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CHAPTER 1 

INTRODUCTION: 

THE WORLD ECONOMY AND ITS MEASUREMENT 

 

Understanding the nature and determinants of living standards is a fundamental 

concern of economics. Living standards are related to poverty, affluence, life 

expectancy and the overall utility experienced by people. This thesis investigates three 

important topics related to living standards at the global level. First, understanding how 

and why consumption patterns vary across countries. Second, a detailed investigation of 

the most important contrasts between poor and rich consumers: The consumption basket 

of the poorest consumers is highly intensive in food, while that of richer consumers is 

more diversified. Third, an analysis of how the quantity of the overall consumption 

basket varies across countries. 

These issues can be understood within the framework of the economic theory of 

the consumer. For a majority of the world’s population food occupies a dominant 

position in the consumption basket. Hence, the thesis starts by analysing the 

determinants of food demand and then moves on to study the demand of non-food items 

to provide a comprehensive picture of how consumption patterns vary internationally. 

An important response to higher affluence is for consumers to move toward higher-

quality goods. We explore an unconventional approach to measuring quality that 

involves the revealed preference of consumers and is arguably more objective than 

many traditional measures. This approach enables us to compare the quality of the 

whole consumption basket (including services) across a large number of countries, 

analyse its income sensitivity and measure the uncertainty of our estimates of these 

phenomena.   

As much of the thesis uses international data and there are substantial challenges 

in making consistent cross-country comparisons, it is appropriate to comment at the 

outset on an important economic measurement issue. Even within a single country, the 

measurement of national income is not easy. As the value of money can change 

substantially over time, confining attention to national income in nominal terms is an 

inadequate measure of the country’s affluence. Rather, the concept of “real income”, 

which extracts the volume component of money income, is the preferred concept to use. 

Lying behind the measurement of real income is the utility-maximizing theory of the 

consumer and index number theory that aggregates prices and quantities into scalar 
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measures of the overall price level and volumes. Within a cross-country context, the 

analogous problem is that incomes in different countries are measured in different 

currencies. Meaningful comparisons require the use of exchange rates to convert 

incomes in different countries into a common currency. The purchasing power parity 

(PPP) measures of the International Comparison Program (hereafter the “ICP”) have 

been developed for this purpose. The key references are Deaton (2011) and ICP (1992, 

2008, 2011). 

In this chapter, we first briefly review the history of measuring national income 

in Section 1.1 and how world GDP is distributed across regions and countries. Section 

1.2 provides a discussion of global poverty and the importance of analysing food 

consumption and prices. Section 1.3 discusses patterns in relative prices across 

countries. Section 1.4 explains the index number and aggregation methods applied by 

the ICP, while Section 1.5 provides some notes on the relevant literature.  The last 

section describes the original contributions of the thesis and provides an overview of its 

contents.  

 

1.1     Measuring Income Internationally  

Measuring income in an economy is like taking an “economic census” but rather 

than counting people, we count dollars. Economic measurement originated in the 17th 

century to facilitate the imposition of taxes and national mobilization for war and has 

attracted substantial professional interest ever since. Nowadays, the release of national 

accounts data is widely covered by the media and draws much attention from politicians, 

researchers and all those with a stake in the economy (which is just about everyone). In 

the context of cross-country comparisons, these data provide important information for 

making economic and political policy as well as marketing and migration decisions and 

much else besides.  

The History of International Comparisons 

Modern interest in measuring the size of the economy can be traced back to at 

least the 17th century. Arguably, the first comparative study in this phase was Political 

Arithmetick (1676) by William Petty (1623-1687), which compared the economic 

performance of the Netherlands and France. The second major contribution came from 

Gregory King (1648-1712), who devised an integrated statistical system, which can be 

regarded as an ancestor of modern national accounting. Two centuries later, Michael 

Mulhall (1836-1900) provided for the first time consistent comparisons of national 
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output and wealth in 22 countries in his book Industry and Wealth of Nations (1896). 

These 22 countries represented about 60 per cent of world production in 1895. In a 

landmark 20th century study, Colin Clark (1905-1989) assembled income estimates for 

30 countries and made a rough estimate of world income in his 1940 book The 

Conditions of Economic Progress. He constructed a set of PPPs to make income 

comparable across countries. Ten years later, the standardized national accounts system 

was implemented in the OEEC (Organisation for European Economic Cooperation) 

countries in 1952, designed in large part by Richard Stone (1913-1991) and Milton 

Gilbert (1909-1979). Shortly after, the OEEC system was merged with that of the 

United Nations and adopted by official agencies in most countries. The current version 

of the United Nations approach is known as the “System of National Accounts, 2008”, 

which is an update of SNA93. 

Milton Gilbert and Irving Kravis (1916-1992) pioneered the first official 

measure of the purchasing power parity of currencies, published by the OEEC (Gilbert 

and Kravis, 1954). Irving Kravis (1968) expanded the scope of the PPP measures by 

initiating the International Comparison Program (ICP). Established by the UN 

Statistical Commission and the University of Pennsylvania, the ICP developed a system 

of international comparisons of national accounts across countries. Irving Kravis, Alan 

Heston and Robert Summers (1978) inaugurated the Penn World Tables (PWT) to fill 

gaps in ICP coverage. The ICP now collects prices of thousands of items in the majority 

of countries in the world, and averages them to calculate price indexes for GDP and its 

components, such as consumption. Along with national accounts data on households’ 

expenditure, the ICP data are used to make international comparisons of prices and real 

expenditure on food and all the other consumption items. This allows the World Bank 

and others to estimate the number of poor in the world, and permits plausible analysis of 

poverty and affluence across countries (Pritchett, 1997). The ICP is now a leading 

source of high-quality information on the prices and incomes of almost all countries in 

the world. 

Two Centuries of World GDP 

Drawing on the above work, Angus Maddison (2001, 2003) produced historical 

data on population, economic size and the distribution of income for the world over the 

last two centuries. This is recognised as a great contribution to the study of international 

income comparisons. To illustrate the nature of this work, GDP for seven regions are 

shown in Panel A of Figure 1.1. World GDP increased from approximately $1 trillion to 
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$40 trillion from 1870 to 2002. Asia has been the largest economic region since late last 

century because of its population size. The second largest region is the “Western 

Offshoots”, which includes the United States, Australia and New Zealand. Latin 

America and the Former USSR grew very fast from the 1950s, while the Russian 

Federation experienced a recession in the 1990s.  

Maddison (2003) also provided data at the country level. GDP per capita in eight 

countries are given in Panel B of Figure 1.1 as a representative example. The United 

Kingdom was the richest country in the early 19th century because of the dramatic 

productivity growth experienced during the Industrial Revolution. Australia was one of 

the richest countries during the period 1870-1900 because of earlier gold discoveries 

and the development of modern agriculture. In the 1950s, GDP in the United States 

increased to almost $10,000 per capita and this country has maintained its global 

economic leadership until today. The Japanese economy also grew quickly with per 

capita income rising 28-fold since 1870 so by the 1970s, Japan was the world's second-

largest economy. In Latin America, Brazil experienced rapid growth in the second half 

of the 20th century. In Asia, growth in China and India has averaged almost 8 percent 

since the late 1990s. With about half of the world’s total population, China, India and 

other emerging countries are driving global growth in the 21st century and having a 

substantial influence on the nature of the world economy.  

 

1.2     Inequality, Poverty and Food  

Living standards increased markedly in most countries during the 20th century. 

Domestic economic reforms in very populous poor countries—such as China, India and 

Indonesia—over the last two decades have led to faster growth that in turn has 

contributed greatly to a reduction in global poverty and inequality. However, from the 

longer-term perspective of the last two centuries, global inequality has increased as 

Western Europe and its Offshoots grew faster than most other countries/regions. 

Poverty and inequality are still pressing issues in many countries.  

Inequality 

The latest report published by the ICP (2008) provides estimates of GDP in a 

single currency in 146 countries in 2005; these countries account for more than 95 

percent of the world’s population and 98 percent of world GDP (ICP, 2008). This 

publication also presents the distribution of world GDP in 6 regions, which is shown in 

Panel A of Figure 1.2. The width of each rectangle represents the region’s share of the 
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Figure 1.1  

Historical Economic Performance 
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world population and the height corresponds to income per capita with the world 

average set at 100. The area of the rectangle thus shows the size of the economy. With 

population scaled so that it is 100 for the world. World GDP is the product of average 

income and total population, 100 100,×  so that the area of each rectangle shows the 

regional share of the world economy. As can be seen, about 310 20 100 62× =  percent 

of the world GDP is accounted for by the OECD countries, which have less than 20 

percent of world population. The substantial dispersion in income is also evident from 

the figure: Per capita income in the OECD countries is more than three times the world 

average, while Africa’s income is about one quarter of the world average. Although half 

of the world’s population lives in the Asia-Pacific region, they have the second lowest 

per capita income, less than one-half of the world average. Western Asia has GDP per 

capita twice that of the Asia-Pacific and accounts for just 1 percent of the world total 

GDP. About 10 percent of the world’s population live in South America and the 

Commonwealth of Independent States (CIS), and their GDP per capita is close to the 

world average. 

Panel B of Figure 1.2 shows the distribution of GDP in 145 countries.1 GDP per 

capita exceeds $20,000 in the richest 39 countries, which is almost three times the world 

average ($7,600). In the poorest 16 countries, per capita income is less than $1,000. In 

the two largest developing countries, India and China, GDP per capita is only about 24 

and 29 percent of the average, respectively. About 75 percent of world total population 

live in regions with incomes below the world average.  

Poverty, Food and Income  

The World Bank publication World Development Report 2000/1 estimated that 

in 2000 almost 1.2 billion people lived below the poverty line, while according to the 

ICP (2008) there were 1.4 billion poor people in 2005. This rise in global poverty was 

partly the result of fast population growth in some poorer countries but also because 

much of the growth over this time predominately benefited the rich. This led to a 

widening in the distribution of income with little or no reduction in poverty. Part of the 

rise in poverty, however, was also due to a rise in the threshold for measuring poverty 

from US$1.00 per capita per day in 2000 (WDR, 2000/1) to US$1.25 in 2005 (ICP, 

2008).  

Of course, there is no hard and fast way to define poverty. An alternative to the 

US$1.20-per-capita-per-day measure relates to food consumption as for the really poor,  

                                                
1 Burundi, one of the 146 ICP (2008) countries, is omitted due to incomplete data. 
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Distribution of World GDP 
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not having sufficient income is much the same as not having enough to eat. Thus, the 

poverty line could reasonably be taken as the cost of a minimal standard of living with 

an emphasis on food. The official poverty measure used in the US today is based on this 

idea. The poverty line in the US is three times the cost of the cheapest meal plan defined 

by the US Department of Agriculture (Orshansky, 1963; Ravallion, 2008). Thus, if this 

minimal cost is $200 per week, then the poverty line is $600. A person actually 

spending $200 on food with an income of $600 would have a food budget share of 

200/600=33 percent. 

As people become better-off, food consumption tends to rise but at a slower rate. 

That is, the food budget share falls with income. According to the ICP (2008), the 

budget share of food is 62 percent in the Democratic Republic of Congo, the poorest 

country of the 146, while this share is 6.2 percent in the US, one of the richest countries. 

This relationship between the food share and income is one of the most celebrated 

empirical regularities in economics and is known as Engel’s Law (Engel, 1857). The 

law refers to the dependence of the level of food expenditure on the consumer’s income. 

There is also a related empirical regularity that deals with the impact of changes in 

income on food consumption. The US Department of Agriculture’s Foreign Agricultural 

Service Chief Economist recently described this as follows: “If our boss pops a 10 

percent raise on our desk we will spend almost zero of that on more food. That is not the 

case for a place like China. When a boss slaps a 10 percent raise on the desk there, as 

much as 40 percent of that income is spent on more food…” (Australian Financial 

Review, 28 July 2011). Thus, as on average the US is much richer than the Congo, the 

marginal effect of an increase in income on food consumption also declines with 

income. But as an empirical regularity, this marginal effect declines faster than the food 

budget share (the average effect), causing the ratio of the former to the latter also to 

decline with income. This ratio is the food income elasticity. This decline in the income 

elasticity has important implications for modelling food consumption; these 

implications are analysed in detail in Chapter 2.   

Food Prices 

After staying at historic lows for decades, food prices have become significantly 

higher and more volatile since 2007. The upward trend of prices has been occurring 

since about 2000. The major causes are: (i) Supply disruptions due to unfavourable 

weather conditions, and (ii) growing food demand from emerging economies in 

particular. The first price spike occurred across almost all commodities in 2007/2008 
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and after a drop in 2009/10, prices climbed again. Figure 1.3 plots the IMF commodity 

price index and the food price index. As can be seen, food prices have increased by 

about 80 percent since 2005 and are now above their earlier mid-2008 peak.  

 

Figure 1.3  
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Source: IMF (2011). 

     

While everyone notices when food prices go up, the poor are hit especially hard 

because food makes up a much larger share of their total expenditures. Developing 

countries are struggling with the implications of these high food prices, which 

exacerbate poverty, inflation, and for countries that import food, the balance of 

payments. Households in poor countries have little room to buy cheaper food items or to 

spend less on other purchases. In 2008, some countries in the Middle East and North 

Africa experienced riots in response to high food prices. Higher food prices also placed 

upward pressure on headline inflation in several East Asian economies. In response to 

this issue, some countries imposed restrictions on exports of food and encouraged 

expansion of domestic agricultural production.  

 

1.3     Patterns in Prices Across Countries 

While food prices are important, especially for poor consumers, they reflect the 

cost of only one part of the budget. Consumers choose the quantities of n goods in the 

basket, i[q ],  i=1, ,n,=q …  on the basis of their income and the n prices 
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i[p ],  i=1, ,n.=p …  Accordingly, it is appropriate to consider the nature of a broader set 

of prices, than those just for food, within a cross-country context. 

There are two major issues that have to be dealt with when comparing relative 

prices of goods within and between countries: 

• Quantity units. Is it possible to declare that within a given country, good i is 

more expensive than good j? In general, this cannot be done if the units in which 

the goods are measured are different. For example, suppose the volume of food 

is measured in terms of kilograms, while that of education is in student years. 

The price relative E Fp p
 
is then in kilos per year, but if we switch from kilos to 

grams to measure food consumption, this relative price rises by a factor of 1,000 

to grams per year. One way to solve this problem is to make the quantity units 

comparable by measuring each iq  as its value in US dollars, so that ip  is then 

the domestic-currency cost of one US dollar’s worth of the good. This approach, 

which is used by the ICP, means that it is possible to determine on the basis of 

ip
 
and jp

 
whether good i is more or less expensive than j. If, for example, 

i jp p> , then good i is more expensive than j as the cost of one-dollar’s worth of 

i exceeds that of j. 

• Currency units. The n prices in country c, 1c ncp , ,p ,…
 
are all expressed in terms 

of domestic currency units. Thus we cannot directly compare the price of good i 

in country c with that in some other country d as that involves mixing currencies. 

This issue can be resolved by comparing the relative prices of the goods, such as 

ic cp P  with id dp P ,  where cP  and dP  are the price levels in the two countries. 

Such a cross-country comparison is possible because currency units drop out 

from these relative prices. 

The price level in country c is in some form of average of the n individual prices. 

As some goods are more important than others in the budget, a weighted average is 

attractive. We define the price level as a weighted geometric mean 

ic

n
w

c ic
i 1

P p ,
=

= ∏  or 
n

c ic ic
i 1

logP w log p ,
=

=∑  

where for country c, icw
 
is the budget share of good i, defined as

 ic ic ic cw p q M ,=
 
with 

ic icp q  expenditure on good i and cM  total expenditure. The logarithmic relative price of 

good i is thus ( )ic c ic clog p P log p log P .= −   
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A prominent theory of the cross-country structure of relative prices is due to 

Balassa (1964) and Samuelson (1964). The key idea is that there is an important 

asymmetry between traded goods, such as minerals, energy and agricultural 

commodities, and non-traded goods, such as the labour-intensive services, like medicine 

and education. Traded goods are assumed to be more amendable to productivity 

improvements than non-traded goods. Accordingly, rich countries are taken to be more 

productive in all goods, but relatively more productive in those that are internationally 

traded. Thus, the price of traded good in terms of non-traded is cheap in rich countries 

and expensive in poor countries. As exchange rates tend to reflect traded goods prices, 

conventional purchasing power parity calculations (which are based on both traded and 

non-traded goods) reveal that currencies of rich countries are overvalued and vice versa 

for poor countries. This theory is known as the “productivity bias hypothesis” or the 

“Balassa-Samuelson effect”. 

An important element of the Balassa–Samuelson effect is the pattern of relative 

prices whereby traded goods are cheaper in rich countries. One way to examine the 

validity of this proposition is to plot the relative price of good i in country c, 

( )ic clog p P ,  against the country’s income per capita clog Q ,  for c 1, ,C= …  countries. 

If the good is predominantly traded, the relative prices should fall with income and the 

observations should be scattered along a downward-sloping line. We use food prices in 

the C 146=  ICP countries and the per capita volume of total consumption as income 

cQ ,  measured relative to the geometric mean of income in all countries, 

1/146146
d 1 dQ Q .== ∏

2  Thus, in Figure 1.10 we plot ( )ic clog p P  against ( )clog Q Q  for 

i food=  and c 1, ,146.= …  High-income countries have ( )clog Q Q 0>
 
and lie to the 

right of the dotted vertical line (which is world average income), and poor countries lie 

to the left. On the vertical axis, if ( )ic clog p P 0,>  good i is relatively expensive in 

country c. The term “relatively more expensive” in this context means that a dollar’s 

worth of i costs more than the average over all goods. As mentioned above, quantities 

are measured in terms of one US dollar’s worth of the good or service, which means 

i,USp 1=  and ( )i,US USlog p P 0.=  Therefore, the dotted horizontal line in the figure, 

corresponding to ( )ic clog p P 0,=  is interpreted as the relative price of food in the US.3 

                                                
2 These data are from the ICP (2008). 
3 The selection of the “base currency” here is immaterial: A change in the base does not change the nature 
of the scatter in any fundamental sense as it shifts only the horizontal reference line. For example, if 
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Although there is substantial dispersion, Figure 1.4 indicates that food prices exhibit 

two patterns. First, as most of the points lie above the zero horizontal line, relative to the 

US, food is expensive in the majority of countries. Second, food prices tend to become 

cheaper as income rises, as indicated by the negative slope of the regression line. These 

two patterns of food prices are not inconsistent with the Balassa-Samuelson effect that 

traded goods are cheaper in rich countries. The reason is that food is likely to comprise 

a substantial traded-goods component, and the US is the richest of the 146 countries 

considered. 

 

Figure 1.4 

Relative Price of Food and Income for 145 Countries in 2005 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 Notes: 1. The solid line is the least-squares regression line, the equation of which 

is presented at the right. Standard errors are given in parentheses.  
 2. The mean and standard deviation refer to the relative price.   
 3. The US is not included in this scatter.  

 

Figure 1.5 gives similar scatter plots for i 1, ,12= …  consumer goods, with food 

repeated for convenience. As all panels are drawn on the same scale, they are all 

directly comparable. It is to be noted that as ( )12
i=1 ic ic cw log p P = 0Σ

 
for each country 

some of the logarithmic relative prices must be positive, others negative, averaging out 

to zero. As can be seen, in most countries the prices of “Housing”, “Health”, 

                                                                                                                                          

quantities are measured in terms of one rupee’s worth of goods, the horizontal line ( )ic clog p P 0=
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“Education” and “Other” are less than those in the US as they lie below the zero line. As 

these goods comprise mostly nontraded services, this evidence is also not inconsistent 

with the Balassa-Samuelson effect. The cross-country dispersion of prices reveals an 

interesting pattern: The standard deviation of food prices are the lowest (13 percent), 

while that of “Housing” and “Education” are the highest (59 and 70 percent, 

respectively). This is the pattern predicted by the tendency for traded goods prices to be 

equalised across countries and for there to be more diversity in nontraded goods prices. 

 

1.4     Purchasing Power Parities 

As discussed above, international comparisons of prices, expenditures and 

incomes require that everything be expressed in terms of a common currency. One 

approach would be to use market exchange rates as conversion factors. But this is 

typically judged to be unsatisfactory due to their volatility and the tendency of exchange 

rates to reflect the prices of only those goods that enter into international trade. The ICP 

has pioneered the use of an alternative way of adjusting for differing currencies by using 

conversion factors known as purchasing power parities (PPPs). In view of the 

widespread acceptance of this methodology, this section explains in some detail the 

analytical foundations and application of these PPPs.  

The ICP collects data on the prices of thousands of comparable goods and 

services in a large number of countries and these, together with national-accounts 

measures of expenditure, can be used to compute real incomes and indexes of prices 

that are comparable across countries. There are three commonly used PPP data sources, 

the Penn World Table (PWT, Heston et al., 2010), the World Development Indicators 

(WDI, World Bank, 2010) and Maddison (2003), which all come from one or more 

rounds of the ICP (Deaton and Heston, 2010). However, inconsistent estimates of GDP 

and its components can be found from these sources, which Deaton and Heston (2010) 

illustrate by examples shown in Table 1.1. At PPP exchange rates, real per capita GDP 

in China and India are US$6,757 and US$3,452 from the 2007 version of the WDI, 

while according to the ICP (2008), the figures are $4,088 for China and $2,222 for India. 

One reason for the difference is that the PPPs of the WDI 2007 are from the 1996 round 

of the ICP and adjusted to 2005 by using Consumer Price Indexes. A second reason is 

that there are many ways one can go from the ICP’s raw price data to estimating PPPs, 

and there is typically no unique answer to the commonly asked question, “which one is 

the best?” For the purposes of comparison, the last column of Table 1.1 gives GDP per  
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Figure 1.5 

Relative Prices and Incomes for 145 Countries in 2005 
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Figure 1.5 (continued) 

Relative Prices and Incomes for 145 Countries in 2005 
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is plotted on the vertical axis against 

relative income per capita on the horizontal axis,
 

( )clog Q Q ,  c = 1, ... , 146, where Q  is geometric 

mean income. The mean and standard deviation refer to the relative price. The solid line is the least-
squares regression line of relative prices on relative per capita incomes. The dotted horizontal line 
represents the relative price in the US, and the data point for the US is not included in this scatter. 
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capita at market exchange rates, which are $1,721 for China and $797 for India. The 

fact that GDPs in PPP terms are much larger than those obtained with market exchange 

rates (MERs) for these two countries is a reflection of the proposition that MERs 

undervalue the currencies of poor countries and is related to the Balassa-Samuelson 

effect discussed in the previous section. 

 

Table 1.1  

Three Measures of GDP Per Capita for China and India in 2005 

Country 
World Development 

Indicators  
(World Bank, 2008) 

International 
Comparison 

Project 
(ICP, 2008) 

Market Exchange  
Rate Converted 

China 6,757 4,088 1,721 

India 3,452 2,222 797 

Source: Deaton and Heston (2010). 

 

A PPP exchange rate is a spatial price index that compares prices in two 

countries. It can be considered as a statistical average of prices, or given a cost-of-living 

interpretation when applied to consumer prices. In what follows, we start with some 

basic bilateral price indexes that compare one country with another and then present 

several multilateral methods that compress the bilateral indexes into one number for 

each country. It is within the context of these methods that one can potentially address 

the “which one is the best?” question, although the exact answer is still controversial.  

Bilateral Comparisons 

If there are n commodities in each of the C countries in the world, in total there 

are n C×  prices to be compared. As this total is likely to be large, some data 

compression procedures are desirable in the interests of manageability; index numbers 

perform this role.  A simple way of commencing international price comparisons is to 

consider pairs of countries. This is the bilateral approach.  

The consumer’s cost function, written as C(u, )p , gives the minimum cost of 

attaining utility level u  when the price vector is p . Consider the comparison between 

two countries, c and d, with price vectors cp  and d .p  The true cost-of-living index is a 

ratio of cost functions at some reference utility level u :  

( ) c
cd c d

d

C(u, )
P , | u .

C(u, )
=

p
p p

p
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A natural choice of the given utility level is that “observed” in country c or country d, 

cu  or du . But even given this the measurement of the true cost-of-living index is not 

straightforward and requires assumptions about the functional form of the cost function 

(Diewert, 1976). A simpler approach, which is frequently used in practice, involves the 

cost of purchasing a fixed basket of goods and services. Possibilities for this fixed 

basket are the observed quantity vectors cq  or d ,q  whereby we compare the cost of 

( )c dq q  at ( )c dp p , ( )c c d d ,′ ′p q p q  with the cost of the same basket at ( )d cor ,p  p
 

( )d c c d :′ ′p q p q  

P c c
cd

d c

P ,
′

=
′

p q

p q
 and L c d

cd

d d

P .
′

=
′

p q

p q
 

These are called the Paasche (1874) and Laspeyres (1871) price indexes, respectively. 

As the optimal quantity vector needed to attain utility cu
 
in country d, where prices are 

d ,p
 
is not necessarily cq , the minimum cost of utility cu  is lower than or equal to d c

′p q . 

Therefore, Paasche is a lower bound on the true cost-of-living index when u = cu ; and 

for similar reasons, Laspeyres is an upper bound on the cost of living index when u = du . 

It is to be noted, however, that these two price indexes will bound the same cost of 

living index only when preferences are homothetic, which means all income elasticities 

are unity. This is an implausible condition as it contradicts Engel’s aw. The two indexes 

can be expressed in terms of weighted averages of individual price ratios 

1c 1d nc ndp p , ,p p… : 

-1
1

n n
P Lic ic
cd ic cd id

i=1 i=1id id

p p
P = w    and    P = w , 

p p

−  
     
∑ ∑  

where icw  and idw  are the budget shares for good i in countries c and d, respectively. 

Thus, Paasche is a weighted harmonic mean, while Laspeyres is a weighted arithmetic 

mean. 

As much empirical evidence rejects homotheticity, and as the budget shares are 

not the same in countries c and d, the Paasche and Laspeyres indexes are not identical. 

Fisher (1922) strikes a balance between the two by taking the geometric mean: 

( )
1/ 2

F L P

cd cd cdP P P .= ⋅  

This is called “Fisher’s ideal index” because it has several desirable properties that are 

not satisfied by either the Laspeyres or Paasche indexes (Diewert, 1976). The most 

important in the context of cross-country comparisons is the property of symmetry, 
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which means the price index of country c based on country d is equal to the reciprocal 

of the price index of country d based on county c, ( )
1

F F

cd dcP = P .
−

 This is a basic internal 

consistent property of the Fisher index. For this reason, the Fisher index is widely used 

in international comparisons. Another widely used index, with similarly desirable 

axiomatic properties, is the Törnqvist (1936), which can be expressed in logarithmic 

form as   

( )
nT ic

cd ic idi 1
id

p1
logP w w log .

2 p=
= +∑  

Illustrative Application 

When there are C countries in the world, bilateral price indexes for all pairs of 

countries yields a C C×  matrix. As there are now about 200 countries in the world, 

simply presenting such a matrix of this dimension is unwieldy. Accordingly, for 

illustration, we consider a “mini-world” made up of C=6 countries: the United States, 

Australia, Brazil, Georgia, China and Bangladesh. Using the ICP (2008) data on 12 

aggregated goods, we construct bilateral indexes for total consumption. These indexes 

are one way of defining PPPs. Panels A and B of Table 1.2 lists the underlying prices 

and quantities consumed, while Panel C contains the Fisher bilateral matrix. The second 

element in the first column of the matrix shows that the PPP of the Australian dollar 

against the US dollar is 1.36, which means the consumption basket worth US$100 in the 

US costs AU$136 in Australia. The elements of this matrix are “reciprocal symmetric”, 

such that F F

cd dcP 1 P .=
 
Thus, for example, for c=Australia and d=US, 1/1.36=0.74, which 

means AU$100 in Australia has the same purchasing power as US$74 in the US.  

The PPPs of the first column of Panel C of Table 1.2 can be compared with the 

market exchange rates (MERs) given in the last column of Panel D. For Brazil, Georgia, 

China and Bangladesh, the PPPs are all less than the MERs and the gap increases as the 

country becomes poorer. In other words, the PPP exchange rates for these countries 

exceed the market exchange rates. Accordingly, using market exchange rates makes 

poor countries appear poorer, as was previously seen in Table 1.1. 

Multilateral Comparisons 

An alternative to using bilateral comparisons for each pair of countries is to 

employ a further data compression approach. One way is to average over the rows of the 

C C×  matrix so that the 2C  elements of the matrix are mapped into just C elements, 

one for each country. This “multilateral approach” is another way of computing PPPs. 
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This approach can be used in practice with a large number of countries, rather than 

having to confine ourselves to a smaller subset. This subsection discusses some 

prominent ways of implementing the multilateral approach.  

The EKS method. The Fisher index introduced above compares prices in country 

c with those in country d: ( )
1/ 2

F L P

cd cd cdP P P .= ⋅  For country c there are C comparisons, 

F F

c1 cCP , , P… , while for country d there are also C comparisons, F F

d1 dCP , , P… . The ratio of 

the thk  elements of these two set of comparisons is F F

ck dkP P , which indirectly compares 

prices in c with those in d via a third country k. The EKS method (Gini, 1931; Eltetö 

and Köves, 1964; Szulc 1964) is the geometric mean of all C indirect comparisons, 

F F

ck dkP P , for k =1, ,C :…   

( )
1 C

EKS C F F

cd k 1 ck dkP P P ,== Π
 
or 

C C
EKS F F

cd ck dk
k 1 k 1

1 1
log P log P log P ,

C C= =

= −∑ ∑  

This is a generalisation of the Fisher index as it reduces to Fisher when C 2.=  EKS has 

the properties of base-country invariance and transitivity. For example, the price index 

for China in terms of the US computed directly is the same as that computed via link 

countries, such as say, from by first comparing China to Australia and then Australia to 

the US. Thus, all countries are involved in computing the PPP between the Chinese 

yuan and the US dollar. In logarithmic form, the EKS PPP between countries c and d is 

just the difference between the means of the corresponding two rows of the matrix of 

bilateral Fisher indexes. The EKS

c,USP  for c 1, ,6= …
 
in the “mini world” are presented in 

the first column of Panel D of Table 1.2. 

EKS has been used by Eurostat and the World Bank at the detailed heading level 

to obtain heading parities, and also at the GDP level (Kravis et al., 1982; Rao, 2004). As 

EKS gives equal weights to all linked comparisons F

ckP  and 
F

dkP ,
 
one natural modification 

of the method is to use weights, such as the EKS-S method (see Van Ijzeren, 1983; 

Sergeev, 2003; Rao, 2001, 2003). 

 The CPD method. Another approach to multilateral PPPs is the Country Product 

Dummy (CPD) method, first proposed by Summers (1973). It is a regression-based 

method and can be viewed as an example of the stochastic approach to index numbers 

(see, e. g., Clements et al., 2006; Selvanathan and Rao, 1994). It is derived from the 

estimates of the following regression: ic c i iclog p log P  log p  ,= + + ε  

i 1, ,n,  c 1, ,C,= =… …
 
where iclog p  is the price of good i in country c, clog P  and 

ilog p  are country and product dummy parameters that are to be estimated and icε  is an 



20 

 

 

 

i.i.d random disturbance term. The least-squares estimate of country effect, 

� n
i 1 icclog P 1 n log p ,=∑= ⋅  is the logarithmic PPP for country c and that of the product 

effect, � C
c 1i iclog p 1 C log p ,=∑= ⋅  is the world price for commodity i. Therefore, the PPP 

for country c is just the geometric mean of the n individual prices in country c, while the 

world price of i is the geometric mean of the prices in the C countries. Using the 

normalisation that i,USlog p 0=
 
for each good, then the price index for country c is  

�
n n

c ic iUS
i 1 i 1

1
log P log p log p .

n = =

 
= −  

∑ ∑  

The CPD PPPs in the simple six-country world are shown in the second column of 

Panel D of Table 1.2; these are larger than the EKS PPPs for all countries except 

Georgia.  

The CPD method is flexible and has attracted substantial attention recently, 

especially in its weighted formulation.4 The weighted CPD model recognizes that some 

products are more important than others in the budget. The CPD method can also be 

extended to include a “representativity dummy”, which equals 1 if product i is 

representative in country c and zero otherwise (Cuthbert and Cuthbert, 1988). 

The GK method. The Geary (1958) and Khamis (1970), or GK, method is the 

main multilateral approach used in Maddison (2003). According to this approach, the 

PPP for country c is computed as a Paasche index that compares domestic prices, 

1c ncp , , p… , with world prices, 1 nP , ,P… : 

n
GK i 1 ic ic
c n

i 1 i ic

p q
P ,

Pq

=

=

∑
=
∑

 

The price of good i in country c in terms of PPP is GK

ic cp P . The world price iP  is then 

defined as a weighted average of all such prices in the c 1,...,C,=  countries: 

 
C ic

i icc 1 GK

c

p
P w ,

P
=

′=∑  

where C
c 1ic ic icw q q=∑′ =  is the share of country c in world consumption of good i. The 

PPPs and world relative prices are derived from solving the above two equations 

simultaneously. Khamis (1970) and Rao (1971) have shown that the equation system 

has a unique positive solution if one of the unknown price levels is normalized at some 

arbitrary value. 

                                                
4 See Aten and Menezes (2002), Balk (2009), Clements and Izan (1987), Clements et al. (2006), Deaton 
(2010), Diewert (2005), Heravi et al. (2001), Heston and Aten (2002), Rao (2005), Rao and Timmer 
(2000, 2003). 
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 As can be seen from Panel D of Table 1.2, the GK PPPs are mostly smaller than 

the EKS and CPD PPPs. The reason is that as GK gives higher weights to countries that 

consume more (higher icq ’s), a rich economy, like the US, has a strong influence on the 

results. Therefore, the world prices are closer to those of the rich countries and there is 

less dispersion in the PPPs across countries.  

The Iklé method. Iklé (1972) adjusted the GK method by giving each country 

more equal weight. The formula for the PPP is the same: 

n
Ikle i 1 ic ic
c n

i 1 i ic

p q
P ,

Pq

=

=

∑
=
∑

 

while the world price for good i is defined as  

 

1
1

C * ic
i icc 1 Ikle

c

p
P w ,

P

−
−

=

  
 =  
   
∑  

where ( )*

ic ic iw w w C,=  with C
c 1i icw w C=∑=  the world mean budget share. For a 

given commodity, this *

icw  is proportional to icw .  The world price of good i is a 

weighted harmonic mean of each country’s relative price. The budget share icw  varies 

across countries, but not as much as the quantities consumed, so that the Iklé world 

relative prices will be closer to those of poor countries. Panel D of Table 1.2 presents 

the Iklé indexes for the six-country illustration. Except for Bangladesh, the poorest 

country in the mini world, Iklé PPPs are greater than their GK counterparts, as expected.     

Application to 146 Countries  

 The above discussion illustrates the principal multilateral PPP methods with data 

from six countries. The latest ICP (2008) round contains 146 countries with each 

country assigned to one of 6 regions. As representative products vary greatly among 

regions, PPPs are then computed within each region. Table 1.3 shows the methods used 

for this purpose. The PPPs for all countries are linked by 18 “ring” countries to form 

global world comparisons. For example, in some cases some local foods are not 

available in the US, making direct price comparison impossible. But ring countries are 

chosen, such that both traditional regional and international products are easily found; 

an example of a ring country is Hong Kong. For the 18 ring countries, a common 

product list is applied; and the CPD method is then used to compute PPPs for 

aggregated household consumption and EKS is used at the level of GDP.  

The PPP for country c, cPPP ,  shows the cost (in terms of domestic currency) of 

a basket of goods worth one US dollar in the US. The corresponding market exchange  
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Table 1.2   Prices, Quantities and PPPs for Six Countries in 2005 

Country Food Alcohol  Clothing Housing Durables Health Transport Comm. Recreat. Education Restau. Other 

 A. Prices 

US 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Australia 1.61 1.97 1.38 1.29 1.66 1.04 1.80 1.63 1.51 0.83 1.73 1.37 

Brazil 1.68 0.83 2.23 1.48 1.84 0.71 2.50 1.57 2.07 0.76 1.66 1.36 

Georgia 3.35 0.37 13.04 0.26 4.27 0.47 0.67 1.44 2.79 1.47 0.22 5.18 

China 5.52 5.75 6.86 3.36 5.27 0.68 5.98 3.14 3.47 1.02 6.78 4.13 

Bangladesh 34.28 23.52 30.54 23.22 28.39 6.51 51.10 30.74 31.46 4.74 43.64 26.09 

 B. Quantities 

US 1,995 626.7 1,340 5,122 1,407 5,843 3,398 495.2 2,755 2,721 1,803 4,485 

Australia 1,607 542.0 705.0 4,286 1,023 3,436 1,711 454.2 2,043 3,408 1,183 2,198 

Brazil 722.1 212.0 144.1 863.0 242.2 1,325 373.1 201.0 163. 9 863.3 174.2 686.2 

Georgia 578.3 128.7 34.60 854.0 46.90 857.6 196.3 68.94 113.66 840.6 106.9 41.11 

China 264.9 21.66 55.64 264.0 45.10 549. 6 40.84 80.57 81.33 582.3 46.78 218.1 

Bangladesh 324.8 22.46 42.23 166.8 28.85 125.3 17.84 3.390 5.480 266.0 11.38 34.55 

 C. Fisher bilateral matrix D. Multilateral indexes  E. Price and Income 

 US Australia Brazil Georgia China Bangladesh EKS CPD GK Iklé MER Price level Income 

US 1 0.737 0.717 0.567 0.318 0.043 1 1 1 1 1 1 31,994 

Australia 1.357 1 0.973 0.780 0.417 0.059 1.353 1.450 1.363 1.388 1.309 1.108 22,599 

Brazil 1.394 1.028 1 0.769 0.420 0.061 1.378 1.447 1.342 1.389 2.434 0.594 5,970 

Georgia 1.763 1.283 1.301 1 0.587 0.088 1.824 1.355 1.439 1.558 1.813 0.747 3,868 

China 3.143 2.396 2.383 1.703 1 0.157 3.244 3.609 2.882 3.098 8.194 0.440 2,251 

Bangladesh 23.13 17.00 16.36 11.38 6.355 1 21.98 23.48 20.98 20.37 64.33 0.365 1,049 

Notes: 1. In Panel A, prices are in terms of domestic currencies, which are comparable across commodities within each country, but not comparable across countries. 
2. Quantities are in terms of international dollars per capita, which are comparable across countries and commodities. 
3. Column titles “Comm.”, “Recreat.”, “Restau.” and “MER” refer to communication, recreation, restaurants and market exchange rate.  
4. In Panel D, the US dollar is taken as the numeraire currency.  
5. In Panel E, “Price level” is the ratio of CPD to MER, from Panel D. The price level is in US dollars. “Income” is per capita real total consumption in US 

dollars, defined as the sum of the elements in the corresponding row of Panel B. 

Source: Panels A and B, ICP (2008). 
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rate (MREc) is the domestic-currency cost of one US dollar. Therefore, the price level in 

country c in terms of US dollars is c c
PPP MRE .   These price levels for the six 

countries are given in the first column of Panel E of Table 1.2 and as can be seen, prices 

are higher in richer countries, which is another manifestation of the Balassa–Samuelson 

effect. Figure 1.6 shows these price levels in the 146 ICP (2008) countries. Again, price 

levels in richer countries are systematically higher than in poorer ones. The size of the 

bubble in the figure indicates differences in the overall economic size of countries as 

measured by total GDPs. 

Table 1.3  

Multilateral Methods by ICP Regions 

Aggregate Africa 
Asian-
Pacific 

Western 
Asia 

South 
America 

OECD CIS 
Ring 

countries 

Household 
consumption 

CPD CPD CPD CPRD EKS-S EKS-S CPD 

GDP Iklé EKS EKS EKS EKS EKS EKS 

Source: ICP (2008). 

 

Figure 1.6 

Price Levels in 146 Countries 
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1.5     Notes on the Literature  

In recent times, there has been a burst of research on the determinants of growth 

and its measurement across countries. Much of this work is related directly or indirectly 

to the ICP as it utilizes this data source. This is now one of the most important and 

vibrant areas of economic research. This section contains a brief overview of some of 

the main recent papers in this area. We also discuss the meaning of the term “PPP” in 

the context of international finance with the objective of clarifying its relation to the ICP 

version of PPP as set out in the previous section. 

Deaton and Heston (2010) summarise the theory and practice of constructing 

PPPs, emphasising differences between multilateral and standard price comparisons and 

some practical difficulties, such as how to handle international differences in the quality 

of goods and services across countries, how to price government services and education 

and how to account for price collection differences between rural and urban areas. 

Feenstra et al. (2011) show that a combination of factors resulted in the substantial 

mismeasurement of Chinese real GDP; these include the substitution bias in 

consumption and reliance on urban prices. Deaton (2011) provides a non-technical 

introduction to the 2005 round of the ICP, explains the importance of the program and 

why the 2005 round is better than its predecessors. Other prominent recent studies on 

comparing real GDP and prices across countries include Balk (1996, 2009), Balk and 

Reich (2008), Brandt and Holz (2006), Chen and Ravallion (2010), Diewert (2007, 2008, 

2010), Feenstra et al. (2009), Heston (2008), Heston and Summers (1996), Landefeld et 

al. (2008), Maddison (2007), Maddison and van Ark (2002), Neary (2004), Ravallion 

(2010), Summers and Heston (1991), Sun and Swanson (2009), van Ark and Timmer 

(2009), van Veelen (2002) and Dikhanov (1997).  

The ICP is also influential in analyzing trends in global poverty and inequality. 

Deaton (2010) highlights the role of PPPs from the ICP in measuring world poverty and 

inequality and shows that global inequality increased with the latest version (2005) of 

the ICP. Other recent studies on inequality and poverty internationally include Atkinson 

(2003), Anand and Segal (2008), Chandy (2011), Chen and Ravallion (2010), Cranfield 

et al (2007), Deaton and Dupriez (2011), Ravallion and Chen (1997), Ravallion, Chen 

and Sangraula (2009) and Pradhan and Ravallion (2000). 

Purchasing power parities is also an important area of research in international 

finance. But here PPP seems to have a different meaning from that discussed above. The 

most frequently encountered version of the PPP theory in this context, due to Cassel 
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(1922), is the idea that the exchange rate adjusts to equalise prices ( )P  at home and 

abroad ( )*P ; that is,  *P S P ,= ⋅  where S is the market exchange rate. Thus, the exchange 

rate is proportional to the price ratio, *S P P ,=  which is known as the “absolute 

version” of the PPP hypothesis. Here, PPP is a theory of the determination of the 

exchange rate. This version of PPP is based on the law of one price, according to which 

the prices of goods that enter into international trade are independent of location. Gold is 

a prime example: If the US-dollar price of an ounce of gold is $1,700 and the 

Australian-dollar cost of one US dollar is 95 cents, then the gold price in Australia is 

0.95 $1,700 $1,615.× ≈  Independent readings of the US and Australia gold prices 

indicate that this parity condition holds very closely. But the case of gold highlights the 

restrictive conditions under which the law of one price, and absolute parity, hold: Prices 

are fully equalised only when the good is highly tradable with minimal transport costs 

and no barriers to trade, such as import tariffs and export subsidies. These conditions are 

likely to be satisfied for gold, but very few other commodities. 

Rather than prices being equalised in terms of levels (“absolutely equalised”), a 

weaker version of the PPP hypothesis refers to changes in prices, that is,  

( ) ( )* *d log P ,  d log P .π = π =  Thus, the proportionate change in the exchange rate 

equals the inflation differential, ( ) *d logS .= π − π  This is known as “relative PPP”, so 

that high inflation countries (where *π > π ) experience depreciating currencies 

( ( )d logS 0> ). Prominent papers on this version of PPP include Breuer (1994), Froot 

and Rogoff (1995), Lan and Ong (2003), MacDonald (2007), Rogoff (1996), Sarno and 

Taylor (2002), Taylor and Taylor (2004) and Taylor (2006). Much research has been 

devoted to testing the PPP hypothesis and although there is still much controversy, it is 

possible to say there is a consensus that relative PPP holds over the longer term, after 

adjustments are complete. 

A key question is what are the prices P  and *P ? Mostly, consumer price indexes 

are used, although sometimes wholesale prices or Big Mac prices have also been 

employed. The price ratio *P P  can be thought of as more or less equivalent to the PPPs 

of the previous section. The ICP version of PPP takes it almost as given that PPPs do not 

coincide with the market exchange rate; indeed, this is clear from Figure 1.6 which 

shows that prices are not equalised across countries. By contrast, the international 

finance version of PPP treats the proportionality of the exchange rate and price ratio as 
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an interesting testable hypothesis. This is the key difference between these two streams 

of research on PPP.  

 

1.6     The Contributions of the Thesis 

The above material sets the scene for the thesis which has three main contributions 

in the area of demand analysis and measurement economics in a cross-country context. 

These contributions are:  

• World food demand: In recognition of the prominent role that food plays for many 

consumers, especially the poorer ones, we analyse in detail the determinants of 

food consumption. We propose a new functional form for the demand equation for 

food that has a number of appealing properties. This demand equation is consistent 

with microeconomic theory, always ensures that the food budget share falls within 

the [0, 1] range and can be applied without modification to all types of countries in 

the world, ranging from the richest to the poorest. 

• Functional form of demand equations: We introduce a new approach to modeling 

the demand for each of the n goods in the consumption basket. In previous 

research, each of the n demand equations has been taken to possess exactly the 

same functional form. Thus, for example, if the marginal effect of a one-dollar 

increase in income on the consumption of good i is taken to be constant, then this 

effect is also constant for all other n-1 goods. Our new approach is more 

comprehensive and flexible as it allows demand for different goods to have 

different functional forms. 

• Measuring quality: Quality differences have long been recognised as a challenging 

issue in index-number theory and practice. The most popular approach is the 

hedonic method whereby the impact of quality on prices is measured by regressing 

prices on the physical characteristics of the good in question. Another approach, 

due to Theil (1975/76), involves the luxury/necessity distinction of goods: the 

quality of the consumption basket as a whole is said to improve if it becomes more 

intensive in luxuries and less intensive in necessities. We contribute to this 

approach by introducing the “price of quality”, the dual to Theil’s index of the 

volume of quality, as well as a measure of spending on quality. 

These are the main contributions of the thesis. Below we provide an overview of 

the structure of the thesis. 
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With a growing world population and the increasing scarcity of land available 

for food production, studies of long-term projections of food consumption at the global 

level have attracted substantial interest. It is well recognised that long-term projections 

of global food demand are heavily dependent on the assumed income growth and 

changes in prices. Given that real incomes can change substantially over the longer term, 

key elements in modeling future food demand are the dependence of the income 

elasticity of food demand on income and ensuring that the food budget share always lies 

within the [0, 1] range. As these issues have been neglected in many past studies 

Chapter 2 provides an in-depth analysis of them. Various forms of the food Engel curve 

are explored by emphasising the economic behavior of the budget share and the income 

elasticity. Allowing for the substantial variation in income and prices which is evident 

across countries, a new functional form is introduced and applied to 130+ countries 

from the ICP (2008). The estimates of income and price elasticities for food are 

provided for each country. A simulation is also employed to investigate the role of 

income inequality on food consumption by generating income distributions from 

published inequality measures, such as the Gini coefficient. This chapter is published as 

Gao (2012). 

In Chapter 3, the focus is expanded from food consumption to the consumption 

basket as a whole, again in a cross-country context. Under appropriate separability 

conditions, the consumer’s problem can be decomposed into two steps: (i) how to 

allocate income between food and non-food groups; and (ii) the allocation to the 

remaining n 1−  goods within the non-food group, given total expenditure on the group 

as determined in the first step. We introduce a comprehensive approach to this problem 

by showing how different functional forms can be used for the demand equations for 

food and the members of the non-food group. Using the ICP (2008) data, we 

demonstrate how this “mixed functional form” approach is viable and leads to 

considerable flexibility in explaining consumption behavior. 

Suppose the price of a personal computer falls by x 0>  percent and its quality 

increases by y 0>  percent. Then, its “quality-adjusted” price falls by x y+  percent; 

this is the pure price change that holds quality constant. If z 0>  is the growth in 

spending on computers, then the volume of computing power available to the consumer 

has increased by x y z+ +  percent. To ignore the quality enhancement would understate 

this volume increase by [ ] [ ]x y z z x y+ + − + =  percent, the amount of the quality 

improvement. This is all well understood. But what, exactly, is meant by the “quality” 



28 

 

 

 

of a computer? Speed, memory, weight, feel, look and trendiness are all reasonable 

possibilities that could be used in a hedonic price equation to adjust for quality. 

However, there is considerable ambiguity and subjectivity in the selection of these 

characteristics of the good. The same ambiguities arise in hedonic pricing of cars and 

houses, two other important commodities subject to quality change. A further issue 

relates to the quality of services. For example, an appendectomy procedure carried out 

with keyhole surgery clearly represents a quality improvement when compared to one 

that leaves the patient with a 5-7 centimetre long wound. Conventional measures would 

struggle to accurately account for this quality improvement. 

  In Chapter 4, we thus explore an alternative approach to measuring quality. As 

consumers become richer, expenditure moves towards more luxurious goods, away 

from necessities. Thus, quality can be measured by observing the nature of the change 

in the composition of the consumption basket: If the basket is made up of more luxuries 

and less necessities, it has become more desirable and quality has increased. This is a 

revealed preference approach to quality that relies only on observed behavior and 

makes no a priori judgments regarding what is really beneficial to the consumer. Two 

related measures based on the luxury/necessity distinction of goods are introduced in 

this chapter and applied to the ICP (2008) data. One is an index of the extent to which 

the prices of luxuries change as compared to necessities, while the second indexes the 

change in spending. The “volume” of quality is then spending deflated by its price.  

Chapter 5 provides some brief concluding comments regarding the thesis. 
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CHAPTER 2 

WORLD FOOD DEMAND
1 

 

2.1     Introduction 

There are great disparities in consumption patterns across countries. For example, 

the poorest countries devote more than one-half of total consumption to food, while in 

the most affluent countries this commodity absorbs less than 10 percent. The dominant 

economic difference among countries is that incomes vary substantially; the ratio of 

income per capita in the richest country to that in the poorest is of the order of 100. For 

example, according to the recently-published data from the International Comparison 

Program (hereafter, the ICP)2, in 2005 consumption per capita of the US is more than 

$30,000 (international dollars), while that of the Democratic Republic of Congo is only 

about $132. In these cross-country data, we clearly observe that the more affluent have 

smaller food budget shares, which is evidence of Engel’s law.  

Since the food budget share declines as income increases, the income elasticity 

is less than one. The question is, how should this elasticity vary with income? It has 

been noted in prior research in both time-series and cross-sectional contexts that this 

elasticity falls with income. In an influential study, Lluch et al. (1977) found that over 

the period 1955-1968, the average per capita income in the US was about 25 times that 

of Korea, while the food income elasticity was estimated to be 0.7 in Korea and 0.3 in 

the US. 3 This pattern is also evident in the recent ICP data. Let p  be the price of food, 

q  be the corresponding quantity demanded per capita, and M  be total expenditure per 

capita (to be called “income” for short), and w pq M=  be the budget share. The 

income elasticity is defined as ( )log pq log M log w log M 1.η = ∂ ∂ = ∂ ∂ +  The left 

panel of Figure 2.1 presents a scatter plot of log w  against log M  for the ICP (2008) 

data. As can be seen, the slope log w log M∂ ∂  increases in absolute value as income 

becomes larger, which means that the income elasticity declines when income grows. 

                                                             
1 This chapter is published in American Journal of Agricultural Economics; see Gao (2012). 
2 The data referred to here and used subsequently are from the International Comparison Program “Global 
Purchasing Power Parities and Real Expenditures”, www.worldbank.org, 2008, hereafter referred to as 
ICP (2008). For details, see Appendix A1. 
3
 For further evidence, see, e.g., Clements and Selvanathan (1994, Sec. 10), Deaton and Paxson (1998), 

Hymans and Shapiro (1976), Seale and Regmi (2006), Subramanian and Deaton (1996), Theil (1983) and 
Timmer and Alderman (1979). 
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The decline in the elasticity makes good economic sense as much as the alternative – 

that the elasticity rises – is most implausible; it would mean that food becomes more of 

a luxury, or less of a necessity, with increasing affluence. 

 

Figure 2.1 

Scatter of Food Budget Share against Income 
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Source: ICP (2008).  

