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ABSTRACT 
 

 Food consumption is necessary to sustain life and a primary indicator of consumers’ 

wellbeing. Due to the heterogeneity of consumers, huge disparities exist in food consumption 

internationally, with the food share varying from over one-half in the poorest countries to less 

than one-tenth in the richest. While this is in agreement with Engel’s law, there are still 

substantial international differences in the consumption of more detailed food items -- just 

think of how rice and bread consumption, for example, differs across countries. Are these 

differences due to custom, culture and climate, or economic factors such as incomes and 

prices? The thesis deals with the econometric analysis of the cross-country demand for fairly 

narrowly defined food items.   

We use unpublished data from the International Comparison Program that cover the 

consumption of 3 alcoholic beverages and 25 food items in over 140 countries. For alcohol, 

we adopt a two-level budgeting system that determines the allocation of expenditure between 

(i) alcohol and non-alcohol, and (ii) the three alcoholic beverages. A three-level system is 

employed for the 25 food items whereby consumers allocate expenditure between (i) food 

and non-food, (ii) the major food groups, and (iii) the food items within each group. This is a 

tractable approach that yields a 25×25 matrix of own- and cross-price elasticities for the food 

items.  

On the basis of the multi-level budgeting system, we use a reverse-engineering 

approach to recover the unconditional demand equations that depend on income and the 

prices of all goods. For alcohol with the two-level system, there are conditional demand 

equations for the three beverages to deal with the allocation of total alcohol expenditure, and 

the group demand equations for the allocation of income between alcohol and non-alcohol 

group. We estimate the conditional and group demand equations and combine them to yield 

the unconditional demand equations that describe the consumption of each beverage in terms 

of income and prices. The three-level system for the 25 food items involves three type of 

demand equations: the conditional demands for items that depend on food group expenditure, 

the one-level higher aggregate; the food group demands, conditional on total food 

expenditure; and the food demand equation depending on income. The resulting 

unconditional demands give the responses of the consumption of the 25 food items to 

changes in income and the prices. 
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                                                                           CHAPTER 1
INTRODUCTION 

1.1 Importance of Food Consumption   

In a well-known contribution, Maslow (1943) proposes a hierarchy of needs for 

humans, where food is classified as one of the most basic. He describes needs for food and 

illustrates using the case of extreme hunger:  

“It is then fair to characterize the whole organism by saying it is simply hungry, for 
consciousness is almost completely pre-empted by hunger…For the man who is 
extremely and dangerously hungry, no other interests exist but food. He dreams food, 
he remembers food, he thinks about food, he emotes only about food, he perceives 
only food and he wants only food.”  

Food is the only thing that matters for hungry people, while at the other end of the spectrum 

those with sufficient food tend to focus more on the taste, nutrition, variety, etc. Hence food 

occupies a prominent position in the consumption basket.  

Even with substantial productivity enhancements in agriculture production, the world 

still faces two big challenges in feeding its population. The first is the periodic shortages of 

food in some countries due to extreme weather conditions, such as drought and flood events 

that can have a huge impact on production (Parry et al., 2004). The second challenge is due to 

the increasing demand for food caused by population growth and rising incomes. This 

concern goes back at least to the industrial revolution that inspired Malthus (1798) to write 

about population pressure constraining incomes to subsistence levels. A recent report by 

Alexandratos and Bruinsma (2012) projected that the demand for agricultural products is 

expected to grow at 1.1% per year from 2005 to 2050 due to growing population and rising 

incomes. Although this is a modest annual rate, the cumulative increase in demand is 64% by 

2050. For crops only, Tilman et al. (2011) forecast a 100-110% increase in global demand 

from 2005 to 2050. Will global production be able to meet this higher demand? 

Shortages and rising demand impact on food prices. The figure below gives a $US 

index of cereal prices since the turn of the millennium. As can be seen, there are two large 

jumps: Prices nearly doubled from 2007 to 2008 and the same thing happened between 2010-

11. Both these episodes caused substantial hardship in some poor and some developing 

countries, and increased in global poverty (Anderson et al., 2014). These rising food prices 

also led to an increase in social unrest in some countries (Bellemare, 2015). Another reason 

for hunger in some countries is failed government policies and corruption.  
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Source: FAO (2017). (Prices are in $US and cereals include wheat, maize, and rice). 

An intriguing aspect of food consumption is the large disparities in consumption 

patterns across countries. Below are photographs of a week’s food consumption by two 

families: one from a rich country, Norway, and the other from a poor one, Chad. There are 

obviously huge differences: In terms of the quantity, quality and diversity, the Norwegian’s 

family “basket” is much larger than that for the Chadian. Although the Norwegians are much 

more affluent and consume more food, the proportion of total consumption devoted to food is 

much smaller for them. Food expenditure is only 9.7% of the total for the Norwegians, while 

food absorbs 55% for the Chadian.1 This decline in the food share as income increases is 

consistent with the Engel’s (1857) law, which will be discussed subsequently.  

                      
Source:  Menzel and D'Aluisio (2008).  

There is a further major contrast between food consumption in rich and poor 

countries. In rich countries with sufficient food supply, consumers can tend to overeat or 

overdrink, and have unhealthy diets consisting of too much processed food or alcohol. 

Consequently, many of these consumers have a higher chance of developing chronic health 

problems such as obesity, diabetes, liver cirrhosis etc., which impose a substantial cost on 

                                                 
1 The income and food expenditure data are from the International Comparison Program (2008).  
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public health budgets. On the other hand, consumers in poor countries with lack of food 

suffer from hunger and nutritional deprivation.  

The thesis deals with both the theory and measurement of consumption economics as 

pertaining to food. The term “food” is interpreted broadly to include both the usual items of 

food consumed, as well as alcoholic beverages. Given the theory and measurement 

orientation, this chapter provides a broad overview of the analytical foundations and 

empirical knowledge regarding food consumption. We start in Sections 1.2 and 1.3 with a 

review of empirical laws concerning food consumption. Section 1.4 introduces the system-

wide approach to consumption theory, which is the basis for much research on food demand. 

Section 1.5 follows with a brief summary of applications of the system-wide approach to 

cross-country data. Section 1.6 describes a large database on cross-country food 

consumption, which is to be used in the thesis. Section 1.7 discusses multilevel budgeting 

theory, which is also used in much research on food demand. Related research on food 

demand is briefly discussed in Section 1.8. The last section sets out the contribution of the 

thesis and an overview of the work.   

1.2 Engel’s Law 

In his Presidential Address to the Econometric Society entitled “Are there Laws of 

Consumption?”, Houthakker (1967) highlights the important role of empirical laws to the 

advancement and value of science in general. In large part, economics’ claim to be a science 

rests on certain laws that have the status of more than mere empirical regularities that may or 

may not have a deeper foundation and may or may not be useful in predicting what will 

happen outside the context within which they were first observed. Examples illustrating 

economic laws (or near laws) include Adam Smith’s invisible hand (the market system is an 

efficient decentralised coordinator of the economic system); demand curves slope down (a 

higher price decreases the quantity demanded); the demand and supply model (with its 

myriad of uses in predicting the impact on a market of changes in incomes, other prices, 

production costs, taxes, etc.); the consistency of choice implied by the rationality of the 

individual (the basis for the utility-maximising theory of the consumer, for example); and the 

neutrality of money over the longer term (which leads to the quantity theory of money, the 

natural rate of unemployment, etc.).  

To return to Houthakker’s question regarding the laws of consumption, this and the 

next sections introduce four important laws of consumption, thereby establishing that the 
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answer to the question is “yes”.  This material also serves to set the scene for what is to 

follow in the thesis.  

Engel’s law states that the share of expenditure devoted to food consumption declines 

as income rises. Engel (1857, pp 28-29) expressed the law as: “The poorer a family, the 

greater the proportion of its total expenditure that must be devoted to the provision of food”, 

which he went on to extend to the whole country by arguing the richer a country, the smaller 

the food share (Stigler, 1954). The declining food share as consumers become more affluent 

is a most important, and pervasive empirical regularity in consumption patterns; arguably, 

Engel’s law is one of the most important laws in all economics. Stigler (1954, p. 98) 

describes it as “the first empirical generalisation from budget data”.  

Engel’s law has major implications for the industrial composition of the economy and 

how a growing population might be adequately fed (Chai and Moneta, 2010).  Engel’s work 

was written during the aftermath of the Industrial Revolution amid Malthusian concerns 

regarding too rapid population growth. In this context, Chai and Moneta (2010, p. 227) 

describe the great importance of Engel’s research: 

Engel argued that, even if there are no natural constraints on population growth, it 
was possible to avoid catastrophe if the economy’s productive capacity could be 
balanced with growing demand. This balancing is possible if the composition of 
goods and services supplied adapts to the evolving demand patterns of the 
population. For this reason, it was fundamental to Engel to investigate how the 
pattern of demand changes as household income changes. The finding that an 
increase in household income leads to a less than proportional increase in 
household food expenditures allayed fears that food demand grows at the same 
(geometrical) rate as the population. This finding enabled Engel to claim that 
population growth does not necessarily lead to a decline in welfare.  

The minimum amount of calories, nutrients, vitamins and liquids that are essential to 

sustain life translates into a minimum food requirement. Observed food consumption can be 

thought of as the sum of this minimum, which is independent of income, and a 

“discretionary” component that rises with income, such as in the linear food consumption 

function,  

                 FM M,= α + β  0, 0, α > β >  

where FM  is food expenditure, α  and β  are parameters and M is income. The share of 

income devoted to food is FM M M .= α + β  The fixed component of food spending, ,α  

causes the share to decline as income rises, or, equivalently, the income elasticity to be less 

than unity,  
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( )
( )

F
F

d log M βη 1.
d log M α / M β

≡ = <
+

  

This distinctive feature of food and its implications seem consistent with what Adam Smith 

(1776) had in mind in stating “that the desire of food is limited in every man by the narrow 

capacity of the human stomach, but the desire of the conveniences and ornaments of building, 

dress, equipage, and household furniture, seems to have no limit or certain boundary.” 

Table 1.1 presents the food share and the income elasticity from a number of surveys, 

from Houthakker (1957). As the surveys are ranked according to decreasing income, we can 

clearly see the rise in the share as income falls. Engel’s law holds in going from one survey to 

another. The last column of the table reveals the income elasticity to be less than unity in all 

cases, with a centre-of-gravity value of around 0.6, so that, on average, a 10% rise in income 

gives rise to a 6% increase in food expenditure. Thus, within each of the surveys, there is also 

evidence supporting Engel’s law. 

Engel’s law has been used to measure the cost of a child (Engel, 1895), as well as to 

adjust for the substitution and quality biases of the CPI (Costa, 2001, Hamilton, 2001). Almås 

(2012) uses a similar approach to show that the Penn World Table understates income 

inequality across countries. This line of research has been criticised by Deaton (2016) who 

relates it to Engel’s (1895) measure of the cost of children which is based on the household’s 

food share. This cost is the compensation required to equalise the household’s food share 

with that of another containing a smaller number of children. The underlying idea is that an 

equal food share implies equal welfare, a proposition Deaton describes as going “far beyond” 

Engel’s original law.  

1.3  Further Laws of Food Demand 

Holbrook Working (1943) used early survey data for the US to identify another 

important empirical regularity in food consumption (Working, 1943, pp. 45-46): 

The relationship of expenditure for food to total expenditure is remarkable for 
the uniformity and closeness with which it approximates the relation  

           FM log M.
M

= α + β  

… Expressed otherwise, this means that the proportion of total expenditure 
that is devoted to food tends to decrease exactly in arithmetic progression as 
total expenditure increases in geometric progression. With only certain 
exceptions at very low levels of total expenditure, this law of relationship
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Table 1.1    Income and Food Consumption in 31 Surveys 

Survey Income 
Food 

Budget share 
(Percentage) 

Income  
elasticity 

(1) (2) (3) (4) 
1. United States 1950, suburbs, North 100.0 30 0.66 
2. United Kingdom, middle class 99.4 25 0.34 
3. United States 1950, suburbs, West 91.9 29 0.71 
4. United States 1950, suburbs, South 91.1 30 0.70 
5. United States 1950, large cities, North 86.2 32 0.69 
6. United States 1950, large cities, West 83.8 30 0.68 
7. United States 1950, small cities, West 81.8 31 0.65 
8. United States 1950, small cities, North 77.7 31 0.65 
9. United States 1950, large cities, South 75.7 31 0.69 
10. United States 1950, small cities, South 63.8 32 0.69 
11. Canada 61.8 31 0.65 
12. Mexico 56.3 40 0.66 
13. United Kingdom, working class 44.8 37 0.59 
14. Germany 1907 43.5 45 0.54 
15. France 41.8 49 0.48 
16. Switzerland 41.0 46 0.46 
17. United States 1901 38.4 44 0.71 
18. Norway 37.5 37 0.52 
19. Germany 1927-1928, govt officials 37.2 33 0.39 
20. Germany 1927-1928, clerical workers 34.7 33 0.50 
21. Ireland 33.9 40 0.60 
22. Finland 33.8 50 0.62 
23. Netherlands, white collar workers 33.5 29 0.49 
24. Sweden 32.4 37 0.63 
25. Italy 31.6 46 0.60 
26. Germany 1927-1928, manual workers 25.1 42 0.60 
27. Netherlands, manual workers 23.0 39 0.71 
28. Austria 18.2 53 0.55 
29. Latvia 17.1 34 0.43 
30. Japan 14.9 45 0.56 
31. Poland 10.8 64 0.73 
Notes:  Income is the mean total expenditure per family in $US of 1950, scaled so that United States 1950, 

suburbs, North equals 100. 
Source:  Houthakker (1957, Tables II and IV). In Houthakker’s Table II includes four totals of sub-components: 

United States 1950, all classes of cities; United Kingdom, both groups; Germany 1927-1928, all three 
groups; and Netherlands, both groups. These cases are excluded from the above table. 
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applies closely for families of every size, of every occupation, and in each type 
of community studied.2 

This relationship could be called Working’s law. 

Figure 1.1 illustrates Working’s law using the cross-country data for 2011 from the 

International Comparisons Program of the World Bank (2015). On the vertical axis is the 

food budget share, FM M ,  while on the horizontal is income per capita measured on a 

geometric scale. Each of the 177 circles refers to a country, which range from the richest in 

northern Europe to the poorest in east Africa. The obvious tendency for the share to decline 

as income rises is in accordance with Engel’s law, but the degree to which the observations 

are fairly closely scattered around the negatively sloped regression line is what is important 

here. Despite the great diversity amongst the 177 countries regarding geography, climate, 

culture, ethnicity and prices, it is truly remarkable that the relationship between food budget 

share and income, being the only “country effect”, fits so well. Clearly, Working’s law works 

well.3 

 
Figure 1.1  Working’s Law 

 
 
 

  
Note: This is a scatter pertaining to 177 countries in 2011, with the underlying data from the World Bank 
(2015).  The food budget share is the proportion of total consumption devoted to food. Income (real total 
consumption) is in $US per capita. The equation is for a regression of the food share on the logarithm of 
income. Standard errors are in parentheses. 
 
                                                 
2 For consistency, we have changed Working’s notation to that introduced above. 
3 A squared income term is sometimes added to Working’s model, especially when it is applied to data on 
individuals (Banks et al., 1997).  
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For convenience, let F Fw M M=  denote the proportion of income devoted to food, 

known as the food budget share. Working’s law is then Fw log M.= α + β  A doubling of 

income from M to 2M means that the food share changes by 

               ( ) ( )Fw log M log 2M log M log 2.∆ = β∆ = β − = β  

Using cross-country data from the ICP, Theil et al. (1989) estimate the slope coefficient β  to 

be in the vicinity of -0.15, so that w log 2 0.15 0.69 0.10.∆ = β = − × ≈ −  Accordingly, when 

income doubles, the food share falls by 10 percentage points. Theil et al. (1989) refer to this 

result as “the strong version of Engel’s law”. This is stronger than Engel’s original law as it 

specifies numerically the rate at which the share changes as income rises, rather than only the 

sign of the change.4 

A further law pertaining to food consumption deals with staples. According to 

Bennett’s (1941) law, the share of total calories derived from staples declines with income. 

As income rises, higher-quality foods become more prominent in the diet, staples less 

prominent. If, for simplicity, calories are proportional to expenditures, SM  denotes staples 

expenditure and x̂ dx x=  denotes the relative change in x 0,>  Bennett’s and Engel’s laws 

jointly imply the ranking of expenditure changes S F
ˆ ˆ ˆM M M.< <  Bennett (1941, pp. 52-53) 

describes the foundation of this empirical law and its implications as follows: 

…[T]he first care of mankind is to fill the stomach with food calories sufficient to 
appease hunger, regardless of the sources of calories; and that the closer to 
poverty a nation lies, the greater is the probability that its food calories will tend 
to consist of foods that are cheap per 1,000 calories contained… Cereals and 
potatoes [staples], in simply processed or unprocessed forms, tend generally to be 
the cheapest foods per 1,000 calories available to large populations…Poverty-
stricken nations must be expected to derive their food calories in much larger 
degree than prosperous nations from cheap sources of calories,… cereals and 
potatoes… The proportion of food calories derived from cereals and potatoes 
must therefore broadly indicate national poverty if high, and national prosperity if 
low. 

Figure 1.2 provides some of Bennett’s evidence on consumption patterns in the 1930s. 

Here, the staples share ranges from about 40% for rich countries such as Australia and the 

US, to 90% for India, the USSR and China, poorer ones. After expressing appropriate
                                                 
4 The slope of the regression line in Figure 1.1 is –0.12, which is somewhat smaller in absolute value than -0.15.  
However, as cross-country price differences are not controlled for in Figure 1.1, and in view of the standard 
error of the estimated coefficient, the disparity is possibly not of great consequence. On the other hand, Izan and 
Clements (1979) and Clements and Chen (2010) estimate the slope to be about -0.10, implying that the food 
share falls by about 7 percentage points following a doubling of income.  
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Figure 1.2  Bennett’s Law 

 

Source: Bennett (1941, p. 54).
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qualifications, Bennett (1941, p. 56) concludes that “[d]ependence on cereals and potatoes is 

greatest in low-income countries, least in high-income countries”. 

According to Engel’s law, the proportion of income devoted to food falls as income 

rises. At the same time, more affluent consumers tend to buy higher quality foods that cost 

more. Thus, while food expenditure rises more slowly than income, the quality of food rises 

and, so, the volume of food increases less rapidly than expenditure. To clarify, let food 

expenditure be made up of a price and volume components, that is, F F FM p q= ⋅  with 

F F F
ˆ ˆ ˆM p q .= +  The proportionate change in the food share is F F

ˆ ˆŵ M M= −  and as the share 

falls with higher income, F
ˆ ˆM M,<  or food expenditure rises more slowly than income. But 

higher income brings higher quality and higher prices so that the volume of food rises more 

slowly than spending on food, F F
ˆq̂ M .<  Consequently, there is a clear ranking: 

F F
ˆ ˆq̂ M M.< <  The growth in food spending, relative to the volume, F F

ˆ ˆM q ,−  that comes with 

higher incomes has been referred to as Houthakker’s law (Timmer et al., 1983, p. 58). This 

excess is sometimes taken to represent the growth in the quality of food consumption.5  

1.4 System-Wide Demand Analysis 

This thesis uses the system-wide approach to demand analysis. This approach 

considers as a whole the n goods that make up the consumer’s basket to jointly analyse the 

determinants of the demand for each of these goods. The approach leads to a system of 

equations in which the demand for each good depends on the consumer’s income and the n 

prices. The foundation of the demand equations is the utility-maximisation theory of the 

consumer which gives rise to three important properties: 

• The budget constraint. As the consumer is taken to choose the basket to maximize 

utility subject to the budget constraint, the demand system must predict expenditures 

on the n goods that sum to income.  

• The absence of money illusion. A doubling of nominal income and each of the n 

nominal prices leaves the consumer’s real income and all relative prices unaffected. 

Utility-maximisation theory implies that such a change has no effect on the quantities 

                                                 
5 Two other laws are worth mentioning. First, the King-Davenant “law” of demand relates to the elasticity of 
demand for wheat; see Evans (1967), Niehans (1990, p. 23) and Stigler (1954, pp. 103-104). The second is the 
“law” of ½, which states that if nothing is known about a broad aggregate with limited substitutes, then a 
“reasonable” value for its own-price elasticity is -½ (Clements, 2008). These laws do not have the same status as 
those discussed above (in fact, the second is more of a guideline than a law).   
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demanded. This is expressed declaring that demand equations are homogeneous of 

degree zero in nominal variables. This property is known as “demand homogeneity”, 

for short. 

• The symmetry of the substitution effects of a pair of price changes. Consider the 

following situation. Suppose real income remains constant and there is a one-dollar 

rise in the price of a bottle of beer. This would tend to reduce beer consumption and 

raise the quantity demand for wine, a substitute product. Utility-maximization theory 

says that this rise in wine consumption is exactly equal to the effect of a one-dollar 

increase in the price of a bottle of wine on beer consumption. This is known as 

Slutsky (1915) symmetry.   

Thus, system-wide demand models should reflect these three properties. Certain 

formulations of some of these models allow treating homogeneity and symmetry as testable 

hypotheses (as it is an accounting identity satisfied by the data, the budget constraint is not 

testable). As there are now a number of system-wide demand models, it is not possible to 

provide a comprehensive account of all of them.6 Rather we shall confine ourselves to three 

prominent models, Stone’s (1954) linear expenditure system, the Rotterdam model of Barten 

(1964) and (Theil, 1965) and the almost ideal model of Deaton and Muelbauer (1980a). See 

Clements and Gao (2014) for citation evidence of the prominence/popularity of these 

models.7  

The Linear Expenditure System 

Let ip  be the price of good i ( )i 1,..., n=  and iq  be the corresponding quantity 

demanded, so that i ip q  is expenditure on the good and n
i 1 i ip q M=Σ =  is expenditure on all 

goods (known as “income” for short). Stone’s (1954) linear expenditure system (LES) takes 

the form 

(1.1)           
n

i i i i i j j
j 1

p q p M p ,   i 1,..., n.
=

 = γ + β − γ = 
 

∑  

Here, i i and β γ  are constant parameters, with ( )i i ip q Mβ = ∂ ∂  and n
i 1 i 1.=Σ β =  This iβ  is 

known as the marginal share of good i and answers the question, if income increases by one 

dollar, what fraction is spent on i? Each iβ  is taken to be positive, which means inferior 

                                                 
6 For surveys, see Barnett and Serletis (2008), Barten (1977), Bewley (1986). Blundell (1988), Brown and 
Deaton (1972), Deaton (1986), Deaton and Muellbauer (1980b), Goldberger (1987), Phlips (1974), Pollak and 
Wales (1992), Powell (1974), Theil (1980) and Theil and Clements (1987). 
7 It should be noted there is also a fourth model that has a similar status, the translog of Christensen et al. (1975). 
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goods are ruled out (see below for a justification). The shares have a unit sum as the 

additional income is taken to be totally spent. When the iγ  parameters are positive, they are 

sometimes interpreted as “subsistence” quantities. Thus, i ip γ  is the cost of subsistence 

stemming from good i, n
j 1 j jp=Σ γ  is the total subsistence cost and n

j 1 j jM p=− Σ γ  is the remaining 

income, called supernumerary income, which is assumed to be positive (see below). 

