally weighted portfolio of the four wine assets discussed in previous sections. For 

example, in 1990Q1 the estimated individual wine asset returns, originally reported in 

Table 5.1, were: Exceptional wine -.037, Outstanding wine .210, Excellent wine -.033, 

and Distinguished wine -.015. The return to an equally weighted portfolio of wine in 
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1990Q1 is therefore ( ) ( ) ( )1
4

.037 .210 .033 .015 .031.− + + − + − =⎡ ⎤⎣ ⎦  As can be seen, this 

is the value shown in the wine column of the left hand panel of Table 5.5 for 1991Q1, 

and when multiplied by 100 gives the percentage return to wine for the quarter. 

 

For bonds and shares, calculating return information is not quite so simple. Total 

bond returns for any given quarter comprise the coupon payment, plus the change in the 

capital value of the bond. The bond return values shown in the left hand panel of Table 

5.5 have been calculated by combining two data series. The quarterly coupon payment 

associated with 10 year Australian government bonds has been added to the change in 

the quarterly value of the Datastream Clean Price Australian Bond Index. The 

Datastream Clean Price Australian Bond Index is an index which ignores coupon 

payments, and so reflects only changes in the capital value of bonds. Table 5.6 records 

the quarterly return to bonds in 1990Q1 as .070. This value comprises the change in the 

Datastream Clean Price Australian Bond Index for 1990Q1 which was .038, and the 

coupon payment associated with 10 year Australian government bonds in 1990Q1 

which was .032. When multiplied by 100, the values shown in the bonds column of the 

left hand panel of Table 5.5 give the quarterly percentage return to bonds. 

 

Total quarterly share returns comprise dividend payments, plus the change in the 

capital value of the shares. The share price returns shown in Table 5.5 are based on the 

return to an Australian All Ordinaries total return index. The index values incorporate 

both the change in the capital value of shares, and dividend payments. Let 

1log log ,t t tI Iα −= −  where log tI  is the natural logarithm of the index value at time t, 

and 1log tI −  is the natural logarithm of the index value at time 1.t −  The value recorded 

in Table 5.6 for period t is ( )exp 1,tα −  and when multiplied by 100 gives the 

percentage return to shares in period t. So, to calculate the quarterly return, in say 

1990Q1, the closing index value on the last trading day in 1989Q4 is compared with the 

closing index value on the last trading day in 1990Q1. The last trading day in 1989Q4 

was December 29, and the index value on this date was 5089.2. The last trading day in 

1990Q1 was March 30, and the index value on this date was 4786.7. So, 

90 1 log(4786.7) log(5089.2) .061,Qα = − = −  and the return in 1990Q1 is therefore 

( )exp .061 1 .060,− − = −  which when multiplied by 100 gives the percentage return to 
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shares for 1990Q1. The data source for share return information was the SIRCA 

(Securities Industry Research Centre of Asia-Pacific) daily return All Ordinaries Index. 

 

For each asset class, summary return information is provided at the bottom of 

Table 5.5. For the sample period the estimated mean quarterly returns are: wine 3.1 

percent, shares 2.7 percent, and bonds 2.6 percent. The standard deviation of returns for 

wine and shares, as expected, are noticeably higher than for bonds. Specifically, the 

standard deviation of returns are: wine 6.4 percent, shares 5.8 percent, and bonds 3.1 

percent. As  previously discussed, the coefficient of variation provides a measure of the 

variability of returns relative to the level of returns. Using this measure there appears to 

be little separating the risk-return profile of shares, which have a coefficient of variation 

value of 2.2, and wine, which has a coefficient of variation value of 2.1. The coefficient 

of variation value for bonds, at 1.2, is noticeably lower than that of both wine and 

shares. 

 

The right hand panel of Table 5.5 provides an accumulation index measure of 

performance for each asset. And, comparing the 2000Q4 index values and the summary 

return information reported for each asset is a useful reference point for noting the 

difference between an index approach to measuring investment performance, and the 

zero bank balance approach to measuring investment performance. Over the sample 

period the arithmetic mean return for shares is higher than for bonds. As such, if the 

zero bank balance approach is used to evaluate investment performance, it is shares 

which will have the higher cumulative bank account balance at the end of the sample 

period. Specifically, using the zero bank balance approach, and investing $1,000 in each 

asset each quarter, the cumulative bank account balances in 2000Q4 would be: shares 

$1,174.8, and bonds $1,144.0. Yet, consider the final index number values displayed in 

the right hand panel of Table 5.5. Using the index number approach, bonds, with a final 

index number value of 303.4, appear to outperform shares, which have a final index 

number value of 298.0. The result is an example of the way, when an accumulation 

index approach is used, past performance effects future performance. In the first four 

quarters of the sample period share returns were: -6.0 percent, -.4 percent, -6.4 percent, 

and -6.0 percent. The returns to bonds over the same period were: 7.0 percent, 1.4 

percent, 4.2 percent, and 4.2 percent. When the index approach is used, the poor 

performance of shares, relative to bonds, in the first few quarters of the sample period 

drags down the performance of shares, relative to bonds, in all future periods. The zero 
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bank balance approach, which is homogeneous with respect to time, is not affected this 

way. As noted in the previous chapter, there is some ambiguity with respect to which 

method of evaluating investment performance is most appropriate, and different authors 

choose different methods. It is however important to be aware the method chosen to 

evaluate investment performance has non-trivial implications.  

 

There are significant differences in the transaction costs associated with trading 

shares, bonds, and wine. Further, the tax treatment of the returns to shares, bonds, and 

wine are not the same. Differences between transactions costs, and differences in the tax 

treatment of the income stream each asset generates are ignored in the following 

analysis. 

 

For each asset the quarterly return information presented in Table 5.5 is also 

shown in Figure 5.6. Panel A of Figure 5.6 shows the quarterly return information for 

each asset through time, and the dotted line indicates the mean. For each asset class the 

scale on the vertical axis is the same, and the spike in the estimated return to wine in 

1992Q4 -- 28.5 percent -- is noticeable. Yet Panel A of Figure 5.6 indicates the return to 

wine is not noticeably more variable than the return to shares. For both asset classes 

relatively large returns occur with the same level of frequency, and are of approximately 

the same order of magnitude. For example, the quarterly return to shares is greater than 

10 percent in five quarters: 1991Q1, 1993Q3, 1993Q4, 1997Q2, and 1999Q4, and the 

quarterly return to wine is greater than 10 percent in five quarters: 1992Q4, 1993Q2, 

1995Q2, 1997Q2, and 1997Q4. In no quarter is the return to bonds greater than 10 

percent. Panel B of Figure 5.6 plots the accumulation index values for each asset, and 

Panel C shows the frequency distribution of quarterly returns for each asset.  

 

Given the return information shown in Table 5.5, it is now possible to consider 

whether wine can play a role in decreasing portfolio risk. The summary return 

information shown at the bottom of Table 5.5 is sufficient information to establish the 

mean return vector for shares, bonds, and wine. Further, the covariance matrix for 

shares, bonds, and wine can be estimated, using mean squares and cross products, from 

the quarter-by-quarter return information shown in Table 5.5. And, if the ordering of 

assets in Ω  and μ  is shares, bonds, wine, then the estimated values are:  



 253

TABLE 5.5 
ASSET RETURN INFORMATION FOR SHARES, BONDS, AND WINE 

 

Quarterly Asset Return Cumulative Return Index Period 
Ending 

Shares Bonds Wine  Shares Bonds Wine 

1989Q4    -    -    - 100.0 100.0 100.0 
1990Q1 -.060 .070 .031 94.0 107.0 103.1 
1990Q2 -.004 .014 -.003 93.7 108.5 102.8 
1990Q3 -.064 .042 .005 87.7 113.1 103.4 
1990Q4 -.060 .042 .008 82.5 117.8 104.3 
1991Q1 .138 .082 .006 93.8 127.5 104.9 
1991Q2 .057 .051 -.001 99.2 134.0 104.8 
1991Q3 .042 .040 .013 103.3 139.4 106.1 
1991Q4 .072 .059 .078 110.7 147.6 114.4 
1992Q1 -.035 .081 -.080 106.8 159.5 105.3 
1992Q2 .052 -.013 .074 112.4 157.5 113.1 
1992Q3 -.091 .077 -.092 102.1 169.6 102.6 
1992Q4 .059 .002 .285 108.2 169.9 131.9 
1993Q1 .084 .021 -.001 117.3 173.4 131.8 
1993Q2 .053 .058 .115 123.5 183.4 147.0 
1993Q3 .137 .033 .027 140.5 189.5 150.9 
1993Q4 .119 .032 -.059 157.2 195.5 142.1 
1994Q1 -.048 .016 .091 149.6 198.7 155.1 
1994Q2 -.022 -.037 -.025 146.3 191.3 151.2 
1994Q3 .027 -.044 -.020 150.3 183.0 148.1 
1994Q4 -.045 .002 .047 143.6 183.3 155.1 
1995Q1 .007 .019 .038 144.5 186.7 160.9 
1995Q2 .070 .040 .111 154.7 194.2 178.8 
1995Q3 .067 .063 .020 165.0 206.5 182.4 
1995Q4 .046 .047 .071 172.6 216.2 195.3 
1996Q1 .020 .031 .097 176.0 223.0 214.4 
1996Q2 .018 -.009 .086 179.2 221.1 232.8 
1996Q3 .030 .021 -.041 184.6 225.8 223.2 
1996Q4 .072 .062 .036 197.8 239.9 231.1 
1997Q1 .009 .033 .077 199.5 247.8 249.0 
1997Q2 .137 -.012 .107 226.8 244.9 275.7 
1997Q3 .024 .068 -.010 232.2 261.5 272.8 
1997Q4 -.044 .046 .107 222.0 273.5 301.9 
1998Q1 .059 .008 .061 235.0 275.8 320.2 
1998Q2 -.019 .026 .015 230.5 282.9 324.9 
1998Q3 -.020 .011 .020 225.8 285.9 331.4 
1998Q4 .097 .033 -.045 247.8 295.1 316.5 
1999Q1 .064 .004 .040 263.7 296.2 329.3 
1999Q2 .008 -.009 -.013 265.9 293.7 324.9 
1999Q3 -.020 -.018 .040 260.6 288.3 337.9 
1999Q4 .104 .006 .039 287.7 289.9 351.1 
2000Q1 .003 -.015 -.005 288.7 285.4 349.4 
2000Q2 .047 .031 -.001 302.3 294.4 349.0 
2000Q3 .006 .023 -.013 304.0 301.2 344.6 
2000Q4 -.020 .007 .009 298.0 303.4 347.7 

Arith. Mean .0267 .0260 .0305  - - - 
St. Dev.  .0580 .0309 .0640  - - - 

Coeff. of 
Variation 2.169 1.189 2.093  - - - 
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HISTORICAL QUARTERLY RETURN INFORMATION FOR SHARES BONDS AND WINE

A. Quarterly Return Information Through Time
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C. Frequency Distribution of Quarterly Returns
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[ ]

2

1

                    shares    bonds      wine
.336063 .000420 .065544

10 .095532 -.031549
.409910

                    shares    bonds      wine
10 .2672679 .2600310 .3059407 .

−

−

⎡ ⎤
⎢ ⎥× = ⎢ ⎥
⎢ ⎥⎣ ⎦

′× =

Ω

μ

   (5.9) 

 

The second element in the last row of Ω , the covariance between the return to 

bonds and the return to wine, is negative, which is interesting. As previously discussed, 

because correlation coefficient values are bounded by minus one and positive one, they 

provide a more natural interpretation of the relationship between asset returns than 

covariances. The correlation matrix for the returns to shares, bonds, and wine is,  

1     .002    .177
    1    -.159 .

    1

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

 

For the sample period, the returns to shares and bonds are approximately independent; 

the returns to shares and wine are positively correlated; and the returns to bonds and 

wine are negatively correlated. 

 

By combining the covariance matrix and mean vector (5.9) and problem (5.5), 

letting L′w μ  = .02610, and increasing L′w μ  by steps of .00002 until L′w μ = U′w μ  = 

.02848, it is possible to identify the efficient frontier for a shares, wine, and bonds 

portfolio. The solutions to the quadratic programming problems were again obtained 

using GAUSS 5.0, and solutions, along with associated relevant information are shown 

in Table 5.6. The portfolio with the highest Sharpe Ratio is indicated with shading, and 

all solution values not part of the efficient frontier are indicated with italics. All efficient 

portfolios include a positive holding of wine, and as the required rate of return 

increases, so too does the allocation to wine. For the sample period the portfolio weights 

which maximise the Sharpe Ratio are: shares .1374, bonds .6671, and wine .1955. 

 

Figure 5.7 plots the solution values to the constrained optimisation problem in 

risk-return space, and also shows the risk-return profile of the individual assets, and an 

equally weighted portfolio (all evaluated at sample means). All portfolio combinations 

up to and including the portfolio with return 2.69 percent, risk 2.44 percent are strictly 

⎫
⎪
⎪
⎬
⎪
⎪⎭
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TABLE 5.6  
CONSTRAINED OPTIMISATION SOLUTIONS: THREE ASSETS 1989Q4-2000Q4 

Asset Allocation  Asset Allocation Return 
(%) 

Risk 
(%) 

Sharpe 
Ratio 

sw  bw  ww   
Return 

(%) 
Risk 
(%) 

Sharpe 
Ratio 

sw  bw  ww  

2.6100 2.7890 .9358 .1339 .8661 .0000  2.7300 2.5214 1.0827 .1200 .6165 .2636 
2.6120 2.7576 .9472 .1615 .8385 .0000  2.7320 2.5295 1.0801 .1188 .6131 .2681 
2.6140 2.7379 .9547 .1874 .8123 .0003  2.7340 2.5380 1.0772 .1176 .6097 .2727 
2.6160 2.7236 .9605 .1863 .8089 .0048  2.7360 2.5468 1.0743 .1165 .6063 .2772 
2.6180 2.7096 .9662 .1851 .8056 .0094  2.7380 2.5561 1.0712 .1153 .6029 .2817 
2.6200 2.6959 .9719 .1839 .8022 .0139  2.7400 2.5657 1.0679 .1142 .5996 .2863 
2.6220 2.6825 .9775 .1828 .7988 .0184  2.7420 2.5756 1.0646 .1130 .5962 .2908 
2.6240 2.6694 .9830 .1816 .7954 .0230  2.7440 2.5860 1.0611 .1118 .5928 .2954 
2.6260 2.6567 .9885 .1804 .7920 .0275  2.7460 2.5966 1.0575 .1107 .5894 .2999 
2.6280 2.6442 .9939 .1793 .7887 .0321  2.7480 2.6077 1.0538 .1095 .5861 .3044 
2.6300 2.6321 .9992 .1781 .7853 .0366  2.7500 2.6190 1.0500 .1083 .5827 .3090 
2.6320 2.6204 1.0044 .1769 .7819 .0411  2.7520 2.6307 1.0461 .1072 .5793 .3135 
2.6340 2.6090 1.0096 .1758 .7785 .0457  2.7540 2.6428 1.0421 .1060 .5759 .3181 
2.6360 2.5979 1.0147 .1746 .7752 .0502  2.7560 2.6552 1.0380 .1048 .5726 .3226 
2.6380 2.5872 1.0196 .1735 .7718 .0548  2.7580 2.6679 1.0338 .1037 .5692 .3271 
2.6400 2.5768 1.0245 .1723 .7684 .0593  2.7600 2.6809 1.0295 .1025 .5658 .3317 
2.6420 2.5668 1.0293 .1711 .7650 .0638  2.7620 2.6943 1.0251 .1014 .5624 .3362 
2.6440 2.5572 1.0340 .1700 .7617 .0684  2.7640 2.7079 1.0207 .1002 .5591 .3408 
2.6460 2.5479 1.0385 .1688 .7583 .0729  2.7660 2.7219 1.0162 .0990 .5557 .3453 
2.6480 2.5390 1.0429 .1676 .7549 .0775  2.7680 2.7362 1.0116 .0979 .5523 .3498 
2.6500 2.5305 1.0472 .1665 .7515 .0820  2.7700 2.7508 1.0070 .0967 .5489 .3544 
2.6520 2.5223 1.0514 .1653 .7482 .0865  2.7720 2.7656 1.0023 .0955 .5455 .3589 
2.6540 2.5145 1.0555 .1642 .7448 .0911  2.7740 2.7808 .9976 .0944 .5422 .3635 
2.6560 2.5071 1.0594 .1630 .7414 .0956  2.7760 2.7963 .9928 .0932 .5388 .3680 
2.6580 2.5001 1.0631 .1618 .7380 .1001  2.7780 2.8120 .9879 .0921 .5354 .3725 
2.6600 2.4935 1.0668 .1607 .7346 .1047  2.7800 2.8280 .9830 .0909 .5320 .3771 
2.6620 2.4873 1.0702 .1595 .7313 .1092  2.7820 2.8443 .9781 .0897 .5287 .3816 
2.6640 2.4815 1.0735 .1583 .7279 .1138  2.7840 2.8608 .9732 .0886 .5253 .3862 
2.6660 2.4761 1.0767 .1572 .7245 .1183  2.7860 2.8776 .9682 .0874 .5219 .3907 
2.6680 2.4711 1.0797 .1560 .7211 .1228  2.7880 2.8947 .9632 .0862 .5185 .3952 
2.6700 2.4665 1.0825 .1549 .7178 .1274  2.7900 2.9120 .9581 .0851 .5152 .3998 
2.6720 2.4623 1.0852 .1537 .7144 .1319  2.7920 2.9295 .9531 .0839 .5118 .4043 
2.6740 2.4585 1.0876 .1525 .7110 .1365  2.7940 2.9473 .9480 .0828 .5084 .4088 
2.6760 2.4552 1.0899 .1514 .7076 .1410  2.7960 2.9654 .9429 .0816 .5050 .4134 
2.6780 2.4522 1.0921 .1502 .7043 .1455  2.7980 2.9837 .9378 .0804 .5016 .4179 
2.6800 2.4497 1.0940 .1490 .7009 .1501  2.8000 3.0022 .9327 .0793 .4983 .4225 
2.6820 2.4475 1.0958 .1479 .6975 .1546  2.8020 3.0209 .9275 .0781 .4949 .4270 
2.6840 2.4458 1.0974 .1467 .6941 .1592  2.8040 3.0399 .9224 .0769 .4915 .4315 
2.6860 2.4446 1.0988 .1455 .6907 .1637  2.8060 3.0590 .9173 .0758 .4881 .4361 
2.6880 2.4437 1.1000 .1444 .6874 .1682  2.8080 3.0784 .9122 .0746 .4848 .4406 
2.6900 2.4432 1.1010 .1432 .6840 .1728  2.8100 3.0980 .9070 .0734 .4814 .4452 
2.6920 2.4432 1.1018 .1421 .6806 .1773  2.8120 3.1178 .9019 .0723 .4780 .4497 
2.6940 2.4436 1.1025 .1409 .6772 .1819  2.8140 3.1379 .8968 .0711 .4746 .4542 
2.6960 2.4444 1.1029 .1397 .6739 .1864  2.8160 3.1581 .8917 .0700 .4713 .4588 
2.6980 2.4457 1.1032 .1386 .6705 .1909  2.8180 3.1785 .8866 .0688 .4679 .4633 
2.7000 2.4473 1.1032 .1374 .6671 .1955  2.8200 3.1991 .8815 .0676 .4645 .4679 
2.7020 2.4494 1.1031 .1362 .6637 .2000  2.8220 3.2198 .8764 .0665 .4611 .4724 
2.7040 2.4519 1.1028 .1351 .6604 .2046  2.8240 3.2408 .8714 .0653 .4577 .4769 
2.7060 2.4548 1.1023 .1339 .6570 .2091  2.8260 3.2619 .8664 .0641 .4544 .4815 
2.7080 2.4581 1.1017 .1328 .6536 .2136  2.8280 3.2833 .8613 .0630 .4510 .4860 
2.7100 2.4618 1.1008 .1316 .6502 .2182  2.8300 3.3048 .8563 .0618 .4476 .4906 
2.7120 2.4660 1.0998 .1304 .6468 .2227  2.8320 3.3264 .8514 .0607 .4442 .4951 
2.7140 2.4705 1.0985 .1293 .6435 .2273  2.8340 3.3483 .8464 .0595 .4409 .4996 
2.7160 2.4755 1.0972 .1281 .6401 .2318  2.8360 3.3702 .8415 .0583 .4375 .5042 
2.7180 2.4809 1.0956 .1269 .6367 .2363  2.8380 3.3924 .8366 .0572 .4341 .5087 
2.7200 2.4866 1.0939 .1258 .6333 .2409  2.8400 3.4147 .8317 .0560 .4307 .5133 
2.7220 2.4928 1.0919 .1246 .6300 .2454  2.8420 3.4372 .8268 .0548 .4274 .5178 
2.7240 2.4994 1.0899 .1235 .6266 .2500  2.8440 3.4598 .8220 .0537 .4240 .5223 
2.7260 2.5063 1.0877 .1223 .6232 .2545  2.8460 3.4826 .8172 .0525 .4206 .5269 
2.7280 2.5136 1.0853 .1211 .6198 .2590  2.8480 3.5055 .8124 .0514 .4172 .5314 
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dominated. The efficient frontier is therefore represented by all points on the curve 

above this portfolio combination. The point where the Sharpe Ratio is maximised is 

shown, and it is the point where expected portfolio return is 2.70 percent, and risk 2.45 

percent. The actual value of the Sharpe Ratio at this point is 1.10. Figure 5.8 illustrates 

the way holdings of the three assets vary as the required rate of return increases, and 

identifies the weight allocation which maximises the Sharpe Ratio. For all efficient 

portfolios there is a positive weight to wine. Again it is interesting to note the risk-return 

profile of the equally weighted shares, bonds, and wine portfolio is quite close to the 

efficient frontier. 

 

 The value of wine, as an asset allowing portfolio risk to be reduced, is further 

illustrated in Figure 5.9. The figure plots, in risk-return space, the solution values to the 

constrained optimisation problem for two different portfolios. The first set of solution 

values is the same set as that shown in Figure 5.8, and relates to a shares, bonds, and 

wine portfolio. The second set of solution values represent the solution values when the 

portfolio is restricted to just bonds and shares. For all efficient portfolios, the shares, 

wine, and bonds portfolio dominates the two asset portfolio. 

 

 

 Wine, as an asset class, has diversification benefits, and this is an important 

finding. Investing in wine is relatively risky, and as such it is an asset class many 
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investors may not consider. Yet, mean-variance analysis shows, by adding wine to an 

investment portfolio, portfolio risk can be reduced. For any investor preferring: (i) 

higher returns to lower returns; and (ii) less risk to more risk for any given level of 

return, wine is an asset class they should consider holding. 

 

 Mean-variance analysis has shown the value of including wine in an investment 

portfolio. Yet from a practical point of view, the problem with selecting optimal 

portfolio weights using mean-variance analysis is the same as that encountered for the 

conditional within wine analysis. The optimal asset weights for period t must be 

selected before the return information for period t is known. Section 5.6 considers 

practical implementation options with respect to mean-variance analysis and a portfolio 

consisting of shares, bonds, and wine. 

 

5.6 PRACTICAL STRATEGIES FOR SELECTING UNCONDITIONAL PORTFOLIO WEIGHTS 

 

In Section 5.5 mean-variance analysis was used to demonstrated the risk 

diversification benefits of including wine in an investment portfolio. Specifically, it was 

shown the optimal asset allocation, based on estimated return information for the 

sample period was approximately: 14 percent to shares, 67 percent to bonds, and 19 

percent to wine. Further, it was shown all efficient portfolios include a positive holding 

of wine. Whether mean-variance analysis, as practically implemented, can be used to 

increase portfolio return to a level higher than that achievable using an equally weighted 

investment portfolio is a separate question. This question can however be investigated 

using the same approach used in Section 5.4. In the following discussion, the 

investment performance of the: benchmark equally weighted, fixed weight, annually 

rebalanced, and quarterly rebalanced, shares, bonds, and wine investment portfolios are 

compared. The structure of these four portfolios is broadly as outlined previously. 

 

As there are three assets, tμ  and tΩ  now denote the 3 × 1 mean return vector, 

and the 3 × 3 estimated covariance matrix for rolling 30 quarter windows ending at time 

 ( 1997Q2,...,2000Q3).t t =  For the benchmark equally weighted portfolio the individual 

asset weights are therefore always one third. For the portfolios using mean-variance 

analysis, first the maximum Sharpe Ratio on the efficient frontier for the rolling 30 

quarter window ending at 1997Q2 is found. The portfolio weight vector associated with 

this point is then used as the forecast of the portfolio weight vector which will maximise 
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the Sharpe Ratio in future periods. For the annually rebalanced portfolio the weights are 

updated every four quarters, and for the quarterly rebalanced portfolio the weights are 

updated every quarter. For the fixed weight portfolio the weight vector is not updated 

during the forecast period. 

 

The performance of each portfolio for the period 1997Q3 to 2000Q4 is 

summarised in Table 5.7, and specific quarter-by-quarter return information for each 

portfolio can be found in Appendix 5.3. First, consider the performance of the three 

portfolios using mean-variance analysis. Although the increase in performance is slight, 

and certainly not enough to offset the higher transaction costs associated with more 

frequent rebalancing, the portfolios perform as expected. The more often the portfolio is 

rebalanced, the higher the mean quarterly portfolio return. Specifically, the cumulative 

bank account balances in 2000Q4, are $231.76 for the fixed weight portfolio, $232.72 

for the annually rebalanced portfolio, and $235.20 for the quarterly rebalanced portfolio. 

Although of the portfolios using mean-variance analysis the quarterly rebalanced 

portfolio performs best, it does not outperform the benchmark equally weighted 

portfolio. Both the cumulative bank account balance, and the mean Sharpe Ratio of the 

equally weighted portfolio are higher than that of the quarterly rebalanced mean-

variance optimised portfolio.  

 

TABLE 5.7 
SUMMARY PORTFOLIO PERFORMANCE: SHARES, BONDS, WINE  

Mean Asset Weights  
Portfolio 

Shares Bonds Wine 
 

Cumm. 
Bal. 
($) 

Portfolio 
Return 

(%) 

Portfolio 
S.D. 
(%) 

Sharpe 
Ratio 

Benchmark (equally weighted) .3333 .3333 .3333  250.79 1.791 1.906 1.064 

Fixed Weight .1075 .6960 .1965  231.76 1.655 1.831 .904 

Weights Updated Annually .1825 .6060 .2114  232.72 1.662 1.954 .851 

Weights Updated Quarterly .1974 .5874 .2152  235.20 1.680 1.940 .866 

   
 

Portfolio performance is also described in Figure 5.10. Panel A of Figure 5.10 

shows the quarterly deposits and withdrawals from the separate bank accounts of the 

four different portfolios. Interestingly, not only did the equally weighted portfolio have 

the highest mean return, but over the sample period it also had the highest maximum 

and minimum quarterly return. Panel B plots the cumulative bank account balances for 

each portfolio, and Panel C plots the frequency distribution of returns for each portfolio.
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All portfolio returns exhibit a mild positive skew, and, all have kurtosis values less than 

three. Although, given the low number of observations it would be unwise to place any 

great weight on the estimates of the third and fourth moments of the distribution.  

 

That an equally weighted portfolio should outperform a portfolio based on 

practically implemented mean-variance analysis is not an unknown phenomena. In fact 

such outcomes have been noted almost since it became practical to implement mean-

variance analysis (Jorion, 1985). The observed return data can be thought of as 

representing just one of the many different data realisations possible. As such, on at 

least some occasions, an equally weighted portfolio will outperform a portfolio using 

mean-variance analysis. That is to say, the result could be specific to this particular 

realisation of the data. Further, as tμ  and tΩ  are estimates, the issue of estimation error 

must also be acknowledged. There are ( )1
2

1N N +  = ( )1
2

3 4 6× × =  independent 

elements in ,tΩ  and so, a rolling window of length greater than 30 quarters is desirable. 

Given a rolling window of longer duration, it is thought the performance of the mean-

variance optimised quarterly rebalanced portfolio would improve. 

 

Recall for a moment the discussion in Appendix 4.3. The discussion in this 

appendix centred on comparing different approaches to calculating average returns by 

evaluating the differences in the implied weighting schemes of each approach. As the 

historic arithmetic mean asset return is an unbiased estimator of future returns, to date it 

is the estimator which has been used to obtain .tμ  That is 
1

1 .T
it itt

T rμ
=

= ∑  Infinite 

alternate schemes for estimating future returns can of course be devised. It is therefore 

possible to devise a scheme that uses mean-variance analysis and outperforms the 

benchmark portfolio. For example, in the first half of the sample period the mean 

quarterly returns were: shares 2.2 percent, bonds 3.1 percent, and wine 3.0 percent. In 

the second half of the sample, mean quarterly returns were: shares 3.1 percent, bonds 

2.1 percent, and wine 3.2 percent. As such, it is likely a weighting scheme placing 

greater emphasis on the returns in more recent periods, when calculating expected 

returns, would perform quite well. For example, with the current data set, if tμ  was 

replaced by ,tμ  where the elements of tμ  are given by say 

( )1

1
1
2

1

2( 1)
,T

it it iTtT
r rμ −

=−
= +∑  it is probable the mean-variance optimised, quarterly 
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rebalanced portfolio would outperform the benchmark portfolio. Yet to follow such an 

approach would be misguided. To back test different approaches until an approach 

which performs particularly well is found is pointless. With such an ad hoc approach, 

the optimal weighting scheme for the current sample period will generally not be the 

optimal approach for other time periods. If alternate approaches to obtaining estimates 

of future returns are to be considered, it is necessary the alternatives conform to some 

universal criteria. Section 5.7 investigates some, but certainly not all, the alternatives 

available when estimating expected returns. 

 

5.7 SENSITIVITY ANALYSIS 

 

For the conditional wine only analysis the equally weighted portfolio performed 

relatively well, and once transaction costs were considered was thought the best 

performing portfolio. In the case of the unconditional shares, bonds, and wine analysis, 

the equally weighted portfolio was the best performing portfolio even before transaction 

costs were considered. That such a naïve investment approach should perform so well 

relative to the mean-variance optimisation approach is not unknown. For example, 

Jorion (1985, pp. 261-262) provides an example, where, over the period January 1968 to 

December 1977, an equally weighted international portfolio outperforms a portfolio 

where the weights have been selected as those which maximise the in-sample Sharpe 

Ratio. In the study, the in-sample period was January 1959 to December 1966, and the 

Sharpe Ratio was defined, as is more commonly the case, in terms of excess returns. 

The portfolio Jorion considers was originally described by Grubel (1968, p. 1307) in a 

study investigating the benefits of international diversification. 

 

Yet such findings do not necessarily imply the mean-variance framework is 

flawed. Mean-variance analysis is a two step process. The first step is to obtain 

estimates of the expected returns, variances, and covariances. The second step is to use 

the estimates obtained to solve the quadratic programming problem shown at (5.5). The 

relative poor performance of the mean-variance optimised portfolio may therefore be 

the result of estimation error. This section reviews the suitability of the mean return 

vector as an estimator, and canvasses a possible replacement estimator. 

 

 Using the sample mean as an estimator of the expected return to an asset, as has 

been done in the previous sections, in some circumstances, may be improved upon. 
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Specifically, for quadratic loss functions, and p-variate populations, where 2,p >  there 

are estimators other than the sample mean that generate a smaller expected loss. Press 

(1972, pp. 170-172) discusses a 1956 paper by Stein, and the work of Stein and James 

in 1961, which prove this result. In the context of mean-variance analysis, opportunities 

to improve upon the sample mean as an estimate of expected returns are most likely to 

occur when the number of assets under consideration is large, and the number of 

observations on each asset relatively low. In this study, while the number of assets 

considered is low, so too is the number of return observations for each asset. It is 

therefore worth reviewing the performance of the sample mean as an estimator.  

 

 A common feature of financial return data is a low mean return relative to the 

standard deviation. This characteristic implies hypothesised true values of zero or close 

to zero for quarterly returns will not be rejected on the basis of t-tests. Similarly, 

hypothesised values which are very high will also not be rejected. Specifically, for the 

entire sample period, hypothesised mean values for the quarterly return to wine not 

rejected at the 95 percent confidence level are: Exceptional wine: .64 to 5.85 percent, 

Outstanding wine: .37 to 7.88 percent, Excellent wine: -.56 to 4.82 percent, and 

Distinguished wine: .67 to 4.78 percent. With respect to the shares, bonds, and wine 

analysis, the picture is slightly less unclear. The hypothesis of negative or zero mean 

quarterly returns can be rejected for each asset, but the range of acceptable values is still 

large. Specifically, hypothesised mean values for the quarterly return to each asset not 

rejected at the 95 percent confidence level are: shares: .90 to 4.43 percent, bonds: 1.66 

to 3.54 percent, and wine: 1.11 to 5.00 percent. When practical implementation 

strategies for mean-variance analysis were considered, the estimates were based on 

rolling 30 quarter windows, not the entire sample. As such, for the practically 

implemented mean-variance analysis, the range of hypothesised values not rejected is 

even larger than those shown above. 

 

Jorion (1985, pp. 261-265) outlines an estimation approach which can be used to 

evaluate the suitability of using the historic arithmetic mean as a forecast of future 

returns. The framework suggested can be adapted to investigate the suitability of the 

estimates used in this study as follows. Let itr  denote the actual return to wine asset 

 ( 1,...,4)i i =  at time  ( 1997Q3,...,2000Q4).t t =  Let 1itr −  denote the expected return to 

wine asset i  at time ,t  where 1itr −  is the arithmetic mean quarterly return of a thirty 
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quarter rolling window ending at time 1.t −  Now consider equation (5.10): 

 

1 ,it i it itr r uβ −= +       (5.10) 

 

where itu  is a zero mean constant variance error term. Regressing the actual return for 

asset i on the forecast return, via OLS, and without an intercept, amounts to minimising 

the sum of the squared forecast errors. If 1itr −  is a good forecast of ,itr  the OLS estimate 

of ,iβ  denoted ˆ ,iβ  should take the value one.  

  

Equation (5.10) was estimated for each of the four wine assets and generally the 

point estimates of β  are closer to zero than one. The results are however not 

conclusive. The standard errors attached to each estimate are large, and while the 

hypothesis of 0 i iβ = ∀  can not be rejected, nor can the hypothesis of 1 .i iβ = ∀  

Equation (5.10) was also estimated for shares, bonds, and wine. For these assets in 

general the point estimates of β  are closer to one than zero. The hypothesis of 0iβ = , 

can be rejected for bonds, and the hypothesis of 1iβ =  is not rejected for any asset. The 

results therefore are broadly in line with a priori expectations. As the number of assets 

under consideration gets closer to two, the sample mean becomes increasingly suitable 

as an estimator of expected return. The specific estimation results are reported in Table 

5.8. In the left hand panel of the table, 1β  indicates the asset under consideration is wine 

asset one, etc. In the right hand panel of the table ,  ,  and s b wβ β β  denote, respectively, 

the assets under consideration are shares, bonds, and wine. 

 

Visual representations are often helpful. For each wine asset, Panel A of Figure 

5.11 plots 1,itr −  the forecast value of returns at time t, and the actual return .itr  The 

dotted lines represent the forecast values, and the solid lines the actual values. Panel B 

of Figure 5.11 plots the same information for shares, bonds, and wine. So, based on the 

findings shown in Table 5.8, and the plots shown in Figure 5.11, it might seem safest to 

conclude, that while the forecasts of expected returns perform reasonably well, there 

may be room for improvement. It is therefore worth considering the Bayes-Stein 

estimator for returns proposed by Jorion (1985, p. 267).  