 

Consider the linear Engel curve of the form: pq = Mα + β⋅ , where α,  β > 0  are 

constants. As the budget share w  falls with income, the implied elasticity, w ,η = β  

increases with income, which violates economic intuition. Although this appears to be a 

fundamental flaw, the linear Engel curve is implied by the popular linear expenditure 

system (Stone, 1954) and the Rotterdam demand model (Barten, 1964; Theil, 1965). 4 

An alternative model is Working’s (1943), whereby the budget share is a linear function 

of the logarithm of income. While this model has the plausible implication that the 

income elasticity decreases with income for necessities and has been popular in cross-

country studies, it suffers from the defect that for large changes in income, the budget 

share ultimately becomes negative or larger than unity, which is logically impossible.5 

To deal with this problem, Rimmer and Powell (1992a, b, 1996) developed a new 

                                                             
4  When prices are held constant, the Rotterdam model version of the food demand equation is 

wd log q d log Q,= θ  where q  is the quantity demanded, θ  is the marginal share for food and Q  is real 

income. As the marginal share is specified as a constant in the Rotterdam model, the income elasticity is 
inversely proportional to the corresponding budget share. This is a major defect of the fixed-marginal-
share assumption of the Rotterdam model. 
5 Working’s model underlies the almost ideal demand system (AIDS) of Deaton and Muellbauer (1980). 
The violation of the [0, 1] constraint is the reason Deaton and Meullbauer include “almost” as part of the 
name. For examples of the use of Working’s model in cross-country demand analysis, see Chen (1999), 
Clements and Theil (1979), Seale and Regmi (2006), Selvanathan (1993), Theil (1996), Theil and 
Clements (1987) and Theil et al. (1981, 1989). 
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demand system based on implicitly additive preferences, named AIDADS.6 Cranfield et 

al. (2002) showed that AIDADS outperforms a number of other functional forms. 

However, important parameters of AIDADS depend on the level of utility, which cannot 

be found explicitly in terms of the model’s exogenous variables. An additional issue is 

that the iterative process to evaluate utility introduced by Rimmer and Powell is quite 

complex.  

This chapter introduces a new approach to model the consumption of food, the 

dominant commodity in most countries. This approach is applied to 138 countries using 

ICP (2008) data.7 With a growing world population and decreasing land availability for 

food production, a number of studies have focused on long-term projections of food 

consumption at the global level.8 Given that incomes can change by huge amounts over 

the longer term, the functional form of the food demand equation in these studies is of 

fundamental importance. First, the projected food budget share has to lie between 0 and 

1, a property not satisfied by some popular demand models. Second, the income 

elasticity of food consumption needs to be carefully considered. For example, Yu et al. 

(2003) compare several demand systems in the projection of food consumption across a 

wide range of countries with different income levels using a global general equilibrium 

model. They conclude that forecasts depend critically on the underlying functional form 

used, and some functional forms can lead to unrealistic projections by failing to capture 

changes in the income elasticity as consumers become wealthier. In this chapter, we 

explore alternative Engel curves for food and emphasize their economic implications, 

the [0, 1] property of the share and how the elasticities vary with income. 

                                                             
6 Additionally, Cooper and McLaren (1992) modified the cost function underlying AIDS to preserve 
regularity properties and obtained share equations satisfying the [0, 1] restriction. See also Fry et al. 
(1996), Lewbel (1987) and Woodland (1979).  
7 For an early, influential study on food demand, see Tobin (1950). Tobin’s work stimulated a number of 
subsequent papers including Anderson and Vahid (1997), Bearse, Bozdogan, and Scholottmann (1997), 
Chetty (1968), de Crombrugghe, Palm, and Urbain (1997), Izan (1980), Leamer (1997), Maddala (1971), 
Song, Liu, and Romilly (1997), and van Driel, Nadall, and Zeelenberg (1997). For recent research on 
food demand, also see Huang (1988), Kastens and Brester (1996), LaFrance et al. (2002), Piggott (2003), 
Reed, Levedahl, and Hallahan (2005), Seale, Regmi, and Bernstein (2003),  Wang, Hertel, and Eales 
(1997) and Yu et al. (2003). 
8  Much of this research is contained in reports from institutions such as the Food and Agriculture 
Organization of the United Nations, International Food Policy Research Institute, US Department of 
Agriculture, OECD and World Bank. For representative examples, see:  

• World Agriculture: Towards 2030/2050 (http://www.fao.org/economic/esa/esag/en/),  

• Global Food Projections into 2020 (http://www.ifpri.org/publication/global-food-projections-2020-0),  

• USDA Agricultural Projections to 2020 (http://www.ers.usda.gov/publications/oce111/),  

• OECD-FAO Agricultural Outlook 2011-2020 (http://www.oecd-ilibrary.org/agriculture-and-food/oecd-
fao-agricultural-outlook-2011_agr_outlook-2011-en), and 

• Agriculture and Food Needs to 2025: Why We Should Be Concerned? 
(http://www.worldbank.org/html/cgiar/publications/crawford/craw10.pdf). 
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The remainder of this chapter is as follows. Section 2.2 discusses some 

controversial issues in modelling food demand using cross-country data. Section 2.3 

investigates alternative food Engel curves, while Section 2.4 analyses the stochastic 

implications of the [0, 1] domain of the food share. Section 2.5 allows for the impact of 

international variation in prices using the differential approach to consumption theory. 

In Section 2.6, we introduce a novel way to study the seriousness of the [0, 1] domain 

problem by focusing on extreme values of income, which is a type of “stress testing”. In 

that section we also present measures of the cross-country sensitivity of consumption to 

variations in income and prices. Section 2.7 explores the impact of income inequality on 

food consumption in the context of aggregation over consumers. Concluding comments 

are contained in Section 2.8. 

 

2.2     Issues in Modelling International Food Demand 

The food demand model developed here applies to all countries.9  This simple but 

fundamental idea means that differences in food consumption internationally can be 

understood in terms of differences in real incomes and relative prices across countries, 

with differences in noneconomic factors relegated to a random error term. When 

expressed in this sharp form, this approach might seem rigid, but it can be defended as a 

productive way of proceeding for at least three reasons.  

First, consider the aggregation question: Under what conditions do the 

predictions of the utility-maximizing theory of the individual consumer carry over to 

market demand functions? It seems that the most widely accepted answer to this 

question is: Only when there are severe restrictions on preferences, such as identical and 

homothetic tastes or some variant thereof. As these conditions are unlikely to be satisfied 

in practice (homotheticity is inconsistent with Engel’s law), this answer would seem to 

rule out market demand functions having a microeconomic justification, a negative 

result based on research by Sonnenschein (1972, 1973), Muellbauer (1975), Mantel 

(1974), and Diewert (1977). A less well appreciated alternative is the convergence 

approach to aggregation (Theil, 1971). Here, individuals have their own idiosyncratic 

preferences that lead to their own demand functions. Then, using a random coefficient 

                                                             
9  The literature on international comparisons of consumption patterns dealing with broad groups of 
commodities includes Chen (1999), Clements and Chen (1996), Clements and Selvanathan (1994), 
Clements and Theil (1979), Clements et al. (2006), Goldberger and Gamaletsos (1970), Houthakker 

(1957), Kravis et al. (1982, Chapter 9), Lluch and Powell (1975), Lluch et al. (1977), Muhammad et al. 
(2011), Pollak and Wales (1987), Regmi and Seale (2010), Seale and Regmi (2006), Selvanathan (1993), 
Selvanathan and Selvanathan (2003), Theil (1996), Theil and Clements (1987) and Theil et al. (1981, 
1989). See also Neary (2004), who emphasizes the cross-country measurement of real income.  
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approach, these are averaged over the N consumers, and asymptotic demand equations 

emerge as N .→ ∞  Under not unreasonable conditions, the limiting behaviour of the 

averaged demand equations possesses the usual properties of homogeneity, symmetry 

and negativity (Barnett, 1979a, b; Theil, 1971; Selvanathan, 1991). Accordingly, the 

convergence approach provides a more positive answer to the question posed at the start 

of this paragraph. A related issue is the effect of the distribution of income on 

consumption: If two countries have the same per capita income and prices, but in one 

there is substantially more inequality, what differences in consumption can be expected? 

This issue is explored in Section 2.7, and it is shown that inequality has only a modest 

effect on the estimates of the food demand equation.  

Second, consider the issue of focusing on income and prices to the neglect of 

non-economic factors. As this is the simplest possible approach, it is consistent with the 

principle of parsimony: If this simple starting point is found to be sufficient to explain 

the majority of observed variation in behaviour, then additional elements are redundant 

and we declare the model to be scientifically sound. This consideration is related to the 

idea of models as approximations. Although all models are wrong in a literal sense, as 

stylized pictures of reality, if they contain a germ of truth they can be a most useful 

guide to understanding economic behaviour. A related aspect, advocated by Stigler and 

Becker (1977), is that economists should look for the “subtle forms that prices and 

incomes take in explaining differences among men and periods” rather than leave those 

differences up to primitives beyond economic explanation.  

Third, there is the practical matter that some global economic models contain 

demand systems that apply to all countries; see, e. g., GTAP (Yu et al., 2003). CGE 

models are increasingly being used for projections of world food markets in order to 

support forward-looking policy analysis. In other words, the assumption that tastes are 

identical internationally is already embodied in research that is now used extensively in 

policy analysis. Within this framework, it is important to shed light on the properties, 

implications and performance of the underlying demand equations.10  

                                                             
10  The previous literature on pooling consumption data across countries is quite modest and can be 
summarised by focusing on several studies. In an influential paper, Houthakker (1957) used survey data 
to estimate Engel curves for 4 goods in each of a large number of countries, and concluded that income 
elasticities were similar but not equal across countries. Clements and Izan (1979) subsequently pooled 
Houthakker’s data across countries and found the results to be reasonable. S. Selvanathan (1993) used 
differential demand systems to formally test the hypothesis that tastes are identical across six Australian 
states. Finally, Pollak and Wales (1987) estimate the quadratic expenditure system with time-series data 
and examine the hypothesis that the parameters are the same in different countries. They reject the 
hypothesis and conclude that “caution is appropriate in pooling international consumption data”. Thus, in 
summary there is mixed evidence on pooling from the previous literature. 
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2.3     Alternative Engel Curves 

In this section, we ignore price differences and explore alternative Engel 

functional forms for food using data for 138 countries from the ICP (2008). These data 

are presented in Table 2.1.11   

Four Engel Curves 

Working’s model (1943) states that the budget share is a linear function of the 

logarithm of income: 

(2.1) w log M= α + β ,                                                                

where α  and β  are parameters. The income elasticity implied by Working’s model is 

1 wη = + β  and the marginal share is pq M w .θ = ∂ ∂ = + β  The right panel of Figure 2.1 

is a scatter of the food share against logarithmic income for the ICP countries, and it can 

be seen that there is indeed an approximate linear relation between w and log M. 12  

However, the obvious shortcoming of the model can also be seen: When income 

increases substantially, the implied budget share becomes negative. One of the 

objectives of this chapter is to analyse the seriousness of this shortcoming. 

The generalized Working’s model (Laitinen et al., 1983) involves a Box-Cox 

type transformation of income:  

(2.2) ( )w M M ,γ γ= α + β                                                                                            

where ( )( )M M 1γ γ= − γ  and γ  is the Box-Cox parameter. The model reduces to simple 

functional forms for particular values of the parameter γ . While the generalized model 

is more flexible, it has the same shortcoming as Working’s: the budget share may lie 

outside the [0, 1] interval. 

To avoid unreasonable values of the budget share, consider the logistic function: 

(2.3) 
M

M

e
w ,

1 e

α + β
=

+
                                                                                         

where α  and β  are parameters. This logistic model function ensures that the budget 

share behaves logistically, remaining always in the ( ),  / 2β α + β    interval for a 

                                                             
11 According to the ICP (2008, p. 136), the commodity food includes “food products and nonalcoholic 
beverages purchased for consumption at home; and excludes food products and beverages sold for 
immediate consumption away from the home by hotels, restaurants, cafes, bars, kiosks, street vendors, 
automatic vending machines and so forth; cooked dishes prepared by restaurants for consumption off 
their premises; cooked dishes prepared by catering contractors, whether collected by the customer or 
delivered to the customer’s home; and products sold specifically as pet foods.” 
12  Here and elsewhere, “income” is real total consumption expenditure per capita measured in 
international dollars. 
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Table 2.1    

Real Income and Food Budget Share for 138 countries in 2005 

Country 
Income  

per capita 
 Food 
share  

Country 
Income  

per capita 
 Food 
share 

 
Country 

Income  
per capita 

 Food 
share  

1. United States 100.0 6.2   47. Belarus 27.3 34.7   93. Kyrgyz 8.0 40.8 

2. Luxembourg 92.2 6.9   48. Kazakhstan 26.5 18.6   94. Sri Lanka 7.9 36.4 

3. Iceland 80.7 8.9   49. Mauritius 26.3 23.4   95. Iraq 7.8 32.1 

4. Norway 77.7 9.7   50. Russia 26.3 25.5   96. Mongolia 7.7 35.9 

5. United Kingdom 76.9 7.1   51. Bulgaria 26.1 19.5   97. Tajikistan 7.7 55.0 

6. Austria 76.4 8.7   52. Iran 25.2 23.4   98. Philippines 7.5 43.9 

7. Switzerland 74.6 9.3   53. Romania 24.4 25.0   99. Indonesia 7.4 41.6 

8. Canada 74.4 7.7   54. Oman 24.2 22.1   100. Pakistan 7.3 48.8 

9. Netherlands 72.4 8.2   55. Argentina 24.0 22.5   101. Morocco 7.2 31.1 

10. Sweden 72.0 8.3   56. Serbia 23.7 25.6   102. Lesotho 7.1 35.5 

11. France 71.5 10.6   57. Saudi Arabia 23.6 18.5   103. China 7.0 24.1 

12. Australia 70.6 8.5   58. Chile 23.3 16.2   104. Vietnam 6.8 31.3 

13. Denmark 69.8 8.1   59. Uruguay 22.1 19.0   105. India 5.5 33.7 

14. Belgium 68.4 10.3   60. Bosnia Herz. 21.9 28.5   106. Cambodia 5.3 47.2 

15. Germany 67.5 9.1   61. Macedonia 20.5 30.9   107. Yemen 5.2 41.1 

16. Hong Kong 66.3 8.9   62. Ukraine 19.8 32.1   108. Sudan 4.5 55.6 

17. Ireland 66.2 4.6   63. South Africa 19.3 17.6   109. Lao P.D.R. 4.4 47.3 

18. Japan 66.0 12.3   64. Malaysia 19.3 17.3   110. Djibouti 4.4 33.6 

19. Taiwan 64.5 14.8   65. Turkey 18.9 23.1   111. Kenya 4.3 33.3 

20. Cyprus 63.4 13.7   66. Montenegro 18.7 32.2   112. Sao Tome P. 4.3 53.7 

21. Finland 63.0 9.3   67. Brazil 18.7 15.5   113. Congo, R. 4.1 37.5 

22. Spain 61.9 11.8   68. Venezuela 17.1 26.1   114. Cameroon 4.0 43.4 

23. Italy 61.6 12.3   69. Thailand 16.1 15.9   115. Nigeria 4.0 56.7 

24. Greece 59.4 13.8   70. Albania 14.6 24.6   116. Senegal 3.9 48.9 

25. NZ 57.7 11.5   71. Colombia 14.5 24.3   117. Chad 3.5 55.0 

26. Israel 54.7 12.9   72. Ecuador 13.7 25.9   118. Mauritania 3.4 63.6 

27. Malta 54.3 13.9   73. Jordan 13.7 28.9   119. Nepal 3.4 48.7 

28. Singapore 53.6 8.2   74. Tunisia 13.7 24.8   120. Bangladesh 3.3 49.9 

29. Qatar 50.5 13.6   75. Peru 13.6 29.2   121. Benin 3.3 43.6 

30. Slovenia 50.0 11.9   76. Egypt 13.5 41.6   122. Ghana 3.3 49.2 

31. Portugal 49.0 13.1   77. Armenia 13.1 65.1   123. Coted 'Ivoire 3.1 43.3 

32. Brunei 48.7 18.4   78. Moldova 13.0 24.2   124. S. Leone 3.1 42.4 

33. Kuwait 47.0 14.8   79. Maldives 12.9 22.9   125. M’gascar 3.0 57.0 

34. Czech 46.3 13.1   80. Gabon 12.7 36.3   126. Togo 2.7 48.6 

35. Hungary 42.6 13.3   81. Fiji 12.6 26.3   127. Burkina Faso 2.5 42.0 

36. Bahrain 41.6 19.0   82. Georgia 12.1 36.7   128. Guinea 2.4 44.0 

37. Korea 40.4 13.7   83. Botswana 11.9 21.9   129. Mali 2.3 46.7 

38. Estonia 39.4 15.4   84. Namibia 10.9 26.0   130. Angola 2.3 40.7 

39. Slovak 38.8 15.7   85. Swaziland 10.8 41.9   131. Malawi 2.1 23.3 

40. Lithuania 38.3 22.9   86. Azerbaijan 10.5 57.9   132. Rwanda 2.1 42.7 

41. Poland 36.7 17.8   87. Syrian Arab 10.5 41.7   133. C. Africa 1.9 56.8 

42. Croatia 36.1 19.3   88. Bolivia 10.2 27.8   134. M’bique 1.7 60.1 

43. Macao 36.1 13.3   89. Equat. Guinea 10.1 39.5   135. Liberia 1.3 25.8 

44. Latvia 33.4 19.2   90. Paraguay 9.9 32.3   136. Niger 1.3 46.4 

45. Lebanon 32.0 27.8   91. Cape Verde 8.8 28.8   137. G-Bissau 1.2 52.3 

46. Mexico 28.7 22.0   92. Bhutan 8.0 34.5   138. Congo, D. R. 0.4 62.2 

Notes: 1. Income is real total consumption expenditure per capita in international dollars with US=100.  
2. Food shares are in percentage form. 
3. The grey line splits the 138 countries into two groups, the “rich” and the “poor”. 

Source: ICP (2008). For details, see Appendix A2.1. 
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necessity ( )when .β < α  The marginal share and income elasticity are ( )w kθ = + β − α  

and ( )1 k w ,η = + β − α  respectively, where ( )
2

M Mk Me 1 e 0.= + >  When income 

increases indefinitely, both the food budget share and marginal share go to β  and thus 

η  approaches 1. On the other hand, w  and θ  approach ( ) / 2α + β  and η  approaches to 

1 when income decreases to zero. Accordingly, this model implies that the poorest and 

the richest have the same food income elasticity, which is a drawback.  

Suppose, hypothetically, that income is understated by 0,α > so that M + α  

represents “true” income. Consider the food budget share as a reciprocal function of true 

income:  

(2.4) w= ,
M

β

+ α
                                     

where β  is a parameter. For w to lie in the [0, 1] interval, α  and β  should be positive, 

and M.β − α ≤  If income is less than the difference of these two parameters, the budget 

share lies above 1. As will be seen in next subsection, empirically, β ≤ α , which means 

any income level is higher than the difference  β − α . Combining equation (2.4) with 

1 log w log M ,η = + ∂ ∂  we obtain that the income elasticity is proportional to the 

reciprocal of true income, ( )M ,η = α + α  which falls from 1 to 0 as M  increases. We 

shall call (2.4) the “multiplicative variable elasticity” (MVE) model.13
   

Table 2.2 provides a convenient summary of the four models and their properties. 

Application to 138 Countries 

Estimates of the four models applied to the ICP (2008) data are given in the first 

four rows of Panel A of Table 2.3. Working’s model and its generalization both fit the 

data well with R-squared values about 0.75; and as the estimate of the Box-Cox 

parameter γ  is near 0, though statistically significant, there is support for the simpler 

Working’s model. For the logistic model, the fitted food budget shares are too low for 

the low income countries. On the basis of 2R ,  the MVE model fits best, but there are not 

great differences across models.  The remaining rows of Table 2.3 will be discussed 

subsequently.  

Figure 2.2 shows the fitted budget share, marginal share, and income elasticity 

for the four models. As can be seen, in both Working’s model and its generalization, the 

                                                             
13  The MVE model has a similar expression to the Generalised Exponential Form with i 0β =  and 

1γ = − from Copper and McLaren (1996).  
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marginal share and income elasticity become negative when per capita income exceeds 

$22,000. Taken at face value, this means that in countries with equal or higher income 

than Denmark, food is an inferior good. Actually, the data tell us these countries keep 

spending more on food (but not too much more), which points against inferiority. 

Rather than food being inferior, it is the model that is possibly inferior at high levels of 

income. The logistic model ensures that the budget share, marginal share, and income 

elasticity all lie in the [0, 1] domain, but the path of the income elasticity resembles a 

quadratic function of income. As income rises from low levels, the elasticity falls from 

near unity and reaches a minimum around $12,000; and thereafter the elasticity rises to 

end up again at near unity. As discussed above, the MVE model implies that the income 

elasticity falls with income and is always positive, properties that are illustrated in Panel 

D of Figure 2.2. 

 

Figure 2.2   

Estimated Income Elasticities, Marginal Shares and Budget Shares of Food 

              A. Working’s Model                                     B. Generalized Working’s Model 
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Table 2.2 

   Summary of Forms of Engel Curves for Food 

Model 
Budget 
share 

Marginal 
share 

Income 
elasticity 

Extreme values of income when  

Strengths Weaknesses 
w 0=  w 1=  0η =   

Working’s  w log M= α + β  wθ = + β  1 wη = + β  *

0M e

α
−

β=  
1

*

1M e

−α

β=  **M e

α+β
−

β=  

 

1. Fits well 
2. η  declines as income 

rises 

1. w may lie outside 
[0,1] interval 

2. η  can be <0 

Generalized 
Working’s  

( )w M Mγ γ= α + β  ( 1)wθ = γ + + β  1 wη = γ + + β  

1

*

0M
γ β

=  
αγ + β 

 

1

*

1M
γ β + γ

=  
αγ + β 

 

1

** ( 1)
M

( )

γ β γ +
=  

αγ + β 
 

 

1. As above 
2. Approaches Working’s 

model  when 0γ →   
As above 

Logistic  
M

M

e
w

1 e

α + β
=

+
 

k( ) wθ = β − α +
M M 2k Me (1 e ) 0= + >  

1 k
w

β − α
η = +  - - - 

 

1. w lies in [0,1] 
2. η  is always positive 

1η →  for poorest and 

richest consumers  

MVE  w=
M

β

+ α
 w

M

α
θ =

+ α
 

M

α
η =

+ α
 *

0M = ∞  *

1M = β − α  - 

 
1. η  declines as income 

rises  
2. w and η  always 

positive  
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Table 2.3    

Estimates of Demand Models for Food 

Model Parameters  p-values of 
Lilliefors test  α  β  γ  φ  2R  

(1) (2) (3) (4) (5) (6) (7) 

A. Income effect only 

  1. Working’s 0.278 (0.007) -0.112 (0.006)   0.7487 0 

  2. Generalized Working’s 0.278 (0.013) -0.111 (0.009) -0.0008 (0.0001)  0.7488 0 

  3. Logistic 0.889 (0.029) 0.090 (0.011)   0.7614 0.0031 

  4. MVE - unweighted 1.106 (0.121) 0.602 (0.048)   0.7669 0.0028 

  5. MVE - weighted 1.063 (0.095) 0.581 (0.031)   0.7917 0.0036 

  6. MVE - logit/unweighted 1.000 (0.066) 0.554 (0.031)   0.7730 0.0339 

  7. MVE - logit/weighted 0.984 (0.066) 0.547 (0.026)   0.7805 0.0378 

B. Income and price effect 

  8. Working’s 0.277 (0.007) -0.084 (0.007)  -0.588 (0.135) 0.7970 0.0067 

  9. Logistic 0.731 (0.044) 0.133 (0.013)  -0.516 (0.131) 0.7971 0.0191 

10. MVE - unweighted 1.791 (0.274) 0.818 (0.090)  -0.585 (0.137) 0.8009 0.0017 

11. MVE - weighted 1.595 (0.190) 0.747 (0.068)  -0.594 (0.084) 0.8874 0.0094 

12. MVE - logit/unweighted 1.877 (0.226) 0.837 (0.064)  -0.579 (0.139) 0.7811 > 0.1 

13. MVE - logit/weighted  1.938 (0.233) 0.851 (0.061)  -0.578 (0.148) 0.7863 >0.1 

   Notes: 1. Standard errors or asymptotic standard errors are in parentheses.  

 2. R2 values are defined as ( ) ( )
2 2

138 138

c 1 c 1c c
ˆ ˆw w w w ,= =∑ ∑− −  where cŵ  is the fitted food share in country c and a bar denotes the mean.  

 3. “Logit” means that the logit transformation is applied. “Weighted” means that different variances for the poor and rich countries are allowed for in estimation.  
  4. Observed incomes are divided by 5,000. The choice of scaling is arbitrary and has no impact on elasticity values.  

 5. The Lilliefors test for normality is an adaptation of the Kolmogorov–Smirnov test.  
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2.4     Stochastic Properties 

Write the Engel function as: 

(2.5)     ( )c c cw f M ,= + ε                                                                                                       

where c is the country subscript, ( )cf M  is one of the above four alternative functional 

forms and cε  is a zero-mean disturbance term. If cε  is assumed to follow a normal 

distribution, the predicted value of the dependent variable is unbounded, thus violating 

the [0, 1] constraint. As in Working’s model, the deterministic term ( )cf M  is 

unbounded and as the income elasticities of the logistic model are unappealing, we 

consider this constraint in context of the MVE model.  

The residuals cε̂  from the MVE model are plotted in Figure 2.3. The 138 

countries are split into two groups, the “poor” and the “rich”, with 69 countries in 

each. 14  If the error term cε  is normally distributed with zero mean and standard 

deviation 0.075,σ =
15  the predicted food budget share in the US follows 

( )2N 0.08,0.075  as the estimated share ( )USf M 0.08.=  There is 14% chance of the 

predicted share being negative. The notes to Figure 2.3 reveal that the standard deviation 

for the poor group is about twice that of the rich group. 16  Allowing for this 

heteroscedasticity by using 0.098σ =  for the poor and 0.042σ =  for the rich, Figure 2.4 

shows the probability of the share being negative (dotted line) or greater than 1 (solid 

line). As can be seen, the very rich counties are more likely to be problematic, but less 

so than when heteroscedasticity was ignored. Now, there is still about 2% probability of 

the predicted food share in the US being negative. On the other hand, there is no need to 

worry about w 1>  as the probability of this occurring is near zero in all countries.  

To deal with this problem, Rossi (1983) suggests using the logistic-normal 

distribution (Aitchison and Shen, 1980) for the budget shares. Gallant (1987) introduced 

a model for shares under logistic normality, where the dependent variable is the log 

ratio of two shares. As there are only two commodities in the consumer’s basket, food 

and non-food, the log-ratio of food and non-food is ( )( )log w 1 w ,−  which is  

 

                                                             
14 Countries with income lower than 15 (with US=100) are called “poor” countries and the rest are “rich” 
countries. 
15 See the second entry in row 1 of the table below Figure 2.3. 
16 The variance of food expenditure might be higher in rich countries as they have more choices in 
consumption, but the variance of food budget share is much smaller than that of food expenditures in rich 
countries. 
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Figure 2.3    

Residuals, MVE Model 

                     A. Poor group                                                                 B. Rich group 
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Notes: 1. The means of residuals are close to 0 (solid line) in Panel A and B. The dotted box indicates the  
  mean ± 2 standard deviations. 
 2. Summary statistics of the residuals are:  

 

 

 

 
 

Figure 2.4 

Probability of Predicted Food Budget Share Lying outside [0, 1] 
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equivalent to the logit transformation. As is well known, if w  follows a logistic-normal 

distribution, the logit transformation, ( )( )log w 1 w ,−  follows a normal distribution. 

Applying the logit transformation to the MVE model: 

(2.6) 
w

log log ,
1 w M

β   
′= + ε   − + α −β   

                                                                        

with β  and α  as defined below equation (2.4), the range of left-hand side variable is 

( , )−∞ +∞ , and model (2.6) can be estimated by non-linear least squares. Row 6 of Table 

2.3 contains the results. Compared to the previous results in row 4, after the logit 

transformation the standard errors of both α  and β  decrease by more than 30%. 

Importantly, after the logit transformation the residuals are much closer to being 

normally distributed. As can be seen from row 4 and row 5 (weighted to allow for 

heteroscedasticity), the p-value of the Lilliefors test statistic is 0.3% and 0.4%, which 

indicates that the normality hypothesis has to be rejected. After the logit transformation 

as shown in rows 6 and 7, however, the p-value increases to 3% (where observations are 

unweighted), and 4% (weighted to allow for heteroscedasticity). Accordingly, not only 

does the logit deal with the [0, 1] constraint, it also facilitates reliable inference. 

 

2.5     Allowing for Price Differences 

The previous two sections ignored the cross-country differences in the relative 

price of food. In this section, we simultaneously take account of the differences in 

income and prices internationally by employing the differential approach to consumption 

theory (Theil, 1980), which has the convenient property of dealing with the two 

determinants as separate additive terms.  

Income and Price Variation across Countries    

For country c, let cp  be the food price, nf ,cp  be the non-food price and 

( )c c c c nf ,clogP w logp 1 w logp= + −  be the Divisia price index.17 The relative price of food 

in country c, c clog p log P− , is then comparable across countries. Figure 2.5 plots income 

and the relative food price in the 138 countries. Two things can be clearly seen from this 

figure. First, the dispersion of income is much larger than that of the relative food price 

— almost 10 times larger on the basis of the standard deviation. The ICP data exhibit 

some interesting patterns of variability. Table 2.4 contains some related material, from 

                                                             
17 This index is also referred to as Stone’s price index. 
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which it can be seen that the income of the poorest country (D. R. Congo) is only 1/240 

of that of the richest country, the US, while the ratio of the relative food price in these 

two countries is only 1.4, and the corresponding ratio of the food shares is about 10. The 

second feature of Figure 2.5 is that food is relatively cheaper in rich countries (the 

correlation between income and the price of food is -0.47). Due to the substantially 

larger variability of income, it is unlikely that this correlation greatly influences the 

broad findings of the previous section that dealt with the effects of income alone. But as 

will be seen in Section 2.6, allowing for prices does have an important impact on the 

behaviour of the model at extreme values of income. 

 

Figure 2.5    

Dispersion of Income and Relative Food Price across 138 Countries 
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Note: Countries are ranked by income, from the poorest to the richest. The logarithm 
of income and the logarithmic relative price are both expressed as deviations from 
their respective means. The standard deviation of log income is 1.203, while that of 
the logarithmic relative price is 0.175. 
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Table 2.4    

Incomes, Prices and Food Shares in the Richest and Poorest Countries 

     Country 

Variable 
Poorest 

(Congo, D. R.) 
Richest 

(United States) 
Ratio 

(Poorest/richest) 
         (1) (2) (3) (4) 

1. Income ($ p.c.) 132 31,994 1/240 

2. Relative food price 1.4 1 1.4 

3. Food budget share (%) 62.2 6.2 10 

  Note: The relative price is the food price deflated by Divisia price index, p P . 

 

Income and Prices Combined  

The Engel function (2.5) discussed above can be thought of as holding prices 

constant. In what follows, it is convenient to suppose that the prices of food and non-

food are held constant at the geometric mean of prices in the 138 countries, [ ]nfp,  pp = , 

which can be thought of as the “world” prices. Let ( )c cw f M=�  be the food budget share 

for country c when prices are p . The observed food budget share, cw , can then be 

expressed as the sum of cw�  and a term to account for the difference between the 

domestic and the world prices, c cw w .− �  As discussed in Appendix A2, this term is the 

sum of two components: a pure price component and a substitution component, 

(2.7) ( ) nf ,c nf ,cc c
c c c c c

nf nf

p pp p
w w w 1 w log log log log .

p p p p

   
− = − − + π −   

   
� � �               

The first term on the right-hand side recognizes that a higher food price raises food 

expenditure when the consumer buys the same quantity despite its higher price; this 

leads to an increase in the food budget share. The second term deals with the substitution 

effect whereby the consumer buys less food following a price increase, and more non-

food goods. The price term ( )clog p p  is the price of food in country c compared with 

the world price of food and ( )nf ,c nflog p p  is the companion non-food price. The two 

terms in square brackets on the right-hand side involve comparisons of the relative price 

of food with the relative price of non-food. The Slutsky price coefficient cπ  measures 

the price sensitivity of food consumption when real income remains unchanged. Timmer 

(1981) emphasizes the importance of the own-price elasticity of food and that it should 

decline in absolute value as income increases. That is, the poor households substitute 
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among food and non-food goods more flexibly than the rich when relative prices change. 

A simple way to allow for this behaviour is to parameterize cπ  as ( )c c1 ,φθ − θ  where cθ  

is the marginal share at income cM  and price vector p .18  After rearrangement and 

substituting cπ  into equation (2.7), the observed food budget share in country c can be 

expressed as  

(2.8) ( ) ( )nf ,c nf ,cc c
c c c c c c c

nf nf

p pp p
w w w 1 w log log 1 log log ,

p p p p

   
= + − − + φθ − θ − + ε   

   
� � �  

where the disturbance cε  deals with all other factors influencing food consumption.19
   

 

2.6     The Income and Price Sensitivity of Consumption 

In this section, we apply model (2.8) to the ICP (2008) data and examine the 

implications. Define ( ) ( )c c nf,c nfx log p p log p p= −  so that this equation can be written as  

(2.9) c c c c c c c c cw w w (1 w )x (1 )x .= + − + φθ − θ + ε� � �                                                          

As discussed in Section 2.3, the estimated value of the Box-Cox parameter γ   in the 

generalized Working’s model is near zero. Thus, we only consider three types of Engel 

functions: Working’s, the logistic and the MVE model. In addition, the logit 

transformation is applied to the MVE model with price effect added: 

(2.10) 
( )
( )

c cc c
c c c

c c c c

1w w
log log x x .

1 w 1 w w 1 w

θ − θ   
′= + + φ + ε   − − −   

�

� � �
                                             

The error terms cε  in (2.9) and c
′ε  in (2.10) are assumed to be normally distributed with 

zero means.  

The log-likelihood functions are maximised by the Newton-Raphson method, 

and the estimates are given in Panel B of Table 2.3.20 Compared to the estimates in 

Panel A, the R-squared values mostly increase. Figure 2.6 shows the implied Engel 

curves with and without the price effect, and as can be seen, the curves become flatter 

when prices are included in the models. 

                                                             
18  As discussed in Appendix A2.2, parameterizing π  in this manner is consistent with preference 

independence. When there are n=2 goods as in our case (food and non-food), preference independence 

imposes no restrictions. Under preference independence, φ  is interpreted as a type of average price 

elasticity.  
19 Applying Working’s model as the income effect term in equation (2.8), it gives the Florida model for 
food. 
20 The estimates of α  and β  obtained in Section 2.3, where the price effect is not involved, are used as 

starting point. The starting value for φ  is zero. This method converges after about 15 iterations in 

MATLAB. If all starting values are set to be zero, the results converge to the same estimates after 30 
iterations. 



50 
 

Figure 2.6 

Engel Curves for Food with and without Price Effect 

 
A. Working’s model                                                B.  Logistic model                           

 

0

0.2

0.4

0.6

0.8

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000

Without price effect

With price effect

0

0.2

0.4

0.6

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000

Without price effect

With price effect

 

 

            C.  MVE model                                                     D. Logit MVE model 
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Note: The estimated parameters for these four models from rows 1, 3, 5 and 7 of Table 2.3 are used to 
obtain the Engel curves without price effect, and estimates from rows 8,9,11 and 13 of Table 2.3 are used 
for the curves with price effect. 

 

Extreme values     

As mentioned above, a defect of Working’s model is that the budget share may 

fall below 0 or higher than 1. The upper part of Table 2.5 explores the seriousness of this 

issue by using the estimates of Working’s model to present for the US (the richest 

country) the number of years of income growth until the budget share turns negative. 

Thus, the second entry of column 3 of this panel shows that if income in the US grows at 

Income Income 

Income 

Budget share Budget share 

Budget share 

Income 

Budget share 
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3% per annum, then in 48 years (from 2005) income hits the critical value at which the 

food share becomes negative.21 While a defect of the model that occurs almost half a 

century into the future might be regarded as being of little practical significance, the 

same is not true for the income elasticity. From the second to last entry of the lower part 

of Table 2.5, when income grows at the same rate (3%), the food income elasticity 

becomes negative in 15 years in the US. In other words, under Working’s model food is 

projected to switch from a normal to an inferior good in about 2020. While this cannot 

be completely ruled out, such a fundamental change in food consumption stretches 

economic credibility. 

As the Engel curve becomes flatter when the price effect is added, the above 

critical income values are even closer to the observed income in US when the prices are 

excluded in the model. This can be seen by comparing the results of column 2 of Table 

2.5 (prices excluded) with those of column 3 (prices included).  That is, the role of the 

relative price of food is to reduce the defect.  

 

Table 2.5 

Extreme Values of Income in the US 

            (Number of years’ growth in income until food share and income elasticity hit zero) 

 Price effects 

Problem Excluded Included 

   (1) (2) (3) 

w 0= , when income grows at   

1% p.a. 62.6  [33.8, 91.4] 144.2  [87.8, 200.4] 

3% p.a. 20.9  [11.3, 30.5] 48.1  [29.3,   66.8] 

5% p.a. 12.6  [  6.8, 18.3] 28.8  [17.6,   40.1] 

0η = , when income grows at   

1% p.a. -- 44.2  [-12.1, 100.4] 

3% p.a. -- 14.7  [  -4.0,   33.5] 

5% p.a. --   8.8  [  -2.4,   20.1] 

Notes: 1. The annual percentage growth rates of real personal consumption expenditure per capita in   
the US in each year between 2003 to 2008 are 2.8, 3.5, 3.4, 2.9, 2.6, and -0.2 (US Bureau of 
Economic Analysis), with an average of 2.5%. 

               2. 95% confidence intervals are in square brackets. 
 

                                                             
21 The corresponding 95% confidence interval is [29, 67] years. As shown in the notes to Table 2.5, this 
income growth of 3% is not too different to recent US experience. But as a sensitivity check, the results 
are redone with two other growth rates. As shown by the first and third entries of column 3 of Table 2.5, 
when income is taken to grow at 1% (5%) p.a., the share turns negative in 144 (29) years. 
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As discussed in Section 2.4, the budget share implied by the stochastic version of 

the MVE model is unbounded — the predicted food share may lie outside [0, 1]. When 

income grows at rate r, the probability of the share being negative for country c in some 

future year t is given as: 

(2.11) 
t
cŵ

t t t 0 rt

c c c ct

c

ˆ
ˆP(w 0) d ,          where   w  and  M M e .

ˆM

−

−∞

β
< = ϕ ε = =

+ α∫          

Here, t

cM  is the income of country c in t years, 0

cM  is its initial income, t

cŵ  is the fitted 

share, and α̂  and β̂  are estimates of parameters (estimated after making the appropriate 

modification to allow for price differences, from row 10 of Table 2.3). Panel A of Figure 

2.7 shows the relations between these variables. The upper left quadrant gives the future 

projection of income and the Engel curve is in the upper right quadrant. Income grows to 

*M  in *t  years at point A and the food share declines to *w  at point B. The 

corresponding probability of the share being negative is given by equation (2.11). Let 

this probability be *p , which is represented in the lower right quadrant of the figure by 

the point C. The relationship between years of future growth and the probability is given 

in the lower left quadrant. The probability rises and approaches one half as time passes. 

Panel B plots this positively-shaped probability relationship for the case of the US with 

three different growth rates. For example, when US income grows at 3% p. a., in 23 

years’ time there is a 20% chance of the food share being negative. If, alternatively, the 

annual rate is 1% (or 5%), the income will reach this point in 65 (or 13) years. This 

could be a nontrivial problem when there are large changes in income, such as in the 

analysis of long-term projections. 

The findings on extreme values of income can be summarised as follows: At 

very high income levels: Working’s model fails “stress testing” as food becomes inferior, 

which is not particularly plausible, and expenditure on food becomes negative, which is 

logically impossible. The logit-MVE model avoids these two defects. 

Income and Price Elasticities     

In this subsection, we analyse the income and price sensitivity of consumption by 

presenting the elasticities implied by the estimates. These elasticities are not constant but 

vary with different levels of affluence. The income elasticities from the three models are 

quite similar to those in Figure 2.2, since the price effect tends to be smaller compared to 

the income effect, which also can be seen from Figure 2.6. Table 2.6 summarises the 
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Figure 2.7  

Extreme Values of Income in US 

A.  Income growth and probability of negative share 
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Note: The table below further illustrates the working of this figure by tabulating the 
number of years into the future for three growth rates, until there is a 20% chance of 
negative food share in the US. The elements in the last column (price effects included) are 
read off from panel B of the figure. The second last column (price effects excluded) is 
computed similarly. The 95% confidence intervals are in square brackets. 
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Table 2.6    

Income Elasticities of Demand for Food and Non-Food 

 
Working’s model 

 
Logistic model 

 
MVE model 

 
Logit MVE model 

 Food Non-food  Food Non-food  Food Non-food  Food Non-food 

Mean 0.65 1.12  0.71 1.10  0.61 1.12  0.62 1.11 

Max 0.86 1.20  0.99 1.18  0.99 1.15  0.99 1.15 

Min 0.36 1.10  0.39 1.01  0.22 1.01  0.23 1.01 

SD 0.13 0.02  0.19 0.05  0.23 0.03  0.23 0.03 

Notes: 1. The income elasticity of food in country c is c c cw .η = θ Expressions for the marginal and 

budget shares of food ( cθ and cw ,  respectively) are given in Table 2.2. As a budget-share 

weighted average of the income elasticities of food and its complement non-food is unity, the 

non-food elasticity is  c c c(1 w ) (1 w ).− η −  

 2. Price effects are included and the estimated parameters for these four models are from row 8, 9, 
11 and 13 of Table 2.3, respectively.  

 

income elasticities. As can be seen, the elasticities are fairly similar across models, but 

there is a substantial gap between the maximum (which pertains to a poor country) and 

the minimum (a rich country) in all four cases.22 

We consider two types of own-price elsticities for food: Slutsky (S, which holds 

real income constant) and Cournot (C, money income constant). As discussed in 

Appendix A2.2, these can be expressed as 

(2.12) S w ,= π

 

C S ,= − θ                                                                                                 

where w  and θ  are either from, or implied by, Table 2.2 with the estimates in rows 8-

10 and 13 of Table 2.3. Figure 2.8 plots the price elasticities against income. The 

elasticities generally are larger in absolute values for low-income countries than for 

high-income ones. This pattern is in accordance with Timmer’s (1981) proposition. The 

two types of elasticities converge when moving from poor to rich countries as the food 

marginal share decreases. But as the income elasticity in the logistic model is not 

monotonically decreasing (see Panel C of Figure 2.2), the implied price elasticities do 

not follow Timmer’s proposition. For poor countries, the substantial role of the income 

                                                             
22 Although we have emphasized that it is desirable for the income elasticity to decline as income grows, 
one of the referees has pointed out a possible qualification: Consumers in rich countries have access to a 
wider variety of elementary food products than those in poor countries. For food, quality can refer to 
“marketing” services (the value of all the attributes of food except those associated with raw agricultural 
products). This can then lead to a higher income elasticity of demand for quality in rich countries 
(Cramer, 1973). As the measured income elasticity is the sum of quantity and quality components, in 
comparing rich to poor countries, there are two offsetting changes – (i) the quantity elasticity falls as 
income rises and (ii) that for quality rises. While a rise in the overall food income elasticity cannot be 
completely ruled out a priori, this would seem to be unlikely. In this context, it is relevant to note that the 
ICP data are collected by pricing an identical list of products in each country (as mentioned above), which 
has the effect of reducing the scope of quality differences. 
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effect in the price elasticity is clearly apparent in all three cases. For example, for both 

Working’s and the MVE model, when income is about $2,500, the Cournot elasticity 

(which includes the income effect) is about twice the value of the Slutsky elasticity 

(income effect excluded). 

 

Figure 2.8 

Two Types of Price Elasticities of Food Demand 

 

1. Working’s model                                                   2.   Logistic model 
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          (i) Working’s model, row 8;  
          (ii) Logistic model, row 9;  
          (iii) MVE model, row 11;  
          (iv) Logit MVE model, row 13. 
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Summary 

This MVE model with the logit transformation is attractive in its simplicity and 

has advantages over alternatives. The income and price elasticities for food consumption 

in key groups of countries implied by this model are given in Table 2.7. As can be seen, 

as income rises, the food income elasticity falls quite rapidly from 0.9 for the very poor 

to 0.3 for the very rich, as does the (absolute value of the) Cournot price elasticity 

(which holds money income constant), reflecting the role of the income effect of food 

price changes. The Slutsky price elasticity (real income constant) also falls with income, 

but not as fast. If we were to pick a country at random, the best guess of the food income 

elasticity is 0.6, while the best guess of the Cournot (Slutsky) price elasticity is -0.5 (-

0.3). These are the average values in the last row of Table 2.7. But if we know the 

country is very rich (poor), these elasticities become 0.3, -0.2 and -0.2 (0.9, -0.7, -0.3). 

 

Table 2.7  

Income and Price Elasticities of Food in Key Groups of Countries  

Country characteristics  Food demand elasticities 

Level of  
affluence 

Income  
per capita 

(US$ of 2005) 

Food budget 
share (%) 

 
Income 

elasticity 

Price elasticity 

 Cournot Slutsky 

Very poor 1,010 46  0.90 -0.70 -0.33 

Poor 3,335 35  0.74 -0.57 -0.32 

Rich 8,750 21  0.53 -0.39 -0.27 

Very rich 20,979 11  0.31 -0.22 -0.17 
       

Average  8,483 28  0.62 -0.47 -0.27 

 Notes:  1. Countries numbered from 1 to 34 in Table 2.1 are denoted as “very rich”, 35-69 “rich”, 70-104       
“poor” and the reminder “very poor”.  

2. The corresponding entries in this table are averaged over countries within each group. 
3. The per capita incomes and food budget shares are from ICP (2008). The income elasticities are 

implied by the MVE model as shown in notes to Table 2.6. The price elasticities are implied by 
equation (2.12). 

 

 

2.7     Exploring the Impact of Income Distribution 

 The models presented above relate food consumption to prices and per capita 

income without reference to the distribution of income. As there are great differences in 

income inequality among the 138 countries, it is pertinent to inquire about the impact of 

this on our results. If two countries have the same income per capita but differing 

degrees of income inequality, will their food consumption be appreciably different? In 
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this section, we provide some guidance on this issue, which relates to aggregation over 

consumers.   

Some simple results emerge for Working’s model under the assumption that all 

consumers of a country have identical tastes and face the same prices (Muellbauer, 1975; 

Theil, no date). For household h in country c, let h

cM  be income,
 

h

cq  be the demand for 

food and h h h

c c c cw p q M=  be the food budget share, so that Working’s model is written 

as  

(2.1a) ( )h h

c c cw log M ,     h=1, ,H ,= α + β …  

where cH  is the population. Define the aggregated budget share for food as cw  and per 

capita income as cM ,  so that 

(2.13) 
h h

hhc c c
c ch

h c ch c

p q M
w w ,

H MM

∑
= = ⋅∑
∑

 

which is a weighted average of individual household shares. The weights are 

proportional to the income of each household, defined as h h

c c c c
m M H M= . Combining 

the above two equations, we have 

(2.1b) ( ) ( )
cH

h h

c c c c c
h 1

w log M m log H m .
=

 
= α + β + 

 
∑

                                                            
 

The summation on the right is a Gibbs entropy term, which is one measure of income 

inequality proposed by Theil (1967). Define this Theil index as 

( )cH h h

c c c ch 1
m log H m ,

=
δ = ∑  which is always positive, unless income is uniformly 

distributed (in which case c 0δ = ). Thus, if ignoring income inequality in the demand 

equation, in general, it results in a specification error. 

Given information on the income distribution, we can adjust the demand 

equation by adding the index cδ  to the income term.  For 114 of the 138 countries, i.e., 

those for which the required information is available, we compute cδ . To do this, a 

specific income distribution is needed. As an illustrative experiment, we generate 

incomes for 10 million individuals from a lognormal distribution, with mean cM
 
and 

the standard deviation derived from the appropriate Gini coefficient of Table 2.8. 23 The 

value of the Theil index for each country is then calculated and Table 2.8 gives the 

                                                             
23 The lognormal distribution is frequently used in the analysis of income distribution (see, e.g., Aitchison 
and Brown, 1969, Battistin et al., 2009, Lopez and Serven, 2006). The scale parameter of the lognormal, 

,σ  is related to Gini, G, by ( )G 2 2 1,= Φ σ −
 
where ( )Φ ⋅  is the cumulative distribution function of the 

standard normal distribution.  
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results. As can be seen, the values of cδ  are always positive and tend to increase as 

income falls. In Working’s model, 0;β <  the expected impact of adding cδ  to this 

model is to increase the estimate of the intercept and decrease the slope coefficient. 

 
Table 2.8 

Income Inequality for 114 Countries in Mid 2000s 

Country 
 cG  cδ  cκ   Country 

 cG  cδ  cκ   Country 
 cG  cδ  cκ  

1. United States 38 25 92  51. Bulgaria 29 14 93  101. Morocco 41 29 91 

2. Luxembourg 26 11 96  52. Iran 38 25 89  102. Lesotho 53 51 84 

3. Iceland 28 13 95  53. Romania 32 17 92  103. China 42 30 91 

4. Norway 28 13 95  55. Argentina 50 46 81  104. Vietnam 38 24 92 

5. UK 34 19 93  58. Chile 52 50 80  105. India 37 23 94 

6. Austria 27 12 95  59. Uruguay 46 38 84  106. Cambodia 41 29 92 

7. Switzerland 28 13 95  60. Bosnia Herz. 36 22 91  107. Yemen 38 24 94 

8. Canada 32 17 93  61. Macedonia 39 26 89  109. Lao P.D.R. 33 18 96 

9. Netherlands 27 12 95  62. Ukraine 28 13 94  110. Djibouti 40 27 93 

10. Sweden 23 9 96  63. South Africa 58 64 76  111. Kenya 48 41 90 

11. France 28 13 95  64. Malaysia 38 24 89  113. Congo, R. 44 35 92 

12. Australia 30 15 94  65. Turkey 43 32 86  114. Cameroon 45 35 92 

13. Denmark 23 9 96  67. Brazil 55 57 78  115. Nigeria 43 32 93 

14. Belgium 27 12 95  68. Venezuela 43 33 86  116. Senegal 39 26 94 

15. Germany 30 15 94  69. Thailand 43 31 87  117. Chad 40 27 94 

16. Hong Kong 55 58 79  70. Albania 33 18 92  118. Mauritania 39 26 95 

17. Ireland 33 18 93  71. Colombia 59 66 76  119. Nepal 47 40 91 

18. Japan 32 17 93  72. Ecuador 54 55 79  120. Bangladesh 31 16 97 

21. Finland 27 12 95  73. Jordan 38 24 90  121. Benin 39 25 95 

22. Spain 32 17 93  74. Tunisia 41 29 89  122. Ghana 43 32 93 

23. Italy 35 21 92  75. Peru 50 45 83  123. Coted 'Ivoire 48 42 92 

24. Greece 32 17 93  76. Egypt 32 17 93  124. S. Leone 43 31 94 

25. NZ 34 19 92  77. Armenia 34 19 92  125. M’gascar 47 40 92 

26. Israel 39 26 89  78. Moldova 36 21 92  126. Togo 34 20 97 

30. Slovenia 31 16 93  80. Gabon 42 30 89  127. Burkina 
Faso 

40 27 96 

31. Portugal 38 25 89  82. Georgia 41 29 89  128. Guinea 43 33 95 

34. Czech 27 12 95  85. Swaziland 51 47 84  129. Mali 39 26 96 

35. Hungary 29 14 94  86. Azerbaijan 37 23 92  130. Angola 59 67 89 

37. Korea 31 16 93  88. Bolivia 58 66 78  131. Malawi 39 26 96 

38. Estonia 36 22 90  90. Paraguay 53 53 82  132. Rwanda 47 39 94 

39. Slovak 27 12 94  91. Cape Verde 51 47 85  133. C. Africa 44 33 95 

40. Lithuania 36 22 90  92. Bhutan 47 39 87  134. M’bique 47 40 95 

41. Poland 37 23 90  93. Kyrgyz 33 18 94  135. Liberia 53 51 94 

42. Croatia 29 14 94  94. Sri Lanka 41 29 90  136. Niger 44 34 97 

44. Latvia 36 22 90  96. Mongolia 33 18 94  137. G-Bissau 36 21 98 

46. Mexico 47 39 83  97. Tajikistan 34 19 94  138. Congo, D. R. 47 40 98 

47. Belarus 28 13 94  98. Philippines 44 34 89      

48. Kazakhstan 34 19 91  99. Indonesia 39 27 92  Mean 39 28 91 

50. Russia 38 24 89  100. Pakistan 31 16 95  Standard deviation 9 14 5 

 Notes:  1. Country numbers are consistent with those of Table 2.1. 

   2. Column titles: For country c, cG  stands for the Gini coefficient, cδ  for the Theil index and cκ for  

          the ratio of average income elasticities. 
          3. All entries are in percentage form. 