According to equation (1.1), the consumer first spends i ip γ  on the subsistence quantity good 

i, independent of income, and then allocates a fixed fraction iβ  of supernumerary income to 

that good.  

Model (1.1) is a system of demand function expressed in expenditure form. If we let 

i i iw p q M=  be the share of income devoted to good i (known as the budget share of i) and  

n
i i i j 1 j js p p== γ Σ γ  the proportion of total subsistence total attributable to i, then LES can be 

written as 

(1.2)         ( )i i iw s 1 ,= λ ⋅ + − λ ⋅β  

where n
j 1 j jp M 1=λ = Σ γ <  is the total cost of subsistence as a fraction of income and 1− λ  is 

the supernumerary proportion of income. This reveals that in LES the thi  budget share is a 

weighted average of two fractions, the share of i in the total cost of subsistence, is ,  and the 

thi  marginal share, i .β  When prices remain unchanged, n
j 1 j jp=Σ γ  is fixed and as income rises, 

the fraction of income devoted to subsistence falls. Accordingly, as income rises, the weight 

λ  falls, so that the budget share iw  moves away from the subsistence share in the direction 

of the marginal share. This would seem to be a reasonable description of actual behaviour. 

 When prices are held constant, the income elasticity of demand for good i is defined 

as  ( ) ( )i i ilog p q log M .η = ∂ ∂  Equations (1.1) and (1.2) imply that in LES this elasticity 

takes the form 

(1.3)       
1

i
i

i

s1 1 .
−

  
η = + λ −  β  

 

As 0 1,< λ <  this shows that when i is ,> β [ ] 11 k 1,  −+ λ < where ( )i ik s 1 0;= β − >  that is, 

i 1.η <  In words, the good is a necessity when the subsistence share exceeds its marginal 

share. More specifically, if the good has no subsistence consumption so that i is 0,γ = =  it 

cannot be a necessity. But subsistence must be sufficiently large to satisfy the requirement 
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that i is .> β  This can also be clearly seen from the approximation ( )i i i1 s 1 .η ≈ − λ β −    

When i is ,> β  equation (1.2) implies that for a necessity, the budget share falls with income 

growth, as it should.  

To summarise, in the context of LES, Engel’s law (that i 1η <  for i = food) implies 

that the food share in the cost of subsistence ( is ) is greater than its share in a one-dollar 

increase in income ( iβ ). This attractively simple result again emphasises the importance of 

the independent-of-income element of food consumption for Engel’s law.  

A not-so-attractive implication of LES is the behaviour of the income elasticity of 

food as income rises: The fraction of income devoted to subsistence, λ , falls as income 

grows, and so from expression (1.3), when good i is a necessity, so that i is ,> β  the income 

elasticity iη  rises. Another way to show this is with the logarithmic differential of (1.3) when 

prices remain unchanged. Using ( )x̂ dx x d log x ,= =  this can be shown to be ( )i i
ˆˆ 1 M,η = − η  

which is positive when i0 1< η <  (so the good is normal and a necessity) and when income 

grows ( )M̂ 0> . This means that the income elasticity of food for the rich exceeds that of the 

poor, a result that goes against economic intuition. The source of this problem is the marginal 

share is specified as a constant in LES, so that following a certain increase in income, food 

spending by a poor person grows by is exactly the same as that of a rich person receiving the 

same income increment. This is a dubious proposition.8 

LES can be derived from the Stone (1954)-Geary (1949-50), or Klein-Rubin (1948), 

utility function,  

(1.4)         ( ) ( )
n

1 n i i i
i 1

u q , ,q log q .
=

= β − γ∑
  

For this function to be defined, we require i iq .γ <  Multiplying both sides of the inequality 

by ip  and then summing over i = 1,…,n, yields n n
i 1 i i i 1 i ip p q ;= =Σ γ < Σ  but as n

i 1 i ip q M,=Σ =  the 

requirement implies n
i 1 i ip M.=Σ γ <  In words, the cost of subsistence must be less than income, 

an entirely reasonable result. This is the justification for this assumption made above that 

supernumerary income is positive. The form of the utility function (1.4) implies that the 

marginal utility of good i is ( )i i i iu q q .∂ ∂ = β − γ  When i iq ,γ <  this marginal utility is 

positive when i 0,β >  which justifies the above assumption. The requirement of positive 

                                                 
8 The same problem arises with the linear Engel curve of Section 1.2. 
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marginal shares means that all goods are normal, that is, inferior goods are ruled out by LES. 

For broad aggregates, this is not likely to be too far from the truth. Finally, note that as 

choices are unaffected by monotonic increasing transformations of the utility functions 

(which simply change the labels recording utility values on the indifference curves), the iβ  
can be normalised to have a unit sum (dividing by n

i 1 i 0=Σ β >  is a monotonic transformation). 

This now means that each marginal share is a proper fraction, i0 1,  i 1, , n.< β < =   

The linear structure of (1.1) makes its use straightforward, but the utility function is 

additive in each of the goods, which limits the degree of substitution among goods in a 

restrictive manner. The behaviour of income elasticities mentioned above is a further 

disadvantage of the model. Nevertheless, LES has been widely applied. Because of its direct 

link with an explicit form of the utility function, LES can be classified as a utility-based 

model. A different type of model is one with indirect links, but still satisfies the requirements 

of microeconomic theory. The Rotterdam model is in this category, to be discussed next.  

The Rotterdam Model  

To present the Rotterdam model, it is convenient to start with three differentials. First, 

the differential of the consumer’s budget constraint. This constraint states that expenditure on 

all the n goods in total is limited by income, which, for convenience, is written in equality 

form as n
i 1 i ip q M.=Σ =  The differential is ( )n

i 1 i i i idM p dq q dp ,== Σ + or using 

( )dx x d log x , x 0,= >   ( ) ( ) ( )d log M d log Q d log P ,= + with 

(1.5)         ( ) ( )
n

i i
i 1

d logQ w d logq
=

= ∑  and ( ) ( )
n

i i
i 1

d log P w d log p
=

= ∑  

the Divisia (1925) volume and price indexes. The volume index can also be interpreted as the 

change in the consumer’s real income. 

The second differential involves the thi  budget share i i iw p q M ,=   

(1.6)         ( ) ( ) ( )i i i i i idw w d log p w d log q w d log M .= + −  

This states that there is a price, quantity and income component to the change in the share. 

The third differential is that of the demand equation. The thi  Marshallian demand 

equation is ( )i i 1 nq q M, p , , p ,=   with differential ( ) ( )n
i i j 1 i j jdq q M dM q p dp .== ∂ ∂ + Σ ∂ ∂  

Using the Slutsky equation to decompose the price effect in income and substitution 
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components, i j ij j iq p s q q M ,∂ ∂ = − ∂ ∂  where ijs  is the ( )thi, j substitution effect, the 

differential demand equation is 

                 
n n

i
i j j ij j

j 1 j 1

qdq dM q dp s dp .
M = =

 ∂
= − + ∂  

∑ ∑  

Next, multiply both sides by ip M :            

                 
( ) ( ) ( ) ( )

( ) ( ) ( )

n
i j iji

i i i j
j 1

n

i ij j
j 1

p p sqw d log q p d log M d log P d log p
M M

d log M d log P d log p ,

=

=

 ∂
= − +    ∂  

= q − + p  

∑

∑
 

where the “coefficients” in the second line of the above, i ij and ,q p  are defined by reference 

to the first line. Using ( ) ( ) ( )d log M d log Q d log P ,= +  the differential demand can be 

written as  

(1.7)          ( ) ( ) ( )
n

i i i ij j
j 1

w d log q d log Q d log p .
=

= q + p∑   

It can be seen from equation (1.6) that the first variable on the right of (1.7) is the 

quantity component of the change in the thi  budget share. On the right is a multiple iq  of the 

change in real income ( )d log Q . The coefficient iq  is the marginal share of i and has exactly 

the same interpretation as iβ  in LES, equation (1.1). The last term on the right of (1.7) is a 

weighted sum of the n price changes, where the weights ijp  are known as Slutsky coefficients 

and are subject to homogeneity and symmetry constraints: 

(1.8)            
n

ij
j 1

0,  i 1, , n,  
=

p = = …∑ ij ji ,  i, j 1, , n.p = p =   

Equation (1.7) is general as the “coefficients” are not necessarily constants. 

The Rotterdam model, introduced by Barten (1964) and Theil (1965), is the following 

finite-change version of equation (1.7), from period t-1 to t, for i = 1,…,n:  

 (1.9)          
n

it it i t ij jt
j 1

w Dq DQ Dp ,
=

= q + p∑  i 1, , n goods, =   

where ( )it i,t 1 itw 1/ 2 w w ,−= +  it it i,t 1Dq log q log q ,−= −  n
t i 1 it itDQ w Dq ,== Σ and 

it it i,t 1Dp log p log p .−= −  The marginal shares and Slutsky coefficients are taken to be 

constants in (1.9). By dividing both sides of (1.9) by  itw ,  it can be seen that i itwq  is the thi  
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income elasticity and ij itwp is the ( )thi, j  Slutsky price elasticity. Like LES, the marginal 

shares are constant in equation (1.9), so the Rotterdam model suffers from the same problem 

regarding the behaviour of the income elasticity of demand for food. 

The Almost Ideal Model 

The LES can be derived from an algebraic specification of the utility function, while 

the Rotterdam starts with general demand functions and then transforms them. Both models 

embody the three constraints of microeconomic theory mentioned above, viz., the budget 

constraint, homogeneity and symmetry. A third way of generating systems of demand 

equations is to start with the consumer’s cost function, which refers to the minimum cost of 

obtaining a specified level of utility (u) given the price vector ( )p , written as ( )C u, .p 9
 By 

Shephard’s lemma, the utility-constant demands are then the derivatives of the cost function. 

The cost-function approach can be illustrated with Deaton’s and Muellbauer’s (1980a) almost 

ideal model.  

The cost function used by Deaton and Muellbauer (1980a) is  

( ) }{a( ) ub( )C u, e ,+= p pp  

where 

( ) i
nn n n *

i i ij i j 0 i
i 1 i 1 j 1 i 1

a( ) log p + 1 2 log p log p ,  b( ) p .β

= = = =
= α γ ⋅ = β∑ ∑ ∑ ∏p p   

Application of Shephard’s lemma to this cost function gives the almost ideal (AI) model:  

(1.10)       
n

i i i ij j*
j 1

Mw log log p ,   i=1, , n,
P =

 = α + β + γ∑ 
 

  

where ( )* n n n
i 1 i 1 j 1i i ij i jlog P log p + 1 2 log p log p= = == α γ ⋅∑ ∑ ∑  and  ( )* *

ij ij ji 2.γ = γ + γ  

Three aspects of the AI model can be noted. The first is the nature of the dependent 

variable. The thi  member of equation (1.10) is a demand equation with the budget share, 

i i iw p q M ,=  on the left. This can be easily transformed into a more familiar demand 

equation with iq  on the left by simply multiplying both sides by iM p . Similarly, LES, with 

i ip q  on the left, can be similarly transformed by dividing by ip .  The Rotterdam model is 

                                                 
9 The cost function embodies the same information regarding preferences as the utility function [an example of 
which is given in equation (1.4)]. More formally, the cost function is dual to the utility function. Maximising the 
utility function subject to the budget constraint gives demand functions that depend on income and prices. 
Substituting those demand functions for the quantities in the utility function gives utility as a function of income 
and prices, which is known as the indirect utility function. Solving the indirect utility function for income gives 
the cost function, dependent on utility and prices. The cost function is also known as the expenditure function. 
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only slightly different. It is convenient to consider equation (1.7), the infinitesimal-change 

foundation of the Rotterdam. That equation has on the left-hand side ( )i iw d log q ,  the 

quantity component of the change on the budget share of good i. From equation (1.6), we 

obtain the change in the share by adding to ( )i iw d log q  the difference between the price and 

income components, ( ) ( )i i iw d log p w d log M .−  Thus, the finite-change in the share is 

it it it it it it tw w Dq w Dp w DM ,∆ ≈ + −  and the level can be recovered as it it i,t 1w w w .−= ∆ +  In 

summary, there is a unity to the three models. 

The second point to make about the AI model (1.10) is that if prices are held constant, 

each share is a log-linear function of income. This is the same functional form as that of 

Working’s law for food. 

Third, the deflator that transforms money income into its real counterpart is the index 
*P .  In logarithmic form, this is a quadratic function of the n prices involving the unknown 

parameters i ij and .α γ  To simplify estimation, this index is frequently replaced by the Stone 

(1953) index, n
i 1 i ilog P w log p ,== ∑  which is the logarithm of a budget-share weighted 

geometric mean of the prices and is a levels version of Divisia. 

1.5 From Time to Space in Three Generations 

The system-wide approach to demand analysis was initiated with Stone’s (1954) 

introduction of the linear expenditure system and its application to the UK. Stone’s 

contribution was for the first time, to estimate a system of demand functions that was 

consistent with economic theory. This was a major advance in methodology and also a 

contribution to economic measurement by providing the income and price sensitivities of a 

group of commodities that exhaust the consumers’ budget. Remarkably, Stone’s LES 

continues to be used more than 60 years later (as mentioned above). Followed by a series of 

studies that further explored the basic idea of a complete, internally consistent demand 

system, and/or proposed more ambitious models, which are less restrictive in their treatment 

of preferences. Representative examples of this research that have been influential include (in 

chronological order) Barten (1964), Powell (1966), Deaton (1974), Theil (1975/76), 

Christensen et al. (1975) and Deaton and Muellbauer (1980a). This work can be thought of as 

constituting the first generation of research in this area.  

These early studies all use time-series data, usually for a single country. Over the 

1970s and 1980s, the growing availability of data and computing advances led to the second 
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generation of studies that involved the analysis of time-series data for multiple countries. 

Here, a separate demand system was estimated for each country involved in the study. 

Leading examples of this work are Goldberger and Gamaletsos (1970), Parks and Barten 

(1973), Lluch and Powell (1975), Lluch et al. (1977), S. Selvanathan (1993), Chen (1999),   

S. Selvanathan and E.A. Selvanathan (2003). Working with multiple countries widens the 

scope of analysis to include issues such as international comparisons of incomes and prices, 

the differences in income elasticities across countries and the related question of taste 

disparities in different countries. This can also shed light on the behaviour of the income 

elasticity of the marginal utility of income, which is called the “income flexibility” and 

denoted by .φ  As shown by Frisch (1959), the value of φ  plays an important role in price 

elasticities of demand in systems associated with a utility function that is additive in 

(functions of) the n goods; equation (1.4), the Klein-Rubin, is an example of such a utility 

function. Additionally, Frisch (1959) proposed that φ  could be used as an indicator of 

welfare of the consumer, leading to what is known as “the Frisch conjecture” regarding the 

dependence of φ  on income of the consumer. This work with multiple countries constitutes 

the second generation of the analysis of consumer demand.10 

Third generation studies go further to apply a common demand system to a number of 

countries. Tastes are allowed to differ across countries only according to the disturbance 

terms of the demand equations, so that in an expected-value sense, tastes are taken to the 

same. This raises the question, can the same model explain the vast differences observed in 

consumption patterns across countries? The possible uncomfortability of the bold assumption 

of identical tastes is to be balanced against the advantage of the substantially greater 

variability of data across countries, especially incomes, relative to that usually found in time-

series data for an individual country. The greater variability of data can lead to more precise 

estimates of key parameters and sharper hypothesis testing. A further attraction is the 

application of a common, consistent framework to all countries, so the scope for ad hocery to 

rationalise findings after the event is diminished. That is to say, the approach can lead to 

greater scientific rigor. In this generation of studies, relative to much previous work, 

comparisons over space replace time-wise comparisons.  

                                                 
10 There are two other strands of literature related to the second generation that should be mentioned. The first is 
the international comparison of consumption patterns of a specific good, an example of which is alcoholic 
beverages (see, for example, S. Selvanathan and E. A. Selvanathan, 2007 and S. Selvanathan, 2006). The second 
strand inquires if consumption patterns converge over time and countries; see, for example, Aizenman and 
Brooks (2008), Herrmann and Roder (1995), Holmes and Anderson (2017) and Kónya and Ohashi (2007).  
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Cross-country demand analysis offers considerable advantages and promise, but 

because it is still evolving, it is appropriate to treat it with some caution, at least until more 

research is available that permits further assessment. Pollak and Wales (1987, p. 90) 

summarise the situation as follows: 

Pooling consumption data from different countries for demand system 
estimation is attractive because it increases both sample size and the range of 
variation of relative prices and income. The major objection to pooling is that 
different countries may have different demand system parameters. 

Table 1.2 lists in chronological order some of the more prominent papers in this area, 

together with some brief details.11 This reveals the on-going nature of this research. As an 

indicator of the usefulness of this research, Remni and Seale (2010) point to its adoption in 

other areas: 

The estimates by Seale et al. of income and own-price elasticities have been 
widely used as input in economic models, such as USDA’s Baseline model, the 
Global Trade Analysis Project (GTAP) model, the International Food Policy 
Research Institute’s IMPACT model, and others (see, for example, studies by 
Winters (2005); Von Braun (2007); Hertel and Winters (2006); and Valenzuela, 
Anderson, and Hertel (2007). 

1.6 The ICP Data 

As stated above, cross-country demand analysis has attracted considerable attention in 

recent decades. A major issue in cross-country comparisons is that prices in different 

countries are expressed in different currencies. How can they be expressed in terms of a 

common currency? Using the market exchange rate carries problems caused by the high 

volatility: Market rates are sensitive to every bit of news, gossip and/or rumor that hits the 

market. A better approach is to use the purchasing power parity (PPP) of one country’s 

currency vis-à-vis another’s, the rate that equalises the cost of a common market basket. The 

PPP has the advantage of being less volatile than the market exchange rate, so it can be 

expected to provide a more reliable comparison across countries of the fundamental 

differences in currency values. 

Another slightly different perspective on the difference between market rates and PPP 

rates is the underlying prices they represent. Market rates tend to reflect differences in the 

                                                 
11 Some studies, of course, do not neatly fit into the three-generation lineage. These include Houthakker (1957, 
1965), Russell (1967) and Theil (1967, Ch. 5, 1996), as well as the cross-country alcohol consumption studies 
mentioned before (S. Selvanathan and E. A. Selvanathan, 2007 and S. Selvanathan, 2006). There are also some 
older studies in the area referred to by Lluch et al. (1977, pp. 3-5), including Clarke (1957, Chpt. 8) and Kuznets 
(1962).  
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Table 1.2  Chronology of Cross-Country Demand Research 

Author Data 
Number of Demand system  

employed/comments Countries Goods  Citations 
(1) (2) (3) (4) (5) (6) 

1. Clements  and Theil         
(1979) ICP1978 15 4 58 Differential demand system with two-step estimation 

procedure 

2. Theil et al. (1981) ICP1978 15 8 110 
Book-length study that estimates differential demand 
system; two-step procedure avoided with simultaneous 
estimation procedure 

3. Kravis et al. (1982, 
Chpt. 9) ICP1982 34 4 742 Linear expenditure system  

4. Pollak and Wales 
(1987) 

ICP 1978 and time-
series data for 
individual countries 

3 3 47 Quadratic expenditure system (Howe et al., 1979),  
cross-country pooling of data is mostly rejected 

5. Theil (1987) ICP1982 30 10 35 Differential demand system  

6. Barten (1989) ICP1982 34 8 33 Versions of differential demand systems, incl. “levels 
version” of Rotterdam model 

7. Theil et al. (1989) ICP1978, ICP1982, 
ICP1987 

Large 
number 10 138 

Book-length study uses cross-country data for three 
years, both separately and pooled, to estimate the 
Florida model, a system of differential demands with 
Working’s model used as income term and substitution 
term based on preference independence  

8. Rimmer and Powell 
(1992)  ICP1982 30 6 45 Implicitly directly additive demand system, AIDADS 

9. S. Selvanathan 
(1993, Chpt. 1) 

Lluch et al. (1977), 
derived from the UN  13 8 78 Uses averages of changes over time for each country to 

estimate cross-country differential demand system 
     (Continued on next page) 
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Table 1.2  Chronology of Cross-Country Demand Research (Continued) 

Author Data 
Number of Demand system 

employed/comments Countries Goods  Citations 
(1) (2) (3) (4) (5) (6) 

10.  Chen (1999, Chpt.7) UN and OECD 
sources 42 8 55 Uses averages over time for each country to estimate 

cross-country differential demand system  
11.  Cranfield et al. 

(2000) 
ICP1985, 
unpublished 64 6 33 AIDADS 

12.  Seale et al. (2003) 
ICP1996, 
unpublished 114 

9 broad 
categories 
and 8 food 

sub-categories 

305 

Florida model. Extends Theil et al. (1989) by 
including demand for food sub-categories. Closely 
related to current research. See also Regmi and Seale 
(2010) and Seale et al. (2014) 

13.  Seale and Regmi 
(2006) 

ICP1996, 
unpublished 

91 

9 broad 
categories 
and 8 food 

sub-categories 

61 Florida model. Extends Seale et al. (2003). See also 
Regmi and Seale (2010) 

14.  Muhammad et al. 
(2011) ICP2005 114 

9 broad 
categories 
and 8 food 

sub-categories 

117 
Florida model. Applies Seale et al. (2003) 
methodology to 2005 data. See also Meade et al. 
(2014) 

15.  Gao (2012, Chpt. 3) ICP2005 138 12 25 New differential demand system 
Notes:  
1.  This table deals with major studies that apply demand system to cross-country data. 
2. ICP 1978 = Kravis et al. (1978); ICP1982 = Kravis et al. (1982); ICP1987 = United Nations (1996-87); and UN = United Nations Yearbook of National Accounts 
Statistics, supplemented by national accounts publications of individual countries.  
3.  Citations, as of 16th June 2017, are from Publish or Perish (Harzing, 2007), which uses Google Scholar and Microsoft Academic Search. 
 



22 
 

prices of internationally traded goods such as many types of bulk metals, agricultural 

products and energy. This is in accordance with the law of one price whereby the prices of 

these goods are equalised when expressed in a common currency. On the other hand, PPP 

exchange rates provide a comprehensive measure of price differences as they include both 

traded and non-traded goods. As non-traded goods (services) can represent up to 80% of the 

economies of rich countries, large differences between market and PPP rates are to be 

expected. The PPP measures provided by the International Comparison Program (ICP) will 

be used in the thesis, and it is appropriate to provide some brief background.  

The ICP started as a research project established by the United Nations Statistical 

Division (UNSD) and the University of Pennsylvania led by Irving Kravis, Alan Heston and 

Robert Summers in 1968. 12 Its goal is to compare GDP and living standards across countries 

as follows. The ICP firstly collects price data of thousands of items from the majority of 

countries in the world and these price data are used to estimate PPP measures; it then 

estimates real GDPs and related national accounts measures with the data expressed in 

nominal terms in local currency units, mostly obtained from national statistical agencies, and 

the PPP measures. As a voluntary program, the ICP’s first round in 1970 covered only 10 

countries. This number has continued to grow in subsequent rounds as more and more 

countries joined the program. This thesis used data from the ICP’s 2005 round, which 

covered 146 countries from all regions around the world. In the latest round in 2011, 199 

countries participated in the program. 