 



 266

TABLE 5.8 
THE SUITABILITY OF THE SAMPLE MEAN AS A FORECAST OF RETURNS: 

1it i it itr r uβ −= +  

Individual Wine Assets  Shares, Bonds, and Wine  

Hypoth. Est. S.E. T-value Conclusion  Hypoth. Est. S.E. T-value Conclusion 

1 0β =  .502 .239 2.104 Do not reject  0sβ =  .641 .372 1.723 Do not reject 

1 1β =  .502 .239 -2.084 Do not reject  1sβ =  .641 .372 -.966 Do not reject 

2 0β =  .467 .348 1.344 Do not reject  0bβ =  .718 .237 3.026 Reject 

2 1β =  .467 .348 -1.534 Do not reject  1bβ =  .718 .237 -1.190 Do not reject 

3 0β =  .350 .306 1.146 Do not reject  0wβ =  .470 .258 1.818 Do not reject 

3 1β =  .350 .306 -2.127 Do not reject  1wβ =  .470 .258 -2.053 Do not reject 

4 0β =  .343 .311 1.104 Do not reject       

4 1β =  .343 .311 -2.111 Do not reject       

Critical t-value = 2.145 

 

Let tr  be an N×1 vector denoting the Jorion Bayes-Stein return vector at time t, 

and, consistent with the previous discussion, let tμ  denote the N×1 mean return vector 

at time t, and let tΩ  denote the N×N covariance matrix at time t, where tΩ  has been 

estimated using mean squares and cross products. Now, let tμ  denote the return 

associated with the global minimum variance portfolio at time ,t  and let tμ  denote tμ e  

where e  is an N×1 vector of ones. The Jorion Bayes-Stein return vector at time t, can 

then be written as:  

(1 ) ,t t t t tα α= + −r μ μ       (5.11) 

( )
( )( )

( ) ( )( )1

2 1
where ,  and .

2

t
t t

t
t t t t t

N T
T T N

λα λ
λ −

+ −
= =

+ ′− − − −μ μ Ω μ μ
 The Jorion Bayes-

Stein return vector is simply the weighted sum of tμ , a vector whose elements are all 

equal to the global minimum variance portfolio return at time t, and ,tμ  the mean return 

vector at time t. The weight, ,tα  is determined by the data. Specifically, as 0 1tα≤ ≤  

and ( ),t tfα λ=  by examining the first and second order partial derivatives 

t tα λ∂ ∂ = ( )2 0,T T λ+ >  and ( ) ( )2 42 2 0;t T T Tα λ λ λ∂ ∂ = − + + <  it is possible to 

see, ,tα  the weight given to ,tμ  increases the closer tμ  is to .tμ
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ReturnReturn

Return
Return

Forecast

Actual

Forecast

Actual

Forecast

Actual

Forecast

Actual

A. Within Wine Portfolio

B. Shares Bonds and Wine Portfolio

-.06

-.03

.00

.03

.06

.09

.12

97Q3 98Q1 98Q3 99Q1 99Q3 00Q1 00Q3
-.06

-.03

.00

.03

.06

.09

.12

97Q3 98Q1 98Q3 99Q1 99Q3 00Q1 00Q3

-.06

-.03

.00

.03

.06

.09

.12

97Q3 98Q1 98Q3 99Q1 99Q3 00Q1 00Q3

Return Return

Return

Forecast

Actual

Forecast

Actual

Forecast

Actual

Shares Bonds

Wine



 268

For example, the Jorion Bayes-Stein return vector for shares, bonds and wine at 

time  = 2000Q3t  can be found by combining equation (5.11) and (5.12), 

[ ]
[ ]

1
00 3

1
00 3

2
00 3

                       shares    bonds   wine
10  .3352 .1897 .3375

10  .2430 .2430 .2430

.2714 .0339 -.0197
10 .0824 .0273 ,

.2561

Q

Q

Q

−

−

−

′× =

′× =

⎡ ⎤
⎢ ⎥× = ⎢ ⎥
⎢ ⎥⎣ ⎦

μ

μ

Ω

    (5.12) 

 

and solving first for 00 3Qλ  and then 00 3.Qα  Specifically 00 3 38.64,Qλ =  and 00 3 .56.Qα =  

The Jorion Bayes-Stein return vector is therefore [ ]1
00 310 .2833 .2197 .2843 .Q

− ′× =r  

The practical effect of the process is to draw the estimates of individual asset returns 

closer together. Specifically, the estimates are drawn towards the global minimum 

variance portfolio return. For 2000Q3, as both the sample mean return to shares and 

wine are greater than the return to the global minimum variance portfolio, the Jorion 

Bayes-Stein estimates for shares and wine are lower than the corresponding sample 

mean returns. However, as the sample mean return to bonds is less than the global 

minimum variance portfolio return, the Jorion Bayes-Stein estimate of returns to bonds 

is greater than the sample mean return. 

 

Previously, it was suggested, given the length of the data set, mean-variance 

analysis could be practically implemented as follows. First the efficient frontier at time t 

is found by solving (5.13): 

 

min. 
s.t. ;

;
1,

t t t

t t t tL

t

t

′
′ ′≥

≥
′ =

w Ω w
w μ w μ

w 0
e w

     (5.13) 

 

where tΩ  is the N×N covariance matrix for a thirty quarter rolling window ending at 

time t, and tΩ  has been estimated using mean squares and cross products; tμ  is the 

N×1 mean return vector for a thirty quarter rolling window ending at time t; e is an 

N×1 vector of ones; and tw  is the N×1 portfolio weight vector. In (5.13) the constraint, 

,t tL′w μ  is some suitably chosen minimum portfolio return less than the maximum 

⎫
⎪
⎪
⎬
⎪
⎪⎭

⎫
⎪
⎪
⎬
⎪
⎪⎭
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portfolio return achievable, and once set is varied upwards in small increments until 

,tL tU′ ′=w μ w μ  where U′w μ  is some suitably chosen upper limit to portfolio return. The 

portfolio weight vector on the efficient frontier which maximises the Sharpe Ratio at 

time t, where the Sharpe Ratio is defined as t t t t t′ ′w μ w Ω w , is then found. This 

weight vector, denoted *,tw  is then used as the estimate of the optimal portfolio weight 

vector until the portfolio is next rebalanced.  

 

 Practical implementation of mean-variance analysis using the Jorion Bayes-Stein 

return vector follows a similar process. First, (5.13) is solved, and from the solution 

values, ,tμ  the return to the global minimum variance portfolio at time t identified. 

Equation (5.11) is then solved and tr  found, where tr  denotes the N×1 Jorion Bayes-

Stein return vector for a thirty quarter rolling window ending at time t. Next, the Jorion 

Bayes-Stein efficient frontier is found by solving (5.14): 

 

min. 
s.t. ;

;
1,

t t t

t t t tL

t

t

′
′ ′≥

≥
′ =

w Ω w
w r w r

w 0
e w

     (5.14) 

 

where the notation and routines are as described above, except tμ  has been replaced by 

.tr  The portfolio weight vector which maximises the ratio ,t t t t t′ ′w r w Ω w at time 

period t, and denoted **
tw  is then found, and this vector is used as the estimate of the 

optimal portfolio weight vector until the portfolio is next rebalanced. 

 

 Before examining the effect of using the Jorion Bayes-Stein return vector, it is 

worth commenting on another feature of the data. The estimated returns to the 

individual wine assets and an equally weighted wine portfolio in 1992Q4 were: 

Exceptional wine -1.0 percent, Outstanding wine 50.0 percent, Excellent wine 37.5 

percent, Distinguished wine 27.4 percent, and an equally weighted wine portfolio 28.5 

percent. In Section 5.2 some concern was expressed about the individual asset return 

estimates for 1992Q4. Given this concern, at least for comparison purposes, it is worth 

considering the impact on portfolio performance when the return information for 

1992Q4 is excluded from the sample. 

⎫
⎪
⎪
⎬
⎪
⎪⎭
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 Specifically, the performance of four different approaches to implementing 

mean-variance analysis are compared. For each approach the portfolio is rebalanced on 

a quarterly basis, and the method of evaluation is the zero bank balance approach. The 

four approaches to implementing mean-variance analysis evaluated are outlined below. 

(i) Standard portfolio. For this portfolio asset weights are updated each 

quarter based on the information contained in the previous 30 quarters. 

The optimal asset weights are found by using tμ  and .tΩ  

(ii) Bayes-Stein portfolio. For this portfolio asset weights are updated each 

quarter based on the information contained in the previous 30 quarters. 

The optimal asset weights are found by using tr  and .tΩ  

(iii) Standard portfolio (excluding 1992Q4). This portfolio is constructed the 

same way as the standard portfolio, except the rolling window is only 29 

quarters in length, and the information on returns in 1992Q4 is excluded 

from the sample.  

(iv) Bayes-Stein portfolio (excluding 1992Q4). This portfolio is constructed 

the same way as the Bayes-Stein portfolio, except the rolling window is 

only 29 quarters in length, and the information on returns in 1992Q4 is 

excluded from the sample.  

 

Both the conditional within wine setting, and the unconditional shares, bonds 

and wine setting are investigated. Table 5.9 gives summary return information for each 

of the conditional wine only portfolios, and detailed quarter-by-quarter return 

information for each portfolio is provided in Appendix 5.3. The mean quarterly return to 

the standard portfolio, over the period 1997Q3 to 2000Q4, was 1.9 percent, standard 

deviation 3.8 percent, and so the mean Sharpe Ratio for this portfolio was .506. This 

compares favourably with the Bayes-Stein portfolio, which over the sample period had 

a mean quarterly return of 1.5 percent, standard deviation 3.8 percent, and so a mean 

Sharpe Ratio of .404. Both the return, and the return per unit of risk are higher for the 

standard portfolio. The cumulative separate bank account balance at the end of 2000Q4 

for the standard portfolio was $267.43, while the cumulative separate bank account 

balance at the end of 2000Q4 for the Bayes-Stein portfolio was $216.42.  

 

The different approaches also have noticeably different average asset weights. 

When using the mean return vector the average assets weights for the sample forecast 
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period were approximately: Exceptional wine 48 percent, Outstanding wine 26 percent, 

Excellent wine zero percent, and Distinguished wine 26 percent. Using the Bayes-Stein 

return vector, the average asset weights for the sample forecast period were 

approximately: Exceptional wine 39 percent, Outstanding wine 14 percent, Excellent 

wine 2 percent, and Distinguished wine 45 percent. Whether or not the information 

contained in 1992Q4 was included in the sample or excluded made little difference to 

the overall results. 

 

TABLE 5.9 
SUMMARY SENSITIVITY ANALYSIS RESULTS: WINE ONLY  

Mean Asset Weights  
Portfolio Asset 

One  
Asset 
Two 

Asset 
Three 

Asset 
Four 

 
Cumm. 

Bal. 
($) 

Portfolio 
Return 

(%) 

Portfolio 
S.D. 
(%) 

Sharpe 
Ratio 

Standard .4836 .2584 .0000 .2580  267.43 1.910 3.776 .506 

Bayes-Stein .3925 .1422 .0193 .4460  216.42 1.546 3.823 .404 

Standard (excluding 1992Q4) .4041 .2745 .0000 .3213  269.95 1.928 3.816 .505 

Bayes-Stein (excluding 1992Q4) .2766 .2141 .0282 .4811  232.01 1.657 3.953 .419 

   
 

 

Summary portfolio performance details for the unconditional shares, bonds, and 

wine portfolios are shown in Table 5.10, and again detailed quarter-by-quarter return 

information for each portfolio is shown in Appendix 5.3. Over the sample forecast 

period, the performance of the Bayes-Stein portfolio was marginally better than the 

standard portfolio. The average Sharpe Ratio for the Bayes-Stein portfolio was .006 

higher than the standard portfolio, and the cumulative bank account balance at the end 

of 2000Q4 was $2.26 higher. Unlike the conditional within wine analysis, average asset 

weights varied little when the mean return vector was replaced by the Bayes-Stein 

return vector. When using the mean return vector the approximate average asset weights 

for the sample forecast period were: shares 20 percent, bonds 59 percent, and wine 21 

percent. When using the Bayes-Stein return vector the approximate average asset 

weights for the sample forecast period were: shares 17.5 percent, bonds 65 percent, and 

wine 17.5 percent. As was the case for the conditional analysis, whether or not the 

information contained in 1992Q4 was included or excluded from the sample made little 

difference to the overall results.  
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TABLE 5.10 

SUMMARY SENSITIVITY ANALYSIS RESULTS: SHARES, BONDS, AND WINE
Mean Asset Weights  

Portfolio 
Shares Bonds Wine 

 
Cumm. 

Bal. 
($) 

Portfolio 
Return 

(%) 

Portfolio 
S.D. 
(%) 

Sharpe 
Ratio 

Standard .1974 .5874 .2152  235.20 1.680 1.940 .866 

Bayes-Stein .1755 .6487 .1758  237.46 1.696 1.944 .872 

Standard (excluding 1992Q4) .1935 .5630 .2435  236.67 1.690 1.931 .875 

Bayes-Stein (excluding 1992Q4) .1709 .6176 .2115  233.51 1.668 1.834 .909 

   
 

 

Figure 5.12 contains information on the evolution of optimal asset weights when 

using different estimators of expected returns. The solid line represents the evolution of 

optimal asset weights when the mean return vector is used, and the broken line 

represents the evolution of optimal asset weights when the Bayes-Stein return vector is 

used. If the sample mean return to assets i, at time t, is less than the global minimum 

variance portfolio return, then at time t, the Bayes-Stein portfolio will have a greater 

allocation to asset i than the standard portfolio. This is because the Bayes-Stein estimate 

of the return to asset i will be greater than the sample mean return. The converse is also 

true, and when the sample mean return to assets i, at time t, is greater than the global 

minimum variance portfolio return, then at time t, the standard portfolio will have a 

greater allocation to asset i than the Bayes-Stein portfolio. For example, consider the 

Distinguished wine plots in Figure 5.12. Over the forecast period the sample mean 

return for Distinguished wine was always less than the conditional global minimum 

variance portfolio return. The Bayes-Stein estimate of expected return to Distiguished 

wine was therefore always higher than the sample mean return for Distinguished wine. 

As such, for all periods the Bayes-Stein portfolio has a higher allocation to 

Distinguished wine than the standard portfolio.  

 

The first issue investigated in this section was whether the Jorion Bayes-Stein 

estimator of returns is a more appropriate estimator than the sample mean. Problems 

with using the sample mean as an estimate of expected return are likely to be most 

noticable when the number of assets under consideration is relatively large, and the 

number of observations on each asset relatively low. The problem in fact disappears for 

large sample sizes, and is not troublesome when the number of assets is low, Press 
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(1972, p. 172). The evidence presented here suggests, for asset allocation problems 

where the number of assets under consideration is as low as three or four, even if the 

number of observations is relatively low, there is little, if any, gain from using a Bayes-

Stein type estimator of returns. 

 

The second issue investigated concerned the impact on portfolio performance of 

the inclusion of the information contained in 1992Q4. In Section 5.2 an argument was 

made to suggest the return estimates for 1992Q4 were reasonable, yet some doubt as to 

their accuracy remained. The performance of portfolios with the return information 

from 1992Q4 excluded from the sample did not vary noticeably from the performance 

of portfolios including this return information. As such, it appears reasonable to 

conclude the analysis is not unduly influenced by the 1992Q4 observations. 

 

5.8 CONCLUSION 

 

This chapter began by using an adjacent period hedonic price model to estimate 

the return to four wine assets. The sample period was 1989Q4 to 2000Q4, and the wine 

assets were based on the Langton’s wine classification ratings. Return information for 

each wine asset was reported in Table 5.1 and Figure 5.1, and complete estimation 

results are reported in Appendix 5.1. The key summary statistics for each wine asset 

were: Exceptional wine: quarterly return 3.3 percent, standard deviation 8.6 percent, 

coefficient of variation 2.6; Outstanding wine: quarterly return 4.1 percent, standard 

deviation 12.3 percent, coefficient of variation 3.0; Excellent wine: quarterly return 2.1 

percent, standard deviation 8.9 percent, coefficient of variation 4.2; and, Distinguished 

wine: quarterly return 2.7 percent, standard deviation 6.7 percent, coefficient of 

variation 2.5. This information represents the first analysis of the risk-return profile of 

different wine assets. Specifically, it shows that in Australia it is the most expensive 

wine that has the highest rate of return, although this higher return is in general 

associated with higher risk.  

 

The concept of mean-variance portfolio analysis was then introduced, and 

practical strategies for implementing mean-variance analysis in a conditional within 

wine setting were considered. The results suggested that although mean-variance 

analysis can be used to obtain a return higher than the return achieved by holding an 

equally weighted wine investment portfolio, the extra transaction costs associated with 
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implementing the mean-variance approach outweigh the benefits. Specifically, before 

transaction costs, the mean-variance optimised quarterly rebalanced portfolio had a 

quarterly return of approximately .17 percent per quarter higher than the equally 

weighted portfolio. As such, once transaction costs were considered, for the sample 

forecast period, the best performing investment portfolio was thought to be the equally 

weighted portfolio. 

 

The mean-variance framework was then extended to consider the unconditional 

setting. Specifically, the case considered was one where it was possible to hold: 

Australian shares, Australian bonds, and Australian wine. For the sample period, wine 

had both the highest return and the highest risk. Although the return per unit of risk was 

shown to be approximately the same for both wine and shares. Using the mean-variance 

framework it was shown that all efficient portfolios include a positive holding of wine. 

Further, it was shown, as the minimum required rate of return increases, so too does the 

optimal holding of wine. 

 

Practical strategies for the implementation of mean-variance analysis in an 

unconditional setting were then compared, and for the forecast period, an equally 

weighted investment portfolio outperformed the three mean-variance optimised 

portfolios considered. While the failure of the portfolios based on mean-variance 

analysis to outperform the equally weighted portfolio was disappointing, the key insight 

of the unconditional analysis -- illustrated in Figure 5.9 -- remains undiminished. 

Including Australian wine in an investment portfolio can reduce portfolio risk. So, for 

investors looking to lower risk without sacrificing expected return, Australian wine is an 

asset worth considering. 

 

The robustness of the results in both the conditional wine only setting, and the 

unconditional shares, bonds, and wine setting was then tested. In particular, the 

sensitivity of the results to (i) the relatively extreme values for wine returns in 1992Q4, 

and (ii) the choice of expected return estimator, were investigated. The findings 

suggested the results were not noticeably effected by either the choice of expected 

return estimator, or the relatively extreme wine returns in 1992Q4. 

 

The Australian wine industry has grown substantially in recent decades, and the 

export success of the Australian wine industry is widely acknowledged. Yet at the same 
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time as the retail wine industry has been growing strongly, so too has the Australian 

wine investment market. Yet to date, the economics of wine investment in Australia 

have not been well understood. This chapter, by using the standard tools of financial 

analysis to study the return to wine, has revealed much about the investment properties 

of wine. In doing so it makes a real contribution to knowledge. Although now much is 

known about the rate of return to wine, further research on the topic is still warranted. 

For example, a question yet to be answered concerns the implication of imposing 

structure on the estimated covariance matrix for wine returns. Given that for at least the 

next ten years any study of the return to Australian wine will be faced with a relatively 

short window from which estimates of the covariance matrix can be obtained, imposing 

structure on the covariance matrix may provide further useful insights into the 

investment potential of Australian wine.  
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APPENDIX 5.1 

ESTIMATION RESULTS AND SUMMARY FINDINGS  

 
 

The adjacent period hedonic price model used to estimate the return to the 

individual wine assets is shown in the text at equations (5.3) and (5.4), and these 

equations are reproduced and renumbered below: 

 
2000 8

0 1965 1
k k k k k k k
is v isv c isc isv c

p x z uβ γ δ
= =

= + + +∑ ∑     (A5.1) 

2000 8
0 1965 1

.k k k k k k k k
it st v itv c itc itv c

p x z uα β γ δ
= =

= + + + +∑ ∑    (A5.2) 

 

As discussed in the text, k
isp  denotes the natural logarithm of the price of wine 

 ( 1,..., ),ki i n=  a wine with Langton’s rating ( 1,...,4),k k =  and sold in period 

 ( 1);s s t= −  k
itp  denotes the natural logarithm of the price of wine i, a wine with 

Langton’s rating k, and sold in period ( 1990Q1,...,2000Q4);t t =  and kn  is equal to the 

sum of the number of observations from wine classification k, sold in periods s and t.  

 

If wine i, a wine from classification k, and sold in period s, is from vintage 

 ( 1965,...,2000),v v =  then the variable k
isvx  takes the value one; zero otherwise. If wine 

i, a wine from classification k, and sold in period s, is from grape variety  ( 1,...,8),c c =  

then the variable k
iscz  takes the value one; zero otherwise. The interpretation for wines 

sold in period t is the same. The 0 ,kβ  ,k
vγ  and k

cδ  coefficients control for quality 

differences, and are constrained to be the same in adjacent periods. As such, the 

estimated percentage change in price between period s and period t, for wines from 

Langton’s classification k, can be found as ( )ˆexp( ) 1 100,k
stα − ×  where ˆ k

stα  is the OLS 

estimate of .k
stα  The k

isu  and k
itu  in equations (A5.1) and (A5.2) are zero mean error 

terms, which may be heteroscedastic. To avoid perfect multicollinearity when 

estimating equations (A5.1) and (A5.2) it is necessary to include both a vintage and 

variety in the base. Although not always vintage 1965, the base vintage is always the 

earliest vintage. The base variety is always Shiraz. 
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The complete estimation results for the model are reported in Table A5.1. 

Consider for a moment the first panel of estimation results, the results for the adjacent 

period 1989Q4-1990Q1. The log return row provides the estimate of the log return for 

1990Q1, and is the basis for the calculation of the estimated percentage return to each 

wine asset in 1990Q1. Specifically, the percentage returns to the different wine assets in 

1990Q1 were: Exceptional wine ( )exp( .038) 1 100 3.7− − × = −  percent, Outstanding 

wine ( )exp(.191) 1 100 21.0− × =  percent, Excellent wine ( )exp(-.034) 1 100 3.3− × = −  

percent, and Distinguished wine ( )exp( .015) 1 100 1.5− − × = −  percent. 

 

The remaining coefficient estimates are constrained to be equal in both 1989Q4 

and 1990Q1. In general, as the vintage in the base can vary across wine asset and 

through time, the vintage variable estimates do not lend themselves well to comparison. 

The 1989Q4-1990Q1 adjacent period is one of the few periods where the base vintage is 

the same for each wine asset, and in this case the base vintage is vintage 1965. The first 

row for which there are vintage estimates for all four wine assets is vintage 1978. In the 

adjacent period 1989Q4-1990Q1, the estimated premiums to vintage 1978 wines, 

relative to vintage 1965, for the different wine assets were: Exceptional wine 

( )exp( .865) 1 100 57.9− − × = −  percent, Outstanding wine ( )exp(.143) 1 100 15.4− × =  

percent, Excellent wine ( )exp( .654) 1 100− − × =  48.0−  percent, and Distinguished wine 

( )exp(.240) 1 100 27.1− × =  percent. It is interesting to note that once vintage premiums 

are allowed to vary with wine classification, the estimated vintage effects do not all 

have the same sign. 

 

As the base variety is always Shiraz, interpreting the variety coefficients is 

somewhat easier. For the adjacent period 1989Q4-1990Q1 only for Cabernet and 

Chardonnay are there estimates for all four wine assets. Specifically, the estimated 

premiums to Cabernet, relative to Shiraz, for the adjacent period 1989Q4-1990Q1, 

were: Exceptional wine ( )exp( .481) 1 100 38.2− − × = −  percent, Outstanding wine 

( )exp(.149) 1 100 16.1− × =  percent, Excellent wine ( )exp(.083) 1 100 8.7− × =  percent, 

and Distinguished wine ( )exp(.331) 1 100 39.2− × =  percent. Similarly, the estimated 

premiums to Chardonnay, relative to Shiraz, for each wine asset in the adjacent period 

1989Q4-1990Q1 were: Exceptional wine ( )exp( .668) 1 100 48.7− − × = −  percent, 
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Outstanding wine ( )exp(.308) 1 100 36.1− × =  percent, Excellent wine ( )exp(.344) 1−  

100 41.1× =  percent, and Distinguished wine ( )exp( .120) 1 100 11.3− − × = −  percent. 

Again it is interesting to note that once the estimated variety effects are allowed to vary 

with wine classification, the estimated effects do not all have the same sign. 

 

For each estimated parameter, in each adjacent period, Table A5.1 also shows 

the associated standard error, corrected, where appropriate, for heterocedasticity. When 

heteroscedasticity appeared to be a problem, the White (1980) general correction was 

used, and the resultant standard errors scaled by /( ),n n d−  where n is the number of 

observations, and d the number of regressors. White’s standard errors were scaled by 

/( )n n d−  as Davidson and Mackinnon (1993), discussed in Greene (2003, p. 220), 

suggest this as an appropriate adjustment. For each adjacent period, and for each wine 

asset, summary statistics which may be of interest, such as the 2R  and F-statistic, are 

given. The Chi-statistic is given as it was used in the Koenker and Basset adjusted 

Breusch-Pagan Lagrange Multiplier test for heteroscedasticity. In the last row of each 

table, N refers to the number of observations, and K to the number of estimated 

parameters.  
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TABLE A5.1 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1989Q4-1990Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.787 (0.334)  2.800 (0.372)  3.610 (0.114)  0.286 (0.118) 
Log return -0.038 (0.145)  0.191 (0.225)  -0.034 (0.061)  -0.015 (0.124) 
Vintage            
1966 0.231 (0.358)  - -  -0.335 (0.111)  - - 
1967 -0.187 (0.459)  - -  -0.554 (0.338)  - - 
1968 -0.359 (0.413)  - -  -0.250 (0.549)  -0.142 (0.120) 
1969 -0.892 (0.497)  - -  -0.319 (0.133)  - - 
1970 -0.982 (0.611)  - -  -0.550 (0.165)  - - 
1971 -0.667 (0.937)  - -  -0.262 (0.186)  - - 
1972 -1.163 (0.559)  - -  -0.881 (0.210)  0.302 (0.116) 
1973 -0.554 (0.328)  - -  -0.723 (0.182)  -0.045 (0.147) 
1974 -0.456 (0.336)  - -  -0.971 (0.151)  -0.037 (0.127) 
1975 -0.548 (0.327)  - -  -0.981 (0.180)  0.214 (0.123) 
1976 -0.437 (0.363)  - -  -0.762 (0.146)  -0.107 (0.124) 
1977 -0.864 (0.418)  - -  -0.613 (0.177)  0.096 (0.125) 
1978 -0.865 (0.387)  0.143 (0.687)  -0.654 (0.180)  0.240 (0.132) 
1979 -0.791 (0.514)  -0.666 (0.427)  -0.677 (0.165)  -0.140 (0.148) 
1980 -0.553 (0.396)  0.262 (0.636)  -0.568 (0.148)  0.071 (0.143) 
1981 -0.534 (0.398)     -0.540 (0.168)  -0.068 (0.134) 
1982 -0.479 (0.364)  -0.225 (0.427)  -0.382 (0.176)  -0.118 (0.131) 
1983 -0.706 (0.374)  -0.512 (0.478)  -0.722 (0.127)  0.121 (0.133) 
1984 -0.794 (0.520)  -0.022 (0.546)  -0.613 (0.166)  -0.106 (0.130) 
1985 -1.004 (0.584)  -0.291 (0.488)  -0.656 (0.167)  -0.049 (0.131) 
1986 -0.817 (0.578)  -0.335 (0.417)  -0.844 (0.202)  0.116 (0.148) 
1987 - -  -0.157 (0.513)  -0.943 (0.235)  -0.138 (0.140) 
1988 - -  - -  -1.246 (0.149)  0.015 (0.144) 
1989 - -  - -  - -  - - 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.481 (0.166)  0.149 (0.376)  0.083 (0.093)  0.331 (0.142) 
Chardonnay -0.668 (0.198)  0.308 (0.556)  0.344 (0.094)  -0.120 (0.128) 
Pinot Noir - -  1.134 (0.309)  0.513 (0.113)  0.215 (0.146) 
Riesling - -  - -  0.046 (0.300)  - - 
Botrytis - -  - -  0.601 (0.141)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Summary Statistics            

2R , 2R  0.498 0.275  0.626 0.339  0.540 0.376  0.243 -0.049 
F- statistic 2.233   2.185   3.281   0.833  
Chi-statistic 41.181   12.232   51.602   29.734  
(N,K) 79 25  31 14  111 30  80 24 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1990Q1-1990Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.803 (0.225)  3.091 (0.472)  3.689 (0.268)  3.169 (0.298) 
Log return 0.022 (0.128)  -0.141 (0.424)  0.017 (0.080)  0.078 (0.095) 
Vintage            
1966 0.033 (0.433)  - -  -0.470 (0.379)  - - 
1967 -0.171 (0.302)  - -  -0.543 (0.328)  0.040 (0.396) 
1968 -0.426 (0.302)  - -  - -  -0.208 (0.385) 
1969 -0.945 (0.302)  - -  - -  - - 
1970 -0.563 (0.340)  - -  - -  - - 
1971 0.087 (0.340)  -0.201 (0.667)  -0.434 (0.328)  - - 
1972 -0.867 (0.340)  - -  -0.871 (0.328)  -0.208 (0.385) 
1973 -0.681 (0.340)  -0.466 (0.790)  -0.840 (0.310)  -0.510 (0.337) 
1974 -0.433 (0.433)  - -  -1.018 (0.310)  - - 
1975 -0.663 (0.340)  - -  - -  -0.065 (0.385) 
1976 -0.478 (0.302)  - -  - -  0.378 (0.308) 
1977 -0.612 (0.283)  - -  -0.703 (0.316)  -0.442 (0.342) 
1978 -0.972 (0.305)  - -  -0.927 (0.314)  0.108 (0.316) 
1979 -1.055 (0.305)  -0.582 (0.593)  -0.859 (0.301)  0.019 (0.319) 
1980 -0.664 (0.266)  -0.138 (0.823)  -0.872 (0.301)  0.436 (0.296) 
1981 -0.638 (0.287)  - -  -0.746 (0.307)  0.272 (0.385) 
1982 -0.437 (0.306)  -0.354 (0.606)  -0.545 (0.291)  0.335 (0.300) 
1983 -0.752 (0.288)  -0.335 (0.760)  -0.919 (0.293)  0.159 (0.309) 
1984 -0.747 (0.348)  -0.329 (0.752)  -0.838 (0.287)  -0.053 (0.292) 
1985 -1.018 (0.300)  -0.749 (0.706)  -0.849 (0.299)  -0.229 (0.301) 
1986 -0.770 (0.348)  -0.591 (0.586)  -0.930 (0.308)  0.110 (0.333) 
1987 - -  -0.258 (0.667)  -0.912 (0.334)  -0.030 (0.343) 
1988 - -  - -  -1.236 (0.345)  -0.248 (0.382) 
1989 - -  - -  - -  - - 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.582 (0.132)  0.448 (0.482)  0.242 (0.096)  -0.396 (0.122) 
Chardonnay -0.637 (0.206)  - -  0.373 (0.097)  -0.266 (0.186) 
Pinot Noir - -  1.073 (0.364)  0.549 (0.191)  0.155 (0.355) 
Riesling - -  - -  -0.451 (0.229)  -0.273 (0.299) 
Botrytis - -  - -  0.651 (0.291)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Summary Statistics            

2R , 2R  0.726 0.553  0.637 0.166  0.557 0.349  0.655 0.415 
F- statistic 4.198   1.352   2.675   2.725  
Chi-statistic 33.292   12.630   28.417   16.731  
(N,K) 63 25  24 14  76 25  57 24 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1990Q2-1990Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.005 (0.171)  2.569 (0.428)  2.287 (0.318)  3.772 (0.340) 
Log return -0.068 (0.086)  -0.004 (0.284)  -0.028 (0.099)  0.113 (0.092) 
Vintage            
1966 0.055 (0.290)  - -  - -  - - 
1967 -0.316 (0.234)  - -  0.920 (0.419)  -0.608 (0.445) 
1968 -0.595 (0.234)  - -  - -  -0.778 (0.436) 
1969 -0.883 (0.234)  - -  0.707 (0.351)  - - 
1970 -0.687 (0.234)  - -  0.449 (0.419)  -0.808 (0.436) 
1971 -0.051 (0.234)  - -  1.238 (0.419)  -0.540 (0.377) 
1972 -0.939 (0.234)  - -  0.449 (0.419)  -0.721 (0.436) 
1973 -1.076 (0.214)  -0.082 (0.418)  0.557 (0.369)  -0.850 (0.357) 
1974 -0.689 (0.290)  - -  0.433 (0.369)  -1.126 (0.436) 
1975 -0.747 (0.234)  - -  - -  -0.721 (0.436) 
1976 -0.657 (0.220)  - -  - -  -0.166 (0.340) 
1977 -0.805 (0.234)  - -  0.839 (0.369)  -0.750 (0.380) 
1978 - -  - -  0.857 (0.419)  -0.495 (0.357) 
1979 -0.737 (0.249)  0.525 (0.565)  0.701 (0.312)  -0.576 (0.359) 
1980 -1.019 (0.234)  1.050 (0.550)  0.811 (0.398)  -0.482 (0.328) 
1981 -1.152 (0.226)  0.087 (0.503)  0.580 (0.335)  -0.949 (0.340) 
1982 -0.746 (0.240)  - -  0.855 (0.320)  -0.418 (0.330) 
1983 -1.264 (0.365)  0.473 (0.448)  0.373 (0.328)  -0.962 (0.359) 
1984 -1.374 (0.328)  0.850 (0.501)  0.472 (0.320)  -0.735 (0.325) 
1985 -1.292 (0.274)  0.290 (0.425)  0.226 (0.349)  -0.808 (0.327) 
1986 -1.335 (0.328)  -0.079 (0.393)  0.334 (0.312)  -0.811 (0.358) 
1987 - -  -0.076 (0.398)  0.161 (0.328)  -0.799 (0.348) 
1988 - -  -0.159 (0.408)  0.130 (0.351)  -1.051 (0.385) 
1989 - -  - -  - -  - - 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.344 (0.161)  -0.118 (0.311)  0.514 (0.130)  -0.274 (0.113) 
Chardonnay -0.445 (0.218)  0.367 (0.408)  0.381 (0.130)  - - 
Pinot Noir - -  0.644 (0.215)  0.475 (0.328)  - - 
Riesling - -  - -  -0.242 (0.200)  -0.266 (0.277) 
Botrytis - -  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Summary Statistics            

2R , 2R  0.911 0.797  0.787 0.456  0.665 0.398  0.488 0.247 
F- statistic 7.996   2.378   2.485   2.021  
Chi-statistic 28.299   16.862   30.021   23.861  
(N,K) 42 24  24 15  55 26  79 26 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1990Q3-1990Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.080 (0.287)  2.565 (0.335)  2.638 (0.337)  3.187 (0.341) 
Log return -0.216 (0.139)  0.216 (0.132)  0.012 (0.075)  -0.026 (0.063) 
Vintage            
1966 0.783 (0.406)  - -  - -  0.694 (0.459) 
1967 0.386 (0.406)  - -  0.637 (0.409)  - - 
1968 0.252 (0.406)  - -  0.485 (0.472)  -0.083 (0.459) 
1969 0.263 (0.463)  - -  0.517 (0.399)  - - 
1970 -0.090 (0.408)  -0.009 (0.492)  0.339 (0.409)  -0.148 (0.395) 
1971 0.394 (0.408)  -0.216 (0.492)  0.776 (0.409)  0.155 (0.398) 
1972 -0.193 (0.408)     0.096 (0.409)  -0.139 (0.395) 
1973 -0.155 (0.379)  -0.111 (0.416)  0.189 (0.382)  -0.201 (0.373) 
1974 0.391 (0.463)  - -  -0.018 (0.372)  -0.510 (0.395) 
1975 0.295 (0.463)  - -  0.211 (0.463)  0.076 (0.395) 
1976 0.148 (0.377)  0.052 (0.543)  -0.012 (0.463)  0.572 (0.363) 
1977 0.213 (0.378)  - -  0.491 (0.388)  -0.234 (0.360) 
1978 0.323 (0.596)  0.340 (0.543)  0.480 (0.381)  -0.040 (0.344) 
1979 0.000 (0.379)  0.340 (0.543)  0.414 (0.345)  0.038 (0.353) 
1980 0.063 (0.361)  0.631 (0.470)  0.472 (0.357)  0.212 (0.338) 
1981 -0.160 (0.433)  -0.008 (0.428)  0.287 (0.358)  -0.209 (0.345) 
1982 0.218 (0.364)  0.386 (0.491)  0.621 (0.347)  0.206 (0.336) 
1983 0.055 (0.412)  0.297 (0.456)  0.274 (0.363)  -0.137 (0.342) 
1984 -0.151 (0.367)  0.293 (0.435)  0.257 (0.354)  0.039 (0.335) 
1985 -0.187 (0.396)  0.112 (0.428)  0.138 (0.360)  -0.034 (0.338) 
1986 -0.310 (0.384)  0.065 (0.413)  0.419 (0.347)  -0.034 (0.347) 
1987 -0.399 (0.606)  -0.162 (0.414)  0.148 (0.358)  -0.066 (0.363) 
1988 - -  -0.206 (0.421)  -0.151 (0.393)  -0.138 (0.376) 
1989 - -  0.900 (0.673)  -0.339 (0.475)  -0.209 (0.487) 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.375 (0.161)  0.211 (0.209)  0.134 (0.094)  -0.270 (0.089) 
Chardonnay -0.611 (0.456)  0.413 (0.421)  0.174 (0.114)  -0.228 (0.158) 
Pinot Noir - -  0.665 (0.214)  0.316 (0.254)  - - 
Riesling - -  0.042 (0.275)  -0.204 (0.248)  -0.312 (0.190) 
Botrytis - -  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Summary Statistics            