 Sources:  1. OECD countries: OECD, http://stats.oecd.org/Index.aspx?QueryId=26067.  
2. Non-OECD countries: data for the closest year to 2005 provided by the World Bank,          
    http://data.worldbank.org/indicator/SI.POV.GINI.   
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Using equation (2.1b) for cw�  in equation (2.9), we have Working’s model with 

a price term, extended to allow for the income distribution. As can be seen from Panel 

A of Table 2.9, for Working’s model the new estimate of the intercept, ,α

 

increases as 

expected, while the change in the slope, ,β  is trivial. With the inequality term, the Engel 

curve moves up a bit and the income elasticity curve becomes flatter, as shown in Panel 

A of Figure 2.9. The negativity problem of the budget share and income elasticity is 

somewhat less severe than before, but the difference is slight.  

Proceeding along similar lines, the MVE model for household h is written as  

(2.4a) h

c ch

c

w ,     h=1, ,H .
M

β
=

+ α
…  

Aggregated over individual households, the overall budget share for food is 

(2.4b) 
cH1 h

h 1c c
c

c c

H
w ,

M

−
= ηβ ∑

= ⋅
+ α η                                                                                      

 

where ( )h h h

c c cM Mη = + α  and ( )c c cM Mη = + α
 
are income elasticities for household 

h and the average income elasticity in country c, respectively. The new term in equation 

(2.4b), defined as cH1 h
h 1c c cH ,−

=κ = ⋅ η η∑  is a ratio of two average elasticities, that is, (i) 

the average over the cH  households; and (ii) the elasticity at average income. In the 

case of absolute equality, all households have the same income elasticity, c 1,κ =  and 

there is no aggregation error. Equation (2.4b) is thus a convenient way to formulate 

income inequality in the MVE model. Substituting the right-hand side of equation (2.4b) 

for cw�  into equation (2.10), we have the logit-MVE model with prices and income 

inequality. As cκ  involves the unknown value of ,α  we use an iterative extension of the 

previous approach. First, we use as the starting value of α  its estimate given in the last 

row of Table 2.3, defined as 1.938.κα =  Using the same incomes from the 10 million 

households as above, we then compute cκ  and a new estimate, α̂ . Then, we check 

whether κα  and α̂  are sufficiently close, where the criteria is
 

4ˆ 10−

κα − α < . If not, we 

use ( )ˆ 2κα + α  as the new value of κα  and repeat the calculation of cκ  and estimation 

of α . This procedure converges after a couple of iterations to ˆ 1.918.κα = α =  The final 

values of cκ  are given in Table 2.8. As can be seen, c 1κ <  for all countries and the 

value does not vary greatly among countries. The average value of cκ
 
is about 0.9, 

which means that the average income elasticity is about 10 percent below the one 

associated with mean income. Estimates of other parameters are given in Panel B of 
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Table 2.9.  Compared with the third row, the new estimate of  β

 

increases by about 10 

percent, which is because the mean value of cκ  is about 90 percent. The estimate of α

 
changes marginally, so that the above discussion of income elasticities from the MVE 

model remains substantially unaffected. An advantage of the MVE model is that the 

inequality error has only a slight impact on food consumption for high income countries. 

 
Table 2.9 

Comparison of Food Demand Equations with and without Aggregation Adjustment 

Income term Aggregation 

    Parameters 
Goodness 

of fit Intercept Slope 
Income 

flexibility 

α  β  φ  
2R  

(1) (2) (3) (4) (5) (6) 

 A. Working’s model   

1. Equation (2.1) Ignored 0.277 (0.007) -0.084 (0.007) -0.588 (0.135) 0.7970 

2. Equation (2.1b) Adjusted 0.300 (0.008) -0.086 (0.008) -0.558 (0.146) 0.8132 

         
B. MVE model (logit/weighted) 

3. Equation (2.4) Ignored 1.938 (0.233) 0.851 (0.061) -0.578 (0.148) 0.7863 

4. Equation (2.4b) Adjusted 1.918 (0.228) 0.926 (0.067) -0.554 (0.154) 0.7992 

Note: Standard errors are in parentheses. The estimates in row 1 and 3 are reproduced from rows 8 and 13  
of Table 2.3. 

 

Figure 2.9 

Engel Curves and Income Elasticities for Food with and without Aggregation Adjustment 

A. Working’s model                                              B.  MVE model 
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The findings in this section can be summarised as follows: It is possible to 

incorporate income inequality into our demand models in a reasonably straightforward 

way. The results indicate that allowance for inequality has a relatively modest impact on 

the findings from earlier sections. Needless to say, however, this material is subject to 

the qualification that it is based on the simplifying assumptions of using Gini 

coefficients and the Theil index to summarise inequality, as well as the lognormal 

distribution. Nevertheless, the results seem to point to the conclusion of insensitivity of 

food consumption to income inequality, at least in broad terms.  

 

2.8     Conclusions  

This chapter has addressed economic aspects of the consumption of food, which 

occupies a dominant role in the budget for the majority of countries, especially poor 

ones. We examined the economic implications of several popular Engel curves, in 

particular the plausibility of the behavior of the income elasticity of food and whether or 

not models respect the [0, 1] domain of the budget share. A prominent model is 

Working’s (1943), whereby the budget share is a linear function of the logarithm of 

income. This functional form, which underlies the almost ideal model of Deaton and 

Muellbauer (1980), tends to fit well but implies that the share becomes greater than one 

or negative at low and high values of income. This can be a major defect when 

analysing cross-country data that exhibit great disparities in incomes. We investigated 

the seriousness of this problem using recently published ICP (2008) data for 138 

countries that range from the very poorest to the richest. We found that this issue can 

present substantial difficulties, but the problem becomes less severe when the impact of 

cross-country differences in prices is properly controlled for. Even then, however, the 

defect does not completely disappear. The alternative model proposed in this chapter, 

called the MVE model, fits the data at least as well as Working’s and has the advantage 

that the budget share is always a positive fraction. A logit transform enhances the 

econometric performance of the model such that there is a zero probability of the share 

violating the [0, 1] range.  

When using aggregate country-level data, an issue is whether the distribution of 

income has a substantial impact on consumption. A simulation procedure was applied to 

incorporate income inequality into demand models. The results show that allowing for 

inequality has only a modest effect on the income and price sensitivity of food 

consumption at the aggregate level.  
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Appendices 

A2.1   The Data 

The data are from ICP (2008), which provides data on individual expenditures 

and prices of 12 broad categories of goods in 146 countries in 2005. As in eight of these 

countries expenditure on at least one item is recorded as zero, we exclude these countries, 

so 138 countries remain. The eight excluded countries are Burundi, Comoros, Ethiopia, 

Gambia, Tanzania, Uganda, Zambia and Zimbabwe.  

Table 5 of ICP (2008) gives nominal expenditures on the 12 commodities in each 

of the 138 countries. The budget share of food is calculated from this table as the 

proportion of total expenditure on the 12 commodities devoted to this good. These food 

shares are given in Table 2.1. For income, we use per capita total real expenditure on the 

12 goods, which is provided in Table 6 of ICP (2008). The prices used are obtained from 

Table 1 of ICP (2008). The prices of non-food are the quotients of nominal expenditures 

and real expenditures on non-food. 

 

A2.2   Derivations 

This Appendix uses the differential approach (Theil, 1980; Theil et al., 1989) to 

derive several results of the text. 

The Differential Approach  

We consider that the consumer’s budget is made up of two goods, food and non-

food (the 11 goods aggregated into non-food). Let p  be the price of food and nfp  be the 

price of non-food, and q  and nfq  be the corresponding quantities consumed. Income is 

then nf nfM pq p q= +  and w pq M=  is the budget share of food. The differential of w  

is ( ) ( ) ( )dw wd log p wd log q wd log M .= + −  Define the Divisia price index as 

( ) ( ) ( ) ( )nfd log P wd log p 1 w d log p= + − . Adding and subtracting this index from the 

right of the above equation, we have ( ) ( )[ ] ( )dw w d log p d logP wdlog q= − +  

( )wd log Q ,−  where ( ) ( ) ( )d logQ d logM d logP= −  is the change in real income. When 

real income is fixed, ( )d log Q 0,= so that 

(A2.1) ( )[ ] ( )dw w d log p d(log P) wd log q ,= − +                                                          

which shows that the change in the budget share is the sum of a direct relative price term 

and a quantity component. 
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The quantity component of the change in the share deals with the substitution 

effects of price changes. To analyse this, consider a Marshallian demand equation for 

food, ( )nfq q M,p,p ,=  so that ( ) ( ) ( )nf nfdq q M dM q p dp q p dp .= ∂ ∂ + ∂ ∂ + ∂ ∂  Multiplying 

both sides by p M  and using ( )dX X d log X ,=  we have  

 ( ) ( ) ( ) ( )
2

nf
nf

nf

pppq p q q
wd log q d log M d log p d log p .

M M p M p

∂ ∂ ∂
= + +

∂ ∂ ∂
                                                               

Define ( )pq Mθ = ∂ ∂  as the marginal share for food, ( )( )2p M q p q q Mπ = ∂ ∂ + ⋅∂ ∂  

as the Slutsky own-price coefficient for food, and −π  as the Slutsky price coefficient 

for food demand on non-food price. The above equation can be expressed as 

(A2.2) ( ) ( ) ( ) ( )nfwd log q d log Q d log p d log p , = θ + π −                                        

When real income is constant, the first term on the right of the above vanishes. 

Substituting equation (A2.2) into equation (A2.1), and using ( ) ( )d log P wd log p=  

( ) ( )nf1 w d log p ,+ −  we have 

(A2.3) ( ) ( ) ( ) ( ) ( )nf nfdw w 1 w d log p d log p d log p d log p .   = − − + π −                           

Timmer (1981) argues that the own-price elasticity of food should decline in absolute 

value as income increases. A simple way to incorporate this is to parameterize π  as 

( )1 ,φθ − θ  where 0φ <  is a constant and θ  is the marginal share. Thus, equation (A2.3) 

becomes 

(A2.4) ( ) ( ) ( ) ( ) ( ) ( )nf nfdw w 1 w d log p d log p 1 d log p d log p .   = − − + φθ − θ −      

It is to be noted that specifying π  as ( )1φθ − θ  is consistent with preference 

independence (see Theil, 1980; Theil et al., 1989). Such an assumption is controversial 

but probably not unreasonable given the broadness of the goods in question, food and 

non-food. Under preference independence, φ  is interpreted as the “income flexibility”, 

which is a measure of “the substitution possibilities between groups” (Brown and 

Deaton, 1972). There have been a fairly large number of estimates of φ  from a wide 

range of countries and circumstances and it is not surprising that these estimates are 

reasonably close to minus one-half, a value that is quite reasonable for the price 

elasticity of a good that is a broad aggregate (Clements, 2008).  

It needs to be emphasized, however, that expressing π  in this way is simply a 

question of parameterization -- what is taken to be constant and what is variable? That is 

to say, this approach involves as many constant parameters as the alternative of taking 
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π  to be a constant; in both cases the number of additional constants is one, φ  in the first 

case and π  in the second. This agrees with the result on the identification of the price 

coefficients of the differential approach that holds constant the marginal utility of 

income, fν  and nfν  (coefficients that refer to the impact on food consumption of a 

change in the price of food and non-food, respectively): These coefficients are subject to 

one degree of freedom (Theil, 1975/76, Sec. 2.5), that is, one constraint is needed for 

identification. As preference independence with n 2=  goods provides one constraint 

(that nf 0ν = ), this assumption can be used for identification. As these price coefficients 

are related to the corresponding Slutsky coefficients according to 
2

fπ = ν −φθ  and 

nf nf nf ,π = ν − φθθ  where nf 1θ = − θ  is the marginal share of non-food. Accordingly, 

identification of the price coefficients has implications for the latter.  

Equations (2.8) and (2.10) 

Let p  and nfp  be the geometric means over countries of the food and non-food 

prices; and cw�  be the budget share of good i in country c evaluated at c’s real income 

and these world prices. We then interpret dw  as c cw w ,− �  ( )d log p  as clog p log p,−  

and ( )nfd log p  as nf ,c nflog p log p ,−  where cp  is the price of food in country c and nf ,cp  

is the non-food price. From the mean value theorem of differential calculus, equation 

(A2.4) then becomes 

(A2.5) ( ) ( )nf ,c nf ,cc c* * * *
c c c c c c

nf nf

p pp p
w w w 1 w log log 1 log log ,

p p p p

   
− = − − + φθ − θ −   

   
�                  

where *
cw  and *

cθ  are the budget and marginal shares of good i at country c’s observed 

income and prices that lie between [ ]c c nf ,cp ,  p=p  and [ ]nf= p,  p .p  As an 

approximation, we evaluate these shares at c’s real income and [ ]nf= p, p ,p  so that  *
cw  

( *
cθ ) becomes cw�  ( cθ ). Thus, equation (A2.5) becomes 

(A2.6) ( ) ( )nf ,c nf ,cc c
c c c c c c

nf nf

p pp p
w w w 1 w log log 1 log log .

p p p p

   
= + − − + φθ − θ −   

   
� � �           

Adding the disturbance term, equation (A2.6) is equation (2.8) in the text.  

The differential of the log-ratio can be written as 

 

( )
( )

d 1 ww dw dw
d log ,

1 w w 1 w w 1 w

−
= − =

− − −
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which means that ( ) ( )( )dw w 1 w d log w 1 w .= − −  Substituting this expression for dw  

into equation (A2.4), we have 

( ) ( ) ( ) ( ) ( )[ ] ( ) ( ) ( )[ ]nf nf

w
w 1 w d log w 1 w d log p d log p 1 d log p d log p .

1 w
− = − − + φθ − θ −

−

Divided by ( )w 1 w− , the demand equation becomes 

(A2.7) ( ) ( ) ( )[ ]
( )
( )

( ) ( )[ ]nf nf

1w
d log d log p d log p d log p d log p .

1 w w 1 w

θ − θ
= − + φ −

− −
            

 

From the mean value theorem of differential calculus, we obtain from equation (A2.7)  

(A2.8) ( ) ( ) ( )
( )

nf nf

nf nf

1p pp pw w
log log log log log log ,

1 w 1 w p p w 1 w p p

φθ −θ   
= + − + −   − − −   

�

� � �
                      

where ( )w f M=�

 

is the income effect evaluated at world prices. Similarly, adding the 

country subscript and defining ( ) ( )c c nf,c c nf,cx log p p log p p ,= −  and equation (A2.8) is 

(2.10) in the text when the disturbance term is included. When prices in c are equal to 

their geometric means, cx 0=  and ( )c cw M= β + α�  under the MVE model. Applying 

equation (A2.8) to this case, we have ( )( ) ( )c c clog w 1 w log (M ) ,− = β + α − β� �  which is 

equation (2.6) in text once the disturbance is allowed for.  

The Price Elasticities 

The Slutsky price elasticity measures the price sensitivity of consumption when 

real income remains unchanged. This is also referred to as the “pure substitution effect”. 

From equation (A2.2) with ( )d log Q 0,=  the Slutsky own-price elasticity for food is 

( ) ( )d log q d log p w.= π  

The Cournot price elasticity refers to the situation when price of food changes 

while nominal income remains constant, so that real income changes. 

When ( )nfd log M d log p 0,= =  as ( ) ( ) ( ) ( )d log Q d log M d log P wd log p ,= − = −   

equation (A2.2) becomes  

( ) ( ) ( )wd log q w d log p= π −θ .                               

Dividing both sides by w  reveals that w Sπ − θ = − θ  is the Cournot own-price 

elasticity. This measure includes both the pure substitution effect and the income effect 

of the price change.  

Table A2.1 uses the estimates of the MVE model of row 13 of Table 2.3 to 

present the Slutsky and Cournot own-price elasticities for each country, as well as the 

income elasticity implied by the same estimates. 
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Table A2.1 

Income and Price Elasticities of Food for 138 Countries 

Country η  S C   Country η  S C   Country η  S C 

1. United States 0.23 -0.13 -0.16   47. Belarus 0.53 -0.27 -0.40   93. Kyrgyz 0.79 -0.34 -0.62 

2. Luxembourg 0.25 -0.14 -0.17   48. Kazakhstan 0.53 -0.28 -0.40   94. Sri Lanka 0.79 -0.34 -0.62 

3. Iceland 0.27 -0.16 -0.19   49. Mauritius 0.54 -0.28 -0.40   95. Iraq 0.80 -0.34 -0.62 

4. Norway 0.28 -0.16 -0.20   50. Russia 0.54 -0.28 -0.40   96. Mongolia 0.80 -0.34 -0.62 

5. UK 0.28 -0.16 -0.20   51. Bulgaria 0.54 -0.28 -0.41   97. Tajikistan 0.80 -0.34 -0.62 

6. Austria 0.28 -0.16 -0.20   52. Iran 0.55 -0.28 -0.41   98. Philippines 0.80 -0.34 -0.62 

7. Switzerland 0.29 -0.17 -0.20   53. Romania 0.55 -0.28 -0.42   99. Indonesia 0.80 -0.34 -0.63 

8. Canada 0.29 -0.17 -0.20   54. Oman 0.56 -0.29 -0.42   100. Pakistan 0.81 -0.34 -0.63 

9. Netherlands 0.29 -0.17 -0.21   55. Argentina 0.56 -0.29 -0.42   101. Morocco 0.81 -0.34 -0.63 

10. Sweden 0.30 -0.17 -0.21   56. Serbia 0.56 -0.29 -0.43   102. Lesotho 0.81 -0.34 -0.63 

11. France 0.30 -0.17 -0.21   57. Saudi Arabia 0.56 -0.29 -0.43   103. China 0.81 -0.34 -0.63 

12. Australia 0.30 -0.17 -0.21   58. Chile 0.56 -0.29 -0.43   104. Vietnam 0.82 -0.34 -0.64 

13. Denmark 0.30 -0.17 -0.21   59. Uruguay 0.58 -0.29 -0.44   105. India 0.85 -0.34 -0.66 

14. Belgium 0.31 -0.17 -0.22   60. Bosnia Herz. 0.58 -0.29 -0.44   106. Cambodia 0.85 -0.34 -0.66 

15. Germany 0.31 -0.18 -0.22   61. Macedonia 0.60 -0.30 -0.45   107. Yemen 0.85 -0.34 -0.67 

16. Hong Kong 0.31 -0.18 -0.22   62. Ukraine 0.60 -0.30 -0.46   108. Sudan 0.87 -0.35 -0.68 

17. Ireland 0.31 -0.18 -0.22   63. South Africa 0.61 -0.30 -0.47   109. Lao P.D.R. 0.87 -0.35 -0.68 

18. Japan 0.31 -0.18 -0.22   64. Malaysia 0.61 -0.30 -0.47   110. Djibouti 0.87 -0.35 -0.68 

19. Taiwan 0.32 -0.18 -0.23   65. Turkey 0.62 -0.30 -0.47   111. Kenya 0.88 -0.35 -0.68 

20. Cyprus 0.32 -0.18 -0.23   66. Montenegro 0.62 -0.31 -0.47   112. Sao Tome P. 0.88 -0.35 -0.68 

21. Finland 0.32 -0.18 -0.23   67. Brazil 0.62 -0.31 -0.47   113. Congo, R. 0.88 -0.34 -0.69 

22. Spain 0.33 -0.19 -0.23   68. Venezuela 0.64 -0.31 -0.49   114. Cameroon 0.88 -0.34 -0.69 

23. Italy 0.33 -0.19 -0.23   69. Thailand 0.65 -0.32 -0.50   115. Nigeria 0.88 -0.34 -0.69 

24. Greece 0.34 -0.19 -0.24   70. Albania 0.67 -0.32 -0.52   116. Senegal 0.89 -0.34 -0.69 

25. NZ 0.34 -0.19 -0.25   71. Colombia 0.68 -0.32 -0.52   117. Chad 0.90 -0.34 -0.70 

26. Israel 0.36 -0.20 -0.26   72. Ecuador 0.69 -0.32 -0.53   118. Mauritania 0.90 -0.34 -0.70 

27. Malta 0.36 -0.20 -0.26   73. Jordan 0.69 -0.32 -0.53   119. Nepal 0.90 -0.34 -0.70 

28. Singapore 0.36 -0.20 -0.26   74. Tunisia 0.69 -0.32 -0.53   120. Bangladesh 0.90 -0.34 -0.70 

29. Qatar 0.37 -0.21 -0.27   75. Peru 0.69 -0.32 -0.53   121. Benin 0.90 -0.34 -0.70 

30. Slovenia 0.38 -0.21 -0.27   76. Egypt 0.69 -0.32 -0.53   122. Ghana 0.90 -0.34 -0.70 

31. Portugal 0.38 -0.21 -0.28   77. Armenia 0.70 -0.33 -0.54   123. Coted 'Ivoire 0.91 -0.34 -0.71 

32. Brunei 0.38 -0.21 -0.28   78. Moldova 0.70 -0.33 -0.54   124. S. Leone 0.91 -0.34 -0.71 

33. Kuwait 0.39 -0.22 -0.28   79. Maldives 0.70 -0.33 -0.54   125. M’gascar 0.91 -0.34 -0.71 

34. Czech 0.40 -0.22 -0.29   80. Gabon 0.70 -0.33 -0.54   126. Togo 0.92 -0.34 -0.71 

35. Hungary 0.42 -0.23 -0.30   81. Fiji 0.71 -0.33 -0.55   127. Burkina Faso 0.93 -0.34 -0.72 

36. Bahrain 0.42 -0.23 -0.31   82. Georgia 0.71 -0.33 -0.55   128. Guinea 0.93 -0.34 -0.72 

37. Korea 0.43 -0.23 -0.31   83. Botswana 0.72 -0.33 -0.56   129. Mali 0.93 -0.34 -0.72 

38. Estonia 0.43 -0.24 -0.32   84. Namibia 0.74 -0.33 -0.57   130. Angola 0.93 -0.34 -0.72 

39. Slovak 0.44 -0.24 -0.32   85. Swaziland 0.74 -0.33 -0.57   131. Malawi 0.93 -0.34 -0.73 

40. Lithuania 0.44 -0.24 -0.33   86. Azerbaijan 0.74 -0.33 -0.58   132. Rwanda 0.94 -0.34 -0.73 

41. Poland 0.45 -0.24 -0.33   87. Syrian Arab 0.74 -0.33 -0.58   133. C. Africa 0.94 -0.34 -0.73 

42. Croatia 0.46 -0.25 -0.34   88. Bolivia 0.75 -0.34 -0.58   134. M’bique 0.95 -0.34 -0.73 

43. Macao 0.46 -0.25 -0.34   89. Equat. Guinea 0.75 -0.34 -0.58   135. Liberia 0.96 -0.34 -0.74 

44. Latvia 0.48 -0.25 -0.35   90. Paraguay 0.75 -0.34 -0.58   136. Niger 0.96 -0.34 -0.74 

45. Lebanon 0.49 -0.26 -0.36   91. Cape Verde 0.77 -0.34 -0.60   137. G-Bissau 0.96 -0.34 -0.74 

46. Mexico 0.51 -0.27 -0.39   92. Bhutan 0.79 -0.34 -0.62   138. Congo, D. R. 0.99 -0.34 -0.76 

Note: Column titles: η  stands for the income elasticity, S  for Slutsky own- price elasticity, and C for Cournot own- 

price elasticity. The expressions for these elasticities are w ,η = θ  S w= π  and C S ,= − θ  where the budget and 

marginal shares are implied by the MVE model given as ( )w M= β + α
 
and ( )

2
M .θ = αβ + α  
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CHAPTER 3 

A COMPREHENSIVE APPROACH TO  

FUNCTIONAL FORM IN DEMAND ANALYSIS 

 

3.1     Introduction 

The modern era of demand systems started with Stone’s (1954) linear 

expenditure system. Then followed the Addilog Demand system (Houthakker, 1960), 

the Rotterdam model (Barten, 1964; Theil, 1965), the Translog (Christensen et al., 

1975), and the Almost Ideal Demand System or AIDS (Deaton and Muellbauer, 1980a, 

b). Since then a number of other models have been proposed, including the Fourier 

model (Gallant, 1981), the Generalised Addilog Demand (Bewley, 1986), the 

Normalized Quadratic System (Diewert and Wales, 1988), the modified AIDS (Cooper 

and McLaren, 1992, 1996), the Implicitly Directly Additive Demand System (Rimmer 

and Powell, 1992a, b, 1996), Quadratic AIDS model (Banks et al., 1997), and the Exact 

Affine Stone Index demand system (Lewbel and Pendakur, 2009).1 The choice of which 

model should be used amounts to the choice of the functional form of the demand 

equations. As economic theory does not provide strong guidance in this matter, possibly 

the most common way of choosing which one to use is with regard to a mixture of 

goodness of fit and convenience.   

As there are thousands of commodities, the analysis of consumption is kept 

manageable by using separability theory to provide parameter restrictions that allow the 

combination of elementary goods into groups of goods. An example is dividing the 

whole basket into food and non-food, as in the previous chapter. Separability is 

equivalent to a two-stage budgeting rule whereby consumers allocate their budgets first 

to a set of broad commodity groups and then conditional on this first-stage, they allocate 

expenditures across commodities within the groups (Gorman, 1959).2 In this chapter, 

                                                      
1 Surveys of the literature include Brown and Deaton (1972), Bewley (1986), Theil and Clements (1987), 
Goldberger (1987), Blundell (1988), Pollack and Wales (1995), Lebwel (1997) and Barnett and Serletis 
(2008). 
2 The theory of the structure of the utility function for separable goods is due to Leontief (1947), Strotz 
(1957, 1959) and Gorman (1959).

 
For more details on the theory and application of separability, see 

Afriat (1967), Barnett (1983), Barnett and Choi (1989), Barten (1964, 1968), Caves and Christensen 
(1980), Chalfant and Alston (1988), Christensen et al. (1975), Deaton and Muellbauer (1980b), Diewert 
and Parkan (1985), Drake (1996, 1997), Drake and Chrystal (1997), Fleissig and Whitney (2003), Fleissig 
et al. (2000), Jones et al. (2007), Serletis (1987), Swofford and Whitney (1987, 1988, 1994), and Varian 
(1982,1983,1985).  
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we continue with the food/non-food split by employing separability theory to analyse 

the implications. We show how the two-stage budgeting approach allows different 

functional forms to be used for group-level demands on the one hand, and within-group 

conditional demands on the other. This idea is illustrated using the ICP (2008) data. 3 

The mulitiplicative variable elasticity (MVE) model is applied to the food and non-food 

groups, as discussed in Chapter 2, while Working’s and the logistic models are used in 

the conditional demands for the 11 non-food goods. With this setup we can combine the 

two levels of demands to derive the conventional income and price elasticities of all 

goods in the consumption basket. These are conventional elasticities in the sense that 

they are not conditional on group real total expenditure remaining unchanged. This 

hybrid system has more flexibility in the choice of functional form for different types of 

goods.  

The remainder of this chapter starts with some simple demand functions, utility-

maximisation theory, and a brief review of three widely used demand systems. Then, 

we introduce the generic form of the differential approach to demand analysis and its 

application under separability. Two levels of demand equations, group and within-group 

demand, are derived and estimated with the ICP (2008) data. Next, this two-level 

demand system, with different Engel functional forms at each level, are unified to 

obtain conventional elasticities of all goods. Finally, the robustness of the estimates are 

examined by Monte Carlo simulations; by investigating the constancy or otherwise of 

the income flexibility, a key parameter in the demand system; and by checking for the 

presence of outlying observations. Conclusions are contained in the last section.  

 

3.2     Why Functional Form Is Important  

There are many possible competing specifications for demand equations and 

some of them have been applied in the previous chapter in the context of food demand. 

The choice between them is usually made on the basis of statistical criteria, but another 

important criterion is the economic plausibility implied by these models, such as the 

behaviour of the income and price elasticities. In this section we elaborate upon this 

                                                                                                                                                            
 
3 Some issues in the modelling international demand of broad groups of commodities have been discussed 
in Section 2.2. The literature includes Chen (1999), Clements and Chen (1996), Clements and 
Selvanathan (1994), Clements and Theil (1979), Clements et al. (2006), Goldberger and Gamaletsos 
(1970), Houthakker (1957), Kravis et al. (1982, Chapter 9), Lluch and Powell (1975), Lluch et al. (1977), 
Muhammad et al. (2011), Neary (2004), Pollak and Wales (1987), Regmi and Seale (2010), Seale and 
Regmi (2006), Selvanathan (1993), Selvanathan and Selvanathan (2003), Theil (1996), Theil and 
Clements (1987) and Theil et al. (1981, 1989).  
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idea by starting with some preliminary concepts, and then discussing the behaviour of 

the income and price elasticities that is implied by the functional form of the demand 

equations. 

Budget Shares, Marginal Shares and Income Elasticities   

Let ip
 
and iq  be the price and quantity demanded of good i ( i 1, , n= … ), so that 

i ip q
 
is expenditure on good i and n

i 1 i iM = p q=∑  
is total expenditure (“income” for short). 

The proportion of income spent on good i, i ip q M  is known as its budget share, which 

we write as iw ,  satisfying n
i 1 iw 1.= =∑  The budget share is the average proportion of 

income devoted to the good. The corresponding marginal concept is ( )i ip q M ,∂ ∂
 
which 

is known as the marginal share of good i. We write this as ( )i i ip q M ,θ = ∂ ∂  which also 

has a unit sum. The value iθ  answers the question: If income increases by $1, by how 

much does spending on good i change? Although n
i 1 i 1,= θ =∑  not each iθ  has to be 

positive; if good i is inferior, its marginal share i 0.θ <  But for normal goods, i0 1.< θ <  

The ratio of the marginal share to the corresponding budget share is the income 

elasticity, ( ) ( )i i ilog p q log M ,η = ∂ ∂  which we write as i i iw .η = θ This elasticity is the 

proportionate change in consumption of good i following a unit proportionate change in 

income. When prices are held constant, the good is said to be a luxury (necessity) if 

i 1 ( 1)η > < . It follows from the budget constraint that a budget-share weighted-average 

of the income elasticities is unity, n
i 1 i iw 1.= η =∑  This means that not all goods can be 

luxuries and nor can all goods be necessities.  

To summarise this material, we have 

(3.1) i i
i

p q
w ,

M
=

( )i i

i

p q
,

M

∂
θ =

∂

( )
( )

i i

i

log p q
,     i 1, , n;

log M

∂
η = =

∂
…  

(3.2) n n n

i i i ii 1 i 1 i 1
w w 1.

= = =
= θ = η =∑ ∑ ∑  

Functional Form and Income Elasticities 

Consider the linear Engel curve for good i, i i i ip q M= α + β , where iα  and iβ
 

are constants and M is income. The expenditure curve is a straight line as shown in the 

first column of panel A of Table 3.1. The intercept i ,α
 
which represents subsistence 

consumption, is positive for necessities and negative for luxuries, and the slope iβ  is 

positive and smaller for necessities than that for luxuries. As the expenditure on good i 
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changes linearly with income, the implied marginal share is a constant, i i.θ = β
 

Dividing both sides of the expenditure function by M, we have the expression for 

budget share, i i iw M ,= α + β
 
which is a reciprocal function of income. As the income 

grows, the budget share becomes smaller for necessities and larger for luxuries, which 

agrees with Engel’s law. The implied income elasticity is i i iw .η = β  As plotted in 

column 2 of Table 3.1, the income elasticity for necessities rises for more affluent 

consumers, which violates economic intuition (Theil, 1983) as we discussed in the 

previous chapter.  How does the income elasticity change with income? The last column 

of Table 3.1 lists the elasticity of income elasticities,
 ( ) ( )i ilog log M 1 ,∂ η ∂ = − η

 

which is positive for necessities and negative for luxuries. As can be seen in column 2, 

as income grows, the income elasticity for both luxuries and necessities approaches 

unity at a decreasing rate. That is, the budget shares move towards the corresponding 

marginal shares, which is a constant, i i.θ = β    

The log-linear model is another popular Engel functional form used in demand 

analysis, whereby the demand equation for good i is i i i ilog p q log M,= α + β  where iα ,  

iβ
 
are parameters. Using this model, no matter how affluent the consumer is, the 

percentage change in consumption is proportional to the percentage change in income. 

That is, the income elasticity is a constant,
 i i.η = β  As can be seen in panel B of Table 

3.1, the income elasticities are horizontal lines, which is above 1 for luxuries and 

between 0 and 1 for necessities. The expenditure curve is convex with respect to the 

origin for necessities and concave for luxuries. That is, at low income levels the 

marginal share of necessities exceeds that of luxuries; and vice versa at high income 

levels. If good i is a necessity (luxury), we have i0 1< β <  ( )i 1 .β >  However, as we 

discussed in the previous chapter, the income elasticity for some necessities, such as 

food, declines as consumers become more affluent. So it is not likely to be a constant. 

 Another widely used model is Working’s model, where the budget share is a 

linear function of log income, i i iw log M,= α + β  where iα  and iβ  are parameters. As 

i i i1 w ,η = + β  the parameter iβ  is negative for necessities and positive for luxuries. 

Multiplying both sides by M, we have the demand equation in terms of expenditure,  

( )i i i ip q M log M ,= α + β  which are plotted in the first column of the last line in Table 

3.1. The curves have similar shapes to those in the log-linear case of panel B. The 

implied marginal share and income elasticity are i i iw ,θ = + β
 
and i i i1 w .η = + β
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Table 3.1          Impact of Income on Consumptions, Three Functional Forms 

Graph  Expression for 

Engel Curve Income elasticity  Budget share Marginal share  Income elasticity Change in 
iη  

i ip q  iη   iw  iθ   iη  ( ) ( )ilog log M∂ η ∂  

(1) (2)  (3) (4)  (5) (6) 

A. Linear: i i i ip q M= α + β  

  

 

i iMα + β  i constantβ =  

 
i

i i

1
M

α
−

α + β
 

i1− η  

  

B. Log-linear: ( )i i i ilog p q log M= α + β  

   

i i 1e Mα β −  i iwη ⋅  

 

i constantβ =  0 
  

C. Working’s model: ( )i i i ip q M log M= α + β  

  

 i i log Mα + β  i iw + β   
i

i i

1
log M

β
+

α + β
 ( )

2

i

i

1
1− η −

η
 

Note: In column 1 and 2, solid curves represent for necessities and dotted ones for luxuries.

 

M 

1 

 

 

M 

1 

 

 

M 

1 
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When iw  is positive, i 1η >  if i 0β >  and i 1η <  if i 0.β <  As can be seen in column 2 

of Panel C, the income elasticity decreases for both necessities and luxuries when 

income grows. The income elasticity of iη  is ( ) ( ) ( )
2

i i ilog log M 1 .∂ η ∂ = − η − η  For 

necessities, the income elasticity of i ,η  ( ) ( )ilog log M ,∂ η ∂  has a different sign in the 

linear expenditure model than in Working’s model. For luxuries, the income elasticity 

decreases as income grows in both models, but more slowly than in Working’s model, 

which can be seen in the second column. The Engel aggregation condition is satisfied 

when n
i 1 i 1= α =∑  and n

i 1 i 0.= β =∑  However, as we discussed in the previous chapter, the 

income elasticity of necessities may drop below zero for a great growth in income. For 

example, food may become an inferior good in the near future, which is a drawback of 

Working’s model.  

There are also some generalisations of these functional forms. For example, the 

generalised Working’s model combines the linear expenditure model, Working’s model, 

the quadratic expenditure model and some other Engel functional forms. The budget 

share for food in the generalised Working’s model is given as ( )

i i iw M M ,γ γ= α + β  

where ( )( )M M 1γ γ= − γ   is a Box-Cox transformation of income and γ  is the Box-Cox 

parameter. As discussed in Chapter 2, the demand equation reduces to Working’s model 

when 0γ → , and the linear expenditure function when 1.γ = −  The implied marginal 

share is i i i( 1)w ,θ = γ + + β  and the income elasticity is i i iw ( 1)η = β + γ + . Although 

the generalisation can improve the goodness of fit of the model to empirical data, the 

same drawbacks as discussed above—that the income elasticity may drop below zero 

for some normal goods—remain unresolved. 

The Price Elasticity 

The three models discussed above all have the same variable on the left-hand 

side of the thi  equation, i ip q ,  expenditure on good i. Thus, the demand equation of the 

form ( )i ip q f M=  implies ( )i iq f M p ,=  so that the own-price elasticity is -1, and the 

cross-price elasticities are zero. This is satisfactory when prices are held constant, such 

as in a cross-sectional analysis, but when prices vary, a more elaborate treatment is 

necessary. In this section, the own and cross-price effects are added to the three models.  

Consider the linear functional form with prices:  

(3.3)
 

n

i i i i ij j
j 1

p q M p ,    i=1,...,n,
=

= α + β + γ∑  
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where ijγ  is the price coefficient of the thj
 
price in the thi

 
equation. The intercept iα  

represents a non-specified factor that affects demand for good i, and the coefficient of 

income iβ  is positive for normal goods and negative for inferior goods. The income 

elasticity of good i is i iw ,β  and the ( )
th

i, j  price elasticity is ( )ij ij ij j i ip p q ,η = −δ + γ  

where the Kronecker delta ij 1δ =  for i j=  and 0 otherwise. 

The analogous extension of the log-linear model is 

(3.4)  ( ) n

i i i i ij jj 1
log p q log M log p ,   i=1, ,n.

=
= α +β + γ∑ …  

Subtracting ilog p
 
from both sides, the implied ( )

th
i, j  price elasticity is ij ij ij.η = γ − δ   

The Working (1943)-Leser (1963) model with prices is 

 (3.5) 
n

i i i ij jj 1
w log M log p ,   i=1, ,n.

=
= α + β + γ∑ …  

The price elasticity implied by this model is ij ij ij iw .η = −δ + γ  In the previous chapter, 

a differential version of this model was applied to the case of food and non-food. Some 

details of the theory underlying this differential demand model will be discussed in the 

following sections. 

In the above models, money income M appears on the right-hand side. Thus, 

when there is an increase in the price of good j, real income falls, so there is both an 

income and a substitution effect on the consumption of good i. The two effects are 

included in the ( )
th

i, j  price elasticity ij.η  This ijη  is known as the uncompensated, or  

Cournot, price elasticity. By contrast, the compensated, or Slutsky, price elasticity deals 

with just the substitution effect and answers the question, how does the demand for 

good i vary in response to a price change in good j when utility, or real income, is held 

constant. The Slutsky elasticity can be formulated by first defining the change in real 

income ( )d log Q  as the change in money income ( )d log M  deflated by a cost-of-living 

index ( )d log P ,  ( ) ( ) ( )d log Q d log M d log P ,= −  where ( ) ( )n
i 1 i id log P w d log p=∑=  and 

i i iw p q M=  is the proportion of income devoted to good i (the budget share of i). Thus, 

the effect of jdp 0>  on real income can be expressed logarithmically as 

j jlog Q log p w 0.∂ ∂ = − <  The effect of this fall in real income on consumption of good i on 

account of the income effect is i i jd log q w .= −η  Substracting this income elasticity from the 

Cournot elasticity then gives the Slutsky elasticity ij ij i jw .′η = η + η  
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3.3     Elements of Consumption Theory 

The above demand equations are “directly specified” in the sense that they are 

not derived from the microeconomic theory of the consumer. This theory is useful as it 

provides a valuable source of testable restrictions on consumption behaviour and has 

proved to be fruitful way of structuring the empirical analysis of consumer behaviour. 

This theory is based on the hypothesis that the consumer maximises utility or, 

equivalently, minimises cost and leads to three major conclusions: 

• Homogeneity. The Marshallian, or uncompensated, demands are homogeneous 

of degree zero in M and .p   

• Symmetry. The compensated price responses are symmetric. That is, the cross-

price derivatives pertaining to the substitution effect are symmetric. The 

substitution effect in terms of the slope of the demand function is 

i j ij i jdQ 0
q p q p .

=
′∂ ∂ =η ⋅  Thus, symmetry of these slopes can be written as  

ij i j ji j iq p q p ,′ ′η ⋅ =η ⋅  or multiplying both sides by i jp p M ,  i ij j jiw w .′ ′η = η  

• Negativity. The n n×
 
substitution matrix, [ ]i ijw ,′η

 
is negative semi-definite. 

This section sets out the fundaments of the microeconomic theory of the consumer and 

provides some simple examples. The next section discusses several ways in which the 

theory is applied in empirical applications. 

Let i[p ]=p  and i[q ]=q  be vectors of the prices and quantities of the n goods in 

the consumption basket, and u u( )= q  be the utility function. The optimal consumption 

vector under the budget constraint M′ =p q  is determined by the solution to:  

max u( )   s.t. M.′ =
q

q p q  

Using the Lagrange multiplier method, this problem can be solved for the demand 

equations ( )q M, ,=q p
 
which gives the optimal quantities in terms of income and the 

prices. For example, consider the Cobb-Douglas utility function,  

(3.6) 
 

( ) in
i 1 iu A q ,

′β
=∏=q

  

where A and i n, ,′ ′β β…  are positive constants. The corresponding demand equations can 

be obtained by setting the first order differentials of its Lagrange function zero. The 

Lagrange function is given as ( ) ( )n
i 1i iL , A q M ,=∑′ ′λ = β − λ −q p q  where λ  is the 

Lagrange multiplier (the marginal utility of income). The solution is given as 

i i iq M p ,= β ⋅  where n
i 1i i i .=∑′ ′β = β β  This reveals that i iw ,= β  a constant, 
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i ii1,  1,η = η = −
 
and

 ij 0η =  for i j.≠
 
Substituting the demand equations into the utility 

function, we have the indirect utility function, ( ) ( )( ) ( )Iu u q M, = u M, .=q p p   In the 

Cobb-Douglas case, we have ( ) ( ) in
i 1I i iu M, A M p .

′β

=∏= ⋅ βp
 
Roy’s (1942) theorem 

shows how demands are related to the derivatives of indirect utility function: 

j j j ij

j ji

n
j 1i j jI i

i i1 nn
I ii 1 j 1i j j

A M pu p M
q ,

u M pM A M p

′ ′ ′β β −β −δ

=

′ ′β −β′β−
= =

′−β ⋅ β∏∂ ∂
= − = − = β

∂ ∂ ′β ⋅ β∑ ∏  

i 1, , n,= …  

which is exactly the same as before. 

Dual to utility-maximising theory, demand equations can also be derived from 

the idea that the consumer minimises the expenditure needed to reach a specified level 

of utility given the prices: 

min c    s.t. u u.′= =
q

p q  

Let the minimised cost be c when prices are p  and utility u . Write this as ( )c c u, ,= p  

which is known as the cost function. Shephard’s (1953) lemma states that the marginal 

cost of an increase in ip  is equal to the corresponding quantity demanded at the optimal 

point: 

( )
i

i

c u,
q ,

p

∂
=

∂

p
i 1, , n.= …  

 

3.4     Some Prominent Demand Systems 

Consistent with the above theory, more elaborate demand systems have been 

explored in the literature. Three widely used demand systems are presented in this 

section. A fourth system is considered in the next section. 

The Linear Expenditure System 

The Stone (1954)-Geary (1949), or Klein-Rubin (1948), utility function is 

(3.7) ( ) ( )*n
i 1 i i iu log q q ,=∑= β −q  

where *

iq  is the subsistence quantity of good i ( )i=1,...,n .  Recall the Cobb-Douglas 

utility function ( ) in
i 1 iu A q .

′β
=∏=q  As a monotonic transformation of the utility function 

leave demands unchanged, we take the natural logarithm of the Cobb-Douglas function: 

 ( ) n
i 1 i ilog u log A log q .=∑ ′= + β  This shows that Cobb-Douglas is a special case of 

Stone-Geary when *
iq 0=  for i=1,...n.  Maximising (3.7) subject to the budget constraint  



80 

 

gives demand functions that can be expressed as  

(3.8) ( )* *

i i i i ip q p q M ' ,    i=1,...,n,= + β − p q  

which is known as Stone’s (1954) linear expenditure system. The parameters iβ  

( )i=1,...,n  are marginal shares, which satisfy n
i 1 i 1.=∑ β =  Thus, expenditure on good i is 

the sum of a certain basic consumption and a linear function of “supernumerary 

income”, *M ' .− p q  Rearrange model (3.8) as ( )*n
j 1i i i j i ij jp q M q p ,=∑= β − β − δ  which is 

similar to (3.3) with i 0α = . If prices are held constant, the model reduces to the linear 

model presented in Table 3.1 with  ( ) *n
j 1i i ij j jq p .=α = − β − δ∑  The price coefficients in 

this model depends only on 2n 1−  independent parameters, so it is a relatively 

parsimonious parameterisation. The implied Slutsky elasticities are 

( )
*

i i
ij ij j

i i

p q
1 ,      i, j=1, ,n.

p q

 
′η = − δ −β 

 
…  

These elasticities can be simplified to ( )*

ij i j i iM ' p q ,  for i j.′η = β β − ≠p q  Note that 

utility (3.7) is only defined when *

i iq q ,>  which implies  *

i i i ip q p q ,>  and 

*n n
i 1 i 1i i i ip q p q .= =∑ ∑>  This means that “supernumerary income”, *M ' ,− p q  is positive. As 

the marginal share  iβ  must be positive for the marginal utility to be positive, the cross-

price Slutsky elasticities are all positive. This rules out complementary.  

The Translog Demand System 

Christensen et al. (1975) introduced the translog demand system by specifying 

the indirect utility function as a second-order Taylor expansion of logarithmic prices 

deflated by money income:  

n n n
ji i

I i ij
i=1 i 1 j 1

pp p1
u = log + log log ,

M 2 M M= =

    
α β     

     
∑ ∑∑                                     

where iα  and ijβ  are constants. Applying Roy’s theorem and expressing demands in 

terms of budget shares, we have 

 (3.9) 
( )n

j 1i ij j

i

+ log p M
w = ,    i=1, ,n,

A

=α β∑
…                                    

where ( )n n
i 1 j 1i ij jA + log p M= =
 = α β∑ ∑   is a normalisation factor. The implied marginal 

shares and income elasticities can be derived as 



81 

 

 

n n n
i 1 j 1 j 1i ij iji

i i

ww M
w ,

M A

= = =β − β∑ ∑ ∑∂
θ = = +

∂
 

 
( )

n n n n
i 1 j 1 j 1 j 1ij ij ij

i n
j 1i ij j

=1 ,  i=1, ,n.
A + log p M

= = = =

=

β − β β∑ ∑ ∑ ∑
η + −

α β∑
…

 

The Slutsky elasticites are 

 

n
k 1ij i kj

ij ij i j

w
w ,   i, j=1, ,n.

A

=β − β∑
′η = −δ + η + …  

It is to be noted that equation (3.9) has some similarities to equation (3.5). 

The Almost Ideal Demand System 

As before, let ( )c c u,= p  be the cost function. Deaton and Muellbauer (1980) 

suggested a specific functional form of the cost function as  

a( ) ub( )c e ,+= p p   

where  

i

nn n n

i i ij i j 0 i
i 1i=1 i 1 j 1

1
a( ) log p + log p log p ,   b( ) p ,

2
γ

== =

= α β = γ ∏∑ ∑∑p p  

with constants iα , ijβ  and iγ . Applying Shephard’s lemma and expressing the utility in 

terms of income and prices, we have the demand system in terms of budget shares:  

(3.10) 
n

i i i ij j
j 1

M
w log log p ,   i=1, , n,

P =

 = α + γ + β∑ 
 

…  

where  

 
n n n

i i ij i j
i=1 i 1 j 1

1
log P log p + log p log p .

2 = =

= α β∑ ∑∑  

Deaton and Muellbauer refer to (3.10) as the almost ideal demand system or AIDS for 

short. The marginal shares and income elasticites for AIDS are 

  i
i i i i

i

w ,    1 ,     i=1, n.
w

γ
θ = + γ η = + …  

These expressions are similar to those for Working’s model because both models have 

the same linear log income term. The Slutsky elasticities are 

 

ij i j

ij ij j
i i

M
w log ,   i,j=1, ,n.

w w P

β γ γ  
′η = −δ + + +  

 
…

 

Note also that AIDS is not dissimilar to the translog demand equation (3.9), but is 

substantially simpler.  
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There are some generalisations of the above models. One example is the 

fractional demand system (Lewbel, 1987), which nests the translog and AIDS within a 

common functional form.4 

 

3.5     The Differential Approach  

The starting points for the demand models discussed in the previous section 

were the specification of the utility (direct or indirect) or cost function. The differential 

approach is fundamentally different as it starts with demand equations that incorporate 

the constraints on utility maximisation. This approach is completely general in the sense 

that the parameterisation decision (what is constant and what is variable) is delayed 

until the last moment – when demand equations are actually estimated. As will be 

discussed subsequently, this approach has the advantage that it unifies most others, 

including these discussed in the previous section. The differential approach was 

introduced by Theil (1980), but has its roots in Barten (1964) and Theil (1965).  

Consider the Marshallian demand equation for good i, ( )i i 1 nq q M,p , ,p ,= … so 

that ( ) ( )n
j 1i i i j jdq q M dM q p dp .== ∂ ∂ + ∂ ∂∑

 
Multiplying both sides by ip M  and using 

( )dx x d logx ,=  we have  

(3.11) ( )
( )

( ) ( )
n

i ji i i
i i j

j 1 j

p pp q q
w d log q d log M d log p .

M M p=

∂ ∂
= +

∂ ∂
∑                                                                 

Using Barten’s (1964) fundamental matrix equation, and defining ( )i i ip q Mθ = ∂ ∂  as 

the thi  marginal share, ( ) ij

ij i jM p p uν = λ  as the ( )
th

i, j price coefficient, with λ  the 

marginal utility of income and iju  the ( )
th

i, j element of the inverse of the Hessian matrix 

of the utility function, and ( )
1

log log M 0
−

φ = ∂ λ ∂ <  as the income flexibility, the  

above equation can be expressed as 

                                                      
4 The budget share on good i in a fractional demand system is  

(*) i i
i

a ( ) b ( )f (M)
w ,

1 b( )f (M)

+
=

+

p p

p
 

where f (M)  must be either 0, log M, kM ,  or tan(k log M)  for k 0;≠ and ia ( ),p  ib ( ),p  b( )p  are 

differentiable functions of prices .p  When f (M) log M,=
 

n
j 1i i ij ja ( ) log p ,== α + β∑p

 
n
j 1i ijb ( ) == − β∑p   

and b( ) 0,=p  equation (*) becomes the translog model. When n
j 1i i i ij ja ( ) log P log p ,== α − γ + β∑p

 
where 

 
 

log P  is defined in equation (3.10), i ib ( ) = γp  and b( ) 0,=p  equation (*) becomes AIDS.  
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(3.12)    ( ) ( ) ( )
n

i i i ij j
j 1

w d log q d log Q d log p ,
=

= θ + π∑  

where ( )i i id(log Q) w d log q∑=  is the Divisia volume index, ij ij i jπ = ν − φθ θ  is the 

( )
th

i, j
 
Slutsky coefficient. As the price coefficients satisfy 

(3.13) 
n

ij i
j 1

, i 1,..., n,
=

ν = φθ =∑                                                                                       

the demand equation can be further simplified to 

(3.14) ( ) ( ) ( ) ( )
n

i i i ij j

j 1

w d log q d log Q d log p d log P ,
=

 ′= θ + ν − ∑                                              

where ( )i i id(log P ) d log p∑′ = θ  is the Frisch price index that uses marginal shares as 

weights. Formulation (3.14) makes clear the interpretation of the ijν  as price 

coefficients.  

The variable on the left of equation (3.14), ( )i iw d log q ,  is interpreted as the 

quantity component of the change in the budget share of good i, ( )i i idw w d log q=
 

( ) ( )i i iw d log p w d log M .+ −  This quantity component is a weighted sum of the change 

in real income, ( )d log Q ,  and the relative prices, ( ) ( )1 nd log p P , ,d log p P .′ ′…  The 

marginal share iθ  is the coefficient of income, while the ijν  are attached to the relative 

prices. Dividing both sides of equation (3.14) by iw ,  it can be seen that i iwθ  is the 

income elasticity of demand for good i and ij iwν  is the elasticity of demand for good i 

with respect to the thj  relative price. As ( ) ij

ij i jM p p u ,ν = λ  restrictions on preferences 

imply restrictions on the price coefficients, as will be discussed subsequently. 

As the above material is formulated in terms of differentials, the “coefficients” 

of equations (3.12) and (3.14) are not necessarily constants. But we can derive explicit 

algebraic forms for these coefficients that are implied by the three popular models 

considered earlier. These results, from Selvanathan and Clements (1995), are provided 

in panels A-C of Table 3.2. As the same procedure can be applied to any demand 

model, the generality of the differential approach is clear. 

The Rotterdam model 

The Rotterdam model (Barten, 1964; Theil, 1965) is a finite-change version of 

the differential demand system. This model uses quantity and price log-changes from  
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Table 3.2   Properties of Four Demand Systems 

Specification of utility or 
cost function 

Demand equation 
Marginal Share 

iθ  

Income flexibility 
φ  

Slutsky coefficient 

ijπ  

(1) (2) (3) (4) (5) 

A.  Linear Expenditure System 

Direct utility 

( )*n
i 1 i i ilog q q=∑ β −  

( )* *

i i i i ip q p q M '= + β − p q  
iβ

 
1

M

′
− +

*
p q

 

( )i ij jφβ δ −β

 

B.  Translog

Indirect utility 

( ) .. log M 2α − βp  
( )

n

i ij j
j 1

i

log p M

w =
A

=

α + β∑
 

i i.
i

w ..
w

A

β − β
+

 

( )
( ) ( )

..