The high-quality information on prices and incomes across countries in the ICP makes 

possible cross-country analysis such as that referred to in Table 1.2. The availability of 

databases similar to the ICP has led to more emphasis in economic research on cross-country 

comparisons over the last three decades. A measure of the degree of professional interest is 

given by the number of articles published that cite major cross-country databases such as the 

International Monetary Fund’s International Financial Statistics (IFS); the Penn World Table 

(Penn); the Global Trade Analysis Project Database (GTAP); the Federal Reserve Economic 

Data (FRED); as well as the ICP.13 Figure 1.3 shows the number of citation of these five 

databases. In recent years, the IFS has the largest number, followed by Penn. Citations of 

three out of five grow at more than 10% per annum, which is substantial and indicates that 

cross-country analysis is a flourishing area. 
                                                 
12  The key references to the ICP are discussed in Kravis et al. (1982).  
13 The web addresses for these databases are https://data.world/imf/international-financial-statis for IFS; 
http://www.rug.nl/ggdc/productivity/pwt/ for Penn; https://www.gtap.agecon.purdue.edu/ for GTAP;  
https://fred.stlouisfed.org/ for FRED; and http://www.worldbank.org/en/programs/icp for ICP. 

https://data.world/imf/international-financial-statis
https://www.gtap.agecon.purdue.edu/
https://fred.stlouisfed.org/
http://www.worldbank.org/en/programs/icp
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Figure 1.3   Citations of Cross-Country Databases 

 
Note: This figure gives the results of keyword searches conducted in September 2017 using Google 
Scholar (https://scholar.google.com.au/). Search terms are “International Financial Statistics”, 
“Penn World Table”, “International Comparison Program”, “Global Trade Analysis Project” and 
“Federal Reserve Economic Data”, which correspond to the items listed on the horizontal axis. The 
height of each column represents the number of articles published in the prescribed time period 
containing the keywords in question, measured against the left-hand axis. The right-hand axis gives 
the annual growth rate in the number of articles, calculated as 100 times the logarithm of the ratio 
of the number of articles published in the period 2007-2016 to that in 1977-1986 (not included in 
the figure), divided by 30 (the number of years in the three decades). 
 

1.7 Multilevel Budgeting 

The typical consumer might need to make decisions about expenditure on a large 

number of commodities in daily activities. As it is very difficult if not impossible to consider 

all these decisions in a simultaneous manner, to make things manageable we assume that the 

consumer takes a multi-step approach. For simplicity, we use two steps as an example, where 

the consumer first allocates total expenditure into broad groups of items and then further 

separates group expenditure to the individual items within the group. This two-level 

budgeting system is easily generalized to higher-order structures. This section sets out the 

conditions on consumer preferences needed for this type of decision hierarchy to be valid, as 

well as the implications. The foundations of this material derive from Barten and Turnovsky 

(1966), Gorman (1959), Leontief (1947a, b), Sono (1961), Strotz (1957) and Theil (1975/76). 

For related material, see Pollak (1969) and for a survey, see Deaton and Muellbaurer (1980).  

Preferences 

Let iq  be the quantity demanded of good i for i 1,..., n=  and q  be the corresponding 

vector. Write the consumer’s utility function as  
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(1.11)           ( ) ( )1 nu q ,...,q u q= . 

Suppose the n goods are partitioned into G n≤  groups such that each good belongs to one 

group only. Denote these groups by 1 G,...,S S . Two-level budgeting implies that the 

preference ordering of goods within one group is independent of consumption of goods in 

other groups. There then exists a sub-utility function for gS , written as ( )g gu ,q  where gq  is 

the quantity vector within group g. The simplest form of independence between groups is 

when utility function is additive in ( )gu 
: 

(1.12)           ( ) ( ) ( ) ( )1 1 2 2 G Gu u u ... uq q q q= + + + . 

As the Hessian matrix of the utility function 2uU q q′= ∂ ∂ ∂  is block-diagonal, this 

formulation is known as block independence or strong separability. If each group contains 

one good, the utility function in (1.12) becomes ( ) ( ) ( )1 1 2 2 n nu u q u q ... u q= + + + , where 

( )iu 
 is the sub-utility function for good i and depends only on iq . This is called preference 

independence or additive preferences. 

According to (1.12), 2
i ju q q 0∂ ∂ ∂ = , for g hi , j ,g h,S S∈ ∈ ≠  so that the marginal 

utility of one good is independent of consumption of another good in a different group. A 

weaker version, weak separability, takes the form: 

 (1.13)         ( ) ( ) ( )( )1 1 G Gu f u ,..., uq q q= , 

where the f ( )  is some increasing function that allows for interactions between sub-utility 

functions. For the empirical implications of utility function (1.13), see Strotz (1957). Block 

independence in (1.12) is then a specific case of (1.13). Weak separability is also known as 

block-wise independence. Strotz (1957) showed that weak separability is necessary and 

sufficient for two-level budgeting. 

Unconditional Demand  

Write the budget constraint as Mp q′ = , where [ ]1 np ,..., pp ′=  is the price vector and 

M is the total expenditure (“income” for short). Maximizing utility (1.11) subject to this 

budget constraint yields the unconditional demand equations: 

(1.14)          ( )i iq q M,p= ,   for i 1,..., n= . 

These demand equations satisfy demand homogeneity and symmetry, as discussed in Section 

1.4.  
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Conditional and Group Demand  

Under (1.13), maximizing ( )u q  subject to Mp q′ =  is equivalent to maximizing each 

of the G sub-utility functions ( )g gu q  subject to the sub-budget constraint g g gM ,p q′ =  where 

gp  is price vector of goods within gS  and gM  is group expenditure. This yields the demand 

equation for gi S∈  of the form 

(1.15)           ( )i i g gq q M ,  p∗= . 

This shows that the demand for good gi S∈  depends on group expenditure gM  and prices of 

goods confined to the group gS . The prices of goods outside the group play no role. Thus, 

demand equations of the form (1.15) are convenient as they are confined to variables 

pertaining only to the group to which the goods belong. Equation (1.15) is described as a 

conditional demand equation as it refers to the allocation of group expenditure to the goods 

within the group. 

Next, the group demand equation deals with the allocation of income to groups. 

However, maximizing the utility in (1.13) subject to budget constraint Mp q′ =  cannot give 

these group demand equations immediately as the price vector p  contains prices of all n 

goods; instead it gives unconditional demand equations of the form in (1.14). To obtain the 

group demand, a single price index for each of the groups is then required. Gorman (1959) 

proposed two alternative conditions under which the group price indices exist. The first is 

that the sub-utility function ( )g gu q  is homogeneous of degree one in gq ; that is, the income 

elasticities for goods in gS  are the same, which amounts to homotheticity. The second 

condition is that each sub-utility function is additively separable, as given by the block 

independence specification in equation (1.12). It is to be noted that either one of these two 

conditions is necessary and sufficient for the existence of the price indices of the groups.14  

                                                 
14 Some further details on Gorman’s results are as follows. Suppose the price index for group g is ( )g gP p , where gp  is the 

price vector of goods within group g, g 1,...,G.=  Gorman shows that the indirect sub-utility function for group g takes the 
form  
(*)   ( ) ( )( ) ( )g g g g g g g g gv M , G M P Q p p p= + ,  

where ( )g gQ p  is homogeneous of degree zero in gp . Equation (*) is known as the “generalised polar form”. As indicated 

in the text, Gorman proposed two alternative conditions for the existence of the index ( )g gP p . For convenience, we reverse 

the order of two conditions in the text and first discuss the second condition, which relates to separability. That is, if the G 
indirect sub-utility functions take the full generalised form (*), the functions are required to be additively separable in the 
overall indirect utility function. The alternative existence condition (the first one in the text) relates to homogeneity. This 
requires that indirect sub-utility functions, equation (*) for g 1,...,G,= do not contain the term ( )g gQ p  and so take the 
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Under either of Gorman’s two conditions, there exists the price index ( )g gP P p=  and 

quantity index ( )g g gQ Q q=  for group g. The group budget constraint for g is then written as 

g g gP Q M=  and the total budget constraint becomes G
g 1 g gP Q M=∑ = . Maximizing total utility 

as defined by equation (1.13) subject to this total budget constraint yields the group demand 

equations 

(1.16)             ( )g g 1 GQ Q M, P ,..., P = , g 1,...,G,=  

in which the quantity demanded of the group depends on income and the price indexes of the 

G groups.  

For the two-level approach to be consistent, when the group and conditional demand 

equations are combined, we should retrieve the original unconditional demand equations. To 

set this out formally, multiply both sides of equation (1.16) by gP  to give 

( )g g g 1 GM P Q M, P ,..., P = ⋅ , and then substitute this into (1.15) to yield 

                     ( )( ) ( )i i g g 1 G g i 1 G gq q P Q M,P ,..., P , q M, P ,..., P ,p   p∗ ∗∗= ⋅ = . 

If ( ) ( )i iq q∗∗ = 
, the original unconditional demand equation (1.14), then the two-level 

budgeting approach can be described as being internally consistent.  

The Differential Approach  

The Rotterdam model discussed in Section 1.4 is an example of the differential 

approach, in which differentials are replaced by finite changes and the coefficients of 

variables are taken to be constants. As shown in Theil (1980), the differential approach is 

general as the “coefficients” of the income and price variables in the demand equations are 

simple transformations of derivatives that are not specified as constants.15 

The differential approach to conditional demand is somewhat different to that 

described above. In this subsection, we give a summary description of the differential 

                                                                                                                                                        
simpler form ( ) ( )g g g g g gv M , M P p p= . This simpler form implies homothetic preference. Taken together, the two 

conditions state that groups are either additively sparable in the (indirect) utility function or homothetic. It is also worth 
noting that the two conditions can be applied to the G groups in a simultaneous manner; that is, some groups can be 
separable and others homothetic.  
    There are many applications of Gorman’s approach. Prominent applications to food demand include Edgerton (1996) and 
Edgerton et al. (1997), who follow the homothetic condition. Carpentier and Guyomard (2001) relax the homothetic 
condition with an approximation approach.     
15 Theil (1980) deserves major credit for the differential approach. Earlier related contributions are Barten (1964) and Theil 
(1965) for the Rotterdam model; Theil (1975/76) for his major work on consumer demand that emphasizes the Rotterdam 
model; and Deaton (1974) who showed how the linear expenditure system and some other models could be written in a 
unified differential manner.  
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approach and its application to two-level budgeting. We shall simply state the results and not 

give any derivations (which are available in Chapter 4).  

As discussed in Section 1.4, the differential approach starts by taking the differential 

of a general Marshallian demand equation, ( )i i 1 nq q M,p ,..., p= , and then using the Slutsky 

equation to give the differential demand involving real income. This takes the form of 

equation (1.7): 

(1.17)         ( ) ( ) ( )
n

i i i ij j
j 1

w d log q d log Q d log p .
=

= q + p∑  

Here,  i i iw p q M=  is the budget share of i; ( )i i ip q Mq = ∂ ∂  is the thi  marginal share; 

( ) ( )n
i 1 i id log Q w d log q== ∑  is change in real income, as measured by the volume index; and 

ij i j ijp p s Mp =  is the ( )thi, j  Slutsky coefficient, where ij i j j is q p q q M= ∂ ∂ + ∂ ∂  is the 

corresponding substitution effect. 

The substitution term of equation (1.17) is expressed in absolute price changes

( )jd log p . Alternatively, it can be written in relative prices by defining the Frisch (1932) 

price index that uses marginal shares as weights, ( ) ( )n
i 1 i id log P d log p=′ = ∑ q , and then using 

this as the deflator of the nominal price changes: ( ) ( ) ( )j jd log p P d log p d log P′ ′= − . The 

demand equation for good i then becomes 

(1.18)         ( ) ( )
n

j
i i i ij

j 1

p
w d log q d log Q d log .

P=

 
= q + n  ′ 

∑  

In the price term, the coefficient of the jth relative price is defined as ij
ij i ju p p Mn = λ , where 

λ  is the marginal utility of income and iju  is the (i, j)th element of the inverse of the Hessian 

matrix. The new price coefficients ijn  carry information about utility interactions of goods 

via iju . These ijn  satisfy the constraint n
j 1 ij i=∑ n = φq , where ( ) 1log log M −φ = ∂ λ ∂  is the 

income flexibility, the reciprocal of the income elasticity of the marginal utility of income.  

Two-level budgeting can be incorporated in the differential approach by specifying 

restrictions on the form of the ijn . Under the block independence (1.12), the Hessian U  is 

block-diagonal and so is its inverse. Thus, ij 0n =  for gi S∈ , hj S∈  and g h≠ . This implies 

that the substitution term of (1.18) for gi S∈  becomes  
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( ) ( )
g

n
j 1 ij j j ij jd log p P d log p PS= ∈′ ′∑ n = ∑ n . Adding both sides of (1.18) over gi S∈  and using 

the above block independence constraint on ijn  gives the group demand equation  

(1.19)        ( ) ( ) g
g g g g

P
W d log Q d log Q d log .

P
′ 

= Q + φQ  ′ 
 

Here, 
gg i iW wS∈= ∑  is budget share of group g; 

g

g
g i i ilog Q w log qS∈= ∑  is group volume 

index, with g
i i gw w W=  the share of group expenditure devoted to good i; 

gg i iS∈Q = ∑ q  is 

group marginal share; ( ) ( )
g

g
i i ig

d log P d log pS∈′ = ∑ q  is group Frisch price index, where the 

term g
iq  is conditional marginal share of gi S∈ , defined as ( )i i g i gp q M∂ ∂ = q Q .  

Combining equations (1.18) and (1.19) to eliminate the variable ( )d log Q  gives the 

conditional demand equation: 

(1.20)         ( ) ( )
g

jg g g
i i i g ij

j g

p
w d log q d log Q d log ,

PS∈

 
= q + n   ′ 

∑  

where g
ij ij gWn = n  is a new price coefficient that is proportional to the original one ijn  in 

equation (1.18).  

1.8 Additional Considerations: Dynamics and Country Size 

This section briefly discusses two additional aspects of consumption theory and its 

cross-country application, viz., the question of the dynamics and whether adjustments are 

required for differences in the size of countries.  

Dynamics 

In the material covered in Sections 1.4 and 1.7 on consumption theory, the consumer 

maximises utility subject to the budget constrain. As both the quantities in the utility function 

and the budget constraint refer to the current period, this theory can be described as 

“atemporal” or “static”. By contrast, an intertemporal version of consumption theory would 

involve multiple periods. Under certain conditions, this would lead to a distinction between 

the short-run effects of consumption to income and price changes, and the long-run effects, 

after all adjustments are complete. The consumption responses under the atemporal theory 

are timeless as there is no distinction between the short and long run. 

As a simple illustrative example, suppose the long-run demand for a certain 

commodity is a log-linear function of its price (other prices and income can be ignored) 
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t tlog q log p= α + β ,   where β  is the long-run price elasticity. 

If the length of the observation period (indexed here by the subscript t) is sufficiently short, 

actual consumption may not always coincide with the long-run equilibrium. Consumption 

habits and simply the costs of change may mean that the response to a price increase over the 

short run is less than that in the long run. Another reason is that the consumer may take time 

to learn of the higher price and to respond to that information. If petrol is the commodity 

under discussion, this type of behaviour is likely to occur as in the short run, the major factors 

driving petrol demand such as transport patterns, as well as the type and size of car, are more 

or less fixed.. But over the longer term, these factors can change, as will petrol demand, 

giving rise to a larger long-run response. 

The ideas in the previous paragraph can be represented in simplified terms with the 

partial adjustment model, according to which the change in consumption from one period to 

the next, t t 1log q log q −− ,  is a fraction of the gap between the long-run value and the actual 

value last period, t t 1log p log q −α + β − . That is, ( )t t 1 t t 1log q log q log p log q− −− = λ α + β − , 

where 0 1< λ <  is the fraction adjusted each period. Rearranging, this becomes 

( )t t 1 t t 1log q log q log p 1 log q− −′ ′− = α + β + − λ , 

where ′β = λβ  is the short-run elasticity, which is a fraction λ  of the long-run counterpart.  

Although the above refers to a highly simplified single-commodity case, it conveys 

the essence of the problem of dynamics with the distinction between long- and short-run 

effects. This idea can be applied to a system of demand equations after making the necessary 

adjustments to deal with the multivariable situation. Prominent papers on dynamic demand 

systems are Anderson (1991) and Anderson and Blundell (1982, 1983, 1984). They show 

how the results of testing the hypotheses of homogeneity and symmetry can change 

depending on whether or not dynamics are allowed for. 

The Anderson-Blundell approach has been used with annual time-series data, where it 

is reasonable that full adjustment may not occur within one year. As the sampling interval 

increases to longer than a year, consumers would have more of a chance to adjust and 

dynamics would in all likelihood become less important. In the limit, when the interval 

becomes very large, adjustment could be expected to be complete, there are no dynamics and 

we are back to the atemporal case.  

The cross-country studies summarised in Table 1.2 above all use the atemporal model 

on the basis that when consumers in one country are compared to those in another, the 
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observed differences in consumption patterns can be used to at least approximate their long-

run values. Of course, when there is just one cross-section of countries available, this is the 

only possible approach. But it is at least possible that some countries are in disequilibrium 

and are still adjusting to a new configuration of income and prices. Thus, in view of the work 

of Anderson and Blundell (1982, 1983, 1984), it is sensible to keep in mind the absence of 

dynamics as a possible qualification to the studies of Table 1.2, as well as the empirical 

results presented in subsequent chapters of the thesis.  

Country Size 

Consider two countries, the USA with a population of about 300 million people, and 

China with about four times as many people. When a cross-country demand model is 

estimated with these two included, should they be equally weighted, or should China receive 

four times that of the USA? The answer depends on one’s perspective. In the United 

Nations each of almost 200 member countries gets an equal vote. This is the “democratic 

model”. An alternative approach is the “corporate model” whereby each shareholder has 

a vote weighted by the number of shares owned – each dollar of the value of ownership 

is weighted equally, but as ownership of those dollars is not equally distributed, the end 

result is that the votes of owners are not equally weighted. Both perspectives are 

defensible and to a certain extent, which one is preferable depends on the overarching 

objective of the research. Equal weighting is the approach used in previous cross-country 

research. This reflects the idea that each country provides an independent reading on the 

object of interest, the demand for each commodity. There are a large number of such 

readings, one for each country, each of equal importance, and the estimates of the 

demand equations in effect give the average responses over all countries.   

Using the alternative approach of weighting by population may lead to distortion 

of measurement. For example, to assume the quality of the Chinese data is four times 

“better” than those of the USA (as would be the effect of population weighting) would 

make many analysts uncomfortable. Additionally, population weighting would mean 

China and India receive a combined weight of more than 25 percent of the total, which 

would skew the estimates substantially in the direction of those two countries, away from 

all others. 

It is for the above reasons, the empirical results presented in subsequent chapters of 

the thesis follow the previous literature and do not weight by country size.   
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1.9 Related Research   

Section 1.2 presented one of the most important economic laws regarding food 

demand, Engel’s law, which states that the share of expenditure devoted to food declines as 

income rises. Supporting evidence for the law is widespread and perhaps the most prominent 

modern source is Houthakker (1957), which was discussed above. The implications of 

Engel’s law are still discussed in the literature; a recent related study is Clements and Si 

(2017). The number of articles published that cite Engel’s law and Houthakker (1957) over 

the last three decades are presented in the first two terms on the left of the horizontal axis of 

Figure 1.4. Engel’s law has attracted about 1,000 citations in the most recent decade, while 

the figure for Houthakker (1957) is about 200. These citations experienced modest growth 

rates of 1.1% and 3.3% per annum, respectively.   

 

Figure 1.4    Citations for Food Related Concepts 

 

Note: See notes to Figure 1.1 regarding the interpretation of this figure. The horizontal axis contains 
terms searched in Google Scholar (https://scholar.google.com.au/). Six terms were “Engel’s law”, 
“Houthakker 1957”, “Food demand”, “International consumption patterns”, “Cross-country demand”, 
and “Alcohol demand”. The citations for “International Consumption Patterns” and “Cross-country 
Demand” are combined into one item in the figure.  
 
 

The number of articles citing “food demand” is presented in middle of the figure. In 

the most recent decade, there were about 10,000 citations and these grew at about 5.5% per 

annum on average.16 Among this large body of literature, two meta-studies are worth noting. 

The first one, Andreyeva et al. (2010), reviews 160 US-based studies on the price elasticities 

                                                 
16 Well-cited, recent studies of food demand include Cirera and Masset (2010), Deaton and Paxson (1998), 
Huang and Lin (2000), Okrent and Alston (2011), Park et al. (1996) and Zhen et al. (2013). 

1.1 3.3 

5.5 
6.4 

9.4 

0

4

8

12

1

100

10,000

Engel's law Houthakker Food demand International
consumption or cross-

country demand

Alcohol demand

Growth rate  
(% p.a ) 

Number of 
articles  

https://scholar.google.com.au/


32 
 

of demand for major food categories consumed both at home and away home. The mean 

price elasticities range from 0.27 to 0.79 in absolute value for food at home, while for food 

away from home, the mean elasticity is 0.81. These results are more applicable to rich 

countries as only US-based studies are reviewed. The second meta-study is by Green et al. 

(2013), who review 136 studies that refer to 162 different countries on the price elasticities of 

demand for food categories consumed at home. The elasticities in rich countries tend to be 

lower than in poor countries for all food categories. For rich countries, the results are 

reasonably close to those of Andreyeva et al. (2010).17 

As discussed in Section 1.6, there has been a recent transition of demand analysis 

from focusing on a single country to across countries and Table 1.2 lists a series of articles in 

this area. Accordingly, the fourth term in Figure 1.4 is the number of articles that cite 

“International consumption patterns” or “cross-country demand”. Although the absolute 

number of articles is smaller than that for “food demand”, the annual growth rate is 

considerably higher at 6.4% per annum.  

The last term in Figure 1.4 is the number of articles that cite “alcohol demand”, a 

topic that attracts substantial research interest due to its association with health issues and the 

heavy taxes usually imposed. This substantial interest is indicated by the high growth rate of 

9.4% per annum of citations, as shown in Figure 1.4.18 Here also there are two meta-studies. 

First, Gallet (2007) reviews 132 studies on the price, income and advertising elasticities for 

beer, wine, spirits and total alcohol consumption. The results show that (i) beer is more price 

inelastic than the other beverages; (ii) wine has the largest income elasticity, followed by 

spirits and then beer; and (iii) spirits is more responsive to advertising than the other 

beverages. The second meta-study, Fogarty (2010), presents a survey of literature and unlike 

Gallet (2007) this study adjusts for the precision of each elasticity estimate. The findings are 

(i) alcohol as a group is a necessity and its income elasticity has been falling since the mid-

1960s; (ii) consumption has become less price inelastic since the mid-1950s; and (iii) little 

support is found for the fundamental difference in demand for beer and spirits across 

countries.  