2R , 2R  0.428 0.137  0.688 0.454  0.435 0.195  0.390 0.220 
F- statistic 1.468   2.939   1.814   2.287  
Chi-statistic 33.882   20.801   23.090   12.214  
(N,K) 75 26  50 22  95 29  120 27 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1990Q4-1991Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 3.832 (0.301)  2.773 (0.341)  3.302 (0.294)  3.194 (0.322) 
Log return 0.169 (0.166)  -0.127 (0.127)  -0.044 (0.086)  0.002 (0.079) 
Vintage            
1966 0.733 (0.450)  - -  - -  - - 
1967 0.461 (0.513)  - -  0.022 (0.346)  - - 
1968 0.378 (0.450)  - -  -0.214 (0.346)  - - 
1969 -0.059 (0.513)  - -  - -  - - 
1970 -0.074 (0.452)  - -  -0.044 (0.406)  -0.182 (0.432) 
1971 0.379 (0.452)  -0.208 (0.483)  0.125 (0.346)  - - 
1972 -0.245 (0.513)  - -  -0.463 (0.346)  -0.251 (0.432) 
1973 0.060 (0.452)  -0.134 (0.483)  -0.377 (0.355)  -0.588 (0.432) 
1974 0.646 (0.661)  - -  -0.647 (0.335)  -0.588 (0.432) 
1975 -0.219 (0.457)  0.127 (0.499)  -0.261 (0.348)  0.178 (0.432) 
1976 0.129 (0.513)  0.235 (0.520)  -0.577 (0.412)  0.320 (0.377) 
1977 0.216 (0.401)  - -  -0.185 (0.354)  -0.205 (0.342) 
1978 0.356 (0.661)  0.522 (0.520)  -0.296 (0.329)  -0.043 (0.328) 
1979 -0.080 (0.513)  0.522 (0.520)  -0.357 (0.326)  0.061 (0.342) 
1980 0.134 (0.400)  0.488 (0.460)  -0.231 (0.305)  0.286 (0.333) 
1981 -0.048 (0.513)  0.079 (0.407)  -0.414 (0.321)  -0.064 (0.333) 
1982 0.285 (0.450)  0.444 (0.437)  -0.017 (0.306)  0.064 (0.329) 
1983 0.117 (0.458)  - -  -0.246 (0.343)  -0.045 (0.329) 
1984 -0.068 (0.383)  0.191 (0.425)  -0.384 (0.318)  0.016 (0.321) 
1985 0.067 (0.440)  0.352 (0.411)  -0.455 (0.312)  0.047 (0.330) 
1986 -0.093 (0.409)  0.314 (0.398)  -0.011 (0.313)  -0.003 (0.328) 
1987 -0.049 (0.531)  -0.050 (0.395)  -0.317 (0.332)  -0.206 (0.349) 
1988 - -  -0.125 (0.429)  -0.726 (0.344)  -0.067 (0.371) 
1989 - -  - -  -0.938 (0.418)  -0.178 (0.466) 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.419 (0.189)  0.037 (0.193)  0.048 (0.086)  -0.304 (0.101) 
Chardonnay -0.620 (0.493)  1.322 (0.483)  0.121 (0.125)  -0.343 (0.185) 
Pinot Noir - -  0.657 (0.215)  0.274 (0.195)  0.367 (0.242) 
Riesling - -  - -  -0.021 (0.233)  -0.377 (0.185) 
Botrytis - -  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Summary Statistics            

2R , 2R  0.335 -0.035  0.692 0.460  0.501 0.226  0.412 0.192 
F- statistic 0.906   2.992   1.822   1.871  
Chi-statistic 30.819   15.367   20.745   11.536  
(N,K) 71 26  43 20  77 28  89 25 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1991Q1-1991Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.605 (0.282)  2.773 (0.314)  3.258 (0.216)  3.511 (0.271) 
Log return 0.110 (0.116)  -0.058 (0.135)  -0.035 (0.080)  -0.030 (0.069) 
Vintage            
1966 0.145 (0.390)  - -  - -  - - 
1967 -0.174 (0.481)  - -  -0.039 (0.305)  - - 
1968 -0.162 (0.481)  - -  -0.262 (0.305)  - - 
1969 -0.702 (0.397)  - -  - -  - - 
1970 -0.330 (0.390)  - -  - -  -0.100 (0.335) 
1971 0.103 (0.390)  - -  0.201 (0.267)  - - 
1972 -0.939 (0.395)  - -  -0.312 (0.267)  - - 
1973 -0.434 (0.390)  - -  - -  -0.602 (0.335) 
1974 -0.754 (0.501)  - -  0.178 (0.316)  0.288 (0.335) 
1975 -0.928 (0.340)  - -  -0.167 (0.305)  0.047 (0.335) 
1976 -0.355 (0.400)  0.042 (0.464)  -0.333 (0.316)  0.105 (0.293) 
1977 -0.540 (0.346)  - -  - -  0.137 (0.293) 
1978 -0.458 (0.372)  - -  -0.262 (0.254)  0.050 (0.278) 
1979 -0.916 (0.400)  -0.084 (0.510)  -0.164 (0.322)  -0.092 (0.293) 
1980 -0.511 (0.360)  -0.171 (0.486)  -0.509 (0.252)  -0.015 (0.260) 
1981 -0.623 (0.360)  0.144 (0.482)  -0.512 (0.252)  -0.191 (0.270) 
1982 -0.488 (0.339)  0.303 (0.440)  -0.071 (0.241)  -0.139 (0.275) 
1983 -0.617 (0.398)  0.778 (0.511)  -0.569 (0.267)  -0.312 (0.270) 
1984 -0.818 (0.335)  0.286 (0.395)  -0.550 (0.245)  -0.284 (0.252) 
1985 -0.553 (0.372)  0.097 (0.382)  -0.640 (0.239)  -0.179 (0.255) 
1986 -0.626 (0.357)  0.054 (0.381)  -0.550 (0.250)  -0.224 (0.260) 
1987 -0.371 (0.416)  -0.095 (0.379)  -0.407 (0.272)  -0.497 (0.274) 
1988 -0.436 (0.501)  -0.084 (0.510)  -0.836 (0.264)  -0.407 (0.393) 
1989 - -  -0.189 (0.464)  -1.083 (0.316)  - - 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.495 (0.145)  -0.027 (0.189)  0.342 (0.097)  -0.437 (0.110) 
Chardonnay -0.550 (0.294)  -0.128 (0.444)  0.456 (0.114)  - - 
Pinot Noir - -  0.954 (0.199)  0.636 (0.125)  0.296 (0.172) 
Riesling - -  - -  0.509 (0.252)  -0.430 (0.204) 
Botrytis - -  - -  0.799 (0.244)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Summary Statistics            

2R , 2R  0.662 0.437  0.804 0.608  0.752 0.581  0.587 0.370 
F- statistic 2.939   4.102   4.377   2.709  
Chi-statistic 31.002   10.838   16.997   19.504  
(N,K) 66 27  33 17  62 26  61 22 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1991Q2-1991Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.750 (0.276)  2.979 (0.387)  3.164 (0.255)  3.557 (0.391) 
Log return 0.124 (0.099)  0.017 (0.136)  -0.073 (0.075)  -0.027 (0.103) 
Vintage            
1966 0.157 (0.384)  - -  - -  -0.073 (0.491) 
1967 -0.282 (0.384)  - -  - -  - - 
1968 -0.539 (0.473)  - -  - -  - - 
1969 -0.419 (0.473)  - -  - -  - - 
1970 -0.358 (0.384)  - -  - -  -0.173 (0.491) 
1971 0.104 (0.384)  - -  0.387 (0.301)  - - 
1972 -0.852 (0.351)  - -  -0.387 (0.301)  -0.350 (0.480) 
1973 -0.818 (0.351)  - -  - -  -0.675 (0.491) 
1974 -1.062 (0.489)     -0.179 (0.305)  0.419 (0.419) 
1975 -0.907 (0.392)  - -  - -  0.125 (0.419) 
1976 -0.661 (0.339)  -0.222 (0.530)  -0.273 (0.353)  0.111 (0.419) 
1977 -0.604 (0.339)  - -  -0.095 (0.345)  -0.142 (0.393) 
1978 -0.585 (0.330)  0.199 (0.481)  -0.202 (0.287)  -0.254 (0.438) 
1979 -0.953 (0.354)  -0.320 (0.484)  -0.318 (0.316)  -0.227 (0.491) 
1980 -0.680 (0.339)  - -  -0.551 (0.365)  0.046 (0.381) 
1981 -0.660 (0.361)  0.280 (0.545)  -0.316 (0.303)  -0.364 (0.419) 
1982 -0.739 (0.316)  -0.067 (0.451)  0.046 (0.276)  0.006 (0.383) 
1983 -0.922 (0.373)  0.328 (0.556)  -0.544 (0.285)  -0.408 (0.397) 
1984 -1.100 (0.338)  0.044 (0.418)  -0.407 (0.277)  -0.371 (0.374) 
1985 -0.941 (0.373)  -0.249 (0.405)  -0.559 (0.273)  -0.354 (0.366) 
1986 -1.007 (0.356)  -0.239 (0.411)  -0.400 (0.271)  -0.305 (0.376) 
1987 -1.329 (0.348)  -0.165 (0.428)  -0.507 (0.279)  -0.554 (0.374) 
1988 -0.879 (0.405)  -0.220 (0.561)  -0.703 (0.299)  -0.528 (0.613) 
1989 - -  -0.895 (0.458)  -1.024 (0.353)  - - 
1990 - -  - -  - -  - - 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.222 (0.126)  0.158 (0.187)  0.278 (0.102)  -0.439 (0.160) 
Chardonnay -0.302 (0.463)  0.313 (0.457)  0.437 (0.116)  -0.904 (0.424) 
Pinot Noir - -  0.825 (0.177)  0.675 (0.125)  0.035 (0.265) 
Riesling - -  - -  -0.377 (0.303)  -0.363 (0.403) 
Botrytis - -  - -  0.815 (0.210)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Summary Statistics            

2R , 2R  0.644 0.443  0.699 0.470  0.730 0.585  0.495 0.148 
F- statistic 3.205   3.051   5.044   1.428  
Chi-statistic 27.901   22.943   30.424   30.339  
(N,K) 73 27  38 17  67 24  60 25 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1991Q3-1991Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.918 (0.355)  2.996 (0.331)  3.091 (0.000)  3.363 (0.305) 
Log return -0.010 (0.103)  0.097 (0.128)  0.131 (0.114)  0.077 (0.085) 
Vintage            
1966 0.082 (0.438)  - -  - -  - - 
1967 -0.454 (0.438)  - -  - -  - - 
1968 -0.522 (0.438)  - -  - -  - - 
1969 - -  - -  - -  - - 
1970 -0.407 (0.503)  - -  -0.177 (0.114)  - - 
1971 0.076 (0.438)  - -  1.217 (0.771)  -0.221 (0.425) 
1972 -0.652 (0.438)  - -  -0.368 (0.268)  -0.350 (0.404) 
1973 -0.903 (0.412)  - -  -0.625 (0.168)  -0.549 (0.425) 
1974 -0.591 (0.513)  - -  -0.644 (0.123)  0.604 (0.353) 
1975 -0.514 (0.513)  - -  -0.177 (0.114)  0.276 (0.404) 
1976 -0.979 (0.406)  - -  - -  0.185 (0.335) 
1977 -0.563 (0.414)  - -  -0.507 (0.458)  -0.420 (0.333) 
1978 -0.507 (0.439)  0.003 (0.453)  -0.383 (0.000)  -0.053 (0.379) 
1979 -0.624 (0.443)  -0.309 (0.498)  -0.353 (0.235)  -0.147 (0.413) 
1980 -0.908 (0.406)  - -  -0.196 (0.142)  0.049 (0.321) 
1981 -0.713 (0.443)  -0.152 (0.426)  -0.408 (0.199)  -0.383 (0.404) 
1982 -0.800 (0.395)  0.006 (0.421)  -0.091 (0.177)  0.063 (0.308) 
1983 -0.808 (0.443)  -0.170 (0.522)  -0.493 (0.148)  -0.394 (0.326) 
1984 -1.072 (0.425)  -0.160 (0.407)  -0.319 (0.194)  -0.297 (0.314) 
1985 -1.147 (0.403)  -0.206 (0.371)  -0.624 (0.182)  -0.371 (0.307) 
1986 -1.084 (0.436)  -0.127 (0.378)  -0.399 (0.118)  -0.230 (0.309) 
1987 -1.430 (0.409)  0.017 (0.383)  -0.609 (0.140)  -0.507 (0.307) 
1988 -1.038 (0.456)  0.309 (0.485)  -0.749 (0.176)  -0.724 (0.418) 
1989 - -  -1.044 (0.441)  -0.711 (0.190)  - - 
1990 - -  - -  -0.142 (0.141)  -0.483 (0.430) 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.199 (0.122)  0.354 (0.203)  0.325 (0.123)  -0.272 (0.107) 
Chardonnay - -  -0.457 (0.468)  0.517 (0.110)  -0.184 (0.163) 
Pinot Noir - -  0.715 (0.172)  0.785 (0.157)  -0.061 (0.270) 
Riesling - -  - -  -0.127 (0.132)  - - 
Botrytis - -  - -  0.777 (0.207)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.682 (0.110)  - - 
Summary Statistics            

2R , 2R  0.711 0.508  0.615 0.326  0.749 0.614  0.568 0.356 
F- statistic 3.491   2.128   5.532   2.685  
Chi-statistic 28.071   11.277   60.057   24.223  
(N,K) 59 25  36 16  78 28  71 24 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1991Q4-1992Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.017 (0.063)  2.810 (0.240)  3.412 (0.229)  4.004 (0.253) 
Log return -0.075 (0.125)  -0.171 (0.104)  -0.117 (0.051)  0.020 (0.060) 
Vintage            
1966 - -  - -  - -  - - 
1967 -0.440 (0.333)  - -  - -  - - 
1968 -0.964 (0.463)  - -  - -  - - 
1969 -1.035 (0.408)  - -  -0.588 (0.316)  - - 
1970 -0.548 (0.063)  - -  -0.446 (0.275)  - - 
1971 -0.670 (0.859)  - -  1.723 (0.320)  -0.720 (0.297) 
1972 -0.762 (0.010)  - -  -0.321 (0.320)  - - 
1973 -0.655 (0.126)  - -  -0.816 (0.278)  -1.113 (0.343) 
1974 -0.560 (0.164)  - -  - -  0.162 (0.333) 
1975 -0.561 (0.073)  - -  -0.368 (0.320)  - - 
1976 -0.968 (0.343)  - -  - -  -0.249 (0.270) 
1977 -0.887 (0.175)  - -  -1.110 (0.320)  - - 
1978 -0.548 (0.063)  - -  - -  -0.537 (0.268) 
1979 -0.662 (0.449)  - -  -0.443 (0.264)  -0.655 (0.268) 
1980 -0.973 (0.198)  - -  -0.360 (0.250)  -0.462 (0.258) 
1981 -0.690 (0.272)  0.352 (0.321)  -0.457 (0.255)  - - 
1982 -0.740 (0.214)  0.916 (0.368)  -0.278 (0.240)  -0.429 (0.251) 
1983 -0.716 (0.136)  0.582 (0.368)  -0.551 (0.253)  -0.746 (0.257) 
1984 -1.015 (0.164)  0.293 (0.303)  -0.463 (0.240)  -0.836 (0.246) 
1985 -1.048 (0.178)  0.229 (0.263)  -0.690 (0.245)  -0.806 (0.249) 
1986 -0.800 (0.212)  0.476 (0.267)  -0.545 (0.240)  -0.699 (0.248) 
1987 -0.804 (0.172)  0.309 (0.277)  -0.710 (0.244)  -0.979 (0.250) 
1988 -0.752 (0.167)  0.567 (0.279)  -0.693 (0.245)  -1.034 (0.339) 
1989 -0.783 (0.149)  -0.237 (0.303)  -0.775 (0.251)  -1.199 (0.281) 
1990 - -  - -  -0.465 (0.295)  -1.139 (0.287) 
1991 - -  - -  -0.554 (0.369)  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.522 (0.163)  -0.115 (0.144)  0.190 (0.073)  -0.412 (0.087) 
Chardonnay -0.677 (0.238)  -0.432 (0.276)  0.399 (0.079)  -0.127 (0.111) 
Pinot Noir - -  0.507 (0.131)  0.715 (0.110)  0.146 (0.224) 
Riesling - -  - -  -0.031 (0.110)  - - 
Botrytis - -  - -  0.605 (0.175)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.439 (0.190)  - - 
Summary Statistics            

2R , 2R  0.635 0.404  0.830 0.660  0.780 0.697  0.637 0.503 
F- statistic 2.743   4.881   9.454   4.742  
Chi-statistic 42.080   12.751   21.812   11.126  
(N,K) 68 27  27 15  100 29  75 21 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1992Q1-1992Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.812 (0.118)  2.639 (0.144)  2.888 (0.220)  4.249 (0.183) 
log return 0.101 (0.118)  0.052 (0.100)  0.108 (0.053)  0.024 (0.058) 
Vintage            
1966 0.137 (0.118)  - -  0.408 (0.307)  - - 
1967 -0.247 (0.299)  - -  -0.288 (0.302)  - - 
1968 -0.846 (0.432)  - -  - -  - - 
1969 -0.800 (0.308)  - -  -0.436 (0.263)  - - 
1970 -0.465 (0.079)  - -  -0.115 (0.307)  - - 
1971 -0.545 (0.806)  - -  - -  -0.829 (0.208) 
1972 -0.635 (0.059)  - -  0.049 (0.302)  - - 
1973 -0.417 (0.118)  - -  0.140 (0.302)  -0.901 (0.244) 
1974 -0.290 (0.118)  - -  - -  - - 
1975 -0.837 (0.512)  - -  - -  - - 
1976 -0.671 (0.353)  - -  - -  -0.044 (0.198) 
1977 -0.936 (0.134)  - -  -0.120 (0.311)  -0.705 (0.200) 
1978 -0.774 (0.407)  - -  0.071 (0.311)  -0.668 (0.200) 
1979 -0.982 (0.277)  - -  0.106 (0.252)  -0.634 (0.172) 
1980 -0.933 (0.298)  0.933 (0.264)  -0.053 (0.253)  -0.184 (0.244) 
1981 -0.466 (0.254)  0.788 (0.264)  0.044 (0.237)  -0.854 (0.200) 
1982 -0.563 (0.186)  0.555 (0.279)  0.163 (0.234)  -0.314 (0.172) 
1983 -0.600 (0.171)  - -  -0.026 (0.257)  -0.936 (0.188) 
1984 -0.866 (0.168)  0.243 (0.239)  -0.048 (0.230)  -0.878 (0.156) 
1985 -1.000 (0.150)  0.215 (0.185)  -0.086 (0.237)  -0.924 (0.160) 
1986 -0.672 (0.215)  0.436 (0.191)  0.057 (0.232)  -0.645 (0.155) 
1987 -0.830 (0.193)  -0.061 (0.231)  -0.152 (0.255)  -0.969 (0.173) 
1988 -0.636 (0.134)  0.281 (0.222)  -0.020 (0.242)  -1.012 (0.201) 
1989 -0.689 (0.154)  -0.095 (0.210)  -0.169 (0.241)  -1.135 (0.188) 
1990 - -  - -  -0.251 (0.288)  -1.009 (0.199) 
1991 - -  - -  -0.170 (0.347)  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.485 (0.138)  -0.013 (0.109)  0.069 (0.075)  -0.664 (0.124) 
Chardonnay -0.674 (0.227)  - -  0.154 (0.083)  -0.407 (0.134) 
Pinot Noir - -  0.583 (0.125)  0.582 (0.111)  -0.132 (0.197) 
Riesling - -  - -  -0.107 (0.131)  -0.658 (0.279) 
Botrytis - -  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.415 (0.167)  - - 
Summary Statistics            

2R , 2R  0.573 0.333  0.958 0.887  0.669 0.507  0.766 0.646 
F- statistic 2.384   13.411   4.118   6.394  
Chi-statistic 42.810   15.247   27.401   15.272  
(N,K) 76 29  20 14  83 29  66 23 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1992Q2-1992Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.913 (0.000)  3.157 (0.215)  2.996 (0.260)  3.584 (0.190) 
log return 0.077 (0.102)  -0.266 (0.116)  -0.129 (0.089)  -0.100 (0.088) 
Vintage            
1966 - -  - -  - -  - - 
1967 -0.367 (0.098)  - -  -0.288 (0.368)  - - 
1968 -0.474 (0.053)  - -     - - 
1969 -0.626 (0.098)  - -  -0.693 (0.368)  - - 
1970 -0.536 (0.059)  - -  - -  - - 
1971 -0.018 (0.107)  - -  0.077 (0.336)  -0.750 (0.269) 
1972 -0.760 (0.161)  - -  0.049 (0.368)  - - 
1973 -0.596 (0.102)  - -  0.140 (0.368)  -0.875 (0.269) 
1974 -0.627 (0.102)  - -  - -  0.254 (0.283) 
1975 -1.071 (0.654)  - -  - -  - - 
1976 -0.294 (0.054)  - -  - -  0.027 (0.269) 
1977 -0.820 (0.346)  - -  -0.227 (0.384)  -0.679 (0.233) 
1978 -1.277 (0.197)  - -  -0.036 (0.384)  - - 
1979 -0.921 (0.311)  - -  0.221 (0.317)  -0.571 (0.233) 
1980 -0.855 (0.337)  0.615 (0.267)  -0.024 (0.347)  -0.365 (0.249) 
1981 -0.683 (0.223)  0.286 (0.312)  0.039 (0.297)  -0.829 (0.233) 
1982 -0.560 (0.132)  0.266 (0.327)  0.168 (0.294)  -0.309 (0.220) 
1983 -0.670 (0.145)  - -  -0.093 (0.314)  -1.005 (0.285) 
1984 -0.916 (0.233)  - -  -0.219 (0.303)  -0.842 (0.210) 
1985 -1.085 (0.227)  - -  -0.132 (0.304)  -0.830 (0.212) 
1986 -0.965 (0.338)  0.066 (0.240)  0.026 (0.287)  -0.545 (0.205) 
1987 -1.092 (0.265)  0.418 (0.301)  -0.189 (0.303)  -0.944 (0.269) 
1988 -0.806 (0.208)  -0.329 (0.239)  0.124 (0.384)  -1.019 (0.269) 
1989 - -  -0.558 (0.244)  -0.138 (0.306)  -0.872 (0.257) 
1990 - -  - -  -0.154 (0.401)  -0.599 (0.285) 
1991 - -  - -  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.339 (0.197)  0.023 (0.140)  0.176 (0.109)  - - 
Chardonnay - -  - -  0.154 (0.126)  0.060 (0.094) 
Pinot Noir - -  0.406 (0.158)  0.454 (0.159)  0.718 (0.150) 
Riesling - -  - -  -0.091 (0.230)  -0.063 (0.237) 
Botrytis - -  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.488 (0.224)  - - 
Summary Statistics            

2R , 2R  0.731 0.551  0.952 0.856  0.586 0.252  0.840 0.700 
F- statistic 4.073   9.932   1.756   6.007  
Chi-statistic 38.486   12.237   27.703   30.999  
(N,K) 61 25  16 11  58 26  46 22 

 

(continued next page)



 291

 
TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1992Q3-1992Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.058 (0.089)  2.890 (0.240)  2.900 (0.363)  2.138 (0.376) 
Log return -0.010 (0.089)  0.406 (0.164)  0.319 (0.104)  0.242 (0.139) 
Vintage            
1966 -0.420 (0.798)  - -  -0.223 (0.492)  - - 
1967 -0.321 (0.255)  - -  - -  - - 
1968 -0.534 (0.051)  - -  -0.265 (0.426)  - - 
1969 -0.673 (0.132)  - -  -0.734 (0.492)  - - 
1970 -0.600 (0.058)  - -  -0.083 (0.492)  - - 
1971 -0.054 (0.157)  - -  0.463 (0.394)  - - 
1972 -0.822 (0.188)  - -  -0.143 (0.505)  - - 
1973 -0.630 (0.063)  - -  -0.174 (0.492)  - - 
1974 -0.561 (0.188)  - -  - -  1.404 (0.393) 
1975 -0.570 (0.000)  -0.463 (0.377)  - -  - - 
1976 -0.344 (0.045)  - -  - -  0.693 (0.446) 
1977 -0.587 (0.059)  - -  -0.408 (0.505)  - - 
1978 -0.641 (0.000)  - -  -0.446 (0.492)  0.470 (0.446) 
1979 -0.758 (0.083)  - -  0.248 (0.585)  - - 
1980 -0.840 (0.252)  0.487 (0.381)  -0.153 (0.393)  1.059 (0.411) 
1981 -0.982 (0.065)  - -  -0.208 (0.404)  0.235 (0.410) 
1982 -0.732 (0.307)  -0.205 (0.377)  0.163 (0.373)  1.146 (0.464) 
1983 -0.767 (0.169)  1.155 (0.419)  -0.266 (0.392)  0.362 (0.386) 
1984 -0.780 (0.236)  -0.377 (0.350)  -0.247 (0.409)  0.748 (0.338) 
1985 -0.731 (0.325)  - -  -0.376 (0.380)  0.602 (0.343) 
1986 -1.032 (0.474)  -0.266 (0.306)  -0.121 (0.376)  0.768 (0.338) 
1987 -1.142 (0.353)  0.374 (0.383)  -0.424 (0.373)  0.330 (0.347) 
1988 -1.007 (0.429)  -0.327 (0.322)  -0.505 (0.416)  -0.102 (0.369) 
1989 -0.940 (0.305)  -0.769 (0.320)  -0.436 (0.415)  -0.085 (0.350) 
1990 - -  - -  - -  -0.009 (0.378) 
1991 - -  0.892 (0.466)  - -  - - 
1992 - -  - -  - -  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.470 (0.305)  0.336 (0.175)  0.325 (0.114)  -0.078 (0.128) 
Chardonnay - -  0.417 (0.307)  0.202 (0.135)  0.507 (0.171) 
Pinot Noir - -  0.449 (0.179)  0.594 (0.167)  0.935 (0.296) 
Riesling - -  - -  -0.152 (0.288)  0.324 (0.251) 
Botrytis - -  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.354 (0.301)  - - 
Summary Statistics            

2R , 2R  0.824 0.666  0.953 0.843  0.581 0.345  0.670 0.504 
F- statistic 5.223   8.688   2.462   4.053  
Chi-statistic 40.632   18.501   28.128   20.359  
(N,K) 56 27  21 15  76 28  58 20 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1992Q4-1993Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.718 (0.238)  2.833 (0.304)  3.219 (0.309)  2.468 (0.322) 
Log return -0.128 (0.085)  0.168 (0.145)  -0.099 (0.084)  0.029 (0.090) 
Vintage            
1966 -0.088 (0.330)  - -  -0.223 (0.437)  - - 
1967 -0.142 (0.327)  - -  - -  0.066 (0.444) 
1968 -0.417 (0.327)  - -  -0.265 (0.378)  - - 
1969 -0.685 (0.327)  - -  -0.734 (0.437)  - - 
1970 -0.243 (0.404)  - -  -0.083 (0.437)  - - 
1971 0.495 (0.330)  - -  0.958 (0.378)  - - 
1972 -0.298 (0.330)  - -  -0.163 (0.447)  - - 
1973 -0.453 (0.330)  - -  -0.496 (0.380)  - - 
1974 -0.098 (0.404)  - -  -0.048 (0.451)  1.131 (0.435) 
1975 -0.240 (0.404)  - -  - -  - - 
1976 0.072 (0.330)  - -  - -  0.810 (0.379) 
1977 -0.004 (0.299)  0.257 (0.454)  -0.429 (0.447)  - - 
1978 -0.220 (0.330)  0.135 (0.486)  -0.261 (0.380)  0.470 (0.435) 
1979 -0.071 (0.284)  - -  0.272 (0.451)  - - 
1980 -0.384 (0.274)  - -  -0.307 (0.348)  - - 
1981 -0.526 (0.330)  - -  -0.330 (0.362)  0.095 (0.435) 
1982 -0.432 (0.268)  0.497 (0.380)  0.120 (0.333)  0.973 (0.382) 
1983 -0.348 (0.263)  1.535 (0.468)  -0.291 (0.338)  0.404 (0.338) 
1984 -0.461 (0.274)  0.024 (0.356)  -0.302 (0.335)  0.733 (0.327) 
1985 -0.630 (0.269)  -0.197 (0.435)  -0.329 (0.332)  0.536 (0.327) 
1986 -0.468 (0.269)  0.156 (0.349)  -0.183 (0.336)  0.669 (0.325) 
1987 -0.694 (0.287)  -0.162 (0.486)  -0.469 (0.338)  0.354 (0.333) 
1988 -0.871 (0.303)  -0.186 (0.372)  -0.464 (0.354)  -0.067 (0.349) 
1989 -1.026 (0.285)  -0.164 (0.356)  -0.534 (0.365)  -0.088 (0.332) 
1990 -1.023 (0.404)  - -  -0.580 (0.384)  -0.027 (0.370) 
1991 - -  1.497 (0.559)  - -  - - 
1992 - -  - -  -0.172 (0.465)  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.475 (0.094)  0.419 (0.182)  0.346 (0.096)  -0.165 (0.094) 
Chardonnay -0.776 (0.359)  0.275 (0.356)  0.231 (0.130)  0.448 (0.164) 
Pinot Noir - -  0.501 (0.196)  0.640 (0.184)  1.126 (0.445) 
Riesling - -  - -  -0.087 (0.234)  0.249 (0.252) 
Botrytis - -  - -  0.803 (0.340)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.560 (0.384)  - - 
Summary Statistics            

2R , 2R  0.764 0.635  0.833 0.641  0.662 0.481  0.612 0.465 
F- statistic 5.912   4.327   3.658   4.153  
Chi-statistic 37.727   11.115   36.777   19.217  
(N,K) 80 29  29 17  87 32  70 20 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1993Q1-1993Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 4.614 (0.245)  2.860 (0.323)  3.195 (0.247)  2.577 (0.177) 
Log return 0.152 (0.078)  0.058 (0.141)  0.101 (0.054)  0.123 (0.067) 
Vintage            
1966 -0.132 (0.337)  - -  0.213 (0.297)  - - 
1967 -0.184 (0.335)  - -  - -  - - 
1968 -0.493 (0.306)  - -  -0.038 (0.341)  - - 
1969 -0.701 (0.335)  - -  -0.898 (0.341)  - - 
1970 -0.110 (0.413)  - -  -0.325 (0.341)  - - 
1971 0.534 (0.337)  - -  0.138 (0.341)  0.403 (0.225) 
1972 -0.264 (0.414)  - -  -0.300 (0.341)  - - 
1973 -0.422 (0.337)  - -  -0.508 (0.279)  - - 
1974 -0.151 (0.413)  - -  -0.216 (0.281)  - - 
1975 -0.065 (0.413)  - -  -0.036 (0.346)  - - 
1976 -0.140 (0.306)  - -  -0.211 (0.286)  0.692 (0.228) 
1977 0.015 (0.306)  0.399 (0.435)  -0.065 (0.301)  - - 
1978 -0.095 (0.337)  0.443 (0.393)  -0.243 (0.282)  - - 
1979 -0.254 (0.280)  - -  0.095 (0.275)  0.698 (0.225) 
1980 -0.288 (0.290)  0.426 (0.464)  -0.224 (0.266)  1.259 (0.230) 
1981 -0.413 (0.337)  - -  -0.326 (0.266)  0.214 (0.225) 
1982 -0.342 (0.268)  0.878 (0.435)  0.085 (0.260)  0.699 (0.188) 
1983 -0.436 (0.268)  - -  -0.249 (0.259)  0.369 (0.183) 
1984 -0.414 (0.280)  0.145 (0.371)  -0.373 (0.251)  0.547 (0.183) 
1985 -0.612 (0.269)  0.292 (0.387)  -0.362 (0.255)  0.538 (0.177) 
1986 -0.488 (0.262)  0.306 (0.380)  -0.304 (0.256)  0.603 (0.173) 
1987 -0.724 (0.269)  0.227 (0.417)  -0.394 (0.255)  0.326 (0.183) 
1988 -0.899 (0.291)  -0.178 (0.376)  -0.454 (0.258)  0.412 (0.181) 
1989 -1.065 (0.281)  -0.001 (0.350)  -0.552 (0.263)  0.028 (0.180) 
1990 -1.019 (0.413)  - -  -0.372 (0.276)  0.316 (0.287) 
1991 - -  - -  -0.772 (0.349)  - - 
1992 - -  - -  -0.636 (0.307)  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.504 (0.082)  0.288 (0.198)  0.295 (0.059)  -0.241 (0.079) 
Chardonnay -0.712 (0.363)  -0.085 (0.412)  0.366 (0.077)  -0.071 (0.115) 
Pinot Noir - -  0.588 (0.214)  0.568 (0.137)  0.589 (0.182) 
Riesling - -  - -  -0.066 (0.139)  -0.142 (0.284) 
Botrytis - -  - -  0.343 (0.106)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.104 (0.116)  - - 
Summary Statistics            