..

log M

1 log M

−α + β

α + β −

p

p

 

( )
n
k 1ij i kj

i i j ij

w
w w

A

=β − β∑
η − δ +

 

C.  AIDS

 
Cost function 

a ( ) ub( )c e += p p  

( )
n

i i i ij j
j 1

w log M P log p
=

= α + γ + β∑

 
i iw + γ  -1 ( )i j ij ij i j

M
w w log

P

 
− δ + β + γ γ  

 
 

D. Rotterdam Model 

  —
 n

i it i t ij jt
j 1

w Dq DQ Dp
=

= θ + π∑  constant  constant  ijπ  

Note: In Panel B and C, inn n n
i 1 i 1 j 1i i ij i j 0 i 1 i

1
a( ) log p + log p log p ,   b( ) p ,

2
γ

= = = =
= α β = γ Π∑ ∑ ∑p p

 

n
j 1i. ij ,=β = β∑  n

i 1.. i. ,=β = β∑  and ( )n n
i 1 j 1i ij jA + log p M .= =
 = α β∑ ∑ 
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period t-1 to t,  t t t 1Dq log q log q ,−= − t t t 1Dp log p log p ,−= −  and the corresponding arithmetic 

mean of the budget share ( )it it i,t 1w w w 2.−= +  Thus, the relative price version of the 

Rotterdam model  for good i is 

(3.15) 
n

it it i t ij jt t
j 1

w Dq DQ Dp DP ,
=

′ = θ + ν −∑  
 

where n
i 1t it itDQ w Dq== ∑ is a finite-change version of the Divisia volume index and 

n
i 1t i itDP Dp=

′ = θ∑  is the Frisch price index. The coefficient iθ  is the marginal share of good 

i and ijν  is the ( )
th

i, j  price coefficient. These coefficients are specified as constants. 

Equation (3.15) is a finite-change version of (3.14).   

 The corresponding finite-change version of equation (3.12) is the absolute price 

version of the Rotterdam model:  

(3.16) 
n

it it i t ij jt
j 1

w Dq DQ Dp ,
=

= θ + π∑  

where iθ  and ijπ  are specified as constants. The Slutsky price elasticity is ij iw .π
 

Homogeneity requires  

n

ij
j 1

=0,  i=1, n,
=

π∑ …  

while Slutsky symmetry implies that  

ij ji= ,  i, j=1, n.π π …  

Thus, there are ( )2n n 2 2+ −  free parameters in this model. The estimation of model 

(3.16) for i 1, , n= …  is straightforward as it is linear in the parameters. However, as the  

number of parameters is of the same order as 2n , for a large number of commodities the 

number of unknown parameters grows rapidly.  

 

3.6     Separability 

As discussed before, in logarithmic form the Cobb-Douglas utility function (3.6) is 

additive. The same is true of the Stone-Geary utility function (3.7) which underlies the 

linear expenditure system. These two utility functions can be written in generic form as  

(3.17) ( ) ( )
n

i i
i 1

u u q ,
=

=∑q
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where ( )iu ⋅  is a sub-utility function that depends only on the consumption of good i. 

Clearly, the marginal utility of good i is i i iu q u q ,∂ ∂ = ∂ ∂  which is independent of the 

consumption of all other goods. Thus, there are no cross-effects in utility function (3.17), 

which is known as preference independence. The assumption of preference independence is 

strong and it is usually argued that it is likely to be more appropriate to broad aggregates 

where there is little scope for substitution. In what follows, we first discuss the implications 

of preference independence for demand equations and then consider the weaker condition of 

block independence. A key reference for this and the next section is Theil (1975/76), from 

which much of the material is derived. 

Preference Independence 

Under preference independence, the utility function is additive and its Hessian and 

inverse are both diagonal matrices. Recall that the th(i, j)  price coefficient is defined as 

( ) ij

ij i jM p p u ,ν = λ  where iju  is the th(i, j)  element of the inverse of the Hessian matrix of 

the utility function, 2u .′∂ ∂ ∂q q  Thus, preference independence means that ij

iju 0= ν =  for 

i j.≠  Furthermore, in view of constraint (3.13), ii i ,ν = φθ  where φ  is the income flexibility 

and iθ  is the marginal share of good i. Thus, equation (3.14) becomes 

( ) ( ) ( ) ( )i i i i iw d log q d log Q d log p d log P .′= θ + φθ −    

A comparison of this equation with (3.14) reveals that now only the own-relative price 

appears in the substitution term, rather than all n such prices. Thus, preference independence 

drastically simplifies the demand equations. 

Three types of price elasticities can be obtained from this demand model (see 

Appendix A3.2 for details): The th(i, j)  Frisch price elasticity (which holds constant the 

marginal utility of income) is ii ii iF w ,= ν  and ijF 0,=  for i j;≠  the Slutsky elasticities 

(real income constant) are ij ij i j iS F w ;= − φθ θ  while the Cournot elasticities (money 

income constant) are ij ij i j iC S w w .= − θ    

Block Independence 

Utility function (3.17) is the sum of n sub-utility functions, one for each good. A 

weaker condition is when goods are partitioned into G n<
 
groups and utility is the sum of 
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G sub-utility functions. This subsection considers the implications of this specification of 

preferences.  

Let the G groups of goods be denoted by 1 G, , ,S S…  and suppose there are gn
 
goods 

in group g ,S  for g 1, ,G,= …  and G
g 1 gn n.=∑ =

 
Let M  be total expenditure and gM  be 

expenditure on group g satisfying G
g 1 gM M.=∑ =  Suppose goods are grouped such that the 

marginal utility of consumption on good i  ( )gi∈S
 
is independent of the consumption on 

good j ( )kj∈S , so that when the goods are ordered appropriately, preferences can be 

represented by a utility function of the form  

(3.18) ( ) ( )G

g gg 1
u u

=
= ∑q q ,  

where gq  denotes the vector of the iq ’s that fall under group g, while g gu (q ),  for 

g 1, ,G,= …  are the corresponding sub-utility functions. As the Hessian matrix of (3.18) is 

now block-diagonal, this structure is known as block independence or strong separability. If 

goods i and j belong to different groups, the price coefficient 
ij 0,ν =  and the demand 

equation (3.14) for gi ∈S  becomes 

(3.19) ( ) ( ) ( ) ( )
g

i i i ij j
j

w d log q d log Q d log p d log P ,
∈

 ′= θ + ν − ∑
S

                                                     

so that prices outside the group play no role in determining the consumption of a good 

within the group.  

 

3.7     Group Demand and Conditional Demand 

In this section, we consider the implications of block independence for the demand 

for groups as a whole and the demands for goods within a group, which is known as 

conditional demands. 

Group Demand 

Define the Divisia volume and Frisch price indexes for the group gS
 
as 

 

( )
g

i
g i

i g

w
d(log Q ) d log q

W∈

= ∑
S

,          ( )
g

i
g i

i g

d(log P ) d log p
∈

θ
′ =

Θ
∑

S

, 
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where 
gig iW w∈∑= S , 

gig i∈∑Θ = θS  
are the budget and marginal shares of the group gS . We 

obtain the demand equation for the group gS  as a whole under block independence by 

summing across both sides of equation (3.19) over gi ∈S : 

 
( ) ( )

g g

g g g ij j
i j

W d(log Q ) d(log Q) d log p d log P
∈ ∈

 ′= Θ + ν − ∑ ∑
S S

. 

Under block independence, constraint (3.13) takes the form 
gj ij i∈∑ ν = φθS  with 

g gi j ij g ,∈ ∈ ν =φΘ∑ ∑S S  for gi .∈S  As 
ijν  is symmetric in i and j, 

gi ij j∈∑ ν = φθS  for gj .∈S  

Thus, ( ) ( ) ( )
g g gi j jij j j j g gd log p d log p d log P .∈ ∈ ∈ ′ν = φθ =φΘ∑ ∑ ∑S S S  The above equation then can 

be simplified to 

 (3.20) ( ) ( )g g g g gW d(log Q ) d(log Q) d log P d log P . ′ ′= Θ + φΘ −                                          

This is the group demand equation for gS  as a whole. Here, the demand for gS  depends on 

real income and the relative price of the group, ( ) ( )gd log P d log P .′ ′−  This is an “uppercase” 

version of the demand equation for good i under preference independence (given in the first 

subsection of Section 3.6), which is because utility is now additive in groups, rather than 

individual goods. Note that if there is only one good in g ,S
 
say good i, then (3.20) coincides 

with the preference independence demand equation for good i. Equation (3.20) implies that 

g gWΘ is the income elasticity of demand for group gS  as a whole, and g gWφΘ
 
is the 

corresponding Frisch own-price elasticity. 

Conditional Demand 

For good gi ,∈S  define 
i i gw w W′ =

 
and 

i i gθ = θ Θ′  as the conditional budget and 

marginal shares within group gS . To obtain the conditional demand equation for gi ,∈S  we 

combine equations (3.19) and (3.20) to eliminate d(log Q) : 

(3.21) ( ) ( ) ( ) ( )
g

i i i g ij j g
j

w d log q d log Q d log p d log P ,
∈
∑  ′ ′ ′ ′= θ + ν − S

                                         

where 
ij ij gW′ν = ν

 
is a modified price coefficient. These modified price coefficients satisfy 

gj ij i ,∈∑ ′ ′ ′ν = φ θS  for gi ,∈S  where g gW′φ = φΘ  is the conditional income flexibility for 

group g.  Given the demand for the group, as measured by gd(log Q ),  equation (3.21) deals 

with the within-group allocation of expenditure. As can be seen, this allocation depends 
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only on within-group variables, the change in real total expenditure on the group gd(log Q )  

and changes in the relative prices ( ) ( )j gd log p d log P ,′−  gj .∈S
 
Accordingly, equation 

(3.21) is called the conditional demand equation for gi ∈S . 

A comparison of the unconditional demand equation for gi ,∈S
 
equation (3.19), 

with its conditional counterpart, equation (3.21), is instructive: The shares are changed into 

conditional ones and the price and volume indexes are changed into the respective group 

indexes. If we further assume preference independence within group gS , so that 
ij 0,′ν =  for 

i j,≠  gi, j ,∈S  and ii i
′ ′ ′ν = φ θ

 
for

 gi ,∈S  then equation (3.21) can be simplified to 

(3.22) ( ) ( )i i i g i i gw d(log q ) d(log Q ) d log p d log P . ′ ′ ′ ′ ′= θ + φ θ −              

Unconditional Elasticites 

Under block independence, the unconditional demand equation for good i g(i )∈S  is 

(3.19), (3.20) is the group demand for gS  and (3.21) is the conditional demand for good 

gi .∈S
 
In this subsection, we retrace our steps to give the corresponding unconditional 

demand elasticities in terms of those of the group and conditional demands. These results 

will be used subsequently. 

We combine the conditional demand (3.21) and the group demand (3.20). To do 

this, we first divide both sides of equation (3.20) by gW  to give   

 
( ) ( )g g g gd(log Q ) d(log Q) d log P d log P , ′ ′= η + φη −    

where g g gWη = Θ  is the income elasticity for group gS .  We then substitute the right-

hand side for ( )gd log Q  in equation (3.21). As the conditional price coefficients 

ij ij gW′ν = ν
 ( )gi, j∈S

 
satisfy 

gj ij i ,∈∑ ′ ′ ′ν = φ θS  we have  

 (3.23) ( ) ( ) ( ) ( )
g

i i g i ij j
j

w d logq d logQ d log p d log P ,
∈
∑  ′ ′ ′ ′= η θ + ν − S

    for gi .∈S          

Thus, dividing both sides of the above by iw ,′  the unconditional income elasticity is 

i g i ,′η = η η  where the conditional income elasticity i i iw .′ ′ ′η = θ  For gi, j ,∈S
 
the th(i, j)  

Frisch price elasticity is 
ij ij iF w ,′ ′= ν   the th(i, j)  Slutsky elasticity is 

ij ij g i jS F ,′ ′ ′= − φ Θ η θ  and 
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the th(i, j)  Cournot price elasticity is ( )ij ij g i j ij j g i jC S w F 1 w .′ ′ ′ ′ ′ ′= − Θ η = − φ η + Θ η  Under 

preference independence within group g, the conditional demand equation is (3.22), the 

Frisch price elasticities are 
ij ij iF ,′ ′= δ φ η  where 

ijδ  is the Kronecker delta, and ijS  and ijC  

change accordingly. 

 

3.8     Application to Food Demand 

Suppose the n goods in the consumption basket are now divided into two groups, 

food and non-food, to be denoted by the subscripts f and nf, so that G 2.=  This grouping 

structure was used in Chapter 2. In this section, we show that the group demand equation 

(3.20) is equivalent to the food demand equation of Chapter 2 with some appropriate 

interpretations of the notation.  

The demand equation (2.8) for food discussed in Chapter 2, with an f subscript 

added, is 

 ( ) ( )nf ,c nf ,cfc fc
fc fc fc fc fc fc c

f nf f nf

p pp p
w w w 1 w log log 1 log log ,

p p p p

   
= + − − + φθ − θ − + ε   

   
� � �  

where ( )fc cw f M=�  is the food budget share for country c when the prices of food and non-

food are held constant at their geometric means over the 138 countries from the ICP (2008), 

[ ]f nfp ,  pp = , which can be thought of as the “world” prices. The variable cM  is real 

income in country c and the form of the function ( )f ⋅  determines the marginal share fcθ  in 

the above equation. The coefficient φ  is the income flexibility, taken to be a constant. 

Several different Engel functional forms for ( )fc cw f M=�  are discussed in Chapter 2.  For 

example, ( ) ( )c cf M M= β + α  for the MVE model. When this model is used in the above 

food equation, there are three parameters, ,   and .α β φ  Using the logit transformation, the 

estimates of these parameters are presented in the last row of Table 2.3; these are 

ˆ 1.938,α =  ˆ 0.851,β =  ˆ 0.578.φ = −  The corresponding income and own-price elasticities for 

food are given in Table A2.1. As these elasticities are used subsequently in Section 3.10, 

for convenience they are reproduced in Tables A3.1-A3.3 at the end of this chapter.  These 

food elasticities are of the unconditional variety. 
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The budget share of the food group can be expressed as f f fW P Q M ,=  where fP  

and fQ  is the price and quantity of food and M is total expenditure (income). The budget 

share of non-food is nf fW 1 W .= −  The change in the food share is ( )f f fdW W d log P=  

( ) ( )f f fW d log Q W d log M .+ − As ( ) ( ) ( )d log M d log P d log Q ,= +  we have 

( ) ( ) ( ) ( )f f f f f f fdW W d log P W d log Q W d log P W d log Q .= + − −  

Define the world price vector of the n goods as  [ ]1 np , ,p ,p = …  the geometric means over 

the 138 countries, fcW�  as the food share in country c evaluated at c’s real income, cQ ,  and 

world prices.
 
We interpret fdW  as fc fcW W ,− �  the difference between the observed budget 

share fcW  and fcW .�  As both fcW  and fcW�  are evaluated at country c’s real income, fdW
 

involves only the difference between prices in country c and those for the world; in 

particular, ( )d logQ 0.=  Apply the group equation (3.20) to food, so that g f ,=  and 

substitute the right-hand side of that equation for ( )f fW d log Q  into the above equation. This 

gives 

  ( ) ( ) ( ) ( )f f f f fdW W d log P d log P d log P d log P .′ ′= − +φΘ −        

The overall Divisia and Frisch price indexes in the above equation are weighted averages of 

food and non-food prices, ( ) ( ) ( )f f nf nfd log P W d logP W d logP= +  and ( ) ( )f fd log P d log P′ = Θ  

( )nf nfd log P .+Θ  As f nfW W 1,+ =  and f nf 1,Θ + Θ =  the above equation for fdW  can be 

simplified to 

(3.24) ( ) ( ) ( ) ( ) ( ) ( )f f f f nf f f f nfdW W 1 W d log P d log P 1 d log P d log P .′ ′= − − +φΘ −Θ −        

 In equation (3.24) there are two price indexes for each group, Divisia and Frisch; 

that is, ( ) ( )
gig ic icd log P w d log p∈∑ ′= S  

and ( ) ( )
gig ic icd log P d log p∈∑′ ′= θS  

for g f ,nf ,=  where 

icw′  and ic
′θ  are the conditional budget and marginal shares of good i ( )gi∈S  in country c. 

As fdW
 
involves the difference between prices in country c and those for the world, we 

interpret ( )icd log p as ic ilog p log p ,−  where ip is the geometric mean of the prices of good i 

over countries. Thus, ( )fd logP
 
becomes ( ) ( )

fifc f ic ic ilog P P w log p p ,∈∑ ′= S  and ( )fdlog logP′
 

becomes ( ) ( )
fifc f ic ic ilog P P log p p ,∈∑′ ′ ′= θS and similarly for the indexes of non-food.  
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Equation (3.24) then becomes 

(3.25) ( ) ( )nf ,c nf ,cfc fc
fc fc f f f f

f nf f nf

P PP P
W W W 1 W log log 1 log log .

P P P P

′′   
− = − − + φΘ − Θ −   ′ ′   

�

 

 To obtain the food demand equation given at the start of this section from equation 

(3.25), three steps are required: 

(i) Uppercase to lowercase translation 

(a) Food. There is only one good in the food group, so the group budget and 

marginal shares are equal to their unconditional counterparts, fc fcW w ,=� �  

fc fcW w ,=  and fc fc .Θ = θ Thus, the conditional shares are unity, fc fcw 1,′ ′= θ =  

and the price indexes have very simple forms: fc fc fclogP logP logp ,′= =  and 

f f flog P log P log p .′= =   

(b) Non-food. The Divisia price indexes of non-food, nf ,clog P  and nflog P ,  are 

computed as budget share weighted averages of the n prices in country c and 

the world prices. As the non-food group is considered as one good in the 

previous chapter, the prices are written as nf ,clog p  and nflog p .   The two Frisch 

price indexes in (3.25) are approximated by their Divisia counterparts.  

(ii) Evaluation of budget and marginal shares for food. The right-hand side of equation 

(3.25) contains the budget and marginal shares of food, fW
 
and f .Θ

 
From the 

mean value theorem, these can be identified as the budget and marginal shares at 

country c’s observed income and prices that lie between c’s prices [ ]1c ncp , ,p…  and 

world prices [ ]1 np , , p .…  Following exactly the same argument as used in 

Appendix 2.1, we evaluate these shares at country c’s real income and world 

prices, that is f fcW w= �  and f fc.Θ = θ  

(iii) Omitted factors. To allow for omitted factors, a disturbance term cε  is added to the 

right of equation (3.25). 

With these adjustments, equation (3.25) becomes the demand equation for food given at the 

start of this section.  
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3.9     Application to Non-Food  

In the ICP (2008) data, there are n 12=  goods, with 1 good in the food group and 11 

goods in the non-food group. See Figure 3.1 for a representation of this structure. The 

previous section showed that demand equation (2.8) is equivalent to the cross-country 

application of group demand (3.20) for food. Thus, the demand for the non-food group can 

be obtained by using the budget constraint and the food demand in Chapter 2. This section 

considers the conditional demand for non-food goods.  

 

Figure 3.1 

Structure of Food and Non-Food Groups 

 
 

 

 

 

 

 

 

 

 

Conditional Demand  

The conditional demand equation (3.22) can be applied in a cross-country context 

by following the same steps in the previous section for the group demand. This yields the 

conditional demand equation for good nfi :∈S
 
 

(3.26) 
11 11

jc jcic ic
ic ic ic ic ic jc ic

j 1 j 1i j i j

p pp p
w w w log w log log log ,

p p p p= =

   
′ ′ ′ ′ ′ ′ ′= + − + φ θ − θ + ε   

   
∑ ∑� � �                       

where 
icw′�  and icθ′  are the conditional budget and marginal shares of good i ( )nfi ∈S

 
at 

country c’s observed real expenditure on the non-food group at world prices 

[ ]nf 1 11= p , , p .p …  The first term on the right-hand side icw′�  is a function of real 

consumption of non-food goods, ( )ic nf ,cw f M .′ =�   In this section, we consider Working’s 

 

Total basket  (12 goods) 

Food  (1 good) Non-food  (11 goods) 
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model, ic i i nf ,cw logM ,′ = α +β�  and the logistic model, ( ) ( )nf ,c nf ,cM M
ic i iw e 1 e .′ = α +β +�

5  As 

there are 11 goods in the non-food group, the additive property 11
i 1 icw 1=∑ ′ =  implies 

11
i 1 i 1=∑ α =  and 11

i 1 i 0.=∑ β =
6 Equation (3.26) is to be compared to the food demand equation 

given at the start of the previous section. The only substantive difference is that there is 

only one good belonging to the food group, while there are 11 non-food items; this 

accounts for the summations for the indexes in equation (3.26). 

The demand equation (3.26) for i 1, ,11= …  is applied to the ICP (2008) data, and 

the maximum likelihood estimates7 are listed in Table 3.3. 8 As can be seen, goods listed in 

rows 1 to 4 and row 9 are necessities, with i 0β <  in Working’s model and i iα > β  in the 

logistic model, and the remainders are luxuries with i 0β >  in Working’s model and 

i iα < β  in the logistic model. Given the expenditure on non-food goods, “Clothing”, 

“Housing”, “Recreation” and “Other” are the most sensitive goods to income changes. In 

Working’s model the estimates of intercepts for all goods are significant, while the 

estimates of slopes are not significant for “Health”, “Transport”, “Education” and “Other”. 

In the logistic model, all estimates are significant except “Restaurants” and “Other”.  

The estimated conditional income flexibility implied by demand system (3.26) with 

Working’s model used for icw′�  is -0.78.′φ =  To interpret this estimate, recall 

nf nfW ,′φ = φΘ  where φ  is the unconditional income flexibility and nf nfWΘ is the income 

elasticity for non-food as a group. From Table 2.6, the average income elasticity of non-

food implied by the logit MVE model is 1.11, so that the implied estimate of income 

flexibility is 0.78 1.11 0.70,− ≈ −  which is less than one standard deviation away from the 

direct estimate of this parameter given in the last entry of column 5 of Table 2.3. It is 

reassuring that these two estimates are not inconsistent with each other. A similar result 

holds for the logistic model. 

                                                      
5 Applying Working’s model as the income effect term in equation (3.26), it gives the conditional demand 
version of Florida model.  
6 As the MVE model does not satisfy the additive property, we do not consider it here. 
7 For details of the estimation procedure, see Appendix A3.3. 
8 For details of the data, see Appendix A3.1. 
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Table 3.3 

Estimates of Conditional Demand Models for Non-Food Goods 

(Asymptotic standard errors are in parentheses) 

     Commodity 
Working’s model   Logistic model 

iα  iβ   iα  iβ  

           (1) (2) (3)  (4) (5) 

 1. Alcohol & tobacco 0.0458 (0.0030) -0.0066 (0.0021)  0.0839 (0.0137) 0.0292 (0.0078) 

 2. Clothing 0.0744 (0.0029) -0.0151 (0.0021)  0.1556 (0.0132) 0.0383 (0.0076) 

 3. Housing 0.2012 (0.0048) -0.0149 (0.0039)  0.2968 (0.0246) 0.1560 (0.0139) 

 4. Durables 0.0704 (0.0025) -0.0065 (0.0019)  0.1027 (0.0117) 0.0567 (0.0067) 

 5. Health 0.1068 (0.0030) 0.0050 (0.0024)  0.0823 (0.0166) 0.1195 (0.0092) 

 6. Transport 0.1309 (0.0043) 0.0029 (0.0030)  0.1139 (0.0195) 0.1395 (0.0112) 

 7. Communication 0.0341 (0.0017) 0.0036 (0.0010)  0.0206 (0.0070) 0.0390 (0.0041) 

 8. Recreation 0.0684 (0.0023) 0.0153 (0.0016)  -0.0488 (0.0093) 0.1228 (0.0054) 

 9. Education 0.1101 (0.0038) -0.0099 (0.0036)  0.2210 (0.0229) 0.0528 (0.0127) 

10. Restaurants 0.0598 (0.0032) 0.0112 (0.0023)  -0.0150 (0.0147) 0.0945 (0.0085) 

11. Other 0.0981 (0.0104) 0.0150 (0.0080)  -0.0132 (0.0445) 0.1518 (0.0287) 

  Conditional income flexibility  ′φ             -0.7819 (0.0334)  -0.7653 (0.0336) 

  

Income Elasticites 

The conditional income elasticities for the 11 goods for key groups of countries are 

given in Table 3.4. As can be seen, the income elasticities are fairly constant across  

countries except for “Restaurants” and “Recreation”. For these two goods, the logistic 

model implies that the elasticities have peaks for the two middle income groups, “rich” and 

“poor”, while those from Working’s model behave monotonically; that is, in this model the 

income elasticity declines as income increases for all goods. While the non-monotonic 

pattern cannot be completely ruled out as implausible on economic grounds, this behaviour 

is fairly unappealing. It is for this reason that we prefer Working’s model here, but accept 

that there is scope for differing views on this matter. 

Extreme Values 

 In the previous chapter, we analysed the implied extreme values of income for which 

the food share is on the border of the [0, 1] interval, as well as when the income elasticity is 

zero. We now use the estimates of Working’s model for non-food in an analogous 

investigation.  
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Table 3.4  

Conditional Income Elasticities of Non-Food Goods for Four Key Groups of Countries 

Commodity Working’s model  Logistic model 

 
Very 
rich 

Rich Poor 
Very 
poor 

 
Very 
rich 

Rich Poor 
Very 
poor 

(1) (2) (3) (4) (5)  (6) (7) (8) (9) 

1. Alcohol & tobacco 0.82 0.85 0.87 0.89  0.85 0.71 0.86 0.96 

2. Clothing 0.72 0.78 0.82 0.85  0.76 0.59 0.82 0.95 

3. Housing 0.92 0.92 0.93 0.94  0.92 0.84 0.91 0.98 

4. Durables 0.89 0.90 0.91 0.92  0.93 0.85 0.92 0.98 

5. Health 1.04 1.05 1.05 1.05  1.03 1.07 1.04 1.01 

6. Transport 1.02 1.02 1.02 1.02  1.02 1.04 1.02 1.01 

7. Communication 1.09 1.10 1.11 1.13  1.04 1.11 1.07 1.02 

8. Recreation 1.17 1.21 1.26 1.46  1.13 1.40 1.36 1.15 

9. Education 0.90 0.91 0.91 0.92  0.75 0.58 0.81 0.95 

10. Restaurants 1.15 1.18 1.21 1.31  1.10 1.31 1.25 1.10 

11. Other 1.13 1.14 1.17 1.22  1.09 1.25 1.19 1.07 

 Notes:  1. Countries numbered from 1 to 34 in Table 2.1 are denoted as “very rich”, 35-69 “rich”, 70-104       
“poor” and the reminder “very poor”. The corresponding entries in this table are averaged over 
countries within each group. 

2. The conditional income elasticities of good i is i i iw .′ ′ ′η = θ In Working’s model, 

i i i nfw log M′ = α + β  and i i iw ;′ ′θ = + β  In the logistic model, ( ) ( )nf nfM M
i i iw e 1 e′ = α + β +  and 

( )i i i ik w ,′ ′θ = β − α +  with ( )nf nf
2

M M
nfk M e 1 e .= + The estimated parameters for these two models 

are from Table 3.3, respectively.  

 

 Column 2 and 3 of Table 3.5 present the extreme values of non-food expenditure for 

each commodity. For necessities (commodities 1-4 plus 9), the elements in column 2 are 

( )*
nf ,0 nf ,USlog M M ,  where *

nf ,0M  is the critical value of non-food expenditure when 

i nfw 0,  i ,′ = ∈S  and nf ,USM  is non-food expenditure in the US, the richest country. Take 

“Clothing” as an example, where the log ratio in column 2 is 3.1. This means that spending 

on this good will hit zero when non-food spending is 3.01e 1 19− =  times more than it is in the 

US in the year 2005. To put it another way, this occurs in the US in 3.01 λ  years, where λ  

is the annual exponential rate of growth of income. For 0.03λ = , this “hit” occurs in 105 

years. For other necessities, the values are greater than 3.01, meaning that it will take even 

longer for these goods to hit zero in the US. As events likely to occur in more than a century 

are too far away to worry about, we conclude that the problem can be ignored for these 

commodities. 
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Table 3.5 

Extreme Values of Income 

(Logarithmic ratios) 

Commodity Extreme values of nfM when 

 
iw 0′ =  iw 1′ =  i 0′η =  

(1) (2) (3) (4) 

A. Necessities 

*

nf ,0

nf ,US

M
log

M

 
  
 

 
*

nf ,1

nf ,Congo

M
log

M

 
−   

 
 

**

nf

nf ,US

M
log

M

 
  
 

 

 1. Alcohol & tobacco 5.1 140.5 4.1 

 2. Clothing 3.1 57.3 2.1 

 3. Housing 11.7 49.6 10.7 

 4. Durables 9.0 139.0 8.0 

 9. Education 9.3 85.8 8.3 

B. Luxuries 

*

nf ,0

nf ,Congo

M
log

M

 
−   

 
 

*

nf ,1

nf ,US

M
log

M

 
  
 

 
**

nf

nf ,Congo

M
log

M

 
−   

 
 

5. Health 17.3 176.8 18.3 

6. Transport 41.1 297.9 42.1 

7. Communication 5.4 266.5 6.4 

8. Recreation 0.4 59.1 1.4 

10. Restaurants 1.3 82.2 2.3 

11. Other 2.5 58.3 3.5 

Note:  For good i, nfi ,∈S  *

nf ,0M  is the critical value of non-food expenditure when iw 0,′ =   *

nf ,1M  

is the critical value of non-food expenditure when iw 1,′ =  and **

nfM  is the critical value of non-food 

expenditure when i 0.′η = nf ,USM  is non-food expenditure in the US and nf ,CongoM  is non-food 

expenditure in the Congo.  
 

For luxuries (the remaining commodities), the elements in column 2 are 

( )*

nf ,0 nf ,Congolog M M ,−  where nf ,CongoM  is the non-food expenditure in the Congo, the 

poorest country. The smallest number in column 2 is 0.4; this implies that the Congo will hit 

the extreme value when spending on non-food is [ ]0.4100 e 1 67−× − =  percent of that in 2005.  

If the annual exponential rate of decline in non-food spending is 0.03λ =  in the Congo, the 

budget share of “Recreation” will be zero after 0.4 0.03 13≈  years of continuous 

contraction. This is also unlikely as such a depression has not been seen in recent economic 

history.  
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Similar considerations lead to the other critical values of income in column 2-4 of 

Table 3.5. If the entries are near zero, then observed incomes (of either the US or Congo) 

are “close” to the corresponding extreme values and the model breaks down (that is, 

iw 0,′ = iw 1,′ = or i nf0,  i′η = ∈S ). The smallest ratio is for the Congo for “Recreation”, but 

even that value, 1.4, is not too small. The logarithmic ratios corresponding to the US are all 

far away from zero, meaning that the extreme values are substantially different from the 

observed value in the US. 

The conclusion to this section is that Working’s model is satisfactory for the non-

food items. Unlike the case of food discussed in Chapter 2, here Working’s model does not 

give rise to any relevant violations of the [0, 1] range for the conditional shares, nor do the 

conditional income elasticities turn negative. This result holds for an extremely wide range 

of spending. 

 

3.10     Unification of Food and Non-Food Groups 

There are two effects of a change in the price j nfp  ( j )∈S
 
on the consumption of 

good i ( )f nfi  or ∈S S  when income and all other prices remain unchanged. The first is a 

direct effect that involves a reallocation of a given total expenditure on the non-food group, 

which is determined by the conditional demand equation. Second, there is an indirect effect 

on total expenditure on non-food. As initially the budget is split into two broad groups of 

commodities, food and non-food, the group demand equation for non-food is given by the 

complement of the food equation (3.25). The increase in the price of a good within the non-

food group causes this group to become relatively more expensive, and consumption of non-

food falls, according to the group demand equation. Combining the direct and indirect 

effects yields the total effect of the “unconditional” demand equations. The unconditional 

demand equations are of the conventional form whereby consumption depends on income 

and the prices of the n goods. An important issue here is functional form: Although the 

demand equation (3.25) for food and the conditional system (3.26) appear to have the same 

form for cw�  and icw′� , this is not necessarily the case. The forms of budget and marginal 

shares, c c ic icw , , w , ,′ ′θ θ�  are determined by the functional form of the underlying Engel 

curves, and this can differ from the group to the conditional system. For example, we could 
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use the MVE model for group-level demand and Working’s model for conditional demand, 

as was done in the previous sections. This “mixed functional form approach” offers 

additional flexibility and opens up attractive new opportunities for modeling consumption 

patterns.  

We use the estimates of the three models for group demand, Working’s, the logistic 

and the logit MVE model, and the conditional demand (Table 3.3) to recover the implied 

unconditional demands. Consider one of the six possibilities of the mixed approach, 

Working’s model for both the group and the conditional demands. Let iη  be the 

unconditional income elasticity of good i implied by this Working-Working combination. 

This iη  is given as the first cell of column 1 of Table 3.6, while the other elements in Panel 

A give the other five mixed cases. As can be seen from Panels A and B, in all cases the 

income elasticities can be expressed as simple functions of the original iη  and elementary 

ratios that depend on the income of the country in question.  

 

Table 3.6 

Structure of Unconditional Income Elasticities with Mixed Functional Forms 

                 A. Analytical structure 

 

 
Working’s  Logistic  Logit MVE  

(1) (2) (3) 

Working’s iη  i L WRη ⋅  i M WRη ⋅  

Logistic i irη ⋅  i i L Wr Rη ⋅ ⋅  i i M Wr Rη ⋅ ⋅  

 
            B. Empirical values of ratios 

Income ir  
L WR  M WR  

Necessity Luxury 

Low  1≥  1≤  1≤  1≤  

Middle  1≤  1≥  1≥  1≥  

High  1≥  1≤  1≤  1≤  

Notes: 1. i nf (i )η ∈S  is the unconditional income elasticity of good i from Working’s model. 

2. ir  is the ratio of the conditional income elasticity for good i nf(i )∈S  from Working’s to that 

from the Logistic model.  

3. L WR  is the ratio of the income elasticity for non-food as a group from the Logistic model to 

that from Working’s model, and M WR  is the same ratio pertaining to the logit MVE and 

Working’s models.  

4. The classification of countries into income groups is only approximate and varies for ir , 

L WR  and M WR .  Roughly speaking, a country’s income c(M )  is “low” if cM $3,300,≤  

“middle” if c$3,300 M $15,000< <  and “high” if cM $15,000.≥  

Conditional  
demand 

Group 
demand 
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As discussed in Chapter 2, Working’s model has the defect of a negative income 

elasticity of food for high levels of income. This problem means that this model tends to 

overstate the income elasticities of the non-food items for high-income countries. As shown 

in the first entry of column 3 of Table 3.6, when we use the logit MVE-Working 

combination, the unconditional income elasticities take the form i M WR ,η  where M WR  is a 

ratio that is less than unity for high-income countries (see the last element of column 3). 

Accordingly, the logit MVE-Working combination mitigates the problem with the Working-

Working combination. 

As discussed in Section 3.7, the three unconditional own-price elasticities (Frisch, 

Slutsky, Cournot) can be expressed in terms of conditional and group marginal shares, and 

income elasticities,  

(3.27)
 ii iF ,′ ′= φ η  ii ii nf i iS F ,′ ′ ′= − φ Θ θ η  ( )ii ii ii nf iC F F 1 ,′= − + Θ θ                                                  

where ′φ  is the conditional income flexibility. Similar expressions can be derived for the 

unconditional cross-price elasticities, as shown in Appendix A3.2. To keep things 

manageable, we consider just two possible combinations of mixed functional forms, the 

logit MVE-Working’s and the logit MVE-Logistic, which correspond to the first and second 

entries of column 3 of Table 3.6. Panel A of Table 3.7 summarises the implied demand 

elasticities for these two cases by giving the cross-country means. The conditional 

elasticities of three goods, “Housing”, “Durables” and “Education”, are less than one as 

shown in Table 3.5, but when multiplied by the income elasticity of non-food as a whole, 

they become greater than one in Table 3.7. That is, the expenditure on these three goods 

increases faster than the growth of the total income.  

While the means are close for all non-food goods in these two cases, the standard 

deviations are higher for the M-L combination for most goods. However, there are 

substantial differences for some countries between Working’s and the logistic models. As 

an example, Panel B of Table 3.7 presents the elasticities for Mexico, where the per capita 

income is $9,174 in 2005. The income elasticities of necessities (goods 2-5 and 10 of Table 

3.7) implied by M-W are greater than that by M-L combination, and vice versa for luxuries. 

The largest difference can be seen in the row for “Education”.9 The unconditional income  

 

                                                      
9 Note that under preference independence, the income elasticities and own-price Frisch price elasticities are 
proportional. Thus, in Table 3.7, columns 3 and 7 are proportional to columns 2 and 6, respectively. 
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Table 3.7    Unconditional Income and Price Elasticities for 12 Goods 

Commoditiy 

A. Logit MVE - Working’s model  B. Logit MVE -  Logistic model 

Income 
elasticity 

 Own-price elasticity  Income 
elasticity 

 Own-price elasticity 

 Frisch Slutsky Cournot   Frisch Slutsky Cournot 

(1) (2)  (3) (4) (5)  (6)  (7) (8) (9) 

A. Cross-country averages 

1. Food 
0.62  -0.36 -0.27 -0.47  0.62  -0.36 -0.27 -0.47 

(0.23)  (0.13) (0.07) (0.19)  (0.23)  (0.13) (0.07) (0.19) 

2. Alcohol & tobacco 
0.95  -0.67 -0.65 -0.68  0.93  -0.65 -0.63 -0.66 

(0.03)  (0.02) (0.02) (0.02)  (0.09)  (0.08) (0.07) (0.07) 

3. Clothing 
0.88  -0.62 -0.59 -0.64  0.86  -0.60 -0.57 -0.61 

(0.05)  (0.04) (0.03) (0.04)  (0.14)  (0.11) (0.10) (0.11) 

4. Housing 
1.03  -0.72 -0.62 -0.77  1.01  -0.70 -0.60 -0.74 

(0.03)  (0.01) (0.01) (0.00)  (0.04)  (0.04) (0.03) (0.04) 

5. Durables  
1.01  -0.71 -0.67 -0.73  1.02  -0.70 -0.67 -0.72 

(0.02)  (0.01) (0.01) (0.01)  (0.03)  (0.04) (0.04) (0.04) 

6. Health 
1.16  -0.82 -0.75 -0.84  1.15  -0.80 -0.72 -0.81 

(0.03)  (0.00) (0.02) (0.00)  (0.06)  (0.02) (0.02) (0.02) 

7. Transport 
1.13  -0.80 -0.71 -0.82  1.13  -0.78 -0.70 -0.81 

(0.03)  (0.00) (0.02) (0.00)  (0.05)  (0.01) (0.01) (0.01) 

8. Communication 
1.23  -0.87 -0.84 -0.87  1.18  -0.81 -0.79 -0.82 

(0.03)  (0.01) (0.02) (0.01)  (0.07)  (0.03) (0.02) (0.03) 

9. Recreation 
1.41  -1.00 -0.93 -1.00  1.40  -0.96 -0.88 -0.97 

(0.18)  (0.16) (0.17) (0.15)  (0.18)  (0.10) (0.10) (0.09) 

10. Education 
1.01  -0.71 -0.65 -0.74  0.85  -0.59 -0.55 -0.61 

(0.02)  (0.01) (0.01) (0.01)  (0.14)  (0.11) (0.10) (0.11) 

11. Restaurants 
1.34  -0.95 -0.89 -0.95  1.32  -0.91 -0.85 -0.92 

(0.06)  (0.06) (0.07) (0.06)  (0.15)  (0.08) (0.07) (0.07) 

12. Other 
1.29  -0.91 -0.83 -0.92  1.28  -0.88 -1.42 -0.81 

(0.03)  (0.03) (0.05) (0.03)  (0.12)  (0.06) (0.24) (0.10) 

B.  Mexico 

1. Food 0.51  -0.30 -0.26 -0.38  0.51  -0.30 -0.26 -0.38 

2. Alcohol & tobacco 0.97  -0.66 -0.64 -0.67  0.78  -0.53 -0.51 -0.54 

3. Clothing  0.89  -0.61 -0.58 -0.63  0.64  -0.43 -0.42 -0.45 

4. Housing 1.05  -0.72 -0.61 -0.77  0.94  -0.63 -0.55 -0.68 

5. Durables 1.03  -0.71 -0.67 -0.72  0.96  -0.64 -0.61 -0.66 

6. Health 1.19  -0.82 -0.74 -0.84  1.23  -0.82 -0.73 -0.84 

7. Transport 1.17  -0.80 -0.70 -0.82  1.19  -0.80 -0.70 -0.82 

8. Communication 1.26  -0.86 -0.83 -0.87  1.27  -0.85 -0.82 -0.86 

9. Recreation 1.38  -0.94 -0.87 -0.95  1.62  -1.09 -0.96 -1.08 

10. Education 1.04  -0.71 -0.65 -0.73  0.63  -0.42 -0.40 -0.44 

11. Restaurants 1.34  -0.92 -0.86 -0.92  1.52  -1.02 -0.93 -1.02 

12. Other 1.31  -0.89 -0.80 -0.91  1.45  -0.97 -1.73 -0.95 

Note: Panel A shows the average of the individual 138 elasticities. Standard deviations cross countries are 
in parentheses. The unconditional income and price elasticities of food are from Table A2.1. The 

unconditional income elasticity of non-food good i is i nf i ,′η = η η  the product of the income elasticities 

of non-food group and the conditional income elasticity of good i. The price elasticities of non-food good 
are calculated by equation (3.27). 
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and price elasticities implied by M-W combination for all 138 countries are presented in the 

Appendix A3.4. 

 

3.11     Further Explorations   

This section considers three additional issues that further elaborate upon the 

findings above. 

The Robustness of the Estimates  

Maximum likelihood (ML) estimators of demand systems are consistent and 

asymptotically efficient. But is asymptotic theory applicable in our demand system with 

138 countries? To investigate this issue, we use a Monte Carlo simulation approach in the 

context of the conditional demand system (3.26) for i 1, ,11= …  goods and c 1, ,138= …  

countries. For the Engel curves, ( )gcf M  for g nf ,=  we use Working’s and the logistic 

models. The simulation procedure can be described as follow. We start with the ML 

estimates of Table 3.3 and the data-based covariance matrix Σ̂ΣΣΣ , the 11 11×  matrix of mean 

squares and cross-products of the residuals, and refer to these estimates as the “true” 

parameter values for the simulation. We generate a pseudo-normal random error vector 

with zero mean and covariance matrix Σ̂ΣΣΣ . Then we use these errors together with the 

observed values of independent variables (total expenditure on non-food and the prices) to 

obtain new values of the dependent variables from equation (3.26) for i 1, ,11,= …  

c 1, ,138.= …  These values and the observed expenditure on non-food group nf ,cM  and 

prices are then used to re-estimate the model by ML. This procedure is repeated 1,000 

times and Table 3.8 summarises the results. In both Panel A and B, the RMSASE RMSE   

(Root Mean Squared Asymptotic Standard Error/Root Mean Squared Error) ratio of column 

6 for the intercepts and slopes are mostly close to unity, so it can be concluded that the 

asymptotic standard errors represent reasonable measures of the true variability of these 

estimates. For the parameter ,′φ  however, this ratio is 0.94 (1.02) for Working’s model 

(logistic model), so its asymptotic standard error is too low (high) by about 6 (1.5) percent. 

All in all, we can conclude that the ML procedure works satisfactorily. 
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Table 3.8    Monte Carlo Simulation Results (1000 Trails) 

 A.  Working’s model  B. Logistic model 

         Commodity True value Mean RMSE RMSASE (5)/(4)  True value Mean RMSE RMSASE (5)/(4) 

                (1) (2) (3) (4) (5) (6)  (2) (3) (4) (5) (6) 

 Intercept iα   Intercept iα  

1. Alcohol & tobacco 0.0458 0.0459 0.0029 0.0029 0.9982  0.0839 0.0838 0.0143 0.0137 0.9612 

2. Clothing 0.0744 0.0742 0.0029 0.0028 0.9926  0.1556 0.1559 0.0133 0.0132 0.9958 

3. Housing 0.2012 0.2014 0.0049 0.0047 0.9691  0.2968 0.2964 0.0246 0.0245 0.9973 

4. Durables 0.0704 0.0705 0.0025 0.0025 1.0130  0.1027 0.1028 0.0121 0.0117 0.9733 

5. Health 0.1068 0.1067 0.0030 0.0030 1.0026  0.0823 0.0821 0.0164 0.0166 1.0117 

6. Transport 0.1309 0.1310 0.0043 0.0043 0.9964  0.1139 0.1139 0.0193 0.0195 1.0132 

7. Communication 0.0341 0.0341 0.0017 0.0016 0.9704  0.0206 0.0203 0.0071 0.0070 0.9889 

8. Recreation 0.0684 0.0683 0.0022 0.0023 1.0024  -0.0488 -0.0484 0.0091 0.0093 1.0148 

9. Education 0.1101 0.1103 0.0039 0.0038 0.9724  0.2210 0.2204 0.0226 0.0228 1.0099 

10. Restaurants 0.0598 0.0596 0.0033 0.0032 0.9698  -0.0150 -0.0143 0.0148 0.0147 0.9924 

11. Other 0.0981 0.0981 0.0032 0.0032 1.0003  -0.0132 -0.0130 0.0461 0.0459 1.0043 

 Slope iβ   Slope iβ  

1. Alcohol & tobacco -0.0066 -0.0067 0.0022 0.0021 0.9543  0.0292 0.0292 0.0081 0.0078 0.9588 

2. Clothing -0.0151 -0.0150 0.0021 0.0021 0.9710  0.0383 0.0383 0.0077 0.0076 0.9976 

3. Housing -0.0149 -0.0148 0.0039 0.0039 1.0029  0.1560 0.1561 0.0136 0.0139 1.0205 

4. Durables -0.0065 -0.0065 0.0019 0.0018 0.9837  0.0567 0.0566 0.0068 0.0067 0.9809 

5. Health 0.0050 0.0051 0.0024 0.0024 0.9872  0.1195 0.1196 0.0090 0.0092 1.0186 

6. Transport 0.0029 0.0027 0.0030 0.0029 0.9918  0.1395 0.1393 0.0109 0.0112 1.0239 

7. Communication 0.0036 0.0036 0.0010 0.0010 0.9912  0.0390 0.0392 0.0041 0.0041 0.9996 

8. Recreation 0.0153 0.0153 0.0016 0.0015 0.9595  0.1228 0.1227 0.0054 0.0054 1.0097 

9. Education -0.0099 -0.0099 0.0036 0.0035 0.9776  0.0528 0.0528 0.0124 0.0127 1.0285 

10. Restaurants 0.0112 0.0111 0.0024 0.0023 0.9387  0.0945 0.0942 0.0084 0.0085 1.0068 

11. Other 0.0150 0.0151 0.0025 0.0024 0.9676  0.1518 0.1519 0.0286 0.0287 0.9965 

 Conditional income flexibility ′φ   Conditional income flexibility ′φ  

 -0.7819 -0.7833 0.0339 0.0318 0.9400  -0.7653 -0.7651 0.0331 0.0336 1.0153 

  Note: RMSE=root mean squared error and RMASE=root mean squared asymptotic standard error. 
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Is the Income Flexibility Constant?  

One of the attractions of the ICP data is that it refers to 138 countries that span the 

development spectrum. These data provide substantial variability of incomes and prices, 

which, other things equal, should result in more precise estimates. On the other hand, 

however, using a common model to explain consumption patterns internationally implies 

that tastes are taken to be the same in all countries (except for a country-specific error 

term). While this is appealing from the viewpoint of simplicity and parsimony, such an 

approach could be objected to as being too strong. Our discussion on food demand in 

Chapter 2 seems to indicate that a common demand model is not obviously inappropriate 

with respect to the consumption-income link. Perhaps this is because the commodities in 

question, food and non-food, are such broad aggregates, with only limited possibilities for 

interaction in the utility function. But how does the price responsiveness of consumption of 

the non-food goods vary across countries? As the income flexibility φ  can be interpreted as 

the average own-price elasticity, it summarises the overall price sensitivity of consumption 

in model (3.14).10 For simplicity, φ  is usually taken to be a constant, but this assumption 

can be investigated. In fact, Frisch (1959) conjectures that φ  increases in absolute value 

with income. 

To determine the constancy or otherwise of ′φ , we re-estimate the conditional 

demand model under Working’s model with ′φ  taking 138 values, one for each country, 

and Figure 3.2 contains the results.11 The left part of Panel A is a scatter of ′φ  against non-

food expenditure and the right part is a histogram of the 138 estimates. There is no 

evidence here to reject the hypothesis that ′φ  is a constant. The same result is obtained 

when the estimates are weighted (see Panel B).  

                                                      
10 That is, n

i 1 i iiw F ,=∑φ =  where iw  is the budget share of good i and iiF  is the Frisch own-price elasticity. The 

importance of φ  can also be seen from the following stylised example: Suppose that world demand for food 

is of the preference independence form, so that ( ) ( ) ( )d logq d logQ d logp ,= η +φη  where q  is the quantity 

consumed of food, η  is the income elasticity, Q  real income and p
 
the relative price of food. Then, if the 

per capita supply of food is fixed, the change in the price is ( ) ( ) ( )d logp 1 d logQ .= − φ  Thus, if 0.5φ = −  and 

per capita income grows by 3 percent, the world price rises by 6 percent. But if 1φ = − , prices rise by only 3 

percent. 
11 The conditional income flexibility is nf

′φ = φη , where nfη  is the income elasticity of non-food. As nfη  is 

fairly constant across countries (see Table 2.6), ′φ  is approximately proportional to φ . For details of the 

estimation procedure, see Appendix A3.3.  



105 

 

Figure 3.2 

 Conditional Income Flexibilities in 138 Countries 

A. Unweighted 
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Notes:  In Panel B, the values of c
′φ  and the logarithm of non-food expenditure in country c are weighted by 

the factor 
1381 1

c cc 1
138 ASE ( ) ASE ( ) ,− −

=
′ ′⋅ φ φ∑   which is inversely proportional to asymptotic standard error of 

c
′φ  (that is, cASE( )′φ ). 

 

Frisch (1959) has some precise ideas regarding the possible way in which the 

income flexibility could vary with income. Frisch argues that in most cases, φ  has values 

of  

-0.1  for the extremely poor part of the population.  

-0.25  for the slightly better off but still poor part of the population.  

-0.5  for the middle income bracket, the median part of the population.  

-1.4  for the better off part of the population.  

-10  for the rich part of the population.  

c nf ,c0.038log(M ) 0.613′φ = − −         R2 = 0.004 

                         (0.048)                    (0.065) Mean = -0.601 

     SE = 0.063 

Mean = -0.538 

     SE = 0.106 

nfM  

′φ

 

′φ  

c nf ,c0.053log(M ) 0.549′φ = − −        R2 = 0.003 

           (0.084)                    (0.108) 

    

nfM  
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That is, the income flexibility is increasing in absolute value as the consumer becomes 

more affluent. To test this, the 138 countries are ranked by real total consumption and 

divided into two groups with 69 countries each. We estimate the group demand equation 

(3.25) for rich and poor countries separately, and found that φ̂  for the poor is to be -0.52 

(ASE=0.16) and that for the rich group is -1.15 (ASE=0.28). This gives some (but not 

overwhelming) support to the “Frisch conjecture”. 

Measurement Errors 

The researchers who construct the ICP data are known to devote substantial 

attention, care and resources to accurate measurement of prices, so these data are of a 

superior quality. It is inevitable, however, that the data are still less than perfect, especially 

because of the extensive representation of low-income countries. In these countries, 

subsistence agriculture (where food is grown and consumed by the same agent) can be 

important, but this sector is mostly not measured in the national accounts. To illustrate the 

possible implications of this mismeasurement, suppose subsistence agriculture is 100γ ⋅  

percent of measured income M, so that the “true” expenditure on food is ( )M w ,+ γ  where 

w  is the measured food budget share. If the shadow price of a unit of subsistence 

production is 0 1,≤ λ ≤  then ( )*M M 1= + λγ  is “true” income and ( ) ( )*w w 1= + γ + λγ  is 

the “true” budget share of food. If true expenditure is governed by Working’s model, 

* *w logM ,= α +β  the observed share is then ( ) ( )w 1 log M 1 , = −γ + + λγ ⋅ α +β + λγ     or 

w logM= −γ + α +β  if 0.λ =  This shows that the existence of the subsistence sector 

changes the interpretation of the intercept and slope coefficient (if 0λ > ) of the model. 

Moreover, as the relative size of the subsistence sector ( γ ) is certainly larger in poorer 

countries, neglecting this sector amounts to a specification error that leads to biased 

estimates. 