                                                 
17 For a further review of food demand elasticities, see Powell et al. (2013).  
18 Prominent studies of alcohol demand include Blake and Nied (1997), Clements et al. (1997), Fogarty (2006), 
Gruenewald et al. (2006) and Selvanathan (1991). 
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1.10 Overview of What is to Come   

The thesis deals with the econometric analysis of the cross-country demand for 

disaggregated food items including alcoholic beverages (beer, wine and spirits), using a 

multilevel budgeting approach. This section provides an overview of what is to come.  

The discussion of multilevel budgeting of Section 1.7 was concerned with the 

allocation of income first to broad groups of goods (governed by what we called “group 

demands”) and then the allocation of group expenditure to members of the respective group 

(“conditional demands”). The conditional demand for alcoholic beverages is the first 

application of multilevel budgeting; this material, contained in Chapter 2, involves demand 

equations for beer, wine and spirits that are conditional on total alcohol consumption. The 

key elements of the chapter are the use of the ICP data to (i) conduct a preliminary test of the 

law of the demand; (ii) test for demand homogeneity and Slutsky symmetry; (iii) estimate of 

a system of demand equations for the three beverages; and (iv) explore briefly of the 

interactions of the beverages in the utility function.  

The second application of the multilevel approach is in Chapter 3 with the conditional 

demand for 25 basic food items, divided into 6 groups. That is, we have six conditional 

demand systems, each of which is conditional on the respective group consumption. The 

chapter also uses the ICP data and contains the above elements (i) to (iii) applied to each of 

the six groups. Additionally, the chapter introduces an approach to estimate the budget shares 

and demand elasticities of food items for countries that are not included in the original 

sample. This approach could also be applied to an out-of-sample year.   

An important issue that needs to be dealt with is the similarity of tastes. Stigler and 

Becker (1977) advocate the assumption of constant tastes so the only determinants of 

consumption are income and prices faced by consumers. This is a sharp and fruitful way of 

analysing behaviour, but it is controversial. It is also too strong in some practical settings. In 

particular, when goods are highly disaggregated it is unlikely that income and prices alone 

can adequately account for cross-country differences in consumption patterns. Take, for 

example, rice and bread. How to account for consumers in Asian countries being 

predominantly rice-eaters, while those in English-speaking countries mostly consume bread? 

At this level of disaggregation, the assumption of constant tastes is too stringent to deal with 

the substantial heterogeneity of consumers in different countries.  

Accordingly, we relax the assumption of constant tastes in two ways. First, by 

classifying countries into different groups on the basis of the dominant good consumed and 
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then allowing for fixed effects for these groups in the demand equations. Heterogeneity of 

tastes is, in effect, represented by intercept shifters, while the responses of consumption to 

income and prices are the same across countries. This approach occupies an intermediate 

position between (i) tastes being the same in all respects and (ii) all aspects of demands 

differing across groups. In Chapters 2 and 3 we develop this approach and it seems to be 

applicable to food demand, but to a much lesser extent than alcohol demand. This 

formulation of demand equations can be expressed as an interesting generic case and we 

analyse the econometric implications of the adding-up constraint. 

The second way of relaxing constant tastes is to use a separate demand system for 

each group of countries. Here, tastes differ across groups, but are the same for countries 

within the same group. This approach seems to be needed for the consumption of alcoholic 

beverages, which exhibits substantial heterogeneity across countries. 

Chapter 4 deals with the recovery of the unconditional demand responses from the 

conditional counterparts and contains elements of both theory and measurement. For each of 

the three alcoholic beverages, for example, the unconditional demand depends on income, not 

total alcohol consumption. The unconditional responses are needed to answer certain 

questions: Public health practitioners might inquire about the impact on health outcomes of a 

higher tax on spirits consumption, for example. Would they want to hold constant total 

alcohol consumption or income? One suspects they would favour the former assumption (at 

least implicitly), which involves the unconditional response.  

The unconditional responses can be derived by combining the group and conditional 

equations by, in effect, solving for the reduced form of the model. We set out in Chapter 4 

full details of the theoretical underpinnings, derivations and interpretations of the 

unconditional demands in the context of our econometric approach. The chapter also contains 

two substantive applications of unconditional demand in the context of a two-level structure 

of multilevel budgeting. The first is for alcoholic beverages. The ICP data are used to 

estimate the group demand for alcohol and the results are compared to those from time-series 

data for Australia. The second application is to each of the six food groups. Again, the ICP 

data are used to estimate the group equations, this time as a demand system in itself.  

Most prior research on food demand has applied a two-level budgeting approach -- 

income to food as a whole and then food to the food groups. That is, systems of conditional 

demands are estimated for groups such as cereals, meat, dairy, beverages/tobacco, etc. We go 

one step further in Chapter 4 with a three-level system that contains the demand for 

individual items within groups, such as rice and bread within cereals. These more finely-
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defined items at the third stage are closer to commodities actually purchased by consumers, 

so there is a better match between the theory and the data. This analysis culminates in 

unconditional demand elasticities for the 25 food items – 25 income elasticities and a 25 25×  

matrix of own- and cross-price elasticities.19  

Demand elasticities are in demand by policy makers and other researchers such as 

CGE modellers. Our work yields a large volume of income and price elasticities that may be 

of use to them – elasticities for the 3 alcoholic beverages and the 25 food items. This material 

is illustrated with a small example in the table below, which gives the unconditional 

elasticities of the four members of the staples group. Columns 2-4 refer to the averages over 

the 121 countries considered. Thus, on average, consumers devote about 1.2% of total 

consumption to expenditure to rice and 1.6% to bread; the four income elasticities are all 

about 0.5, making the goods necessities, as expected; and the price elasticities are of modest 

size, except in the case of rice, where the elasticity is around -1.   

Commodity 
Sample countries  Out-of-sample country, Cuba 

Budget 
share ×100 

Income 
elasticity 

Own-price 
elasticity 

 Budget 
share ×100 

Income 
elasticity 

Own-price 
elasticity 

(1) (2) (3) (4)  (5) (6) (7) 
Rice 1.16 0.54 -1.09  1.95 0.37 -0.66 
Other cereals 1.18 0.48 -0.66  0.56 0.33 -0.88 
Bread 1.61 0.53 -0.77  0.51 0.39 -1.41 
Bakery and pasta 1.28 0.50 -0.72  0.55 0.35 -1.05 

As Cuba is not an ICP country, it is not part of the sample of countries used in the 

econometric analysis. Using the approach introduced in Chapter 3, we are able to estimate the 

budget shares and demand elasticities for Cuba on the basis of its GDP per capita and some 

modest information regarding the structure of the pattern of its consumption of staples (viz., 

that it is rice-intensive country). Columns 5-7 of the above table give the results and as can be 

seen, there are considerable differences from those for the sample countries. In Cuba, rice 

plays a more prominent role and its consumption is less responsive to income and price 

changes; by contrast, bread is less prominent and its consumption is more price responsive. 

Chapter 5 provides concluding comments in the form of a brief recap of what has 

been achieved, and to indicate that not everything is yet completely understood, some 

remaining open questions are noted.   

                                                 
19 To allow for the effects of non-food prices on food demand, there is also a 25×26 matrix of price elasticities. 
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                                                                                                  CHAPTER 2
THE INTERNATIONAL DEMAND FOR                                

ALCOHOLIC BEVERAGES 

2.1   Introduction 

Alcohol is consumed worldwide. The only major exception is in Islamic countries 

where alcohol is prohibited/avoided for religious reasons. In many countries drinking alcohol 

absorbs a nontrivial part of the consumer’s budget – drinking accounts for more than 10% of 

spending on food in the United States, for example. This is not an isolated case, as will be 

revealed clearly in the next section.  

Another intriguing characteristic of drinking patterns is the substantial diversity across 

countries: Americans tend to be beer drinkers, the French drink wine and Russians spirits. To 

what extent can this type of diversity be explained by cross-country differences in incomes 

and prices? This is one challenge faced by the economic approach to alcohol consumption 

patterns. A related issue to be faced is that when alcohol is consumed above a certain amount, 

it affects cognitive abilities. How then can the theory of the utility-maximising consumer be 

applied to alcohol demand? It could be argued that it is a minority who are “excessive” 

drinkers, so it is safe to ignore them when analysing drinking patterns at the national and 

international levels. However, the apparent pervasiveness of alcohol, the social problems 

associated with excessive drinking and the resources devoted to policies to solve these 

problems, would all point to the dangers in dismissing the issue out of hand. 

Governments of all persuasions like to tax alcohol consumption. There are two 

reasons for this. The first is because of the above-mentioned social problems. If one’s 

consumption imposes costs on others, then the appropriate policy response is to impose a 

Pigovian tax that internalises the externality. Second, alcohol can provide a “cheap” source of 

revenue to the government as consumption is not hard to monitor and tax at its source such as 

a brewery. Here, the term “cheap” refers to low compliance costs of the tax. Another form of 

economic cost of a tax is its distortionary impact, or the so-called “deadweight” cost. This 

also is likely to be low for alcohol taxes as consumption is usually thought to be price 

inelastic, as is illustrated in Figure 2.1. This figure plots spirits consumption per capita 

against its price in 27 countries in 2007, so the slope of the regression line (the solid line) is 

an informal estimate of the price elasticity. This elasticity is -0.6, so a 10% price increase 

leads to a 6% fall in spirits consumption. When consumption is inelastic, as it is in this case, a 

tax-induced higher price causes consumption to fall, but the fall is not too rapid and the tax 
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base does not disappear too fast. This implies that the higher tax generates more revenue for 

the government.   

 

Figure 2.1    The Price-Sensitivity of Spirits Consumption 

 
                                Source: Fogarty (2010). 
 

There are, thus, at least three reasons to study the economics of alcohol consumption: 

The magnitude of spending on alcohol by consumers; the scientific challenge to determine 

whether conventional microeconomic theory is applicable to the case of alcohol demand; and 

for the purpose of informing public policy in the setting alcohol tax rates. 

There is quite a large literature dealing with the demand for alcoholic beverages. In 

his detailed survey, Fogarty (2010) lists over 130 sources that have something to say on the 

topic.20 An important stream of that literature models the demand for beer, wine and spirits 

jointly as a set of three equations; and these equations satisfy demand homogeneity (the 

absence of money illusion) and Slutsky symmetry (of the substitution effects), so they are 

consistent with the microeconomic theory of the utility-maximising consumer. These models 

are examples of what is known as the “system-wide approach”. One of the early studies that 

applied the approach is Clements and Johnson (1983), who demonstrated that the Rotterdam 

model (Barten, 1964, Theil, 1965) could be employed to understand the pattern of beer, wine 

and spirits consumption in Australia. Other early papers in the same tradition include 

Clements and E. A. Selvanathan (1987), Clements and S. Selvanathan (1991), Duffy (1987), 

Heinen and Pompelli (1989), Jones (1989), Pearce (1986), Penm (1988), Quek (1988), E. A. 

Selvanathan (1988), Thom (1984) and Wong (1988). 
                                                 
20 There are three other published review articles on alcohol: Gallet (2007), Nelson (2013) and Wagenaar et al. 
(2009). This is an indication of the substantial research interest in the topic. 
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The system-wide studies mentioned above, and the numerous ones that followed, deal 

with the demand for beer, wine and spirits in a number of different countries.21 While there 

have been papers concerned with alcohol in a number of countries, in most cases each 

country is treated separately from the other, so there is a separate system of demands for 

each. Treating countries separately can lead to useful analysis of the issue of how demand 

elasticities vary internationally, which can be interpreted as a measure of dispersion of tastes 

across countries. But suppose data are pooled across countries, so there is one system for all 

countries. Then, tastes are taken to be the same across countries and the only reason for cross-

country differences in consumption is that drinkers have different incomes and face different 

prices. Could such an approach possibly be adequate in accounting for the substantial cross-

country diversity of drinking patterns? Is it simply because beer is cheap in the US that 

Americans tend to drink beer and, similarly, the French are equally rational in drinking the 

cheap beverage, wine? In other words, is it plausible to take alcohol preferences to be the 

same internationally? As implied by the phrasing of the questions, one might be sceptical 

about the possibilities of such an approach to explain actual behaviour. On the other hand, 

however, it would seem to be scientifically worthwhile to use this apparently implausible 

hypothesis as a starting point and then modify it if necessary. This is an application of the 

principle of parsimony of starting with the simplest possible approach that tastes are constant, 

or that they are identical across consumers.  

Treating tastes as constant is advocated by Stigler and Becker (1977) in their 

important paper “De Gustibus Non Est Disputandum”, which when translated from Latin, 

says “in matters of taste, there can be no disputes”. It is worth quoting from Stigler and 

Becker to clarify their idea: 

The venerable admonition not to quarrel over tastes is commonly 
interpreted as advice to terminate a dispute when it has been resolved into a 
difference of tastes, presumably because there is no further room for rational 
persuasion. Tastes are the unchallengeable axioms of a man’s behaviour. ... 

Our title seems to us to be capable of another and preferable interpretation: 
That tastes neither change capriciously nor differ importantly between people. On 
this interpretation one does not argue over tastes for the same reason that one does 
not argue over the Rocky Mountains – both are there, will be there next year, too, 
and are the same to all men. 

The difference between these two viewpoints of tastes is fundamental. On 
the traditional view, an explanation of economic phenomena that reaches a 

                                                 
21 Examples of more recent studies include Ayyagari et al. (2013), Collis et al. (2010), Meng et al. (2014), 
Nelson (2014), Ruhm et al. (2012), Srivastava et al. (2015), Tomlinson and Branston (2014), and Wohlgenant 
(2009). 
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difference in tastes between people or times is the terminus of the argument: the 
problem is abandoned at this point. ... 

On our preferred interpretation, one never reaches this impasse: The 
economist continues to search for differences in prices or income to explain any 
differences or changes in behaviour. ... 

...On our view, one searches, often long and frustratingly, for the subtle 
forms that prices and income may take in explaining differences among men and 
periods. If the latter approach yields more useful results, it is the proper choice. 
The establishment of the proposition that one may usefully treat tastes as stable 
over time and similar among people is the central task of this essay.  

The ambitiousness of our agenda deserves emphasis: We are proposing the 
hypothesis that widespread and/or persistent human behaviour can be explained 
by a generalised calculus of utility-maximising behaviour, without introducing the 
qualification “tastes remaining the same”. ... 

Stigler and Becker consider several leading examples of behaviour that might be considered 

as reflecting unstable tastes – addiction, habitual behaviour, advertising and fashions. They 

show these cases can be understood within the “generalised calculus of utility-maximising” 

framework of Becker’s (1974) household production model. 

Studies that consider the demand for alcohol for an individual country were 

mentioned above. In addition to these, there are a few other studies that consider whether 

countries are sufficiently similar to be grouped together and have more or less the same 

demand elasticities. See E. A. Selvanathan (1991), S. Selvanathan (2006), S. Selvanathan and 

E. A. Selvanathan (2007). These studies focus on the role of prices and incomes in 

accounting for differences in consumption patterns, and are, thus, consistent with the Stigler-

Becker approach of treating tastes as a constant, as discussed above. While these studies do 

not use the Becker (1974) model, they are still in the spirit of Becker and Stigler. 

This chapter, for the first time, considers alcohol demand in 100+ countries, which is 

probably the largest sample size ever used in this area. As we are only interested in the 

consumptions of alcoholic beverages, this group is assumed to be separable in the consumer’s 

utility function. Under this assumption, there is a two-level budgeting system that can be 

represented as follows:  

 

 

 

 

 

 Level 2 

Alcohol  Level 1 Non-Alcohol  

Income 

Beer Wine Spirits 
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At level 1, consumers allocate income into alcohol and non-alcohol, where the non-alcohol 

items are grouped together for simplicity. Then, alcohol expenditure is divided into beer, 

wine and spirits at level 2. This chapter analyses the demand of these three alcoholic 

beverages and tests the microeconomic theory of the utility-maximising consumer, as well as 

providing useful measures of the income and price sensitivity of consumption. This analysis 

will be applied subsequently in Chapter 3 to six food groups with each group containing a 

number of items.  

The next section of this chapter introduces the unpublished data to be used, from the 

International Consumption Programme (ICP) of the World Bank. Sections 2.3 and 2.4 

provide a preliminary analysis of consumption patterns and tests of the law of demand. 

Section 2.5 presents consumer demand theory in a fairly general context, then a formal 

differential demand system is introduced in Section 2.6. Before applying this demand system 

to the alcohol data, two issues need to be resolved. First, this general demand system deals 

with all n goods in the basket, not the subset goods, the three alcoholic beverages. Section 2.7 

justifies the application of the differential demand systems to this situation. Second, this 

demand system is formulated in terms of changes. For an application with cross-country data, 

this system needs to be integrated to level form. Section 2.8 deals with this issue. Section 2.9 

applies the level-form demand system to the data and Section 2.10 tests demand homogeneity 

and Slutsky symmetry. The adequacy of the demand system is evaluated in Section 2.11. The 

above application is under the above-mentioned strong assumption of constant tastes across 

countries. This assumption is tested in Section 2.12 by examining separate systems for 

different groups of consumers (that is, groups of countries). Further, Sections 2.13 and 2.14 

examine in some detail the utility implications of the demand equations. The final section 

provides the concluding comments.  

2.2   The ICP Data 

The data we use are from the International Comparison Program (ICP), which is led 

by the World Bank. As discussed in the ICP documentation (ICP, 2008), a key feature is the 

cross-country comparability of data as values are converted from domestic-currency units to a 

common currency using purchasing power parity (PPP) exchange rates, not market exchange 

rates (MERs). As is well known, PPPs have two important advantages over market exchange 

rates:  

• Smoother. PPPs tend to “iron out” much of the volatility of the MERs, so that 

comparisons of real incomes across countries, for example, are not subject to as many 
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fluctuations as are currency values. It is entirely reasonable that the variance of real 

variables is less than that of a monetary variable, the market exchange rate. 

• Broader coverage. Market exchange rates tend not to reflect the prices of those parts 

of the economy that are not exposed to international trade, and thus tend to exclude 

these sectors. A labour-intensive service such as a haircut is an example of a good that 

typically does not enter into international trade and its pricing would have little or no 

influence on the MER. By contrast, PPP exchange rates take account of the prices of 

these types of nontraded goods, so that PPP conversions of real incomes more 

adequately reflect the true position of one country vis-a-viz another. As the relative 

importance of the nontraded goods sector, as well as productivity within that sector, 

varies across countries, MERs can be systematically different from PPPs. In 

particular, in low income countries where services are cheaper services, MERs 

understate their real incomes compared to PPPs. 

In 2008, the World Bank published information on 146 countries referring to the year 

2005 (ICP, 2008). These rich data contain information on the major macroeconomic 

aggregates such as consumption, investment and GDP, as well as some disaggregation – 

consumption, for example, is split into 12 categories, or “goods”. One of these goods is 

alcoholic beverages, tobacco, and narcotics. The World Bank provided us with unpublished 

detailed data on the elementary commodities within this group, so we have PPP prices and 

expenditures for beer, wine and spirits. Thus, the data consist of the annual expenditure per 

capita on alcoholic beverage i (i = 1, 2, 3, for beer, wine and spirits) in country c (c = 

1,...,146), ic icp q , and the corresponding price, icp .  These variables are expressed in terms of 

domestic currency units, which are not comparable across countries. The World Bank 

requests that the data they provided us with not be published at the individual country level; 

our subsequent results can be reproduced by others who request the data from the World 

Bank. 

To interpret the price icp , suppose ip  is the world price of a unit of good i, expressed 

in US dollars. Denote by iq  the quantity of beverage i that costs $US1 at the world price ip , 

that is, i ip q 1.=  Obviously, i iq 1 p ,=  or i1 p  is the quantity of the one US dollar’s worth of  

the beverage. Thus, if, for example, the world price of a litre of wine is $US10, one dollar 

buys one-tenth of a litre ( )iq 0.1 .=  If icp′  is the price of a unit in country c in its currency, 

then the local-currency cost of one US dollar’s worth is ( )ic i ic ip q p 1 p .′ ′=  The PPP price of i 
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in c is just ic i ic ip q p p ,′ ′= so that ic ic ip p p′= . In words, this price is the local-currency cost of 

one US dollar’s worth of beverage i. The corresponding per capita quantity is defined as 

ic ic ic icq p q p ,=  the units of which are US dollars per capita. As they are expressed in a 

common currency, the quantities so defined are comparable across countries. 

On the basis of per capita quantity, icq , in 146 countries, 16 of them have no 

consumption of any beverage; these countries are excluded. A further 12 countries are 

excluded as they have very small consumption of alcohol -- the per capita volume of each of 

the three beverages is below $US1. In another 8 countries alcohol consumption is unbalanced 

in the sense that the ratio of the country’s highest icq  to the lowest exceeds 100. As these 

cases appear to be highly unusual, they are excluded also. Accordingly, in total we exclude 

16+12+8 = 36 of the original 146 countries, leaving 110.22 As shown in Table 2.1, these 110 

countries account for about 80% of the world’s population, 88% of the world economy, and 

range from among the richest to the poorest in the world. Mean income per capita of the first 

quartile is about two-thirds of that in the US, while in the second, third and fourth quartiles, 

this drops to 29%, 12% and 4%, respectively.  

Panel A of Table 2.2 contains the quartile means of per capita quantity, icq . For each 

of three beverages, consumption declines substantially from the top to the bottom income 

quartile, that is, richer countries consume much more alcohol than the poor. Panel B provides 

two types of budget shares. The first (in the first row of the panel) are the budget shares of 

alcohol, the proportions of total consumption expenditure devoted to the three beverages. 

Thus, the first quartile countries on average spend 1.5% of their total consumption on 

alcohol; this share increases to 2.3% for the bottom quartile. The second (in the second row 

of the panel) are the budget shares of food, the proportions of total consumption expenditure 

devoted to the food. Then, the first quartile countries spend 10.9% of their total consumption 

on food; this share increases substantially to 45.5% for the bottom quartile. This is consistent 

with the Engel’s law that states the food share decline with income increase. The ratios of 

alcohol shares to the food shares for each quartile are given in last row. The richest countries 

devote 15.3% of the food expenditure to alcohol; this ratio declines to 5.2% in the poorest. 

This reassures the claim of large magnitude of spending on alcohol in Section 2.1.   

 

                                                 
22 The identities of the 16 countries with zero consumption of alcohol, the 12 with small consumption and the 8 
with unbalanced consumption are listed in a confidential appendix, in which the unpublished price and 
expenditure data for alcohol in the remaining 110 countries are also included.  