2R , 2R  0.746 0.631  0.724 0.467  0.633 0.507  0.724 0.623 
F- statistic 6.496   2.814   5.016   7.169  
Chi-statistic 22.220   10.924   39.740   17.102  
(N,K) 91 29  30 15  130 34  72 20 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1993Q2-1993Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.058 (0.198)  2.918 (0.286)  3.372 (0.168)  2.774 (0.177) 
Log return 0.058 (0.066)  -0.021 (0.171)  0.048 (0.055)  0.019 (0.069) 
Vintage            
1966 -0.271 (0.254)  - -  0.098 (0.216)  - - 
1967 -0.277 (0.276)  - -  -0.457 (0.237)  - - 
1968 -0.623 (0.254)  - -  -0.393 (0.215)  - - 
1969 -0.651 (0.276)  - -  -0.675 (0.235)  - - 
1970 -0.533 (0.276)  - -  -0.365 (0.235)  - - 
1971 0.132 (0.276)  - -  0.062 (0.289)  0.286 (0.212) 
1972 -0.846 (0.340)  - -  -0.353 (0.235)  - - 
1973 -0.499 (0.276)  - -  -0.495 (0.204)  -0.030 (0.258) 
1974 -0.365 (0.276)  - -  -0.610 (0.206)  - - 
1975 -0.406 (0.276)  - -  -0.168 (0.295)  0.932 (0.258) 
1976 -0.508 (0.236)  - -  -0.300 (0.225)  0.645 (0.213) 
1977 -0.431 (0.276)  - -  -0.306 (0.222)  -0.030 (0.258) 
1978 -0.376 (0.276)  0.276 (0.434)  -0.387 (0.243)  - - 
1979 -0.841 (0.254)  - -  -0.064 (0.223)  0.467 (0.191) 
1980 -0.651 (0.276)  0.487 (0.459)  -0.258 (0.205)  1.074 (0.200) 
1981 -0.727 (0.340)  - -  -0.440 (0.206)  0.098 (0.212) 
1982 -0.509 (0.232)  - -  0.029 (0.195)  0.676 (0.168) 
1983 -0.871 (0.234)  - -  -0.193 (0.203)  0.237 (0.196) 
1984 -0.718 (0.236)  0.128 (0.414)  -0.484 (0.184)  0.331 (0.172) 
1985 -0.932 (0.234)  0.390 (0.389)  -0.467 (0.190)  0.494 (0.177) 
1986 -0.639 (0.229)  0.183 (0.379)  -0.397 (0.187)  0.530 (0.170) 
1987 -0.987 (0.237)  0.335 (0.435)  -0.445 (0.183)  0.193 (0.169) 
1988 -0.963 (0.248)  -0.125 (0.440)  -0.556 (0.187)  0.335 (0.175) 
1989 -1.063 (0.265)  -0.179 (0.367)  -0.626 (0.204)  -0.096 (0.171) 
1990 - -  -0.002 (0.544)  -0.407 (0.195)  0.118 (0.196) 
1991 - -  -0.404 (0.514)  -0.857 (0.247)  -0.312 (0.282) 
1992 - -  - -  -0.951 (0.298)  - - 
1993 - -  - -  - -  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.631 (0.081)  0.472 (0.256)  0.351 (0.061)  -0.198 (0.083) 
Chardonnay - -  -0.082 (0.544)  0.352 (0.075)  -0.042 (0.110) 
Pinot Noir - -  0.527 (0.215)  0.567 (0.113)  0.564 (0.134) 
Riesling - -  - -  -0.045 (0.152)  -0.099 (0.269) 
Botrytis - -  - -  0.278 (0.105)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.109 (0.107)  - - 
Summary Statistics            

2R , 2R  0.823 0.732  0.772 0.452  0.642 0.515  0.805 0.709 
F- statistic 9.109   2.415   5.067   8.424  
Chi-statistic 27.868   19.053   36.564   19.574  
(N,K) 78 27  25 15  131 35  71 24 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1993Q3-1993Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.063 (0.191)  3.626 (0.284)  3.528 (0.057)  3.012 (0.286) 
Log return -0.064 (0.061)  -0.168 (0.146)  -0.095 (0.091)  0.070 (0.089) 
Vintage            
1966 -0.029 (0.267)  - -  -0.032 (0.057)  - - 
1967 -0.220 (0.267)  - -  -0.565 (0.284)  - - 
1968 -0.354 (0.267)  - -  -0.641 (0.276)  -0.357 (0.385) 
1969 -0.808 (0.245)  - -  -0.808 (0.354)  - - 
1970 -0.478 (0.267)  - -  -0.276 (0.110)  - - 
1971 0.245 (0.267)  - -  -0.033 (0.057)  0.176 (0.403) 
1972 -0.880 (0.244)  - -  -0.437 (0.057)  0.048 (0.385) 
1973 -0.629 (0.244)  - -  -0.673 (0.208)  -0.208 (0.375) 
1974 -0.223 (0.267)  - -  -0.944 (0.213)  - - 
1975 -0.329 (0.267)  -0.080 (0.393)  - -  0.754 (0.375) 
1976 -0.492 (0.224)  - -  -0.197 (0.381)  0.798 (0.312) 
1977 -0.571 (0.245)  -0.074 (0.344)  -0.832 (0.143)  0.021 (0.328) 
1978 -0.498 (0.232)  - -  -0.189 (0.250)  -0.645 (0.385) 
1979 -0.649 (0.267)  - -  -0.484 (0.531)  0.262 (0.312) 
1980 -0.646 (0.234)  0.194 (0.393)  -0.323 (0.246)  0.677 (0.390) 
1981 -0.544 (0.328)  - -  -0.242 (0.279)  0.088 (0.319) 
1982 -0.501 (0.221)  0.039 (0.344)  0.113 (0.136)  0.479 (0.302) 
1983 -0.697 (0.224)  - -  -0.330 (0.159)  -0.326 (0.343) 
1984 -0.804 (0.221)  0.054 (0.393)  -0.296 (0.234)  0.177 (0.293) 
1985 -0.903 (0.228)  -0.424 (0.323)  -0.440 (0.113)  0.225 (0.312) 
1986 -0.512 (0.224)  -0.593 (0.292)  -0.380 (0.126)  0.218 (0.292) 
1987 -0.923 (0.232)  -0.749 (0.304)  -0.468 (0.144)  -0.113 (0.294) 
1988 -0.810 (0.277)  -0.238 (0.367)  -0.630 (0.121)  -0.090 (0.298) 
1989 -0.964 (0.255)  -0.377 (0.393)  -0.680 (0.124)  -0.268 (0.295) 
1990 -1.134 (0.336)  -0.526 (0.331)  -0.553 (0.201)  -0.224 (0.304) 
1991 -1.683 (0.271)  -1.008 (0.331)  -0.744 (0.138)  -0.756 (0.418) 
1992 - -  -1.008 (0.477)  -0.982 (0.230)  - - 
1993 - -  - -  -0.790 (0.133)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.606 (0.076)  0.177 (0.190)  0.364 (0.109)  -0.240 (0.108) 
Chardonnay -0.291 (0.299)  0.494 (0.331)  0.273 (0.127)  -0.110 (0.195) 
Pinot Noir - -  0.597 (0.176)  0.510 (0.131)  0.788 (0.199) 
Riesling - -  - -  0.207 (0.384)  -0.324 (0.223) 
Botrytis - -  - -  0.360 (0.149)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.341 (0.105)  - - 
Summary Statistics            

2R , 2R  0.846 0.769  0.864 0.606  0.703 0.548  0.740 0.579 
F- statistic 10.987   3.350   4.527   4.594  
Chi-statistic 29.398   20.073   54.903   35.997  
(N,K) 88 30  27 18  100 35  69 27 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1993Q4-1994Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.033 (0.208)  3.458 (0.214)  3.466 (0.000)  2.651 (0.290) 
Log return 0.187 (0.069)  -0.039 (0.116)  0.137 (0.053)  0.048 (0.072) 
Vintage            
1966 -0.080 (0.290)  - -  - -  - - 
1967 -0.419 (0.267)  - -  - -  - - 
1968 -0.359 (0.290)  - -  -0.902 (0.108)  0.109 (0.321) 
1969 -0.906 (0.254)  - -  -0.765 (0.413)  - - 
1970 -0.406 (0.290)  - -  -0.177 (0.060)  - - 
1971 0.301 (0.290)  - -  -0.065 (0.000)  0.607 (0.390) 
1972 -0.899 (0.265)  - -  - -  0.336 (0.375) 
1973 -0.656 (0.265)  - -  -0.491 (0.128)  - - 
1974 -0.406 (0.290)  - -     - - 
1975 -0.366 (0.290)  0.004 (0.328)  -0.384 (0.053)  - - 
1976 -0.477 (0.247)  - -  -0.277 (0.201)  0.964 (0.305) 
1977 -0.621 (0.266)  -0.074 (0.303)  -0.638 (0.220)  0.537 (0.375) 
1978 -0.534 (0.252)  - -  -0.536 (0.157)  -0.357 (0.375) 
1979 -0.485 (0.267)  - -  -0.546 (0.450)  0.665 (0.295) 
1980 -0.653 (0.254)  0.248 (0.281)  -0.389 (0.187)  1.372 (0.368) 
1981 -0.512 (0.290)  - -  -0.347 (0.199)  0.478 (0.296) 
1982 -0.624 (0.243)  -0.053 (0.281)  0.084 (0.125)  -0.116 (0.402) 
1983 -0.726 (0.237)  - -  -0.547 (0.127)  -0.252 (0.375) 
1984 -0.847 (0.252)  0.059 (0.295)  -0.392 (0.144)  0.449 (0.283) 
1985 -0.828 (0.248)  -0.008 (0.329)  -0.540 (0.091)  0.512 (0.285) 
1986 -0.466 (0.254)  -0.484 (0.254)  -0.405 (0.097)  0.504 (0.276) 
1987 -0.942 (0.248)  -0.786 (0.268)  -0.565 (0.096)  0.204 (0.275) 
1988 -0.974 (0.364)  -0.280 (0.281)  -0.682 (0.106)  0.179 (0.282) 
1989 -0.843 (0.277)  -0.293 (0.328)  -0.780 (0.046)  0.148 (0.309) 
1990 -1.118 (0.364)  -0.365 (0.264)  -0.696 (0.174)  -0.049 (0.313) 
1991 -1.493 (0.270)  -0.856 (0.278)  -0.704 (0.092)  -0.215 (0.379) 
1992 - -  -0.914 (0.367)  -0.986 (0.126)  - - 
1993 - -  - -  -0.953 (0.097)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.657 (0.082)  0.094 (0.124)  0.390 (0.091)  -0.097 (0.089) 
Chardonnay -0.307 (0.322)  0.400 (0.207)  0.338 (0.096)  0.355 (0.153) 
Pinot Noir - -  0.512 (0.159)  0.474 (0.108)  1.136 (0.304) 
Riesling - -  - -  0.209 (0.330)  -0.186 (0.211) 
Botrytis - -  - -  0.271 (0.124)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.187 (0.083)  - - 
Summary Statistics            

2R , 2R  0.841 0.760  0.871 0.671  0.714 0.608  0.676 0.524 
F- statistic 10.371   4.366   6.752   4.438  
Chi-statistic 39.712   16.990   58.577   21.631  
(N,K) 87 30  29 18  116 32  78 25 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1994Q1-1994Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.198 (0.261)  3.321 (0.288)  3.548 (0.052)  3.539 (0.311) 
Log return -0.060 (0.087)  -0.016 (0.117)  -0.021 (0.052)  -0.005 (0.082) 
Vintage            
1966 -0.040 (0.334)  - -  0.118 (0.019)  - - 
1967 -0.451 (0.335)  - -  -0.459 (0.219)  -0.868 (0.419) 
1968 -0.630 (0.334)  - -  -0.726 (0.131)  -0.740 (0.359) 
1969 -0.787 (0.335)  - -  -0.443 (0.375)  - - 
1970 -0.635 (0.333)  - -  -0.380 (0.157)  - - 
1971 -0.040 (0.333)  - -  0.110 (0.050)  -0.421 (0.411) 
1972 -0.735 (0.365)  - -  -0.524 (0.278)  -0.263 (0.359) 
1973 -0.514 (0.365)  - -  -0.336 (0.046)  -0.725 (0.411) 
1974 -0.540 (0.365)  - -  -0.772 (0.039)  -0.981 (0.411) 
1975 -0.405 (0.365)  - -  -0.332 (0.051)  -0.693 (0.411) 
1976 -0.284 (0.319)  - -  -0.436 (0.170)  0.016 (0.337) 
1977 -0.629 (0.334)  - -  -0.377 (0.101)  -1.049 (0.421) 
1978 -0.405 (0.365)  - -  -0.547 (0.071)  -0.304 (0.356) 
1979 -0.442 (0.307)  0.103 (0.349)  -0.552 (0.271)  -0.486 (0.316) 
1980 -0.395 (0.334)  0.319 (0.311)  -0.322 (0.122)  0.523 (0.359) 
1981 -0.457 (0.365)  -0.171 (0.302)  -0.601 (0.154)  -0.331 (0.359) 
1982 -0.471 (0.307)  -0.021 (0.308)  -0.173 (0.205)  -0.186 (0.336) 
1983 -0.648 (0.318)  0.062 (0.384)  -0.491 (0.108)  -0.920 (0.532) 
1984 -0.873 (0.319)  0.133 (0.298)  -0.460 (0.143)  -0.463 (0.313) 
1985 -0.949 (0.290)  -0.117 (0.274)  -0.475 (0.123)  -0.382 (0.319) 
1986 -0.479 (0.302)  -0.182 (0.284)  -0.332 (0.077)  -0.270 (0.308) 
1987 -0.957 (0.308)  -0.111 (0.321)  -0.571 (0.082)  -0.621 (0.315) 
1988 -0.945 (0.312)  -0.369 (0.289)  -0.621 (0.078)  -0.506 (0.311) 
1989 -1.018 (0.323)  -0.120 (0.384)  -0.699 (0.094)  -1.019 (0.337) 
1990 -0.972 (0.325)  -0.247 (0.301)  -0.673 (0.073)  -0.859 (0.338) 
1991 -1.071 (0.459)  -0.655 (0.384)  -0.591 (0.092)  -1.054 (0.426) 
1992 - -  - -  -0.683 (0.111)  - - 
1993 - -  - -  -0.708 (0.090)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.662 (0.091)  0.306 (0.161)  0.400 (0.071)  -0.068 (0.092) 
Chardonnay -0.220 (0.402)  -0.118 (0.317)  0.294 (0.075)  0.199 (0.190) 
Pinot Noir - -  0.371 (0.135)  0.535 (0.086)  0.707 (0.197) 
Riesling - -  - -  -0.227 (0.104)  0.159 (0.341) 
Botrytis - -  - -  0.597 (0.209)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.283 (0.118)  - - 
Summary Statistics            

2R , 2R  0.723 0.598  0.646 0.292  0.676 0.569  0.660 0.474 
F- statistic 5.762   1.824   6.323   3.540  
Chi-statistic 29.432   18.077   91.315   31.975  
(N,K) 94 30  35 18  142 36  80 29 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1994Q2-1994Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.187 (0.121)  2.931 (0.223)  3.526 (0.000)  3.606 (0.144) 
Log return 0.006 (0.080)  0.064 (0.071)  -0.096 (0.051)  -0.063 (0.096) 
Vintage            
1966 0.049 (0.275)  - -  0.118 (0.018)  - - 
1967 -0.609 (0.293)  - -  -0.434 (0.187)  -0.107 (0.096) 
1968 -0.640 (0.249)  - -  -0.595 (0.000)  -0.976 (0.094) 
1969 -0.630 (0.116)  - -  -0.344 (0.525)  - - 
1970 -0.710 (0.259)  - -  -0.483 (0.084)  -0.458 (0.096) 
1971 -0.395 (0.559)  - -  -0.101 (0.296)  -0.467 (0.069) 
1972 -0.916 (0.159)  - -  -0.520 (0.144)  -0.479 (0.281) 
1973 -0.559 (0.124)  - -  -0.477 (0.138)  -0.781 (0.077) 
1974 -0.601 (0.115)  - -  -0.594 (0.124)  -0.981 (0.000) 
1975 -0.449 (0.115)  0.392 (0.321)  -0.374 (0.085)  -0.454 (0.248) 
1976 -0.495 (0.301)  - -  -0.535 (0.198)  -0.050 (0.264) 
1977 -0.612 (0.217)  - -  -0.273 (0.063)  -0.705 (0.455) 
1978 -0.653 (0.265)  0.702 (0.315)  -0.454 (0.088)  -0.304 (0.293) 
1979 -0.655 (0.243)  0.365 (0.247)  -0.572 (0.123)  -0.613 (0.117) 
1980 -0.613 (0.221)  0.512 (0.276)  -0.326 (0.092)  -0.014 (0.601) 
1981 -0.488 (0.124)  0.227 (0.264)  -0.442 (0.137)  -0.226 (0.380) 
1982 -0.387 (0.138)  0.425 (0.276)  -0.295 (0.154)  -0.192 (0.137) 
1983 -0.471 (0.230)  0.296 (0.262)  -0.359 (0.091)  -0.968 (0.134) 
1984 -0.850 (0.215)  0.481 (0.256)  -0.440 (0.137)  -0.423 (0.165) 
1985 -0.937 (0.241)  0.238 (0.268)  -0.434 (0.112)  -0.254 (0.174) 
1986 -0.550 (0.214)  0.309 (0.252)  -0.296 (0.080)  -0.201 (0.129) 
1987 -0.925 (0.168)  0.188 (0.243)  -0.539 (0.075)  -0.723 (0.195) 
1988 -0.951 (0.167)  0.118 (0.248)  -0.593 (0.076)  -0.434 (0.112) 
1989 -1.117 (0.196)  0.137 (0.254)  -0.644 (0.104)  -1.066 (0.134) 
1990 -1.064 (0.171)  0.048 (0.238)  -0.500 (0.150)  -0.849 (0.103) 
1991 - -  -0.388 (0.321)  -0.508 (0.116)  - - 
1992 - -  - -  -0.636 (0.102)  -1.192 (0.185) 
1993 - -  - -  -0.625 (0.122)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.639 (0.096)  0.288 (0.109)  0.350 (0.068)  -0.140 (0.144) 
Chardonnay -0.616 (0.218)  - -  0.304 (0.097)  -0.228 (0.150) 
Pinot Noir - -  0.477 (0.102)  0.512 (0.072)  0.687 (0.283) 
Riesling - -  -0.894 (0.262)  -0.332 (0.160)  0.134 (0.147) 
Botrytis - -  - -  0.551 (0.192)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.311 (0.100)  - - 
Summary Statistics            

2R , 2R  0.636 0.527  0.780 0.632  0.579 0.465  0.637 0.452 
F- statistic 5.856   5.240   5.077   3.450  
Chi-statistic 51.909   13.655   68.029   46.156  
(N,K) 123 29  48 21  165 36  87 30 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1994Q3-1994Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.105 (0.206)  2.996 (0.206)  3.394 (0.047)  2.422 (0.086) 
Log return 0.059 (0.068)  0.104 (0.077)  0.040 (0.047)  -0.024 (0.086) 
Vintage            
1966 0.234 (0.252)  - -  - -  - - 
1967 -0.510 (0.332)  - -  0.016 (0.000)  0.325 (0.616) 
1968 -0.436 (0.240)  - -  -1.452 (0.064)  -0.004 (0.103) 
1969 -0.751 (0.263)  - -  - -  - - 
1970 -0.487 (0.206)  - -  - -  0.602 (0.123) 
1971 -0.174 (0.703)  - -  -0.089 (0.386)  0.548 (0.123) 
1972 -0.858 (0.222)  - -  -0.427 (0.080)  0.223 (0.123) 
1973 -0.646 (0.256)  - -  -0.534 (0.104)  0.223 (0.123) 
1974 -0.541 (0.203)  - -  -0.559 (0.120)  - - 
1975 -0.396 (0.204)  - -  -0.565 (0.130)  0.725 (0.283) 
1976 -0.453 (0.377)  - -  -0.416 (0.191)  0.840 (0.414) 
1977 -0.410 (0.263)  - -  -0.269 (0.077)  0.612 (0.162) 
1978 -0.623 (0.291)  0.346 (0.272)  -0.447 (0.098)  1.057 (0.102) 
1979 -0.715 (0.285)  0.320 (0.245)  -0.583 (0.097)  0.552 (0.129) 
1980 -0.632 (0.266)  0.362 (0.272)  -0.382 (0.070)  0.768 (0.316) 
1981 -0.406 (0.216)  0.120 (0.263)  -0.327 (0.088)  1.041 (0.151) 
1982 -0.368 (0.228)  0.137 (0.308)  -0.187 (0.135)  0.885 (0.152) 
1983 -0.439 (0.255)  0.279 (0.257)  -0.374 (0.073)  1.316 (0.000) 
1984 -0.588 (0.240)  0.598 (0.305)  -0.393 (0.153)  0.764 (0.099) 
1985 -0.751 (0.238)  0.136 (0.282)  -0.393 (0.079)  0.768 (0.133) 
1986 -0.489 (0.284)  0.312 (0.234)  -0.175 (0.095)  0.869 (0.119) 
1987 -0.754 (0.233)  0.125 (0.238)  -0.432 (0.070)  0.463 (0.112) 
1988 -0.753 (0.222)  0.117 (0.242)  -0.503 (0.071)  0.637 (0.157) 
1989 -0.814 (0.221)  0.188 (0.238)  -0.583 (0.077)  0.283 (0.165) 
1990 -0.990 (0.224)  0.389 (0.234)  -0.326 (0.122)  0.483 (0.116) 
1991 -0.976 (0.237)  -0.590 (0.324)  -0.380 (0.122)  0.365 (0.090) 
1992 - -  -0.155 (0.301)  -0.698 (0.099)  0.314 (0.127) 
1993 - -  - -  -0.625 (0.092)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.680 (0.087)  0.191 (0.094)  0.321 (0.064)  -0.079 (0.099) 
Chardonnay -0.666 (0.231)  0.100 (0.291)  0.248 (0.092)  0.101 (0.117) 
Pinot Noir - -  0.581 (0.102)  0.468 (0.057)  0.461 (0.173) 
Riesling - -  -0.884 (0.182)  -0.268 (0.131)  -0.278 (0.125) 
Botrytis - -  - -  0.396 (0.115)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.177 (0.154)  - - 
Summary Statistics            

2R , 2R  0.711 0.612  0.833 0.709  0.544 0.429  0.558 0.402 
F- statistic 7.143   6.734   4.738   3.570  
Chi-statistic 60.950   29.324   68.343   64.968  
(N,K) 114 30  48 21  160 34  112 31 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1994Q4-1995Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.089 (0.142)  3.603 (0.181)  3.434 (0.000)  2.398 (0.000) 
Log return -0.030 (0.066)  0.174 (0.102)  0.030 (0.060)  -0.042 (0.073) 
Vintage            
1966 0.158 (0.138)  - -  -0.007 (0.037)  - - 
1967 -0.179 (0.139)  - -  -1.452 (0.071)  -0.295 (0.091) 
1968 -0.491 (0.138)  - -  -0.469 (0.060)  0.014 (0.101) 
1969 -0.740 (0.203)  - -  -0.227 (0.153)  - - 
1970 -0.649 (0.226)  - -  0.255 (0.000)  - - 
1971 -0.053 (0.589)  - -  -0.320 (0.000)  - - 
1972 -0.722 (0.144)  - -  -0.429 (0.031)  0.406 (0.118) 
1973 -0.638 (0.177)  - -  -0.616 (0.128)  - - 
1974 -0.463 (0.139)  - -  -0.635 (0.123)  - - 
1975 -0.327 (0.139)  - -  -0.337 (0.203)  - - 
1976 -0.238 (0.231)  - -  -0.577 (0.208)  1.166 (0.118) 
1977 -0.335 (0.167)  - -  -0.483 (0.119)  0.542 (0.162) 
1978 -0.626 (0.182)  - -  -0.637 (0.194)  0.825 (0.171) 
1979 -0.489 (0.181)  - -  -0.443 (0.095)  0.581 (0.091) 
1980 -0.456 (0.206)  0.277 (0.312)  -0.407 (0.078)  0.986 (0.341) 
1981 -0.492 (0.150)  -0.053 (0.246)  -0.193 (0.149)  0.703 (0.128) 
1982 -0.370 (0.184)  - -  -0.437 (0.073)  0.859 (0.141) 
1983 -0.347 (0.179)  - -  -0.286 (0.089)  0.930 (0.222) 
1984 -0.486 (0.178)  0.124 (0.307)  -0.373 (0.069)  0.729 (0.088) 
1985 -0.630 (0.181)  -0.235 (0.217)  -0.172 (0.108)  0.704 (0.124) 
1986 -0.464 (0.247)  -0.060 (0.184)  -0.405 (0.078)  0.915 (0.101) 
1987 -0.689 (0.161)  -0.138 (0.195)  -0.490 (0.080)  0.532 (0.112) 
1988 -0.670 (0.160)  -0.468 (0.315)  -0.521 (0.113)  0.645 (0.136) 
1989 -0.724 (0.155)  -0.072 (0.250)  -0.340 (0.109)  0.499 (0.128) 
1990 -0.662 (0.171)  0.112 (0.203)  -0.465 (0.112)  0.649 (0.097) 
1991 -1.117 (0.419)  -0.498 (0.183)  -0.690 (0.099)  0.374 (0.088) 
1992 - -  -0.511 (0.198)  -0.578 (0.075)  0.407 (0.182) 
1993 - -  - -  -0.007 (0.037)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.669 (0.085)  -0.073 (0.105)  0.320 (0.071)  -0.088 (0.091) 
Chardonnay -0.290 (0.079)  -0.055 (0.207)  0.201 (0.075)  0.048 (0.102) 
Pinot Noir - -  0.167 (0.132)  0.458 (0.064)  0.326 (0.240) 
Riesling - -  -1.133 (0.320)  -0.119 (0.084)  -0.400 (0.116) 
Botrytis - -  - -  0.394 (0.105)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  0.051 (0.124)  - - 
Summary Statistics            

2R , 2R  0.797 0.712  0.665 0.451  0.569 0.420  0.536 0.393 
F- statistic 9.366   3.103   3.808   3.750  
Chi-statistic 54.193   10.087   51.463   46.548  
(N,K) 99 30  42 17  133 35  107 26 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1995Q1-1995Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.165 (0.048)  3.852 (0.146)  3.434 (0.250)  2.517 (0.304) 
log return 0.183 (0.072)  0.063 (0.096)  0.105 (0.052)  0.066 (0.078) 
Vintage            
1966 0.161 (0.114)  - -  - -  - - 
1967 -0.263 (0.032)  - -  - -  - - 
1968 -0.545 (0.061)  - -  - -  - - 
1969 -0.795 (0.037)  - -  -0.341 (0.308)  - - 
1970 -0.793 (0.163)  - -  -0.366 (0.290)  - - 
1971 -0.205 (0.572)  - -  -0.177 (0.311)  - - 
1972 -0.764 (0.115)  - -  - -  0.372 (0.405) 
1973 -0.799 (0.100)  - -  -0.389 (0.354)  1.503 (0.413) 
1974 -0.611 (0.067)  - -  -0.239 (0.292)  - - 
1975 -0.452 (0.050)  - -  -0.198 (0.284)  - - 
1976 -0.462 (0.187)  - -  -0.343 (0.295)  1.241 (0.353) 
1977 -0.544 (0.172)  - -  -0.386 (0.296)  0.767 (0.413) 
1978 -0.750 (0.108)  - -  -0.481 (0.279)  0.630 (0.331) 
1979 -0.541 (0.090)  - -  -0.204 (0.282)  0.783 (0.359) 
1980 -0.604 (0.188)  - -  -0.150 (0.274)  1.395 (0.336) 
1981 -0.576 (0.089)  - -  -0.346 (0.295)  0.694 (0.321) 
1982 -0.440 (0.033)  - -  -0.178 (0.269)  0.740 (0.317) 
1983 -0.449 (0.104)  0.174 (0.300)  -0.364 (0.316)  0.573 (0.322) 
1984 -0.705 (0.116)  -0.179 (0.235)  -0.215 (0.269)  0.520 (0.333) 
1985 -0.564 (0.080)  -0.339 (0.208)  -0.319 (0.269)  0.696 (0.311) 
1986 -0.557 (0.184)  -0.307 (0.176)  -0.114 (0.264)  0.838 (0.307) 
1987 -0.836 (0.134)  -0.030 (0.226)  -0.304 (0.268)  0.579 (0.311) 
1988 -0.803 (0.097)  -0.509 (0.203)  -0.395 (0.265)  0.764 (0.326) 
1989 -0.953 (0.107)  -0.426 (0.191)  -0.340 (0.286)  0.420 (0.352) 
1990 -0.785 (0.095)  -0.331 (0.178)  -0.346 (0.263)  0.733 (0.316) 
1991 -1.235 (0.419)  -0.433 (0.163)  -0.399 (0.268)  0.350 (0.329) 
1992 -1.462 (0.126)  -0.533 (0.188)  -0.620 (0.279)  0.036 (0.374) 
1993 - -  - -  -0.649 (0.358)  - - 
1994 - -  - -  - -  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.628 (0.101)  0.085 (0.098)  0.249 (0.058)  -0.214 (0.103) 
Chardonnay -0.827 (0.103)  -0.199 (0.281)  0.169 (0.069)  0.240 (0.226) 
Pinot Noir - -  -0.093 (0.144)  0.481 (0.160)  0.426 (0.217) 
Riesling - -  - -  -0.129 (0.191)  -0.514 (0.329) 
Botrytis - -  - -  0.445 (0.138)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.315 (0.077)  - - 
Summary Statistics            

2R , 2R  0.825 0.740  0.504 0.237  0.512 0.380  0.592 0.388 
F- statistic 9.727   1.889   3.863   2.900  
Chi-statistic 54.005   15.741   32.335   23.046  
(N,K) 93 31  41 15  146 32  73 25 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1995Q2-1995Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.299 (0.032)  3.389 (0.285)  3.887 (0.268)  4.023 (0.376) 
Log return 0.054 (0.054)  0.045 (0.079)  0.025 (0.039)  -0.047 (0.074) 
Vintage            
1966 -0.270 (0.407)  - -  - -  - - 
1967 -0.357 (0.159)  - -  - -  -1.099 (0.504) 
1968 -0.647 (0.139)  - -  - -  -0.965 (0.504) 
1969 -0.771 (0.086)  - -  -0.684 (0.326)  - - 
1970 -0.728 (0.167)  - -  -0.751 (0.307)  - - 
1971 -0.236 (0.573)  - -  -0.469 (0.291)  - - 
1972 -0.787 (0.186)  0.327 (0.387)  -1.054 (0.325)  - - 
1973 -0.768 (0.067)  0.304 (0.387)  -0.929 (0.326)  -0.890 (0.438) 
1974 -0.505 (0.105)  - -  -0.739 (0.288)  - - 
1975 -0.503 (0.082)  - -  -0.551 (0.299)  - - 
1976 -0.433 (0.131)  - -  -0.667 (0.288)  -0.224 (0.391) 
1977 -0.543 (0.117)  - -  -0.511 (0.298)  -0.798 (0.412) 
1978 -0.436 (0.184)  0.455 (0.348)  -0.875 (0.293)  -1.030 (0.504) 
1979 -0.586 (0.116)  0.553 (0.403)  -0.668 (0.286)  -0.595 (0.414) 
1980 -0.659 (0.073)  - -  -0.426 (0.278)  -0.324 (0.393) 
1981 -0.658 (0.132)  - -  -0.718 (0.285)  -0.597 (0.438) 
1982 -0.418 (0.081)  0.458 (0.387)  -0.434 (0.278)  -0.561 (0.378) 
1983 -0.472 (0.098)  0.816 (0.406)  -0.597 (0.286)  -0.803 (0.419) 
1984 -0.681 (0.110)  0.490 (0.328)  -0.531 (0.277)  -0.805 (0.392) 
1985 -0.641 (0.075)  0.353 (0.309)  -0.612 (0.276)  -0.609 (0.376) 
1986 -0.409 (0.106)  0.277 (0.294)  -0.301 (0.276)  -0.544 (0.373) 
1987 -0.566 (0.135)  0.249 (0.313)  -0.621 (0.276)  -0.814 (0.377) 
1988 -0.690 (0.074)  0.132 (0.301)  -0.666 (0.277)  -0.680 (0.374) 
1989 -0.758 (0.077)  0.023 (0.296)  -0.720 (0.282)  -0.813 (0.390) 
1990 -0.569 (0.127)  0.246 (0.302)  -0.670 (0.277)  -0.602 (0.380) 
1991 -0.818 (0.063)  0.264 (0.298)  -0.783 (0.277)  -1.043 (0.388) 
1992 -1.067 (0.222)  0.126 (0.305)  -0.982 (0.280)  -1.252 (0.440) 
1993 - -  - -  -0.870 (0.309)  -1.277 (0.543) 
1994 - -  - -  -1.152 (0.382)  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.744 (0.058)  -0.030 (0.084)  0.236 (0.048)  -0.238 (0.099) 
Chardonnay -0.782 (0.099)  - -  0.123 (0.063)  -0.051 (0.180) 
Pinot Noir - -  -0.055 (0.110)  0.334 (0.098)  0.392 (0.217) 
Riesling - -  -0.972 (0.302)  -0.231 (0.117)  -0.555 (0.207) 
Botrytis - -  - -  0.524 (0.118)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.363 (0.068)  - - 
Summary Statistics            

2R , 2R  0.773 0.706  0.411 0.151  0.564 0.484  0.412 0.223 
F- statistic 11.383   1.582   7.091   2.182  
Chi-statistic 75.043   20.142   19.492   75.147  
(N,K) 131 31  63 20  215 34  108 27 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1995Q3-1995Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.409 (0.073)  3.393 (0.282)  3.495 (0.048)  3.910 (0.312) 
Log return 0.015 (0.058)  0.103 (0.086)  0.061 (0.048)  0.092 (0.056) 
Vintage            
1966 -0.311 (0.421)  - -  0.134 (0.000)  - - 
1967 -0.464 (0.152)  - -  0.097 (0.281)  -1.099 (0.426) 
1968 -0.750 (0.134)  - -  -0.611 (0.000)  -0.965 (0.426) 
1969 -0.810 (0.109)  - -  -0.543 (0.096)  - - 
1970 -0.800 (0.172)  - -  -0.184 (0.045)  - - 
1971 -0.288 (0.568)  0.041 (0.389)  0.015 (0.132)  - - 
1972 -0.887 (0.176)  0.368 (0.389)  -0.594 (0.073)  - - 
1973 -0.748 (0.076)  0.344 (0.389)  -0.352 (0.229)  -1.461 (0.370) 
1974 -0.543 (0.109)  - -  -0.473 (0.161)  - - 
1975 -0.531 (0.116)  - -  -0.370 (0.038)  -0.885 (0.430) 
1976 -0.487 (0.120)  - -  -0.263 (0.101)  -0.169 (0.324) 
1977 -0.648 (0.334)  - -  -0.181 (0.201)  -0.860 (0.349) 
1978 -0.485 (0.177)  0.044 (0.390)  -0.267 (0.183)  -0.730 (0.350) 
1979 -0.746 (0.112)  0.626 (0.405)  -0.355 (0.283)  -0.652 (0.370) 
1980 -0.728 (0.104)  -0.183 (0.390)  -0.021 (0.127)  -0.333 (0.327) 
1981 -0.742 (0.136)  - -  -0.379 (0.161)  -0.693 (0.353) 
1982 -0.559 (0.112)  0.437 (0.331)  0.111 (0.142)  -0.435 (0.319) 
1983 -0.614 (0.126)  0.558 (0.390)  -0.186 (0.116)  -0.701 (0.354) 
1984 -0.765 (0.127)  0.565 (0.316)  -0.172 (0.124)  -0.838 (0.324) 
1985 -0.678 (0.106)  0.467 (0.328)  -0.190 (0.110)  -0.606 (0.319) 
1986 -0.418 (0.116)  0.413 (0.295)  -0.019 (0.116)  -0.507 (0.318) 
1987 -0.631 (0.160)  0.247 (0.314)  -0.286 (0.084)  -0.766 (0.317) 
1988 -0.754 (0.105)  0.241 (0.301)  -0.298 (0.061)  -0.740 (0.313) 
1989 -0.782 (0.102)  -0.012 (0.319)  -0.357 (0.085)  -0.892 (0.328) 
1990 -0.636 (0.144)  0.383 (0.299)  -0.182 (0.081)  -0.625 (0.318) 
1991 -0.873 (0.098)  0.365 (0.295)  -0.429 (0.079)  -0.992 (0.331) 
1992 -0.924 (0.099)  0.095 (0.307)  -0.549 (0.098)  -0.961 (0.335) 
1993 - -  - -  -0.427 (0.087)  -0.971 (0.353) 
1994 - -  - -  -0.633 (0.094)  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.712 (0.067)  -0.075 (0.090)  0.296 (0.059)  -0.172 (0.078) 
Chardonnay -0.811 (0.103)  - -  0.175 (0.078)  -0.042 (0.134) 
Pinot Noir - -  -0.087 (0.115)  0.346 (0.086)  0.397 (0.159) 
Riesling - -  -1.068 (0.299)  -0.226 (0.085)  -0.406 (0.143) 
Botrytis - -  - -  0.521 (0.148)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.285 (0.090)  - - 
Summary Statistics            