It is also possible that the problem of subsistence agriculture, as well as other 

difficulties, lead to outlying observations for some countries. When modeling proportions, 

the information inaccuracy—developed in Theil (1967)—is a useful tool for the 

identification of outliers. When there are n goods, the inaccuracy for country c is the 

logarithm of a weighted geometric mean of the relative errors, ( )n
i 1c ic ic ic

ˆI w log w w ,==∑  
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where icw  is the observed budget share of good i in country c and icŵ  is the predicted 

counterpart. When the model fits perfectly, ic ic
ˆw w ,=  i 1, ,n,= …  and cI 0= ; and cI  

increases with the discrepancies ic ic
ˆw w .−  When we distinguish just food and non-food, 

with budget shares cw  and c1 w− , respectively, the inaccuracy becomes  

 ( )c c
c c c

c c

w 1 w
I w log 1 w log .

ˆ ˆw 1 w

   −
= + −   

−   
                                                                               

We evaluate cI  for the 138 countries with the prediction given by the three models whose 

estimates are given in Table 2.3. As can be seen from Panel A of Figure 3.3, there are three 

outliers with cI 0.1,>  viz., Armenia (whose income is 13 percent of that of the US), Malawi 

(2.1 percent) and Liberia (1.3 percent) and the value of cI  for these countries in Working’s 

model is greater than that in the other two models. Thus, it is appropriate to be suspicious 

about the quality of the data for these three countries. 

 For goods within the non-food group, the inaccuracy is given as 

 nf

ic
nf ,c ic

i ic

w
I w log ,

ŵ∈

 ′
′=  

′ 
∑

S  

which is also calculated for the 138 countries with the prediction given by two models given 

in Table 3.3. As the sum of 11 terms, the inaccuracy of the conditional shares within the 

non-food group is greater than those of group shares in most countries, nf ,c cI I> . As can be 

seen from Panel B of Figure 3.3, there are five outliers with nf ,cI 0.2:>  the Central African 

Republic, Chad, Djibouti, Gambia and the Syrian Arab Republic. Both panels show that 

most countries lie near the 45-degree line and the means for different models are very close, 

so on this basis there is not much to choose between them. 

 

3.12     Conclusions 

This chapter discussed the importance of functional form in demand analysis. 

Starting with a brief review of some popular demand systems, we focused on the 

differential demand system (Barten, 1964; Theil, 1965). The advantage of this system is 

that income and price effects on demand can be analysed separately and there is no 

algebraic specification of the underlying utility or cost functions. As the income effect in a  
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differential demand equation is flexible, different functional forms of the Engel effect can 

be incorporated. For example, in Chapter 2 we used the approach to model the demand for 

food in a cross-country context. In that chapter, we employed both Working’s model and 

the logistic model to the differential demand system for 138 countries using the ICP (2008) 

data. In this chapter, we used a conditional demand model to analyse the consumption of 11 

goods in the non-food budget, and found that the [0,1] problem of Working’s model is, 

effectively, not worth worrying about.  

Integrating the group demand system of the previous chapter with the conditional 

demands for the 11 non-food goods provides estimates of unconditional income and price 

elasticities for all 12 goods. Compared with more conventional approaches, our modelling 

of the food and non-food groups separately permits the use of different functional forms for 

each group, such as the logit MVE model for group demand and Working’s model for non-

food demand. The flexibility of this “mixed functional form approach” provides more 

possibilities for modelling demand behaviour. 

 

Appendices   

A3.1   The Data  

To describe the data, let icp  be the price of good i (i=1,…,12) in country c 

(c=1,…,138), expressed in terms of the currency of that country, and icq  be the 

corresponding per capita quantity consumed. Let i,USp  be the price of good i in the US, 

expressed in terms of US dollars. As one US dollar buys i,US1 p  units of good i in the US, 

the ratio ic i,USp p  is referred to the “PPP price” of good i in country c. This PPP price 

measures the number of units of country c’s currency that are needed in country c to 

purchase i,US1 p units of the good. These PPP prices are provided in Table 1 of ICP (2008). 

If we use the PPP price to deflate domestic expenditure on good i in country c, ic icp q  , we 

have real expenditure measured in US dollars, ic ic ic i,US i,US icp q p p p q ,=  which is given in 

Table 6 in ICP (2008). Adding real expenditure over the 12 goods, we have a measure of 

the volume of total consumption per capita in c, 12
i 1c i,US icM p q .=∑=

 
This volume of 

consumption is referred to as “real income” cM  in this chapter and also as cQ  in the 
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following section. Expenditures in terms of domestic currency units on the 12 goods,
 ic icp q ,

 

i 1, ,12,= …  are given in Table 5 of ICP (2008). From these expenditures, the budget shares 

icw  can be computed.  

The data involves 146 countries, however, as in eight of these countries expenditure 

on at least one item is recorded as zero, we exclude these countries, so 138 countries 

remain. The eight excluded countries are Burundi, Comoros, Ethiopia, Gambia, Tanzania, 

Uganda, Zambia and Zimbabwe.  

 

A3.2   The Price Elasticities 

Conventional (Unconditional) Elasticities 

It can be shown (Theil and Clements, 1987) that equation (3.14) can be also 

expressed as ( ) ( )i i iw d log q d log= θ φ λ  ( )n
j 1 ij jd log p=+ ν∑ , where λ  is the marginal utility 

of income, φ  is the income flexibility, and ( ) ij

ij i jM p p uν = λ  is the ( )
th

i, j price 

coefficient, with iju  the ( )
th

i, j element of the inverse of the Hessian matrix of the utility 

function. This shows that ijν  measures the response of consumption of good i to a change 

in the price of j, all other prices remaining constant and when income is compensated to 

keep the marginal utility of income constant. Thus, when we divide both sides of the above 

equation by iw ,  ij ij iF w= ν emerges as the th(i, j)  Frisch price elasticity, which holds the 

marginal utility of income unchanged. 

The Slutsky price elasticity measures the price sensitivity of consumption when real 

income remains unchanged. This is also referred to as the “pure substitution effect”. To 

derive this elasticity, recall equation (3.14)  

( ) ( ) ( )
n

i i i ij j

j 1

w d log q d log Q d log p
=

= θ + π∑ ,                                                                      

where ij ij i jπ = ν − φθ θ  is the th(i, j)  Slutsky coefficient. Dividing by iw ,  this shows that the 

th(i, j)  Slutsky price elasticity is ij ij i j iS F w= − φθ θ . The Cournot price elasticity refers to 

the situation when price of j changes while nominal income remains constant, so that real 

income changes. As ( ) ( ) ( )d log Q d log M d log P= − , where ( ) ( )
n

j jj 1
d log P w d log p

=
=∑ , 
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equation (3.14) can be expressed as ( ) ( ) ( ) ( )
n

i i i ij i j jj 1
w d log q d log M w d log p .

=
= θ + π − θ∑  

The Cournot price elasticity is thus ij ij i j iC S w w .= − θ This measure includes both the pure 

substitution effect and the income effect of the price change.  

Under preference independence, the th(i, j)  price coefficient ij i ij,ν = φθ δ where ijδ  is 

the Kronecker delta ( ij 1δ =  if i j=  and 0 otherwise). In this case, the three types of price 

elasticity then can be expressed as ij ij iF ,= δ φη

 
ij ij j iS F= − φθ η

 

and

 
ij ij i j iC S w w ,= − θ  

where i i iwη = θ  is the income elasticity of good i, iθ  and iw  are the Engel curve implied 

marginal and budget shares of good i. 

Elasticities under Block Preference Independence   

Consider the unconditional demand equation for gi ∈S  obtained by combining 

group demand and the conditional demand:

 

 ( ) ( ) ( ) ( )
g

i i g i ij j
j

w d logq d logQ d log p d log P ,
∈
∑  ′ ′ ′ ′= η θ + ν − S

                                         

where for gj∈S , 
ij ij gW′ν = ν is a modified price coefficient. This equation is unconditional, 

like equation (3.14), but holds under block independence. It can also be shown that the 

above equation can be expressed as ( ) ( ) ( )n
j 1i i g i ij jw d log q d log d log p=∑′ ′ ′= η θ φ λ + ν , where λ  

is the marginal utility of income. Thus, when we divide both sides of the above equation by 

iw ,′  the th(i, j)  Frisch price elasticity is ij ij iF w′ ′= ν .  

Assume preference independence within group gS , so that 
ij 0,′ν =  for i j,≠  

gi, j ,∈S  and ii i
′ ′ ′ν = φ θ

 
for

 gi .∈S  Then, 
ij ij iF ,′ ′= δ φ η  where 

ijδ  is the Kronecker delta. 

Equation (3.23) can then be simplified to 

(A3.1) ( ) ( ) ( )
n

*

i i g i ij j
j 1

w d log q d log Q d log p ,
=

∑′ ′= η θ + π                    

where *

ij ij g i j ,′ ′ ′ ′π = ν − φ Θ θ θ with 
ij 0′ν =  if gj .∉S  Hence the th(i, j)  Slutsky elasticity is 

ij ij g i jS F .′ ′ ′= − φ Θ η θ  Finally, as d(logQ) d(logM) d(logP),= − where n
j 1 j jd(log P) w d(log p ),=∑=   

equation (A3.1) can be expressed as 

( ) ( ) ( ) ( )
n

*

i i g i ij g i j j
j 1

w d log q d log M w d log p .
=

∑′ ′ ′= η θ + π − η θ  
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The th(i, j)  Cournot price elasticity is thus ( )ij ij g i j ij j g i jC S w F 1 w .′ ′ ′ ′ ′ ′= − Θ η = − φ η + Θ η  These 

elasticity expressions can be shown to be equivalent to those derived from the conventional 

(unconditional) demand equation under block independence or preference independence, 

but they are now written in terms of the parameters of the group and conditional equations.  

 

A3.3   The Maximum Likelihood Procedure 

This section sets out the ML procedure for estimating the conditional demand 

equation for good i nf(i 1, , n )= …  corresponding to (3.26), given as  

 

nf nfn n
jc jcic ic

ic ic ic ic ic jc ic
j 1 j 1i j i j

p pp p
w w w log w log log log ,

p p p p= =

   
′ ′ ′ ′ ′ ′ ′= + − + φ θ − θ + ε   

   
∑ ∑� � �                                                   

where nfn 11.= The form of the Engel function ( )ic nf ,cw f M′ =�
 
in the above equation is 

specified as both Working’s model and the logistic model. A convenient formulation of 

expressions for the budget and marginal shares on the right-hand side of equation (3.26) is:  

(A3.2) ic i 1c i 2cw A A′ = α + β�  and ic i 1c i 2cB B ,′θ = α + β
 nfi=1, ,n ,…  

where 1c 1cA B 1,= =  2c nf ,cA logM=   and 2c 2cB 1 A= +  in Working’s model, and ( )nf ,c
1

M

1c 1 e ,
−

Α = +  

nf ,cM

2c 1cA e A ,=  1c 1c cB A k= −  and 2c 1cB 1 B ,= −  and ( )nf ,c nf ,c
2

M M

nf ,ck M e 1 e= +  in the 

logistic model.  

In view of the budget constraint, one of the nfn 1 10− = demand equations in 

redundant and can be deleted. If we delete the last equation and use the fact that the budget 

and marginal shares both have a unit sum, the model becomes: 

(A3.3) ( )
nf nfn 1 n 1

ic i nf ,c ic ic jc jc ic ic jc jc ic
j 1 j 1

w f M w x w x x x
− −

= =

   
′ ′ ′ ′ ′ ′= + − + φ θ − θ + ε   

   
∑ ∑� � , 

nfi 1, ,n 1,= −…               

where ( ) ( )ic ic 11,c i 11x log p p log p p .= −  Write equation (A3.3) in a vector form as 

c c c( )= +w f ξ εξ εξ εξ ε , where c ic[w ]′=w and  c ic[ ].= εεεεε The function 

[ ]c c c c c c c c( ) ( ) ( ) ,′ ′ ′= + − + φ −f w I w X w I X� � �ξ ι θ ι θξ ι θ ι θξ ι θ ι θξ ι θ ι θ    with ξξξξ  a parameter vector with 

nf2n 1 21− =  elements that consist of i i[ ],  [ ]= α = βα βα βα βα β  and ;′φ  c ic[w ];′=w� �
 
I  is an identity 
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matrix of order nfn 1 10;− =  ιιιι  is a vector of unit elements; cX  is the diagonal matrix of 

order 
nfn 1−  with  icx  as the thi  diagonal element; and c ic[ ]′= θθθθθ .  

Under the assumption that cεεεε  is normally distributed with zero mean vector and non-

singular covariance matrix ΣΣΣΣ , the log-likelihood function is: 

 
( ) ( )

C
1 1

c c c c

c 1

1 1
L constant+ Clog ,

2 2

− −

=

′   = − − −   ∑ w f w fΣ ξ Σ ξΣ ξ Σ ξΣ ξ Σ ξΣ ξ Σ ξ          

where C is the number of countries. The log-likelihood function is maximized with respect 

to ξξξξ  and .ΣΣΣΣ  Given ,ξξξξ  we first maximise with respect to ,ΣΣΣΣ  which yields 

( ) ( )C
c 1 c c c c1 C .=

′   = − −∑    R w f w fξ ξξ ξξ ξξ ξ  Substituting this matrix for ,ΣΣΣΣ  we obtain the 

concentrated log-likelihood function, * 1L constant+ C 2 log −= ⋅ R , with 

( )
( )

* C
1c

c c

c 1

ddL

d d

−

=

′ 
 = −  ′ 

∑
f

R w f
ξξξξ

ξξξξ
ξ ξξ ξξ ξξ ξ

, 

where ( )cd d ′f ξ ξξ ξξ ξξ ξ  consists of three submatrices: 

 
( )c

1c 1 1c 2

d
A B

d
= +

′

f
Z Z

ξξξξ

αααα
, 

( )c
2c 1 2c 2

d
A B

d
= +

′

f
Z Z

ξξξξ

ββββ
, 

( )c
c c c

d
( )

d
′= −

′φ

f
I X

ξξξξ
θ ι θθ ι θθ ι θθ ι θ ,                 

with 1 c c c c( ) (1 )′= − + −Z I w X w X I� ι ιι ιι ιι ι  and 2 c c c c( )′ ′ ′= φ − + φZ I X X Iθ ι θ ιθ ι θ ιθ ι θ ιθ ι θ ι , and ic icA , B (i 1, 2)=  

as defined above. 

The second derivative is 2 *d L d d′ξ ξξ ξξ ξξ ξ = ( ) ( )+K Jξ ξξ ξξ ξξ ξ , with 

(A3.4) ( )
( ) ( )C

1c c

c 1

d d

d d

−

=

′   
= −    ′ ′   
∑

f f
K R

ξ ξξ ξξ ξξ ξ
ξξξξ

ξ ξξ ξξ ξξ ξ
. 

Using Fisher’s method of scoring, the hessian matrix is replaced by its expectation. As 

( )J ξξξξ  is linear in ( )c c − w f ξξξξ , which has zero expectation, we only use ( )K ξξξξ  as the 

second derivative in the Newton-Raphson method to obtain the ML estimator of ξξξξ . Since 

( )K ξξξξ  is non-random, the asymptotic covariance matrix of the ML estimator of ξξξξ  is 

( )
1−

−K ξξξξ .         

Allowing the conditional income flexibility to vary across countries, we replace the 

single parameter ′φ  with one for each of the C countries, c ,  c=1, ,C.′φ …  Equation (A3.4) 

then becomes  
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( )
nf nfn 1 n 1C

ic ic ic ic jc jc c cd ic ic jc jc ic

j 1 d 1 j 1

w w w x w x x x ,
− −

= = =

   
′ ′ ′ ′ ′ ′ ′ ′= + − + φ δ θ − θ + ε   

   
∑ ∑ ∑� � �  nfi 1, ,n 1,= −…  

where cdδ  is the Kronecker delta. The parameter vector ξξξξ  from above now contains 

nf2n 2 C− +  elements, viz., i i[ ],  [ ]= α = βα βα βα βα β  and c= [ ]′φφφφφ . The first derivatives of c ( )f ξξξξ  

with respect to αααα  and ββββ  have the same expressions as in equation (A3.2), while ( )cd df ξ φξ φξ φξ φ  

is now an nfn C×  matrix with the cth column c c c( )′−I Xθ ι θθ ι θθ ι θθ ι θ  and all other elements are zeros.  

 

A3.4   The Elasticities in 138 Countries 

 The unconditional income and three own-price elasticities of all 12 goods are 

discussed in Section 3.10. The detailed results for the 138 countries are given in Tables 

A3.1-3.3. These are derived under the conditions of preference independence, which implies 

that the Frisch own-price elasticities are proportional to income elasticities. Accordingly, 

only the Slutsky and Cournot elasticities need to be presented. All food elasticities here are 

the same as those of Table A2.1. 
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Table A3.1 

Unconditional Income Elasticities for 138 Countries in 2005 

Country F
o

o
d
 

A
lc

o
h

o
l 

&
 

to
b

ac
co

 

C
lo

th
in

g
 

H
o

u
si

n
g
 

D
u

ra
b
le

s 

H
ea

lt
h
 

T
ra

n
sp

o
rt

 

C
o

m
m

u
n

ic
at

io
n
 

R
ec

re
at

io
n
 

E
d
u

ca
ti

o
n
 

R
es

ta
u

ra
n
ts

 

O
th

er
 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

1. United States 0.232 0.876 0.740 0.994 0.967 1.134 1.110 1.184 1.261 0.971 1.240 1.218 

2. Luxembourg 0.247 0.883 0.752 0.999 0.972 1.139 1.115 1.189 1.268 0.976 1.247 1.224 

3. Iceland 0.273 0.894 0.772 1.007 0.980 1.147 1.123 1.199 1.281 0.984 1.258 1.235 

4. Norway 0.280 0.898 0.777 1.009 0.983 1.149 1.125 1.201 1.285 0.986 1.261 1.238 

5. UK 0.282 0.898 0.778 1.010 0.983 1.150 1.125 1.202 1.285 0.987 1.262 1.238 

6. Austria 0.284 0.899 0.780 1.010 0.984 1.150 1.126 1.202 1.286 0.987 1.263 1.239 

7. Switzerland 0.289 0.901 0.783 1.012 0.985 1.152 1.127 1.204 1.289 0.989 1.265 1.241 

8. Canada 0.289 0.901 0.782 1.011 0.985 1.152 1.127 1.204 1.288 0.989 1.265 1.241 

9. Netherlands 0.295 0.904 0.788 1.013 0.987 1.153 1.129 1.206 1.292 0.991 1.268 1.243 

10. Sweden 0.296 0.904 0.787 1.014 0.987 1.154 1.129 1.206 1.292 0.991 1.268 1.243 

11. France 0.298 0.905 0.790 1.014 0.988 1.154 1.129 1.207 1.293 0.992 1.269 1.245 

12. Australia 0.300 0.905 0.789 1.015 0.988 1.155 1.130 1.208 1.294 0.992 1.270 1.245 

13. Denmark 0.303 0.906 0.791 1.015 0.989 1.155 1.131 1.208 1.295 0.993 1.271 1.246 

14. Belgium 0.307 0.909 0.795 1.017 0.991 1.157 1.132 1.210 1.297 0.994 1.273 1.248 

15. Germany 0.310 0.909 0.796 1.017 0.991 1.157 1.132 1.211 1.298 0.995 1.274 1.249 

16. Hong Kong 0.314 0.910 0.796 1.018 0.992 1.158 1.133 1.212 1.299 0.996 1.275 1.250 

17. Ireland 0.314 0.909 0.795 1.018 0.992 1.158 1.134 1.212 1.299 0.996 1.274 1.249 

18. Japan 0.314 0.910 0.797 1.018 0.992 1.159 1.134 1.212 1.300 0.996 1.275 1.250 

19. Taiwan 0.319 0.912 0.801 1.020 0.994 1.160 1.135 1.214 1.302 0.997 1.277 1.252 

20. Cyprus 0.323 0.915 0.807 1.021 0.995 1.161 1.136 1.215 1.305 0.999 1.280 1.254 

21. Finland 0.325 0.915 0.805 1.021 0.995 1.161 1.136 1.215 1.305 0.999 1.280 1.254 

22. Spain 0.329 0.917 0.809 1.022 0.997 1.162 1.137 1.217 1.307 1.000 1.282 1.256 

23. Italy 0.330 0.917 0.810 1.022 0.997 1.163 1.137 1.217 1.308 1.000 1.282 1.256 

24. Greece 0.338 0.921 0.815 1.025 0.999 1.165 1.139 1.220 1.312 1.003 1.286 1.259 

25. NZ 0.344 0.922 0.816 1.026 1.001 1.166 1.141 1.221 1.313 1.004 1.287 1.261 

26. Israel 0.356 0.926 0.823 1.029 1.004 1.169 1.144 1.225 1.319 1.007 1.292 1.265 

27. Malta 0.358 0.927 0.825 1.029 1.004 1.170 1.144 1.225 1.320 1.008 1.293 1.266 

28. Singapore 0.361 0.926 0.822 1.029 1.004 1.170 1.145 1.226 1.319 1.008 1.292 1.266 

29. Qatar 0.375 0.933 0.834 1.033 1.008 1.173 1.148 1.230 1.327 1.012 1.299 1.271 

30. Slovenia 0.377 0.932 0.832 1.033 1.009 1.174 1.148 1.230 1.326 1.012 1.299 1.271 

31. Portugal 0.382 0.935 0.837 1.034 1.010 1.175 1.149 1.232 1.329 1.013 1.301 1.273 

32. Brunei 0.383 0.934 0.836 1.035 1.010 1.175 1.149 1.232 1.329 1.013 1.301 1.273 

33. Kuwait 0.392 0.939 0.845 1.037 1.013 1.177 1.151 1.235 1.335 1.016 1.306 1.277 

34. Czech 0.396 0.938 0.841 1.037 1.013 1.178 1.152 1.235 1.333 1.016 1.305 1.277 

35. Hungary 0.415 0.943 0.849 1.041 1.016 1.181 1.155 1.239 1.341 1.020 1.311 1.282 

36. Bahrain 0.421 0.947 0.857 1.042 1.019 1.182 1.156 1.242 1.346 1.022 1.316 1.286 

37. Korea 0.429 0.946 0.853 1.043 1.019 1.183 1.157 1.242 1.344 1.022 1.315 1.285 

38. Estonia 0.434 0.948 0.858 1.044 1.020 1.184 1.158 1.243 1.348 1.023 1.317 1.287 

39. Slovak 0.438 0.949 0.859 1.045 1.021 1.185 1.159 1.244 1.349 1.024 1.318 1.288 

40. Lithuania 0.442 0.952 0.864 1.046 1.022 1.186 1.159 1.246 1.353 1.025 1.321 1.290 

41. Poland 0.452 0.953 0.866 1.047 1.023 1.187 1.161 1.247 1.354 1.027 1.323 1.292 

42. Croatia 0.456 0.954 0.867 1.047 1.024 1.188 1.161 1.248 1.356 1.027 1.324 1.293 

43. Macao 0.457 0.953 0.864 1.047 1.024 1.188 1.161 1.247 1.354 1.027 1.323 1.292 

44. Latvia 0.476 0.958 0.873 1.050 1.027 1.190 1.163 1.251 1.362 1.030 1.329 1.297 

45. Lebanon 0.486 0.962 0.882 1.052 1.029 1.192 1.164 1.254 1.369 1.032 1.335 1.301 

46. Mexico 0.514 0.967 0.889 1.054 1.032 1.194 1.167 1.257 1.376 1.035 1.340 1.306 
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Table A3.1 (continued) 

Unconditional Income Elasticities for 138 Countries in 2005 
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

47. Belarus 0.526 0.968 0.891 1.055 1.033 1.195 1.167 1.258 1.378 1.036 1.342 1.308 

48. Kazakhstan 0.533 0.967 0.888 1.055 1.033 1.195 1.168 1.258 1.375 1.036 1.340 1.306 

49. Mauritius 0.535 0.969 0.892 1.056 1.034 1.195 1.168 1.259 1.379 1.036 1.343 1.308 

50. Russia 0.535 0.969 0.893 1.056 1.034 1.195 1.168 1.259 1.380 1.037 1.344 1.309 

51. Bulgaria 0.537 0.968 0.891 1.056 1.033 1.195 1.168 1.259 1.378 1.036 1.342 1.308 

52. Iran 0.546 0.969 0.891 1.056 1.034 1.196 1.168 1.259 1.378 1.037 1.343 1.308 

53. Romania 0.554 0.972 0.897 1.057 1.035 1.196 1.169 1.261 1.384 1.038 1.347 1.311 

54. Oman 0.556 0.973 0.901 1.057 1.036 1.196 1.169 1.261 1.387 1.039 1.349 1.313 

55. Argentina 0.558 0.972 0.899 1.057 1.035 1.196 1.169 1.261 1.385 1.038 1.348 1.312 

56. Serbia 0.561 0.972 0.898 1.057 1.035 1.196 1.169 1.261 1.385 1.038 1.347 1.311 

57. Saudi Arabia 0.562 0.973 0.899 1.057 1.035 1.196 1.169 1.261 1.386 1.038 1.348 1.312 

58. Chile 0.565 0.972 0.898 1.057 1.035 1.196 1.169 1.261 1.385 1.038 1.347 1.311 

59. Uruguay 0.579 0.974 0.903 1.058 1.036 1.197 1.169 1.262 1.389 1.039 1.351 1.314 

60. Bosnia Herz. 0.581 0.975 0.904 1.058 1.036 1.197 1.169 1.262 1.391 1.039 1.352 1.314 

61. Macedonia 0.596 0.977 0.908 1.058 1.037 1.197 1.168 1.263 1.395 1.040 1.354 1.316 

62. Ukraine 0.605 0.976 0.907 1.058 1.037 1.196 1.168 1.263 1.394 1.039 1.354 1.316 

63. South Africa 0.611 0.976 0.907 1.058 1.036 1.196 1.168 1.262 1.394 1.039 1.354 1.315 

64. Malaysia 0.611 0.976 0.906 1.057 1.036 1.196 1.168 1.262 1.393 1.039 1.353 1.315 

65. Turkey 0.616 0.977 0.909 1.058 1.037 1.196 1.168 1.263 1.396 1.039 1.355 1.316 

66. Montenegro 0.618 0.978 0.911 1.058 1.037 1.196 1.168 1.263 1.399 1.040 1.357 1.317 

67. Brazil 0.619 0.976 0.908 1.057 1.036 1.196 1.168 1.262 1.395 1.039 1.354 1.316 

68. Venezuela 0.639 0.978 0.913 1.057 1.036 1.194 1.166 1.262 1.400 1.039 1.358 1.317 

69. Thailand 0.652 0.977 0.911 1.056 1.035 1.193 1.165 1.261 1.398 1.038 1.355 1.315 

70. Albania 0.675 0.978 0.916 1.054 1.034 1.191 1.162 1.260 1.404 1.037 1.359 1.317 

71. Colombia 0.676 0.978 0.916 1.054 1.034 1.191 1.162 1.260 1.405 1.037 1.359 1.317 

72. Ecuador 0.688 0.979 0.919 1.053 1.033 1.189 1.160 1.259 1.409 1.036 1.361 1.318 

73. Jordan 0.689 0.979 0.920 1.053 1.034 1.189 1.160 1.259 1.411 1.036 1.363 1.319 

74. Tunisia 0.689 0.978 0.918 1.053 1.033 1.189 1.160 1.259 1.408 1.036 1.360 1.317 

75. Peru 0.690 0.979 0.920 1.053 1.033 1.189 1.160 1.259 1.411 1.036 1.363 1.318 

76. Egypt 0.692 0.979 0.921 1.053 1.033 1.189 1.160 1.259 1.412 1.036 1.363 1.319 

77. Armenia 0.699 0.982 0.926 1.053 1.034 1.188 1.159 1.260 1.422 1.036 1.370 1.323 

78. Moldova 0.700 0.976 0.916 1.051 1.031 1.187 1.158 1.257 1.404 1.034 1.357 1.314 

79. Maldives 0.701 0.976 0.915 1.051 1.031 1.187 1.158 1.256 1.403 1.034 1.357 1.314 

80. Gabon 0.704 0.977 0.918 1.051 1.031 1.186 1.158 1.257 1.407 1.034 1.359 1.315 

81. Fiji 0.706 0.978 0.920 1.051 1.031 1.186 1.157 1.257 1.411 1.034 1.362 1.317 

82. Georgia 0.715 0.977 0.919 1.049 1.030 1.184 1.156 1.255 1.409 1.033 1.360 1.315 

83. Botswana 0.717 0.975 0.917 1.049 1.029 1.184 1.155 1.254 1.406 1.032 1.358 1.313 

84. Namibia 0.736 0.975 0.919 1.046 1.027 1.180 1.151 1.252 1.410 1.029 1.359 1.313 

85. Swaziland 0.738 0.977 0.923 1.046 1.027 1.180 1.151 1.253 1.418 1.030 1.364 1.316 

86. Azerbaijan 0.742 0.978 0.925 1.046 1.027 1.179 1.150 1.253 1.424 1.030 1.368 1.318 

87. Syrian Arab 0.742 0.977 0.925 1.045 1.027 1.179 1.150 1.253 1.423 1.030 1.367 1.317 

88. Bolivia 0.747 0.974 0.919 1.044 1.025 1.177 1.149 1.250 1.412 1.027 1.359 1.312 

89. Equat. Guinea 0.750 0.974 0.921 1.043 1.025 1.177 1.148 1.250 1.415 1.027 1.361 1.313 

90. Paraguay 0.753 0.976 0.924 1.043 1.025 1.176 1.147 1.250 1.422 1.027 1.365 1.315 

91. Cape Verde 0.774 0.971 0.920 1.038 1.020 1.170 1.141 1.245 1.418 1.022 1.361 1.310 

92. Bhutan 0.791 0.969 0.919 1.034 1.016 1.165 1.136 1.240 1.418 1.018 1.359 1.306 
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Table A3.1 (continued) 

Unconditional Income Elasticities for 138 Countries in 2005 
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93. Kyrgyz 0.792 0.968 0.919 1.034 1.016 1.165 1.136 1.240 1.418 1.018 1.358 1.306 

94. Sri Lanka 0.792 0.970 0.921 1.034 1.016 1.165 1.136 1.241 1.425 1.019 1.363 1.309 

95. Iraq 0.795 0.968 0.918 1.033 1.015 1.164 1.135 1.239 1.418 1.017 1.358 1.306 

96. Mongolia 0.797 0.967 0.918 1.032 1.014 1.163 1.134 1.238 1.417 1.017 1.357 1.305 

97. Tajikistan 0.798 0.967 0.917 1.032 1.014 1.163 1.134 1.238 1.417 1.016 1.357 1.304 

98. Philippines 0.801 0.969 0.922 1.032 1.014 1.162 1.133 1.239 1.429 1.017 1.365 1.309 

99. Indonesia 0.803 0.969 0.922 1.031 1.014 1.162 1.132 1.239 1.430 1.016 1.365 1.309 

100. Pakistan 0.806 0.967 0.920 1.030 1.013 1.161 1.131 1.237 1.427 1.015 1.362 1.307 

101. Morocco 0.809 0.967 0.920 1.029 1.012 1.160 1.130 1.236 1.426 1.014 1.361 1.306 

102. Lesotho 0.810 0.965 0.917 1.028 1.011 1.159 1.130 1.234 1.418 1.013 1.356 1.302 

103. China 0.812 0.964 0.916 1.028 1.010 1.158 1.129 1.234 1.416 1.013 1.354 1.301 

104. Vietnam 0.817 0.963 0.915 1.026 1.009 1.157 1.127 1.232 1.415 1.011 1.354 1.300 

105. India 0.847 0.957 0.914 1.017 1.000 1.145 1.116 1.223 1.429 1.002 1.357 1.297 

106. Cambodia 0.851 0.957 0.914 1.015 0.999 1.143 1.114 1.222 1.432 1.001 1.358 1.297 

107. Yemen 0.854 0.957 0.915 1.014 0.998 1.142 1.112 1.222 1.439 1.000 1.362 1.298 

108. Sudan 0.872 0.955 0.917 1.009 0.993 1.135 1.104 1.218 1.469 0.995 1.376 1.302 

109. Lao P.D.R. 0.872 0.951 0.911 1.007 0.991 1.133 1.104 1.214 1.439 0.994 1.358 1.292 

110. Djibouti 0.874 0.950 0.909 1.006 0.991 1.133 1.103 1.213 1.433 0.993 1.354 1.290 

111. Kenya 0.875 0.950 0.909 1.006 0.990 1.132 1.102 1.212 1.436 0.992 1.356 1.290 

112. Sao Tome P. 0.876 0.952 0.913 1.006 0.991 1.132 1.102 1.215 1.457 0.993 1.368 1.297 

113. Congo, R. 0.880 0.948 0.908 1.004 0.988 1.129 1.100 1.210 1.435 0.990 1.354 1.288 

114. Cameroon 0.882 0.949 0.911 1.004 0.988 1.129 1.099 1.212 1.457 0.990 1.366 1.295 

115. Nigeria 0.883 0.949 0.910 1.003 0.988 1.129 1.099 1.211 1.450 0.990 1.362 1.292 

116. Senegal 0.886 0.948 0.911 1.002 0.987 1.127 1.097 1.211 1.458 0.989 1.367 1.294 

117. Chad 0.896 0.944 0.906 0.997 0.982 1.122 1.092 1.204 1.452 0.984 1.360 1.287 

118. Mauritania 0.900 0.945 0.910 0.996 0.982 1.120 1.090 1.207 1.484 0.984 1.377 1.296 

119. Nepal 0.900 0.944 0.908 0.996 0.981 1.120 1.090 1.205 1.473 0.983 1.371 1.293 

120. Bangladesh 0.902 0.944 0.909 0.995 0.981 1.119 1.089 1.205 1.483 0.983 1.376 1.295 

121. Benin 0.903 0.942 0.906 0.994 0.980 1.118 1.088 1.203 1.463 0.982 1.365 1.289 

122. Ghana 0.903 0.942 0.905 0.994 0.979 1.118 1.088 1.202 1.459 0.981 1.363 1.287 

123. Coted 'Ivoire 0.907 0.942 0.907 0.993 0.978 1.116 1.086 1.202 1.478 0.980 1.372 1.292 

124. S. Leone 0.907 0.939 0.903 0.992 0.977 1.116 1.086 1.199 1.453 0.979 1.358 1.283 

125. M’gascar 0.909 0.940 0.905 0.991 0.977 1.115 1.085 1.200 1.470 0.979 1.367 1.288 

126. Togo 0.919 0.937 0.904 0.987 0.973 1.109 1.079 1.197 1.490 0.975 1.375 1.290 

127. Burkina Faso 0.925 0.935 0.902 0.984 0.970 1.106 1.076 1.194 1.499 0.972 1.378 1.289 

128. Guinea 0.926 0.934 0.900 0.983 0.969 1.105 1.075 1.192 1.481 0.971 1.368 1.284 

129. Mali 0.929 0.934 0.901 0.982 0.968 1.104 1.073 1.193 1.508 0.970 1.382 1.290 

130. Angola 0.930 0.933 0.900 0.981 0.967 1.103 1.073 1.191 1.497 0.969 1.375 1.286 

131. Malawi 0.935 0.930 0.896 0.978 0.965 1.100 1.070 1.187 1.484 0.966 1.367 1.280 

132. Rwanda 0.936 0.931 0.900 0.979 0.965 1.099 1.069 1.190 1.524 0.967 1.387 1.290 

133. C. Africa 0.942 0.930 0.900 0.976 0.963 1.096 1.065 1.190 1.564 0.964 1.405 1.297 

134. M’bique 0.946 0.930 0.901 0.974 0.961 1.094 1.063 1.190 1.600 0.963 1.421 1.303 

135. Liberia 0.958 0.922 0.893 0.966 0.953 1.085 1.055 1.179 1.566 0.955 1.399 1.288 

136. Niger 0.959 0.924 0.896 0.967 0.954 1.085 1.054 1.184 1.643 0.956 1.434 1.305 

137. G-Bissau 0.961 0.924 0.897 0.966 0.953 1.084 1.053 1.185 1.682 0.955 1.449 1.311 

138. Congo, D. R. 0.987 0.918 0.898 0.953 0.942 1.069 1.035 1.196 3.375 0.944 1.790 1.415 

Note: The unconditional income elasticities of food are from Table A2.1. For non-food good i, the unconditional 
income elasticity is the product of its conditional income elasticity and the income elasticity of non-food group.  
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Table A3.2 

Unconditional Slutsky Own-Price Elasticity for 138 Countries in 2005  
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1. United States -0.131 -0.613 -0.516 -0.604 -0.660 -0.720 -0.690 -0.815 -0.808 -0.642 -0.812 -0.756 

2. Luxembourg -0.140 -0.615 -0.521 -0.604 -0.660 -0.720 -0.691 -0.815 -0.811 -0.642 -0.814 -0.758 

3. Iceland -0.156 -0.619 -0.530 -0.603 -0.661 -0.722 -0.692 -0.817 -0.816 -0.643 -0.818 -0.762 

4. Norway -0.158 -0.620 -0.533 -0.603 -0.662 -0.722 -0.692 -0.817 -0.818 -0.643 -0.820 -0.763 

5. United Kingdom -0.159 -0.620 -0.533 -0.604 -0.662 -0.722 -0.692 -0.817 -0.818 -0.643 -0.820 -0.763 

6. Austria -0.159 -0.620 -0.534 -0.603 -0.662 -0.722 -0.692 -0.818 -0.819 -0.643 -0.820 -0.764 

7. Switzerland -0.166 -0.621 -0.535 -0.603 -0.662 -0.722 -0.692 -0.818 -0.820 -0.643 -0.821 -0.765 

8. Canada -0.166 -0.620 -0.534 -0.604 -0.662 -0.722 -0.692 -0.818 -0.819 -0.643 -0.820 -0.764 

9. Netherlands -0.167 -0.621 -0.537 -0.603 -0.662 -0.723 -0.693 -0.818 -0.821 -0.643 -0.822 -0.766 

10. Sweden -0.167 -0.621 -0.537 -0.604 -0.662 -0.723 -0.693 -0.818 -0.821 -0.643 -0.822 -0.766 

11. France -0.168 -0.622 -0.539 -0.603 -0.662 -0.723 -0.693 -0.819 -0.822 -0.643 -0.823 -0.766 

12. Australia -0.168 -0.622 -0.538 -0.604 -0.662 -0.723 -0.693 -0.818 -0.822 -0.643 -0.822 -0.766 

13. Denmark -0.169 -0.622 -0.538 -0.604 -0.662 -0.723 -0.693 -0.819 -0.822 -0.643 -0.823 -0.767 

14. Belgium -0.170 -0.623 -0.541 -0.603 -0.662 -0.723 -0.693 -0.819 -0.823 -0.643 -0.824 -0.768 

15. Germany -0.176 -0.623 -0.541 -0.603 -0.662 -0.723 -0.693 -0.819 -0.824 -0.643 -0.824 -0.768 

16. Hong Kong -0.177 -0.623 -0.541 -0.604 -0.662 -0.724 -0.693 -0.819 -0.824 -0.644 -0.824 -0.768 

17. Ireland -0.177 -0.622 -0.540 -0.604 -0.662 -0.723 -0.693 -0.819 -0.823 -0.644 -0.823 -0.767 

18. Japan -0.177 -0.623 -0.541 -0.604 -0.662 -0.724 -0.693 -0.819 -0.824 -0.644 -0.824 -0.768 

19. Taiwan -0.178 -0.623 -0.543 -0.604 -0.663 -0.724 -0.694 -0.819 -0.825 -0.644 -0.825 -0.769 

20. Cyprus -0.179 -0.625 -0.546 -0.603 -0.663 -0.724 -0.694 -0.820 -0.827 -0.644 -0.827 -0.770 

21. Finland -0.180 -0.624 -0.545 -0.604 -0.663 -0.724 -0.694 -0.820 -0.826 -0.644 -0.826 -0.770 

22. Spain -0.186 -0.625 -0.547 -0.603 -0.663 -0.725 -0.694 -0.820 -0.828 -0.644 -0.827 -0.771 

23. Italy -0.186 -0.625 -0.547 -0.604 -0.663 -0.725 -0.694 -0.820 -0.828 -0.644 -0.827 -0.771 

24. Greece -0.188 -0.626 -0.549 -0.604 -0.663 -0.725 -0.695 -0.821 -0.830 -0.644 -0.829 -0.773 

25. NZ -0.189 -0.626 -0.549 -0.604 -0.663 -0.725 -0.695 -0.821 -0.830 -0.644 -0.829 -0.773 

26. Israel -0.197 -0.628 -0.552 -0.604 -0.664 -0.726 -0.695 -0.822 -0.833 -0.644 -0.831 -0.775 

27. Malta -0.198 -0.628 -0.553 -0.604 -0.664 -0.726 -0.695 -0.822 -0.834 -0.645 -0.831 -0.775 

28. Singapore -0.199 -0.627 -0.551 -0.604 -0.664 -0.726 -0.695 -0.822 -0.832 -0.645 -0.830 -0.774 

29. Qatar -0.207 -0.630 -0.557 -0.604 -0.664 -0.727 -0.696 -0.823 -0.838 -0.645 -0.834 -0.778 

30. Slovenia -0.207 -0.629 -0.556 -0.604 -0.664 -0.727 -0.696 -0.823 -0.836 -0.645 -0.834 -0.778 

31. Portugal -0.208 -0.630 -0.558 -0.604 -0.665 -0.727 -0.697 -0.823 -0.838 -0.645 -0.835 -0.779 

32. Brunei -0.209 -0.630 -0.557 -0.604 -0.665 -0.727 -0.697 -0.823 -0.838 -0.645 -0.835 -0.779 

33. Kuwait -0.216 -0.632 -0.562 -0.604 -0.665 -0.728 -0.697 -0.824 -0.842 -0.645 -0.838 -0.782 

34. Czech -0.217 -0.631 -0.559 -0.604 -0.665 -0.728 -0.697 -0.824 -0.840 -0.645 -0.836 -0.780 

35. Hungary -0.226 -0.632 -0.563 -0.605 -0.665 -0.729 -0.698 -0.825 -0.844 -0.646 -0.839 -0.783 

36. Bahrain -0.227 -0.634 -0.567 -0.605 -0.666 -0.730 -0.699 -0.826 -0.848 -0.646 -0.842 -0.786 

37. Korea -0.229 -0.633 -0.564 -0.605 -0.666 -0.730 -0.699 -0.825 -0.845 -0.646 -0.840 -0.784 

38. Estonia -0.235 -0.634 -0.566 -0.605 -0.666 -0.730 -0.699 -0.826 -0.848 -0.646 -0.842 -0.786 

39. Slovak -0.236 -0.634 -0.567 -0.605 -0.666 -0.731 -0.699 -0.826 -0.848 -0.646 -0.843 -0.787 

40. Lithuania -0.237 -0.635 -0.569 -0.605 -0.666 -0.731 -0.700 -0.827 -0.851 -0.647 -0.845 -0.789 

41. Poland -0.239 -0.636 -0.570 -0.606 -0.667 -0.731 -0.700 -0.827 -0.852 -0.647 -0.845 -0.789 

42. Croatia -0.245 -0.636 -0.570 -0.606 -0.667 -0.732 -0.700 -0.827 -0.853 -0.647 -0.846 -0.790 

43. Macao -0.245 -0.635 -0.569 -0.606 -0.667 -0.731 -0.700 -0.827 -0.851 -0.647 -0.845 -0.789 

44. Latvia -0.249 -0.637 -0.573 -0.606 -0.667 -0.733 -0.701 -0.828 -0.857 -0.648 -0.849 -0.793 

45. Lebanon -0.256 -0.639 -0.577 -0.606 -0.668 -0.734 -0.702 -0.830 -0.862 -0.648 -0.853 -0.796 

46. Mexico -0.266 -0.641 -0.580 -0.607 -0.669 -0.736 -0.704 -0.831 -0.867 -0.649 -0.857 -0.800 
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Table A3.2 (continued) 

Unconditional Slutsky Own-Price Elasticity for 138 Countries in 2005  
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47. Belarus -0.269 -0.641 -0.581 -0.608 -0.669 -0.736 -0.704 -0.832 -0.869 -0.649 -0.858 -0.802 

48. Kazakhstan -0.275 -0.641 -0.580 -0.608 -0.669 -0.736 -0.705 -0.831 -0.867 -0.649 -0.856 -0.800 

49. Mauritius -0.275 -0.642 -0.582 -0.608 -0.669 -0.737 -0.705 -0.832 -0.870 -0.649 -0.858 -0.802 

50. Russia -0.275 -0.642 -0.582 -0.608 -0.669 -0.737 -0.705 -0.832 -0.871 -0.649 -0.859 -0.803 

51. Bulgaria -0.276 -0.641 -0.581 -0.608 -0.669 -0.737 -0.705 -0.832 -0.869 -0.649 -0.858 -0.802 

52. Iran -0.277 -0.641 -0.581 -0.609 -0.669 -0.737 -0.705 -0.832 -0.869 -0.650 -0.858 -0.802 

53. Romania -0.279 -0.643 -0.584 -0.609 -0.670 -0.738 -0.706 -0.833 -0.874 -0.650 -0.862 -0.806 

54. Oman -0.284 -0.644 -0.586 -0.609 -0.670 -0.738 -0.706 -0.834 -0.877 -0.650 -0.864 -0.807 

55. Argentina -0.284 -0.643 -0.585 -0.609 -0.670 -0.738 -0.706 -0.834 -0.876 -0.650 -0.863 -0.806 

56. Serbia -0.285 -0.643 -0.585 -0.609 -0.670 -0.738 -0.706 -0.833 -0.875 -0.650 -0.862 -0.806 

57. Saudi Arabia -0.285 -0.643 -0.585 -0.609 -0.670 -0.738 -0.707 -0.834 -0.876 -0.650 -0.863 -0.807 

58. Chile -0.286 -0.643 -0.585 -0.610 -0.670 -0.738 -0.707 -0.833 -0.875 -0.650 -0.863 -0.806 

59. Uruguay -0.288 -0.645 -0.587 -0.610 -0.671 -0.740 -0.708 -0.835 -0.880 -0.651 -0.866 -0.810 

60. Bosnia Herz. -0.288 -0.645 -0.588 -0.610 -0.671 -0.740 -0.708 -0.835 -0.881 -0.651 -0.867 -0.810 

61. Macedonia -0.296 -0.646 -0.590 -0.611 -0.671 -0.741 -0.709 -0.836 -0.886 -0.651 -0.870 -0.813 

62. Ukraine -0.297 -0.646 -0.590 -0.611 -0.671 -0.741 -0.709 -0.836 -0.886 -0.652 -0.871 -0.814 

63. South Africa -0.298 -0.646 -0.591 -0.612 -0.672 -0.742 -0.710 -0.836 -0.886 -0.652 -0.871 -0.814 

64. Malaysia -0.298 -0.646 -0.590 -0.612 -0.672 -0.742 -0.710 -0.836 -0.885 -0.652 -0.870 -0.813 

65. Turkey -0.299 -0.647 -0.592 -0.612 -0.672 -0.742 -0.710 -0.837 -0.889 -0.652 -0.872 -0.816 

66. Montenegro -0.304 -0.648 -0.593 -0.612 -0.672 -0.742 -0.710 -0.838 -0.891 -0.652 -0.874 -0.817 

67. Brazil -0.304 -0.647 -0.591 -0.612 -0.672 -0.742 -0.710 -0.837 -0.888 -0.652 -0.872 -0.815 

68. Venezuela -0.307 -0.649 -0.595 -0.613 -0.673 -0.744 -0.712 -0.839 -0.895 -0.653 -0.877 -0.820 

69. Thailand -0.314 -0.649 -0.594 -0.614 -0.673 -0.744 -0.712 -0.839 -0.894 -0.654 -0.877 -0.820 

70. Albania -0.316 -0.651 -0.598 -0.615 -0.674 -0.746 -0.714 -0.841 -0.904 -0.655 -0.883 -0.826 

71. Colombia -0.316 -0.651 -0.599 -0.615 -0.674 -0.746 -0.714 -0.841 -0.904 -0.655 -0.884 -0.826 

72. Ecuador -0.318 -0.652 -0.601 -0.616 -0.675 -0.748 -0.715 -0.842 -0.910 -0.655 -0.888 -0.830 

73. Jordan -0.318 -0.653 -0.602 -0.615 -0.675 -0.748 -0.715 -0.843 -0.912 -0.655 -0.889 -0.831 

74. Tunisia -0.318 -0.652 -0.601 -0.616 -0.675 -0.748 -0.715 -0.842 -0.909 -0.655 -0.887 -0.830 

75. Peru -0.318 -0.653 -0.601 -0.616 -0.675 -0.748 -0.715 -0.843 -0.912 -0.655 -0.889 -0.831 

76. Egypt -0.318 -0.653 -0.602 -0.616 -0.675 -0.748 -0.716 -0.843 -0.913 -0.655 -0.890 -0.832 

77. Armenia -0.324 -0.655 -0.605 -0.615 -0.675 -0.749 -0.716 -0.845 -0.923 -0.656 -0.897 -0.837 

78. Moldova -0.324 -0.652 -0.600 -0.617 -0.675 -0.748 -0.716 -0.842 -0.908 -0.656 -0.887 -0.829 

79. Maldives -0.324 -0.652 -0.600 -0.617 -0.675 -0.748 -0.716 -0.842 -0.908 -0.656 -0.887 -0.829 

80. Gabon -0.324 -0.653 -0.602 -0.617 -0.675 -0.749 -0.716 -0.843 -0.912 -0.656 -0.889 -0.832 

81. Fiji -0.325 -0.653 -0.603 -0.617 -0.675 -0.749 -0.717 -0.844 -0.916 -0.656 -0.892 -0.834 

82. Georgia -0.325 -0.654 -0.603 -0.617 -0.676 -0.750 -0.717 -0.844 -0.916 -0.656 -0.892 -0.834 

83. Botswana -0.326 -0.653 -0.603 -0.618 -0.676 -0.749 -0.717 -0.843 -0.914 -0.656 -0.891 -0.833 

84. Namibia -0.327 -0.655 -0.606 -0.619 -0.676 -0.751 -0.719 -0.845 -0.923 -0.657 -0.897 -0.838 

85. Swaziland -0.327 -0.656 -0.607 -0.618 -0.677 -0.752 -0.719 -0.847 -0.929 -0.657 -0.901 -0.842 

86. Azerbaijan -0.328 -0.657 -0.609 -0.618 -0.677 -0.752 -0.720 -0.848 -0.935 -0.658 -0.905 -0.845 

87. Syrian Arab -0.328 -0.657 -0.609 -0.618 -0.677 -0.752 -0.720 -0.848 -0.934 -0.658 -0.905 -0.844 

88. Bolivia -0.333 -0.656 -0.607 -0.620 -0.677 -0.752 -0.720 -0.846 -0.927 -0.658 -0.900 -0.841 

89. Equat. Guinea -0.333 -0.656 -0.608 -0.620 -0.677 -0.753 -0.720 -0.847 -0.930 -0.658 -0.902 -0.843 

90. Paraguay -0.334 -0.657 -0.610 -0.619 -0.677 -0.753 -0.720 -0.848 -0.937 -0.658 -0.906 -0.846 

91. Cape Verde -0.335 -0.658 -0.611 -0.621 -0.678 -0.755 -0.722 -0.849 -0.941 -0.659 -0.909 -0.849 

92. Bhutan -0.336 -0.659 -0.613 -0.622 -0.679 -0.756 -0.723 -0.851 -0.946 -0.660 -0.913 -0.852 
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Table A3.2 (continued) 

Unconditional Slutsky Own-Price Elasticity for 138 Countries in 2005  
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93. Kyrgyz -0.336 -0.659 -0.613 -0.623 -0.679 -0.756 -0.723 -0.851 -0.947 -0.660 -0.913 -0.852 