51 
 

Table 2.1   Income per capita in 110 Countries in 2005 

   Income quartile 

 

First Second Third Fourth 

 
(1) (2) (3) (4) 

C
on

st
itu

en
t  

C
ou

nt
rie

s 

1. US 100.0 29. Portugal 46.8 57. Ukraine 18.2 85. Vietnam 6.2 

2. Luxembourg 91.7 30. Czech Rep 45.6 58. Montenegro 17.0 86. China 5.9 

3.  Austria 76.9 31. Slovenia 44.5 59. Brazil 17.0 87. Mongolia 5.4 

4. Switzerland 76.5 32. Slovak Rep 39.4 60. Armenia 16.3 88. India 5.4 

5. Netherlands 74.1 33. Hungary 37.8 61. Georgia 16.2 89. São Tomé  5.1 

6. Japan 73.7 34. Estonia 34.7 62. Venezuela 15.5 90. Bhutan 5.0 

7. UK 71.4 35. Poland 34.6 63. Peru 15.1 91. Cambodia 4.9 

8. Norway 71.1 36. Macao 34.4 64. Malaysia 15.0 92. Kenya 4.6 

9. Germany 70.8 37. Croatia 33.2 65. Moldova 14.4 93. Cameroon 4.6 

10. Canada 69.0 38. Lebanon 32.7 66. Albania 14.1 94. Nigeria 4.2 

11. Iceland 68.9 39. Lithuania 32.4 67.  Colombia 14.0 95. Senegal 4.0 

12. Belgium 68.5 40. Kazakhstan 31.1 68. Swaziland 13.3 96. Côte d''Ivoire 3.7 

13. France 68.1 41. Mexico 30.4 69. Tunisia 13.2 97. Ghana 3.7 

14. Taiwan 65.8 42. Latvia 29.6 70. Ecuador 12.7 98. Benin 3.5 

15. Australia 65.6 43. Bulgaria 24.9 71. E. Guinea 12.4 99. Madagascar 3.5 

16. Cyprus 64.6 44. Argentina 23.8 72. Fiji 11.2 100. Nepal 3.2 

17. Sweden 64.4 45. Russia 23.5 73. Paraguay 10.6 101. Togo 3.2 

18. Hong Kong 63.9 46. Oman 22.6 74. Gabon 9.8 102. Congo, R 3.0 

19. Ireland 61.8 47. Chile 22.2 75. Azerbaijan 9.6 103. S.Leone 2.7 

20. Denmark 61.7 48. Romania 22.0 76. Kyrgyz 9.3 104. Burkina 2.5 

21. Greece 59.1 49. Uruguay 21.9 77. Namibia 9.2 105. C.Africa 2.3 

22. Italy 59.0 50. Belarus 21.6 78. Sri Lanka 8.8 106. Angola 2.2 

23. Spain 58.4 51. Serbia 21.3 79. Bolivia 8.8 107. Chad 2.2 

24. Finland 57.6 52. Mauritius 20.2 80. Philippines 8.7 108. Liberia 1.5 

25. New Zealand 56.1 53. Bos. Herz. 20.2 81. Lesotho 8.5 109. G-Bissau 1.5 

26. Singapore 52.2 54. Turkey 19.6 82. Cape Verde 8.5 110. Burundi 1.1 

27. Malta 50.3 55. Macedonia 19.2 83. Tajikistan 6.8   
  28. Israel 48.6 56. South Africa 18.5 84. Morocco 6.7       

Mean 
Income 66.8 28.9 12.2 3.7 
Share of the 110 countries in world  Population:   80%       Income:   88% 

Note: Countries are ranked in terms of per capita income. Income is defined as total consumption, which is the sum of 
per capita volumes from 105 commodities in ICP spreadsheet provided by World Bank. (The first of 105 commodities 
is rice, with commodity number 110111, while the last is other services nec, 111270.) That is, income in country c is  

105
i 1 ic ic icp q p ,=Σ  where ic icp q  is per capita expenditure on commodity i and icp  is the PPP price. Income in the US is 

set at 100. 

Source: ICP (2008). 
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Table 2.2  Alcohol Consumption across Countries 

Item Quartile 
First Second Third Fourth 

(1) (2) (3) (4) (5) 
A. Per Capita Quantities ($US) 

Beer 109.0 79.6 29.4 6.8 
Wine 106.7 33.9 8.5 2.3 
Spirits 59.4 35.2 9.1 1.8 

B. Budget Shares (×100) 
Alcohol share 1.5 2.5 2.0 2.3 
Food share 10.9 22.6 35.9 45.5 
Alcohol : Food Ratio 15.3 12.0 6.0 5.2 

Notes:   
1.    The countries in each income quartile are described in Table 2.1. The per capita quantity of good i 

in country c is defined as ic ic icp q p , where ic icp q  is per capita expenditure and icp is the PPP price.  
2.    The food share is proportion of total expenditure devoted to food and total expenditure is sum of 

expenditure from 105 commodities (from rice to other services in ICP spreadsheet). Similarly, 
alcohol share is proportion of total expenditure on alcohol.  

 

2.3   The Geometry of Drinking 

In this section, we examine patterns in the consumption of beer, wine and spirits using 

a simple geometric device. To illustrate the approach, take the US as an example: According 

to Passport GMID Database (2005), the within-alcohol budget shares for beer, wine and 

spirits are 51%, 28% and 21%, respectively. Thus, American drinkers allocate more than half 

of their alcohol spending to beer, while the remaining half is roughly equally divided between 

wine and spirits. As the three shares are non-negative with a unit sum, we can plot them in a 

tetrahedron, as in panel A of Figure 2.2. As the US spends more than 50% of the total on 

beer, we could say that country is a beer-drinking country, as we did in Section 2.1. This is 

indicated in the figure by the point for the US being located in the bottom left sub-triangle; all 

points in this sub-triangle correspond to a beer share of more than 50%. There is also a sub-

triangle that is closest to the vertex for wine, which corresponds to the wine share of at least 

50%. The sub-triangle for spirits is similarly interpreted. In addition to these three sub-

triangles, the overall triangle contains a fourth sub-triangle, the region in the “centre”. In this 

region, no one share is more than 50% and consumption is not dominated by any single 

beverage. 

Dividing up the triangle into the four sub-triangles provides a convenient way of 

characterising drinking patterns: If a country falls in one of the three sub-triangles nearest to a 

vertex, then we could say its alcohol consumption is “intensive” in the relevant beverage.



53 
 

 
Figure 2.2  Locating Countries by Drinking Patterns 
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Thus, the US is a beer intensive country as its beer budget share exceeds 50%. If a country is 

located in the centre sub-triangle, its drinking pattern is diversified as no beverage absorbs 

more than 50% of the total. 

To emphasize the four different regions, panel B of Figure 2.2 splits the overall 

triangle into four sub-triangles. The budget share vector for each of the 110 countries is 

located in one of the four regions, so countries are accordingly classified. We also display in 

this panel the fraction of the 110 countries in each region. Thus, 41% of countries are beer-

intensive, 12% wine-intensive, 11% spirits intensive and 36% are diversified. In this sense, 

the most popular beverage in the world is beer. The interesting conclusion from this figure is 

the extent of “specialisation” in consumption as only 36% of countries diversify their 

drinking. In what follows, we shall examine the consequences of this specialisation for the 

econometric analysis of drinking patterns. 

2.4   Three Preliminary Tests of The Law of Demand 

The law of demand (LOD) states that an increase in the price of a good results in a 

decrease in its consumption. This celebrated law occupies a centre-level position in 

microeconomics. Does the law apply to alcoholic beverages? As mentioned previously, 

alcohol consumption is subject to great idiosyncrasies and can have mind-altering effects if 

consumed excessively; it may be thought that price would play only a minor role in 

determining alcohol demand, especially in a highly diverse group of 110 countries. 

Accordingly, using alcohol consumption might be considered to be problematic for the law of 

demand. We shall examine whether or not this is so by using the alcohol data in three 

preliminary tests of the LOD.  

A Non-Parametric Approach  

We start with the price and quantity index for alcohol group. Let icp  be the price of 

beverage i in country c and icq  be the corresponding quantity consumed. Expenditure on this 

beverage is ic icp q  and the expenditure of three beverages is 3
i 1 ic icp q=∑ . The budget share of 

beverage i is the proportion of its expenditure as a fraction of the total, 
3

ic ic ic i 1 ic icw p q p q .== ∑  Consider the following price and volume indexes: 

(2.1)              
3

c ic ic
i=1

log P w log p= ∑ ,       
3

c ic ic
i=1

log Q w log q= ∑ . 
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The price index is a weighted sum of the (logarithms of) three prices. The price of each 

beverage is weighted to reflect its economic importance to the consumer. This importance is 

spending on the beverage relative to total alcohol expenditure, which is the budget share. This 

weighting scheme serves to make the price index representative of the three prices on the 

basis of observed consumption patterns. As the budget shares have a unit sum, the price index 

is a weighted average. In the quantity index clog Q , the quantity of each beverage is 

weighted in an identical manner. These are Divisia indexes (1925). 

The relative price and relative quantity of each beverage can be expressed as:  

(2.2)             ic
ic c

c

plog log p log P
P

 
= − 

 
 ,     ic

ic c
c

qlog log q log Q
Q

 
= − 

 
, 

The term “relative” here refers to the deviation from “average”, so the relative price of 

beverage i is its actual price as compared to the average for alcohol; and similarly for the 

relative quantity. The averages here are the Divisia indexes (2.1). The quartile means of the 

relative prices and relative quantities are as follows: 

Quartile 
Relative prices (×100)  Relative quantities (×100) 

Beer Wine Spirits  Beer Wine Spirits 
(1) (2) (3) (4)  (5) (6) (7) 

First -10.1 2.5 12.0  7.3 -10.2 -57.4 
Second -29.8 13.3 25.4  27.7 -57.8 -60.0 
Third -20.5 15.8 27.6  15.2 -110.8 -91.8 
Fourth -10.4 10.7 24.4  7.5 -113.6 -113.8 

It is consistent that, in all quartiles, beer has a negative relative price and a positive relative 

quantity, that is, its price is below average, while its quantity is above average. The opposite 

pattern holds for wine and spirits. This gives an early indication of a negative correlation 

between prices and quantities.   

The covariation between prices and quantities can be investigated in more detail. For 

a given country and beverage, suppose we record if its relative consumption is above or 

below average and similarly for its relative price; that is, we record the pair of signs from 

equation (2.2). Then, we can do this for all 110 countries and summarise the results in the 

form of a 2×2 contingency table: 

Quantity relative to 
average 

Price relative to 
average 

  Above    Below 
Above I II 

Below IV III 
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a b
c d

 
 
 

The number of cases in cell I is the number of countries for which an above-average price of 

the beverage is associated with above-average consumption. Cell II refers to the number of 

countries that experience a below-average price and above-average consumption; and vice 

versa for cell IV. If the law of demand were true -- the price and quantity demanded are 

negatively correlated -- then the majority of countries would lie in cells II and IV, the off-

diagonals.  

Table 2.3 presents the joint frequencies of the signs of prices and quantities for beer, 

wine, spirits and for the three beverages combined (referred to as the “total” in table). The 

entry in each cell is the number of occurrences (that is, the number of countries) and 

percentages are in parenthesis. As stated above, the off-diagonal elements provide evidence 

supportive of the LOD. Thus, from panel A, for beer, 5+68 = 73% of all countries have a 

negative price-quantity relationship. For wine and spirits, in 74% and 80% of countries, 

respectively, prices and quantities are negatively related. From panel D, which refers to the 

total of all beverages, in 76% of cases consumption moves in the opposite direction to price.  

 

Table 2.3   The Covariation of Quantities and Prices of Alcohol 

Quantity relative 
to average 

 Price relative to average    Quantity relative 
to average 

 Price relative to average  
Above Below Total 

 
Above Below Total 

 A. Beer    B. Wine 
 Above  6 (5) 75 (68) 81 (73) 

 
 Above  10 (9) 21 (19) 31 (28) 

 Below  6 (5) 23 (22) 29 (27)  Below   60 (55) 19 (17) 79 (72) 
Total 12 (10) 98 (90) 110 (100)  Total 70 (64) 40 (36) 110 (100) 

Measure of 
association  

  φ = -0.19 
 

 
Measure of 
association  

φ  = -0.41 
 

     C. Spirits 
 

D. Total 
 Above  12 (11) 11 (10) 23 (21) 

 
 Above  28 (8) 107 (32) 135 (40) 

 Below  77 (70) 10 (9) 87 (79)  Below  143 (44) 52 (16) 195 (60) 
Total 89 (81) 21 (19) 110 (100)  Total 171 (52) 159 (48)  330 (100) 

Measure of 
association  

 φ = -0.34 
 

 Measure of 
association  

φ  = -0.52 
           

Notes: 
1.    The first entry in each cell is the number of countries, while the figure in parenthesis is the percentage of all 

110 countries. 
2.    The measure of association φ  lies in the range [-1, 1]. If the 2×2 contingency table is denoted by               ,  

        then (ad bc) (a b)(a c)(c d)(b d) .φ = − + + + +  When quantities and prices are independent, then a c=  and 

b d= , ad bc=  and 0φ = . The statistic to test oH : 0φ =  is 2 2ˆC ~⋅ φ χ , where C is number of countries and φ̂  

is the observed value. For beer, ˆ 0.19φ = −  and the statistic is 110×(-0.19)2=3.97, which is greater than the 
critical value of χ2(1)=3.84. The null is thus rejected. The same conclusion holds for the other three panels. 
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As in a substantial majority of cases, relatively cheap beverages are associated with 

above-average consumption, and vice versa, on the basis of this test, it seems safe to conclude 

that the LOD is not rejected. This conclusion is reaffirmed by the negative values of the 

measure of association, φ , in the table.     

The Price Elasticity of Demand  

As stated above, the law of demand implies that the prices and quantities are 

negatively correlated. This negative relationship can be conveniently expressed in terms of 

the price elasticity of demand, the percentage change in consumption per unit percentage 

change in the price. The LOD implies this elasticity is negative.  

Consider panel A of Figure 2.3, which plots relative beer consumption on the vertical 

axis and its relative price on the horizontal. These relative concepts are defined in equation 

(2.2), which are pure numbers and thus comparable across countries. Each of the 110 

countries is located on this graph and we regress relative consumption on its relative price to 

obtain the line of best fit. The slope of this regression line is -0.6, which is an estimate of the 

price elasticity of demand. The interpretation of an elasticity of -0.6 is that a 10% rise in the 

price of beer leads to a 6% reduction in consumption. This value is not too far away from 

other estimates obtained by others with more formal econometric methods (see, e. g., 

Fogarty, 2010). 

The negative price elasticity for beer is in accordance with the LOD. The other two 

panels in Figure 2.3 reveal negative elasticities for wine and spirits also. In each case, there is 

considerable dispersion of the 110 data points around the regression line. This is to be 

expected in such simple price-quantity plots in which the role of incomes and prices of 

substitutes and complements are controlled for in only a very elementary manner (via the 

deflators clog Q  and clog P ). Nonetheless, these results are encouraging and it seems 

reasonable to conclude that on the basis of this approach also, the alcohol data do not reject 

the LOD. 

An Index-Number Approach 

The Divisia indexes (2.1) can be considered as weighted first-order moments of the 

prices and quantities. The corresponding second-order moments are 

( )
3

2
pc ic ic c

i=1
= w log p - log PP ∑      and     ( )

3
2

qc ic ic c
i=1

= w log q - log QP ∑ , 

which are weighted variances. The price variance increases when there is more dispersion 
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Figure 2.3   The Price Elasticity of Alcohol Demand 

 

  

 

 

 

 
Notes: 
1. In each panel, the vertical axis is the relative quantity, defined as the logarithmic ratio of consumption of 

beverage i to the weighted mean of alcohol consumption, that is, ic c ic c
log (q Q ) log q log Q= −  where icq  is per 

capita consumption of beverage i in country c (i=1,2,3; c=1,…,110), 
c

3
i=1 ic iclog Q =Σ log w q  is the log of the 

weighted geometric mean of all alcohol consumption, with wic the budget share of i in c, defined as 

ic ic c
p q M , where icp  is the price of i in country c, so ic icp q is expenditure, and i=1

3
ic icM p q= Σ is total 

expenditure on alcoholic beverages. The horizontal axis is the corresponding relative price, defined as 
ic c ic c

log (p P ) log p log  P ,= −  where 
c

3
i=1 ic iclog P logw p= Σ  is a price index of alcohol. 

2. The straight line in each panel is the regression line, using the data for the 110 countries. 
 

among the three prices and is zero only when they all take the same value. The variance is 

again weighted to reflect considerations of economic importance. The quantity variance has a 

similar interpretation. There is also a weighted price-quantity covariance and correlation, 

( )( )
3

pqc ic ic c ic c
i=1

w log p - log P log q - log QP = ∑       and    pqc

pc qc

ρ =c

P

P P
. 

The quartile means of the above measures are: 

Quartile Variance (×100) Price-Quantity 
covariance Correlation  

Price Quantity 
(1) (2) (3) (4) (5) 

First 3.3 21.1 -4.6 -0.6 
Second 8.7 32.9 -10.6 -0.6 
Third 8.7 61.2 -16.5 -0.6 
Fourth 5.5 52.7 -11.3 -0.7 

The quantity variance is substantially higher than the price variance, indicating more 

dispersion in quantities. The last column reveals that the mean correlations are negative; 

Figure 2.4 is a frequency of the correlations in the 110 countries and as can be seen, 87% are 

Elasticity = -0.62 

C.  Spirits B.  Wine A.  Beer 

Elasticity = -1.39 Elasticity = -1.59 
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negative, with an overall mean of -0.6. This evidence also points to the significant role played 

by prices in determining global drinking patterns.  

 

Figure 2.4   Across Countries Price-Quantity Correlation Coefficients 
 

 

The above three tests suggest that drinkers display the characteristics of 

“conventional” consumers in the sense that violations to the law of demand do not seem to be 

extensive. In other words, on the basis of these tests, we are unable to reject the LOD. There 

is certainly extensive variability in prices and quantities across countries and Figure 2.3, for 

example, shows that some countries lie a considerable distance from the regression line. It is 

also to be emphasised that these tests are of a preliminary, or informal, nature only. In the 

subsequent sections, we examine the microeconomics of drinking behaviour more formally 

with a demand system that permits econometric testing of the implications of utility-

maximisation theory, as well as providing a fairly comprehensive picture of the income and 

price sensitivity of consumption.  

2.5   Consumption Theory 

To provide the appropriate analytical background for the demand model that will be 

subsequently estimated, this and the next section present the relevant parts of consumer 

demand theory in a fairly general context. In addition to those specifically mentioned 

subsequently, the key references for this material are Barten (1964), Clements and Gao 

(2015), Theil (1965, 1967, 1975/76) and Theil and Clements (1987).   

Although we have already introduced some notation specifically for alcohol, it will be 

helpful to use the following generic notation and concepts: Let ip  and iq  be the price and 
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quantity demanded of good i, so that i ip q  is expenditure on the good and if there are n goods, 

n
i 1 i iM Σ p q==  is total expenditure, which is known as “income” for short. This definition of 

income plays the role of the consumer’s budget constraint. Furthermore, let i i iw p q M=  be 

share of good i in total expenditure, which is known as “budget share” of this good. These iw  

are pure numbers, nonnegative and have a unit sum. As the budget share represents spending 

on the good relative to all spending, it measures its economic importance as revealed by 

observed behaviour of the consumer.23 The change in the budget share can be decomposed 

into quantity, price and income components: ( ) ( ) ( )i i i i i idw w d logq w d log p w d log M .= + −   

The differential of the budget constraint n
i 1 i iM Σ p q ,==  is ( )n

i 1 i i i idM Σ p dq q dp ,== + or 

if we use the identity ( )d log x dx x ,x 0,= >  ( ) ( ) ( )d log M d logQ d log P ,= + where 

(2.3)     ( ) ( ) ( ) ( )
n n

i i i i
i 1 i 1

d log Q w d log q ,        d log P w d log p
= =

= =∑ ∑   

are Divisia indexes of quantities and prices. Thus, the change in income can be decomposed 

into a quantity index, ( )d logQ ,  and a price index, ( )d log P .  The quantity index is a budget-

share weighted mean of the growth in the n goods, and similarly for the price index.24 The 

weighting by the budget shares means that these indexes are representative of the relative 

economic importance of the individual goods. It follows that the change in money income 

delated by the price index equals the quantity index,  ( ) ( ) ( )d log M d log P d logQ .− =  

Accordingly, the quantity index defined by the first member of (2.3) measures the change in 

the consumer’s real income. 

The consumer is taken to choose the basket 1 nq , ,q  to maximise utility subject to 

the budget constraint. This leads to a demand equation for good i of the form 

( )i i 1 nq q M,p , ,p ,=   which can be expressed in differential form as 

     
n

i i
i j

j 1 j

q qdq dM dp .
M p=

∂ ∂
= +

∂ ∂∑  

The total effect on the consumption of good i of a change in the price of good j, i jq p ,∂ ∂  can 

be decomposed into the income and substitution effects according to the Slutsky equation, 

                                                 
23 We previously encountered a budget share in the Divisia indexes (2.1). In that context it was the fraction of 
total spending on alcoholic beverages allocated to the ith beverage. This “within alcohol” version is known as a 
“conditional budget share”, as it conditions on total spending on alcohol remaining unchanged. As we are not 
conditioning on alcohol spending, now we are dealing with “unconditional” budget shares.   
24 Conditional versions of the indexes (2.3) are given by (2.1).  
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i j ij j iq p s q q M ,∂ ∂ = − ∂ ∂ where ijs  is the substitution effect that holds real income constant. 

Thus, the above can be expressed as  

    
n n

i
i j j ij j

j 1 j 1

qdq dM q dp s dp .
M = =

 ∂
= − + ∂  

∑ ∑  

Multiplying both sides of the above equation by i1 q  and again using 

( )d log x dx x,= we obtain 

 (2.4)    ( ) ( ) ( ) ( )
n n

j j ji
i j ij j

j 1 j 1i i

p q pM qd logq d log M d log p s d log p .
q M M q= =

 ∂
= − + ∂  

∑ ∑  

The term in the square brackets on the right-hand side of this equation is the change in money 

income relative to a weighted sum of the n price changes. As the weights are the budget 

shares, this weighted sum is the Divisia price index ( )d log P  defined by the first member of 

equation (2.3). It then follows from the differential version of the budget constraint, 

( ) ( ) ( )d log M d logQ d log P ,= + that the term in square brackets is the change in real income 

( )d logQ .  Thus, we write equation (2.4) as 

(2.5)    ( ) ( ) ( )
n

i i ij j
j 1

d log q d log Q d log p ,
=

= η + η∑  

where ( ) ( ) ( ) ( )i i i iq q M M log q log Mη = ∂ ∂ = ∂ ∂  is the income elasticity of good i and 

( ) ( ) ( )ij j i ij i jp q s log q log pη = = ∂ ∂  is the ( )thi, j  price elasticity (income compensated). 

2.6   A Differential Demand System 

Equation (2.5) for i=1,...,n  could be applied after making some minor modifications. 

But this could mean taking the income and price elasticities are constants. This is not 

attractive for two reasons. First, it would not satisfy the budget constraint. Second, it does not 

provide a convenient way to test symmetry. This section shows that a simple transformation 

of system (2.5) solves these issues.  

Multiply both sides of equation (2.5) by the budget share iw .  Then for i =1,...,n, we 

have the following system of demand equations 

(2.6)      ( ) ( ) ( )
n

i i i ij j
j 1

w d log q d log Q d log p ,
=

= q + p∑ i 1, , n.=    
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On the left-hand side of this equation we have ( )i iw d logq , which, from the discussion 

above, is the quantity component of the change in the budget share of good i. This is 

explained by the two terms on the right-hand side, one involving income and the other prices. 