2R , 2R  0.697 0.614  0.521 0.256  0.592 0.498  0.514 0.381 
F- statistic 8.355   1.965   6.316   3.875  
Chi-statistic 59.149   22.685   52.466   30.581  
(N,K) 140 31  60 22  194 37  127 28 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1995Q4-1996Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.421 (0.077)  3.497 (0.256)  3.555 (0.000)  3.638 (0.265) 
Log return 0.095 (0.059)  0.088 (0.092)  0.037 (0.047)  0.148 (0.055) 
Vintage            
1966 -0.016 (0.254)  - -  0.048 (0.083)  - - 
1967 -0.744 (0.276)  - -  -0.223 (0.000)  - - 
1968 -0.664 (0.071)  - -  -0.571 (0.053)  - - 
1969 -0.703 (0.091)  - -  -0.551 (0.098)  - - 
1970 -0.723 (0.071)  - -  -0.099 (0.086)  - - 
1971 -0.255 (0.493)  - -  0.104 (0.082)  - - 
1972 -0.781 (0.096)  - -  -0.356 (0.186)  - - 
1973 -1.041 (0.247)  0.199 (0.373)  -0.065 (0.090)  -0.698 (0.357) 
1974 -0.679 (0.082)  - -  -0.460 (0.062)  - - 
1975 -0.485 (0.098)  0.129 (0.373)  -0.442 (0.101)  -0.526 (0.357) 
1976 -0.433 (0.162)  - -  -0.498 (0.075)  0.303 (0.277) 
1977 -0.757 (0.297)  - -  -0.377 (0.177)  -0.346 (0.307) 
1978 -0.680 (0.117)  0.516 (0.332)  -0.216 (0.150)  -0.255 (0.290) 
1979 -0.698 (0.169)  - -  -0.355 (0.271)  -0.178 (0.307) 
1980 -0.645 (0.103)  0.010 (0.376)  -0.191 (0.248)  0.034 (0.272) 
1981 -0.573 (0.097)  - -  -0.391 (0.135)  -0.356 (0.316) 
1982 -0.558 (0.113)  0.542 (0.320)  0.177 (0.149)  0.038 (0.282) 
1983 -0.598 (0.155)  0.751 (0.376)  -0.149 (0.156)  -0.693 (0.307) 
1984 -0.738 (0.107)  0.591 (0.312)  -0.290 (0.181)  -0.489 (0.277) 
1985 -0.640 (0.096)  0.152 (0.327)  -0.257 (0.115)  -0.371 (0.279) 
1986 -0.402 (0.112)  0.646 (0.297)  -0.042 (0.122)  -0.139 (0.267) 
1987 -0.673 (0.142)  0.516 (0.302)  -0.327 (0.116)  -0.449 (0.262) 
1988 -0.687 (0.107)  0.416 (0.294)  -0.340 (0.062)  -0.422 (0.262) 
1989 -0.820 (0.086)  0.386 (0.326)  -0.420 (0.114)  -0.776 (0.317) 
1990 -0.528 (0.160)  0.484 (0.293)  -0.107 (0.086)  -0.332 (0.260) 
1991 -0.790 (0.112)  0.415 (0.286)  -0.408 (0.083)  -0.610 (0.280) 
1992 -0.984 (0.226)  0.301 (0.298)  -0.425 (0.085)  -0.638 (0.280) 
1993 -1.090 (0.099)  0.246 (0.315)  -0.438 (0.093)  -0.716 (0.281) 
1994 - -  0.384 (0.461)  -0.580 (0.084)  - - 
1995 - -  - -  - -  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.712 (0.070)  -0.268 (0.103)  0.306 (0.062)  -0.167 (0.069) 
Chardonnay -0.887 (0.108)  -0.503 (0.286)  0.161 (0.085)  0.287 (0.144) 
Pinot Noir - -  -0.376 (0.125)  0.347 (0.085)  0.239 (0.140) 
Riesling - -  -1.080 (0.314)  -0.246 (0.108)  -0.310 (0.156) 
Botrytis - -  - -  0.705 (0.178)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.129 (0.128)  - - 
Summary Statistics            

2R , 2R             
F- statistic 0.726 0.649  0.569 0.230  0.619 0.504  0.620 0.498 
Chi-statistic 9.471   1.679   5.379   5.094  
(N,K) 48.634   28.745   58.641   37.617  
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1996Q1-1996Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.364 (0.069)  3.784 (0.272)  3.555 (0.199)  3.872 (0.272) 
Log return 0.138 (0.042)  0.049 (0.067)  0.069 (0.032)  0.071 (0.056) 
Vintage            
1966 0.054 (0.160)  - -  - -  -0.344 (0.214) 
1967 -0.522 (0.189)  - -  - -  -0.655 (0.286) 
1968 -0.561 (0.075)  - -  -0.410 (0.285)  -0.626 (0.080) 
1969 -0.518 (0.070)  - -  -0.336 (0.282)  -0.734 (0.197) 
1970 -0.520 (0.081)  - -  0.027 (0.246)  -0.553 (0.102) 
1971 -0.083 (0.488)  - -  0.187 (0.244)  -0.308 (0.294) 
1972 -0.617 (0.090)  - -  -0.193 (0.224)  -0.796 (0.113) 
1973 -0.781 (0.215)  - -  -0.121 (0.282)  -0.830 (0.136) 
1974 -0.617 (0.076)  - -  - -  -0.617 (0.058) 
1975 -0.339 (0.090)  -0.071 (0.384)  -0.439 (0.245)  -0.847 (0.219) 
1976 -0.226 (0.164)  - -  -0.376 (0.285)  -0.435 (0.135) 
1977 -0.600 (0.162)  - -  - -  -0.710 (0.163) 
1978 -0.501 (0.090)  0.285 (0.322)  -0.167 (0.226)  -0.634 (0.087) 
1979 -0.443 (0.160)  0.327 (0.402)  -0.358 (0.231)  -0.752 (0.107) 
1980 -0.417 (0.077)  -0.072 (0.390)  -0.117 (0.223)  -0.583 (0.102) 
1981 -0.381 (0.096)  - -  -0.198 (0.233)  -0.688 (0.096) 
1982 -0.324 (0.086)  0.034 (0.318)  0.132 (0.212)  -0.536 (0.090) 
1983 -0.416 (0.174)  - -  -0.176 (0.226)  -0.705 (0.107) 
1984 -0.539 (0.105)  0.042 (0.321)  -0.161 (0.215)  -0.868 (0.088) 
1985 -0.547 (0.088)  0.149 (0.297)  -0.138 (0.210)  -0.757 (0.082) 
1986 -0.164 (0.089)  0.308 (0.309)  0.101 (0.208)  -0.497 (0.082) 
1987 -0.457 (0.110)  0.143 (0.294)  -0.168 (0.211)  -0.838 (0.075) 
1988 -0.487 (0.087)  0.102 (0.293)  -0.237 (0.207)  -0.830 (0.072) 
1989 -0.693 (0.100)  -0.007 (0.304)  -0.361 (0.211)  -0.986 (0.088) 
1990 -0.230 (0.131)  0.175 (0.297)  -0.075 (0.207)  -0.698 (0.083) 
1991 -0.621 (0.103)  -0.052 (0.290)  -0.307 (0.207)  -0.961 (0.079) 
1992 -0.828 (0.167)  -0.064 (0.289)  -0.375 (0.210)  -0.955 (0.083) 
1993 -0.856 (0.083)  -0.199 (0.300)  -0.412 (0.214)  -1.039 (0.095) 
1994 - -  -0.432 (0.413)  -0.611 (0.234)  -1.199 (0.179) 
1995 - -  - -  -0.576 (0.251)  -1.163 (0.084) 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.795 (0.047)  -0.095 (0.073)  0.222 (0.038)  -0.253 (0.064) 
Chardonnay -0.966 (0.092)  0.114 (0.151)  0.108 (0.056)  -0.019 (0.103) 
Pinot Noir - -  -0.066 (0.089)  0.263 (0.075)  0.256 (0.132) 
Riesling - -  -0.886 (0.304)  -0.188 (0.084)  -0.532 (0.277) 
Botrytis - -  - -  0.442 (0.101)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.197 (0.077)  - - 
Summary Statistics            

2R , 2R  0.825 0.782  0.363 0.164  0.647 0.569  0.529 0.403 
F- statistic 19.568   1.821   8.236   4.205  
Chi-statistic 77.084   23.244   42.282   31.967  
(N,K) 161 32  89 22  182 34  115 25 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1996Q2-1996Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.541 (0.102)  3.940 (0.261)  2.430 (0.031)  4.280 (0.266) 
Log return -0.064 (0.041)  -0.028 (0.052)  -0.032 (0.031)  -0.045 (0.045) 
Vintage            
1966 0.182 (0.163)  - -  1.514 (0.000)  - - 
1967 -0.485 (0.152)  - -  1.582 (0.000)  - - 
1968 -0.457 (0.191)  - -  1.036 (0.000)  - - 
1969 -0.583 (0.100)  - -  1.068 (0.000)  - - 
1970 -0.515 (0.100)  - -  1.060 (0.203)  - - 
1971 -0.025 (0.391)  - -  1.292 (0.060)  -0.624 (0.366) 
1972 -0.716 (0.131)  - -  1.073 (0.125)  - - 
1973 -0.555 (0.110)  - -  0.873 (0.231)  -1.128 (0.362) 
1974 -0.643 (0.113)  0.354 (0.367)  0.952 (0.217)  - - 
1975 -0.386 (0.116)  - -  1.062 (0.085)  -0.323 (0.362) 
1976 -0.419 (0.199)  - -  1.260 (0.301)  -0.300 (0.296) 
1977 -0.526 (0.163)  0.000 (0.362)  1.079 (0.117)  - - 
1978 -0.642 (0.149)  0.010 (0.280)  1.069 (0.065)  -0.860 (0.281) 
1979 -0.470 (0.213)  0.061 (0.374)  0.952 (0.143)  -0.597 (0.287) 
1980 -0.362 (0.110)  -0.024 (0.297)  1.071 (0.101)  0.001 (0.314) 
1981 -0.410 (0.141)  -0.073 (0.315)  0.958 (0.047)  -0.749 (0.288) 
1982 -0.334 (0.108)  -0.067 (0.282)  1.255 (0.105)  -0.382 (0.279) 
1983 -0.514 (0.157)  0.209 (0.367)  1.070 (0.092)  -0.689 (0.298) 
1984 -0.532 (0.144)  -0.070 (0.320)  1.008 (0.102)  -0.862 (0.281) 
1985 -0.569 (0.115)  0.092 (0.276)  1.130 (0.053)  -0.565 (0.277) 
1986 -0.167 (0.137)  0.090 (0.280)  1.292 (0.074)  -0.488 (0.267) 
1987 -0.481 (0.140)  -0.089 (0.273)  1.030 (0.064)  -0.781 (0.272) 
1988 -0.511 (0.114)  -0.112 (0.271)  0.997 (0.047)  -0.691 (0.268) 
1989 -0.681 (0.116)  -0.186 (0.277)  0.882 (0.057)  -0.812 (0.274) 
1990 -0.238 (0.152)  0.054 (0.269)  1.101 (0.052)  -0.803 (0.264) 
1991 -0.609 (0.143)  -0.090 (0.269)  0.921 (0.048)  -0.860 (0.266) 
1992 -0.828 (0.182)  -0.299 (0.267)  0.833 (0.058)  -0.924 (0.268) 
1993 -0.811 (0.138)  -0.417 (0.279)  0.763 (0.079)  -0.988 (0.272) 
1994 - -  -0.503 (0.335)  0.727 (0.166)  -1.073 (0.309) 
1995 - -  -0.699 (0.392)  0.550 (0.092)  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.885 (0.050)  -0.018 (0.060)  0.198 (0.039)  -0.274 (0.055) 
Chardonnay -0.988 (0.089)  0.308 (0.150)  0.121 (0.052)  -0.018 (0.081) 
Pinot Noir - -  0.093 (0.070)  0.232 (0.065)  0.183 (0.100) 
Riesling - -  -0.648 (0.151)  -0.173 (0.070)  -0.232 (0.205) 
Botrytis - -  - -  0.330 (0.070)  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  -0.209 (0.072)  - - 
Summary Statistics            

2R , 2R  0.860 0.826  0.559 0.442  0.544 0.463  0.508 0.402 
F- statistic 25.697   4.766   6.678   4.807  
Chi-statistic 58.925   17.966   56.506   34.572  
(N,K) 162 32  120 26  245 28  148 27 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1996Q3-1996Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.376 (0.249)  3.912 (0.254)  2.398 (0.000)  3.935 (0.192) 
Log return 0.010 (0.045)  0.138 (0.051)  -0.025 (0.033)  0.009 (0.045) 
Vintage            
1966 0.323 (0.261)  - -  1.496 (0.022)  - - 
1967 -0.390 (0.296)  - -  1.206 (0.344)  - - 
1968 -0.292 (0.272)  - -  0.778 (0.134)  - - 
1969 -0.583 (0.260)  - -  0.919 (0.078)  - - 
1970 -0.450 (0.251)  - -  0.977 (0.179)  -0.319 (0.319) 
1971 0.080 (0.456)  - -  1.335 (0.058)  -0.571 (0.261) 
1972 -0.670 (0.258)  -0.099 (0.363)  0.798 (0.150)  - - 
1973 -0.442 (0.255)  - -  0.930 (0.198)  -0.809 (0.319) 
1974 -0.428 (0.255)  0.393 (0.364)  0.870 (0.172)  - - 
1975 -0.398 (0.273)  - -  1.104 (0.078)  -0.005 (0.319) 
1976 -0.388 (0.291)  - -  1.194 (0.162)  0.015 (0.261) 
1977 -0.538 (0.286)  0.000 (0.359)  1.201 (0.108)  -0.943 (0.319) 
1978 -0.617 (0.286)  -0.011 (0.282)  1.089 (0.063)  -0.693 (0.219) 
1979 -0.436 (0.298)  -0.337 (0.363)  1.031 (0.127)  -0.403 (0.218) 
1980 -0.318 (0.273)  0.015 (0.287)  1.001 (0.122)  0.454 (0.260) 
1981 -0.317 (0.264)  -0.050 (0.296)  0.975 (0.056)  -0.584 (0.227) 
1982 -0.234 (0.257)  0.078 (0.277)  1.231 (0.099)  -0.300 (0.210) 
1983 -0.396 (0.277)  -0.219 (0.302)  0.914 (0.148)  -0.520 (0.262) 
1984 -0.402 (0.268)  -0.141 (0.303)  0.975 (0.105)  -0.492 (0.202) 
1985 -0.430 (0.256)  0.060 (0.287)  1.156 (0.046)  -0.200 (0.209) 
1986 -0.067 (0.272)  0.068 (0.275)  1.278 (0.067)  -0.157 (0.198) 
1987 -0.373 (0.274)  -0.121 (0.273)  1.077 (0.057)  -0.365 (0.210) 
1988 -0.409 (0.258)  -0.151 (0.277)  1.093 (0.061)  -0.377 (0.199) 
1989 -0.538 (0.258)  -0.147 (0.271)  0.870 (0.121)  -0.489 (0.200) 
1990 -0.118 (0.274)  0.060 (0.266)  1.193 (0.048)  -0.422 (0.194) 
1991 -0.430 (0.277)  -0.035 (0.269)  1.027 (0.052)  -0.469 (0.197) 
1992 -0.839 (0.326)  -0.281 (0.267)  0.947 (0.053)  -0.692 (0.200) 
1993 -1.027 (0.407)  -0.297 (0.274)  0.840 (0.086)  -0.541 (0.223) 
1994 - -  -0.469 (0.319)  0.884 (0.098)  -0.737 (0.213) 
1995 - -  -0.655 (0.388)  0.750 (0.095)  - - 
1996 - -  - -  - -  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.866 (0.057)  -0.057 (0.061)  0.196 (0.043)  -0.292 (0.052) 
Chardonnay -0.933 (0.098)  0.148 (0.196)  -0.050 (0.061)  -0.060 (0.084) 
Pinot Noir - -  0.115 (0.072)  0.153 (0.078)  0.186 (0.093) 
Riesling - -  -0.692 (0.147)  -0.284 (0.065)  -0.045 (0.215) 
Botrytis - -  - -  0.253 (0.084)  - - 
Merlot - -  - -  -0.103 (0.075)  - - 
Semillon - -  - -  -0.352 (0.076)  - - 
Summary Statistics            

2R , 2R  0.830 0.789  0.604 0.490  0.489 0.407  0.506 0.398 
F- statistic 19.893   5.290   5.924   4.681  
Chi-statistic 64.502   27.401   66.673   36.175  
(N,K) 158 32  117 27  274 39  157 29 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1996Q4-1997Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.284 (0.258)  3.951 (0.252)  3.625 (0.256)  3.550 (0.081) 
Log return 0.148 (0.044)  0.038 (0.059)  0.039 (0.033)  0.068 (0.048) 
Vintage            
1966 0.168 (0.281)  - -  0.216 (0.311)  0.058 (0.086) 
1967 -0.173 (0.259)  - -  -0.029 (0.279)  - - 
1968 -0.554 (0.314)  - -  -0.585 (0.313)  - - 
1969 -0.629 (0.262)  - -  -0.437 (0.284)  - - 
1970 -0.478 (0.270)  - -  -0.301 (0.284)  -0.166 (0.121) 
1971 0.129 (0.476)  - -  0.034 (0.284)  -0.118 (0.326) 
1972 -0.531 (0.257)  - -  -0.482 (0.294)  -0.389 (0.000) 
1973 -0.428 (0.265)  -0.004 (0.316)  -0.188 (0.279)  -0.160 (0.478) 
1974 -0.353 (0.264)  -0.259 (0.367)  -0.480 (0.273)  -0.544 (0.000) 
1975 -0.383 (0.284)  - -  -0.142 (0.276)  - - 
1976 -0.391 (0.290)  0.268 (0.367)  -0.134 (0.285)  -0.102 (0.000) 
1977 -0.447 (0.292)  -0.346 (0.367)  -0.069 (0.285)  -0.644 (0.027) 
1978 -0.419 (0.286)  0.087 (0.301)  -0.145 (0.276)  -0.148 (0.233) 
1979 -0.398 (0.268)  0.042 (0.297)  -0.090 (0.274)  -0.339 (0.180) 
1980 -0.317 (0.265)  0.160 (0.295)  -0.167 (0.273)  0.774 (0.070) 
1981 -0.230 (0.262)  0.066 (0.317)  -0.151 (0.269)  -0.286 (0.109) 
1982 -0.095 (0.266)  0.280 (0.284)  0.038 (0.264)  -0.025 (0.219) 
1983 -0.221 (0.313)  -0.422 (0.297)  -0.329 (0.273)  -0.490 (0.000) 
1984 -0.331 (0.258)  0.031 (0.289)  -0.205 (0.266)  -0.204 (0.087) 
1985 -0.316 (0.260)  -0.208 (0.312)  -0.047 (0.269)  0.039 (0.083) 
1986 0.045 (0.267)  0.210 (0.274)  0.062 (0.262)  0.164 (0.042) 
1987 -0.279 (0.277)  0.068 (0.280)  -0.176 (0.265)  -0.038 (0.069) 
1988 -0.325 (0.263)  0.237 (0.284)  -0.095 (0.265)  0.018 (0.064) 
1989 -0.405 (0.262)  -0.017 (0.270)  -0.306 (0.267)  -0.181 (0.217) 
1990 -0.026 (0.271)  0.241 (0.267)  -0.040 (0.260)  -0.062 (0.056) 
1991 -0.261 (0.276)  0.081 (0.274)  -0.165 (0.264)  -0.099 (0.070) 
1992 -0.649 (0.307)  -0.090 (0.269)  -0.306 (0.264)  -0.363 (0.105) 
1993 -0.798 (0.386)  -0.117 (0.274)  -0.294 (0.264)  -0.252 (0.136) 
1994 -0.405 (0.262)  -0.214 (0.364)  -0.339 (0.274)  -0.399 (0.096) 
1995 - -  - -  -0.450 (0.295)  -0.523 (0.108) 
1996 - -  - -  -0.492 (0.363)  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.801 (0.052)  -0.147 (0.067)  0.159 (0.039)  -0.184 (0.067) 
Chardonnay -0.952 (0.116)  -0.076 (0.194)  -0.127 (0.054)  -0.002 (0.130) 
Pinot Noir - -  0.074 (0.091)  0.086 (0.084)  0.307 (0.119) 
Riesling - -  -0.846 (0.364)  -0.283 (0.135)  -0.119 (0.146) 
Botrytis - -  - -  0.268 (0.135)  - - 
Merlot - -  - -  -0.032 (0.138)  - - 
Semillon - -  - -  -0.495 (0.088)  - - 
Summary Statistics            

2R , 2R  0.823 0.774  0.504 0.309  0.500 0.412  0.492 0.359 
F- statistic 16.962   2.584   5.694   3.715  
Chi-statistic 59.167   34.299   48.008   54.568  
(N,K) 150 33  93 27  262 40  151 32 

 

(continued next page)



 309

 
TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1997Q1-1997Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.500 (0.021)  4.291 (0.251)  3.664 (0.246)  3.606 (0.054) 
Log return 0.029 (0.039)  0.128 (0.065)  0.170 (0.039)  0.074 (0.043) 
Vintage            
1966 0.116 (0.115)  - -  0.200 (0.302)  0.296 (0.140) 
1967 -0.249 (0.032)  -1.200 (0.344)  0.090 (0.284)  - - 
1968 -0.640 (0.151)  - -  - -  -0.464 (0.043) 
1969 -0.682 (0.077)  - -  -0.414 (0.276)  - - 
1970 -0.507 (0.123)  - -  -0.322 (0.284)  -0.298 (0.000) 
1971 -0.378 (0.520)  - -  0.035 (0.275)  0.089 (0.387) 
1972 -0.614 (0.090)  -0.207 (0.344)  -0.249 (0.302)  -0.389 (0.000) 
1973 -0.595 (0.022)  -0.324 (0.305)  -0.329 (0.270)  -0.160 (0.504) 
1974 -0.503 (0.021)  -0.640 (0.301)  -0.601 (0.276)  -0.581 (0.041) 
1975 -0.530 (0.086)  - -  -0.138 (0.285)  -0.488 (0.043) 
1976 -0.308 (0.194)  -0.071 (0.354)  -0.191 (0.276)  -0.080 (0.030) 
1977 -0.521 (0.126)  -0.686 (0.354)  -0.350 (0.302)  -0.631 (0.000) 
1978 -0.360 (0.040)  -0.292 (0.310)  -0.209 (0.277)  -0.190 (0.146) 
1979 -0.475 (0.074)  -0.219 (0.286)  -0.155 (0.285)  -0.504 (0.043) 
1980 -0.421 (0.058)  -0.139 (0.301)  -0.092 (0.267)  0.264 (0.288) 
1981 -0.382 (0.021)  -0.373 (0.301)  -0.111 (0.267)  -0.276 (0.143) 
1982 -0.155 (0.070)  -0.075 (0.299)  0.141 (0.262)  0.146 (0.063) 
1983 -0.378 (0.108)  -0.786 (0.315)  -0.189 (0.272)  -0.207 (0.268) 
1984 -0.427 (0.055)  -0.241 (0.301)  -0.214 (0.258)  -0.207 (0.076) 
1985 -0.387 (0.041)  -0.447 (0.299)  -0.061 (0.271)  -0.038 (0.065) 
1986 -0.064 (0.067)  -0.024 (0.289)  0.032 (0.258)  0.155 (0.048) 
1987 -0.328 (0.092)  -0.551 (0.284)  -0.227 (0.260)  -0.055 (0.063) 
1988 -0.384 (0.061)  0.110 (0.274)  -0.138 (0.259)  -0.010 (0.063) 
1989 -0.480 (0.046)  -0.445 (0.268)  -0.343 (0.265)  -0.372 (0.149) 
1990 -0.062 (0.080)  0.006 (0.265)  -0.068 (0.253)  -0.017 (0.053) 
1991 -0.293 (0.079)  -0.222 (0.264)  -0.234 (0.257)  -0.102 (0.060) 
1992 -0.550 (0.074)  -0.407 (0.257)  -0.437 (0.258)  -0.281 (0.091) 
1993 -0.571 (0.061)  -0.449 (0.257)  -0.314 (0.256)  -0.475 (0.080) 
1994 -0.422 (0.148)  -0.524 (0.262)  -0.312 (0.265)  -0.143 (0.113) 
1995 -0.700 (0.042)  -0.638 (0.287)  -0.718 (0.353)  -0.412 (0.104) 
1996 - -  - -  -0.559 (0.308)  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.822 (0.037)  -0.109 (0.071)  0.179 (0.042)  -0.172 (0.054) 
Chardonnay -1.058 (0.083)  -0.077 (0.130)  -0.001 (0.061)  0.024 (0.122) 
Pinot Noir - -  0.025 (0.087)  0.240 (0.132)  0.174 (0.121) 
Riesling - -  - -  -0.403 (0.262)  -0.399 (0.094) 
Botrytis - -  - -  0.086 (0.131)  - - 
Merlot - -  - -  0.119 (0.184)  - - 
Semillon - -  - -  -0.517 (0.117)  - - 
Summary Statistics            

2R , 2R  0.826 0.787  0.581 0.389  0.526 0.413  0.587 0.452 
F- statistic 21.418   3.027   4.622   4.343  
Chi-statistic 109.10   30.157   47.605   76.269  
(N,K) 183 34  90 29  197 39  135 34 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1997Q2-1997Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.489 (0.036)  4.419 (0.273)  3.862 (0.257)  4.101 (0.042) 
Log return 0.010 (0.043)  -0.056 (0.057)  0.009 (0.038)  -0.007 (0.036) 
Vintage            
1966 0.230 (0.127)  - -  -0.188 (0.312)  - - 
1967 -0.365 (0.180)  -1.200 (0.387)  - -  - - 
1968 -0.240 (0.096)  - -  0.080 (0.359)  -0.880 (0.029) 
1969 -0.401 (0.104)  - -  -0.391 (0.313)  - - 
1970 -0.258 (0.063)  - -  -0.390 (0.359)  - - 
1971 -0.177 (0.697)  - -  -0.007 (0.294)  - - 
1972 -0.606 (0.098)  -0.207 (0.387)  -0.357 (0.294)  - - 
1973 -0.464 (0.053)  - -  -0.412 (0.285)  -0.405 (0.055) 
1974 -0.573 (0.036)  -0.681 (0.387)  -0.332 (0.295)  -1.061 (0.000) 
1975 -0.441 (0.114)  - -  -0.090 (0.312)  -0.593 (0.285) 
1976 -0.013 (0.156)  - -  -0.082 (0.285)  -0.586 (0.118) 
1977 -0.589 (0.144)  - -  -0.452 (0.285)  -0.854 (0.036) 
1978 -0.331 (0.073)  -1.014 (0.395)  -0.190 (0.297)  -0.665 (0.151) 
1979 -0.388 (0.075)  -0.426 (0.337)  -0.183 (0.294)  -0.779 (0.113) 
1980 -0.348 (0.092)  -0.156 (0.387)  -0.191 (0.273)  -0.250 (0.220) 
1981 -0.286 (0.045)  -0.393 (0.387)  -0.316 (0.271)  -0.771 (0.131) 
1982 -0.204 (0.061)  -0.309 (0.318)  -0.076 (0.266)  -0.416 (0.124) 
1983 -0.317 (0.115)  -0.511 (0.395)  -0.221 (0.270)  -0.319 (0.043) 
1984 -0.394 (0.069)  -0.318 (0.337)  -0.257 (0.264)  -0.592 (0.069) 
1985 -0.502 (0.134)  -0.333 (0.311)  -0.246 (0.263)  -0.543 (0.072) 
1986 -0.058 (0.093)  -0.002 (0.303)  -0.076 (0.264)  -0.339 (0.083) 
1987 -0.492 (0.157)  -0.486 (0.299)  -0.220 (0.264)  -0.638 (0.083) 
1988 -0.364 (0.074)  0.175 (0.307)  -0.314 (0.265)  -0.511 (0.054) 
1989 -0.505 (0.070)  -0.430 (0.303)  -0.441 (0.271)  -0.690 (0.063) 
1990 0.060 (0.110)  -0.024 (0.290)  -0.058 (0.260)  -0.450 (0.039) 
1991 -0.245 (0.092)  -0.258 (0.290)  -0.249 (0.262)  -0.523 (0.050) 
1992 -0.498 (0.094)  -0.334 (0.285)  -0.416 (0.262)  -0.672 (0.046) 
1993 -0.702 (0.215)  -0.366 (0.284)  -0.415 (0.261)  -0.736 (0.099) 
1994 -0.455 (0.145)  -0.552 (0.287)  -0.362 (0.268)  -0.653 (0.095) 
1995 -0.679 (0.073)  -0.595 (0.320)  -0.431 (0.281)  -0.857 (0.049) 
1996 - -  - -  -0.576 (0.316)  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.802 (0.056)  -0.091 (0.065)  0.238 (0.040)  -0.149 (0.042) 
Chardonnay -1.008 (0.135)  -0.104 (0.128)  -0.016 (0.055)  0.013 (0.071) 
Pinot Noir - -  -0.078 (0.079)  0.146 (0.120)  0.138 (0.098) 
Riesling - -  -0.697 (0.149)  -0.396 (0.121)  -0.266 (0.064) 
Botrytis - -  - -  -0.007 (0.091)  - - 
Merlot - -  - -  0.171 (0.188)  - - 
Semillon - -  - -  -0.378 (0.080)  - - 
Summary Statistics            

2R , 2R  0.770 0.720  0.528 0.388  0.461 0.363  0.460 0.360 
F- statistic 15.599   3.783   4.719   4.611  
Chi-statistic 75.715   17.212   46.735   53.029  
(N,K) 188 34  115 27  249 39  187 30 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1997Q3-1997Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.440 (0.035)  3.503 (0.313)  4.138 (0.214)  3.669 (0.211) 
log return 0.083 (0.049)  0.186 (0.060)  0.050 (0.030)  0.080 (0.031) 
Vintage            
1966 0.251 (0.120)  - -  -0.441 (0.361)  - - 
1967 -0.407 (0.211)  - -  -0.136 (0.214)  - - 
1968 -0.162 (0.082)  - -  -0.267 (0.223)  -0.517 (0.293) 
1969 -0.383 (0.140)  - -  -0.237 (0.214)  - - 
1970 -0.210 (0.073)  - -  -0.461 (0.264)  - - 
1971 0.117 (0.540)  - -  -0.458 (0.341)  - - 
1972 -0.499 (0.076)  - -  -0.681 (0.222)  - - 
1973 -0.352 (0.036)  0.538 (0.440)  -0.504 (0.251)  -0.073 (0.255) 
1974 -0.465 (0.050)  - -  -0.694 (0.288)  - - 
1975 -0.401 (0.109)  - -  -0.361 (0.230)  0.080 (0.293) 
1976 0.148 (0.082)  - -  -0.226 (0.221)  -0.235 (0.231) 
1977 -0.502 (0.179)  - -  -0.621 (0.314)  -0.569 (0.253) 
1978 -0.240 (0.102)  0.346 (0.384)  -0.495 (0.281)  -0.027 (0.253) 
1979 -0.399 (0.108)  0.433 (0.445)  -0.639 (0.248)  -0.333 (0.223) 
1980 -0.299 (0.133)  0.524 (0.382)  -0.590 (0.248)  0.277 (0.240) 
1981 -0.174 (0.046)  - -  -0.582 (0.225)  -0.289 (0.221) 
1982 -0.154 (0.097)  0.551 (0.360)  -0.356 (0.241)  -0.038 (0.221) 
1983 -0.119 (0.124)  0.472 (0.384)  -0.437 (0.224)  0.108 (0.256) 
1984 -0.289 (0.081)  0.450 (0.350)  -0.507 (0.222)  -0.257 (0.216) 
1985 -0.471 (0.181)  0.733 (0.333)  -0.497 (0.219)  -0.203 (0.216) 
1986 0.017 (0.109)  0.885 (0.331)  -0.299 (0.222)  0.014 (0.215) 
1987 -0.456 (0.204)  0.504 (0.339)  -0.477 (0.218)  -0.292 (0.214) 
1988 -0.323 (0.082)  0.859 (0.342)  -0.539 (0.222)  -0.144 (0.213) 
1989 -0.453 (0.091)  0.482 (0.343)  -0.586 (0.233)  -0.273 (0.216) 
1990 0.119 (0.135)  0.926 (0.326)  -0.302 (0.218)  -0.066 (0.211) 
1991 -0.244 (0.111)  0.634 (0.322)  -0.497 (0.217)  -0.206 (0.211) 
1992 -0.446 (0.115)  0.527 (0.319)  -0.630 (0.222)  -0.342 (0.211) 
1993 -0.751 (0.240)  0.641 (0.321)  -0.655 (0.218)  -0.367 (0.214) 
1994 -0.501 (0.144)  0.343 (0.324)  -0.672 (0.218)  -0.379 (0.215) 
1995 -1.591 (0.035)  0.305 (0.345)  -0.725 (0.218)  -0.465 (0.233) 
1996 - -  0.426 (0.464)  -0.886 (0.217)  - - 
1997 - -  - -  - -  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.793 (0.072)  -0.175 (0.071)  0.188 (0.042)  -0.060 (0.034) 
Chardonnay -0.998 (0.187)  -0.247 (0.151)  -0.033 (0.039)  0.058 (0.059) 
Pinot Noir - -  -0.257 (0.090)  0.069 (0.039)  0.157 (0.067) 
Riesling - -  -0.765 (0.165)  -0.366 (0.055)  -0.150 (0.132) 
Botrytis - -  - -  -0.002 (0.050)  - - 
Merlot - -  - -  0.098 (0.076)  - - 
Semillon - -  - -  -0.354 (0.062)  - - 
Summary Statistics            

2R , 2R  0.783 0.723  0.457 0.327  0.407 0.332  0.412 0.330 
F- statistic 13.205   3.505   5.409   5.020  
Chi-statistic 52.255   33.878   80.777   25.611  
(N,K) 155 34  125 25  347 40  230 29 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1997Q4-1998Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.321 (0.195)  3.689 (0.320)  3.745 (0.208)  3.745 (0.208) 
log return 0.039 (0.050)  0.075 (0.058)  0.061 (0.029)  0.061 (0.029) 
Vintage            
1966 0.419 (0.203)  - -  - -  - - 
1967 -0.187 (0.208)  - -  - -  - - 
1968 -0.194 (0.225)  - -  - -  - - 
1969 -0.339 (0.193)  - -  - -  - - 
1970 -0.153 (0.202)  - -  - -  - - 
1971 0.323 (0.566)  - -  -0.372 (0.293)  -0.372 (0.293) 
1972 -0.368 (0.218)  - -  - -  - - 
1973 -0.216 (0.195)  0.521 (0.458)  -0.162 (0.291)  -0.162 (0.291) 
1974 -0.214 (0.195)  - -  - -  - - 
1975 -0.298 (0.218)  - -  -0.531 (0.291)  -0.531 (0.291) 
1976 0.085 (0.297)  - -  -0.261 (0.251)  -0.261 (0.251) 
1977 0.086 (0.299)  0.643 (0.457)  -0.328 (0.251)  -0.328 (0.251) 
1978 -0.069 (0.250)  0.622 (0.395)  -0.178 (0.252)  -0.178 (0.252) 
1979 -0.276 (0.227)  -0.051 (0.457)  -0.094 (0.237)  -0.094 (0.237) 
1980 -0.200 (0.217)  0.508 (0.398)  0.085 (0.237)  0.085 (0.237) 
1981 0.000 (0.200)  - -  -0.354 (0.222)  -0.354 (0.222) 
1982 -0.020 (0.207)  0.751 (0.365)  0.098 (0.225)  0.098 (0.225) 
1983 -0.085 (0.239)  0.748 (0.379)  -0.700 (0.240)  -0.700 (0.240) 
1984 -0.163 (0.215)  0.415 (0.358)  -0.369 (0.220)  -0.369 (0.220) 
1985 -0.137 (0.211)  0.756 (0.344)  -0.232 (0.214)  -0.232 (0.214) 
1986 0.165 (0.220)  0.691 (0.343)  -0.001 (0.212)  -0.001 (0.212) 
1987 -0.023 (0.217)  0.484 (0.342)  -0.309 (0.212)  -0.309 (0.212) 
1988 -0.102 (0.205)  0.527 (0.351)  -0.152 (0.212)  -0.152 (0.212) 
1989 -0.183 (0.212)  0.427 (0.342)  -0.262 (0.220)  -0.262 (0.220) 
1990 0.171 (0.275)  0.833 (0.340)  -0.064 (0.210)  -0.064 (0.210) 
1991 -0.050 (0.212)  0.670 (0.337)  -0.210 (0.210)  -0.210 (0.210) 
1992 -0.250 (0.214)  0.499 (0.334)  -0.298 (0.211)  -0.298 (0.211) 
1993 -0.359 (0.213)  0.582 (0.338)  -0.401 (0.211)  -0.401 (0.211) 
1994 -0.116 (0.244)  0.444 (0.336)  -0.418 (0.213)  -0.418 (0.213) 
1995 -0.742 (0.413)  0.399 (0.338)  -0.394 (0.221)  -0.394 (0.221) 
1996 - -  0.537 (0.366)  - -  - - 
1997 - -  - -  -0.357 (0.358)  -0.357 (0.358) 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.763 (0.061)  -0.158 (0.066)  -0.056 (0.034)  -0.056 (0.034) 
Chardonnay -0.925 (0.094)  -0.259 (0.134)  0.048 (0.064)  0.048 (0.064) 
Pinot Noir - -  -0.197 (0.084)  0.251 (0.063)  0.251 (0.063) 
Riesling - -  -0.876 (0.366)  -0.314 (0.212)  -0.314 (0.212) 
Botrytis - -  - -  - -  - - 
Merlot - -  - -  - -  - - 
Semillon - -  - -  - -  - - 
Summary Statistics            