94. Sri Lanka -0.336 -0.660 -0.614 -0.622 -0.679 -0.757 -0.724 -0.852 -0.952 -0.660 -0.917 -0.855 

95. Iraq -0.336 -0.660 -0.613 -0.623 -0.679 -0.756 -0.724 -0.851 -0.948 -0.660 -0.914 -0.853 

96. Mongolia -0.336 -0.660 -0.613 -0.623 -0.679 -0.757 -0.724 -0.851 -0.948 -0.660 -0.914 -0.853 

97. Tajikistan -0.336 -0.660 -0.613 -0.623 -0.679 -0.757 -0.724 -0.851 -0.948 -0.661 -0.914 -0.853 

98. Philippines -0.337 -0.661 -0.616 -0.623 -0.680 -0.757 -0.724 -0.853 -0.959 -0.661 -0.922 -0.859 

99. Indonesia -0.337 -0.661 -0.616 -0.623 -0.680 -0.758 -0.725 -0.853 -0.961 -0.661 -0.923 -0.860 

100. Pakistan -0.337 -0.661 -0.616 -0.623 -0.680 -0.758 -0.725 -0.853 -0.959 -0.661 -0.922 -0.859 

101. Morocco -0.337 -0.661 -0.616 -0.623 -0.680 -0.758 -0.725 -0.853 -0.960 -0.661 -0.922 -0.859 

102. Lesotho -0.337 -0.661 -0.615 -0.624 -0.680 -0.758 -0.725 -0.852 -0.954 -0.661 -0.918 -0.857 

103. China -0.337 -0.660 -0.615 -0.624 -0.680 -0.758 -0.725 -0.852 -0.953 -0.661 -0.918 -0.856 

104. Vietnam -0.337 -0.661 -0.615 -0.625 -0.680 -0.758 -0.725 -0.852 -0.955 -0.662 -0.919 -0.857 

105. India -0.338 -0.664 -0.620 -0.627 -0.682 -0.761 -0.728 -0.857 -0.979 -0.663 -0.935 -0.869 

106. Cambodia -0.338 -0.665 -0.621 -0.627 -0.682 -0.762 -0.729 -0.858 -0.983 -0.664 -0.938 -0.871 

107. Yemen -0.338 -0.665 -0.622 -0.627 -0.682 -0.763 -0.729 -0.859 -0.991 -0.664 -0.942 -0.875 

108. Sudan -0.343 -0.668 -0.626 -0.627 -0.684 -0.765 -0.731 -0.864 -1.023 -0.665 -0.962 -0.888 

109. Lao P.D.R. -0.343 -0.666 -0.624 -0.629 -0.683 -0.764 -0.731 -0.861 -1.000 -0.665 -0.948 -0.879 

110. Djibouti -0.343 -0.666 -0.623 -0.629 -0.683 -0.764 -0.731 -0.860 -0.996 -0.665 -0.946 -0.878 

111. Kenya -0.343 -0.667 -0.624 -0.629 -0.683 -0.764 -0.731 -0.861 -1.000 -0.665 -0.948 -0.879 

112. Sao Tome P. -0.343 -0.668 -0.626 -0.628 -0.684 -0.765 -0.731 -0.863 -1.016 -0.665 -0.958 -0.886 

113. Congo, R. -0.338 -0.667 -0.624 -0.629 -0.684 -0.765 -0.731 -0.861 -1.002 -0.665 -0.949 -0.880 

114. Cameroon -0.338 -0.668 -0.626 -0.629 -0.684 -0.766 -0.732 -0.864 -1.019 -0.665 -0.960 -0.887 

115. Nigeria -0.338 -0.668 -0.626 -0.629 -0.684 -0.765 -0.732 -0.863 -1.014 -0.665 -0.957 -0.886 

116. Senegal -0.338 -0.668 -0.627 -0.629 -0.684 -0.766 -0.732 -0.864 -1.022 -0.666 -0.962 -0.889 

117. Chad -0.338 -0.669 -0.627 -0.630 -0.685 -0.767 -0.733 -0.864 -1.024 -0.666 -0.963 -0.890 

118. Mauritania -0.338 -0.670 -0.630 -0.630 -0.685 -0.768 -0.734 -0.868 -1.051 -0.666 -0.979 -0.900 

119. Nepal -0.338 -0.670 -0.629 -0.630 -0.685 -0.768 -0.734 -0.867 -1.043 -0.667 -0.974 -0.897 

120. Bangladesh -0.338 -0.671 -0.630 -0.630 -0.685 -0.768 -0.734 -0.868 -1.052 -0.667 -0.979 -0.900 

121. Benin -0.338 -0.670 -0.629 -0.631 -0.685 -0.768 -0.734 -0.866 -1.037 -0.667 -0.971 -0.895 

122. Ghana -0.338 -0.670 -0.629 -0.631 -0.685 -0.768 -0.734 -0.866 -1.034 -0.667 -0.969 -0.894 

123. Coted 'Ivoire -0.338 -0.671 -0.630 -0.631 -0.685 -0.768 -0.734 -0.868 -1.051 -0.667 -0.979 -0.900 

124. S. Leone -0.338 -0.670 -0.628 -0.632 -0.685 -0.768 -0.734 -0.866 -1.031 -0.667 -0.967 -0.893 

125. M’gascar -0.338 -0.670 -0.630 -0.631 -0.685 -0.768 -0.735 -0.868 -1.046 -0.667 -0.976 -0.898 

126. Togo -0.337 -0.672 -0.632 -0.632 -0.686 -0.770 -0.736 -0.870 -1.068 -0.668 -0.988 -0.906 

127. Burkina Faso -0.337 -0.672 -0.633 -0.632 -0.687 -0.771 -0.736 -0.872 -1.079 -0.668 -0.995 -0.910 

128. Guinea -0.337 -0.672 -0.632 -0.633 -0.686 -0.770 -0.736 -0.870 -1.066 -0.668 -0.988 -0.906 

129. Mali -0.337 -0.673 -0.633 -0.633 -0.687 -0.771 -0.737 -0.873 -1.089 -0.668 -1.000 -0.914 

130. Angola -0.337 -0.673 -0.633 -0.633 -0.687 -0.771 -0.737 -0.872 -1.081 -0.669 -0.996 -0.911 

131. Malawi -0.337 -0.673 -0.633 -0.634 -0.687 -0.771 -0.737 -0.871 -1.074 -0.669 -0.992 -0.909 

132. Rwanda -0.337 -0.674 -0.635 -0.633 -0.687 -0.772 -0.738 -0.875 -1.106 -0.669 -1.009 -0.919 

133. C. Africa -0.336 -0.675 -0.636 -0.633 -0.688 -0.773 -0.738 -0.878 -1.142 -0.669 -1.028 -0.930 

134. M’bique -0.336 -0.676 -0.638 -0.633 -0.688 -0.774 -0.739 -0.881 -1.173 -0.669 -1.043 -0.937 

135. Liberia -0.335 -0.676 -0.638 -0.635 -0.689 -0.775 -0.740 -0.880 -1.156 -0.670 -1.035 -0.934 

136. Niger -0.335 -0.677 -0.639 -0.634 -0.689 -0.776 -0.740 -0.884 -1.217 -0.670 -1.063 -0.948 

137. G-Bissau -0.335 -0.678 -0.640 -0.634 -0.689 -0.777 -0.741 -0.886 -1.249 -0.671 -1.077 -0.955 

138. Congo, D. R. -0.335 -0.684 -0.647 -0.633 -0.692 -0.784 -0.745 -0.914 -2.580 -0.672 -1.365 -1.062 

Note: The unconditional price elasticities of food are reproduced from Table A2.1. For non-food goods, the Slutsky 
own-price elasticities are calculated by equation (3.27). 
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Table A3.3 

Unconditional Cournot Own-Price Elasticities for 138 Countries in 2005  
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1. United States -0.158 -0.640 -0.547 -0.760 -0.711 -0.837 -0.826 -0.858 -0.917 -0.722 -0.901 -0.893 

2. Luxembourg -0.168 -0.642 -0.554 -0.760 -0.712 -0.837 -0.826 -0.858 -0.918 -0.723 -0.902 -0.893 

3. Iceland -0.188 -0.646 -0.565 -0.761 -0.713 -0.837 -0.826 -0.859 -0.921 -0.725 -0.904 -0.894 

4. Norway -0.196 -0.648 -0.568 -0.761 -0.714 -0.837 -0.826 -0.859 -0.921 -0.725 -0.905 -0.895 

5. United Kingdom -0.196 -0.648 -0.568 -0.761 -0.714 -0.837 -0.826 -0.859 -0.921 -0.725 -0.905 -0.895 

6. Austria -0.197 -0.648 -0.569 -0.761 -0.714 -0.837 -0.825 -0.859 -0.922 -0.725 -0.905 -0.895 

7. Switzerland -0.199 -0.649 -0.571 -0.762 -0.714 -0.837 -0.825 -0.859 -0.922 -0.725 -0.905 -0.895 

8. Canada -0.199 -0.648 -0.570 -0.762 -0.714 -0.837 -0.825 -0.859 -0.922 -0.725 -0.905 -0.895 

9. Netherlands -0.206 -0.650 -0.573 -0.762 -0.714 -0.837 -0.825 -0.860 -0.923 -0.726 -0.906 -0.895 

10. Sweden -0.207 -0.650 -0.573 -0.762 -0.714 -0.837 -0.825 -0.860 -0.923 -0.726 -0.906 -0.895 

11. France -0.207 -0.651 -0.575 -0.762 -0.715 -0.837 -0.825 -0.860 -0.923 -0.726 -0.906 -0.896 

12. Australia -0.208 -0.650 -0.574 -0.762 -0.714 -0.837 -0.825 -0.860 -0.923 -0.726 -0.906 -0.895 

13. Denmark -0.209 -0.650 -0.575 -0.762 -0.715 -0.837 -0.825 -0.860 -0.923 -0.726 -0.906 -0.896 

14. Belgium -0.216 -0.652 -0.577 -0.762 -0.715 -0.837 -0.825 -0.860 -0.924 -0.726 -0.907 -0.896 

15. Germany -0.217 -0.652 -0.578 -0.762 -0.715 -0.837 -0.825 -0.860 -0.924 -0.726 -0.907 -0.896 

16. Hong Kong -0.218 -0.651 -0.577 -0.762 -0.715 -0.837 -0.825 -0.860 -0.924 -0.726 -0.907 -0.896 

17. Ireland -0.219 -0.651 -0.576 -0.762 -0.715 -0.837 -0.825 -0.860 -0.924 -0.726 -0.906 -0.896 

18. Japan -0.219 -0.652 -0.578 -0.762 -0.715 -0.837 -0.825 -0.860 -0.924 -0.726 -0.907 -0.896 

19. Taiwan -0.226 -0.652 -0.580 -0.762 -0.715 -0.837 -0.825 -0.860 -0.925 -0.727 -0.907 -0.896 

20. Cyprus -0.227 -0.654 -0.584 -0.763 -0.716 -0.837 -0.825 -0.860 -0.926 -0.727 -0.908 -0.897 

21. Finland -0.228 -0.653 -0.582 -0.763 -0.716 -0.837 -0.825 -0.860 -0.925 -0.727 -0.908 -0.897 

22. Spain -0.229 -0.655 -0.585 -0.763 -0.716 -0.837 -0.825 -0.861 -0.926 -0.727 -0.908 -0.897 

23. Italy -0.230 -0.655 -0.585 -0.763 -0.716 -0.837 -0.825 -0.861 -0.926 -0.727 -0.908 -0.897 

24. Greece -0.238 -0.656 -0.588 -0.763 -0.717 -0.837 -0.825 -0.861 -0.927 -0.728 -0.909 -0.897 

25. NZ -0.245 -0.656 -0.588 -0.763 -0.717 -0.837 -0.825 -0.861 -0.927 -0.728 -0.909 -0.897 

26. Israel -0.255 -0.657 -0.592 -0.764 -0.717 -0.837 -0.825 -0.861 -0.929 -0.728 -0.910 -0.898 

27. Malta -0.256 -0.658 -0.593 -0.764 -0.717 -0.837 -0.825 -0.861 -0.929 -0.729 -0.910 -0.898 

28. Singapore -0.257 -0.657 -0.590 -0.763 -0.717 -0.837 -0.825 -0.861 -0.928 -0.728 -0.910 -0.898 

29. Qatar -0.268 -0.660 -0.598 -0.764 -0.718 -0.837 -0.825 -0.862 -0.931 -0.729 -0.912 -0.899 

30. Slovenia -0.269 -0.659 -0.596 -0.764 -0.718 -0.837 -0.825 -0.862 -0.930 -0.729 -0.911 -0.899 

31. Portugal -0.276 -0.661 -0.599 -0.764 -0.718 -0.837 -0.825 -0.862 -0.931 -0.729 -0.912 -0.899 

32. Brunei -0.276 -0.660 -0.598 -0.764 -0.718 -0.837 -0.825 -0.862 -0.931 -0.729 -0.912 -0.899 

33. Kuwait -0.280 -0.663 -0.604 -0.765 -0.719 -0.837 -0.824 -0.863 -0.933 -0.730 -0.914 -0.900 

34. Czech -0.286 -0.661 -0.600 -0.764 -0.718 -0.837 -0.824 -0.862 -0.932 -0.730 -0.913 -0.899 

35. Hungary -0.299 -0.663 -0.605 -0.765 -0.719 -0.837 -0.824 -0.863 -0.934 -0.730 -0.914 -0.900 

36. Bahrain -0.306 -0.665 -0.610 -0.765 -0.720 -0.837 -0.824 -0.863 -0.936 -0.731 -0.916 -0.901 

37. Korea -0.309 -0.664 -0.606 -0.765 -0.719 -0.837 -0.824 -0.863 -0.934 -0.730 -0.915 -0.900 

38. Estonia -0.317 -0.665 -0.609 -0.765 -0.720 -0.837 -0.824 -0.863 -0.936 -0.731 -0.916 -0.901 

39. Slovak -0.318 -0.665 -0.610 -0.765 -0.720 -0.837 -0.824 -0.863 -0.936 -0.731 -0.916 -0.901 

40. Lithuania -0.325 -0.667 -0.614 -0.765 -0.720 -0.837 -0.824 -0.864 -0.938 -0.732 -0.917 -0.902 

41. Poland -0.329 -0.667 -0.614 -0.765 -0.720 -0.836 -0.824 -0.864 -0.938 -0.732 -0.917 -0.902 

42. Croatia -0.336 -0.667 -0.614 -0.765 -0.721 -0.836 -0.824 -0.864 -0.939 -0.732 -0.918 -0.902 

43. Macao -0.336 -0.666 -0.612 -0.765 -0.720 -0.836 -0.824 -0.864 -0.938 -0.731 -0.917 -0.902 

44. Latvia -0.349 -0.669 -0.618 -0.766 -0.721 -0.836 -0.824 -0.864 -0.941 -0.732 -0.919 -0.903 

45. Lebanon -0.358 -0.671 -0.623 -0.766 -0.722 -0.836 -0.823 -0.865 -0.944 -0.733 -0.922 -0.904 

46. Mexico -0.385 -0.673 -0.627 -0.766 -0.723 -0.836 -0.823 -0.866 -0.947 -0.734 -0.923 -0.906 
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Table A3.3 (continued) 

Unconditional Cournot Own-Price Elasticities for 138 Countries in 2005  
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47. Belarus -0.395 -0.674 -0.628 -0.766 -0.723 -0.836 -0.823 -0.866 -0.948 -0.734 -0.924 -0.906 

48. Kazakhstan -0.397 -0.672 -0.626 -0.766 -0.722 -0.836 -0.823 -0.866 -0.946 -0.733 -0.923 -0.905 

49. Mauritius -0.398 -0.674 -0.628 -0.766 -0.723 -0.836 -0.823 -0.866 -0.948 -0.734 -0.924 -0.906 

50. Russia -0.398 -0.674 -0.629 -0.766 -0.723 -0.836 -0.823 -0.866 -0.948 -0.734 -0.925 -0.906 

51. Bulgaria -0.405 -0.673 -0.628 -0.766 -0.723 -0.836 -0.823 -0.866 -0.947 -0.733 -0.924 -0.906 

52. Iran -0.408 -0.673 -0.628 -0.766 -0.723 -0.836 -0.823 -0.866 -0.947 -0.733 -0.924 -0.906 

53. Romania -0.416 -0.675 -0.632 -0.766 -0.723 -0.836 -0.823 -0.867 -0.951 -0.734 -0.926 -0.907 

54. Oman -0.417 -0.676 -0.634 -0.767 -0.724 -0.836 -0.822 -0.867 -0.952 -0.735 -0.927 -0.908 

55. Argentina -0.418 -0.676 -0.633 -0.767 -0.724 -0.836 -0.822 -0.867 -0.951 -0.734 -0.927 -0.907 

56. Serbia -0.424 -0.675 -0.632 -0.766 -0.723 -0.836 -0.822 -0.867 -0.951 -0.734 -0.926 -0.907 

57. Saudi Arabia -0.425 -0.676 -0.633 -0.766 -0.724 -0.836 -0.822 -0.867 -0.951 -0.734 -0.927 -0.907 

58. Chile -0.426 -0.675 -0.632 -0.766 -0.723 -0.836 -0.822 -0.867 -0.951 -0.734 -0.926 -0.907 

59. Uruguay -0.436 -0.677 -0.636 -0.767 -0.724 -0.836 -0.822 -0.867 -0.954 -0.735 -0.928 -0.908 

60. Bosnia Herz. -0.437 -0.678 -0.637 -0.767 -0.724 -0.836 -0.822 -0.868 -0.955 -0.735 -0.929 -0.909 

61. Macedonia -0.449 -0.679 -0.639 -0.767 -0.725 -0.836 -0.822 -0.868 -0.957 -0.735 -0.931 -0.910 

62. Ukraine -0.457 -0.679 -0.639 -0.767 -0.725 -0.835 -0.822 -0.868 -0.957 -0.735 -0.931 -0.910 

63. South Africa -0.465 -0.679 -0.639 -0.766 -0.725 -0.835 -0.822 -0.868 -0.957 -0.735 -0.931 -0.910 

64. Malaysia -0.465 -0.678 -0.638 -0.766 -0.724 -0.835 -0.822 -0.868 -0.956 -0.735 -0.930 -0.909 

65. Turkey -0.467 -0.680 -0.641 -0.767 -0.725 -0.835 -0.822 -0.868 -0.959 -0.735 -0.932 -0.910 

66. Montenegro -0.468 -0.680 -0.642 -0.767 -0.725 -0.835 -0.822 -0.869 -0.960 -0.736 -0.933 -0.911 

67. Brazil -0.468 -0.679 -0.640 -0.766 -0.725 -0.835 -0.822 -0.868 -0.958 -0.735 -0.931 -0.910 

68. Venezuela -0.487 -0.681 -0.644 -0.767 -0.726 -0.835 -0.821 -0.869 -0.963 -0.736 -0.935 -0.912 

69. Thailand -0.497 -0.681 -0.643 -0.766 -0.725 -0.835 -0.821 -0.869 -0.962 -0.736 -0.934 -0.911 

70. Albania -0.516 -0.683 -0.649 -0.767 -0.726 -0.835 -0.821 -0.870 -0.968 -0.736 -0.938 -0.914 

71. Colombia -0.517 -0.683 -0.649 -0.767 -0.726 -0.835 -0.821 -0.870 -0.968 -0.736 -0.938 -0.914 

72. Ecuador -0.527 -0.685 -0.652 -0.767 -0.727 -0.835 -0.820 -0.871 -0.972 -0.737 -0.941 -0.916 

73. Jordan -0.527 -0.685 -0.653 -0.767 -0.727 -0.835 -0.820 -0.872 -0.974 -0.737 -0.942 -0.916 

74. Tunisia -0.527 -0.685 -0.651 -0.767 -0.727 -0.835 -0.820 -0.871 -0.972 -0.737 -0.941 -0.915 

75. Peru -0.528 -0.685 -0.653 -0.767 -0.727 -0.835 -0.820 -0.871 -0.974 -0.737 -0.942 -0.916 

76. Egypt -0.528 -0.686 -0.653 -0.767 -0.727 -0.835 -0.820 -0.872 -0.975 -0.737 -0.943 -0.917 

77. Armenia -0.536 -0.688 -0.658 -0.768 -0.728 -0.835 -0.820 -0.873 -0.982 -0.739 -0.948 -0.920 

78. Moldova -0.537 -0.684 -0.650 -0.766 -0.726 -0.835 -0.820 -0.871 -0.971 -0.737 -0.940 -0.915 

79. Maldives -0.537 -0.684 -0.650 -0.766 -0.726 -0.835 -0.820 -0.871 -0.970 -0.736 -0.940 -0.915 

80. Gabon -0.538 -0.685 -0.652 -0.767 -0.727 -0.835 -0.820 -0.871 -0.973 -0.737 -0.942 -0.916 

81. Fiji -0.544 -0.686 -0.654 -0.767 -0.727 -0.835 -0.820 -0.872 -0.976 -0.737 -0.944 -0.917 

82. Georgia -0.548 -0.686 -0.654 -0.767 -0.727 -0.835 -0.820 -0.872 -0.976 -0.737 -0.944 -0.917 

83. Botswana -0.554 -0.685 -0.653 -0.766 -0.727 -0.835 -0.820 -0.872 -0.974 -0.737 -0.943 -0.916 

84. Namibia -0.566 -0.687 -0.657 -0.767 -0.728 -0.834 -0.820 -0.873 -0.981 -0.738 -0.947 -0.919 

85. Swaziland -0.567 -0.689 -0.660 -0.767 -0.728 -0.835 -0.820 -0.874 -0.986 -0.738 -0.950 -0.921 

86. Azerbaijan -0.574 -0.690 -0.662 -0.768 -0.729 -0.835 -0.820 -0.875 -0.990 -0.739 -0.953 -0.923 

87. Syrian Arab -0.574 -0.690 -0.662 -0.768 -0.729 -0.835 -0.820 -0.874 -0.990 -0.739 -0.953 -0.922 

88. Bolivia -0.576 -0.688 -0.658 -0.767 -0.728 -0.834 -0.819 -0.873 -0.984 -0.738 -0.949 -0.920 

89. Equat. Guinea -0.577 -0.689 -0.660 -0.767 -0.728 -0.834 -0.819 -0.874 -0.986 -0.738 -0.950 -0.921 

90. Paraguay -0.578 -0.690 -0.662 -0.767 -0.729 -0.834 -0.819 -0.875 -0.991 -0.739 -0.954 -0.923 

91. Cape Verde -0.597 -0.691 -0.663 -0.767 -0.729 -0.834 -0.819 -0.875 -0.994 -0.739 -0.955 -0.924 

92. Bhutan -0.615 -0.692 -0.665 -0.767 -0.729 -0.834 -0.819 -0.876 -0.998 -0.739 -0.958 -0.925 
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Table A3.3 (continued) 

Unconditional Cournot Own-Price Elasticities for 138 Countries in 2005  
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93. Kyrgyz -0.614 -0.692 -0.665 -0.767 -0.729 -0.834 -0.819 -0.876 -0.998 -0.739 -0.958 -0.925 

94. Sri Lanka -0.614 -0.693 -0.667 -0.767 -0.730 -0.834 -0.819 -0.877 -1.003 -0.739 -0.961 -0.927 

95. Iraq -0.615 -0.692 -0.665 -0.767 -0.729 -0.834 -0.819 -0.876 -0.999 -0.739 -0.959 -0.926 

96. Mongolia -0.616 -0.692 -0.665 -0.767 -0.729 -0.834 -0.819 -0.876 -0.999 -0.739 -0.959 -0.925 

97. Tajikistan -0.616 -0.692 -0.665 -0.767 -0.729 -0.834 -0.819 -0.876 -0.999 -0.739 -0.959 -0.925 

98. Philippines -0.618 -0.694 -0.669 -0.767 -0.730 -0.834 -0.818 -0.878 -1.008 -0.740 -0.965 -0.929 

99. Indonesia -0.623 -0.694 -0.670 -0.767 -0.730 -0.834 -0.818 -0.878 -1.010 -0.740 -0.965 -0.929 

100. Pakistan -0.624 -0.694 -0.669 -0.767 -0.730 -0.834 -0.818 -0.877 -1.008 -0.740 -0.964 -0.929 

101. Morocco -0.625 -0.694 -0.669 -0.767 -0.730 -0.834 -0.818 -0.877 -1.008 -0.740 -0.965 -0.929 

102. Lesotho -0.626 -0.693 -0.667 -0.767 -0.730 -0.834 -0.818 -0.877 -1.003 -0.739 -0.961 -0.927 

103. China -0.627 -0.693 -0.667 -0.766 -0.730 -0.834 -0.818 -0.876 -1.002 -0.739 -0.961 -0.927 

104. Vietnam -0.634 -0.693 -0.667 -0.766 -0.730 -0.834 -0.818 -0.877 -1.004 -0.739 -0.962 -0.927 

105. India -0.655 -0.697 -0.674 -0.767 -0.731 -0.834 -0.818 -0.880 -1.023 -0.740 -0.974 -0.934 

106. Cambodia -0.657 -0.697 -0.675 -0.767 -0.731 -0.834 -0.817 -0.880 -1.027 -0.741 -0.976 -0.935 

107. Yemen -0.663 -0.698 -0.677 -0.767 -0.732 -0.834 -0.817 -0.881 -1.033 -0.741 -0.980 -0.938 

108. Sudan -0.675 -0.702 -0.683 -0.768 -0.733 -0.834 -0.817 -0.885 -1.061 -0.743 -0.997 -0.947 

109. Lao P.D.R. -0.675 -0.699 -0.678 -0.767 -0.732 -0.834 -0.817 -0.882 -1.041 -0.741 -0.985 -0.940 

110. Djibouti -0.676 -0.699 -0.677 -0.767 -0.732 -0.834 -0.817 -0.882 -1.037 -0.741 -0.983 -0.939 

111. Kenya -0.676 -0.699 -0.678 -0.767 -0.732 -0.834 -0.817 -0.882 -1.040 -0.741 -0.984 -0.940 

112. Sao Tome P. -0.677 -0.701 -0.681 -0.768 -0.733 -0.834 -0.817 -0.884 -1.055 -0.742 -0.993 -0.945 

113. Congo, R. -0.683 -0.699 -0.678 -0.767 -0.732 -0.834 -0.817 -0.882 -1.042 -0.741 -0.985 -0.940 

114. Cameroon -0.684 -0.701 -0.682 -0.768 -0.733 -0.834 -0.817 -0.884 -1.058 -0.742 -0.995 -0.945 

115. Nigeria -0.684 -0.701 -0.681 -0.768 -0.733 -0.834 -0.817 -0.884 -1.053 -0.742 -0.992 -0.944 

116. Senegal -0.685 -0.701 -0.682 -0.768 -0.733 -0.834 -0.817 -0.885 -1.060 -0.742 -0.996 -0.946 

117. Chad -0.694 -0.701 -0.682 -0.767 -0.733 -0.834 -0.817 -0.885 -1.061 -0.742 -0.997 -0.946 

118. Mauritania -0.696 -0.704 -0.687 -0.768 -0.734 -0.834 -0.817 -0.888 -1.086 -0.743 -1.010 -0.954 

119. Nepal -0.696 -0.703 -0.685 -0.768 -0.734 -0.834 -0.817 -0.887 -1.079 -0.743 -1.006 -0.952 

120. Bangladesh -0.697 -0.704 -0.687 -0.768 -0.734 -0.834 -0.816 -0.888 -1.087 -0.743 -1.011 -0.954 

121. Benin -0.697 -0.703 -0.684 -0.768 -0.734 -0.834 -0.816 -0.886 -1.073 -0.743 -1.003 -0.950 

122. Ghana -0.697 -0.702 -0.684 -0.768 -0.733 -0.834 -0.816 -0.886 -1.070 -0.742 -1.002 -0.949 

123. Coted 'Ivoire -0.705 -0.704 -0.687 -0.768 -0.734 -0.834 -0.816 -0.888 -1.086 -0.743 -1.011 -0.954 

124. S. Leone -0.706 -0.702 -0.683 -0.767 -0.733 -0.834 -0.816 -0.886 -1.067 -0.742 -1.000 -0.948 

125. M’gascar -0.705 -0.703 -0.686 -0.768 -0.734 -0.834 -0.816 -0.887 -1.081 -0.743 -1.008 -0.953 

126. Togo -0.708 -0.705 -0.688 -0.768 -0.735 -0.834 -0.816 -0.889 -1.101 -0.744 -1.019 -0.958 

127. Burkina Faso -0.715 -0.706 -0.690 -0.768 -0.735 -0.834 -0.816 -0.890 -1.111 -0.744 -1.024 -0.961 

128. Guinea -0.715 -0.705 -0.688 -0.768 -0.735 -0.834 -0.816 -0.889 -1.099 -0.743 -1.018 -0.958 

129. Mali -0.717 -0.706 -0.691 -0.768 -0.735 -0.834 -0.816 -0.891 -1.121 -0.744 -1.029 -0.963 

130. Angola -0.717 -0.706 -0.690 -0.768 -0.735 -0.834 -0.816 -0.890 -1.112 -0.744 -1.025 -0.961 

131. Malawi -0.725 -0.705 -0.689 -0.768 -0.735 -0.834 -0.816 -0.890 -1.106 -0.743 -1.022 -0.960 

132. Rwanda -0.725 -0.707 -0.692 -0.769 -0.736 -0.834 -0.816 -0.893 -1.136 -0.744 -1.037 -0.967 

133. C. Africa -0.726 -0.709 -0.695 -0.769 -0.737 -0.834 -0.816 -0.896 -1.170 -0.745 -1.054 -0.976 

134. M’bique -0.728 -0.710 -0.698 -0.770 -0.737 -0.834 -0.816 -0.898 -1.199 -0.746 -1.068 -0.982 

135. Liberia -0.737 -0.710 -0.696 -0.769 -0.737 -0.834 -0.815 -0.897 -1.183 -0.745 -1.060 -0.979 

136. Niger -0.737 -0.712 -0.700 -0.770 -0.738 -0.834 -0.815 -0.901 -1.241 -0.747 -1.087 -0.991 

137. G-Bissau -0.738 -0.713 -0.701 -0.770 -0.738 -0.834 -0.815 -0.902 -1.272 -0.747 -1.100 -0.997 

138. Congo, D. R. -0.757 -0.722 -0.716 -0.774 -0.743 -0.836 -0.815 -0.927 -2.592 -0.752 -1.380 -1.092 

Note: The unconditional price elasticities of food are reproduced from Table A2.1. For non-food goods, the 
Cournot own-price elasticities are calculated by equation (3.27). 
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CHAPTER 4 

QUALITY, QUANTITY, SPENDING AND PRICES
1
 

 

4.1     Introduction 

Consumption differs vastly over consumers, time and space. For example, if we 

use PPPs and set real per capita consumption in the US at 100, then in 2005 in the 

Democratic Republic of the Congo consumption is 0.4, that is, only 0.4 percent that of 

the US. In addition to differences in scale, the pattern of consumption also exhibits 

large differences. Thus, while food absorbs only about 6 percent of the American 

consumption budget, the Congolese devote more than 60 percent to food.2 Much of this 

decline in the food share as income rises is a reflection of Engel’s law that the income 

elasticity of food is less than unity. Of course, the type and/or quality of food purchased 

would be likely to differ in the two countries, as well as its volume. These sorts of 

quality differences are a general problem when making cross-country comparisons of 

consumption. It is for this reason that the main topic of this chapter is the theory and 

measurement of the quality of consumption across countries. We also introduce new 

summary measures of consumption patterns in the world economy. 

The most well-known way of dealing with quality is the hedonic regression 

approach in which the price of a product is related to its physical characteristics 

(Griliches, 1961). A popular example is the case of personal computers, which have 

been subject to rapid quality improvements regarding processing speed and storage 

capacity (see, e. g., Berndt and Rappaport, 2001). Regressing the price of various types 

of PCs on speed and storage gives the shadow prices of the characteristics. From these, 

the effect of the quality improvements can be stripped out of the observed prices to 

yield a constant-quality index of prices. Quality improvement lowers the constant-

quality price, so when we use this to deflate expenditure on PCs, the implied volume of 

computing power is higher than if no adjustment were undertaken. Another 

straightforward case is improvements in crop yields due to biological advances: If seed 

for growing wheat now produces 5 percent more than before and its price remains 

unchanged, then in quality-adjusted terms its price has fallen by 5 percent.  

                                                      
1 This chapter is co-authored with Professor Kenneth W. Clements. 
2 Details of these data are given later in the chapter. 
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However, for several reasons, the hedonic approach is not perfect and continues 

to attach controversy. First, the number of goods that possess easily-identified physical 

characteristics is limited. Also, there is still scope for differing views regarding the 

appropriate characteristics (which characteristics should be included in the regression?). 

Second, there can be disputation about the very nature of a “quality-adjusted good”. If 

there is no good currently in existence that possesses the baseline characteristics, in 

what sense can it be said that the price of this nonexistent good has declined? In other 

words, to benefit from the quality improvement, consumers have to purchase the new 

model whose nominal price (unadjusted for quality) may well have risen. It is for this 

reason that those on fixed incomes indexed to, say, the CPI tend to be hostile to hedonic 

adjustments as their perceived cost of living is understated.3 Third, many services (such 

as education, most types of medicine and, possibly, construction) are more difficult to 

decompose into their core characteristics that are priced and thus not readily amenable 

to hedonics.4 This issue is especially difficult in high-income countries, where services 

tend to dominate the consumption basket. These problems possibly account for the 

reluctance of many statistical agencies to enthusiastically embrace the hedonic 

approach. 

In this chapter, we use a different approach to measuring quality that is due to 

Theil (1975/76). Increased affluence leads to the consumption of luxuries (goods with 

income elasticities > 1) growing faster than necessities (elasticties < 1), so the basket 

moves in a direction that is more desirable. Thus, reverse engineering, if the basket has 

a tendency to become more intensive in goods (and services) that are luxuries, less 

intensive in necessities, it has become more desirable and it can be said that quality has 

increased. In a sense, this is a revealed preference approach that relies only on observed 

behavior and makes no a priori judgments regarding what is really beneficial to the 

consumer. In this chapter, we extend this approach to new measures of spending on 

quality and its price, as well as measures of uncertainty of quality. 

There is substantial interest in comparing economies internationally and the 

associated rankings. Knowledge of the size of economies is important for purposes of 

economic policy (how did the rich countries become rich and what is keeping the poor 

poor?), international power politics (will China become larger than the US?), 

                                                      
3 For example, Annette Barbetti (2010), Federal President of the Superannuated Commonwealth Officers’ 
Association in Australia, advocates the publication of a “shopping” CPI, which is the sum of the 
conventional CPI inflation rate and quality inflation, defined as the “increase in shelf prices that can be 
attributed to a perceived increase in quality or utility.”   
4 There is at least one major exception to this rule. House prices, the present value of future housing 
services, have long been subject to hedonic analysis.  
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international migration (where are the enhanced job opportunities for me and my 

family?) and international marketing (where are the rapidly growing markets for my 

products?), to name some of the more prominent reasons. But it should be recognised 

that there are also substantial challenges in making reliable cross-country comparisons. 

This is essentially an issue of comparing like with like when we compare consumption 

in, say, New York City and Kinshasa, the capital of the DR of the Congo. Incomes, climate, 

language, culture and currency units all differ, as well as quality. Usually, it is only 

currency units that are standardized, but there is debate even here regarding which 

exchange rate to use (the market rate, purchasing power parity, the fundamental 

equilibrium rate, the Big Mac Index, etc.). While mindful of these important issues, as 

mentioned previously in this chapter we deal with measuring quality differences across 

countries. The next two sections of the chapter introduce the basic concepts, while 

Section 4.4 sets out formally the quality index and its extensions to spending and prices. 

Sections 4.5 and 4.6 deal with applications of the indexes to the 100+ countries of the 

International Comparisons Program (2008). This gives rise to bilateral index that 

compare one country with another. These results are then summarised in Section 4.7 in 

multilateral form, whereby each country is compared with the world as a whole. In 

Section 4.8, we introduce new ways to analyse the underlying uncertainty of the 

measures of quality. Concluding comments are contained in Section 4.9. 

 

4.2     Prices, Quantities and Budget Shares 

Let ip
 
be the price of good i and iq

 
be the corresponding quantity demanded. 

Then, if there are n goods,  n
i 1 i iM p q=∑=

 
is total expenditure (“income” for short), and 

i i iw p q M=
 
is the budget share of i, with n

i 1 iw 1.=∑ = Using proportional changes, this 

share can be conveniently expressed as the sum of price, quantity and income 

components, 

(4.1)
 i i i

ˆˆ ˆŵ p q M,= + −  

where a circumflex (“ � ”) denotes a proportional change (so that x̂ dx x ,  for x 0= > ). 

The differential of the budget constraint, n
i 1 i iM p q ,=∑=

 
is ( )n

i 1 i i i idM p dq q dp ,=∑= +
 

which if we divide both sides by M and use the definition of the budget share, is 

equivalent to ( )n
i 1 i i i i

ˆ ˆ ˆM w q w p ,=∑= +
 
or 

(4.2) ˆˆ ˆM Q P,= +  with 
n

i i
i 1

ˆ ˆQ w q
=

= ∑  and 
n

i i
i 1

ˆ ˆP w p .
=

= ∑  
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This shows that the change in nominal income, M̂,  can be decomposed into the sum of 

volume and price indexes, Q̂  and P̂.  These are budget-share weighted averages of the 

n  quantity and price changes and are known as Divisia (1925) indexes. The volume 

index Q̂  is a measure of the change in real income, while the price index P̂  is the 

change in the cost of living. It follows from equation (4.2) that the change in real 

income is the excess of the change in money income over the change in the cost-of-

living index, ˆ ˆ ˆQ M P.= −  Deflation is usually a matter of dividing by a price index, but 

division becomes subtraction when proportional changes are used.  

The budget share iw
 
is a dimensionless pure number, independent of currency 

units. But the same is not true of the prices ip
 
and income M, which is inconvenient for 

comparisons involving countries with different currencies (or different time periods in 

which the value of the currency changes due to inflation/deflation). Currency units 

disappear when the budget share is expressed in change form, as in equation (4.1), but 

ip̂
 
and M̂  are still both nominal variables, so that, for example, they would take larger 

values in times of higher inflation. We thus convert from nominal to real by subtracting 

and adding the price index P̂  from both sides of equation (4.1) to yield 

( ) ( )i i i
ˆ ˆ ˆˆ ˆŵ p P q M P ,= − + − −

 
or 

(4.3) 
�

i
i i

p ˆˆŵ q Q.
P

= + −  

This expresses the change in the share as the sum of three components, (i) the change in 

the relative price, �ip P;
 
(ii) the change in the quantity consumed, iq̂ ;

 
and (iii) the 

change in real income, Q̂.  Each of these three components is now a pure number 

suitable for cross-country comparisons. 

 

4.3     Luxuries and Necessities 

Suppose for simplicity the relative price remains unchanged. Then, the first term 

on the right-hand side of equation (4.3) vanishes and we have  

(4.3 )′  
i i

ˆˆŵ q Q.= −   

Consider the effect of income growth ( )Q̂ 0> on the budget share. This has a direct 

effect of causing the share to fall by Q̂,−  as well as an indirect effect due to the 
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dependence of the quantity consumed iq
 
on income. To analyse the latter effect, write 

the demand function for good i as ( )i iq q Q ,=  so that 

(4.4) 
( )
( )

i

i i i

d log qˆq̂ Q,      with 
d log Q

= η η =  

the income elasticity of demand for i. Luxuries have income elasticities greater than 

unity, as their consumption grows proportionately faster than income, while necessities 

( )i 1η <
 
grow slower. Consider the n income elasticites, 1 n, , .η η…

 
It follows from the 

budget constraint that the budget-share weighted mean of these elasticities is unity, 

n
i 1 i iw 1,=∑ η =

 
so that not all goods can be either luxuries or necessities; the average 

income elasticity is unity.5 

Combining equations (4.3 )′  and (4.4), we have 

(4.4 )′  ( )i i
ˆŵ 1 Q,= η −  

which reveals that the budget shares of luxuries increase with income, while those of 

necessities fall under the condition that the relative price of the good remains 

unchanged. 

 

4.4     Three Indexes Involving Income Elasticities 

In this section we consider three summary measures of the consumer’s budget 

that deal with quality, the structure of prices and spending. These measures take the 

form of indexes that involve income elasticities. 

The Quality Index 

Suppose real income grows. The consumption of those goods that are luxuries 

grow faster than income, while necessities grow more slowly. The effect of this growth 

is for the consumer to spend relatively more on luxuries, less on necessities, as indicated 

by equation (4.4 ).′  In this sense, luxuries are more desirable than necessities. If there is 

a systematic tendency for the consumption basket to move in the direction of luxuries, 

away from necessities, then we could say that the “quality” of consumption has 

increased. This is the basic idea of Theil’s (1975/76, Sec. 11.3) index of quality, details 

of which follow. 

                                                      
5 Above, we showed that the budget constraint in change form is ( )n

i 1 i i i i

ˆ ˆ ˆM w q w p .=∑= +
 
Dividing both 

sides by M̂, holding prices constant and using 
i iM̂q̂ ,= η

 
we obtain n

i 1 i i
w 1.=∑ η =  
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Consider the deviation of the income elasticity from its weighted mean, i 1.η −  

A weighted average over all goods of these deviations is zero, ( )n
i 1 i iw 1 0.=∑ η − =

 
A 

similar relationship also holds for the quantities consumed: As n
i 1 i i

ˆ ˆQ w q ,=∑=
 
relative 

consumption, in change form, is i
ˆq̂ Q,−

 
which satisfies ( )n

i 1 i i
ˆˆw q Q 0.=∑ − =  Suppose as 

a result of income growth, the consumption of good i grows faster than average, so that 

i
ˆq̂ Q 0.− >  If this good is a luxury, i 1 0η − >

 
and ( ) ( )i i

ˆˆ1 q Q 0.η − − >  On the other 

hand, if i is a necessity and grows slower than average, then ( ) ( )i i
ˆˆ1 q Q 0.η − − >

 
Thus, 

if relative consumption, 
i

ˆq̂ Q,−  is weighted by the excess of the good’s income 

elasticity over unity, we obtain some useful information about the nature of this part of 

the consumption basket. In particular, a positive value of this product represents a 

movement towards a more desirable good, or away from a less desirable one, so there is 

an improvement in the quality of this part of the basket. On the other hand, if good i is a 

necessity and grows faster than average, we have ( )i
ˆq̂ Q 0− >

 
and ( )i 1 0.η − <  The 

product of the two terms is negative when consumption moves towards a necessity or 

away from a luxury. In such a case, quality diminishes. This is an objective measure of 

quality, based on the revealed preference of the consumer. Theil’s quality index is a 

budget-share weighted average of the n products ( ) ( )i i
ˆˆ1 q Q ,η − −  

(4.5) ( )( )
n

q i i i
i 1

ˆˆy w 1 q Q .η
=

= η − −∑  

If qyη  
is positive (negative), then on average consumption of luxuries grows faster 

(more slowly) than average and that of necessities grows slower (faster) and the quality 

of the consumption basket has increased (decreased). The final thing to note about index 

(4.5) is that it also is a weighted covariance between the n income elasticities, 1 n, , ,η η…
 

and the n quantity changes, 1 n
ˆ ˆq , ,q ,…

 
meaning that when the two variables are 

positively correlated, quality improves.    

The Structure-of-Prices Index 

Prices are usually taken as exogenous variables in the analysis of consumer 

demand, but there is no good reason why we should feel constrained by this convention. 

It is interesting to analyse systematic patterns in prices and an obvious starting point is 

the again the luxury/necessity distinction. 
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The change in the relative price of good i is i
ˆp̂ P.−  The n relative prices satisfy 

( )n
i 1 i i

ˆˆw p P 0.=∑ − =  Suppose that the relative price of i increases and this good is a 

luxury, so that ( )( )i i
ˆˆ1 p P 0.η − − >  Alternatively, if i is a necessity and its relative price 

falls, then again we have ( )( )i i
ˆˆ1 p P 0.η − − >

 
Accordingly, a budget-share weighted-

average of all such terms 

(4.6) ( )( )
n

p i i i
i 1

ˆˆy w 1 p Pη
=

= η − −∑  

is positive when, on average, luxuries become relatively more expensive and necessities 

cheaper. A negative value means the opposite. Accordingly, we shall refer to (4.6) as an 

index of the structure of prices. Finally, like index (4.5), pyη  
is a weighted covariance 

between the income elasticities and the relative price changes. 

Relative to the poor, the rich spend a larger fraction of their income on luxuries 

and a smaller fraction on necessities. The value of pyη  
thus provides information 

regarding the distributional impact of changes in the structure of prices. When py 0,η >  

price changes have a progressive impact on the distribution of real income; and they are 

regressive when py 0.η <   

The Allocation Index 

A convenient way to describe the allocation of income to the n goods is by the 

budget shares, 1 nw , , w ,…
 
or by their changes, 1 ndw , ,dw .…

 
By definition, n

i 1 iw 1,=∑ =
 

so that n
i 1 idw 0.=∑ =

 
This implies that a budget-share weighted-average of the 

proportionate changes is zero, n
i 1 i i

ˆw w 0,=∑ =  and the weighted covariance between the 

income elasticities and the budget share changes is 

(4.7) ( )
n

w i i i
i 1

ˆy w 1 w .η
=

= η −∑  

This wyη  
is positive (negative) when, on average, the shares of luxuries increase 

(decrease) and those of necessities decrease (increase). As the budget shares summarise 

the allocation of the budget, we call expression (4.7) the allocation index.  

Index (4.7) is obviously related to several of the above concepts. From equations 

(4.3), (4.5), (4.6) and (4.7), we have 

(4.8)  w q py y y .η η η= +  
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In words, the allocation index is the sum of the quality and the structure of prices 

indexes. Suppose, for example,
 q w p

y 0.05,  y 0.07 and y 0.02.
η η η

= = =  Thus, a five 

percent increase in quality is made up of the difference between seven and two percent, 

so that quality is obtained by deflating a nominal variable by a price index. This 

establishes that 
w

y
η  

can be interpreted as expenditure on quality and 
p

y
η

 its cost, where 

both are expressed in terms of relative changes. This result is just like the deflation of 

money income to yield real income. Another way of seeing the spending interpretation 

of 
w

y
η

 is to use equation (4.1) in the form �
i i i

ˆŵ p q M,= −
 
and then substitute into (4.7) 

to yield ( ) �( )n
i 1w i i i i

ˆy w 1 p q M ,=η ∑= η − −

 

which is a weighted covariance between the 

income elasticities and the change in expenditures. 

The Previous Literature 

We conclude this section with some brief notes on the literature. As mentioned 

above, the quality index (4.5) is due to Theil (1975/76, Sec. 11.3). For applications of 

this index, see Clements and Theil (1979), Finke (1983), Theil (1975/76, Sec 14.1), 

Theil and Chen (1996) and Theil and Suhm (1981, Chap. 5). Theil (1975/76, Sec. 11.3) 

also discusses alternative ways of measuring quality, including the hedonic approach of 

regressing product prices on an objective set of characteristics and the use of average 

prices paid for certain commodities on the basis that higher quality items are usually 

more expensive (Houthakker, 1952; Theil, 1952). Theil (1975/76, p. 173) briefly 

mentions the structure-of-prices index (4.6), but does not pursue it further to link it with 

the quality index as we do in equation (4.8). The impact of changing relative prices on 

the distribution of income has been studied in the literature (see, e. g., Broda and 

Romalis, 2009; Muellbauer, 1974; Nicholas et al., 2010; Pendakur, 2002) and the 

structure-of-prices index (4.6) could be usefully applied in future research in this area. 

When prices are held constant, equation (4.4′) gives the relationship between the 

change in the budget share and income. The reciprocal form of this relationship is 

( )i i
ˆ ˆQ 1 1 w ,= η − ⋅

 
so that inferences can be made regarding income from information 

on the income elasticity and the budget share, provided i 1.η ≠  Such an approach may 

be valuable when estimates of income are less reliable than those of budget shares, or 

when income is only published with a substantial lag (three years in the case of the most 

recent rendition of the World Bank’s International Comparison Project, 2008, for 

example). Clements and Chen (2010) use this approach for food, the dominant 
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commodity in the budget in many poor countries, for which there is considerable 

information available about its income elasticity. Thus, a falling food share is 

interpreted as reflecting rising income. As this idea deals with a single commodity, it is 

a bit different to the quality index, whereby higher quality is defined as a movement of 

the overall budget towards luxuries, away from necessities. Some combination of 

elements of the two approaches is possible, however. From equations (4.3′) and (4.4), 

we have ( )i i
ˆ ˆq̂ Q 1 Q,− = η −

 
so that the quality index (4.4) can be expressed as 

q
ˆy Q,η = γ  where ( )

2n
i 1 i iw 1=∑γ = η −  is the income elasticity of quality. As the budget-

share weighted mean of the n income elasticities is unity, this γ  is a weighted variance 

of these elasticities; thus, 0γ =  when each i 1,η =  as then the composition of the 

consumption basket is unchanged with income growth. For broad aggregates, inferior 

goods are unlikely, as are goods so luxurious that their income elasticities exceed 2. It 

seems likely that the iη  fall in the range [0, 2], which implies that γ  is a positive 

fraction. Thus, quality rises with income, but not as fast. 

 

4.5     Cross-Country Application  

The International Comparisons Program (2008) presents data for 12 

commodities in 146 countries. Clements and Chen (2010) use 132 of those countries, 

which are listed in Table 4.1 and ranked in terms of real income per capita.6 As can be 

seen, there is wide variation in income per capita, which ranges from 100 in the US, the 

richest country, to 0.4 in the Democratic Republic of Congo, the poorest. Additionally, 

the food budget share rises noticeably as income falls, from 6 percent of income in the 

US, to more than 60 percent in the Congo, which is a reflection of Engel’s law. In what 

follows, we use these 132-country data. Before turning to these results, however, we 

discuss some necessary adjustments to deal with finite-change data, as well as the 

source of the income elasticities.   

Discrete Countries 

Let 
c c c
i i iq , w  and η  be the quantity demanded, budget share and income elasticity 

of good i in country c, respectively. The application of the quality index equation (4.5)  

                                                      
6 There are 138 countries involved in Chapter 2 and 3. The 146-138=8 countries are not considered due to 
missing data as shown in Appendix A2.1. The 138-132=6 countries (Armenia, Liberia, Malawi, 
Azerbaijan, Tajikistan and Mauritian) are excluded in this chapter because of problems with outliers; see 
Clements and Chen (2010) for details. 
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Table 4.1   

Real Incomes, Food Budget Shares and Income Elasticities for 132 Countries in 2005 

Country 
Income 

p.c. 

Food 

 Country 
Income 

p.c. 

Food 

 Country 
Income 

p.c. 