For the income term, ( )id log Qq , the change in real income, ( )d logQ ,  is multiplied by the 

“coefficient” i ,q  the marginal share of good i, which is defined as ( )i i ip q M.q = ∂ ∂  This iq  

answers the question, if income rises by $1, what fraction is spent on good i? The marginal 

shares of normal goods are positive, while inferior goods have negative marginal shares. As 

income is totally spent, the same must be true for the one-dollar increase, implying that 
n
i 1 i 1.=Σ q =  If we divide the marginal share by the corresponding budget share, we obtain the 

good’s income elasticity, 

(2.7)      
( ) ( )

( )
i i ii

i i i

p q M log q
,

w p q M log M
∂ ∂ ∂q

= =
∂

  

where the second step follows from ip  being held constant. This, of course, also follows 

directly from the multiplication of both sides of equation (2.5) by the budget share iw  to give 

(2.6). Thus, the income term ( )id logQη  becomes ( )id logQ ,q  with i i iw .q = η  

The second term on the right of equation (2.6) is ( )n
i 1 ij jd log p ,=Σ p which is a weighted 

sum of the n price changes. The weight in the thi  equation attached to the price of j is ij,p  

which is known as the ( )thi, j  Slutsky coefficient. This refers to the substitution effect of a 

change in the price of good j on the demand for good i when real income is held constant. 

This coefficient is defined as  

(2.8)        i j
ij ij

p p
s ,  

M
p = ⋅  

with  

(2.9)     ( ) ( )
( )

( )

i j ijij i

i i i j d utility 0

p p M s logq
,

w p q M log p
=

p ∂
= =

∂
  

which is the compensated price elasticity.  

Next, if we divide both sides of the thi  demand equation in (2.6) by iw ,  we get back 

(2.5) in the form  

    ( ) ( ) ( )
n

iji
i j

j 1i i

d logq d logQ  d log p .
w w=

p   q
= +   

   
∑  
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If real income is constant, then the first term on the right vanishes and the change in 

consumption is ( ) ( )n
i j 1 ij i jd logq w d log p .=  = Σ p   If each of the n prices changes at the same 

rate k, then ( ) n
i j 1 ij id logq k w .=  = ⋅Σ p   The absence of money illusion means that this 

equiproportional price change has no impact on consumption of good i or any other, which 

implies  

(2.10)    
n

ij
j 1

0,   i 1, , n.
=

p = =∑    

This is the homogeneity constraint, which reflects the fact that only relative prices matter. In 

times of inflation, prices in the past are measured in terms of dollars that are worth more than 

they are today. In a fundamental sense, the units in which prices are measured change in an 

inflationary environment. Constraint (2.10) means that for a time-series application, the 

differing units issue is immaterial to the analysis of consumption patterns. The same principle 

holds for a cross-country application, where prices in different countries are expressed in 

different currencies. In this sense, homogeneity unifies time- and space-units considerations 

as they apply to the role of prices. That is to say, units of measurement are irrelevant. This is 

very convenient.  

We return to the compensated price slope, ijs  in equation (2.8). Consumption theory 

states that ij jis s ,  i, j 1, , n.= =   That is, these slopes are symmetric in i and j, so that, for 

example, the effect of a $1-increase in the price of a bottle of wine on beer consumption is 

the same as a $1-increase in the price of a bottle of beer on wine consumption, holding real 

income constant. Definition (2.8) means that this property is shared by the Slutsky 

coefficients,  

(2.11)      ij ji ,    i, j 1, , n.p = p =   

This is known as Slutsky symmetry. Consumption theory also states that n n×  matrix of 

substitution effects ijs    is negative semi-definite, a property also shared by the matrix ij . p   

Finally, consider again equation (2.6) for good i. As mentioned before, the variable on 

the left of this equation, ( )i iw d logq , is the quantity component of the change in the budget 

share of i. It follows from definition (2.3) that this variable is also interpreted as the 

contribution of good i to the change in real income. To understand the implications of this, 

sum both sides of equation (2.6) over i 1,..., n=  to obtain 
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    ( ) ( ) ( )
n n n

i ij j
i 1 i 1 j 1

d logQ d logQ d log p .
= = =

= q + p∑ ∑∑  

Obviously, this is consistent with the logical requirement that ( ) ( )d logQ d logQ=  when 

n
i 1 i 1,=∑ q =  n

i 1 ij 0,=∑ p =  j 1,..., n.=  These constraints mean that the budget constraint, 

n
i 1 i iM Σ p q ,==  is satisfied. The attractively simple form of these constraints is one reason for 

using (2.6) as a vehicle for demand analysis, rather than (2.5). A second, related reason is that 

the homogeneity and symmetry constraints -- equations (2.10) and (2.11) -- also take simple 

and straightforward forms.  

2.7    The Demand for Goods within a Group 

The discussion of the previous two sections dealt with the demand for all n goods in 

the basket. Suppose, however, we are only interested in a subset of goods, such as alcoholic 

beverages comprising beer, wine and spirits. For beer, we could simply refer to the relevant 

equation in (2.6) for the determinants of the demand for this beverage, but this would have 

two disadvantages. First, there is a complication regarding the role of prices of goods outside 

the group. By Slutsky symmetry, the coefficient in the beer equation referring to the price of, 

say, meat ( )ij  for i = beer, j = meatp  has to be the same as the corresponding coefficient in 

the meat equation ( )ij  for i = meat, j = beer .p  In other words, because the symmetry 

constraint (2.11) is a cross-equation one, it is not possible to confine attention exclusively to 

the beer equation. The second problem is that the beer equation in (2.6) contains all n prices 

and thereby does not allow us to focus on the prices of those goods that are likely to be 

closely related to beer drinking, viz., the prices of beer, wine and spirits. 

These problems can be resolved when group is separable in the consumer’s utility 

function. Under this condition, there is a two-level decision hierarchy whereby income is first 

divided up between the alcoholic beverages group as a whole and all others; and then, given 

the first decision, spending on alcohol is allocated to the three beverages on the basis of real 

total expenditure on alcohol and the prices of the three beverages. This is a true hierarchy as 

the second step depends only on variables pertaining to alcohol, and not on prices of other 

goods. This very convenient structure means we need to consider within-group factors only 

when modelling the demand for members of the group. This decision hierarchy was referred 

to in Section 2.1. 
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The above considerations mean that the differential system (2.6) can be applied to a 

group of goods under the assumption of separable utility. All that is involved is a simple 

reinterpretation of the terms in that system. These reinterpretations are given in Table 2.4, 

where we introduce the terminology “unconditional” and “conditional” to describe the 

demand for all goods in the basket and a group of goods, respectively. For derivations and 

further details of these matters will be discussed in Sections 4.4 and 4.5.    

2.8   Demands in Level Form 

The discussion thus far has concentrated on differentials in quantities consumed, real 

income (or real total consumption of the group in question) and prices. Such an approach can 

be used in a time-series application, where the differentials become changes from one period 

to another. But in a cross-country context, there is no natural ordering of countries, so it is 

necessary to formulate demand equations in terms of levels. In this section, which is based on 

Barten (1989), we now consider a levels version of the differential system (2.6) of the form 

(2.12)     
n

i i i ij j
j 1

w logq logQ log p ,
=

= q + p∑ i 1, , n.=    

In going from system (2.6) to (2.12), all “d’s” have been omitted. All the terms now 

have exactly the same meaning as before, except for the level of real income, which is 

defined as  

(2.13)      
n

i i
i 1

logQ w logq .
=

= ∑  

This is a budget-share weight-average of the n quantities. For this average to be a meaningful 

concept, the units of measurement of the quantities must be comparable, which is the case 

with the ICP data as the quantities, i i ip q p , are expressed in terms of US dollar, as discussed  

in Section 2.2. To interpret (2.13) further, take the logarithm of the budget share, 

i i ilog w log p logq log M,= + −  multiply by iw  and then sum over i = 1,...,n to give 

(2.14)      log W log P logQ log M,= + −  

where n
i 1 i ilog W Σ w log w==  is a weighted logarithmic mean and n

i 1 i ilog P Σ w log p==  is a 

price index.25 If we think of real income as money income deflated by a price index, or in 

logarithmic terms log M log P,−  equation (2.14) suggests that real income could be defined 

                                                 
25 Index (2.14) is a measure of diversity of the composition of the budget and is (the negative of) the entropy of 
the distribution of budget shares (Shannon, 1948, Theil, 1967). 
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Table 2.4   Unconditional and Conditional Versions of Differential Demand Equations 

( ) ( ) ( )
n

i i i ij j
j 1

w d logq d logQ d log p ,   i 1, , n
=

= q + p =∑   

Concept 
Interpretation 

Unconditional Conditional 

What is allocated? Total consumption expenditure Expenditure on goods in group 

Number of goods, n Number of goods in complete basket Number of goods in group 

Budget share of good i, iw   

Share in total consumption expenditure  

i i
i

p q
w ,

M
=  i All goods in basket i iM Σ p q∈=  

 i All goods in basket iΣ w 1∈ =  

Share in group expenditure 

i i
i

g

p q
w ,

M
= g i Goods in group g i iM Σ p q∈=  

i Goods in group g iΣ w 1∈ =  

Logarithmic change in quantity demanded of i, 

( )id log q  Growth in volume of thi  good in complete basket Growth in volume of thi  good in group 

Logarithmic change in total consumption, ( )d log Q  Change in real income 

( ) ( )i All goods in basket i id log Q Σ w d log q∈=  

Change in real total consumption of group 

( ) ( )i Goods in group g i id log Q Σ w d log q∈=  

Logarithmic change in price of j, ( )jd log p  Growth in price of thj  good in complete basket Growth in price of thj  good in group 

Marginal share of i, iq  

Share in $1-additional total consumption expenditure 

( )i i
i

p q
θ ,

M
∂

=
∂

  i All goods in basket iΣ θ 1∈ =  

Share in $1-additional group expenditure 

( )i i
i

g

p q
θ ,

M
∂

=
∂

  i Goods in group g iΣ θ 1∈ =  

Income elasticity i

iw
q

 
Income elasticity of demand for good i 

        
( )
( )

ilog q
log M

∂
∂

 

   Income elasticity of demand for good i 

        
( )

( )
i

g

log q
log M

∂

∂
 

   
(Continued on next page) 

 



67 
 

Table 2.4   Unconditional and Conditional Versions of Differential Demand Equations (Continued) 

( ) ( ) ( )
n

i i i ij j
j 1

w d logq d logQ d log p ,   i 1, , n
=

= q + p =∑   

Concept Interpretation 
Unconditional Conditional 

Slutsky coefficient, ijp  Change in the quantity component of iw  following a 
one-percent change in jp , with real income constant 

 
( )

i j i
ij ij ij

j d real income 0

p p q
s ,   s

M p
=

∂
p = ⋅ =

∂
 

Change in the quantity component of iw  following a one-
percent change in jp , with real total group expenditure 
constant 

( )

i j i
ij ij ij

g j d real total expenditure on group 0

p p q
s ,   with s

M p
=

∂
p = ⋅ =

∂
 

Slutsky symmetry Symmetry of the substitution effects. Slutsky matrix 
symmetric: 

ij ji ,    i, j 1, , np = p =  goods in complete basket 

Symmetry of the substitution effects. Slutsky matrix 
symmetric: 

ij ji ,    i, j 1, , np = p =   goods in group 

Demand homogeneity Equiproportional change in the n prices has no effect 
on any quantity, real income remaining unchanged. 
Row sums of n n× matrix of Slutsky coefficients  

ij p   zero:  
n

ij
j 1

0,   i 1, , n
=

p = =∑   goods in complete basket 

Equiproportional change in the n prices of goods in group 
has no effect on any quantity, real total group expenditure 
remaining unchanged. Row sums of n n× matrix of Slutsky 
coefficients  ij p   zero: 

n

ij
j 1

0,   i 1, , n
=

p = =∑   goods in group 

Negativity Slutsky matrix negative semi-definite: 

ij 0, for any n-vector ′  p ≤ ≠ x x x 0  
Slutsky matrix negative semi-definite: 

ij 0, for any n-vector ′  p ≤ ≠ x x x 0  

Price elasticity ij

iw
p

 
Compensated price elasticity of demand for i with 
respect to the price of j (real income constant) 

Compensated price elasticity of demand for i with respect 
to the price of j (real total group expenditure constant) 
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as log M log P logQ log W.− = −  That is, according to this approach, the level of real income 

would be index (2.13) less log W.  While this has some merit, it is convenient to use log Q , as 

defined by (2.13), as a measure of real income. As long as log W  does not vary too much, the 

results will be similar to using logQ log W.− 26  

As Barten (1989) points out, the major implications of consumption theory refer to the 

n n×  Slutsky matrix ij p  ; this matrix is symmetric and negative semi-definite. As this 

matrix appears in the levels system (2.12), the previous constraints of homogeneity 

[constraint (2.10)], symmetry [(2.11)] and negativity ( )ij 0,  for any n-vector ′  p ≤ ≠ x x x 0  

apply to (2.12). When the marginal shares and Slutsky coefficients are treated as constants, 

system (2.12) is a levels version of the Rotterdam model (Barten, 1964, Theil, 1965, 1975/76; 

see Clements and Gao, 2015, for a review of that model).  

For the subsequent application, we shall take as constants the Slutsky coefficients, but 

not the marginal shares. Instead, we shall assume that the thi  marginal share equals a constant 

( )iβ  plus the corresponding budget share ( )iw ,  so that 

(2.15)       i i iw .q = β +  

Constant marginal shares imply linear Engle curves, which are thought to be overly 

restrictive. Specification (2.15) avoids this problem as it is implied by the Working (1943)-

Leser (1963) model whereby the budget share is a linear function of the logarithm of income,  

i i iw α β log M.= + ⋅  The income coefficient in this model, iβ , is the same iβ  in (2.15). 

In what follows, we consider the demand for alcoholic beverages, comprising beer, 

wine and spirits. It is assumed that this group of goods is separable in the consumer’s utility 

function, which is sometimes described as “block independence”. Thus, we use model (2.12) 

as a conditional demand system for the n = 3 beverages, and thereby make the appropriate 

translation of terms from unconditional to conditional demands as described in Section 2.7. If 

we substitute equation (2.15) into (2.12) and rearrange, we obtain the conditional demand 

equation for beverage i (i = 1,2,3) in country c (c = 1,...,C) as 

                                                 
26 This issue relates to the factor reversal test of index-number theory that states that the product of the price and 
volume indexes should equal income. This test is not satisfied by the indexes log Q  and log P  as 

log Q log P log W .e M e+ = ×  The “dissatisfaction factor” is log W1 n e 1.≤ ≤  But there is no need to be too apologetic 
for this issue as many other indexes, including those of the popular Laspeyres and Paasche varieties, also do not 
satisfy the factor reversal test. 
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(2.16)     ( )
3

ic ic c i c ij jc ic
j 1

w logq logQ logQ log p .
=

− = β + p + ε∑  

In equation (2.16), the term icε  is a zero-mean disturbance with a constant covariance 

matrix. Barten (1989) refers to (2.16) as a levels version of the CBS model (Keller and Van 

Driel, 1985). The left-hand side of the above equation is the relative consumption of good i in 

country c, ( )ic c ic clogq logQ log q Q− = , weighted by its budget share, icw . This is explained 

by the variables on the right-hand side, clog Q  and jclog p ,  j = 1,2,3, that is, real total 

consumption of alcohol, as defined by equation (2.13), and the prices of the three beverages, 

with these variables all in logarithmic form. As total consumption of alcohol is held constant 

by the variable clog Q  on the right, it can be seen how (2.16) is a conditional demand 

equation of beverage i in the form described in the previous section. That is, consumption of 

beverage i is conditional on the total alcohol remaining unchanged. It follows from 

i i iw α β log M= + ⋅  that the coefficient iβ  measures the change in the budget share of i 

associated with a 1% increase in total alcohol consumption. In order for the total to remain 

unchanged, 3
i 1 i 0=∑ β = . The coefficient ijp  is the (i, j)th conditional Slutsky coefficient, which 

measures the impact on consumption of good i of a price change in j on account of the 

substitution effect when total alcohol is held constant. These ijp  satisfy the homogeneity and 

symmetry constraints (2.10) and (2.11) with n = 3. Finally, the 3 3×  Slutsky matrix ij p   is 

negative semi-definite (in addition to being symmetric).   

2.9     Application to the ICP Data 

We apply equation (2.16) for beer, wine and spirits to the C = 110 countries from the 

ICP data described in Section 2.2. When homogeneity and symmetry are not imposed, each 

equation can be estimated by a least-squares regression. The results are contained in panel A 

of Table 2.5. The three estimated total alcohol coefficients iβ  are insignificantly different 

from zero, suggesting unitary elasticities (which, for convenience, shall be referred to as 

conditional income elasticities, or, where there will be no misunderstanding, just income 

elasticities). The diagonal Slutsky coefficients are negative and significant, while the off-

diagonals are all positive.  

The residuals from the above unrestricted model are examined in Figure 2.5. Panel A 

plots, for each beverage, the residuals with countries ordered in terms of decreasing income  
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Table 2.5    Estimates of Alcohol Demand Equations: I, Unrestricted 

( )
3

ic ic c i c ij jc ic
j 1

w logq logQ Intercepts logQ log p
=

− = + β + p + ε∑  

 

Beverage 

 

Intercepts for countries that are 
Total alcohol 

coefficient Slutsky coefficients Beer 
intensive 

Wine 
intensive 

Spirits 
intensive Diversified 

i1α   i2α  i3α  i4α  iβ  i1p  i2p  i3p  Sum 3
j 1 ij=∑ p   

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
A. No Intercepts 

Beer - - - - 0.64 (0.67) -24.79 (4.79) 6.39 (4.96) 19.55 (4.72) 1.15 (3.60 ) 

Wine - - - - 0.41 (0.50) 11.42 (3.57) -20.04 (3.10) 7.29 (3.52) -1.33 (2.69 ) 

Spirits - - - - -1.05 (0.50) 13.38 (3.54) 13.65 (3.67) -26.83 (3.50) 0.20 (2.67 ) 
B. Four Intercepts  

Beer 25.75 (2.39) -11.15 (2.89) -12.60 (2.92) 3.51 (2.54) -0.60 (0.53) -24.44 (2.18) 9.55 (2.30) 14.70 (2.17) -0.19 ( 1.64) 

Wine -13.93 (2.04) 21.36 (2.47) -11.81 (2.49) -0.85 (2.17) 0.40 (0.45) 9.94 (1.86) -15.90 (1.96) 5.93 (1.85) -0.03 (1.40 ) 

Spirits -11.82 (2.15) -10.21 (2.60) 24.41 (2.62) -2.66 (2.28) 0.21 (0.48) 14.50 (1.96) 6.35 (2.07) -20.63 (1.95) 0.22 (1.47 ) 
C. Three Intercepts  

Beer 23.19 (1.52) -13.62 (2.29) -14.75 (2.48) - -0.03 (0.33) -25.12 (2.13) 9.91 (2.30) 15.23 (2.14) 0.02 ( 1.69) 

Wine -13.31 (1.28) 21.96 (1.93) -11.29 (2.10) - 0.26 (0.28) 10.10 (1.80) -15.99 (1.94) 5.80 (1.81) -0.09 (1.43 ) 

Spirits -9.87 (1.36) -8.34 (2.05) 26.04 (2.22) - -0.23 (0.30) 15.02 (1.91) 6.08 (2.06) -21.03 (1.92) 0.07 (1.51 ) 

Notes: Standard errors in parentheses. All entries are × 100. 
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Figure 2.5  Residuals from Unrestricted Demand Equations 

  ( )
3

ic ic ic c i c ij jc
j 1

ˆˆ ˆw logq logQ logQ log p
=

ε = − − β − p∑  

A. Income Order                                            B.   Type of Country 

    
 

    
 

    
 
Notes:   
1.    Each plot has 110 data points, one for each country.  
2.    Countries in panel A are ranked according to their per capita income, as described in Table 2.1.  
3.    In Panel B countries are grouped according to the predominant beverage consumed, as discussed in Section 

2.3. There are 45 beer-intensive countries, 13 wine-intensive countries, 12 spirits-intensive countries and 
the remaining 40 have diversified drinking patterns. With each group in panel B, countries are listed in 
order of decreasing income. The horizontal lines within each group in this panel represent the mean of the 
residuals. 

 

per capita; there seems to be no obvious pattern. However, when countries are split according 

to their drinking intensities (as described in Section 2.3), a pattern does emerge. Panel B of 

the figure shows substantial positive means of the residuals for the beverage in those 

countries intensive in that beverage – beer in the beer-intensive countries, wine in wine-
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intensive and spirits in spirits-intensive. Additionally, the remaining countries with 

diversified drinking patterns have a mean close to zero. This is possibly not unexpected.  

In view of the nonzero means, we add four intercepts to each equation, so equation 

(2.16) becomes  

                ( )
3

ic ic c i1 i2 i3 i4 i c ij jc ic
j 1

w logq logQ logQ log p
=

− = α + α + α + α + β + p + ε∑ . 

Here, the coefficients i1 i2 i3 i4, , ,α α α α  are the intercepts for beer-intensive, wine-intensive, 

spirits-intensive and diversified countries, respectively. These represent consumption of the 

beverage i after accounting for the roles of total alcohol and the prices. Panels B of Table 2.5 

contains the estimates with the four intercepts and panel C omits the diversified intercepts on 

the basis of their insignificance. Reassuringly, very few of the estimates change substantially 

in moving from panel A to B to C; but the standard errors all fall. 

2.10   Homogeneity and Symmetry Testing 

As stated above, the Slutsky coefficients ijp  in equation (2.16) satisfy the 

homogeneity [constraint (2.10)] and symmetry [constraint (2.11)]. This section first sets out 

the methodology for testing these two constraints, then applies the tests to the ICP data. The 

exposition of the testing methodology is mostly based on Chen (1999, Chap. 7) and Theil 

(1987, pp. 103-107). 

To keep the exposition simple, we shall formulate the tests in terms of the 

unconditional demand equations. The tests carry over directly to the conditional case with 

simple reinterpretations of the notation. Thus, consider equation (2.12), substitute equation 

(2.15) into (2.12) and rearrange to obtain the demand equation for good i: 
n

i i i j 1 ij jw (log q log Q) log Q log p .=− = β + ∑ p  We endow the variables of this equation with a 

country subscript c (c = 1,...,C countries) and add an intercept iα  and a disturbance term ic ,ε  

to give 

(2.17)       ( )
n

ic ic c i i c ij jc ic
j 1

w logq logQ logQ log p .
=

− = α + β + p + ε∑  

The disturbances are assumed to have zero means and variances-covariances of the form  

( )ic jd ij cdE ,ε ⋅ ε = σ d  where ijσ  is a constant and cdd  is the Kronecker delta ( cd 1d =  if c = d, 0 

otherwise). That is, the disturbances are assumed to be correlated across commodities, but 

independent across countries.   
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The null hypothesis of homogeneity of demand for good i takes the form n
j 1 ij 0=∑ p = , 

as in (2.10). Let ijp̂  be the least-squares estimator of ijp  and writing n
i j 1 ijˆz == ∑ p  with variance 

( )ivar z ,  then the t-test statistic for the null hypothesis is i i it z var(z )= . For each alcoholic 

beverage, the value of iz  and its standard error ivar(z )  are contained in column 10 in Table 

2.5. The absolute value of it  for each beverage is given in panel A of Table 2.6. As these are 

all less than the 5% level critical values, we are unable to reject the homogeneity postulate.    