2R , 2R  0.744 0.680  0.287 0.139  0.445 0.360  0.445 0.360 
F- statistic 11.557   1.944   5.223   5.223  
Chi-statistic 73.144   29.092   29.357   29.357  
(N,K) 165 34  147 26  219 30  291 30 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1998Q1-1998Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.342 (0.173)  4.800 (0.304)  4.111 (0.058)  4.300 (0.050) 
Log return 0.008 (0.044)  -0.012 (0.050)  0.047 (0.033)  0.014 (0.032) 
Vintage            
1966 0.094 (0.243)  - -  0.271 (0.058)  - - 
1967 -0.185 (0.242)  -0.277 (0.424)  - -  - - 
1968 -0.157 (0.243)  - -  -0.330 (0.061)  - - 
1969 -0.561 (0.243)  - -  -1.013 (0.180)  - - 
1970 -0.133 (0.272)  -0.836 (0.424)  -0.595 (0.185)  - - 
1971 0.423 (0.243)  - -  -0.607 (0.340)  -1.035 (0.143) 
1972 -0.380 (0.243)  - -  -0.825 (0.112)  -1.064 (0.000) 
1973 -0.192 (0.243)  -0.644 (0.424)  -0.538 (0.186)  - - 
1974 -0.284 (0.217)  -0.837 (0.428)  -0.590 (0.134)  -1.155 (0.000) 
1975 -0.066 (0.227)  - -  -0.496 (0.140)  -0.967 (0.032) 
1976 0.079 (0.227)  - -  -0.035 (0.075)  -0.682 (0.126) 
1977 -0.144 (0.217)  -0.459 (0.368)  -0.686 (0.187)  -0.790 (0.266) 
1978 -0.254 (0.217)  -0.563 (0.349)  -0.447 (0.197)  -0.960 (0.205) 
1979 -0.126 (0.201)  -1.086 (0.427)  -0.395 (0.082)  -0.498 (0.130) 
1980 -0.078 (0.217)  -0.266 (0.424)  -0.489 (0.084)  -0.399 (0.145) 
1981 -0.018 (0.198)  -0.589 (0.428)  -0.562 (0.109)  -0.962 (0.158) 
1982 -0.093 (0.205)  -0.375 (0.332)  -0.247 (0.146)  -0.379 (0.098) 
1983 -0.270 (0.194)  -0.372 (0.341)  -0.382 (0.098)  -0.933 (0.224) 
1984 -0.138 (0.199)  -0.673 (0.339)  -0.495 (0.103)  -0.836 (0.069) 
1985 0.211 (0.196)  -0.348 (0.324)  -0.451 (0.106)  -0.673 (0.072) 
1986 -0.053 (0.193)  -0.406 (0.320)  -0.208 (0.121)  -0.496 (0.040) 
1987 -0.116 (0.195)  -0.529 (0.316)  -0.450 (0.101)  -0.735 (0.049) 
1988 -0.176 (0.199)  -0.552 (0.322)  -0.398 (0.085)  -0.629 (0.046) 
1989 0.270 (0.196)  -0.582 (0.315)  -0.267 (0.094)  -0.767 (0.107) 
1990 0.003 (0.194)  -0.292 (0.315)  -0.083 (0.080)  -0.487 (0.044) 
1991 -0.296 (0.192)  -0.306 (0.319)  -0.307 (0.073)  -0.630 (0.046) 
1992 -0.375 (0.201)  -0.454 (0.316)  -0.502 (0.074)  -0.741 (0.062) 
1993 -0.084 (0.213)  -0.525 (0.311)  -0.481 (0.074)  -0.828 (0.056) 
1994 -0.424 (0.218)  -0.590 (0.310)  -0.509 (0.087)  -0.868 (0.055) 
1995 0.094 (0.243)  -0.650 (0.311)  -0.515 (0.085)  -0.843 (0.088) 
1996 - -  -0.540 (0.335)  -0.648 (0.081)  - - 
1997 - -  - -  -0.686 (0.085)  -0.931 (0.137) 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.739 (0.050)  -0.121 (0.056)  0.200 (0.043)  -0.114 (0.041) 
Chardonnay -0.861 (0.102)  -0.276 (0.120)  -0.164 (0.047)  -0.024 (0.066) 
Pinot Noir - -  -0.147 (0.079)  0.077 (0.075)  0.199 (0.065) 
Riesling - -  -1.291 (0.424)  -0.374 (0.057)  -0.234 (0.139) 
Botrytis - -  - -  -0.037 (0.141)  - - 
Merlot - -  - -  0.455 (0.049)  - - 
Semillon - -  - -  -0.401 (0.092)  - - 
Summary Statistics            

2R , 2R  0.714 0.656  0.277 0.120  0.510 0.437  0.503 0.416 
F- statistic 12.452   1.767   6.970   5.796  
Chi-statistic 36.617   23.857   95.929   50.213  
(N,K) 193 34  164 30  301 40  203 31 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1998Q2-1998Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.441 (0.065)  4.787 (0.280)  4.263 (0.000)  4.326 (0.034) 
Log return 0.025 (0.044)  0.011 (0.047)  0.031 (0.029)  0.012 (0.030) 
Vintage            
1966 0.003 (0.400)  - -  - -  - - 
1967 -0.206 (0.083)  -0.277 (0.396)  -0.423 (0.029)  - - 
1968 -0.260 (0.141)  - -  -0.434 (0.000)  - - 
1969 -0.581 (0.200)  - -  -1.016 (0.160)  - - 
1970 -0.219 (0.083)  -0.836 (0.396)  -0.469 (0.138)  - - 
1971 0.009 (0.434)  - -  -0.089 (0.093)  -1.204 (0.000) 
1972 -0.560 (0.105)  - -  -0.853 (0.007)  -1.064 (0.000) 
1973 -0.370 (0.112)  -0.658 (0.344)  -0.545 (0.120)  - - 
1974 -0.251 (0.065)  -0.879 (0.400)  -0.627 (0.123)  -1.074 (0.067) 
1975 -0.426 (0.140)  -0.481 (0.399)  -0.635 (0.100)  - - 
1976 -0.213 (0.175)  0.085 (0.403)  - -  -0.437 (0.175) 
1977 -0.244 (0.110)  -0.525 (0.396)  -0.618 (0.076)  -1.109 (0.000) 
1978 -0.372 (0.119)  -0.550 (0.328)  -0.530 (0.076)  -0.847 (0.229) 
1979 -0.312 (0.106)  -0.574 (0.351)  -0.432 (0.109)  -0.616 (0.098) 
1980 -0.138 (0.113)  -0.350 (0.345)  -0.505 (0.064)  -0.404 (0.224) 
1981 -0.255 (0.101)  -0.630 (0.400)  -0.527 (0.058)  -0.971 (0.182) 
1982 -0.150 (0.096)  -0.471 (0.315)  -0.360 (0.134)  -0.497 (0.126) 
1983 -0.177 (0.119)  -0.475 (0.319)  -0.658 (0.162)  -0.461 (0.100) 
1984 -0.324 (0.142)  -0.472 (0.317)  -0.635 (0.077)  -0.830 (0.052) 
1985 -0.220 (0.088)  -0.483 (0.303)  -0.558 (0.078)  -0.708 (0.076) 
1986 0.177 (0.092)  -0.267 (0.301)  -0.367 (0.084)  -0.546 (0.042) 
1987 -0.217 (0.105)  -0.449 (0.299)  -0.538 (0.067)  -0.724 (0.060) 
1988 -0.290 (0.094)  -0.521 (0.297)  -0.500 (0.059)  -0.633 (0.045) 
1989 -0.406 (0.127)  -0.568 (0.304)  -0.520 (0.065)  -0.811 (0.068) 
1990 0.233 (0.130)  -0.378 (0.294)  -0.220 (0.054)  -0.475 (0.048) 
1991 -0.124 (0.096)  -0.366 (0.301)  -0.480 (0.046)  -0.637 (0.038) 
1992 -0.414 (0.139)  -0.555 (0.293)  -0.597 (0.048)  -0.749 (0.053) 
1993 -0.421 (0.167)  -0.478 (0.291)  -0.597 (0.049)  -0.757 (0.047) 
1994 -0.288 (0.154)  -0.637 (0.290)  -0.610 (0.060)  -0.758 (0.056) 
1995 -0.414 (0.115)  -0.726 (0.291)  -0.658 (0.062)  -0.809 (0.056) 
1996 - -  -0.748 (0.310)  -0.780 (0.051)  -0.915 (0.091) 
1997 - -  -0.535 (0.460)  -0.787 (0.059)  - - 
1998 - -  - -  - -  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.683 (0.054)  -0.080 (0.053)  0.206 (0.040)  -0.126 (0.034) 
Chardonnay -0.854 (0.107)  -0.184 (0.124)  -0.166 (0.037)  -0.163 (0.060) 
Pinot Noir - -  -0.117 (0.081)  0.032 (0.040)  0.184 (0.049) 
Riesling - -  -0.792 (0.306)  -0.424 (0.045)  -0.424 (0.063) 
Botrytis - -  - -  -0.048 (0.106)  - - 
Merlot - -  - -  0.311 (0.115)  - - 
Semillon - -  - -  -0.288 (0.088)  - - 
Summary Statistics            

2R , 2R  0.704 0.646  0.371 0.216  0.508 0.446  0.508 0.438 
F- statistic 12.156   2.397   8.149   7.258  
Chi-statistic 60.666   27.249   64.233   50.287  
(N,K) 203 34  163 33  339 39  234 30 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1998Q3-1998Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.519 (0.083)  3.892 (0.270)  4.436 (0.026)  3.886 (0.040) 
Log return -0.042 (0.040)  -0.063 (0.040)  -0.042 (0.026)  -0.037 (0.026) 
Vintage            
1966 0.299 (0.080)  - -  - -  - - 
1967 -0.468 (0.143)  - -  -0.235 (0.259)  -0.480 (0.000) 
1968 -0.449 (0.080)  - -  - -  - - 
1969 -0.518 (0.115)  - -  -0.736 (0.111)  v  
1970 -0.616 (0.196)  - -  -0.560 (0.160)  -0.647 (0.000) 
1971 0.067 (0.430)  0.083 (0.378)  -0.237 (0.085)  0.373 (0.000) 
1972 -0.780 (0.118)  -0.127 (0.378)  -0.980 (0.154)  -0.304 (0.000) 
1973 -0.587 (0.106)  0.285 (0.328)  -0.566 (0.095)  - - 
1974 -0.281 (0.081)  - -  -0.784 (0.115)  -0.481 (0.061) 
1975 -0.500 (0.115)  0.426 (0.380)  -0.642 (0.120)  - - 
1976 -0.321 (0.219)  0.999 (0.383)  -0.508 (0.117)  0.299 (0.241) 
1977 -0.363 (0.154)  0.282 (0.378)  -0.908 (0.042)  - - 
1978 -0.268 (0.144)  0.569 (0.331)  -0.749 (0.073)  -0.124 (0.179) 
1979 -0.381 (0.118)  0.400 (0.311)  -0.676 (0.109)  -0.331 (0.117) 
1980 -0.187 (0.115)  0.334 (0.331)  -0.625 (0.056)  -0.074 (0.315) 
1981 -0.304 (0.101)  - -  -0.713 (0.038)  -0.763 (0.013) 
1982 -0.239 (0.101)  0.465 (0.287)  -0.481 (0.153)  0.011 (0.135) 
1983 -0.299 (0.115)  0.519 (0.303)  -0.697 (0.100)  -0.214 (0.052) 
1984 -0.283 (0.096)  0.503 (0.291)  -0.754 (0.066)  -0.414 (0.084) 
1985 -0.287 (0.089)  0.390 (0.283)  -0.734 (0.063)  -0.341 (0.075) 
1986 0.055 (0.108)  0.596 (0.280)  -0.515 (0.068)  -0.059 (0.037) 
1987 -0.257 (0.110)  0.347 (0.285)  -0.710 (0.056)  -0.349 (0.063) 
1988 -0.381 (0.123)  0.473 (0.279)  -0.643 (0.052)  -0.224 (0.039) 
1989 -0.449 (0.126)  0.196 (0.283)  -0.716 (0.066)  -0.361 (0.069) 
1990 0.042 (0.179)  0.521 (0.276)  -0.400 (0.043)  -0.043 (0.035) 
1991 -0.267 (0.114)  0.501 (0.279)  -0.600 (0.042)  -0.188 (0.034) 
1992 -0.393 (0.099)  0.370 (0.276)  -0.707 (0.044)  -0.308 (0.047) 
1993 -0.321 (0.114)  0.424 (0.277)  -0.761 (0.047)  -0.359 (0.041) 
1994 -0.386 (0.139)  0.347 (0.276)  -0.703 (0.049)  -0.334 (0.043) 
1995 -0.447 (0.111)  0.206 (0.278)  -0.799 (0.062)  -0.410 (0.046) 
1996 -1.303 (0.080)  0.150 (0.279)  -0.823 (0.050)  -0.426 (0.064) 
1997 - -  0.359 (0.374)  -0.921 (0.055)  - - 
1998 - -  0.227 (0.339)  -0.661 (0.111)  -0.447 (0.031) 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.651 (0.045)  -0.086 (0.046)  0.174 (0.033)  -0.111 (0.031) 
Chardonnay -0.890 (0.085)  -0.279 (0.111)  -0.187 (0.031)  -0.092 (0.052) 
Pinot Noir - -  -0.143 (0.063)  -0.022 (0.042)  0.204 (0.047) 
Riesling - -  -0.718 (0.180)  -0.377 (0.048)  -0.414 (0.045) 
Botrytis - -  - -  0.035 (0.087)  - - 
Merlot - -  - -  0.458 (0.116)  - - 
Semillon - -  - -  -0.246 (0.083)  - - 
Summary Statistics            

2R , 2R  0.707 0.654  0.396 0.285  0.457 0.398  0.465 0.406 
F- statistic 13.320   3.554   7.810   7.899  
Chi-statistic 63.676   26.253   79.423   109.33  
(N,K) 223 35  200 32  402 40  314 32 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1998Q4-1999Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.490 (0.154)  3.829 (0.272)  4.394 (0.000)  4.010 (0.142) 
Log return 0.049 (0.040)  0.043 (0.037)  0.035 (0.025)  0.031 (0.026) 
Vintage            
1966 0.418 (0.262)  - -  -0.017 (0.025)  - - 
1967 -0.466 (0.230)  - -  0.094 (0.000)  -0.518 (0.174) 
1968 -0.604 (0.230)  - -  -0.716 (0.025)  -0.506 (0.138) 
1969 -0.636 (0.230)  - -  -0.485 (0.095)  - - 
1970 -0.692 (0.231)  - -  -0.455 (0.244)  -0.522 (0.274) 
1971 0.384 (0.231)  0.083 (0.384)  -0.194 (0.169)  -0.077 (0.262) 
1972 -0.746 (0.214)  -0.127 (0.384)  -0.978 (0.080)  -0.563 (0.154) 
1973 -0.702 (0.214)  0.291 (0.333)  -0.580 (0.079)  - - 
1974 -0.349 (0.262)  - -  -0.836 (0.113)  -0.592 (0.138) 
1975 -0.484 (0.214)  - -  -0.656 (0.109)  -0.226 (0.138) 
1976 -0.264 (0.203)  - -  -0.513 (0.092)  -0.035 (0.316) 
1977 -0.428 (0.189)  0.282 (0.384)  -0.898 (0.062)  -0.580 (0.226) 
1978 -0.183 (0.185)  0.515 (0.334)  -0.808 (0.048)  -0.264 (0.162) 
1979 -0.438 (0.185)  0.502 (0.384)  -0.648 (0.105)  -0.406 (0.182) 
1980 -0.242 (0.185)  0.160 (0.386)  -0.645 (0.090)  -0.185 (0.253) 
1981 -0.420 (0.195)  0.060 (0.386)  -0.769 (0.069)  -0.776 (0.169) 
1982 -0.326 (0.181)  0.438 (0.291)  -0.540 (0.111)  -0.074 (0.188) 
1983 -0.391 (0.179)  0.458 (0.335)  -0.761 (0.079)  -0.468 (0.141) 
1984 -0.390 (0.185)  0.275 (0.292)  -0.778 (0.070)  -0.567 (0.184) 
1985 -0.378 (0.174)  0.341 (0.284)  -0.787 (0.053)  -0.524 (0.155) 
1986 -0.073 (0.174)  0.518 (0.282)  -0.504 (0.082)  -0.208 (0.140) 
1987 -0.196 (0.174)  0.289 (0.290)  -0.784 (0.060)  -0.483 (0.151) 
1988 -0.357 (0.173)  0.429 (0.284)  -0.687 (0.053)  -0.425 (0.142) 
1989 -0.446 (0.176)  0.246 (0.282)  -0.734 (0.066)  -0.498 (0.166) 
1990 -0.071 (0.172)  0.587 (0.279)  -0.443 (0.042)  -0.217 (0.141) 
1991 -0.355 (0.171)  0.584 (0.281)  -0.582 (0.041)  -0.359 (0.141) 
1992 -0.426 (0.174)  0.389 (0.280)  -0.757 (0.040)  -0.540 (0.145) 
1993 -0.353 (0.174)  0.360 (0.280)  -0.791 (0.045)  -0.577 (0.142) 
1994 -0.446 (0.179)  0.310 (0.279)  -0.729 (0.051)  -0.563 (0.145) 
1995 -0.573 (0.190)  0.247 (0.281)  -0.812 (0.063)  -0.640 (0.152) 
1996 -0.814 (0.203)  0.125 (0.280)  -0.868 (0.050)  -0.647 (0.153) 
1997 - -  0.137 (0.345)  -0.900 (0.062)  -0.741 (0.149) 
1998 -0.690 (0.344)  0.229 (0.318)  -0.682 (0.090)  -0.609 (0.142) 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.614 (0.045)  -0.057 (0.040)  0.218 (0.032)  -0.101 (0.032) 
Chardonnay -0.789 (0.074)  -0.231 (0.093)  -0.112 (0.035)  0.024 (0.046) 
Pinot Noir - -  -0.145 (0.064)  -0.002 (0.047)  0.299 (0.056) 
Riesling - -  -0.576 (0.175)  -0.366 (0.060)  -0.342 (0.045) 
Botrytis - -  - -  0.048 (0.074)  - - 
Merlot - -  - -  0.523 (0.094)  - - 
Semillon - -  - -  -0.243 (0.084)  - - 
Summary Statistics            

2R , 2R  0.658 0.599  0.338 0.241  0.482 0.425  0.462 0.392 
F- statistic 11.125   3.472   8.419   6.602  
Chi-statistic 46.605   24.800   75.110   72.768  
(N,K) 238 36  235 31  413 42  305 37 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1999Q1-1999Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.560 (0.171)  4.090 (0.289)  4.023 (0.027)  4.188 (0.198) 
Log return -0.031 (0.041)  0.004 (0.040)  -0.015 (0.027)  -0.011 (0.025) 
Vintage            
1966 0.368 (0.269)  - -  0.405 (0.023)  - - 
1967 -0.495 (0.241)  - -  0.167 (0.000)  -0.556 (0.277) 
1968 -0.675 (0.240)  - -  -0.309 (0.027)  -0.759 (0.240) 
1969 -0.605 (0.225)  - -  0.072 (0.030)  - - 
1970 -0.705 (0.241)  - -  0.207 (0.179)  -0.397 (0.277) 
1971 0.510 (0.269)  - -  0.359 (0.142)  -0.527 (0.277) 
1972 -0.696 (0.225)  0.095 (0.405)  -0.425 (0.136)  -0.822 (0.277) 
1973 -0.752 (0.225)  0.029 (0.407)  -0.197 (0.066)  - - 
1974 -0.427 (0.269)  - -  -0.432 (0.116)  -0.779 (0.277) 
1975 -0.535 (0.225)  0.348 (0.405)  -0.255 (0.113)  -0.404 (0.240) 
1976 -0.246 (0.215)  - -  0.017 (0.064)  -0.340 (0.227) 
1977 -0.462 (0.215)  - -  -0.194 (0.057)  -0.781 (0.226) 
1978 -0.342 (0.203)  0.270 (0.331)  -0.283 (0.083)  -0.636 (0.219) 
1979 -0.499 (0.200)  0.306 (0.407)  -0.017 (0.075)  -0.411 (0.240) 
1980 -0.358 (0.203)  - -  -0.427 (0.132)  -0.395 (0.212) 
1981 -0.537 (0.208)  0.047 (0.352)  -0.324 (0.078)  -0.808 (0.241) 
1982 -0.373 (0.197)  0.163 (0.331)  -0.269 (0.119)  -0.316 (0.215) 
1983 -0.423 (0.200)  - -  -0.289 (0.097)  -0.621 (0.210) 
1984 -0.492 (0.208)  -0.054 (0.315)  -0.351 (0.068)  -0.841 (0.216) 
1985 -0.422 (0.197)  0.115 (0.304)  -0.333 (0.059)  -0.756 (0.204) 
1986 -0.095 (0.193)  0.329 (0.302)  -0.126 (0.076)  -0.434 (0.202) 
1987 -0.239 (0.195)  0.052 (0.303)  -0.377 (0.061)  -0.634 (0.202) 
1988 -0.321 (0.191)  0.223 (0.301)  -0.300 (0.046)  -0.528 (0.204) 
1989 -0.487 (0.197)  0.068 (0.302)  -0.350 (0.065)  -0.699 (0.203) 
1990 -0.013 (0.191)  0.487 (0.297)  -0.034 (0.056)  -0.367 (0.200) 
1991 -0.313 (0.190)  0.261 (0.294)  -0.182 (0.049)  -0.493 (0.202) 
1992 -0.532 (0.191)  0.140 (0.295)  -0.330 (0.043)  -0.690 (0.200) 
1993 -0.345 (0.197)  0.075 (0.295)  -0.345 (0.052)  -0.738 (0.200) 
1994 -0.517 (0.191)  0.066 (0.294)  -0.333 (0.050)  -0.696 (0.201) 
1995 -0.534 (0.205)  0.052 (0.295)  -0.393 (0.065)  -0.793 (0.203) 
1996 -0.817 (0.216)  -0.054 (0.293)  -0.475 (0.054)  -0.810 (0.204) 
1997 - -  0.090 (0.335)  -0.430 (0.059)  -0.901 (0.221) 
1998 -0.732 (0.348)  0.009 (0.350)  -0.423 (0.153)  - - 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.601 (0.046)  -0.070 (0.044)  0.195 (0.033)  -0.077 (0.030) 
Chardonnay -0.768 (0.077)  -0.164 (0.096)  -0.126 (0.039)  0.014 (0.053) 
Pinot Noir - -  -0.105 (0.070)  0.039 (0.050)  0.345 (0.063) 
Riesling - -  -0.480 (0.162)  -0.346 (0.067)  -0.223 (0.201) 
Botrytis - -  - -  0.003 (0.088)  - - 
Merlot - -  - -  0.351 (0.044)  - - 
Semillon - -  - -  -0.193 (0.084)  - - 
Summary Statistics            

2R , 2R  0.667 0.603  0.289 0.190  0.455 0.390  0.455 0.390 
F- statistic 10.316   2.931   6.976   6.976  
Chi-statistic 39.043   19.928   61.765   61.765  
(N,K) 216 36  223 28  385 42  385 42 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1999Q2-1999Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.621 (0.204)  3.991 (0.194)  4.206 (0.156)  3.726 (0.044) 
Log return 0.027 (0.041)  0.045 (0.036)  0.022 (0.024)  0.062 (0.028) 
Vintage            
1966 -0.037 (0.263)  - -  0.209 (0.157)  - - 
1967 -0.540 (0.263)  - -  -0.017 (0.156)  - - 
1968 -0.635 (0.263)  - -  -0.249 (0.156)  -0.393 (0.028) 
1969 -0.585 (0.250)  - -  -0.177 (0.156)  - - 
1970 -0.740 (0.263)  - -  -0.275 (0.185)  - - 
1971 0.402 (0.287)  - -  0.036 (0.174)  0.198 (0.000) 
1972 -0.775 (0.249)  0.199 (0.336)  -0.510 (0.202)  -0.280 (0.000) 
1973 -0.740 (0.249)  - -  -0.506 (0.279)  -0.346 (0.000) 
1974 -0.471 (0.287)  0.358 (0.338)  -0.747 (0.213)  - - 
1975 -0.748 (0.249)  0.340 (0.274)  -0.426 (0.224)  0.037 (0.028) 
1976 -0.344 (0.241)  - -  -0.252 (0.183)  0.265 (0.065) 
1977 -0.590 (0.249)  - -  -0.329 (0.164)  -0.353 (0.035) 
1978 -0.442 (0.235)  0.381 (0.238)  -0.437 (0.171)  -0.160 (0.229) 
1979 -0.519 (0.228)  0.296 (0.277)  -0.414 (0.196)  -0.497 (0.406) 
1980 -0.542 (0.228)  - -  -0.658 (0.168)  0.057 (0.199) 
1981 -0.522 (0.249)  0.351 (0.277)  -0.520 (0.179)  -0.115 (0.086) 
1982 -0.362 (0.232)  0.238 (0.237)  -0.410 (0.205)  0.090 (0.135) 
1983 -0.407 (0.237)  0.378 (0.278)  -0.473 (0.184)  0.036 (0.117) 
1984 -0.533 (0.232)  0.220 (0.231)  -0.649 (0.173)  -0.176 (0.079) 
1985 -0.669 (0.226)  0.269 (0.219)  -0.490 (0.169)  -0.255 (0.079) 
1986 -0.116 (0.226)  0.409 (0.213)  -0.281 (0.170)  -0.009 (0.050) 
1987 -0.524 (0.224)  0.252 (0.214)  -0.550 (0.166)  -0.248 (0.053) 
1988 -0.413 (0.222)  0.419 (0.212)  -0.464 (0.163)  -0.093 (0.064) 
1989 -0.537 (0.229)  0.246 (0.216)  -0.474 (0.166)  -0.197 (0.076) 
1990 -0.095 (0.222)  0.530 (0.206)  -0.201 (0.162)  0.040 (0.042) 
1991 -0.383 (0.222)  0.307 (0.202)  -0.379 (0.160)  -0.058 (0.046) 
1992 -0.686 (0.221)  0.250 (0.204)  -0.461 (0.160)  -0.211 (0.046) 
1993 -0.410 (0.229)  0.206 (0.204)  -0.490 (0.161)  -0.281 (0.044) 
1994 -0.515 (0.222)  0.258 (0.202)  -0.502 (0.160)  -0.245 (0.043) 
1995 -0.597 (0.234)  0.169 (0.204)  -0.554 (0.166)  -0.338 (0.049) 
1996 -0.974 (0.243)  0.084 (0.202)  -0.616 (0.164)  -0.300 (0.066) 
1997 - -  0.222 (0.227)  -0.654 (0.167)  -0.518 (0.054) 
1998 - -  0.038 (0.297)  -0.699 (0.188)  -0.852 (0.086) 
1999 - -  - -  - -  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.626 (0.046)  -0.131 (0.042)  0.135 (0.032)  -0.074 (0.035) 
Chardonnay -0.783 (0.095)  -0.074 (0.083)  -0.130 (0.036)  -0.011 (0.049) 
Pinot Noir - -  -0.118 (0.056)  0.013 (0.036)  0.240 (0.048) 
Riesling - -  -0.503 (0.114)  -0.294 (0.048)  -0.538 (0.087) 
Botrytis - -  - -  0.017 (0.087)  - - 
Merlot - -  - -  0.425 (0.051)  - - 
Semillon - -  - -  -0.280 (0.060)  - - 
Summary Statistics            

2R , 2R  0.682 0.617  0.296 0.204  0.430 0.372  0.458 0.390 
F- statistic 10.577   3.210   7.402   6.784  
Chi-statistic 38.876   33.272   80.590   72.068  
(N,K) 203 35  243 29  445 42  299 34 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1999Q3-1999Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.517 (0.181)  3.808 (0.197)  4.428 (0.000)  3.879 (0.226) 
Log return 0.063 (0.042)  0.029 (0.035)  0.044 (0.022)  0.016 (0.025) 
Vintage            
1966 0.107 (0.252)  - -  -0.110 (0.048)  0.146 (0.273) 
1967 -0.132 (0.282)  - -  -0.076 (0.098)  -0.044 (0.315) 
1968 -0.451 (0.236)  - -  -0.448 (0.000)  - - 
1969 -0.510 (0.236)  - -  -0.554 (0.122)  - - 
1970 -0.304 (0.282)  - -  -0.589 (0.123)  -0.302 (0.315) 
1971 0.569 (0.282)  -0.124 (0.340)  -0.228 (0.046)  -0.046 (0.273) 
1972 -0.553 (0.236)  - -  -0.755 (0.086)  -0.378 (0.316) 
1973 -0.535 (0.236)  - -  -0.701 (0.169)  -0.445 (0.316) 
1974 -0.269 (0.282)  0.605 (0.342)  -0.848 (0.189)  - - 
1975 -0.530 (0.236)  0.455 (0.340)  -0.608 (0.165)  - - 
1976 -0.314 (0.218)  - -  -0.579 (0.065)  0.093 (0.258) 
1977 -0.342 (0.218)  - -  -0.524 (0.109)  -0.387 (0.273) 
1978 -0.254 (0.213)  0.560 (0.254)  -0.734 (0.084)  -0.415 (0.257) 
1979 -0.419 (0.219)  0.367 (0.342)  -0.734 (0.067)  -1.104 (0.316) 
1980 -0.408 (0.209)  - -  -0.864 (0.050)  -0.049 (0.244) 
1981 -0.350 (0.253)  0.378 (0.280)  -0.772 (0.093)  -0.353 (0.276) 
1982 -0.293 (0.213)  0.537 (0.232)  -0.453 (0.115)  -0.090 (0.234) 
1983 -0.235 (0.218)  0.579 (0.234)  -0.676 (0.090)  0.092 (0.261) 
1984 -0.380 (0.206)  0.526 (0.224)  -0.877 (0.066)  -0.197 (0.232) 
1985 -0.512 (0.202)  0.482 (0.224)  -0.782 (0.056)  -0.093 (0.234) 
1986 -0.035 (0.204)  0.574 (0.213)  -0.389 (0.079)  -0.014 (0.229) 
1987 -0.409 (0.200)  0.548 (0.216)  -0.706 (0.065)  -0.306 (0.230) 
1988 -0.354 (0.200)  0.572 (0.218)  -0.668 (0.052)  -0.167 (0.230) 
1989 -0.490 (0.204)  0.503 (0.222)  -0.630 (0.055)  -0.260 (0.236) 
1990 -0.003 (0.202)  0.719 (0.206)  -0.407 (0.036)  -0.074 (0.228) 
1991 -0.342 (0.198)  0.612 (0.206)  -0.587 (0.029)  -0.158 (0.227) 
1992 -0.564 (0.198)  0.495 (0.205)  -0.661 (0.045)  -0.293 (0.227) 
1993 -0.482 (0.200)  0.486 (0.206)  -0.704 (0.039)  -0.404 (0.227) 
1994 -0.430 (0.199)  0.468 (0.203)  -0.729 (0.040)  -0.390 (0.227) 
1995 -0.636 (0.207)  0.378 (0.204)  -0.780 (0.049)  -0.454 (0.228) 
1996 -0.708 (0.216)  0.322 (0.204)  -0.856 (0.049)  -0.405 (0.228) 
1997 - -  0.320 (0.213)  -0.899 (0.052)  -0.611 (0.235) 
1998 - -  0.224 (0.248)  -0.876 (0.069)  -0.947 (0.326) 
1999 - -  0.019 (0.284)  -0.936 (0.037)  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.587 (0.047)  -0.150 (0.041)  0.167 (0.030)  -0.067 (0.030) 
Chardonnay -0.702 (0.092)  0.026 (0.070)  -0.118 (0.029)  -0.074 (0.060) 
Pinot Noir - -  -0.097 (0.053)  0.010 (0.038)  0.204 (0.057) 
Riesling - -  -0.489 (0.116)  -0.341 (0.045)  -0.535 (0.083) 
Botrytis - -  - -  -0.029 (0.077)  - - 
Merlot - -  - -  0.430 (0.051)  - - 
Semillon - -  - -  -0.309 (0.063)  - - 
Summary Statistics            