Food 

Budget 
share 

Income 
elasticity 

Budget 
share 

Income 
elasticity 

Budget 
share 

Income 
elasticity

1. United States 100.0 6.2 0.09  45. Lebanon 32.0 27.8 0.55  89. Cape Verde 8.8 28.8 0.72 

2. Luxembourg 92.2 6.9 0.15  46. Mexico 28.7 22.0 0.57  90. Bhutan 8.0 34.5 0.72 

3. Iceland 80.7 8.9 0.24  47. Belarus 27.3 34.7 0.58  91. Kyrgyz 8.0 40.8 0.72 

4. Norway 77.7 9.7 0.26  48. Kazakhstan 26.5 18.6 0.59  92. Sri Lanka 7.9 36.4 0.72 

5. UK 76.9 7.1 0.26  49. Mauritius 26.3 23.4 0.59  93. Iraq 7.8 32.1 0.73 

6. Austria 76.4 8.7 0.27  50. Russia 26.3 25.5 0.59  94. Mongolia 7.7 35.9 0.73 

7. Switzerland 74.6 9.3 0.28  51. Bulgaria 26.1 19.5 0.59  95. Philippines 7.5 43.9 0.73 

8. Canada 74.4 7.7 0.28  52. Iran 25.2 23.4 0.60  96. Indonesia 7.4 41.6 0.73 

9. Netherlands 72.4 8.2 0.30  53. Romania 24.4 25.0 0.60  97. Pakistan 7.3 48.8 0.73 

10. Sweden 72.0 8.3 0.30  54. Oman 24.2 22.1 0.60  98. Morocco 7.2 31.1 0.73 

11. France 71.5 10.6 0.30  55. Argentina 24.0 22.5 0.60  99. Lesotho 7.1 35.5 0.73 

12. Australia 70.6 8.5 0.31  56. Serbia 23.7 25.6 0.61  100. China 7.0 24.1 0.73 

13. Denmark 69.8 8.1 0.31  57. Saudi Arabia 23.6 18.5 0.61  101. Vietnam 6.8 31.3 0.74 

14. Belgium 68.4 10.3 0.32  58. Chile 23.3 16.2 0.61  102. India 5.5 33.7 0.75 

15. Germany 67.5 9.1 0.33  59. Uruguay 22.1 19.0 0.62  103. Cambodia 5.3 47.2 0.75 

16. Hong Kong 66.3 8.9 0.34  60. Bosnia Herz. 21.9 28.5 0.62  104. Yemen 5.2 41.1 0.75 

17. Ireland 66.2 4.6 0.34  61. Macedonia 20.5 30.9 0.63  105. Sudan 4.5 55.6 0.76 

18. Japan 66.0 12.3 0.34  62. Ukraine 19.8 32.1 0.63  106. Lao 4.4 47.3 0.76 

19. Taiwan 64.5 14.8 0.35  63. South Africa 19.3 17.6 0.64  107. Djibouti 4.4 33.6 0.76 

20. Cyprus 63.4 13.7 0.36  64. Malaysia 19.3 17.3 0.64  108. Kenya 4.3 33.3 0.76 

21. Finland 63.0 9.3 0.36  65. Turkey 18.9 23.1 0.64  109. Sao Tome 4.3 53.7 0.76 

22. Spain 61.9 11.8 0.37  66. Montenegro 18.7 32.2 0.64  110.  Congo, R. 4.1 37.5 0.77 

23. Italy 61.6 12.3 0.37  67. Brazil 18.7 15.5 0.64  111. Cameroon 4.0 43.4 0.77 

24. Greece 59.4 13.8 0.38  68. Venezuela 17.1 26.1 0.65  112. Nigeria 4.0 56.7 0.77 

25. NZ 57.7 11.5 0.39  69. Thailand 16.1 15.9 0.66  113. Senegal 3.9 48.9 0.77 

26. Israel 54.7 12.9 0.41  70. Albania 14.6 24.6 0.67  114. Chad 3.5 55.0 0.78 

27. Malta 54.3 13.9 0.41  71. Colombia 14.5 24.3 0.67  115. Nepal 3.4 48.7 0.78 

28. Singapore 53.6 8.2 0.42  72. Ecuador 13.7 25.9 0.68  116. Bangladesh 3.3 49.9 0.78 

29. Qatar 50.5 13.6 0.44  73. Jordan 13.7 28.9 0.68  117. Benin 3.3 43.6 0.78 

30. Slovenia 50.0 11.9 0.44  74. Tunisia 13.7 24.8 0.68  118. Ghana 3.3 49.2 0.78 

31. Portugal 49.0 13.1 0.45  75. Peru 13.6 29.2 0.68  119. Cote d’Ivoire 3.1 43.3 0.78 

32. Brunei 48.7 18.4 0.45  76. Egypt 13.5 41.6 0.68  120. S. Leone 3.1 42.4 0.78 

33. Kuwait 47.0 14.8 0.46  77. Moldova 13.0 24.2 0.68  121. M’gascar 3.0 57.0 0.78 

34. Czech Rep 46.3 13.1 0.47  78. Maldives 12.9 22.9 0.68  122. Togo 2.7 48.6 0.79 

35. Hungary 42.6 13.3 0.49  79. Gabon 12.7 36.3 0.68  123. Burkina Faso 2.5 42.0 0.79 

36. Bahrain 41.6 19.0 0.49  80. Fiji 12.6 26.3 0.68  124. Guinea 2.4 44.0 0.79 

37. Korea 40.4 13.7 0.50  81. Georgia 12.1 36.7 0.69  125. Mali 2.3 46.7 0.79 

38. Estonia 39.4 15.4 0.51  82. Botswana 11.9 21.9 0.69  126. Angola 2.3 40.7 0.80 

39. Slovakia 38.8 15.7 0.51  83. Namibia 10.9 26.0 0.70  127. Rwanda 2.1 42.7 0.80 

40. Lithuania 38.3 22.9 0.51  84. Swaziland 10.8 41.9 0.70  128. C. Africa 1.9 56.8 0.80 

41. Poland 36.7 17.8 0.52  85. Syria 10.5 41.7 0.70  129. M’bique 1.7 60.1 0.81 

42. Croatia 36.1 19.3 0.53  86. Bolivia 10.2 27.8 0.70  130. Niger 1.3 46.4 0.82 

43. Macao 36.1 13.3 0.53  87. Equat.Guinea 10.1 39.5 0.71  131. G-Bissau 1.2 52.3 0.82 

44. Latvia 33.4 19.2 0.54  88. Paraguay 9.9 32.3 0.71  132. Congo, D. R. 0.4 62.2 0.85 

Notes: 1. Income is real total consumption expenditure per capita in United States dollars with United States=100.  
             2. Food shares are in percentage form. 
             3. See note 4 of Table 4.2 for details the food income elasticities. 
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to cross-country data involves the comparison of country c with country d. Thus, the 

relative change in the consumption of good i, iq̂ ,  is interpreted as ( )cd c d

i i iq̂ log q q ,=
 
the 

change in income, Q̂,  
cd cd cd12

i 1 i i
ˆ ˆQ w q ,=∑=  the share, iw ,  as ( )cd c d

i i iw w w 2,= +  the 

average in the two countries, and the income elasticity, i ,η
 
as cd

i ,η
 
the elasticity 

corresponding to cd

iw . Averaging over the two countries in this manner strikes a neutral 

balance that treats both symmetrically. We use exactly the same approach to apply the 

structure of prices index and the allocation index, equations (4.6) and (4.7). The three 

indexes now take the form 

(4.9)  ( )( )
12

cd cd cd cd cd

q i i i
i 1

ˆˆy w 1 q Q ,η
=

= η − −∑
 

 
( )( )

12
cd cd cd cd cd

p i i i
i 1

ˆˆy w 1 p P ,η
=

= η − −∑
   

 
( )

12
cd cd cd cd

w i i i
i 1

ˆy w 1 w .η
=

= η −∑
 

These indexes now compare discretely-separated countries, so the changes are no longer 

infinitesimal. This implies that constraint (4.8), which refers to infinitesimal changes, 

holds only approximately in the finite-change case: 

(4.10) cd cd cd

w q py y y .η η η≈ +  

The Income Elasticities 

Application of the above indexes requires numerical values of the 12 income 

elasticities i .η  We use the elasticities implied by the estimates of a demand system, the 

Florida model, given in Table 4.2.7 The last column of this table contains the income 

elasticities, evaluated at means. These show that food is a strong necessity, while the 

other goods are luxuries or nearly neutral. It must be emphasised, however, the income 

elasticities are not constant across countries in this model, as is illustrated for the case of 

food in Table 4.1. While these elasticties are all less than one, they are substantially 

higher in poorer countries. Below, we use the income elasticities for each country that 

are implied by the estimates of this model. 

 

                                                      
7 On the Florida model, see Theil et al. (1989); and for a recent application, see Seale and Regmi (2006). 
The Florida model is the unconditional version of demand system (3.26) in Chapter 3, whereby 

Working’s model ic i i cw log M= α + β�  is used for the income term. The real income is referred to as cM  

in Chapter 3 and cQ  in this chapter. 
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Table 4.2 

 Estimates of Demand Equations, the Florida Model, 132 Countries in 2005 

( ) ( )

( ) ( )

cc 12
jc c c ci

i i i i i j j

j 1i j

cc 12
j*c *c ci

i i j j i

j 1i j

pp
w q q log q log

p p

pp
       q log q log

p p

=

=

 
=α +β + α +β − α +β 

  
 

+φ α +β − α +β +ε 
  

∑

∑
 

(Asymptotic standard errors in parentheses) 

Good  Intercept iα   Slope iβ   
Mean 

   
Budget 
share 

Income 
elasticity 

1. Food  0.1007 (0.0064)  -0.0917 (0.0034)  0.2706 0.6612 

2. Alcohol & tobacco  0.0291 (0.0028)  -0.0023 (0.0015)  0.0334 0.9311 

3. Clothing  0.0490 (0.0028)  -0.0019 (0.0015)  0.0525 0.9638 

4. Housing  0.1590 (0.0061)  0.0064 (0.0029)  0.1471 1.0435 

5. Durables  0.0590 (0.0028)  0.0036 (0.0014)  0.0523 1.0688 

6. Health  0.0996 (0.0033)  0.0125 (0.0019)  0.0764 1.1635 

7. Transport  0.1276 (0.0044)  0.0171 (0.0021)  0.0959 1.1783 

8. Communication  0.0356 (0.0019)  0.0056 (0.0008)  0.0252 1.2220 

9. Recreation  0.0815 (0.0035)  0.0177 (0.0013)  0.0487 1.3635 

10. Education  0.0811 (0.0049)  -0.0008 (0.0027)  0.0826 0.9903 

11. Restaurants  0.0676 (0.0049)  0.0126 (0.0020)  0.0442 1.2847 

12. Other  0.1103 (0.0048)  0.0213 (0.0021)  0.0709 1.3004 

Income flexibility φ   -0.6782 (0.0243)       

 

Notes: 1. The term c

iw  is the budget share of good i in country c, i 1, ,12, c 1, ,132;= =… …  
iα  and 

iβ
 

are coefficients satisfying n n
i 1 i 1i i1, 0;= =∑ ∑α = β = c cq log Q=

 
is the logarithm of real income per 

capita in country c; *c cq 1 q ;= +  c

ilog p  is the logarithm of the price of good i in c; 

( ) c132
c 1i ilog p 1 132 log p=∑=  is the mean of the price of i, interpreted as the world price; and c

iε  is 

a zero-mean disturbance term, drawn from a multivariate normal distribution with a covariance 
matrix that takes two values, one for the richest 69 countries and the other for the remaining 63 
(to allow for heteroscedasticity). 

2. The second-last column contains the cross-country mean budget shares ( ) c132
c 1i iw 1 132 w ,=∑=  

while the last column contains the income elasticities at means i i
ˆ1 w ,+ β  where iβ̂  is the 

estimated slope parameter for good i. 

3. The predicted budget share of i in c at world prices is c c

i i i
ˆˆŵ =α +β q ,  where iα̂ is the estimated 

intercept. The income elasticity of i in c at world prices is then c

i i
ˆ ˆ1 w .+ β  Table 4.1 contains 

the food income elasticities for each country. 

Source: Clements and Chen (2010). 

 

4.6     The Three Indexes in 132 Countries 

With countries ranked according to decreasing income per capita, so that for 

country c<d, c is richer than d, the index cd

qyη
 in (4.9) involves a comparison of the  

quality of consumption in a richer country with a poorer one. Thus, as we expect quality 

to increase with income, when countries are ordered in this manner, the quality index is 
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likely to be mostly positive. If, for example, cd

qy 0.05,η =
 
then the quality of the 

consumption basket in the richer country c is 5 percent above that in the poorer country 

d. Similarly, as increased affluence leads to a tendency for the budget shares of luxuries 

to increase and those of necessities to decrease, the allocation index cd

wyη
 is also likely to 

be positive for rich:poor comparisons. How relative prices might change with income, is 

not clear, however. The effect of income growth is usually for wages to be higher and if 

services are labor intensive, their relative prices would tend to higher also. Under the 

additional condition that services are luxuries, we would observe luxuries to be more 

expensive in rich countries, necessities cheaper.8 In this situation, the price-structure 

index cd

py 0.η >
 
But, in general, it is not possible to unambiguously sign cd

py .η  
However, 

if cd

wyη  
and cd

qyη  
are both positive and cd

py 0,η <  approximation (4.10) implies that the 

price index cannot be too negative; that is, as an approximation, cd cd

p qy y .η η> −  

For the c=1,…,132 countries, there are 132 131 2=8,646 × distinct pairs for 

which c is richer than d (c<d). Figure 4.1 contains histograms of the three indexes for 

these 8,646 cases. As can be seen, the quality and allocation indexes are indeed positive 

on average, while the price-structure index is smaller but still positive on average. In 

moving from a poorer to richer country, on average quality increases by about 8.9 

percent, which is (approximately) made up of 10.3 percent additional spending on 

quality (the increase in the allocation index) less a 1.4-percent increase in its price (the 

structure of prices index). 

For all pairs of countries c, d=1,…,132, the quality index can be arranged in the 

form of a 132 132×  matrix cd

qy .η
    The diagonals of this matrix refer to the own-country 

comparisons, which are all zero, and the upper triangle contains the quality index for 

country c (the row label) as compared to a poorer country d (the column), that is for 

c<d; this upper triangle contains the 8,646 elements considered above. The elements in 

the lower triangle are the negative of those in the upper triangle, reflecting the 

consistency requirement that if, for example, quality in c is 5 percent above that in d, 

then d’s quality is 5 below c’s. Thus, cd

qyη
    is a skew-symmetric matrix. Table 4.3 

compares quality in each country relative to the US (d=1) by presenting the first column 

of cd

qyη
   , together with the corresponding measures for prices and spending. Thus, we 

see that while quality in Luxembourg is only about 1.7 percent less than that in the US,  

                                                      
8 This is essentially the Balassa (1964)-Samuelson (1964) argument. 
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Figure 4.1 

Distributions of the Three Bilateral Indexes for 132 Countries in 2005  

(Logarithmic changes 100)×  

                                          A. Quality                                                            B. Allocation                                                              C. Prices     

 

Note: To enhance clarity, observations falling outside the range [-80, 80] are excluded. 

Mean:         8.89 

Median:     7.94 

Max:          541.95 

Min:          -91.09 

SD:            10.46 

  

 

Mean:         10.31 
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Max:          245.12 

Min:          -98.01 

SD:            9.91 

  

 

Mean:         1.43 

Median:     1.41 

Max:          30.52 

Min:          -307.28 

SD:          4.16 
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Table 4.3 

Bilateral Quality, Prices and Allocation Indexes for 131 Countries  

Compared to US in 2005 

(Logarithmic changes 100)×  

 Indexes of   Indexes of   Indexes of 

Country Quality Prices Spending  Country Quality Prices Spending
 

Country Quality Prices Spending 

 
c1

qyη  c1

pyη  c1

wyη    
c1

qyη  c1

pyη  c1

wyη    
c1

qyη  c1

pyη

c1

wyη  

     (1) (2) (3) (4)         (5)       (6)  (7) (8)         (9) (10) (11) (12) 

1. United States 0.0 0.0 0.0  45. Lebanon -19.5 -1.5 -21.0  89. Cape Verde -16.3 -3.2 -19.5 

2. Luxembourg -1.7 -0.4 -2.0  46. Mexico -13.1 -0.6 -13.7  90. Bhutan -18.6 -4.8 -23.4 

3. Iceland -2.3 -0.6 -2.9  47. Belarus -21.0 -5.3 -26.5  91. Kyrgyz -21.1 -6.2 -27.4 

4. Norway -2.5 -0.7 -3.2  48. Kazakhstan -10.4 -2.7 -13.1  92. Sri Lanka -18.7 -4.0 -22.8 

5. UK -0.1 0.0 -0.2  49. Mauritius -14.2 -2.6 -16.9  93. Iraq -18.1 -4.3 -22.4 

6. Austria -2.3 -0.3 -2.5  50. Russia -14.5 -2.6 -17.1  94. Mongolia -21.4 -4.1 -25.6 

7. Switzerland -2.4 -0.8 -3.2  51. Bulgaria -8.9 -2.1 -11.0  95. Philippines -24.1 -4.2 -28.4 

8. Canada -0.9 -0.8 -1.8  52. Iran -7.7 -8.3 -16.0  96. Indonesia -23.0 -4.1 -27.1 

9. Netherlands -2.4 0.9 -1.5  53. Romania -13.0 -3.6 -16.7  97. Pakistan -25.0 -7.5 -32.7 

10. Sweden -2.2 0.0 -2.2  54. Oman -13.3 -1.1 -14.5  98. Morocco -16.7 -2.0 -18.6 

11. France -4.3 0.0 -4.3  55. Argentina -11.5 -1.5 -13.0  99. Lesotho -21.0 -5.0 -26.0 

12. Australia -2.2 -0.5 -2.7  56. Serbia -12.5 -4.5 -17.0  100. China -9.1 -3.3 -12.4 

13. Denmark -2.1 0.2 -1.9  57. Saudi Arabia -12.2 -0.7 -12.9  101. Vietnam -15.4 -3.1 -18.4 

14. Belgium -3.9 -0.4 -4.3  58. Chile -8.5 -1.0 -9.4  102. India -16.4 -2.7 -19.0 

15. Germany -2.7 -0.3 -3.0  59. Uruguay -10.4 -0.7 -11.2  103. Cambodia -23.4 -5.9 -29.3 

16. Hong Kong -0.3 -2.5 -2.9  60. Bosnia Herz. -15.4 -3.6 -19.0  104. Yemen -23.5 -3.3 -26.9 

17. Ireland 0.9 0.1 1.0  61. Macedonia -17.5 -3.7 -21.3  105. Sudan -30.4 -8.0 -38.4 

18. Japan -0.7 -4.8 -5.6  62. Ukraine -18.7 -2.9 -21.6  106. Lao -24.6 -5.7 -30.3 

19. Taiwan -2.8 -5.7 -8.5  63. South Africa -9.3 -0.8 -10.1  107. Djibouti -20.9 -4.7 -25.6 

20. Cyprus -6.5 -0.9 -7.5  64. Malaysia -5.6 -2.4 -8.1  108. Kenya -15.0 -3.4 -18.3 

21. Finland -3.2 0.1 -3.1  65. Turkey -14.0 -1.7 -15.8  109. Sao Tome -29.2 -6.4 -35.8 

22. Spain -4.3 0.1 -4.2  66. Montenegro -17.6 -5.1 -22.7  110. Congo, R. -17.5 -4.8 -22.2 

23. Italy -5.5 -0.8 -6.3  67. Brazil -6.9 -0.5 -7.4  111. Cameroon -24.5 -4.1 -28.7 

24. Greece -7.0 -0.9 -7.9  68. Venezuela -12.4 -3.4 -15.7  112. Nigeria -26.5 -11.4 -38.2 

25. NZ -3.7 -1.5 -5.2  69. Thailand -5.5 -1.8 -7.2  113. Senegal -24.3 -6.7 -31.0 

26. Israel -6.7 -0.2 -6.8  70. Albania -11.0 -3.7 -14.6  114. Chad -25.4 -8.4 -33.8 

27. Malta -5.2 -1.0 -6.2  71. Colombia -11.7 -3.0 -14.6  115. Nepal -27.0 -4.1 -31.1 

28. Singapore 1.1 -2.3 -1.2  72. Ecuador -13.4 -2.3 -15.7  116. Bangladesh -29.7 -3.5 -33.3 

29. Qatar -8.7 -0.9 -9.6  73. Jordan -18.0 -1.7 -19.7  117. Benin -20.9 -5.5 -26.3 

30. Slovenia -4.7 -1.0 -5.6  74. Tunisia -12.4 -2.7 -15.1  118. Ghana -24.8 -9.1 -33.9 

31. Portugal -6.2 -0.1 -6.2  75. Peru -14.3 -2.9 -17.1  119. Cote d’Ivoire -22.0 -3.5 -25.4 

32. Brunei -8.4 -3.6 -12.0  76. Egypt -22.6 -6.7 -29.4  120. S. Leone -18.4 -7.5 -25.7 

33. Kuwait -11.2 0.6 -10.6  77. Moldova -13.1 -2.4 -15.4  121. M’gascar -32.7 -7.2 -40.0 

34. Czech Rep -5.4 -1.6 -7.0  78. Maldives -12.9 -3.4 -16.3  122. Togo -25.0 -4.7 -29.7 

35. Hungary -5.8 -1.0 -6.8  79. Gabon -17.5 -7.1 -24.6  123. Burkina Faso -23.0 -3.3 -26.2 

36. Bahrain -12.8 -0.8 -13.6  80. Fiji -14.9 -2.3 -17.2  124. Guinea -19.8 -7.3 -27.0 

37. Korea -1.7 -4.4 -6.1  81. Georgia -17.6 -9.2 -26.8  125. Mali -23.7 -4.7 -28.2 

38. Estonia -7.5 -1.7 -9.2  82. Botswana -14.2 -2.7 -16.9  126. Angola -17.6 -5.1 -22.5 

39. Slovakia -7.0 -1.7 -8.7  83. Namibia -13.3 -2.7 -16.0  127. Rwanda -27.3 -2.7 -29.9 

40. Lithuania -13.7 -2.4 -16.1  84. Swaziland -22.9 -6.6 -29.6  128. C. Africa -30.9 -6.6 -37.6 

41. Poland -9.8 -1.3 -11.1  85. Syria -28.6 -4.5 -32.9  129. M’bique -34.3 -4.6 -39.0 

42. Croatia -9.5 -2.2 -11.7  86. Bolivia -15.2 -2.2 -17.4  130. Niger -21.9 -3.8 -25.4 

43. Macao -2.2 -2.0 -4.2  87. Equat.Guinea -18.8 -6.8 -25.6  131. G-Bissau -31.9 -4.1 -36.1 

44. Latvia -10.6 -2.2 -12.8  88. Paraguay -18.8 -0.8 -19.5  132. Congo, D. R. -33.2 -6.5 -39.3 
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Figure 4.2 

Scatter Plots of Three Bilateral Indexes against Income 
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Note: The equation in each of the three panels shows the LS regression line, where the notation “y” 
represents the variable shown on the vertical axis and “x” for the variable on the horizontal axis.  
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Figure 4.3 

The Approximation Errors 

           ( )cd cd cd

w q py y y ,  c d,  100η η η− − < ×  

 

 

it is 33 percent lower in the Congo. With only a few exceptions, c1

qy 0,η <
 
so quality falls 

with income, as does its price (but at a slower rate) and expenditure. Roughly speaking 

there is an 80:20 rule, whereby 80 percent of the change in expenditure flows directly 

into the volume of quality, with the remaining 20 percent accounted for by prices. 

Figure 4.2 which plots the three indexes against the corresponding income differences, 

clearly show how these increase with affluence. Figure 4.3 shows that the errors 

associated with approximation (4.10) are quite modest, so the approximation is 

satisfactory. 

 

4.7     A Multilateral Formulation 

The above comparisons are all relative to the US. This is subject to two 

objections. First, although the US has the largest economy in the world, using this  

country as the base is still asymmetric as it singles it out for unnatural, special attention. 

A more neutral approach that treats all countries symmetrically would be appealing. The 

second problem when we compare one country with the US is that as this comparison is 

based on just one observation, it may be unreliable due to chance factors. A more robust 

measure would use observations on all relevant countries, which would decrease the 

 

Mean - 0.0064  

Min 1.0239−  

Max 10.4504  

SD 0.1478  

No. 8,646  
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role of chance. With these considerations in mind, in this section we formulate a 

summary measure of the pairwise comparisons, so we move from a bilateral index of 

quality involving pairs of countries to a multilateral version that compares each country 

with the mean.9 We commence at the individual-country level and then aggregate to 

groups of countries. 

Individual Countries 

We express the 2132 17, 424=  elements of the matrix cd

qyη
    

in terms of a 

smaller number of parameters as follows:  

(4.11) cd

q c d cdy ,    c,  d 1, ,132,η = α − α + ε = …  

where cα  is a parameter that satisfies 132

c 1 c 0,=Σ α =  and cdε  is a zero-mean disturbance 

term with ( )2 2

cdE .ε = σ  Model (4.11) states that aside from random factors, the quality 

index for countries c and d is equal to the difference between a factor for c and one for 

d, so that for all pairs c,d 1, ,132,= …  the 17k+ pairwise comparisons are reduced to 

132-1 parameters. Thus, this model provides a summary in a parsimonious manner, 

which helps keep things manageable, but the cost is that it rules out specific interactions 

between countries or groups thereof. The zero-sum constraint implies that the mean of 

the parameters 1 132, ,α α… is zero. This is an identifying constraint that is similar to 

employing an arbitrary base (such as 100) for any index of levels.  

In cd

qy ,η  country c is compared to d, so c could be termed the comparator and d 

the comparatee. Accordingly, the term d-α  in model (4.11) is interpreted as the 

“comparatee effect” and cd

q dyη + α  is the quality index net of this effect. Model (4.11) 

then implies that ( )cd

q d cE y ,η + α = α  which shows that cα  is the expected value of 

quality in country c, independent of the comparatee country. Similarly, 

( )cd

d q cE yη−α = − α is quality in d independent of the comparator, while adjusting for 

both effects gives ( )cd

q c dE yη − α + α ( )cdE 0.= ε =  Interchanging the roles of the two 

countries in the comparison simply results in a change in sign of these measures, 

                                                      
9 This amounts to applying the the stochastic approach to index numbers to the quality indexes, so there 
are indexes of indexes. The stochastic approach (SA) recasts conventional index-number theory in an 
econometric framework in which randomness is made explicit and the focus moves from a single number 
(the index value) to its whole distribution. For reviews of the SA, see Clements et al. (2006) and 
Selvanathan and Rao (1994). In a recent overview of the whole area, Diewert (2008) classifies the SA as 
one of four major approaches to index number theory, the others the fixed basket, the test and the 
economic approaches.  
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reflecting the (skew) symmetric nature of the comparisons. In view of the zero mean of 

the country parameters, another interpretation of cα  is the quality of consumption in 

country c as compared to the mean of all countries, so quality is higher than average in 

some countries, lower in others, balancing out to zero over all countries. To further 

interpret the model, for comparator country c, sum both sides of equation (4.11) over 

d 1, ,132= …  and use 132

d 1 d 0=Σ α =  to give 132 cd

d 1 q c cy 132 E ,= ηΣ = ⋅α +  where 132

c d 1 cdE == Σ ε  is 

the sum of the disturbances involving c. Thus, ( )132 cd

c d 1 q c1 132 y E ,= ηα = ⋅ Σ − which is the 

corresponding row average with the random component excluded. In summary, model 

(4.11) allows us to make simple, one-dimensional comparisons of quality across 

countries.10  

In Appendix A4.1, model (4.11) is formulated as a dummy-variable regression 

for all 132 countries simultaneously and it is shown that the least-squares estimates are 

(4.12) ( )
132

2

2
d 1

c c
cd

q

1 131
ˆy ,    with var ,

132 2 132
ˆ ˆ

=
η= = σ ⋅∑

×
α α  c 1, ,132,= …     

where ( )2 2132 132
c 1 d 1 cd

ˆˆ 1 132 132 1 1 = =σ = − + ⋅ ε  Σ Σ   is the estimated error variance and 

cd

cd q c d
ˆ ˆ ˆyηε = − α + α  is the residual for the pair of countries [c, d]. According to 

expression (4.12), the estimate of the parameter cα  for country c is just the mean of the 

quality index for all pairwise comparisons involving that country. The elements of the 

thc  row of the matrix cd

qy ,η
    

c,1 c,132

q qy , , y ,η η…
 
give the quality in country c relative to each 

of the 132 countries in the world. The estimate cα̂  is the closest single number to these 

132 values in a least-squares sense. The above interpretation of cα  is 

( )132

d 1 c

cd
q1 132 y E ,

= η⋅ −Σ  which is the same as (4.12) except for the zero-mean term cE .  

When the quality index can be better approximated by model (4.11), the error variance 

cσ̂   is lower. Expression (4.12) thus reveals that in this case, the sampling variance of 

cα̂  is lower. These results are intuitively appealing.  

Columns 2, 6 and 10 of Table 4.4 contain the estimates of model (4.11). These 

show that the quality of consumption in the top 60+ countries is mostly above the mean 

and the rest mostly below. Ignoring a couple of outlying cases, the range of quality is 

roughly [-12, 12] percent around the mean. Compared to the previous results for the 

                                                      
10 Model (4.11) was proposed by Theil (1967, Sec. 5.3). Our approach extends Theil’s work by showing 
how this model leads to a stochastic index number and developing its econometric implications; see 
Appendix A1 for details. 
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bilateral comparisons involving the US, in general, the impact of the averaging over 

countries is to reduce the quality differences. There are a couple of anomalous figures, 

but in the context of 132 countries, these are of no great cause for concern. As indicated 

in the note to Table 4.4, the standard error of the estimates is small at about 0.5 percent. 

The two other sets of figures in Table 4.4 apply exactly the same stochastic index 

approach to the structure-of-prices and the spending indexes. These results roughly 

conform to the 80:20 rule of the previous section. Note also that these estimates satisfy 

c (volume)α  c (spending)≈ α  c (price),−α
  

which is constraint (4.10) in stochastic-index 

form. 

Groups of Countries 

The above analysis compresses the large volume of numerical results into 

something more manageable. Still further economies can be had by aggregating 

countries into groups with similar incomes. A simple approach is to divide the 132 

countries into 6 groups, each containing 22 members, as indicated by the grid lines of 

Table 4.4. If we denote these groups by 1 6, , ,S S…  the “groupwise” version of model 

(4.11) is then 

(4.13) cd

q g h cd g hy A A ,    c S ,d S ,   g,h=1, ,6,η = − + ζ ∈ ∈ …  

where gA  is a parameter for group g that satisfies 6

g 1 gA 0.=Σ =  The role of each member 

country of the group is now the same in the sense that for g hc ,  d∈ ∈S S , 

( )cd

q h gE y A Aη + =  and ( )cd

q g hE y A A .η − = −  Another way to visualise the workings of 

this model is to compare it to the individual country model: Model (4.11) under the 

constraint c g gα A ,  c ,= ∈S  coincides with (4.13). Columns 2, 4 and 6 of Table 4.4 show 

that this constraint is not exactly satisfied, but because countries within a group have 

similar incomes, in the main the departures are not gross. As established in Appendix 

A4.1, the LS estimate of  gA  is 
g c c

ˆ ˆA 1 22 ,∈= ⋅Σ α
Sg

 where cα̂  is the estimate of the 

parameter for country c defined in equation (4.12), so the estimates are consistent in 

aggregation.  

The estimates for the quality index for country groups are given in column 2 of 

panel A of Table 4.5, while the other columns give the pairwise comparisons implied by 

model (4.13), g h
ˆ ˆA A ,−  g, h=1, ,6,…  and g<h.  The first entry of column 2, 11.89,  
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Table 4.4 

Multilateral Indexes of Quality, Prices and Spending for 132 Countries in 2005 

(Logarithmic changes 100)×  

 Index
c

α   Index
c

α   Index
c

α  

  Country Quality Prices Spending Country Quality Prices Spending Country Quality Prices Spending 

     (1) (2)   (3)     (4)      (5) (6) (7) (8)       (9) (10) (11) (12) 

1. United States 13.9 3.1 17.1 45. Lebanon -5.3 2.8 -2.6 89. Cape Verde -3.7 -0.1 -3.9 

2. Luxembourg 12.3 2.2 14.5 46. Mexico 0.8 2.2 3.0 90. Bhutan -6.4 -0.3 -6.8 

3. Iceland 12.0 1.7 13.7 47. Belarus -5.6 -0.6 -6.2 91. Kyrgyz -6.6 -2.2 -8.8 

4. Norway 11.7 2.0 13.7 48. Kazakhstan 1.4 0.4 1.8 92. Sri Lanka -4.3 -0.8 -5.0 

5. UK 14.7 2.2 16.9 49. Mauritius -0.6 0.3 -0.3 93. Iraq -5.8 -0.5 -6.3 

6. Austria 12.2 2.0 14.2 50. Russia -0.5 0.8 0.3 94. Mongolia -8.6 -0.2 -8.8 

7. Switzerland 11.3 2.0 13.3 51. Bulgaria 5.0 0.2 5.3 95. Philippines -8.3 -0.2 -8.5 

8. Canada 13.2 1.4 14.5 52. Iran 5.3 -5.1 0.1 96. Indonesia -7.5 -0.5 -8.0 

9. Netherlands 11.3 4.0 15.3 53. Romania 0.6 -0.3 0.2 97. Pakistan -10.1 -2.5 -12.6 

10. Sweden 11.5 2.7 14.2 54. Oman -0.2 2.0 1.8 98. Morocco -2.6 0.4 -2.2 

11. France 9.1 3.0 12.1 55. Argentina 2.3 1.5 3.7 99. Lesotho -8.6 -1.2 -9.7 

12. Australia 11.7 1.8 13.5 56. Serbia 0.9 -1.1 -0.2 100. China 4.6 -1.1 3.6 

13. Denmark 11.7 2.8 14.5 57. Saudi Arabia -0.4 2.3 1.9 101. Vietnam -1.7 -0.3 -2.0 

14. Belgium 9.3 2.6 11.9 58. Chile 3.5 1.6 5.1 102. India -3.2 0.6 -2.6 

15. Germany 10.5 2.5 13.1 59. Uruguay 1.8 2.2 4.0 103. Cambodia -8.9 -1.3 -10.2 

16. Hong Kong 14.3 -0.6 13.8 60. Bosnia Herz. -1.0 -0.1 -1.2 104. Yemen -10.0 0.7 -9.3 

17. Ireland 16.1 1.9 18.0 61. Macedonia -3.3 0.2 -3.1 105. Sudan -14.2 -3.5 -17.5 

18. Japan 13.6 -2.5 11.1 62. Ukraine -4.0 0.9 -3.1 106. Lao -9.7 -1.6 -11.3 

19. Taiwan 11.8 -3.0 8.7 63. South Africa 2.9 1.7 4.6 107. Djibouti -7.9 -1.7 -9.7 

20. Cyprus 8.5 1.3 9.8 64. Malaysia 8.4 -0.7 7.7 108. Kenya -0.8 -0.9 -1.7 

21. Finland 10.4 2.7 13.1 65. Turkey -0.8 0.9 0.0 109. Sao Tome -13.5 -2.0 -15.5 

22. Spain 10.4 2.6 13.1 66. Montenegro -3.8 -0.9 -4.8 110. Congo, R. -2.7 -2.2 -4.8 

23. Italy 8.0 1.9 9.9 67. Brazil 5.2 2.0 7.2 111. Cameroon -9.2 -1.0 -10.1 

24. Greece 7.7 1.6 9.3 68. Venezuela 1.9 -0.8 1.1 112. Nigeria -11.2 -6.4 -17.6 

25. NZ 10.3 0.8 11.1 69. Thailand 9.1 -0.7 8.4 113. Senegal -9.4 -2.8 -12.2 

26. Israel 6.5 2.6 9.1 70. Albania 2.4 -0.9 1.5 114. Chad -8.1 -4.1 -12.1 

27. Malta 9.8 1.3 11.1 71. Colombia 1.5 -0.4 1.1 115. Nepal -13.8 0.6 -13.1 

28. Singapore 16.2 -1.0 15.2 72. Ecuador 0.2 0.3 0.5 116. Bangladesh -15.6 0.8 -14.7 

29. Qatar 3.3 2.4 5.6 73. Jordan -5.1 1.7 -3.4 117. Benin -5.3 -2.4 -7.7 

30. Slovenia 8.8 1.3 10.2 74. Tunisia 2.0 -0.5 1.4 118. Ghana -11.1 -4.8 -15.9 

31. Portugal 7.3 2.6 10.0 75. Peru 0.4 0.0 0.4 119. Cote -7.3 -0.5 -7.7 

32. Brunei 6.5 -1.1 5.4 76. Egypt -7.6 -1.6 -9.2 120. S. Leone -5.3 -3.4 -8.8 

33. Kuwait 1.1 3.7 4.8 77. Moldova 0.1 0.1 0.2 121. M’gascar -17.2 -2.6 -19.8 

34. Czech Rep 8.1 0.9 9.0 78. Maldives -1.9 0.1 -1.9 122. Togo -9.3 -1.7 -10.9 

35. Hungary 7.4 1.5 8.9 79. Gabon -3.4 -2.9 -6.3 123. Burkina -7.9 -0.2 -8.0 

36. Bahrain -0.4 2.9 2.5 80. Fiji -2.7 0.9 -1.8 124. Guinea -2.7 -6.2 -8.7 

37. Korea 12.9 -2.8 10.1 81. Georgia -3.5 -5.1 -8.6 125. Mali -10.0 -1.5 -11.6 

38. Estonia 6.0 0.8 6.8 82. Botswana -1.9 -0.7 -2.6 126. Angola -3.0 -2.3 -5.3 

39. Slovakia 6.3 1.0 7.3 83. Namibia -0.6 0.1 -0.6 127. Rwanda -14.5 0.7 -13.8 

40. Lithuania 0.4 1.2 1.5 84. Swaziland -8.9 -1.4 -10.3 128. C. Africa -15.4 -2.8 -18.3 

41. Poland 3.1 1.9 5.1 85. Syria -14.0 0.7 -13.1 129. M’bique -19.8 -0.2 -20.0 

42. Croatia 4.5 0.6 5.1 86. Bolivia -0.9 0.0 -1.0 130. Niger -6.2 -1.0 -7.1 

43. Macao 13.6 -0.7 13.0 87. Equat. Guinea -4.3 -2.6 -6.9 131. G-Bissau -17.0 -0.4 -17.4 

44. Latvia 2.9 0.7 3.6 88. Paraguay -4.3 2.2 -2.1 132. Congo, D.R -23.5 -0.5 -24.1 

Note:  The standard errors ( 100)×  of the indexes of quality, prices and spending are 0.48, 0.23 and 0.20, respectively. 
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means that the quality of consumption in the richest 22 countries is about 12 percent 

above the average for the world, while according to the sixth entry, -11.03, quality in 

the poorest countries is about 11 percent below average. Thus, quality in the richest, as 

compared to that in the poorest, is higher by 11.89+11.03=22.92, or about 23 percent, as 

indicated by the first entry of column 7. Moving down the first six elements of column 

2, the largest jump is from “Medium Rich” to “Lower Rich” (group 2 to 3), whereby 

quality falls by more than 6 percentage points. These differences in quality still seem to 

be reasonably modest in view of the substantially larger income disparities. In other 

words, quality increases with income, but at a slower rate, which was foreshadowed at 

the end of Section 4.4 above. This difficulty in enhancing the quality of the 

consumption basket may be an explanation of the apparent lengths to which consumers 

in rich countries are prepared to go to in the pursuit of ever more elaborate ways to 

spend their incomes.11  Panels B and C of Table 4.5 apply the same country-group 

approach to prices and spending and the results are similar to before. In richer countries 

as compared to the poor, there is more spending on quality and luxuries are more 

expensive while necessities are cheaper. And the price effect is smaller than the 

spending effect.12 

 

4.8     Quality and Uncertainty 

The above measures of quality are based on income elasticties and the quantities 

consumed, which both have random components: The income elasticities are only 

estimates and are subject to estimation uncertainty, while the quantities are drawings 

from an underlying probability distribution. Accordingly, the quality indexes can be 

thought of as referring to expected values. In this section, we explicitly recognise 

randomness and introduce procedures to analyse the whole distribution of the quality 

index.  

                                                      
11 Fascination with, and the regulation of, spending patterns of the rich is a topic with a long history. For 
example, in Roman times, laws restricted certain types of expenditures, including the cost of funerals and 
memorials to the decreased, while in medieval Europe only royals were permitted to wear linen and lace 
(Frank, 1999, p. 199). Veblen (1899) pointed to the apparent excesses of consumption of the rich in the 
US Gilded Era, 1890-1915, and coined the term “conspicuous consumption”. More recently, Frank (1999) 
documents a surge in luxury spending in the US during the boom of the 1990s; this surge surely extended 
up to the financial crisis of 2007. He argues much of that spending was socially wasteful and cites 
colourful examples of $17,000 watches, sales of luxury cars, bigger and better equipped houses, pleasure 
craft, professional home appliances and cosmetic surgery (Frank, 1999, pp. 16-27). This type of spending 
is indicative that it is not easy to enhance the effective quality of the consumption basket of the rich and 
the extraordinary “efforts” they have to incur to increase this quality. This suggests a low income 
sensitivity of quality.  
12 See Appendix A4.2 for an analysis of the income sensitivity of the volume of, price of and spending on 
quality. 
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Table 4.5 

Multilateral Indexes for Six Groups of Countries in 2005 

(Logarithmic changes 100)×  

Country 
group 

 
(1) 

Index  

gA  

(2) 

Groupwise comparison g hA A−  

2. Medium 
rich 
(3) 

3. Lower 
rich 
(4) 

4. Upper 
poor 
(4) 

5. Medium 
poor 
(6) 

6. Very 
poor 
(7) 

A. Quality 

1. Very rich 11.89 5.05 11.55 13.54 18.27 22.92 

2. Medium rich 6.84  6.50 8.49 13.22 17.87 

3. Lower rich 0.34   1.98 6.72 11.37 

4. Upper poor -1.65    4.73 9.38 

5. Medium poor  -6.38     4.65 

6. Very poor -11.03      

B. Prices 

1. Very rich 1.75 0.65 1.25 2.19 2.72 3.69 

2. Medium rich 1.10  0.60 1.54 2.07 3.04 

3. Lower rich 0.50   0.94 1.47 2.44 

4. Upper poor -0.44    0.53 1.50 

5. Medium poor -0.97     0.97 

6. Very poor -1.94      

C. Spending 

1. Very rich 13.64 5.70 12.82 15.72 20.98 26.59 

2. Medium rich 7.94  7.12 10.02 15.28 20.89 

3. Lower rich 0.82   2.90 8.17 13.77 

4. Upper poor -2.09    5.26 10.87 

5. Medium poor -7.35     5.61 

6. Very poor -12.96      

 Note:  The standard errors ( )100× of the indexes of quality, prices and spending are 0.10, 0.05 and 0.08, respectively. 

 
 

The Florida demand model of Table 4.2 can be written for the n-1=11 

commodities as  

(4.14) ( )c c c, ,= +w f x θ εθ εθ εθ ε  

where cw  and cεεεε  are vectors of budget shares and disturbances for country c, cx  is a 

vector of income and prices, and θθθθ  is a vector of parameters. We simulate the budget 

vector for country c from equation (4.14) by (i) drawing cεεεε  from a multivariate normal 
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distribution with mean vector zero and covariance matrix equal to its data-based 

maximum likelihood estimate; (ii) using for θθθθ  its data-based estimate; and (iii) using 

the observed values of cx . Repeating this for each of the 132 countries leads to 132 

values of the simulated budget vectors, c(s)w , c =1,…,132, which are used together with 

cx  to reestimate the model by the same ML procedure to yield (s).θθθθ  These simulated 

values are then used to reevaluate the income elasticties, quantities, and the quality 

index. Repeating this procedure 1,000 times yields the distribution of the quality index, 

which we summarise in the form of the stochastic index numbers for the six groups of 

countries.13  

Figure 4.4 contains the results in the form of histograms that compare quality in 

one group of countries with that in another. There are several noteworthy patterns. 

First, the move from left to right along a given row involves comparing one group with 

successively poorer ones. As the distributions shift to the right with such a move, this 

means that quality becomes more different the greater are the income differences. 

Second, while the means are reasonably close to the values in panel A of Table 4.5, 

there is a systematic tendency for them to be lower, which is a reflection of Jensen’s 

inequality. Third, for “neighbouring” country groups on the income scale, the standard 

deviations of the quality differences are of the order of 1 percent. Fourth, the dispersion 

of the quality distribution rises with the “income distance” between the groups being 

compared, which is reasonable. For example, comparing the very rich with the very 

poor, the average quality difference is about 18 precent with a standard deviation of 1.9 

percent. All in all, it seems that the quality distribution is fairly compact.  

Figure 4.5 plots the probability of quality differences against the “distance” 

between individual countries. As can be seen, this probability is much less than 1 for 

closely located countries, but rises rapidly and hits about 0.9 for a 30-country distance. 

Thus, there is a high probability of quality differences for more distant countries on the 

income scale. Finally, rather than dealing with all the combined influence of all pairs of 

countries, Figure 4.6 provides some more detail by showing similar quality 

probabilities for individual pairs.  Starting at the far right and moving towards the left, 

panel A of this figure plots the probability of US quality exceeding that in countries that 

                                                      
13 As the Florida model does not constrain the budget share to the [0,1] interval, in some trials the 
simulated share fell outside this range. In these instances, we disregarded the trial and drew a new one. If 
after repeating this approach three time, the [0,1] constraint is still violated, the share vector is set to its 
observed value. This implies that the simulation provides a lower bound to the true dispersion of the 
quality index. 
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Figure 4.4 

Histograms of Simulated Multilateral Quality Indexes for Six Country Groups 

( )Logarithmic ratios 100×
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Note: The 132 countries are ranked by income per capita and then divided into 6 groups of 22 countries each.
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Figure 4.5 

Quality Differences and Distance between Countries  

 

 

 

Notes: Countries are indexed by c 1,...,132=  and ranked in terms of decreasing per capita income. 

This figure gives the relative frequency that country c consumes a higher quality basket than 

country c+x ( x 1,≥ the “distance” between countries) for c 1,...,131.=   
 

 

become poorer and poorer. As for country 40 (Lithuania) this probability is about 0.9, 

in about ( )131 40 131 70− ≈  percent of instances, quality in the US exceeds that in 

other countries with high probability. Panel B gives the corresponding probabilities for 

all pairs of counties. This panel is like a waterfall with the water level, which plays the 

role of the probability, falling by about one half, from 1 to something around 0.5. The 

source of the water is concentrated where there is maximum contrast between countries, 

at the point that compares the Congo with the US (coordinates c=132, d=1). The water 

flow then becomes wider and its level falls as countries become closer on the income 

scale, to end with comparisons of immediate neighbors (coordinates c=1,…,131, 

d=c+1).14 

 

4.9     Concluding Comments 

As fillet steak costs more than twice rump steak, it is readily understood that it 

is a higher quality product. It is more nutritious, contains less fat and tastes better (at 

least to most meat-eaters), which is why consumers are willing to pay more for it. 

                                                      
14 Note that panel A of Figure 6 is the back right-hand “edge” panel B. Note also that Figures 5 and 6 are 
from the simulations of the stochastic index approach. Results derived from the simulated quality index 
itself are very similar. 

Distance 

x 

P (quality in c > quality in c+x) 
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Similarly, flying business class rather than economy on long flights involves a better 

travel experience, with better service, better food and drink, and a higher chance of a 

more restful trip. But even in these nominally clear-cut cases, the comparison of the 

different varieties still entails considerable subjectivity – the quality difference is real, 

but mostly in the eye (mouth?) of the beholder. This issue becomes even more difficult 

for measuring the quality of the whole consumption basket that contains markedly 

diverse products: In what meaningful sense is it possible to compare the quality of 

restaurant meals and medical services, for example? In short, quality is a difficult 

concept and even more difficult to quantify. 

Theil (1975/76) proposed the clever idea of measuring quality on the basis of 

the luxury/necessity distinction of goods. As more affluent consumers spend relatively 

more on luxuries, less on necessities, luxuries are more desirable than necessities. 

Quality thus increases when consumption moves towards luxuries, away from 

necessities. As it is based on the dimensionless concepts of income elasticities and rates 

of growth of consumption, this measure of quality has the advantage of being 

applicable to the whole consumption basket comprising diverse goods and services. 

When Scott Fitzgerald declared “The rich are different than you and me”, Ernest 

Hemingway is said to have responded “Yes, they have more money”. Hemingway 

could easily have added “…and spend it on luxuries”.  

In this chapter, we introduced a new approach to the price of and spending on 

quality, with Theil’s measure of quality emerging as a volume index equal to spending  

deflated by price. To allow for the influence of estimation error and other sources of 

randomness, we also introduced measures of uncertainty of quality. Using the recent 

International Comparisons Program data for 100+ countries, we find that on average 

quality increases with income, but at a slower rate; luxuries are relatively more 

expensive in richer countries, necessities cheaper; and 80 percent of additional spending 

on quality flows into the volume component, with the remaining 20 percent accounted 

for by higher prices. 
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Figure 4.6 

Probability of Quality Differences, 132 Countries  
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Appendices 

A4.1    Quality As A Stochastic Index Number 

This appendix contains the details of the multilateral measure of quality of 

Section 4.7 that involves a stochastic-index number approach. We commence with the 

case of individual countries and then proceed to groups of countries. 

 

A4.1.1   Matrix Formulation for One Country 

Model (4.11) expresses the quality index for countries c and d as 

cd

q c d cdy .η = α − α + ε  To simplify the notation, we omit the subscript qη  from cd

qyη  
and 

write this model as  

 cd c d cdy ,= α − α + ε                                                                                                 

where cα  is a parameter that satisfies N
c 1 c 0,=∑ =α  N is the number of countries and cdε   

is a zero-mean disturbance term with ( )2 2

cdE ,ε = σ  c,d 1, , N.= …  Write the model in 

dummy-variable format as 

 
( )

N

cd i ic id cd
i 1

y ,
=

= α δ − δ + ε∑  

where ij 1δ =  if i j,=  0 otherwise.  

The above model can be expressed for the thc  country in vector form as  

(A4.1) c c c ,= +y X α εα εα εα ε                                                                                                       

where c ,y  αααα  and cεεεε  are N 1×  vectors with [ ]c c1 cNy , , y ,′=y …   [ ]1 N, , ′= α α…αααα  and 

[ ]c c1 cN, , ,′= ε ε…εεεε  while cX  is an N N×  matrix defined as c ,′− +I ιιιιιιιι  where I  is the 

N N×  identity matrix, ιιιι  is a unit column vector, and cιιιι  is a vector of N elements with 

the thc  element unity and zeros elsewhere. Thus, 

c1

c,c 1

c cc c

c,c 1

cN
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The thi  row of cX  refers to the comparison between country c and i, so the thi  element 

is -1 and the thc  element is 1. The constraint N
i 1 i 0=∑ α =  can be handled by substituting 

N 1
i 1 i

−
=∑− α  for N ,α  so the reduced model involving N-1 parameters becomes  

(A4.2) *

c c c ,∗= +y X α εα εα εα ε  

where [ ]*

1 N 1, , −= α α…αααα  is a ( )N 1 1− ×  vector, and *

cX  is a ( )N N 1× −  matrix with the 

thi  column given by ( ) ( ) ( )*

c c ci Ni
,= −X X X  i 1, , N 1,= −…  the corresponding column 

of cX  minus the last column of c ,X  where ( )
i

⋅  denotes the thi  column of matrix inside 

the brackets. That is, 

(A4.3)

 

*

c

1 1

1 1
0

 = ,
1 1

1 1
1 1 2 1 1

− 
 
 −
 
 −
 
 −
  

X

� �

� �

� �

 when c N,≠  and *

N

2

2
2

= .
2

2
0 0 0 0 0

− 
 
 −
 −
 −
 
 

− 
 

−

−

X

1

1

�

�

� �

 

Accordingly, the ( ) ( )N 1 N 1− × −  moment matrix is  

(A4.4) * *

c c c cN′ ′ ′= + +X X I ιι ι ιιι ι ιιι ι ιιι ι ι  for c N,≠  and * *

N N (N 1) ,′ ′+ +X X = I ιιιιιιιι   

where  I  is the ( ) ( )N 1 N 1− × −  identity matrix, ιιιι  is an ( )N 1 1− ×  unit vector, and cιιιι  is 

a vector of N 1−  elements with the thc  element unity and zeros elsewhere. 

 

A4.1.2   All Countries Combined 

 Model (A4.2) refers to the pairwise comparisons involving country c. As the 

parameter vector ∗αααα  refers to all N 1−  countries, we combine (A4.2) for c 1, , N,= …  as 

 
,  ∗ ∗= +y X α εα εα εα ε  

where y  and εεεε  are 2N 1×  vectors with [ ]1 N, , ′′ ′=y y y…  and [ ]1 N, , ,′′ ′= …ε ε εε ε εε ε εε ε ε  and 

* * *

1 N, ,
′ ′ ′

 
X = X X…  is an ( )2N N 1× −  matrix. The least-squares estimator of *αααα  is   

(A4.5)
 

( )* * *ˆ ∗ ′ ′ ,X X X y
−1−1−1−1

α =  α =  α =  α =   with  ( ) ( )* *ˆvar ,∗ ′σ X X
−1−1−1−1

2222α =α =α =α =                                             

where σ2222  is the variance of the disturbance term.     
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A4.1.3   Scalar Expressions 

To derive simple, interpretable scalar expressions for (A4.5), we proceed in four 

steps. 

(i)  The Moment Matrix 

 Define 
N* * * *

c cc=1
= ,′ ′=∑Z X X X X  which is an ( ) ( )N 1 N 1− × −  matrix. Applying 

(A4.4), this can be expressed as  

 
[ ] [ ] ( )

N 1

c c
c 1

N (N 1) 2N + ,
−

=

′ ′ ′ ′= + + + + = ⋅∑Z I + I Iιι ι ι ιι ιιιι ι ι ιι ιιιι ι ι ιι ιιιι ι ι ιι ιι  

as N 1
c 1 c cN N .−
=∑ ′ = Iι ιι ιι ιι ι  That is, the ( )

th
i, j  element of Z  is ijz 4N=  for i j,=  and ijz 2N=  

for i j.≠  The inverse of Z  is  

 (A4.6) ( )-1 2= 2N ,′ΝZ I - ιιιιιιιι   

so that its ( )
th

i, j  element is ( )ij 2z N 1 2N= −  for i j,=  and ij 2z 1 2N= −  for i j.≠  It is 

to be noted that when N is moderately large, the off-diagonal elements of -1Z  are small 

numbers and the diagonal elements are approximately ( )
1

2N .
−

  

 (ii) The Estimator of cα  

The product ( )* * * -1 *′ ′ ′X X X = Z X
−1−1−1−1

 in equation (A4.5) can be written in 

partitioned form as -1 * -1 * -1 *

1 N, , . ′ ′ ′=
 

Z X Z X Z X…  As shown in Section A4.1.5, for 

c 1, , N,= …  we have ( )-1 *

c c, N1 2N ,−
′ ′= ⋅Z X X  where c, N−X  is the original matrix cX  

with the last column omitted. Substituting this expression into (A4.5), we have, for 

c 1, , N 1,= −…  

(A4.7)
 

( )N N
d 1 d 1c cd dc cd

1 1
ˆ y y y ,

2N N= =α = − =∑ ∑   

as dc cdy y .= −  For the derivation of result (A4.7), see Section A4.1.5.  