We now turn to homogeneity for the system with n equations as a whole. Equation 

(2.17) can be written in matrix form for c = 1,...,C as  

(2.18)         i i iy Xγ ε= + , 

where i ic ic c[w (logq logQ )]= −y  is a C 1×  vector; X  is a matrix with C rows and 2+n 

columns, whose cth row equals c 1c nc[1 logQ  log p ,..., log p ]; i i i i1 in[ , ,..., ]′= α β p pγ  ,  is a 

vector of parameters; and i ic[ ].= εε  As we are dealing with an allocation system -- income is 

allocated to the n commodities -- we need only consider n-1 of these equations; we drop the 

last equation from further consideration. To test homogeneity for the system of n-1 equations, 

write equation (2.18) for i = 1,...,n-1 as 

(2.19)          ( )n-1Iy X γ ε= ⊗ + , 

where n-1I  is an identity matrix of order n-1; and y  and ε  are column vectors of length 

( )C n 1× −  consisting of the n 1−  subvectors i iand ,y   ε  and [ ]i .= γγ  We assume that ε  is 

normally distributed with zero mean and non-singular covariance matrix C,⊗I∑  with 

ij . = σ ∑  

The homogeneity of the entire system can then be written as  

(2.20)          Rγ 0= ,  

where 


n 1
n

[0,0,1,...,1]R I −= ⊗ . This is a uniform restriction. The F-test of this constraint is 

(2.21)        
{ } 11

1

ˆ ˆ( ) (n 1)(C n 2)
n 1ˆ ˆ

−
−

−

′ ′ ′ ⊗ − − −  ×
−′  ⊗ 

γ R R X X R Rγ

ε I ε

∑

∑
, 

where γ̂  is the least-squares estimator of γ  in (2.19) consisting of n-1 subvectors of the form  
1

i i( )−′ ′=γ X X X y  and ˆ ˆ( )y I X= − ⊗ε γ   is the corresponding residual vector. The quantity in 

(2.21) follows an F distribution with (n 1)−  and (n 1)(C n 2)− − −  degrees of freedom.  
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However, ∑  in this F ratio is unknown. The standard solution is to approximate ∑  

with ∑̂ , which is the unbiased estimator of the residual covariance matrix. Let 

[ ]1 n 1
ˆ ˆ ˆ,...,E ε ε −=  be an C (n 1)× −  matrix of residuals, with [ ]i icˆε̂ = ε . Then, ∑̂  is equal to the 

matrix of mean squares and cross products, ( )ˆ ˆ ˆ C n 2 .′= − −E E∑  Replacing ∑  with ∑̂ , the 

quadratic form in the denominator of the first ratio in (2.21) can then be expressed as 

      ( ) ( ) ( )ˆ ˆ ˆ ˆˆ ˆˆ ˆ tr tr C n 2 n 1 C n 2ε I ε E E−1 −1 −1 ′ ′∑ ⊗ = ∑ = ∑ ∑× − − = − − −  , 

which is a constant. When ∑  in the numerator of the first ratio of (2.21) is again replaced 

with ∑̂ , we obtain ( )x n 1 ,−  with x equal to  

 (2.22)        { } 1
1ˆˆ ˆ( )

−
− ′ ′ ′⊗ R R X X R Rγ ∑ γ , 

which is asymptotically ( C → ∞ ) distributed as 2 (n 1)χ − . Accordingly, the test statistic 

(2.21) reduces to (2.22) when the estimated residual covariance matrix is used. Panel A of 

Table 2.6 contains the test statistic (2.22) of the homogeneity for three beverages as a system 

in boldface. This equals to 0.093, much less than the 5% level critical values, so it is safe to 

conclude that homogeneity cannot be rejected.  

The above testing procedure can be adapted to symmetry by redefining the restriction 

matrix R  in (2.20). The null hypothesis of symmetry takes the form ij ji , (i, j 1,..., n) p = p = . 

This can be written as Rγ 0= , where R  is a ( )( )k 2n 2 n 1× + −  constraint matrix with 

k (n 1)(n 2) 2= − − . The non-zero elements of R  take the form ijr 1,=  ikr 1,= −  for 

i 1,..., (n 1)(n 2) 2= − − , ( )( )j 1 2n 2 m n 1= − + + + + , and ( )( )k m 1 2n 2 n 1= − + + + + , 

where 1,..., n 1= −  and m 1,..., n 1= + − ; these non-zero elements correspond to ijp  and 

ji.p  Panel B of Table 2.6 contains the test statistic (2.22) by redefining the R  for symmetry. 

As the statistic is less than the critical value, we are unable to reject symmetry. 

On the basis of the above test results, the homogeneity and symmetry are imposed on 

the demand system, which consists of equation (2.16) for each beverage. However, one of 

three equations is redundant due to the budget constraint, and accordingly, the spirits 

equation is dropped. The remaining beer and wine equations are estimated by Seemingly 

Unrelated Regression (SUR) and Table 2.7 contains the results.  

For convenience, panel A reproduces the unrestricted estimates from panel C of Table 
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Table 2.6  Tests of Homogeneity and Symmetry 

Beverage Test         
 statistic 

Critical value 
(5% level) Decision 

(1) (2) (3) (4) 
A. Homogeneity 

  F(0.95,1,102)  
Beer  0.005 3.93 Do not reject 
Wine 0.157 3.93 Do not reject 
Spirits 0.085 3.93 Do not reject 

  

2χ (0.95,2)  
System 0.093 5.99 Do not reject 

B. Symmetry 

  
2χ (0.95,1)  

System 0.003 3.84 Do not reject 

Notes:  
1. In panel A, the homogeneity hypothesis takes the form  

3 3

0 j 1 ij A j 1 ijH : Σ π 0;  H : Σ π 0,  i 1, 2, 3.
= =

= =≠  In panel B, the symmetry 

hypothesis, given homogeneity, takes the form 0 12 21 A 12 21H : π π ;  H : π π .= ≠   
2.    Three intercepts are included in each demand equation everywhere.  
 

2.6. Panel B of Table 2.7 gives the estimates when only homogeneity is imposed, while panel 

C gives the homogeneity and symmetry-imposed estimates. As expected, there is no 

substantial change in the point estimates when the constraints are imposed, but there is a 

modest decrease in standard errors.  

The residuals from the restricted system (homogeneity and symmetry) are examined 

in Figure 2.6 in the same manner as before. Panel A plots the residuals for each beverage 

with countries in the order of decreasing income per capita; they seem have a zero mean and 

are more or less randomly distributed. In panel B, the residuals with countries grouped 

according to intensity of consumption exhibit the same satisfactory pattern. These residuals 

will be tested for normality in the next section.  

2.11     How Adequate are the Demand Equations? 

We have estimated the demand system for the ICP alcohol data and obtained the 

estimates for income and Slutsky coefficients. How well does this system fit the data? Are the 

estimates reliable? This section answers these questions by investigating the adequacy of the 

demand equations in two contexts: the stability of the parameters and the normality of the 

disturbances. At the end of the section, the implied income and price elasticities are tabulated. 
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Table 2.7    Estimates of Alcohol Demand Equations: II, Unrestricted and Restricted 

( )
3

ic ic c i c ij jc ic
j 1

w logq logQ Three intercepts logQ log p
=

− = + β + p + ε∑  

 
Beverage 

 

Intercepts for countries that are Total alcohol 
coefficient Slutsky coefficients 

Beer intensive Wine intensive Spirits intensive 

i1α   i2α  i3α  iβ  i1p  i2p  i3p  
(1) (2) (3) (4) (5) (6) (7) (8) 

A. Unrestricted 

Beer 23.19 (1.52) -13.62 (2.29) -14.75 (2.48) -0.03 (0.33) -25.12 (2.13) 9.91 (2.30) 15.23 (2.14) 

Wine -13.31 (1.28) 21.96 (1.93) -11.29 (2.10) 0.26 (0.28) 10.10 (1.80) -15.99 (1.94) 5.80 (1.81) 

Spirits -9.87 (1.36) -8.34 (2.05) 26.04 (2.22) -0.23 (0.30) 15.02 (1.91) 6.08 (2.06) -21.03 (1.92) 
B. Homogeneity Restricted 

Beer 23.23 (1.37) -13.61 (2.28) -14.68 (2.32) -0.03 (0.33) -25.17 (2.03) 9.91 (2.30) 15.26 (2.11) 

Wine -13.53 (1.16) 21.93 (1.93) -11.59 (1.96) 0.26 (0.28) 10.32 (1.72) -16.01 (1.94) 5.69 (1.79) 

Spirits -9.70 (1.23) -8.31 (2.04) 26.27 (2.08) -0.22 (0.30) 14.85 (1.82) 6.10 (2.06) -20.94 (1.89) 
C. Homogeneity and Symmetry Restricted 

Beer 23.23 (1.37) -13.60 (2.28) -14.77 (2.27) -0.02 (0.33) -25.21 (2.02) 10.20 (1.55) 15.01 (1.53) 

Wine -13.55 (1.15) 21.92 (1.93) -11.58 (1.96) 0.24 (0.27)  -16.05 (1.93) 5.85 (1.47) 

Spirits -9.68 (1.22) -8.32 (2.04) 26.35 (2.02) -0.22 (0.29)   -20.87 (1.84) 

   Notes: Standard errors in parentheses. All entries are × 100.  
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Figure 2.6                                                                                                                     
Residuals from Homogeneity- and Symmetry-Restricted Demand Equations 

  ( )
3

ic ic ic c i1 i2 i3 i c ij jc
j 1

ˆˆ ˆ ˆ ˆ ˆw log q log Q log Q log p
=

ε = − − α − α − α −β − p∑  

A. Income Order                                            B.   Type of Country 
 

    
 
 

    
 
 

    
   See notes to Figure 2.5.  
 
 

Parameter Stability 

The key assumption of interpreting the above estimates is that the parameters are 

constant in the entire sample, that is, the same in each country. We test this assumption by 

examining estimates with a rolling window 80 countries. Thus, there will be 110-80=30 sets 

of estimates. 
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Panel A of Figure 2.7 plots the rolling estimates. The solid lines in the figure 

represent the point estimates with dark and light grey areas representing the one- and two- 

standard errors bands, respectively. Column 2 reveals a steep jump in iβ̂  for wine when 

country 100, Nepal, is added into the window. Similar abrupt changes occur in the Slutsky 

coefficients 12p̂  and 22p̂  in column 4. If we drop Nepal from the sample, the jumps 

disappear, as shown in panel B of Figure 2.7. 

We can further examine Nepal by adding a dummy variable into equation (2.16): 

             ( )
3

ic ic c i1 i2 i3 i c ij jc i 100 ic
j 1

w log q log Q log Q log p D
=

− = α + α + α + β + p + γ + ε∑ . 

Here, 100D  takes value of 1 when c 100=  and 0 otherwise. The corresponding coefficient iγ  

represents the consumption of beverage i in Nepal after accounting for the roles of total 

alcohol and the prices. We estimate the model using SUR and the results are contained in 

Table 2.8. The significant estimates of iγ  for beer and wine in column 5 show that Nepal has 

unexpectedly high consumption of beer, which is more or less offset by lower wine 

consumption. This is unexpected consumptions in that it cannot be accounted for by Nepal’s 

income and prices. In what follows, Nepal will be excluded from the sample.  

 

Table 2.8   Estimates of Alcohol Demand Equations: III, Nepal Omitted 

( )
3

ic ic c i c ij jc i 100 ic
j 1

w log q log Q Three intercepts log Q log p D
=

− = + β + p + γ + ε∑  

 

Beverage 

 

Intercepts for countries that are Nepal  
dummy 

Income 
coefficient Slutsky coefficients 

Beer 
intensive αi1 

Wine 
intensive αi2 

Spirits 
intensive αi3 

γi  βi 
Beer 
πi1 

Wine 
πi2 

Spirits 
πi3 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Beer 
23.09 
(1.33) 

-15.62  
(2.32) 

-14.50  
(2.19) 

21.51  
(7.70) 

0.11 
 (0.32) 

-24.21 
 (1.97) 

8.89  
(1.50) 

15.32  
(1.53) 

Wine 
-13.41 
(1.09) 

24.20  
(1.92) 

-11.98 
 (1.85) 

-24.26  
(6.43) 

0.08 
 (0.26)  -14.29  

(1.88) 
5.40  

(1.45) 

Spirits 
-9.68 
(1.23) 

-8.59  
(2.16) 

26.48  
(2.03) 

2.75 
 (7.11) 

-0.19 
 (0.30)   -20.72  

(1.84) 

           Note: Standard errors in parentheses and all entries are × 100. 
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Figure 2.7                                                                                                                                                                                                             
Fancharts of Rolling Estimates 
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Figure 2.7 
Fancharts of Rolling Estimates (Continued) 

Beverage 
Income Coefficient Slutsky Coefficient 

βi πi1 πi2 πi3 
(1) (2) (3) (4) (5) 

B.   Without Nepal 
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Note: The rolling regressions use a 80-country window. The identity number of the last country in each window is given on the horizontal axis (countries are ordered by income 
per capita). The solid line is the estimate of the parameter from the equation (2.16). The dark grey and light grey areas below and above the solid line represent the one- and two- 
standard error bands. 
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Normality 

Another aspect of adequacy of the estimated equations is the extent to which the 

residuals are normally distributed. The violation of the assumption of normality can result in 

inaccurate inferences and conclusions. As the system contains more than one equation, in this 

sub-section, we test for univariate normality and for multivariate normality for the system as 

a whole. 

Figure 2.8 contains univariate normality tests. Column 2 shows that each histogram 

seems to be not too far from a normal density. Encouragingly, in each case the Jarque-Bera 

test statistic is less than the critical value 5.47. Further, if normality is true, the points in a P-P 

plot should lie on a straight line. This is more or less the case for beer and wine, as shown in 

column 3 of Figure 2.8. While, around 10% points in the plot for spirits drift away from the 

top end of the line, this possibly does not constitute strong evidence against normality. Thus, 

on the basis of the tests, it is safe to conclude that normality is not rejected. 

For the multivariate test, we first need the disturbance covariance matrix, which is 

given in columns 2 to 4 of Table 2.9. This matrix is converted into correlations in columns 5 

to 7 of the table. The three negative off-diagonal elements suggest that disturbances are 

negatively correlated. To make these disturbances independent, we follow the approach in 

Theil (1975/76). Let cr  be the vector of two disturbances, one for beer and the other for wine 

(as the three disturbances have a zero sum, we need only consider two) in country c. We 

write the 2 2×  covariance matrix of cr  as 2 ,Ω CΛ C′=  where C  is the orthogonal matrix 

with the characteristic vectors of Ω  and 2Λ  is a diagonal matrix of the roots of Ω . The 

standardized residuals 1
c cr CΛ C r− ′=  are then uncorrelated and under normality, the points 

should lie on a straight line in a P-P plot. Figure 2.9 shows this is approximately the case, so 

again we are unable to reject normality. 

The Elasticities 

The income and price elasticities implied by the model (2.16) are i ic1 w+ β  and 

ij icwp  for i, j 1, 2,3=  and c 1,...,C= . For a given country, there are 3 income elasticities and 

3 3×  price elasticities. With C 110=  countries, the total number of elasticities, then, is 

110(3 3 3) 1,320+ × = . To make things manageable, Table 2.10 uses the Table 2.8 estimates to 

evaluate the elasticities with means of the budget shares for different groups of countries.
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Figure 2.8  Univariate Normality Test 

( )
3

ic ic ic c i1 i2 i3 i c ij jc
j 1

ˆˆ ˆ ˆ ˆ ˆw log q log Q log Q log p
=

ε = − − α − α − α + β + p∑  

Beverage Histogram  P-P plot 
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    Note: The critical value for Jarque-Bera statistic is 5.47.  
 

Table 2.9   Disturbance Covariance and Correlation Matrices 

Beverage Covariance Matrix  (×100)  Correlation Matrix 
Beer Wine Spirits  Beer Wine Spirits 

(1) (2) (3) (4)  (5) (6) (7) 
Beer 0.49 -0.20 -0.29  1 -0.49 -0.64 

Wine  0.33 -0.13   1 -0.35 

Spirits   0.42    1 

        Note: The disturbances are from the equations in Table 2.8.  
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Figure 2.9  Multivariate Normality P-P Plot 

( )
3

ic ic ic c i1 i2 i3 i c ij jc
j 1

ˆˆ ˆ ˆ ˆ ˆw log q log Q log Q log p
=

ε = − − α − α − α −β − p∑  

 
 

 
Panel A provides the income and price elasticities by income quartiles. The income 

elasticities in column 3 are all close to 1 due to the small values of the iβ . The diagonal 

elements of the price-elasticity matrices in columns 4 to 6 refer to the own-price effects. 

These are all negative and it is worth to note that wine and spirits are more price elastic in 

poor countries. The cross-price elasticities in the off-diagonals are all positive, indicating that 

the three pairs of beverages are substitutes, as expected.  

Panel B of Table 2.10 contains the elasticities for countries in groups distinguished by 

intensity of consumptions. Again, the income elasticities in column 3 are close to 1; and the 

own-price elasticities are negative and the cross-price elasticities positive. It is interesting to 

note that the own-price elasticity for the beverage in which a country is intensive is the lowest 

in absolute value compared to (i) the elasticities of other two beverages in the same intensive 

group; and (ii) the elasticities of the same beverage in other groups of countries. Take the 

beer as an example: (i) In beer intensive countries, the own-price elasticity is -0.4 for beer, 

which is lower than -1.5 for wine and -1.6 for spirits. (ii) For beer, the own-price elasticity is 

-0.4 in beer-intensive countries (as just mentioned), lower than the elasticities in wine-

intensive and spirits-intensive countries of -1.3 and -2.0, respectively.  

2.12     More on Constant Tastes: Different Groups of Consumers 

The discussion thus far assumes that one demand system is applicable in all countries, 

that is, tastes are taken to be constant. This is consistent with the approach of Stigler and 

Becker (1977), which was described in Section 2.1. But it has to be acknowledged that this 

would possibly be considered to be a strong, if not controversial, assumption when applied to 
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Table 2.10    Income and Price Elasticity of Demand 

Beverage 

Mean  
budget share 

Income 
elasticity Price elasticities 

iw  i i1 w+ β  
Beer 

i1 i
wp  

Wine 
i 2 i

wp  
Spirits 

i 3 i
wp  

(1) (2) (3) (4) (5) (6) 
A. Countries Distinguished by Income 

1st Quartile 

Beer 38.93 1.003 -0.746 0.274 0.472 

Wine 36.60 1.003 0.310 -0.499 0.189 

Spirits 24.47 0.991 0.708 0.249 -0.957 
2nd Quartile 

Beer 40.19 1.003 -0.706 0.259 0.447 

Wine 28.52 1.004 0.445 -0.716 0.270 

Spirits 31.29 0.991 0.708 0.249 -0.957 
3rd Quartile 

Beer 50.01 1.004 -0.963 0.354 0.610 

Wine 21.53 1.006 0.710 -1.141 0.431 

Spirits 28.46 0.989 0.849 0.299 -1.149 
4th Quartile 

Beer 50.76 1.003 -0.728 0.267 0.461 

Wine 22.30 1.009 0.999 -1.606 0.607 

Spirits 26.94 0.983 1.396 0.492 -1.888 
B. Countries Distinguished by Type 

Beer Intensive 

Beer 65.08 1.002 -0.384 0.141 0.243 

Wine 15.88 1.009 0.946 -1.520 0.575 

Spirits 19.04 0.985 1.218 0.429 -1.648 
Wine Intensive 

Beer 21.70 1.006 -1.295 0.476 0.819 

Wine 61.50 1.001 0.149 -0.239 0.090 

Spirits 16.80 0.983 1.406 0.495 -1.901 
Spirits Intensive 

Beer 19.71 1.009 -2.003 0.735 1.267 

Wine 16.53 1.007 0.819 -1.316 0.497 

Spirits 63.76 0.997 0.246 0.087 -0.333 
Diversified 

Beer 36.47 1.003 -0.710 0.261 0.450 

Wine 33.33 1.003 0.317 -0.510 0.193 

Spirits 30.20 0.993 0.591 0.208 -0.800 
Notes:  
1. These elasticities are based on means of the budget shares and the estimated 
parameters from Table 2.8.  
2.  Entries in column 2 are × 100.  
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tastes with respect to alcoholic beverages. This section contains exploratory material 

designed to shed some light on the hypothesis of the constancy of alcohol tastes. 

As described in Section 2.3, the 110 countries can be divided into four groups using 

the budget shares of the beverages: Beer-intensive, wine-intensive, spirits-intensive and those 

countries with diversified drinking patterns. In Table 2.8, the differences between the four 

groups were modelled by the shifting intercepts of the demand equations. In this sense, this 

treatment amounts to a relaxation of the assumption that all countries have the same tastes. 

But the relaxation is only partial as the income and price coefficients were still taken to be the 

same across countries. It would therefore seem natural to continue further by testing whether 

or not these coefficients are same, that is, if consumers in different countries respond equally 

to income and price changes.   

We shall continue to divide the 110 countries into the 4 groups mentioned above. For 

each of the four groups, we estimate the demand equation (2.16) for beer, wine and spirits 

and the results are given in Table 2.11. For convenience, panel A reproduces the estimates for 

all countries combined from Table 2.8. The subsequent four panels contain the estimates for 

the country groups. In all groups, the income coefficients iβ  are insignificant and Slutsky 

matrices have a similar structure (negative diagonal elements and positive off-diagonals). 

However, the magnitude of the Slutsky coefficients varies widely across groups. Take the 

own-price Slutsky coefficients as an example. For beer, this 11p̂  is -25.7 (× 210− ) in the beer-

intensive group and -15.6 in the wine-intensive group; and for spirits, 33p̂  is -9.5 in wine-

intensive group and -30.4 in spirits-intensive group. This contrast also holds for the cross-

price Slutsky coefficients. These apparently large differences might be a reason to seriously 

consider separate equations for each country group. 

We can test the hypothesis that the coefficients of different groups coincide. Suppose 

for group g countries the vector of estimates is g g gg g g
11 12 221 2

ˆ ˆ ˆˆ ˆ ˆλ ′ p p p= β β  , with the 

covariance matrix g∑ . The estimates of coefficients 13p , 21p  and 23p  are omitted from this 

vector because under homogeneity and symmetry, they are not free parameters. The 

difference between the estimates of two groups g and h, g h≠ , is g hˆ ˆλ λ−  and under the 

assumption of independence, ( )g h g hˆ ˆvar λ λ− = ∑ + ∑ . Consider the quadratic form of the 

difference:  



86 
 

                        ( ) ( ) ( )1g h g h g hˆ ˆ ˆ ˆ−′− ∑ + ∑ −λ λ λ λ . 

Under g h
0H : λ λ= , the quadratic form has a 2χ  distribution with 5 degrees freedom, the 

number of parameters.  