2R , 2R  0.642 0.578  0.302 0.218  0.499 0.452  0.488 0.430 
F- statistic 10.035   3.594   10.429   8.310  
Chi-statistic 39.228   44.853   80.538   41.047  
(N,K) 225 35  271 30  482 43  331 35 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 1999Q4-2000Q1 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.525 (0.168)  4.093 (0.308)  4.484 (0.138)  3.764 (0.159) 
Log return 0.006 (0.039)  0.038 (0.043)  -0.030 (0.023)  -0.035 (0.024) 
Vintage            
1966 0.524 (0.264)  - -  - -  0.539 (0.270) 
1967 -0.077 (0.264)  - -  0.042 (0.218)  0.104 (0.270) 
1968 -0.281 (0.236)  - -  - -  -0.148 (0.270) 
1969 -0.422 (0.221)  - -  -0.723 (0.275)  - - 
1970 -0.194 (0.264)  - -  -0.770 (0.275)  -0.154 (0.270) 
1971 0.563 (0.264)  -0.379 (0.308)  -0.249 (0.182)  -0.043 (0.270) 
1972 -0.530 (0.221)  0.058 (0.308)  -0.752 (0.182)  -0.278 (0.270) 
1973 -0.605 (0.221)  - -  -0.680 (0.174)  - - 
1974 -0.187 (0.264)  - -  -0.650 (0.175)  - - 
1975 -0.360 (0.221)  -0.021 (0.308)  -0.579 (0.175)  - - 
1976 -0.226 (0.221)  0.549 (0.311)  -0.591 (0.277)  0.192 (0.201) 
1977 -0.293 (0.200)  - -  - -  -0.260 (0.201) 
1978 -0.283 (0.204)  0.272 (0.312)  -0.714 (0.165)  -0.294 (0.184) 
1979 -0.350 (0.236)  - -  -0.742 (0.160)  -0.186 (0.201) 
1980 -0.333 (0.200)  0.247 (0.311)  -0.855 (0.160)  0.151 (0.184) 
1981 -0.413 (0.211)  0.157 (0.359)  -0.985 (0.170)  -0.194 (0.220) 
1982 -0.250 (0.200)  0.269 (0.342)  -0.502 (0.154)  -0.011 (0.168) 
1983 -0.287 (0.191)  0.270 (0.321)  -0.600 (0.176)  -0.173 (0.202) 
1984 -0.315 (0.191)  0.189 (0.326)  -0.836 (0.156)  -0.203 (0.172) 
1985 -0.303 (0.191)  0.356 (0.333)  -0.767 (0.155)  -0.041 (0.171) 
1986 -0.036 (0.189)  0.380 (0.335)  -0.353 (0.152)  0.136 (0.164) 
1987 -0.257 (0.187)  0.295 (0.342)  -0.740 (0.151)  -0.126 (0.165) 
1988 -0.311 (0.187)  0.324 (0.334)  -0.631 (0.151)  0.042 (0.165) 
1989 -0.456 (0.191)  0.163 (0.334)  -0.679 (0.152)  -0.249 (0.169) 
1990 0.019 (0.187)  0.461 (0.316)  -0.433 (0.144)  0.122 (0.163) 
1991 -0.252 (0.184)  0.423 (0.315)  -0.571 (0.144)  -0.005 (0.161) 
1992 -0.487 (0.184)  0.200 (0.317)  -0.711 (0.144)  -0.176 (0.162) 
1993 -0.489 (0.184)  0.171 (0.316)  -0.743 (0.144)  -0.248 (0.160) 
1994 -0.436 (0.184)  0.203 (0.315)  -0.720 (0.144)  -0.239 (0.160) 
1995 -0.537 (0.194)  0.084 (0.319)  -0.804 (0.144)  -0.326 (0.162) 
1996 -0.608 (0.201)  0.087 (0.316)  -0.828 (0.144)  -0.263 (0.162) 
1997 - -  0.009 (0.316)  -0.931 (0.150)  -0.401 (0.168) 
1998 - -  0.039 (0.333)  -0.996 (0.186)  - - 
1999 - -  -0.181 (0.315)  -0.910 (0.221)  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.579 (0.044)  -0.116 (0.048)  0.202 (0.027)  -0.084 (0.030) 
Chardonnay -0.768 (0.071)  0.001 (0.094)  -0.202 (0.040)  -0.026 (0.053) 
Pinot Noir - -  -0.095 (0.080)  0.056 (0.070)  0.192 (0.060) 
Riesling - -  -0.559 (0.098)  -0.406 (0.064)  -0.463 (0.105) 
Botrytis - -  - -  -0.009 (0.084)  - - 
Merlot - -  - -  0.477 (0.110)  - - 
Semillon - -  - -  -0.390 (0.058)  - - 
Summary Statistics            

2R , 2R  0.676 0.620  0.307 0.210  0.559 0.516  0.423 0.361 
F- statistic 11.973   3.151   13.044   6.896  
Chi-statistic 45.086   47.492   38.928   46.449  
(N,K) 230 35  244 31  441 40  345 34 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 2000Q1-2000Q2 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.737 (0.173)  4.090 (0.336)  3.479 (0.024)  3.576 (0.209) 
Log return -0.028 (0.045)  0.019 (0.039)  0.018 (0.024)  -0.015 (0.022) 
Vintage            
1966 0.203 (0.250)  - -  0.834 (0.226)  0.450 (0.293) 
1967 -0.307 (0.174)  - -  0.739 (0.154)  0.102 (0.293) 
1968 -0.457 (0.218)  - -  0.332 (0.000)  0.000 (0.292) 
1969 -0.534 (0.184)  - -  0.492 (0.000)  - - 
1970 -0.366 (0.173)  - -  0.756 (0.111)  - - 
1971 0.349 (0.176)  - -  0.719 (0.107)  0.913 (0.293) 
1972 -0.736 (0.204)  0.099 (0.336)  0.206 (0.090)  -0.129 (0.292) 
1973 -0.821 (0.225)  - -  0.368 (0.214)  - - 
1974 -0.407 (0.172)  - -  0.205 (0.126)  - - 
1975 -0.895 (0.371)  0.021 (0.336)  0.357 (0.072)  - - 
1976 -0.212 (0.261)  0.548 (0.338)  -0.080 (0.030)  0.445 (0.239) 
1977 -0.542 (0.178)  - -  0.067 (0.153)  -0.326 (0.239) 
1978 -0.492 (0.230)  0.580 (0.339)  0.339 (0.074)  0.051 (0.227) 
1979 -0.451 (0.209)  0.628 (0.339)  0.272 (0.122)  -0.021 (0.221) 
1980 -0.466 (0.206)  0.234 (0.336)  0.181 (0.141)  0.216 (0.224) 
1981 -0.584 (0.219)  0.378 (0.338)  0.018 (0.122)  -0.005 (0.228) 
1982 -0.405 (0.181)  0.188 (0.341)  0.457 (0.103)  0.275 (0.217) 
1983 -0.523 (0.196)  0.242 (0.340)  0.179 (0.141)  0.046 (0.232) 
1984 -0.521 (0.185)  0.177 (0.355)  0.141 (0.097)  -0.025 (0.218) 
1985 -0.558 (0.184)  0.419 (0.350)  0.269 (0.063)  0.002 (0.219) 
1986 -0.193 (0.195)  0.456 (0.345)  0.613 (0.067)  0.189 (0.213) 
1987 -0.511 (0.186)  0.420 (0.354)  0.209 (0.042)  0.014 (0.214) 
1988 -0.507 (0.197)  0.317 (0.348)  0.380 (0.049)  0.133 (0.213) 
1989 -0.639 (0.183)  0.043 (0.349)  0.203 (0.053)  -0.089 (0.217) 
1990 -0.248 (0.222)  0.393 (0.343)  0.553 (0.047)  0.233 (0.211) 
1991 -0.495 (0.200)  0.343 (0.341)  0.468 (0.038)  0.152 (0.211) 
1992 -0.673 (0.209)  0.207 (0.343)  0.293 (0.041)  -0.086 (0.212) 
1993 -0.682 (0.205)  0.058 (0.342)  0.244 (0.039)  -0.056 (0.210) 
1994 -0.634 (0.208)  0.220 (0.342)  0.299 (0.040)  -0.062 (0.210) 
1995 -0.685 (0.253)  0.100 (0.345)  0.191 (0.057)  -0.164 (0.211) 
1996 -0.910 (0.236)  0.135 (0.343)  0.211 (0.041)  -0.093 (0.211) 
1997 -1.197 (0.449)  0.078 (0.343)  0.092 (0.044)  -0.213 (0.214) 
1998 - -  0.314 (0.354)  0.049 (0.087)  - - 
1999 - -  -0.013 (0.355)  0.121 (0.063)  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.556 (0.055)  -0.074 (0.040)  0.167 (0.030)  -0.079 (0.027) 
Chardonnay -0.811 (0.082)  -0.061 (0.087)  -0.237 (0.041)  -0.068 (0.045) 
Pinot Noir - -  0.032 (0.066)  -0.056 (0.053)  0.238 (0.054) 
Riesling - -  -0.637 (0.116)  -0.446 (0.039)  -0.474 (0.089) 
Botrytis - -  - -  0.054 (0.057)  - - 
Merlot - -  - -  0.467 (0.033)  - - 
Semillon - -  - -  -0.480 (0.037)  - - 
Summary Statistics            

2R , 2R  0.683 0.621  0.302 0.216  0.567 0.524  0.438 0.383 
F- statistic 10.998   3.483   13.034   7.984  
Chi-statistic 66.794   46.614   67.790   42.122  
(N,K) 215 36  272 31  461 43  361 33 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 2000Q2-2000Q3 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.666 (0.152)  4.100 (0.198)  3.818 (0.250)  4.109 (0.231) 
Log return 0.028 (0.044)  0.010 (0.034)  -0.044 (0.024)  -0.046 (0.025) 
Vintage            
1966 0.076 (0.193)  - -  0.492 (0.325)  - - 
1967 -0.408 (0.159)  - -  0.393 (0.269)  -0.522 (0.239) 
1968 -0.600 (0.151)  - -  -0.015 (0.392)  - - 
1969 -0.517 (0.151)  - -  0.005 (0.281)  - - 
1970 -0.356 (0.156)  - -  0.326 (0.332)  -0.261 (0.231) 
1971 0.055 (0.430)  - -  0.354 (0.260)  -0.075 (0.308) 
1972 -0.606 (0.151)  - -  -0.352 (0.273)  -0.541 (0.231) 
1973 -0.541 (0.150)  - -  0.033 (0.280)  -0.736 (0.231) 
1974 -0.403 (0.153)  0.007 (0.345)  -0.085 (0.280)  -0.797 (0.231) 
1975 -0.851 (0.348)  - -  -0.087 (0.306)  -0.839 (0.231) 
1976 -0.023 (0.244)  - -  0.012 (0.317)  -0.096 (0.237) 
1977 -0.382 (0.214)  0.018 (0.346)  -0.163 (0.282)  -0.607 (0.336) 
1978 -0.321 (0.159)  0.312 (0.282)  0.069 (0.286)  -0.691 (0.305) 
1979 -0.542 (0.172)  0.255 (0.258)  -0.005 (0.268)  -0.526 (0.256) 
1980 -0.362 (0.163)  0.051 (0.243)  -0.051 (0.263)  -0.498 (0.250) 
1981 -0.447 (0.176)  0.312 (0.345)  -0.066 (0.261)  -0.652 (0.248) 
1982 -0.414 (0.166)  0.321 (0.236)  0.110 (0.268)  -0.233 (0.242) 
1983 -0.497 (0.171)  -0.069 (0.243)  -0.162 (0.274)  -0.544 (0.283) 
1984 -0.556 (0.161)  0.139 (0.218)  -0.057 (0.272)  -0.541 (0.246) 
1985 -0.523 (0.160)  0.431 (0.222)  -0.055 (0.256)  -0.520 (0.238) 
1986 -0.068 (0.163)  0.455 (0.223)  0.312 (0.256)  -0.330 (0.235) 
1987 -0.430 (0.179)  0.410 (0.222)  -0.030 (0.254)  -0.584 (0.242) 
1988 -0.460 (0.176)  0.324 (0.219)  0.047 (0.254)  -0.408 (0.234) 
1989 -0.593 (0.160)  0.100 (0.214)  -0.107 (0.255)  -0.580 (0.250) 
1990 -0.193 (0.200)  0.455 (0.208)  0.228 (0.254)  -0.291 (0.234) 
1991 -0.500 (0.179)  0.329 (0.207)  0.150 (0.253)  -0.383 (0.235) 
1992 -0.642 (0.187)  0.272 (0.208)  0.029 (0.252)  -0.597 (0.234) 
1993 -0.668 (0.179)  0.091 (0.207)  -0.065 (0.252)  -0.615 (0.233) 
1994 -0.578 (0.177)  0.213 (0.205)  0.009 (0.253)  -0.606 (0.232) 
1995 -0.632 (0.223)  0.090 (0.206)  -0.131 (0.255)  -0.713 (0.235) 
1996 -0.761 (0.215)  0.123 (0.206)  -0.076 (0.253)  -0.608 (0.233) 
1997 -1.081 (0.253)  0.151 (0.207)  -0.177 (0.252)  -0.811 (0.235) 
1998 - -  0.268 (0.218)  -0.247 (0.262)  -0.903 (0.233) 
1999 - -  0.089 (0.327)  -0.112 (0.256)  - - 
2000 - -  - -  - -  - - 
Grape Variety            
Cabernet -0.557 (0.050)  -0.092 (0.040)  0.099 (0.031)  -0.089 (0.029) 
Chardonnay -0.801 (0.096)  -0.054 (0.069)  -0.190 (0.033)  -0.050 (0.049) 
Pinot Noir - -  0.061 (0.048)  -0.165 (0.051)  0.316 (0.045) 
Riesling - -  -0.717 (0.170)  -0.425 (0.048)  -0.473 (0.059) 
Botrytis - -  - -  0.054 (0.061)  - - 
Merlot - -  - -  0.431 (0.034)  - - 
Semillon - -  - -  -0.486 (0.039)  - - 
Summary Statistics            

2R , 2R  0.670 0.609  0.291 0.212  0.458 0.406  0.462 0.407 
F- statistic 10.909   3.698   8.783   8.399  
Chi-statistic 60.527   42.675   86.785   77.881  
(N,K) 224 36  291 30  479 43  378 37 
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TABLE A5.1 (CONTINUED) 

HEDONIC PRICE EQUATION ESTIMATION RESULTS:  
INDIVIDUAL WINE ASSETS 

Period 2000Q3-2000Q4 

Exceptional  Outstanding  Excellent  Distinguished Coefficient 

Est. S.E.  Est. S.E.  Est. S.E.  Est. S.E. 

Intercept 5.550 (0.138)  4.522 (0.000)  4.039 (0.045)  4.183 (0.192) 
log return 0.047 (0.036)  -0.001 (0.040)  -0.033 (0.025)  0.021 (0.016) 
Vintage            
1966 0.136 (0.192)  - -  0.545 (0.089)  - - 
1967 -0.244 (0.207)  - -  0.364 (0.071)  -0.722 (0.191) 
1968 -0.415 (0.236)  - -  -0.210 (0.304)  -0.660 (0.207) 
1969 -0.437 (0.192)  - -  -0.428 (0.045)  - - 
1970 -0.291 (0.236)  - -  0.005 (0.227)  -0.375 (0.191) 
1971 0.205 (0.208)  - -  0.143 (0.065)  -0.418 (0.192) 
1972 -0.601 (0.193)  - -  -0.643 (0.076)  -0.655 (0.191) 
1973 -0.506 (0.193)  - -  -0.322 (0.151)  -0.923 (0.195) 
1974 -0.324 (0.236)  -0.358 (0.058)  -0.319 (0.154)  -0.965 (0.193) 
1975 -0.433 (0.208)  - -  -0.393 (0.162)  -0.886 (0.192) 
1976 0.289 (0.175)  -0.031 (0.058)  0.011 (0.153)  -0.196 (0.191) 
1977 -0.309 (0.166)  -0.401 (0.068)  -0.347 (0.134)  -0.680 (0.208) 
1978 -0.139 (0.192)  -0.207 (0.139)  -0.238 (0.192)  -0.929 (0.212) 
1979 -0.331 (0.170)  -0.367 (0.151)  -0.453 (0.116)  -0.670 (0.206) 
1980 -0.276 (0.175)  -0.465 (0.068)  -0.316 (0.116)  -0.670 (0.202) 
1981 -0.341 (0.182)  -0.471 (0.305)  -0.245 (0.074)  -0.765 (0.204) 
1982 -0.269 (0.166)  -0.057 (0.143)  -0.141 (0.106)  -0.420 (0.197) 
1983 -0.315 (0.161)  -0.528 (0.139)  -0.498 (0.107)  -0.742 (0.202) 
1984 -0.415 (0.160)  -0.358 (0.155)  -0.343 (0.107)  -0.660 (0.203) 
1985 -0.376 (0.163)  -0.126 (0.115)  -0.301 (0.074)  -0.618 (0.195) 
1986 0.083 (0.166)  0.003 (0.089)  0.041 (0.068)  -0.385 (0.193) 
1987 -0.289 (0.158)  -0.026 (0.123)  -0.359 (0.073)  -0.684 (0.201) 
1988 -0.246 (0.163)  -0.114 (0.082)  -0.202 (0.068)  -0.464 (0.194) 
1989 -0.536 (0.158)  -0.187 (0.090)  -0.397 (0.074)  -0.735 (0.199) 
1990 0.011 (0.155)  0.120 (0.073)  0.006 (0.063)  -0.436 (0.194) 
1991 -0.265 (0.155)  -0.024 (0.071)  -0.150 (0.059)  -0.480 (0.193) 
1992 -0.442 (0.157)  -0.142 (0.088)  -0.239 (0.062)  -0.663 (0.193) 
1993 -0.468 (0.155)  -0.196 (0.076)  -0.290 (0.057)  -0.725 (0.193) 
1994 -0.345 (0.155)  -0.194 (0.065)  -0.203 (0.067)  -0.704 (0.192) 
1995 -0.370 (0.164)  -0.395 (0.063)  -0.319 (0.072)  -0.792 (0.194) 
1996 -0.501 (0.171)  -0.255 (0.075)  -0.264 (0.060)  -0.718 (0.192) 
1997 -0.855 (0.176)  -0.246 (0.092)  -0.432 (0.068)  -0.964 (0.195) 
1998 -0.991 (0.304)  -0.203 (0.107)  -0.468 (0.083)  -0.975 (0.197) 
1999 - -  -0.422 (0.076)  -0.411 (0.077)  - - 
2000 - -  -0.524 (0.106)  - -  - - 
Grape Variety            
Cabernet -0.599 (0.040)  -0.095 (0.042)  0.066 (0.033)  -0.094 (0.020) 
Chardonnay -0.887 (0.069)  0.004 (0.107)  -0.195 (0.040)  -0.005 (0.027) 
Pinot Noir - -  0.038 (0.061)  -0.267 (0.071)  0.256 (0.039) 
Riesling - -  -0.665 (0.096)  -0.451 (0.060)  -0.407 (0.050) 
Botrytis - -  - -  0.047 (0.080)  - - 
Merlot - -  - -  0.379 (0.043)  - - 
Semillon - -  - -  -0.473 (0.048)  - - 
Summary Statistics            

2R , 2R  0.729 0.679  0.334 0.246  0.471 0.418  0.414 0.388 
F- statistic 14.698   3.814   8.848   15.979  
Chi-statistic 46.059   47.760   79.814   116.65  
(N,K) 234 38  268 32  460 43  385 37 
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APPENDIX 5.2 

SUFFICIENT CONDITIONS FOR AN EQUALLY WEIGHTED PORTFOLIO TO BE OPTIMAL   

 
 
 In the analysis presented in Chapter 5, for the conditional within wine asset 

allocation decision, after transaction costs, the equally weighted portfolio was shown to 

be the best performing portfolio. For the unconditional shares, bonds, and wine asset 

allocation decision, even before transaction costs were considered the equally weighted 

portfolio was shown to be the best performing portfolio. The following appendix 

outlines the theoretical conditions sufficient for an equally weighted portfolio to be 

optimal.  

 

 Assume, for a moment, it is known in advance the non-negativity constraints in 

the mean-variance constrained optimisation problem shown at (5.5) in the text are non-

binding. Then, as shown in Press (1972, pp. 350-354), by using the Lagrangian 

multiplier technique, it is possible, under certain conditions, to derive algebraic 

solutions to the problem. The discussion in Press (1972) covers very general 

frameworks. The derivations shown in this appendix relate only to the framework used 

in Chapter 5. 

 

 Let w  denote an N×1 vector of portfolio weights, Ω  an N×N covariance 

matrix, and e  an N×1 vector of ones. The constrained portfolio optimisation problem 

can then be written as shown at equation (A5.3).  

min. 
s.t. 1

′
′ =
w Ωw

w e
       (A5.3) 

Using λ  to denote the Lagrangian multiplier, the Lagrangian function is then  

[ ]1 ,L λ′ ′= − −w Ωw w e      (A5.4) 

with first order conditions  

2 0,L λ∂
= − =

∂
Ωw e

w
        

  so that 2 ,λ=Ωw e       (A5.5) 

and 1 0,L
λ
∂ ′= − =
∂

w e         

so that 1.′ =w e       (A5.6) 

Solving (A5.5) yields 
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11 .
2
λ −=w Ω e         (A5.7) 

In view of (A5.6), ( ) 11 1 2 ,λ −′= eΩ e  or 12 ,λ −′= eΩ e  and so (A5.7) becomes 

       
1

*
1 .

−

−=
′
Ω ew

eΩ e
       (A5.8) 

As 
2

,L∂
=
′∂ ∂

Ω
w w

 as long as the covariance matrix is positive definite, *w  represents a 

minimum. Before equation (A5.8) can be solved it is necessary to briefly introduce the 

properties of certain types of matrices.  

 

 Let the ( ), thi j  element of the covariance matrix Ω  be .ijω  The variance of 

returns to asset i, is then ,iiω  the covariance between returns to asset i and asset j is ,ijω  

and ,ij ij ii jjρ ω ω ω=  is the corresponding correlation coefficient. Now consider the 

special case in which the variances of the N assets are identical, so that 2.iiω σ=  

Furthermore, if each correlation coefficient is the same, so that for ,i j≠  ,ijρ ρ=  then 

the N×N covariance matrix takes the form: 

[ ]2 2

1
(1 ) ,

1
σ σ ρ ρ

ρ

ρ

⎛ ⎞
⎜ ⎟ ′= = − +⎜ ⎟
⎜ ⎟
⎝ ⎠

Ω I ee      (A5.9) 

which could be described as “equi-correlation”. As Ω  follows the intraclass correlation 

matrix pattern, as shown in Press (1972, p. 14, 23, 352), provided the correlation 

coefficient is restricted to 1 1
1N

ρ− < <
−

 to ensure the matrix is positive definite, 

( ) ( ) ( )
1

2 2 .
1 1 1 1N

ρ
σ ρ σ ρ ρ

− ′
= −

− − + −⎡ ⎤⎣ ⎦

I eeΩ    (A5.10) 

 

Given (A5.10), and using the properties =Ie e  and ,Nρ ρ′ =ee e e  as shown at (A5.11), 

it is possible to find 1 ,−Ω e  the numerator in (A5.8), 

( )
1

2 .
1 1Nσ ρ

− =
+ −⎡ ⎤⎣ ⎦

eΩ e      (A5.11) 

Given (A5.11), as shown at (A5.12), it is possible to find 1 ,−′eΩ e  the denominator in 

(A5.8),        
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( )
1

2 .
1 1

N
Nσ ρ

−′ =
+ −⎡ ⎤⎣ ⎦

eΩ e      (A5.12) 

Then, by substituting (A5.11) and (A5.12) into (A5.8), as shown at (A5.13), it is 

possible to derive an expression for the optimal weight vector, 

* 1 .
N

=w e        (A5.13) 

 So, when the variance of each asset is the same, and the covariance of each asset 

pair is the same, the solution to the constrained optimisation problem is to invest 1
N

 in 

each asset. The optimal portfolio is, therefore, an equally weighted portfolio.  

 

 An interesting final note concerns the range of values ρ  can take. In the above 

example, to ensure the matrix shown at (A5.9) is positive definite, ρ  is restricted to 

1 1.
1N

ρ− < <
−

 The general solution for equi-correlation therefore also encompasses 

the specific situation where asset variances are the same, and asset covariances are zero. 

If ρ  equals zero, and asset variances are all the same, 2 ,σ=Ω I  which follows the 

intraclass correlation matrix pattern. As such, the properties shown at (A5.9) and 

(A5.10) hold, and 1
2 ,

σ
− =

eΩ e  1
2 ,N

σ
−′ =eΩ e  and so, * 1 .

N
=w e  As such, when asset 

variances are the same, and asset returns are independent, the optimal solution is to 

invest an equal amount in each asset. 
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APPENDIX 5.3 

DETAILED PORTFOLIO RETURN INFORMATION 

 
 
 The following tables provide details on the quarter-by-quarter return information 

for the different investment portfolios discussed in the text. Each table in this appendix 

relates to a summary table appearing in the text, and in some cases also to a set of 

summary figures. The ordering of the tables in this appendix follows the order in which 

the summary tables appear in the text. Specifically, the details in Table A5.2 relate to 

the summary conditional within wine return information shown in the text at Table 5.3 

and Figure 5.4. The quarter-by-quarter return information shown in Table A5.3 relates 

to the summary unconditional shares, bonds, and wine return information shown in the 

text at Table 5.7 and Figure 5.10. The final two tables in the appendix, Tables A5.4 and 

A5.5, relate to, respectively, the summary sensitivity analysis information shown in the 

text at Tables 5.9 and 5.10. 

 

 As the tables in this appendix are designed to reflect exactly the structure of the 

summary tables presented in the text, there is some overlap in the information provided 

in each table. For example, with respect to the conditional within wine analysis, both 

Table A5.2 and Table A5.4 contain quarterly return information on the quarterly 

rebalanced mean-variance optimised portfolio. Although in Table A5.4 this portfolio is 

referred to as the standard portfolio. The particulars of each portfolio referred to in the 

tables were explained in detail in the text, and so are not repeated here.  

 

Each panel of each table in this appendix contains much information. The first 

column in each panel gives the time period, which in the case of this study runs from 

1997Q3 to 2000Q4. The second column provides information identifying which 

portfolio the quarterly return information concerns. For example, the first row of the 

1997Q3 panel of Table A5.2 indicates that the remaining financial information in that 

row relates to the conditional equally weighted portfolio. The next set of columns 

provide details on both the asset weights used for each portfolio, and the actual 

individual asset returns. For example, the second last row of the first panel of Table 

A5.2 indicates that in 1997Q3 the asset weights for the conditional quarterly rebalanced 

mean-variance optimised portfolio were: Exceptional wine .4217, Outstanding wine 

.2322, Excellent wine .0000, and Distinguished wine .3461. Similarly, the second last 

row of the first panel of Table A5.3 indicates that in 1997Q3 the asset weights for the 
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unconditional quarterly rebalanced mean-variance optimised portfolio were: shares 

.1075, bonds .6960, and wine .1965. The last row of each panel provides details on the 

individual assets returns for the quarter. So, by considering the last row of the 1997Q3 

panel in Table A5.2, it can be seen that the actual returns for the different wine assets in 

1997Q3 were: Exceptional wine 1.021 percent, Outstanding wine -5.423 percent, 

Excellent wine .879 percent, and Distinguished wine -.658 percent. Similarly, by 

considering the last row of the 1997Q3 panel in Table A5.3, it can be seen that the 

returns for the different assets in 1997Q3 were: shares 2.397 percent, bonds 6.770 

percent, and wine -1.045 percent.  

 

 The final three columns in each table describe the actual investment 

performance of the different portfolios each quarter. The first of these last three columns 

provides details on the quarterly return to each portfolio. The return to portfolio k, at 

time t, is found as 
1

,N
kt it kiti

R r w
=

= ∑  where itr  is the return to asset i at time t, itkw  is the 

proportion of portfolio k invested in asset i at time t, and 
1

1N
itki

w
=

=∑  for all t and all k. 

So, for each quarter, the entry in the portfolio return column is found by combining the 

portfolio weight information and the asset return information. For example, for the 

conditional quarterly rebalanced mean-variance optimised portfolio, the return in 

1997Q3 is found as: ( ).4217 1.021×  +  ( ).2322 5.423× −  +  ( ).0000 .879×  +  

( ).3461 .658× − =  1.056−  percent.  Which, as can be seen by looking at the quarterly 

rebalanced row of the 1997Q3 panel of Table A5.2, is the value recorded in the 

portfolio return column. Similarly, the return to the unconditional quarterly rebalanced 

mean-variance optimised portfolio in 1997Q3 is found as: ( ).1075 2.397×  +  

( ).6960 6.770×  +  ( ).1965 1.045× −  4.764 percent.=  And, as can be seen by 

considering the quarterly rebalanced row of the 1997Q3 panel of Table A5.3, this is the 

value recorded in the portfolio return column.  

 

Each quarter it is assumed exactly $1,000 is invested in each portfolio. At the 

end of each quarter, if the return to the $1,000 investment has been positive, the dollar 

amount above the initial $1,000 investment is transferred out of the investment 

portfolio, and deposited into a separate bank account. If, on the other hand, the return to 

the $1,000 investment has been negative, a dollar amount equal to the loss on the 

portfolio is withdrawn from the separate bank account and used to replenish the 
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investment portfolio. Such a process ensures, each quarter, the amount invested in each 

portfolio is exactly $1,000. The deposit or withdrawal column records the transfer to or 

from the separate bank account each quarter. For example, as the conditional quarterly 

rebalanced mean-variance optimised portfolio returned -1.056 percent in 1997Q3, the 

loss in quarter 1997Q3 on a $1,000 investment is $10.56. As such, at the end of the 

quarter, $10.56 is withdrawn from the separate bank account associated with the 

conditional quarterly rebalanced mean-variance optimised portfolio, and transferred to 

the investment portfolio. Similarly, as the return to the unconditional quarterly 

rebalanced mean-variance optimised portfolio in 1997Q3 was 4.764 percent, at the end 

of the quarter, $47.64 is withdrawn from the investment portfolio and deposited into the 

separate bank account associated with the unconditional quarterly rebalanced mean-

variance optimised portfolio. 

 

The final column in each table gives the cumulative separate bank account 

balance information for each portfolio. Specifically, the cumulative bank account 

balance for portfolio k at time t is given by ( )1
$1,000.T

ktt
R

=
×∑  The information shown 

in each table has been rounded to the nearest cent, and as such, there may be minor 

rounding discrepancies in the values reported in this column. As the sample period is 

1997Q3 to 2000Q4, by considering ( )2000 4

1997 3
$1,000,Q

ktt Q
R

=
×∑  that is, the information 

contained in the last column of the last panel of each table, it is possible to identify the 

best performing portfolios.  

 

By considering the return information in the last panel of Tables A5.2 and A5.4, 

it is possible to see that, for the conditional analysis, the standard quarterly rebalanced 

mean-variance optimised portfolio performs relatively well. Although, when the return 

information contained in 1992Q4 is excluded from the sample, the cumulative 

investment return increases slightly. Specifically, the cumulative bank account balance 

at 2000Q4 for the standard quarterly rebalanced mean-variance optimised portfolio was 

$267.43. While for the quarterly rebalanced mean-variance optimised portfolio 

excluding the return information for 1992Q4, the cumulative bank account balance at 

2000Q4 was, $269.95. However, as noted in the text, once transaction costs are 

considered, the best performing portfolio was the equally weighted wine portfolio. 

Surprisingly, for the conditional analysis, the portfolios using the Jorion (1985) Bayes-

Stein estimator of returns do not perform well. 
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The performance of the different unconditional investment portfolios can be 

seen by considering the return information in the last panel of Tables A5.3 and A5.5. 

The results for the unconditional analysis are most striking. Regardless of the choice 

made with respect to the estimator of expected returns, the best performing portfolio for 

the sample period, with a cumulative bank account balance at 2000Q4 of $250.79, was 

the equally weighted portfolio. The next best performing portfolio, with a cumulative 

bank account balance at 2000Q4 of $237.46, was the Bayes-Stein quarterly rebalanced 

mean-variance optimised portfolio.  
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TABLE A5.2 
QUARTERLY PORTFOLIO PERFORMANCE: WINE ONLY  

Asset Weights and Asset Return 
Period  Portfolio Asset 

One  
Asset 
Two 

Asset 
Three 

Asset 
Four 

 
Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

1997Q3  Benchmark (equally weighted) .2500 .2500 .2500 .2500  -1.045 -10.45 -10.45 

  Fixed Weight .4217 .2322 .0000 .3461  -1.056 -10.56 -10.56 

  Weights Updated Annually .4217 .2322 .0000 .3461  -1.056 -10.56 -10.56 

  Weights Updated Quarterly .4217 .2322 .0000 .3461  -1.056 -10.56 -10.56 

  Asset Returns (percent) 1.021 -5.423 0.879 -0.658     

     

1997Q4  Benchmark (equally weighted) .2500 .2500 .2500 .2500  10.658 106.58 96.13 

  Fixed Weight .4217 .2322 .0000 .3461  11.302 113.02 102.46 

  Weights Updated Annually .4217 .2322 .0000 .3461  11.302 113.02 102.46 

  Weights Updated Quarterly .4201 .1678 .0000 .4121  10.523 105.23 94.66 

  Asset Returns (percent) 8.657 20.467 5.133 8.375     

     

1998Q1  Benchmark (equally weighted) .2500 .2500 .2500 .2500  6.080 60.80 156.92 

  Fixed Weight .4217 .2322 .0000 .3461  5.665 56.65 159.11 

  Weights Updated Annually .4217 .2322 .0000 .3461  5.665 56.65 159.11 

  Weights Updated Quarterly .4546 .2404 .0000 .3050  5.604 56.04 150.70 

  Asset Returns (percent) 3.999 7.815 6.253 6.253     

     

1998Q2  Benchmark (equally weighted) .2500 .2500 .2500 .2500  1.458 14.58 171.50 

  Fixed Weight .4217 .2322 .0000 .3461  .555 5.55 164.65 

  Weights Updated Annually .4217 .2322 .0000 .3461  .555 5.55 164.65 

  Weights Updated Quarterly .5409 .3131 .0000 .1460  .271 2.71 153.40 

  Asset Returns (percent) 0.832 -1.234 4.816 1.417     

     

1998Q3  Benchmark (equally weighted) .2500 .2500 .2500 .2500  2.001 20.01 191.51 

  Fixed Weight .4217 .2322 .0000 .3461  1.730 17.30 181.95 

  Weights Updated Annually .5699 .1648 .0000 .2653  1.924 19.24 183.89 

  Weights Updated Quarterly .5699 .1648 .0000 .2653  1.924 19.24 172.64 

  Asset Returns (percent) 2.482 1.098 3.185 1.238     

     
 

(continued next page)
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TABLE A5.2 (CONTINUED) 

QUARTERLY PORTFOLIO PERFORMANCE: WINE ONLY  

Asset Weights and Asset Return 
Period  Portfolio 

Asset 
One  

Asset 
Two 

Asset 
Three 

Asset 
Four 

 
Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

1998Q4  Benchmark (equally weighted) .2500 .2500 .2500 .2500  -4.496 -44.96 146.55 

  Fixed Weight .4217 .2322 .0000 .3461  -4.418 -44.18 137.78 

  Weights Updated Annually .5699 .1648 .0000 .2653  -4.314 -43.14 140.76 

  Weights Updated Quarterly .5547 .1785 .0000 .2669  -4.341 -43.41 129.24 

  Asset Returns (percent) -4.087 -6.118 -4.102 -3.680     

     

1999Q1  Benchmark (equally weighted) .2500 .2500 .2500 .2500  4.042 40.42 186.96 

  Fixed Weight .4217 .2322 .0000 .3461  4.234 42.34 180.12 

  Weights Updated Annually .5699 .1648 .0000 .2653  4.433 44.33 185.09 

  Weights Updated Quarterly .5162 .1756 .0000 .3083  4.344 43.44 172.67 

  Asset Returns (percent) 5.050 4.407 3.585 3.124     

     

1999Q2  Benchmark (equally weighted) .2500 .2500 .2500 .2500  -1.318 -13.18 173.78 

  Fixed Weight .4217 .2322 .0000 .3461  -1.581 -15.81 164.32 

  Weights Updated Annually .5699 .1648 .0000 .2653  -1.971 -19.71 165.38 

  Weights Updated Quarterly .4782 .1623 .0000 .3595  -1.796 -17.96 154.71 

  Asset Returns (percent) -3.056 0.401 -1.506 -1.112     

     

1999Q3  Benchmark (equally weighted) .2500 .2500 .2500 .2500  3.998 39.98 213.76 

  Fixed Weight .4217 .2322 .0000 .3461  4.433 44.33 208.65 

  Weights Updated Annually .5028 .1729 .0000 .3243  4.243 42.43 207.82 

  Weights Updated Quarterly .5028 .1729 .0000 .3243  4.243 42.43 197.14 

  Asset Returns (percent) 2.729 4.586 2.269 6.409     

     

1999Q4  Benchmark (equally weighted) .2500 .2500 .2500 .2500  3.898 38.98 252.74 

  Fixed Weight .4217 .2322 .0000 .3461  3.984 39.84 248.50 

  Weights Updated Annually .5028 .1729 .0000 .3243  4.297 42.97 250.78 

  Weights Updated Quarterly .5855 .2881 .0000 .1264  4.845 48.45 245.59 

  Asset Returns (percent) 6.460 2.963 4.517 1.654     

     
 

(continued next page)
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TABLE A5.2 (CONTINUED) 