(iii)  The Sampling Variance 

The sampling variance of ˆ ∗αααα  is 2 -1.σ Z  As there are 2N  observations and N-1 

unknown parameters, an unbiased estimator of 2σ  is  

(A4.8) 
( )

N N
2 2

cd2
c 1 d 1

1
ˆˆ ,

N - N -1 = =

σ = ε∑ ∑  
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where cd cd c d
ˆ ˆ ˆyε = − α + α  is the residual for the ( )

th
c, d  observation. Accordingly, we 

have  

 	 ( ) ( )2 -1 2 2ˆ ˆ ˆvar = 2N ,∗ ′σ = σ ΝZ I -α ιια ιια ιια ιι   

so that 	 ( ) ( )* 2 2

c
ˆ ˆvar = N 1 2N .α σ − This expression is the same for each c 1, , N 1.= −…  

Define [ ]cdy ,=Y  an N N×  skew-symmetric matrix. The above approach uses 

all elements of this matrix in the sense that estimator (A4.7) is the mean of the cth row of 

.Y  If, alternatively, only the elements in the upper triangle of Y  are used, expression 

(A4.7) does not change. But as we now use only ( )N N -1 2×  observations, the sum of 

squared residuals is half of that when all elements of Y  are employed. Thus, after 

simplifications, the estimator of 2σ  in this case is  

 ( ) ( )

N N
2

cd
c 1 d 1

ˆ ,
N - 2 N -1 = =

1
ε∑ ∑

×
 

which has the same order as (A4.8). 

(iv) The Last Country 

The estimator of the parameter Nα  for country N is 

 

N 1 N 1 N N

N c cd Nd
c 1 c 1 d 1 d 1

1 1
ˆ ˆ y y ,

N N

− −

= = = =

α = − α = − =∑ ∑ ∑ ∑   

which follows from .′ = 0Yι ιι ιι ιι ι  As the estimated covariance matrix of ˆ ∗αααα  is 

( )2 2ˆ 2N′σ ΝI - ιιιιιιιι  and 
N

ˆ ˆ ,∗′α = −ι αι αι αι α  the variance of Nα̂ is 

 
	 ( ) 	 ( ) ( ) 	 ( )2 2

c
ˆ ˆ ˆˆvar var N 1 2N var ,∗

Ν
′α = σ − = αι α ι =ι α ι =ι α ι =ι α ι =  c 1, , N 1.= −…  

The results of this paragraph establish that there is no asymmetry for country N: The 

estimator of 
Να  has exactly the same form as do those for c ,α c 1, , N 1,= −…  and the 

same is true for its sampling variance. 

 

A4.1.4    Groups of Countries 

This section deals with model (4.13) of the text, when countries are grouped 

together. The N countries are ranked according to income and aggregated into G<N 

groups, 1 G ,,…,S S  with m N G=  countries in each group. Defining gA  as the 

parameter for group g, ,g=1,…,G  the model becomes cd g h cdy A A ,= − + ζ  

g hc ,  d∈ ∈S S  or 
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( )

g g

G

cd g c d cd
g 1

y A ,∈ ∈
=

= δ − δ + ζ∑ S S  

where 
gc 1∈δ =

S
 if gc∈S  and 0 otherwise, and cdζ  is a zero-mean disturbance term with 

( )2 2

cdE .ζζ = σ  There are now G unknown parameters in this model and if both country c 

and d are in the same income group, we have 
g gg c g dA A∈ ∈δ = δ

S S
 and cd cdy .= ζ   

For country gc∈S , we start with a formulation similar to (A4.1): 

(A4.1') c c c ,= +y X A ζζζζ           

where A  is a G 1×  vector, cy  and cζζζζ  are N 1×  vectors with [ ]1 GA , , A ,′=A …  

[ ]c c1 cNy , , y ′=y …   and [ ]c c1 cN, , .′= ζ ζ…ζζζζ  The term cX  is an N G×  matrix, and in 

terms of groups, cX  has a similar form as that defined below equation (A4.1), 

c ,′− +I ιιιιιιιι but now I  is the G G×  identity matrix, ιιιι  is a G 1×  unit column vector, and cιιιι  

is a vector of G elements with the thc  element unity and zeros elsewhere. Additionally, 

as the dummy variables for each of the m members of a group take the same values, the 

matrix cX  takes the Kronecker product form ( )c m 1,×
′− + ⊗I ιι ιιι ιιι ιιι ι  where m 1×ιιιι  is a m 1×  unit 

column vector. Thus, for gc ,∈S  g 1, ,G -1,= …   the matrices cX  and *

cX , under the 

constraint G
g 1 gA 0,=∑ =  are  

*

c c

           1         g               G                1         g        G-1

,   ,

− −   
   
   − −
   

= =   − −
   
   − −
   −   

0 0
X X

… … … …

� � � �

� � � �

� �

ι ι ι ιι ι ι ιι ι ι ιι ι ι ι

ι ι ι ιι ι ι ιι ι ι ιι ι ι ι

ι ι ι ιι ι ι ιι ι ι ιι ι ι ι

ι ι ι ιι ι ι ιι ι ι ιι ι ι ι
ι ι ι ι 2ι ι ιι ι ι ι 2ι ι ιι ι ι ι 2ι ι ιι ι ι ι 2ι ι ι

 

and for country c in the last group, Gc ,∈S  

 *

c c

2

2
,   ,2

2

− − 
  
  − −
  = =− −
  
  − −
     

−

−
X X

0 0 0 0 0

� � �

� � �

� �

ιιιιι ιι ιι ιι ι

ι ι ιι ι ιι ι ιι ι ι
ι ι ιι ι ιι ι ιι ι ι

ι ιι ιι ιι ι ιιιι

ιιιι

ιιιι
 

where ιιιι  is to be interpreted as m 1×ιιιι  and 0  is an m 1×  zero vector. 
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As shown in Section A4.1.6, the ( ) ( )G 1 G 1− × −  moment matrix * *

c c
′X X  now 

takes the form 

(A4.4′) [ ]* *

c c c cm G′ ′ ′= × + +X X I ιι ι ιιι ι ιιι ι ιιι ι ι  when gc ,  g 1, ,G 1,∈ = −S …   

  [ ]* *

c c = m (G 1)′ ′× + +X X I ιιιιιιιι  when gc ,  g G,∈ =S  

where I  is a ( ) ( )G 1 G 1− × −  identity matrix, ιιιι  is a ( )G 1 1− ×  unit column vector, and 

cιιιι  is a vector of G 1−  elements with the thc  element unity and zeros elsewhere. Thus, 

we have  

 
( )

g

G
* * 2

c c
g 1 c

m 2G + .
= ∈

′ ′= = ⋅∑ ∑
S

Z X X I ιιιιιιιι  

The inverse of Z  is  

(A4.6') ( ) ( )-1 2 2= G 2m G ,′Z I - ιιιιιιιι  

and the product ( )-1 * 2

c c, N1 2m G ,−
′ ′= ⋅Z X X  where c, N−X  is the original matrix cX  with 

the last column omitted.  

As the least-squares estimator of the G-1 parameter vector ∗ΑΑΑΑ  is 

( )
-1

* * *ˆ ∗ ′ ′= X X X yΑΑΑΑ . In Section A4.1.6, it is shown that for g 1, ,G 1,= −…  

(A4.7′) ( )
g g g g

g cd dc cd2
c d c d

1 1ˆ y y y .
Nm2m G ∈ ∉ ∈ ∉

Α = − =∑ ∑ ∑ ∑
S S S S

  

We also show in Section A4.1.6 that this simplifies to  

g

g c
c

1ˆ ˆ ,    g 1, ,G,
m ∈

Α = α =∑
S

�  

with  

 

	 ( ) 2

g 2 2

G 1ˆ ˆvar = ,       g 1, ,G.
2m G

ζ

−
Α σ = …  

In words, for group g, the LS estimator of gΑ  is simply the mean of the estimators for 

the m member countries c
ˆ ,α gc .∈S  

 There is a clear parallel relationship between the structures of the individual 

country case and the groups of countries. This parallel is in part indicated by the primes 

added to equation numbers of this section that have the same form as their unprimed 

counterparts of the previous section. Table A4.1 contains a summary of the two cases in 

a way which highlights the parallels. 
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Table A4.1 

Summary of Stochastic Quality Formulation  

Concept 
Individual Countries 

(N countries) 

Groups of Countries 
(G groups) 

Parameter 
vector                  [ ]1 N, , ′= α α…αααα                          [ ]1 GA , ,A ′=A …  

A. One country 

Model                          c c c= +y X α εα εα εα ε  c c c= +y X Α ζΑ ζΑ ζΑ ζ  

cy      [ ]c1 cNy , , y ′…  [ ]c1 cNy , , y ′…  

cX  

       c 1, , N 1= −…                               

1 1

1 1
0
1 1

1 1

− 
 
 −
 
 −
 
 − 

� �

� �

c N=

1 1

1 1
1 1

1 1
0

− 
 
 −
 −
 
 −
  

� �

� �

 

 
gc ,g 1, ,G 1∈ = −S …                      

− 
 
 −
 
 −
 
 − 

0

� �

� �

ι ιι ιι ιι ι

ι ιι ιι ιι ι

ι ιι ιι ιι ι

ι ιι ιι ιι ι

 

Gc ∈S                               

1 1

1 1
0
1 1

1 1

− 
 
 −
 
 −
 
 − 

� �

� �

 

*

cX  

1 1

1 1
0
1 1

1 1
1 1 2 1 1

− 
 
 −
 
 −
 
 −
  

� �

� �

� �

2

2
2

2

2
0 0 0 0 0

− 
 
 −
 −
 −
 
 

− 
 

-1

-1

�

�

� �

 

− 
 
 −
 
 −
 
 −
  

0

� �

� �

� �

ι ιι ιι ιι ι

ι ιι ιι ιι ι

ι ιι ιι ιι ι

ι ιι ιι ιι ι
ι ι 2ι ι ιι ι 2ι ι ιι ι 2ι ι ιι ι 2ι ι ι

1 1

1 1
0
1 1

1 1
1 1 2 1 1

− 
 
 −
 
 −
 
 −
  

� �

� �

� �

 

B. All countries combined 

Model = +y Xα εα εα εα ε  = +y XΑ ζΑ ζΑ ζΑ ζ  

y   [ ]1 N, , ′′ ′y y…  [ ]1 N, , ′′ ′y y…  

*X  * *

1 N, ,
′ ′ ′

 
X X…  * *

1 N, ,
′ ′ ′

 
X X…  

* *′X X  ( )2N + ′⋅ I ιιιιιιιι  ( )2m 2G + ′⋅ I ιιιιιιιι  

( )
-1

* *′X X  ( ) 22N′ΝI - ιιιιιιιι  ( ) ( )2 21 m G 2G′⋅ I - ιιιιιιιι  

( )
-1

* * *′ ′X X X y  N
d 1c cd

1
ˆ y

N =α = ∑  
g

g c
c

1ˆ ˆ ,  m= N G
m ∈

Α = α∑
S

 

( )
-1

2 * *ˆ diag ′φ X X  ( ) ( )2 2ˆ N 1 2Nσ ⋅ −  ( ) ( )2 2 2ˆ m G 1 2Gζσ ⋅ −  

Note: ιιιι  is a unit vector of length m in panel A and N 1−  and G 1−  in the second and third columns 

of panel B, respectively. The term 
2φ̂

 
in the last entry of the first column is the estimate of the 

variance of the disturbance term. This becomes 2σ̂  and 2ˆ
ζσ  in the corresponding elements of the 

second and third columns.  
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A4.1.5    Derivations 

In Section A4.1.1, we stated that for country c N≠ , the product 

* *

c c c cN .′ ′ ′= + +X X I ιι ι ιιι ι ιιι ι ιιι ι ι  This can be verified by direct calculation: 

* *

c c

1 1 21 1

1 1
1 1 2

0
=  .1 1 0 1 1 2 N 2

1 1
1 1 2

1 1
1 1 21 1 2 1 1

−   −        −   −    ′   = + −   −       −   −      

X X

1

1

� �
� � �

� �

� �
� � �

� �
 

The thc  diagonal element of the product is N 2,+  the other diagonals are 2 and all other 

elements unity. For the thN  country, we have  

* *

N N

22 0 N 2

2
2 0 N 22

=  ,2 0 N 22
2 0 N 2

2
2 0 N 20 0 0 0 0

− − +        −   − + −   ′ =− + −   − +     −    − +    

-

X X

1
-1 N+1

-1
-1 N+1

�
� � �

�
� � �

� �

 

which can be written as * *

N N = (N 1) ,′ ′+ +X X I ιιιιιιιι  a matrix with N 2+  as the diagonals 

and N 1+  elsewhere, as stated in Section A4.1.1. 

The moment matrix Z  is defined in Section A4.1.3 as the sum of products of the 

N sub-matrices, * *N
c=1 c c= .∑ ′Z X X  Using the expressions in (A4.4), we obtain 

                                                                          N+1 

 

2 2N 2

2 2 2
2 N 2 2

2 2 2

2 2 N 2

N 2 4N

N 2 4N
N 2   ,4N

4NN 2

4NN 2

+     
    
    
     + + + ++
    
    
     +     

+   
   
   +
   ++ =
   +
   
   

+   

1

Z =

1 1

1 1 1

N+1 2N

2NN+1

� � �

� �

� � �

� �

��

 

which is of the form ( )2N + ,′⋅ I ιιιιιιιι as stated in Section A4.1.3. As noted in Section 

A4.1.3, the inverse of Z  is 
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-1

2

N 1
1

= .
2N

N 1

 −
 
 
 − 

Z

-1

-1

�  

Then, for c 1, , N 1,= −…  we have 

-1 *

c 2

N 1 1 1 1

N 1 1 1 11 1
= = .N 1 1 1 0 1 1 2 1 1 0 1 1 1

2N2N N 1 1 1 1

1 1 1N 1

−  − −   
     
     − − −
 ′    −
     − − −
     
     − −−     

Z X

-1

-1

� � � �

� � � �

� � ��

 

The matrix on the far right is a multiple 1 2N  of the transpose of the original matrix  

c ,X  defined below equation (A4.1) with the last row omitted. For c N,=  we have 

-1 *

N 2

N 1 2 0 1 0

N 1 2 0 11 1
= = .N 1 2 0 1

2N2N N 1 2 0 1

1 0N 1 2 0

− −    − 
     
     − − −
   ′  − − −
     − − −
     
     −− −     

Z X

-1 -1

-1 -1

� � � � �

�

� �� � �

 

As the above expression is of the same form as -1 *

c ,′Z X  c 1, , N 1,= −…  the combined 

matrix is 

(A4.9) -1 * -1 * -1 *

1 N N, , 1 2N , ′ ′ ′ ′= = ⋅
  -Z X Z X Z X X�   

where N-X  is an ( )2N N 1× −  matrix composed of all rows and the first N-1 columns of 

.X  This result is stated in Section A4.1.3. 

Combining equations (A4.5) and (A4.9), N
ˆ 1 2N ,∗ ′= ⋅ ⋅

-
X yαααα  so the thc  element 

of ˆ ∗αααα  is  

 

( )

( )

( )

( ) ( )

1 c 1

c cc c c i ic c c
i c

NN c

1 1
ˆ ,   c 1, , N 1,

2N 2N
≠

′   
     ′ ′   α = = + = … −      
      

∑

X y

X y X y X y

yX

� �

��

 

where ( )
c

⋅  denotes the thc  column of matrix inside the brackets. Consider the first part 

in the square brackets on the far right-hand side of the above expression. As 

( ) [ ]c c
1, ,1,0,1, ,1 ,′ =X … …  where the thc  element is zero and the other elements are 

ones, and ccy 0,=  we have ( ) N
i 1c c cic

y .=∑′ =X y  For the second part, when i c,≠  
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( ) [ ]i c
0, ,0, 1,0, ,0 ,′ = −X … …  where only the thc  element is nonzero, so we have 

( )i i ic cic
y y .′ = − =X y  Accordingly, 

 
( ) ( )

N N N

cc ci ic ci ic ci
i=1 i c i=1 i=1

1 1 1
ˆ y y y y y ,  c 1, , N 1,

2N 2N N≠

 α = + − = − = = … −∑ ∑ ∑ ∑  
 

which is equation (A4.7). 

 

A4.1.6   More Derivations 

In Section A4.1.4, it was stated that  ( )* *

c c c cm G ,′ ′ ′= × + +X X I ιι ι ιιι ι ιιι ι ιιι ι ι  when gc ,∈S  

g 1, ,G 1.= −…  This result can be confirmed by direct calculation: 

* *

c c

2

2
=  m ,2 G 2

2

2

−   ′ ′−        −  ′ ′ −    ′  ′ ′ ′ ′ ′ ′ = + −   ′ ′−       −   ′ ′−      

0
X X 0

1

1

� �
� � �

� �

� �
� � �

� �

ι ιι ιι ιι ι
ι ιι ιι ιι ι

ι ιι ιι ιι ι
ι ιι ιι ιι ι

ι ι ι ι ιι ι ι ι ιι ι ι ι ιι ι ι ι ι
ι ιι ιι ιι ι

ι ιι ιι ιι ι

ι ιι ιι ιι ι
ι ιι ιι ιι ι

ι ι 2ι ι ιι ι 2ι ι ιι ι 2ι ι ιι ι 2ι ι ι

 

where ιιιι  is a m 1×  unit column vector. When county c belongs to the last group G, 

* *

c c

22 G 2

22  = m ,G 2

2
G 22

− ′ ′−  +      −   ′ ′ ′− +       −  +′ ′  −     

−′−

−′−

0

0X X =

0 0 0 0

G+1

G+1

�
� � �

�
� � �

� �

ιιιιιιιι

ιιιιιιιι

ιιιι
ιιιι

ιιιιιιιι

ιιιιιιιι
 

which can be expressed as ( )m (G 1) .′× + +I ιιιιιιιι  The matrix Z  defined in Section A4.1.4 

for groups of countries is   

g

G
* * * *

c c
g=1 c

= .
∈

′ ′∑ ∑
S

Z = X X X X   

Substituting the above expressions for * *

c c
′X X , which have same format for each country 

within the same group, we have 

( ) ( ) ( )
G 1

2

c c
g 1

= m m G m (G 1) m 2G + .
−

=

 
′ ′ ′ ′+ + + + + = ⋅∑  

Z I I Iιι ι ι ιι ιιιι ι ι ιι ιιιι ι ι ιι ιιιι ι ι ιι ιι  

The inverse of Z is (A4.6′) so that 

ij

2 2

G 1 i j1
z

2m G 1 i j

− =
= 

− ≠
. 

Similar to the above derivation for the individual country case, for country c 

belonging to group g, g 1, ,G 1,= −…  we have 
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-1 *

c 2 2 2

G 1

G 1
1 1

= = .2
2m G 2m GG 1

G 1

−  ′ ′ ′ ′− −   
     
  ′ ′ ′ ′   − − −
 ′    ′ ′ ′ ′ ′ ′ ′ ′ ′ ′ ′ ′
     ′ ′ ′ ′− − −
     
     ′ ′ ′ ′− −−     

0

0
Z X 0 0

0

0

-1

-1

� � � � �

� � � � �

� � � ��

ι ι ιι ι ιι ι ιι ι ι

ι ι ιι ι ιι ι ιι ι ι
ι ι ι ι ι ι ι ι ι ιι ι ι ι ι ι ι ι ι ιι ι ι ι ι ι ι ι ι ιι ι ι ι ι ι ι ι ι ι

ι ι ιι ι ιι ι ιι ι ι

ι ι ιι ι ιι ι ιι ι ι

 

The last matrix is the transpose of the original matrix 
cX  with the last row omitted. For 

country in the last group, Gc ,∈S  we have 

-1 *

c 2 2 2

G 1 2

G 1 2
1 1

= = .2
2m G 2m GG 1 2

G 1 2

′ ′− −    ′ ′− 
     
   ′ ′ ′ − − −
   ′  ′ ′ ′− −
     ′ ′ ′− − −
     
     ′ ′−′ ′− −     

′

′

0 0

0
Z X 0

0

00

-1 -ι

-1 -ι

� � � � �

� �

� �� � �

ιιιι ιιιι

ι ιι ιι ιι ι
ι ιι ιι ιι ι

ι ιι ιι ιι ι

ιιιιιιιι

 

Therefore, the combined matrix ( )-1 * 2

N1 2m G ,′ ′= ⋅
-

Z X X  where 
N-X  is composed of all 

rows and the first G 1−  columns of .X   

Substituting the above expressions for -1 *′Z X into ( )
-1

* * *ˆ ∗ ′ ′= X X X yΑΑΑΑ , we 

obtain, for g 1, ,G 1,= −�  

( )
g g g g g g

N

g cd dc cd cd c2
c d c d c d 1 c

1 1 1 1ˆ ˆy y y y ,  
mN mN m2m G ∈ ∉ ∈ ∉ ∈ = ∈

Α = − = = = α∑ ∑ ∑ ∑ ∑ ∑ ∑
S S S S S S

 

where the last second equality is based on 
g gc d cdy 0.∈ ∈∑ ∑ =S S  The estimated variance of 

*Α̂ΑΑΑ  is  

	 ( )
( )

( )
2

N N
* 2 -1

cd2 2 2
c 1 d 1

ˆ1 ˆˆvar = = G ,
N G 1 2m G

ζ

= =

σ
′ζ ⋅∑ ∑

− −
Z I -Α ιιΑ ιιΑ ιιΑ ιι  

where cd cd g h
ˆ ˆ ˆy A A ,ζ = − + gc∈S and hd ,∈S and 

( )

N N
2 2

cd2
c 1 d 1

1 ˆˆ
N G 1

ζ
= =

σ = ζ∑ ∑
− −

  

is the estimated error variance. Thus, in scalar terms,  

	 ( ) ( )
2

*

g 2 2

ˆ
ˆvar = G 1 ,  g=1, ,G-1.

2m G

ζσ
− …ΑΑΑΑ  

Since N N
c 1 d 1 cdy 0,= =∑ ∑ =  the estimated parameter for group G is 

G G

G 1 N N

G g cd cd
g 1 c d 1 c d 1

1 1ˆ ˆ y y .
Nm Nm

−

= ∉ = ∈ =
∑ ∑ ∑ ∑ ∑Α = − Α = − =

S S

 

The sampling variance of G
ˆ ˆ ∗′Α = −ι Αι Αι Αι Α  is then given as 
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	 ( ) 	 ( )
( ) 	 ( )2

G g2 2

G 1ˆ ˆ ˆˆvar var var ,
2m G

∗

ζ

−
′Α = σ = Αι Α ι =ι Α ι =ι Α ι =ι Α ι =  g 1, ,G 1.= −…  

Similar to the individual country case, we conclude that there is no asymmetry for group 

G: The estimator of GΑ  has exactly the same form as do those for g ,Α g 1, ,G 1,= −…  

and the same is true for its variance. 

 

A4.2    Income Sensitivities 

This appendix analyses the income dependence of the volume of, the price of 

and spending on quality. We start with the multilateral approach and then proceed to the 

bilateral case. 

 

A4.2.1   The Multilateral Approach 

Consider model (4.11) for quality index between countries c and d, 

 
cd

q c d cdy ,η = α − α + ε
 

where cα  is the factor for country c, dα  is the factor for country d, and cdε  is the 

disturbance term with zero mean and standard deviation σ . This model compresses the 

2N
 
values cd

qy ,η  c,d 1, , N= …  into N  parameters c ,α c 1, , N.= …
 
As shown previously, 

the estimate of cα
 
is the mean of quality indexes over countries, cdN

d 1c q
ˆ y N.= ηα = ∑  The 

estimate of cα  for the 132 countries are listed in Table 4.4 and Panel A of Figure A4.1 

is a scatter of these estimates against income. In view of the strong visual evidence of 

the dependence of cα̂
 
on income, suppose that cα̂

 
is linearly dependent on real income 

clog Q ,  

 (A4.10) c c c
ˆ log Q ,αα = β + γ + µ

                                                                                        
 

where β  is the intercept, 
αγ  is the slope, interpreted as the income elasticity of quality, 

and cµ  is the disturbance term with zero mean and standard deviation 
ασ .  

The least-squares estimator of the slope is  

( ) ( )

N
c 1 c c

22N N
c 1 c 1c c

ˆ log Q
ˆ .

log Q N log Q N

=

α

= =

α∑
γ =

−∑ ∑
 

As cdN
d 1c q

ˆ y N,= ηα = ∑  this can be expressed as  
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(A4.11)
( ) ( )

cdN N
d 1 c 1 q c

22N N
c 1 c 1c c

y log Q1
ˆ .

N log Q N log Q N

= = η

α

= =

∑ ∑
γ = ⋅

−∑ ∑
                                                        

The variance of ˆ
αγ  is  

  ( )
( ) ( )

2

22N N
c 1 c 1c c

ˆvar ,
log Q N log Q N

α
α

= =

σ
γ =

−∑ ∑
 

where 
ασ  is the standard deviation of the disturbance term in model (A4.10), which can 

be estimated unbiasedly by ( ) ( )
2

2 N
c 1 c

ˆ ˆ N 2 ,=ασ = µ −∑
 
where c c c

ˆˆ ˆˆ log Qαµ = α −β + γ
 
is 

the least-squares residual from model (A4.10). Therefore, the estimated value of 

( )ˆvar αγ  is 

(A4.12)

 

	 ( )
( ) ( )

( ) ( )

2
N
c 1 c

22N N
c 1 c 1c c

ˆ N 2
ˆvar .

log Q N log Q N

=

α

= =

µ −∑
γ =

−∑ ∑
                                                   

Panel A of Figure A4.1 reveals that ˆ 0.065αγ =  with standard error 0.003. Thus, 

the income elasticity of quality is estimated to be about 0.07 and this estimate is highly 

significant. The two other panels of Figure A4.1 show that the income elasticity of the 

price of quality is 0.01, while that of spending is 0.08; both estimates are significant. It 

is to be noted that the excess of the spending elasticity over the price elasticity is the 

income elasticity of quality: 0.07=0.08-0.01. Thus, these estimates satisfy the 

aggregation constraint.  

 

A4.2.2   The Bilateral Approach 

We return to model (4.11),
 

cd

q c d cdy ,η = α − α + ε
 
and consider another version of 

equation (A4.10) that is expressed in terms of the unknown parameter cα  rather than its 

estimate cα̂ : 

(4.10') c c clog Q ,α
′α = β + γ + µ

                                                                                        
 

where ( )c c c c
ˆ′µ = µ + α − α  is a new disturbance term with zero mean. Substituting the 

right-hand side of (4.10') for cα  in model (4.11)
 
gives 

(A4.13) ( )cd

q c d cdy log Q Q ,η α
′= γ + ζ

                                                                               
  

where cd c d cd
′ ′ ′ζ = µ − µ + ε  is a composite disturbance term. Model (A4.13) implies that 

the quality difference between two countries is proportional to their relative income 
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( )c dlog Q Q .
 
It is to be noted that this model retains the three basic consistency 

properties: 

(i) Own-comparison zero, cd

qy 0,η =  for c d.=  

(ii) Mirror symmetry, cd dc

q qy y .η η= −  

(iii) Income the only determinant, cd

qy 0,η =  if c dQ Q=  for c d.≠  

Note that the intercept in equation (4.10'), ,β  is the same for all countries. What if this 

were replaced with a country-specific term, c ?β  In this case model (A4.13) becomes 

( )cd

q c d c d cdy log Q Q .η α
′= β −β + γ + ζ  This satisfies property (i) and (ii) above, but (iii) 

requires that c d ,β = β  that is, the intercept must be independent of countries. This is the 

justification for using the common intercept specification. 

Suppose we start with equation (A4.13) and do not know that its slope 

coefficient is equal to that of (4.10), .αγ  In this situation, we have 

(A4.13′) ( )cd

q y c d cdy log Q Q ,η = γ + ζ
                                                                               

  

where yγ  is the new slope and cdζ  is a disturbance term with zero mean and standard 

deviation yσ . Using the 2N
 
observations on equation (A4.13′) for c,d 1, , N,= … the 

least-squares estimator of yγ  is 

( )

( )( ) ( )( )

cdN N
d 1 c 1 q c d

y 22N N N N
d 1 c 1 d 1 c 1c d c d

y log Q Q
ˆ .

log Q Q N log Q Q N

= = η

= = = =

∑ ∑
γ =

−∑ ∑ ∑ ∑
 

The numerator of the above expression for y
ˆ ,γ  which is equivalent to 

( )cdN N
d 1 c 1 q c dy log Q log Q= = η −∑ ∑ , can be simplified to cdN N

d 1 c 1 q c2 y log Q= = η∑ ∑  as  

cd dcN N N N
d 1 c 1 d 1 c 1q c q dy log Q y log Q= = = =η η=∑ ∑ ∑ ∑  and cd dc

q qy y .η η= −  Consider the first term of the 

denominator,  

( )( )

( ) ( ) ( )

( )

( ) ( )

( ) ( )

2N N
d 1 c 1 c d

2 2N N
d 1 c 1 c d c d

2N N N
c 1 d 1 c 1c d c

22N N
c 1 c 1c c

22N N
c 1 c 1c c

   log Q Q

log Q log Q 2 log Q log Q

2N log Q 2 log Q log Q

2N log Q 2 log Q

2N log Q N log Q N .

= =

= =

= = =

= =

= =

∑ ∑

 = + −∑ ∑  

= −∑ ∑ ∑

= −∑ ∑

 = −∑ ∑
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The second term of the denominator is 0 as ( )N N
d 1 c 1 c dlog Q Q 0= = =∑ ∑ . Therefore, yγ̂  

can be simplified to  

(A4.14)  
( ) ( )

cdN N
d 1 c 1 q c

y 22N N
c 1 c 1c c

y log Q
ˆ .

N log Q N log Q N

= = η

= =

∑ ∑
γ =

 −∑ ∑
             

                                     
 

Comparing (A4.14) with (A4.11) we have y
ˆ ˆ .αγ = γ  This shows that even 

although we use the 2N  observations to estimate equation (A4.13′), we obtain exactly 

the same slope coefficient as if we estimate equation (A4.10) with N observations. 

Thus, equation (A4.13) is equivalent to (A4.13′), and cd cd .′ζ = ζ  

The variance of yγ̂  is 

  ( )
( ) ( )

2

y

y 22N N
c 1 c 1c c

ˆvar ,
2N log Q N log Q N= =

σ
γ =

 −∑ ∑
 

 

where yσ  is the standard deviation of the disturbance term in model (A4.13′), which can 

be estimated by ( ) ( )
2

2 2N N
d 1 c 1y cd

ˆˆ N 1 ,= =σ = ζ −∑ ∑  with cdζ̂  the corresponding residual. 

Thus, the estimate of ( )y
ˆvar γ  is 

 (A4.15)

 

	 ( )
( ) ( )

( ) ( )

2
2N N

d 1 c 1 cd

y 22N N
c 1 c 1c c

ˆ N 1
ˆvar .

2N log Q N log Q N

= =

= =

ζ −∑ ∑
γ =

 −∑ ∑
                   

Figure A4.2 gives the scatters of quality, prices and spending against income in the 

bilateral case. The estimated slope coefficients are the same as before (for reasons 

discussed above), but the standard errors are now much smaller, a result that is analysed 

in the next section. 

 

A4.2.3   A Comparison of Precision

 To estimate model (A4.10), we use N=132 observations, while for model 

(A4.13) there are 2 2N 132=
 
observations. Although the least-square estimates of the 

slope coefficients of the two models coincide (as shown above), as the number of 

observation differs, it is appropriate to compare their precision.  

To compare the two variances, (A4.12) and (A4.15) we consider their ratio: 
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 (A4.16) 
	 ( )
	 ( )

( ) ( )

( ) ( )

2
N2
c 1 c

2 2
2N N

yy d 1 c 1 cd

ˆ ˆvar N 2ˆ
2N 2N .

ˆˆ ˆvar N 1

=α α

= =

γ µ −∑σ
= ⋅ = ⋅

σγ ζ −∑ ∑
 

As discussed below model (A4.13), the composite disturbance cd c d cd ,′ ′ ′ζ = µ − µ + ε  while 

below (A4.14) we established that 
cd cd .′ζ = ζ  Thus, for the corresponding residuals, we 

have cd c d cd
ˆ ˆˆ ˆ ,ζ = µ −µ + ε  so that the sum of squares is given by 

( ) ( ) ( ) ( )

( ) ( ) ( )

2N N N N 2 2 2

cd cd c d c d c cd d cd
d 1 c 1 d 1 c 1

N N N N N N N N N N2 2 2

cd c d d c c cd d dc
d 1 c 1 c 1 d 1 d 1 c 1 d 1 c 1 c 1 d 1

ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ2 2 2

ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ                 N N 2 2 2

                

= = = =

= = = = = = = = = =

 ζ = ε + µ + µ − µ µ + µ ε − µ ε∑ ∑ ∑ ∑   

= ε + µ + µ − µ µ + µ ε + µ ε∑∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

( ) ( ) ( )
( ) ( )

2N N N N N N2 2

cd c c c cd
d 1 c 1 c 1 c 1 c 1 d 1

N N N2 2

cd c
d 1 c 1 c 1

ˆ ˆˆ ˆ ˆ 2N 2 4

ˆ ˆ                 2N ,

= = = = = =

= = =

= ε + ⋅ µ − µ + µ ε∑∑ ∑ ∑ ∑ ∑

= ε + ⋅ µ∑∑ ∑
 

where the last equality follows from N
c 1 c

ˆ 0= µ =∑  and N
d 1 cd

ˆ 0.= ε =∑  Dividing this sum of 

squares by the degrees of freedom, 2N 1,−  gives 

 (A4.17)
  

( ) ( ) ( )
2N N N N N2 2

cd cd c
d 1 c 1 d 1 c 1 c 1

2 2 2

ˆ ˆ ˆ2N
.

N 1 N 1 N 1
= = = = =

ζ ε ⋅ µ∑ ∑ ∑ ∑ ∑
= +

− − −
 

The left-hand side of equation (A4.17) is the estimated variance of the disturbance term 

cdζ
 
of model (A4.13') 2

y
ˆ .σ   The first term on the right of (A4.17)  is an estimate of the 

variance of cdε  of the original model considered at the start of Section A4.2.1,
 

2ˆ .σ  As 

( ) ( )22N N 1 2 N 2 ,− ≈ −
 
the second term on the right-hand side of the above is 

approximately twice the estimated variance of model (A4.10), 2ˆ2 .ασ  Accordingly, we 

have 

(A4.18)
  

2 2 2

y
ˆ ˆ ˆ2 .ασ ≈σ + σ

  

Substituting approximation (A4.18) into equation (A4.16), we have  

 

	 ( )
	 ( ) 2 2

y

ˆvar N
,

ˆ ˆ1 2ˆvar

α

α

γ
≈

+ σ σγ
 

which shows that the ratio on the right is less than N. Table A4.2 explores these issues 

numerically by using the estimated variances obtained from our N=132 countries. As 

can be seen from rows 2 and 4 of column 2 (which refers to quality), the standard 

deviation of the residuals from model (A4.10) is about half that of those from (A4.13') -

- 4 versus 8 percent. Row 6 shows that the estimate of slope in the bilateral model is 
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much more precise than that in the multilateral model. Finally, row 7 shows that 

(A4.18) is an accurate approximation. The last two columns of the table give the results 

for prices and spending, and the same pattern emerges.  

 

A4.2.4   The Dependence of the Income Elasticity on Income 

In model (A4.10), cα̂
 
is linearly dependent on real income clog Q , and the slope 

αγ
 
is assumed to be constant for all countries. That is, the income elasticity of quality is 

invariant for all income levels. As quality could be considered to become increasingly 

important as income grows, in this section we investigate the validity of this 

assumption.  

If the elasticity 
αγ  is different for the rich from the poor, model (A4.10) could 

then be reformulated as 

 c r ,r c c
ˆ log Q ,αα = β + γ + ε

  rc S ;∈
  c p ,p c c

ˆ log Q ,αα = β + γ + ε
   pc S ,∈  

where rβ  is the intercept and ,rαγ  is the slope for the group of rich countries, denoted by 

rS ;  and pβ  and ,pαγ
 
are those for the  poor group pS .  We use the Quandt-Andrews 

unknown breakpoint test (Andrews, 1993; Andrews and Ploberger, 1994) to identify the 

country that divides up the world into the rich and the poor. This involves ranking 

countries by income and then examining all possible divisions into the two groups.  

As shown in column 2 of Table A4.3, for quality this approach yields as the 

“marginal” country Bulgaria, country number 51, whose income is 26 percent of that in 

the US. That is, the rich group consists of countries 1 to 50 and other countries belong 

to the poor group.  The same country, Bulgaria, is identified as the richest county in the 

poor group for spending (column 4), while it is Nigeria in the case of prices (column 3). 

But as the p-values in the three cases are reasonable high, there is not strong evidence of 

that the elasticities differ with income. Nevertheless, as the p-value for prices is greater 

than the other two p-values for quality and spending, in what follows, we take Bulgaria 

as the marginal country in all three cases.  

 The results for the rich and the poor groups are given in Figure A4.3. Panel A 

shows that the estimated income elasticity of quality for the rich is 0.12, which is indeed 

larger than that for the poor (0.06). The elasticities for prices and spending are also 

larger for the rich than the poor. In going from Figure A4.1 to Figure A4.3, the R2 
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values increase, as they should. But the increase is only modest, which re-enforces the 

finding that there is only weak evidence in favour of variable income elasticities.  

 

Table A4.2 

Comparison of Variances 

Variance Quality Prices Spending 

(1) (2) (3) (4) Ⅰ. Multilateral model (4.11):  cd

q c d cdyη = α − α + ε  

1. 2σ̂  5.96392 3.32072 3.29932 Ⅱ. Income-dependent multilateral model (A4.10): 
 c c c

ˆ log Qαα = β + γ + µ  

2. 2ˆ
ασ  4.06092 1.64252 4.08922 

3.
 

( )ˆvar αγ  0.29932 0.12112 0.30142 Ⅲ. Income-dependent bilateral model (A4.13 )′ : ( )cd

q y c d cd   y log Q Qη = γ + ζ  

4. 2

yσ̂  8.24842 4.03742 6.63282 

5. ( )y
ˆvar γ  0.03732 0.01822 0.03002 Ⅳ. Comparison 

6. ( ) ( )y
ˆ ˆvar varαγ γ  64.3866 44.2737 100.9355 

7. ( )2 2 2

y
ˆ ˆ ˆ2 ασ + σ σ

 
1.0076    1.0075 1.0076 

 Note: All entries except those in the last two rows are to be divided by 10,000.  

 

 

Table A4.3 

Breakpoint Test for Quality, Prices and Spending 

Concept Quality  Prices  Spending 

(1) (2)  (3)  (4) 

Break point 51. Bulgaria  112. Nigeria  51. Bulgaria 

Maximum Wald F-statistic 7.7375  6.8403  9.7271 

p-value 0.3285  0.4385  0.1607 
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Figure A4.1 

The Dependence of Quality, Prices and Spending Indexes: The Multilateral Case 
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Figure A4.2 

 The Dependence of Quality, Prices and Spending Indexes: 

The Bilateral Case 
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A. Quality 

q

c c

Poor :
ˆ 0.4903 0.0566log Q
                        (0.0053)
α = − +  

q

c c

Rich :
ˆ 1.0905 0.1204log Q
                        (0.0134)
α = − +  

q

cα̂  

clog Q  

2R 0.8064=  

B. Prices 

p

c c

Poor :
ˆ 0.0690 0.0078log Q
                        (0.0022)
α = − +  

p

cα̂  

p

c c

Rich :
ˆ 0.1143 0.0132log Q
                        (0.0061)
α = − +  

w

c c

Poor :
ˆ 0.5587 0.0644log Q
                         (0.0056)
α = − +  

w

c c

Rich :
ˆ 1.2060 0.1336log Q
                         (0.0111)
α = − +  

clog Q  

2R 0.3599=  

C. Spending 
w

cα̂  

clog Q  

2R 0.8492=  

Notes:  1. Standard errors are in parentheses. 

              2. The R2 values refer to all 132 countries.   
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CHAPTER 5 

CONCLUSIONS 

 

International demand analysis can be used for many purposes, including 

projecting consumption, understanding economic development and planning for global 

resource needs. There are two main challenges in the study of international consumption 

patterns (Reimer and Hertel, 2004). The first is the availability of data that is 

comparable across countries and the second is the specification of a demand system that 

is well behaved over a wide variation in incomes. As the International Comparison 

Program now provides a reliable source of such data, this thesis dealt with the question 

of the appropriate form of the demand system. The thesis also investigated a novel 

approach to measuring the quality of consumption with a cross-country context. After 

first giving a brief summary of the thesis, this chapter considers some broader 

implications of the research and canvases some ideas for the future.  

 

5.1     A Summary of the Thesis  

This thesis has studied some of the economic aspects of choice made by 

consumers in a large number of countries. It has examined the economic implications of 

several forms of Engel curves and introduced a new hybrid approach that uses different 

functional forms at different levels of aggregation of consumption. Using the recently-

published International Comparisons Program (2008) data for 138 countries, which 

range from the very poorest to the very richest, we applied new demand models to food 

and then to the whole consumption basket. In addition, we used the classification of 

goods into luxuries and necessities (income elasticities greater than, and less than, unity) 

to identify quantity and to form an index of the quality of the consumption basket as a 

whole. This approach also leads to an index of the price of quality. Taken as a whole, 

this research provides a better understanding of consumption patterns. 

The initial demand model dealt with food: The proportion of income devoted to 

food (the “food budget share”, denoted by w) in a given country, is expressed as: 

(5.1) ( ) f nf

f nf

p p
w f M log log ,

p p

 
= + Π − 
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which is the sum of an income effect and a price effect. Here, ( )f M  is the income 

effect ( )M income=  and ( )f flog p p  ( )( )nf nflog p p  is the logarithm of the food (non-

food) price deflated by the world food (non-food) price, so that the whole term 

( ) ( )f f nf nflog p p log p p−    is the relative price of food. The coefficient of this price 

term is f nf f nfw wΠ = + φθ θ� � , where w�  and θ  are budget and marginal shares (of food 

and non-food, indicated by the subscripts f and nf, respectively) at world prices, and φ  

is the income flexibility (the reciprocal of the income elasticity of the marginal utility of 

income). The marginal share fθ ( )nfθ  is the proportion of an additional one-dollar of 

income that is spent on food (non-food). Four possible functional forms of the income 

term ( )f ⋅  were applied: (i) Working’s model, ( )f M log M,= α +β  where α  and β  are 

constant parameters; (ii) the generalised Working’s model,
 

( ) ( )f M M Mγ γ= α + β , with 

( )( )M M 1γ γ= − γ ; (iii) the logistic model:
 

( ) ( ) ( )M Mf M e 1 e= α +β + ; and (iv) the 

MVE model: ( ) ( )f M M= β + α . We examined the economic implications of the Engel 

curves for food, and concluded that the MVE model has well-behaved income 

elasticities; this model has the additional attraction of ensuring that the budget share 

always lies within the [0, 1] range. In addition, we showed that a logit transform 

enhanced the econometric performance of the MVE model. This food demand equation 

satisfies the strong condition that it is applicable to (nearly) all countries in the world, 

including the very poorest and the very richest. 

Given the demand for food, we estimated conditional demand equations for 11 

non-food goods under the assumption that food and non-food are separable groups in 

the consumer’s utility function. These conditional demand equations take the form 

(5.2) ( )
10

i 11
i nf ij

j 1 i 11

p p
w f M log log ,  i=1, ,10,

p p=

 
′ = + Π − … 

 
∑  

where nfM  is the real expenditure on non-food, ip  is the price of good i, and ip  is its 

world price. The term ( )nff M  is the income effect as before [but its algebraic form 

need not be the same as in (5.1)]. The coefficient of the price term is 

( ) ( )ij i ij j i ij jw w ,′ ′ ′ ′ ′Π = δ − + φ θ δ − θ� �
 
where iw′�  and i

′θ  are conditional budget and 

marginal shares of good i at world prices, ijδ  is Kronecker delta ( ij 1δ =  if i j,= 0 

otherwise), and ′φ  is the conditional income flexibility (which is proportional to its 

unconditional counterpart φ ).    
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Since the two levels of demands are estimated separately, different functional 

forms of f ( )⋅
 
were used for the group demand (5.1) and the within-group demand (5.2), 

which provides considerable flexibility. The conventional, or unconditional, income and 

price elasticities of all goods were obtained by combining the estimates of (5.1) and 

(5.2).  

We then turned to the measurement of the quality of consumption. This was 

based upon income elasticities and rates of growth of consumption (Theil, 1975/76). 

Our index took the form: 

(5.3) ( ) ( )
n

i i i
i 1

ˆˆw 1 q Q ,
=

η − −∑  

where for good i ( )i 1, , n ,= …  iw  is the budget share, iη  is the income elasticity, iq̂  is 

the proportionate change in consumed quantity of good i, and Q̂  is the change in real 

income. As the income elasticity i 1η >  for luxuries and i 1η <  for necessities, this 

index of quality registers an improvement when the consumption basket moves toward 

luxuries and away from necessities. As this approach to measuring quality is based on 

what the consumer actually does, arguably it has advantages over alternatives such as 

using the price of a good to denote its quality or using hedonic regressions to derive 

constant-quality prices. Using exactly the same approach, we defined two other quality 

indexes: a price index and a spending index. The quality index (5.3) then emerges as 

spending deflated by prices. Using the ICP (2005) data, we found that 80 percent of 

additional spending on quality flows into the volume component (5.3), with the 

remaining 20 percent accounted for by higher prices. 

 

5.2     Further Implications 

 In what follows, we consider some further implications of some of the results 

presented in the thesis with regard to food demand projections, the functional form of 

demand equations and adjusting inflation measures for quality change.  

Projecting Food Demand 

World food demand has changed dramatically over the last few decades and the 

changes are likely to be similarly significant over the coming years. For food security, 

projecting food demand is important and increasingly vital for policy purposes. 

However, different demand functions lead to quite different predictions. As income 

growth is one of the main factors that determine food demand, the plausible behaviour 
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of the income elasticity is a key requirement to derive sensible projections. In Chapter 2 

we explored alternative Engel functional forms for food and applied them to the ICP 

data. A stress test of extreme values—the number of years of income growth required 

before the predicted food share was above one or below zero—was applied to the 

richest and poorest countries, the US and the Congo. We now illustrate these issues 

further by projecting food consumption for some other countries. In particular, we 

demonstrate the importance of functional form by comparing the projections implied by 

two Engel function forms: Working’s model and the MVE model.  

Let us consider China and India, the world’s two largest emerging countries and 

arguably the world’s two most dynamic and interesting economies. For China in 2005, 

per capita income was $2,251, and the food budget share was 24 percent, while in India 

income was $1,753 and the food share was 34 percent. The food shares in China and 

India are lower than other countries that have similar per capita incomes, for example 

Mongolia (where 35.9 percent of income of $2,463 is spent on food) and Indonesia (42 

percent of $2,373). This could possibly reflect some measurement error in food 

expenditures in China and India, as well as the under estimation of their PPPs. Both 

countries are interesting because of their high rate of growth and large populations and 

the analysis that follows indicates the high stakes in getting food demand projections 

right.  

We calculate the predicted income and food consumption in China and India in 

2015 in Table 5.1. If its annual growth rate is 8 percent, China’s per capita income will 

increase to $4,859 in 2015. Assuming the relative price of food is constant, and using 

estimates given in Table 2.3, the food share is projected to be 29.60 percent in 2015 if 

we use Working’s model, but this increases to 31.02 percent if the MVE model is used. 

The difference between these projections is 31.02-29.60=1.38 percentage point. In 

terms of dollars, the MVE model, relative to Working’s model, means that there is  

$4,859 1.38% $67.05× =  of extra expenditure on food for each person each year. The 

current population of China is about 1.34 billion; at a growth rate of 0.49 percent p. a., 

this will become 1.37 billion by the 2015. Accordingly, the total “forecast discrepancy” 

is $67.05 1.37 billion $92 billion,× =  which is very substantial. With 6 and 10 percent 

annual growth rates, Table 5.1 shows that the differences in the budget shares between 

Working’s model and the MVE model are still greater than one percent. Similar 

calculations for India in Table 5.1 reveal a similarly large difference in projected food 

consumption, depending on the model used. This clearly shows how food projections 

are critically dependent on the functional form of the demand equation.  



182 

 

 

Table 5.1 

Observed and Projected Food Shares in China and India 

Annual 
growth rate 
(Percent) 

 China   India 

Income  

(US$ p. c.)  

Food share 

(Percent) 
 

Income 

(US$ p. c.) 

Food share 

(Percent) 

A. Observed in 2005 

– 2,251 24  1,753 34 

B. Predicted in 2015 

  Working’s MVE   Working’s MVE 

6 4,031 31.19 32.77  3,139 33.01 34.59 

8 4,859 29.60 31.02  3,784 31.43 33.02 

10 5,838 28.04 29.19  4,546 29.87 31.35 

 

More on Functional Form 

As discussed in Chapter 2, the generalised Working’s model (Laitinen et al., 

1983) involves a Box-Cox type transformation of income:  

( )w M Mγ γ= α + β ,                                                                                                              

where ( )( )M M 1γ γ= − γ  and γ  is the Box-Cox parameter. This model reduces to 

Working’s model when γ  approaches to 0, the linear expenditure function when 1γ = −  

and the quadratic expenditure function when 1.γ =  The implied income elasticity is 

( )w 1η = β + γ + . This model was estimated for food demand and the parameter 

estimates are given in Table 2.3. As the estimate of γ  is 0.0008, which is very close to 

zero, Working’s model is superior for the reason of simplicity. However, we could apply 

the same approach to the 11 non-food goods: For example, we could estimate the 

conditional demand equation for “Health”, nfw log M′ = α +β  and ( )
nf nfw M M .

γγ′ = α + β 1 

The estimates with the ICP (2008) data are  

( )ˆ 0.126 0.006α=  and ( )ˆ 0.012 0.003β=  from Working’s model, and  

( )ˆ 0.075 0.003 ,α= ( ) ( )ˆ ˆ0.018 0.002  and 0.482 0.193β=− γ=  from its generalisation, 

where asymptotic standard errors are in parentheses.2 As can be seen, the Box-Cox 

parameter γ  is not zero for “Health”. As noted, when 0γ →  the functional form is 

                                                
1 For purpose of this illustration, the role of relative prices is ignored. 
2 Observed incomes are divided by 5,000; see notes of Table 2.3. 
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Working’s model and 1γ =  is quadratic, so when ˆ 0.5γ ≈  the Engel curve is about “mid-

way” between these two cases. If we use Working’s model, the estimated income 

elasticity of “Health” is 1.08 in the US (where nfM $29,999=  in 2005), while it is 1.34 

when using the generalised model. Spending on health is a major public policy issue in 

the US. According to the generalised model of demand for health, this is likely to 

become an even more important issue as health spending is projected to rise at a rate of 

about one-third more than income. If, for example, income rises over the next decade by 

10 percent, then with an income elasticity of 1.3, spending on health would increase by 

about 13 percent. However, if we incorrectly use Working’s model, with an income 

elasticity of approximate unity, health spending increase only proportionately with 

income.  

Quality Adjusted Inflation 

In the last decade or so, a number of central banks have been targeting inflation 

as the objective of monetary policy. It is arguable that the inflation target has to be 

adjusted because of the positive quality bias in the consumer price index. In Chapter 4 

we discussed several controversial issues with the popular hedonic quality-adjustment 

method and advocated an alternative approach. The structure-of-prices index of this 

approach captures the change in price of quality, which is    

( ) ( )
n

i i i
i 1

ˆˆw 1 p P ,
=

η − −∑
 

where iw  and iη  are the budget share and income elasticity of good i, ( )i ip̂ d log p=  is 

the logarithmic change in price of good i and n
i 1 i i

ˆ ˆP w p== ∑  is the conventional cost-of-

living index. Expanding the brackets in this price index of quality, we have 

( )( )
n n

i i i i i
i 1 i 1

ˆ ˆ ˆ ˆˆ ˆw 1 p P p P P P,
= =

′η − − = θ − = −∑ ∑  

where i i iwθ = η  is the marginal share of good i and n
i 1 i i

ˆ ˆP p=′ = θ∑  is the Frisch price 

index. This shows that the index of the price of quality is also the excess of the Frisch 

index over the cost-of-living index. Subtracting the price of quality ˆ ˆP P′ −  from the 

conventional price index P̂ , the quality-adjusted price index is  

( )adjusted
ˆ ˆ ˆ ˆ ˆ ˆP P P P 2P P .′ ′= − − = −  

Therefore, if, for example, conventionally measured inflation P̂  is 4 percent, and the 

price of quality increases by 1 percent, quality-adjusted inflation is then 3 percent. This 

formulation of quality-adjusted inflation is readily computed as it only depends on the 
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values of the n income elasticities, estimates of which are readily available, and the n 

budget shares, which are already used in the cost-of-living index. It would thus be 

feasible for central banks to publish such an index and use it as their inflation. 

 

5.3     The Future 

The focus of this thesis has been on international demand analysis. While the 

study of demand is a long-standing topic in economics, there has historically been less 

work in examining consumption behaviour internationally. This has primarily been 

because of the lack, until recently, of adequate data. The thesis has benefited from the 

availability of high quality global data from the 2005 ICP. This has enabled us to 

rigorously investigate important issues of policy relevance, to examine aspects of 

functional form in a new light and obtain a broader and deeper understanding of demand 

systems and their application in an international context. This helps to extend our 

knowledge of consumer demand and also to refresh and reinvigorate the study of 

demand behaviour. Hence it is with great enthusiasm and anticipation that we await the 

release of the 2011 ICP results expected in 2013. 
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