QUARTERLY PORTFOLIO PERFORMANCE: WINE ONLY  

Asset Weights and Asset Return 
Period  Portfolio 

Asset 
One  

Asset 
Two 

Asset 
Three 

Asset 
Four 

 
Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

2000Q1  Benchmark (equally weighted) .2500 .2500 .2500 .2500  -.475 -4.75 247.99 

  Fixed Weight .4217 .2322 .0000 .3461  -.022 -.22 248.27 

  Weights Updated Annually .5028 .1729 .0000 .3243  -.129 -1.29 249.49 

  Weights Updated Quarterly .5842 .2867 .0000 .1290  1.042 10.42 256.01 

  Asset Returns (percent) 0.624 3.918 -2.990 -3.454     

     

2000Q2  Benchmark (equally weighted) .2500 .2500 .2500 .2500  -.128 -1.28 246.71 

  Fixed Weight .4217 .2322 .0000 .3461  -1.231 -12.31 235.97 

  Weights Updated Annually .5028 .1729 .0000 .3243  -1.539 -15.39 234.10 

  Weights Updated Quarterly .4954 .3781 .0000 .1265  -.837 -8.37 247.64 

  Asset Returns (percent) -2.788 1.925 1.802 -1.452     

     

2000Q3  Benchmark (equally weighted) .2500 .2500 .2500 .2500  -1.257 -12.57 234.14 

  Fixed Weight .4217 .2322 .0000 .3461  -.139 -1.39 234.57 

  Weights Updated Annually .2463 .4383 .0000 .3154  -.292 -2.92 231.18 

  Weights Updated Quarterly .2463 .4383 .0000 .3154  -.292 -2.92 244.73 

  Asset Returns (percent) 2.810 0.984 -4.336 -4.487     

     

2000Q4  Benchmark (equally weighted) .2500 .2500 .2500 .2500  .911 9.11 243.24 

  Fixed Weight .4217 .2322 .0000 .3461  2.743 27.43 262.00 

  Weights Updated Annually .2463 .4383 .0000 .3154  1.824 18.24 249.42 

  Weights Updated Quarterly .3999 .4185 .0000 .1816  2.271 22.71 267.43 

  Asset Returns (percent) 4.777 -0.075 -3.215 2.155     
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TABLE A5.3 
QUARTERLY PORTFOLIO PERFORMANCE: SHARES, BONDS, AND WINE  

Asset Weights and Asset Return 
Period  Portfolio 

Shares Bonds Wine 
 

Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

1997Q3  Benchmark (equally weighted) .3333 .3333 .3333  2.707 27.07 27.07 

  Fixed Weight .1075 .6960 .1965  4.764 47.64 47.64 

  Weights Updated Annually .1075 .6960 .1965  4.764 47.64 47.64 

  Weights Updated Quarterly .1075 .6960 .1965  4.764 47.64 47.64 

  Asset Returns (percent) 2.397 6.770 -1.045     

     

1997Q4  Benchmark (equally weighted) .3333 .3333 .3333  3.621 36.21 63.28 

  Fixed Weight .1075 .6960 .1965  4.835 48.35 95.99 

  Weights Updated Annually .1075 .6960 .1965  4.835 48.35 95.99 

  Weights Updated Quarterly .1134 .6972 .1894  4.739 47.39 95.03 

  Asset Returns (percent) -4.415 4.620 10.658     

     

1998Q1  Benchmark (equally weighted) .3333 .3333 .3333  4.259 42.59 105.87 

  Fixed Weight .1075 .6960 .1965  2.394 23.94 119.93 

  Weights Updated Annually .1075 .6960 .1965  2.394 23.94 119.93 

  Weights Updated Quarterly .1122 .6899 .1980  2.425 24.25 119.28 

  Asset Returns (percent) 5.884 0.813 6.080     

     

1998Q2  Benchmark (equally weighted) .3333 .3333 .3333  .703 7.03 112.91 

  Fixed Weight .1075 .6960 .1965  1.873 18.73 138.65 

  Weights Updated Annually .1075 .6960 .1965  1.873 18.73 138.65 

  Weights Updated Quarterly .1462 .6598 .1941  1.701 17.01 136.29 

  Asset Returns (percent) -1.924 2.576 1.458     

     

1998Q3  Benchmark (equally weighted) .3333 .3333 .3333  .338 3.38 116.28 

  Fixed Weight .1075 .6960 .1965  .907 9.07 147.73 

  Weights Updated Annually .1614 .6419 .1967  .741 7.41 146.06 

  Weights Updated Quarterly .1614 .6419 .1967  .741 7.41 143.70 

  Asset Returns (percent) -2.042 1.054 2.001     

     
 

(continued next page)
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TABLE A5.3 (CONTINUED) 

QUARTERLY PORTFOLIO PERFORMANCE: SHARES, BONDS, AND WINE  

Asset Weights and Asset Return 
Period  Portfolio 

Shares Bonds Wine 
 

Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

1998Q4  Benchmark (equally weighted) .3333 .3333 .3333  2.830 28.30 144.59 

  Fixed Weight .1075 .6960 .1965  2.425 24.25 171.97 

  Weights Updated Annually .1614 .6419 .1967  2.773 27.73 173.79 

  Weights Updated Quarterly .1658 .6537 .1804  2.928 29.28 172.98 

  Asset Returns (percent) 9.738 3.250 -4.496     

     

1999Q1  Benchmark (equally weighted) .3333 .3333 .3333  3.614 36.14 180.73 

  Fixed Weight .1075 .6960 .1965  1.743 17.43 189.40 

  Weights Updated Annually .1614 .6419 .1967  2.070 20.70 194.49 

  Weights Updated Quarterly .1804 .6500 .1696  2.085 20.85 193.83 

  Asset Returns (percent) 6.431 0.369 4.042     

     

1999Q2  Benchmark (equally weighted) .3333 .3333 .3333  -.455 -4.55 176.18 

  Fixed Weight .1075 .6960 .1965  -.769 -7.69 181.71 

  Weights Updated Annually .1614 .6419 .1967  -.679 -6.79 187.70 

  Weights Updated Quarterly .1932 .6304 .1765  -.617 -6.17 187.67 

  Asset Returns (percent) 0.813 -0.858 -1.318     

     

1999Q3  Benchmark (equally weighted) .3333 .3333 .3333  .067 .67 176.85 

  Fixed Weight .1075 .6960 .1965  -.703 -7.03 174.68 

  Weights Updated Annually .2017 .6285 .1697  -.871 -8.71 178.99 

  Weights Updated Quarterly .2017 .6285 .1697  -.871 -8.71 178.96 

  Asset Returns (percent) -1.962 -1.836 3.998     

     

1999Q4  Benchmark (equally weighted) .3333 .3333 .3333  4.939 49.39 226.24 

  Fixed Weight .1075 .6960 .1965  2.264 22.64 197.32 

  Weights Updated Annually .2017 .6285 .1697  3.100 31.00 209.98 

  Weights Updated Quarterly .2100 .5832 .2068  3.305 33.05 212.00 

  Asset Returns (percent) 10.369 0.551 3.898     
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TABLE A5.3 (CONTINUED) 

QUARTERLY PORTFOLIO PERFORMANCE: SHARES, BONDS, AND WINE  

Asset Weights and Asset Return 
Period  Portfolio 

Shares Bonds Wine 
 

Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

2000Q1  Benchmark (equally weighted) .3333 .3333 .3333  -.561 -5.61 220.63 

  Fixed Weight .1075 .6960 .1965  -1.134 -11.34 185.98 

  Weights Updated Annually .2017 .6285 .1697  -.985 -9.85 200.13 

  Weights Updated Quarterly .2131 .5906 .1963  -.935 -9.35 202.65 

  Asset Returns (percent) 0.341 -1.548 -0.475     

     

2000Q2  Benchmark (equally weighted) .3333 .3333 .3333  2.582 25.82 246.45 

  Fixed Weight .1075 .6960 .1965  2.673 26.73 212.71 

  Weights Updated Annually .2017 .6285 .1697  2.910 29.10 229.23 

  Weights Updated Quarterly .3209 .4223 .2568  2.813 28.13 230.78 

  Asset Returns (percent) 4.726 3.147 -0.128     

     

2000Q3  Benchmark (equally weighted) .3333 .3333 .3333  .542 5.42 251.87 

  Fixed Weight .1075 .6960 .1965  1.423 14.23 226.94 

  Weights Updated Annually .3366 .3094 .3540  .463 4.63 233.85 

  Weights Updated Quarterly .3366 .3094 .3540  .463 4.63 235.40 

  Asset Returns (percent) 0.573 2.311 -1.257     

     

2000Q4  Benchmark (equally weighted) .3333 .3333 .3333  -.108 -1.08 250.79 

  Fixed Weight .1075 .6960 .1965  .482 4.82 231.76 

  Weights Updated Annually .3366 .3094 .3540  -.113 -1.13 232.72 

  Weights Updated Quarterly .3006 .3710 .3284  -.020 -.20 235.20 

  Asset Returns (percent) -1.976 0.741 0.911     
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TABLE A5.4 
QUARTERLY SENSITIVITY ANALYSIS: WINE ONLY 

Asset Weights and Asset Return 
Period  Portfolio Asset 

One  
Asset 
Two 

Asset 
Three 

Asset 
Four 

 
Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

1997Q3  Standard .4217 .2322 .0000 .3461  -1.056 -10.56 -10.56 

  Bayes-Stein .3928 .1696 .0000 .4377  -.806 -8.06 -8.06 

  Standard (excluding 1992Q4) .3355 .2534 .0000 .4110  -1.302 -13.02 -13.02 

  Bayes-Stein (excluding 1992Q4) .2721 .2279 .0000 .5000  -1.287 -12.87 -12.87 

  Asset Returns (percent) 1.021 -5.423 0.879 -0.658     

     

1997Q4  Standard .4201 .1678 .0000 .4121  10.523 105.23 94.66 

  Bayes-Stein .3913 .1399 .0000 .4688  10.177 101.77 93.71 

  Standard (excluding 1992Q4) .3487 .1982 .0000 .4531  10.870 108.70 95.68 

  Bayes-Stein (excluding 1992Q4) .2603 .2075 .0000 .5322  10.958 109.58 96.71 

  Asset Returns (percent) 8.657 20.467 5.133 8.375     

     

1998Q1  Standard .4546 .2404 .0000 .3050  5.604 56.04 150.70 

  Bayes-Stein .3962 .1435 .0000 .4603  5.584 55.84 149.55 

  Standard (excluding 1992Q4) .3791 .2595 .0000 .3614  5.804 58.04 153.71 

  Bayes-Stein (excluding 1992Q4) .2898 .2144 .0000 .4958  5.934 59.34 156.05 

  Asset Returns (percent) 3.999 7.815 6.253 6.253     

     

1998Q2  Standard .5409 .3131 .0000 .1460  .271 2.71 153.40 

  Bayes-Stein .4218 .1660 .0000 .4122  .730 7.30 156.85 

  Standard (excluding 1992Q4) .4494 .3070 .0000 .2437  .340 3.40 157.12 

  Bayes-Stein (excluding 1992Q4) .3196 .2321 .0000 .4484  .615 6.15 162.20 

  Asset Returns (percent) 0.832 -1.234 4.816 1.417     

     

1998Q3  Standard .5699 .1648 .0000 .2653  1.924 19.24 172.64 

  Bayes-Stein .4489 .0756 .0000 .4755  1.786 17.86 174.70 

  Standard (excluding 1992Q4) .5200 .1753 .0000 .3046  1.860 18.60 175.72 

  Bayes-Stein (excluding 1992Q4) .3650 .1554 .0000 .4796  1.670 16.70 178.90 

  Asset Returns (percent) 2.482 1.098 3.185 1.238     
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TABLE A5.4 (CONTINUED) 

QUARTERLY SENSITIVITY ANALYSIS: WINE ONLY 

Asset Weights and Asset Return 
Period  Portfolio 

Asset 
One  

Asset 
Two 

Asset 
Three 

Asset 
Four 

 
Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

1998Q4  Standard .5547 .1785 .0000 .2669  -4.341 -43.41 129.24 

  Bayes-Stein .4542 .0648 .0000 .4810  -4.023 -40.23 134.48 

  Standard (excluding 1992Q4) .4889 .1945 .0000 .3166  -4.353 -43.53 132.19 

  Bayes-Stein (excluding 1992Q4) .3685 .1491 .0000 .4824  -4.193 -41.93 136.97 

  Asset Returns (percent) -4.087 -6.118 -4.102 -3.680     

     

1999Q1  Standard .5162 .1756 .0000 .3083  4.344 43.44 172.67 

  Bayes-Stein .4396 .0524 .0000 .5080  4.038 40.38 174.86 

  Standard (excluding 1992Q4) .4441 .1959 .0000 .3600  4.231 42.31 174.50 

  Bayes-Stein (excluding 1992Q4) .3585 .1437 .0000 .4977  3.999 39.99 176.96 

  Asset Returns (percent) 5.050 4.407 3.585 3.124     

     

1999Q2  Standard .4782 .1623 .0000 .3595  -1.796 -17.96 154.71 

  Bayes-Stein .4365 .0484 .0000 .5150  -1.888 -18.88 155.99 

  Standard (excluding 1992Q4) .3920 .1897 .0000 .4183  -1.587 -15.87 158.63 

  Bayes-Stein (excluding 1992Q4) .3495 .1432 .0000 .5073  -1.575 -15.75 161.22 

  Asset Returns (percent) -3.056 0.401 -1.506 -1.112     

     

1999Q3  Standard .5028 .1729 .0000 .3243  4.243 42.43 197.14 

  Bayes-Stein .4363 .0551 .0000 .5086  4.703 47.03 203.01 

  Standard (excluding 1992Q4) .4336 .1955 .0000 .3708  4.457 44.57 203.19 

  Bayes-Stein (excluding 1992Q4) .2752 .1569 .0000 .5679  5.110 51.10 212.31 

  Asset Returns (percent) 2.729 4.586 2.269 6.409     

     

1999Q4  Standard .5855 .2881 .0000 .1264  4.845 48.45 245.59 

  Bayes-Stein .4904 .1294 .0000 .3801  4.180 41.80 244.81 

  Standard (excluding 1992Q4) .4843 .3025 .0000 .2132  4.377 43.77 246.97 

  Bayes-Stein (excluding 1992Q4) .3281 .2222 .0000 .4497  3.521 35.21 247.53 

  Asset Returns (percent) 6.460 2.963 4.517 1.654     
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TABLE A5.4 (CONTINUED) 

QUARTERLY SENSITIVITY ANALYSIS: WINE ONLY 

Asset Weights and Asset Return 
Period  Portfolio 

Asset 
One  

Asset 
Two 

Asset 
Three 

Asset 
Four 

 
Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

2000Q1  Standard .5842 .2867 .0000 .1290  1.042 10.42 256.01 

  Bayes-Stein .4966 .1309 .0000 .3725  -.464 -4.64 240.18 

  Standard (excluding 1992Q4) .4797 .2993 .0000 .2211  .708 7.08 254.05 

  Bayes-Stein (excluding 1992Q4) .3360 .2245 .0000 .4395  -.429 -4.29 243.24 

  Asset Returns (percent) 0.624 3.918 -2.990 -3.454     

     

2000Q2  Standard .4954 .3781 .0000 .1265  -.837 -8.37 247.64 

  Bayes-Stein .4557 .1960 .0000 .3483  -1.399 -13.99 226.19 

  Standard (excluding 1992Q4) .2560 .4161 .0000 .3279  -.389 -3.89 250.17 

  Bayes-Stein (excluding 1992Q4) .1094 .2998 .1273 .4634  -.171 -1.71 241.53 

  Asset Returns (percent) -2.788 1.925 1.802 -1.452     

     

2000Q3  Standard .2463 .4383 .0000 .3154  -.292 -2.92 244.73 

  Bayes-Stein .0790 .3033 .1576 .4601  -2.227 -22.27 203.92 

  Standard (excluding 1992Q4) .2463 .4383 .0000 .3154  -.292 -2.92 247.25 

  Bayes-Stein (excluding 1992Q4) .0771 .3020 .1596 .4612  -2.248 -22.48 219.05 

  Asset Returns (percent) 2.810 0.984 -4.336 -4.487     

     

2000Q4  Standard .3999 .4185 .0000 .1816  2.271 22.71 267.43 

  Bayes-Stein .1553 .3157 .1131 .4158  1.251 12.51 216.42 

  Standard (excluding 1992Q4) .3999 .4185 .0000 .1816  2.271 22.71 269.95 

  Bayes-Stein (excluding 1992Q4) .1633 .3192 .1072 .4104  1.296 12.96 232.01 

  Asset Returns (percent) 4.777 -0.075 -3.215 2.155     
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TABLE A5.5 
QUARTERLY SENSITIVITY ANALYSIS: SHARES, BONDS, AND WINE 

Asset Weights and Asset Return 
Period  Portfolio 

Shares Bonds Wine 
 

Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

1997Q3  Standard .1075 .6960 .1965  4.764 47.64 47.64 

  Bayes-Stein .1354 .7046 .1601  4.927 49.27 49.27 

  Standard (excluding 1992Q4) .1086 .6963 .1951  4.770 47.70 47.70 

  Bayes-Stein (excluding 1992Q4) .1263 .7018 .1720  4.874 48.74 48.74 

  Asset Returns (percent) 2.397 6.770 -1.045     

     

1997Q4  Standard .1134 .6972 .1894  4.739 47.39 95.03 

  Bayes-Stein .1137 .7078 .1785  4.670 46.70 95.97 

  Standard (excluding 1992Q4) .1087 .6758 .2155  4.938 49.38 97.09 

  Bayes-Stein (excluding 1992Q4) .1685 .6402 .1913  4.253 42.53 91.27 

  Asset Returns (percent) -4.415 4.620 10.658     

     

1998Q1  Standard .1122 .6899 .1980  2.425 24.25 119.28 

  Bayes-Stein .1292 .6987 .1721  2.375 23.75 119.72 

  Standard (excluding 1992Q4) .1105 .6709 .2187  2.525 25.25 122.34 

  Bayes-Stein (excluding 1992Q4) .1200 .6557 .2242  2.603 26.03 117.30 

  Asset Returns (percent) 5.884 0.813 6.080     

     

1998Q2  Standard .1462 .6598 .1941  1.701 17.01 136.29 

  Bayes-Stein .1411 .6852 .1736  1.747 17.47 137.19 

  Standard (excluding 1992Q4) .1415 .6349 .2236  1.689 16.89 139.23 

  Bayes-Stein (excluding 1992Q4) .1415 .6349 .2236  1.689 16.89 134.19 

  Asset Returns (percent) -1.924 2.576 1.458     

     

1998Q3  Standard .1614 .6419 .1967  .741 7.41 143.70 

  Bayes-Stein .1443 .6834 .1724  .770 7.70 144.90 

  Standard (excluding 1992Q4) .1537 .6230 .2233  .790 7.90 147.13 

  Bayes-Stein (excluding 1992Q4) .1355 .6397 .2249  .848 8.48 142.67 

  Asset Returns (percent) -2.042 1.054 2.001     
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TABLE A5.5 (CONTINUED) 

QUARTERLY SENSITIVITY ANALYSIS: SHARES, BONDS, AND WINE 

Asset Weights and Asset Return 
Period  Portfolio 

Shares Bonds Wine 
 

Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

1998Q4  Standard .1658 .6537 .1804  2.928 29.28 172.98 

  Bayes-Stein .1716 .6796 .1489  3.210 32.10 177.00 

  Standard (excluding 1992Q4) .1594 .6307 .2099  2.658 26.58 173.71 

  Bayes-Stein (excluding 1992Q4) .1610 .6475 .1916  2.810 28.10 170.77 

  Asset Returns (percent) 9.738 3.250 -4.496     

     

1999Q1  Standard .1804 .6500 .1696  2.085 20.85 193.83 

  Bayes-Stein .1742 .6816 .1442  1.955 19.55 196.54 

  Standard (excluding 1992Q4) .1774 .6271 .1955  2.162 21.62 195.33 

  Bayes-Stein (excluding 1992Q4) .1631 .6530 .1839  2.033 20.33 191.10 

  Asset Returns (percent) 6.431 0.369 4.042     

     

1999Q2  Standard .1932 .6304 .1765  -.617 -6.17 187.67 

  Bayes-Stein .1803 .6760 .1437  -.623 -6.23 190.31 

  Standard (excluding 1992Q4) .1869 .6124 .2007  -.638 -6.38 188.95 

  Bayes-Stein (excluding 1992Q4) .1684 .6475 .1841  -.662 -6.62 184.48 

  Asset Returns (percent) 0.813 -0.858 -1.318     

     

1999Q3  Standard .2017 .6285 .1697  -.871 -8.71 178.96 

  Bayes-Stein .1870 .6733 .1397  -1.045 -10.45 179.87 

  Standard (excluding 1992Q4) .1980 .6041 .1979  -.706 -7.06 181.88 

  Bayes-Stein (excluding 1992Q4) .1752 .6407 .1842  -.783 -7.83 176.65 

  Asset Returns (percent) -1.962 -1.836 3.998     

     

1999Q4  Standard .2100 .5832 .2068  3.305 33.05 212.00 

  Bayes-Stein .1806 .6627 .1567  2.848 28.48 208.35 

  Standard (excluding 1992Q4) .2040 .5406 .2554  3.408 34.08 215.97 

  Bayes-Stein (excluding 1992Q4) .1695 .6271 .2035  2.896 28.96 205.60 

  Asset Returns (percent) 10.369 0.551 3.898     
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TABLE A5.5 (CONTINUED) 

QUARTERLY SENSITIVITY ANALYSIS: SHARES, BONDS, AND WINE 

Asset Weights and Asset Return 
Period  Portfolio 

Shares Bonds Wine 
 

Portfolio 
Return  

(%) 

Deposit/ 
Withd. 

($) 

Cumm. 
Bal. 
($) 

2000Q1  Standard .2131 .5906 .1963  -0.935 -9.35 202.65 

  Bayes-Stein .1765 .6739 .1496  -1.054 -10.54 197.81 

  Standard (excluding 1992Q4) .2071 .5536 .2393  -.900 -9.00 206.96 

  Bayes-Stein (excluding 1992Q4) .1648 .6400 .1952  -1.028 -10.28 195.33 

  Asset Returns (percent) 0.341 -1.548 -0.475     

     

2000Q2  Standard .3209 .4223 .2568  2.813 28.13 230.78 

  Bayes-Stein .2466 .5569 .1965  2.893 28.93 226.74 

  Standard (excluding 1992Q4) .3259 .3132 .3609  2.480 24.80 231.76 

  Bayes-Stein (excluding 1992Q4) .2482 .4722 .2796  2.623 26.23 221.56 

  Asset Returns (percent) 4.726 3.147 -0.128     

     

2000Q3  Standard .3366 .3094 .3540  .463 4.63 235.40 

  Bayes-Stein .2487 .4785 .2727  .905 9.05 235.79 

  Standard (excluding 1992Q4) .3270 .3278 .3452  .511 5.11 236.87 

  Bayes-Stein (excluding 1992Q4) .2252 .5238 .2510  1.024 10.24 231.80 

  Asset Returns (percent) 0.573 2.311 -1.257     

     

2000Q4  Standard .3006 .3710 .3284  -.020 -0.20 235.20 

  Bayes-Stein .2271 .5199 .2530  .167 1.67 237.46 

  Standard (excluding 1992Q4) .3006 .3710 .3284  -.020 -0.20 236.67 

  Bayes-Stein (excluding 1992Q4) .2256 .5230 .2515  .171 1.71 233.51 

  Asset Returns (percent) -1.976 0.741 0.911     
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CHAPTER 6  
 

CONCLUSION 
‘I think it is a great error to consider a 
heavy tax on wines as a tax on luxury. 

On the contrary, it is a tax on the health 
of our citizens’  

 
T. Jefferson (1743-1826) 

Third President of the U.S.A. 
 

 To conclude the study, this chapter presents a brief overview of what has been 

achieved, and then turns to some broader issues raised by the research, as well as some 

suggestions for the future. 

 

6.1 SUMMARY OF THE THESIS 

 
 The main chapters of this thesis -- Chapter 2 through Chapter 5 -- presented a 

range of distinct, but related insights into economic aspects of wine, and in the case of 

Chapter 2 alcohol more generally. The contributions of the thesis, and some of the more 

interesting findings of each chapter are summarised below. 

 

Chapter 2: The Demand for Alcohol 

 

The demand for alcohol is a well researched topic, yet the published literature 

regarding the own-price elasticity of demand for alcoholic beverages includes many 

conflicting and inconsistent results. For example, the entry in the Handbook of Health 

Economics notes that: “Estimated [own-price] elasticities for beer, wine, and spirits 

differ widely over time, place, data set, and estimation method…” Cook and Moore 

(2000, p. 1693). As such, it is reasonable to suggest that despite the large number of 

published studies investigating consumer responses to changes in the price of alcohol, 

there has to date remained much uncertainty regarding the true nature of the demand for 

alcohol. 

 

In Chapter 2 of this thesis the meta-regression framework was used to explain 

why reported alcohol own-price elasticity estimates differ. Rather than simply noting 

alcohol own-price elasticity estimates vary across time, country, and with estimation 
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method, the chapter quantified the impact of these features on reported elasticity 

estimates. The effect model design features have on reported own-price elasticity 

estimates can be used in potentially valuable ways. For example, once the model design 

features have been isolated, as shown in the chapter, it becomes possible to convert 

Hicksian elasticities estimates into their Marshallian counterparts. For policy makers the 

ability to make such conversions is useful.  

 

Isolating and quantifying the effect of model design characteristics also revealed 

a range of interesting results regarding the nature of the demand for alcohol. For 

example, once the effect of model design was controlled for it became possible to 

identify the underlying trend in the demand for alcohol. Specifically, the trend was 

shown to be one where the demand for alcoholic beverages became increasingly 

inelastic up to 1953 and decreasing inelastic thereafter. Such details are of interest not 

only to economists, but also to policy makers, and to those in the business of selling 

alcoholic beverages. 

 

The analysis presented in Chapter 2 was also able to provide insights regarding 

two other interesting questions. The first question related to whether the long-run 

demand response of consumers differs between normal goods and addictive goods. The 

meta-regression results indicated that despite the addictive nature of alcohol, consumers 

do in fact respond more to price changes in the long run than in the short run. This result 

can be interpreted as empirical confirmation of the theoretical framework developed in 

Becker and Murphy (1988). This result is, of course, also consistent with the Chatelier 

principle that as the long run is less constrained, the price responsiveness of consumers 

in the long run will be larger than in the short run. The second question related to 

whether the demand responses of alcohol consumers varied with country. The meta-

regression results suggested demand responses vary with country. As such, the results 

presented in Chapter 2 can be interpreted as a challenge to the proposition put forward 

in Stigler and Becker (1977, p. 76) that: “…tastes neither change capriciously nor differ 

importantly between people…” 

 

Chapter 3: Expert Opinion, Reputation, and the Price of Wine 

 

In Chapter 3 hedonic price analysis was used to allocate monetary values to the 

underlying characteristics embodied in wine. The wine hedonic price literature begins 
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with Oczkowski (1994), and so is a relatively new area of research. Two original 

contributions to this developing literature made in Chapter 3 were the introduction of 

viticulture and wine tasting theory to guide the selection of potentially appropriate 

attributes, and the consideration of supply side issues in what to date has been a 

framework dominated by demand side only approaches. In particular, the approach 

taken led to a more complete consideration of reputation issues than in previous 

Australian studies, and this approach was shown to have practical and important 

implications. 

 

Prior to the work presented in Chapter 3, it had generally been thought 

consumers imputed value to published current quality wine ratings. However, as shown 

in Chapter 3, once comprehensive reputation indicators are introduced, current quality 

rating effects are not statistically significant. Such a finding may be thought of as 

natural given the trend identified in Schamel and Anderson (2003) of estimated quality 

rating price premium effects declining in importance throughout the 1990s. In the 

hedonic analysis presented, the number of regional effects estimated to be statistically 

significant was noticeably lower than in previous work. It was suggested the reason for 

this was that previously region had been acting as a relatively good proxy for certain 

reputation variables not considered in prior studies. 

 

The focus on viticulture and wine tasting theory also provided a framework for 

considering the question of whether OLS or 2SLS was the most appropriate estimation 

approach to use when estimating a hedonic price regression for wine. The framework 

presented, along with the empirical results reported, indicated that OLS was a suitable 

estimation approach. The chapter also gave an interesting interpretation of hedonic price 

equation residuals. It was suggested wines with  relatively large positive residuals may 

be overpriced, and wines with relatively large negative residuals may be under priced. 

When the residuals are interpreted this way the hedonic price analysis presented in 

Chapter 3 can be thought of as providing an objective method of evaluating whether 

individual wines represent value for money. 

 

Chapter 4: Wine and the Rewards of Patience 

 

 Interest in Australian produced wines with extended aging potential is a new 

phenomenon. Only since the late 1980s have consumers shown real interest in premium 
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Australian wines. A natural consequence of the recent interest in domestically produced 

wines with aging potential was the development of an active secondary market for high 

quality Australian wine. While the secondary market for premium Australian wine has 

continued to grow, there has been almost no research into the rate of return to holding 

premium Australian wine. A key reason for the lack of research into the rate of return to 

holding Australian premium wine has been the paucity of high quality data. As 

Langton’s, Australia’s largest auctioneers provided access to their auction sales records 

for the analysis presented in Chapter 4, lack of high quality wine sales data is no longer 

a problem. Details of the data used in the study can be found in the data CD appendix at 

the back of the thesis. 

 

Despite access to high quality data, it remains true that premium wine is sold at 

auction at irregular and infrequent intervals. As such, Chapter 4 devoted considerable 

space to exploring the various possible estimation approaches that can be used to 

estimate returns in such circumstances. Ultimately, the adjacent period hedonic price 

equation method was selected as the most appropriate means of estimating the return to 

wine, and the complete estimation results were reported in Appendix 4.4. Specifically, 

returns were calculated for three different wine portfolios. The first portfolio considered 

was an all wine portfolio, and the return to this portfolio provided a measure of the 

general change in the price of premium Australian wine between 1989Q4 and 2000Q4. 

The other two portfolios considered were a portfolio of vintage 1986, 1990, and 1994 

only wine, and a Grange only portfolio. The vintage 1986, 1990, and 1994 only 

portfolio was considered to demonstrate the selection bias of the Langton’s wine price 

index, and the Grange only portfolio was considered as in Australia Grange is the wine 

most commonly associated with wine investment. 

 

 One of the most interesting aspects of the discussion presented in Chapter 4 

concerned the way the attribute prices which control for wine heterogeneity evolved 

through time. The framework presented for analysing the evolution of attribute prices 

made it possible to compare the within group investment performance of the three 

attribute categories: vintage, Langton’s rating, and variety. An unexpected finding of the 

analysis presented concerned the way the variety coefficients evolved through time. 

Contrary to conventional wisdom, it was shown, holding other factors constant, the best 

performing varieties were not all red grape varieties, and the worst performing varieties 

were not all white grape varieties. 
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Chapter 5: A Mean-Variance Approach to Wine Investment 

 

 In recent years it has been suggested that art can be thought of as an asset class, 

and that by holding art it is possible to reduce portfolio risk (Worthington and Higgs, 

2004). The analysis presented in Chapter 5 used the mean-variance framework of 

Markowitz (1952) to show that holding premium Australian wine also reduces portfolio 

risk, and as such, premium Australian wine should be thought of as an asset class. 

Although wine was shown to be a relatively risky asset, wine reduces portfolio risk 

because the returns to wine are not closely correlated with the returns to shares and 

bonds. The reduction in portfolio risk available by adding wine to an investment 

portfolio was most clearly shown in Figure 5.9. 

 

In addition, Chapter 5 considered whether or not it was possible to use the mean-

variance framework to achieve a portfolio return greater than the return achieved by 

holding an equally weighted portfolio. Specifically, this question was investigated in 

two different investment settings. The first investment setting considered was the 

conditional within wine investment setting, and the second investment setting 

considered was the unconditional shares, bonds, and wine investment setting.  

 

 The results for the conditional within wine investment analysis were not only 

interesting from an academic perspective, but have practical relevance. The results 

suggest, given an investor has decided to invest in wine, the most appropriate 

investment strategy is to hold an equally weighted wine asset portfolio. Such a portfolio 

is intrinsically appealing, and reflects a portfolio investors might reasonably be expected 

to hold.  

 

Interpreting the unconditional analysis is slightly more complex. Mean-variance 

analysis suggested that the optimal portfolio included a holding of approximately 20 

percent to wine. Further, following a comparison of different investment strategies, it 

was shown that once the practicalities of investment approaches are considered, the best 

performing portfolio was an equally weighted shares, bonds, wine portfolio. Yet it is 

unreasonable to expect those considering wine investment to allocate a third of their 

investment portfolio to wine. Are then the results presented in Chapter 5 nothing more 

than an interesting academic abstraction? The answer to this question must be no. The 
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fundamental insight of Chapter 5 remains. The return to Australian premium wine is not 

strongly correlated with the return to either shares or bonds. This means there are risk 

diversification benefits to including even a small positive holding of wine in an 

investment portfolio.  

 

6.2 CONTEXT AND FUTURE OPPORTUNITIES 

 

Total world production of wine in 2001 was more than 26,000 million litres 

(ABS, 2004). Given the volume of wine produced, it is worthwhile analysing the way 

wine is priced in the retail market. The hedonic price framework developed in the thesis 

provided useful insights into the way wine is priced in Australia, and in particular, 

highlighted the importance of reputation indicators. Yet Australia accounts for only 4 

percent of total world wine production, and as a relatively young wine producing nation, 

in Australia reputation factors are unlikely to be as important as they are in the major 

wine growing countries of France, Spain, and Italy. The hedonic wine price framework 

has perhaps now been advanced to the point where there would be real merit in a 

comprehensive cross-country hedonic wine price study. Such a study would also allow 

the value consumers place on fixed historical reputation indicators to be compared with 

the value consumers place on market based reputation indicators.  

 

A finding in Chapter 2 of relative significance was the trend suggesting that 

since the 1950s the demand for alcohol has become less inelastic. Understanding the 

reason for this trend, and the relationship, if any, to the price of substitute products such 

as illicit drugs is an area of research worthy of further investigation. Also, given there 

are differences across countries in the demand responses of alcohol consumers to 

changes in the price of alcohol, it is natural to wonder whether there are also differences 

across countries in the way alcohol consumption changes when income levels change. 

As such, a meta-regression analysis estimating the mean income elasticity for beer, 

wine, and spirits in different countries would be valuable. Such analysis would also 

allow other theories with interesting implications, such as the theory of preference 

independence, to be tested in a cross-country setting. 

 

The Investment in Wine entry in The Oxford Companion to Wine begins with 

the following quote which is attributed to Baron Elie de Rothschild of Château Lafite-

Rothschild: ‘This crisis is perfectly rational. It was even foreseeable. The day I saw in 
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Time magazine a photograph of a bank vault with a bottle of Lafite in it, I assembled 

my staff and told them: “The crisis has started”. Indeed from the moment when you start 

to think of wine as an investment and not something to be drunk, that’s the end’. Yet, 

the Baron’s concern is more hyperbole than fact, and the truth is storing wine to make 

money is as old as the wine trade itself. The analysis presented in Chapters 4 and 5 has 

shown the standard tools of financial analysis can be used to study the return to wine, 

and that wine investment has portfolio risk diversification benefits. The Baron’s concern 

also fails to appreciate that wine investment and wine consumption are not mutually 

exclusive. In fact, those most likely to engage in wine investment and reap the resultant 

portfolio risk diversification benefits are almost certainly likely to be as passionate 

about wine consumption as the Baron.  

 

Although rigorous economic analysis can reveal much about the properties of 

wine, it is true to say for many there will always be an elusive, artistic, and undefinable 

element to wine production and consumption. For many wine will continue to feature in 

their dreams of not how life is, but how life should be. So, while this thesis has 

primarily been concerned with using an analytical approach to study wine, it seems 

appropriate to leave the final insight into the role of wine to Fitzgerald: 

 
Here with Loaf of Bread beneath the Bough, 

A flask of Wine, a Book of Verse – and Thou 

Besides me singing in the Wilderness –   

And Wilderness is Paradise enow. 
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