 

Table 2.11    Alcohol Demand Equations by Country Type 

( )
3

ic ic c i c ij jc ic
j 1

w logq logQ Three intercepts logQ log p
=

− = + β + p + ε∑  

Beverage 
Income 

 coefficient 
Slutsky coefficients 

Beer Wine Spirits 
iβ  i1p  i2p  i3p  

(1) (2) (3) (4) (5) 
A. All Countries (C=109 countries)   

Beer 0.11 (0.32) -24.21 (1.97) 8.89 (1.50) 15.32 (1.53) 
Wine 0.08 (0.26) 

  
-14.29 (1.88) 5.40 (1.45) 

Spirits -0.19 (0.30) 
    

-20.72 (1.84) 
B. Beer-Intensive Countries (C=45 countries) 

Beer -0.38 (0.61) -25.74 (2.20) 7.30 (1.55) 18.44 (1.49) 
Wine 0.45 (0.44) 

  
-9.84 (1.75) 2.54 (1.25) 

Spirits -0.06 (0.79) 
    

-20.98 (3.41) 

C. Wine-Intensive Countries (C=12 countries) 
Beer 0.55 (0.55) -15.60 (2.54) 10.61 (2.46) 4.98 (1.95) 
Wine -0.39 (0.68) 

  
-15.11 (3.21) 4.50 (1.82) 

Spirits -0.16 (0.36) 
    

-9.48 (2.52) 
D. Spirits-Intensive Countries (C=12 countries) 

Beer -1.12 (1.24) -22.14 (5.22) 2.69 (2.03) 19.45 (6.73) 
Wine -0.16 (0.46) 

  
-13.60 (1.91) 10.91 (2.74) 

Spirits 1.28 (1.63) 
    

-30.36 (8.95) 
E. Diversified Countries (C=40 countries) 

Beer 0.10 (0.89) -18.35 (4.14) 9.30 (3.29) 9.04 (2.96) 
Wine -0.44 (0.79) 

  
-21.13 (3.98) 11.83 (2.85) 

Spirits 0.34 (0.79)         -20.88 (3.41) 

Note: Nepal omitted on the basis that it is an outlier. The standard errors are in parentheses and all 
entries are ×100.  
 

Table 2.12 contains the ingredients for this test for the countries that are beer-

intensive and those that are wine-intensive. Using these in the above expression yields the 

value of the test statistic of 32, as in the first entry of column 3 of Table 2.13. As this is 

greater than the critical value of 2 (5)χ  at 5% level of 11, we reject the null hypothesis, so the 

demand equations for these two groups are to be considered statistically different. Table 2.13 

contains the test statistics for the other pairwise comparisons. These show that the beer-
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intensive group seems to require its own system, while the other three groups could have a 

common one.  

The discussion of this section should not be considered as the final word on the 

constancy of tastes across countries. Rather, it is designed to sketch an approach that could 

possibly be more fully elaborated in future research.  

 

Table 2.12  Estimates and Covariance Matrices for Two Country Groups 

Parameter Estimate  
Covariance matrix 

1β  11p  12p  2β  22p  
(1) (2)  (3) (4) (5) (6) (7) 

A. Beer Intensive Group 
g
1β   -0.38 

 
0.38 0.09 -0.07 -0.17 0.05 

g
11p  -25.74 

 
 4.82 -2.50 -0.05 1.35 

g
12p  7.30 

 
  2.40 0.06 -1.96 

g
2β  0.45 

 
   0.19 -0.07 

g
22p  -9.84 

 
   

 
3.08 

B. Wine Intensive Group 
h
1β   0.55 

 
0.30 0.09 -0.22 -0.32 0.24 

h
11p  -15.60 

 
 6.46 -4.36 -0.14 4.46 

h
12p  10.61 

 
  6.06 0.21 -6.53 

h
2β  -0.39 

 
   0.46 -0.39 

h
22p  -15.11      

 
10.31 

              Note: The estimates are from Table 2.10.  
 
 

Table 2.13  Comparing Estimates Across Country Groups 

Group Beer intensive Wine intensive Spirits intensive Diversified 

(1) (2) (3) (4) (5) 
Beer intensive ̶ 32.22 13.90 13.82 
Wine intensive  ̶ 9.28 8.04 
Spirits intensive   ̶ 5.19 
Diversified    ̶ 

Note: This table contains tests of the hypothesis that the coefficients of the demand equations 
of two groups of countries, g and h, g h≠ , coincide. If gλ  is the vector of coefficients for 

group g, the test statistic for Ho: g hλ λ=  is ( ) ( ) ( )1ˆ ˆ ˆ ˆg h g h g hλ λ λ λ
−′− ∑ + ∑ − , where ˆ gλ  is the 

vector of estimates for group g and g∑  is the corresponding covariance matrix. Under Ho, the 
test statistic follows a 2χ distribution with 5 degrees of freedom. The critical value is 2χ
(0.95,5)=11.07.  
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2.13     Utility Interactions 

This section explores the interactions of the three beverages in the consumer’s utility 

function. When the three beverages as a group are separable from all other goods, utility can 

be expressed as a function of their consumption as ( )1 2 3u q ,  q ,  q . The marginal utility of 

beverage i is iu q∂ ∂ , which would be expected to decline with additional consumptions of 

the beverage i, so ( )2
iu q 0∂ ∂ < . How would this marginal utility change as the consumption 

of some other beverage increases? The answer is given by 2
i ju q q∂ ∂ ∂  for i j≠ . When this 

second-order cross derivative is negative, additional consumption of beverage j causes the ith 

marginal utility to fall, just like the case of additional consumption of i itself. Thus, we could 

say i and j are “similar” to the consumer and so are substitutes for one another. When 
2

i ju q q 0∂ ∂ ∂ > , beverage i and j are “different” and could be described as complements. 

Finally, when i  and j  are independent, 2
i ju q q 0∂ ∂ ∂ = . It is to be noted that this concept of 

substitutability/complementarity based on the utility function is different to that of Slutsky, 

which is based on the sign of the “substitution effect” i jq p∂ ∂ , with real income held 

constant. Under certain assumptions, the demand equations we have estimated can be used to 

provide some guidance on the utility interactions as measured by 2
i ju q q∂ ∂ ∂ . This section 

provides a sketch of what is involved. 

Houthakker (1960, footnote 8) showed that the total substitution effect of a change in 

the price of good j on the consumption of good i can be divided into specific and general 

effects, with the former dealing with the utility interactions between i and j. In the context of 

model (2.16), the total effect is given by the Slutsky coefficient ijp ; and the specific-general 

decomposition is  

(2.23)      ij ij i jp = n − φq q .27  

For details of the derivations, see Appendix A2. The first term on the right-hand side of this 

equation is ( ) ij
ij i jM p p un = λ , where 0λ >  is the marginal utility of income (M), ip  is the 

price of good i and iju  is the (i, j)th element of the inverse of the 3 3×  Hessian matrix of the 

utility function 
12

i ju q q
−

 ∂ ∂ ∂  . If P  is a diagonal matrix with the prices on the diagonal, the 

                                                 
27 This decomposition converts the price term, n

j 1 ij jlog p=∑ p , to ( )n
j 1 ij jlog p P= ′∑ n  , where log P′  is Frisch price index. For 

details, see Appendix A2.  
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3 3×  matrix of the ijn  can be expressed as ( ) ij
ij[ ] M [u ]n = λ P P . The inverse is 

( )1 1 1
ij ij[ ] M [u ]− − −n = λ P P , where 2

ij i ju u q q= ∂ ∂ ∂ . Accordingly, the (i, j)th element of 1
ij[ ]−n  

is ij 2
i i j jk u (p q ) (p q )n = ⋅∂ ∂ ∂ , where k M 0= λ > . In words, this element is proportional to 

the (i, j)th element of the Hessian matrix of the utility function in expenditure terms, 
2

i i j ju (p q ) (p q ) ∂ ∂ ∂  . 

The second term on the right-hand of equation (2.23) is i jφq q . The term φ  is the 

income elasticity of the marginal utility of income (known as the “income flexibility”), while 

iq  is the marginal share of i. Thus, given values of ijp , φ  and iq , we can obtain the 

corresponding ijn  as ij i jp + φq q . And given ij[ ]n , its inverse tells us how the beverages 

interact in utility.  

The estimates of ijp  are from Table 2.8. The marginal share i i iwq = β +  is evaluated 

with the estimate of iβ  in column 5 of Table 2.8 and the mean of budget share iw . 

Additionally, on the basis of prior estimates summarised in Clements and Zhao (2009, pp. 

228-29), the income flexibility φ  is assumed to be -0.6. Using these values, the estimates of 

ijn  are: 

Beverage 
Matrix ij[ ]n   (× 10) 

Beer Wine Spirits 
(1) (2) (3) (4) 
Beer -3.63 (0.19) 0.15 (0.15) 0.79 (0.15) 
Wine  -1.88 (0.19) 0.09 (0.15) 
Spirits   -2.53 (0.19) 

Note: As the 3 3×  matrix ij[ ]n  is symmetric, the lower triangle is 
equal to the upper triangle. Standard errors are in parentheses.  

The diagonal elements are negative and significant, while the three off-diagonals are all 

positive. However, among the off-diagonals, only 13n  (for beer/spirits) is significant.  

On the basis of the ijn  estimates in above table, let us replace the insignificant off-

diagonal elements involving wine, 12n  and 23n , with zeros. Then, the general structure of 

1
ij[ ]−n  takes the form: 

                

1
11 13 33 13

22 22

33 11

0 0
10 0

−n n n −n   
   n = ∆ n   ∆
   n n   

, where 11 33 13 13∆ = n n − n n . 
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The sign of 13
13n = −n ∆  tells us the direction of change of the marginal utility of beer 

following an increase in spirits consumption. What can be said about this sign? From the 

table above, 13 0n > , so the sign of 13−n ∆  obviously depends on ∆ . In the next paragraph, 

we establish 0∆ > , so 13 0−n ∆ < . This means that additional expenditure on spirits leads to 

a decline in the marginal utility of beer: Beer and spirits are thus substitutes. On the other 

hand, beer and spirits are both independent of consumption of wine.  

As stated above, the matrix 1
ij[ ]−n  is defined as ( ) 1 1

ijM [u ]P P− −λ , where M 0λ >  

and 1P−  has the reciprocals of the prices on the diagonal and is thus a positive definite 

matrix. For a budget-constrained utility maximum, ij[u ]  is negative definite, and so is 1
ij[ ]−n , 

implying that det 1
ij[ ]−n = ( )11 33 13 13 22 0n n − n n n < . As ij[ ]n  is also negative definite, its 

diagonal elements are negative, so 22 0n < . Consequently, we have 1
22 ijdet[ ] 0−∆ = n ⋅ n > .  

The above structure of ij[ ]n  can also be used to formulate another set of the demand 

equations by replacing the ijp  in model (2.16) with ij i jn − φq q  as in equation (2.23).  As the 

ijn  satisfy 3 3 3
j 1 ij j 1 ij i j 1 j i= = =∑ n = ∑ p + φq ∑ q = φq , where the first equals sign is based on equation 

(2.23) and the second equals sign follows from 3
j 1 ij 0=∑ p = (homogeneity) and 3

j 1 j 1=∑ q = , 

only 13n  in ij[ ]n  is a free parameter. Consequently, rather than having 11p , 12p  and 22p  as 

unknown parameters in the price terms of the demand system, this approach would mean that 

13n  and φ  are the unknowns, a saving of one parameter. It may be useful to examine this 

approach in future research.  

2.14     Summary and Future Research 

Prior research has analysed the consumption of alcoholic beverages (beer, wine and 

spirits) in different countries. However, each country is usually treated separately from the 

others, so there are a number of separate demand systems, one for each country. By contrast, 

in this chapter alcohol demand is analysed simultaneously for over 100 countries, using a 

common demand system for all countries. The chapter contains four basic elements: (i) A 

preliminary data analysis, which provides some support for the law of demand (an increase in 

the good’s price leads to lower consumption); (ii) tests of the hypotheses from 

microeconomic theory of demand homogeneity (the absence of money illusion) and Slutsky 

symmetry (symmetry of the substitution effects of a price change); (iii) the estimation of a 
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system of demand equations for beer, wine and spirits, and the implied income and price 

elasticities; and (iv) a brief exploration of the interactions of the three beverages in the utility 

function. Much of the analysis is novel and applicable in other settings.  

These 100+ countries range from the richest to the poorest in the world and thus 

exhibit substantial differences in economic circumstances, cultural, geographical and 

historical backgrounds. With such diversity, can the conventional utility-maximising 

approach be applied under the assumption that tastes are the same in all countries? This 

means that except for zero-mean random factors, consumption of each beverage is explained 

only by total alcohol and the prices. There are, of course, many idiosyncrasies in alcohol 

consumption with some people drinking excessively and others not at all. Thus, a related 

issue is whether this substantial heterogeneity at the individual level more or less disappears 

at the national level, or does it lead to the differences in tastes across countries? 

We were able to make considerable progress with the assumption of constant tastes. 

We showed the demand equations to be adequate when the “income” (that is, total alcohol) 

and price responses were taken to be the same in all countries. Also encouraging was the 

hypothesis testing whereby we were unable to reject demand homogeneity and Slutsky 

symmetry. On the other hand, however, it was found necessary to introduce to the demand 

equations intercepts for differing types of countries, depending on the dominant beverage 

consumed. In a certain sense, these intercepts reflect taste differences. In addition, our results 

suggest that in future research it may be useful to allow for some differences in the slopes of 

the demand equations for the groups of countries. For these reasons, the responses to the 

above questions on the constancy of tastes have to be somewhat nuanced.  

There are two issues that can be investigated further in the future. First, the income 

elasticities for beer, wine and spirits were found to be close to unity. This comes as a surprise 

as in previous research, income elasticity intends to be less than 1 for beer, and greater than 1 

for wine and spirits (see, for example, the survey in Fogarty, 2010). Finding a plausible 

explanation for this homotheticity is not easy, but it may still be a promising topic for further 

research.  

Second, it might be possible to further refine the impact of prices on consumption. 

The substitution effects in the demand equation for beverage i takes the form 3
j 1 ij jlog p=∑ p , 

where ijp  is a Slutsky coefficient and jp  is the price of beverage j. The coefficient ijp  

measures the total substitution effect of a change in the price of beverage j on the 

consumption of beverage i. The coefficient ijp  can be decomposed into a specific effect ijn  
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and a general effect i j−φq q , where φ  is the income flexibility and iq  is the marginal share of 

good i (Barten, 1964). As was discussed in the chapter, ijn  contains information regarding 

how the consumption of beverage i interacts with consumption of beverage j in generating 

utility for the consumer. If, for example, ij 0n = , there is no utility interaction between i and j, 

a situation that can be described as preferences being independent with respect to these two 

beverages. Alternatively, if ij 0,n <  the marginal utility of i decreases with additional 

consumption of j. This effect is the same as when consumption of beverage i increases, so the 

two beverages are “similar” and exhibit a type of substitution relationship when ij 0n < . The 

demand equations we used can be reparametrized in terms of ijn  to shed light on utility and, 

possibly, obtain more precise estimates of the coefficients. In the future, it may also be 

worthwhile to investigate this approach.     
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Appendix  A2  

Derivations 
 

Equations (2.23) 

In Section 2.13, the ( )thi, j  Slutsky coefficient was expressed as ij ij i jp = n − φq q . It is 

convenient to derive this decomposition in terms of differential demand equations, although 

this could be equally achieved with a levels formulation.  

Recall the differential demand equation (2.6) 

(A2.1)      ( ) ( ) ( )
n

i i i ij j
j 1

w d log q d log Q d log p
=

= q + p∑ , 

where  ij i j ijp p s Mp =  is the ( )thi, j  Slutsky coefficient and  

(A2.2)       i i
ij j

j

q qs q
p M

∂ ∂
= +

∂ ∂
.  

The solution to Barten’s (1964) fundamental matrix is (in part)  

(A2.3)       jiji i i
j

j

qq q qu M q
p M M M

∂∂ ∂ ∂
= λ − φ −

∂ ∂ ∂ ∂
 ,   and  

n
iji

j
j 1

q u p
M M =

∂ ∂λ
=

∂ ∂ ∑ , 

where ( ) 1log log M −φ = ∂ λ ∂  is the income flexibility and iju  is the (i,j)th elements of the 

inverse of the Hessian matrix of the utility function. The first expression in (A2.3) decomposes 

i jq p∂ ∂  into three effects: specific substitution effect ijuλ , the general substitution effect 

( )( )i jM q M q M−φ ∂ ∂ ∂ ∂ , and the income effect j iq q M− ∂ ∂ . The sum of the specific and 

general effects represents the total substitution effect, ijs  in equation (A2.2). That is, 

combining equations (A2.2) and (A2.3) gives 

                 jij i
ij

qqs u M
M M

∂∂
= λ − φ

∂ ∂
. 

Thus, the price term of equation (A2.1) can be expressed as 

                ( ) ( ) ( )
n n n

ij i j j jij i i
ij j i j j j

j 1 j 1 j 1

s p p p qp qd log p p p d log p u d log p .
M M M M= = =

∂ ∂
p = = λ − φ ∂ ∂ 

∑ ∑ ∑  

Define the first term in the large bracket on the far right of the above as ij
ij i ju p p Mn = λ  and 

the second term as - i jφq q , where i i ip q Mq = ∂ ∂ . The above price term then becomes 
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(A2.4)        ( ) ( ) ( )
n n

ij j ij i j j
j 1 j 1

d log p d log p
= =

p = n − φq q∑ ∑ .  

Thus, ij ij i jp = n − φq q  as in equation (2.23).  

Demand Equations in Relative Prices 

Next, we show that the price term in equation (A2.1) can be written as  

( ) ( )( )
n n

ij j ij j
j 1 j 1

d log p d log p P
= =

′p = n∑ ∑ ,   

where ( ) ( )n
j 1 j jd log P d log p=′ = ∑ q  is Frisch price index. Multiplying both sides of the second 

member of equation (A2.3) by ip  gives 

               
n

iji i
j i

j 1

p q u p p
M M =

∂ ∂λ
=

∂ ∂ ∑ . 

The left-hand side of the above is the marginal share iq . It follows from the definition 

ij
ij i ju p p Mn = λ  that the right-hand side can be written as n

j 1 ij=∑ n φ . Thus,  

               
n

ij i
j 1=

n = φq∑ ,  

which we use with equation (A2.4) to give 

               ( ) ( ) ( )
n n n n

ij j ij j ij j j
j 1 j 1 j 1 j 1

d log p d log p d log p
= = = =

p = n − n q∑ ∑ ∑ ∑  

                                      ( ) ( )
n n n

j
ij j ij ij

j 1 j 1 j 1

p
d log p d log P d log .

P= = =

 
′= n − n = n  ′ 

∑ ∑ ∑  

Accordingly, demand equation (A2.1) becomes 

               ( ) ( )
n

j
i i i ij

j 1

p
w d log q d log Q d log ,

P=

 
= q + n  ′ 

∑  

which is the relative price version of the thi  differential demand equation.  
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                                                                                                          CHAPTER 3
THE INCOME AND PRICE SENSITIVITY 

OF DIETS GLOBALLY 

3.1   Introduction 

Food consumption is necessary to sustain life and a primary indicator of consumers’ 

wellbeing. One of the most robust and famous empirical regularities in economics is Engel’s 

(1857) law, whereby poor countries spend a larger fraction of their income on food than the 

rich. But at the same time, differences in climate, culture, incomes and prices can give rise to 

large disparities in food consumption across countries, especially when one considers detailed 

food items. For example, geographically, Europeans prefer bread, while rice is common to 

most Asians. Additionally, consumers in rich countries are generally more concerned about 

the nutritional and health aspects of their diets, while poor countries can face food shortages 

and nutritional inadequacies. This chapter shows that considerable progress can be made in 

analysing the diversity of food consumption patterns internationally.  

As noted in Chapter 1, only a few studies have used the International Consumption 

Program (ICP) data to estimate demand equations for the food groups as in level 1 of the 

diagram below, where the groups are denoted by 1 2 G, ,...,S S S . Seale et al. (2003) analyse the 

demand for seven groups using the ICP data, while Seale and Regmi (2006, 2009 and 2010), 

and Meade et al. (2014) use more recent ICP data to obtain the income and price sensitivity 

of demand for the groups.28 This chapter goes further by analysing for the first time the 

demand for detailed food items within each group, as indicated by level 2 of the diagram 

below, denoted by iq  within the groups 1 2 G, ,...,S S S . 

 

 

 

 

 

 

 

                                                 
28 A recent and related paper by Muhammad et al. (2017) uses the ICP food prices of 11 food categories and 
consumption data from the Global Dietary Database to estimate the income and price sensitivity of 
consumption. 
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Consider the group 1S  in the shaded box of the above diagram. The structure of the 

expenditure decision for items within 1S  has the same form as that for when total alcohol was 

separated into the demand for beer, wine and spirits in the previous chapter. This reflects the 

generality of the analytical framework used for alcohol and it is applicable in other contexts. 

Thus, this framework is applied in this chapter for each food group to analyse the demand for 

detailed food items within groups. In order to make this chapter more or less self-contained, 

we include some deliberate repetition from the previous chapter. 

The remainder of the chapter is as follows. The next section introduces the data: 

disaggregated prices and expenditures on 25 detailed food items in 146 countries; the 25 

items are separated into six food groups. For each group, Section 3.3 presents the price and 

quantity index numbers and Section 3.4 provides the scatter plots of quantities against prices 

for detailed items within the group. Contingency tables of prices and quantities are discussed 

in Section 3.5. Section 3.6 uses expenditure shares to analyse specialisation and 

diversification in consumption patterns across countries. Section 3.7 sets out the basic 

approach to be used subsequently, a multivariate system of demand equations, followed by an 

application to each of the six food groups in Section 3.8. The residuals from the application 

are examined in Section 3.9 and the outlying countries identified from these residuals are 

discussed in Section 3.10. Demand homogeneity and Slutsky symmetry are tested and 

imposed on the demand equations in Section 3.11, and the residuals from the restricted 

equations are examined in Section 3.12. Section 3.13 tabulates the implied income and price 

elasticities and Section 3.14 uses a filter to smooth out the variability in the price elasticities. 

There may be interest in applying our results to a country in a year subsequent to 2005 (the 

year of the sample), or to a country not included in our sample. Thus, in Section 3.15 we use 

the case of Cuba to illustrate how that country’s income and price elasticities can be obtained 

in a straightforward manner. The final section, Section 3.16, summarises the results and gives 

some implications. Appendix A3.1 provides details on the commodities considered in this 

chapter. Appendix A3.2 considers the econometric implications of the adding-up constraint, 

the situation where a total (such as income) is allocated to its component parts (such as 

expenditure on each of the n goods). This contains a unified exposition of many known 

results, as well as deriving some new ones. The third appendix provides some details on the 

nature of the countries used in this chapter.  
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3.2   The Data 

As discussed in Chapter 1, we use unpublished data, which refers to the year 2005, 

from the International Comparison Programme (ICP) provided by the World Bank. Some 

details on 146 countries are listed in Table 3.1. This table reveals that China, country number 

102, has the largest population with more than 1,300 million people, followed by India 

(country 104) with 1,100 million. Sao Tome (105) is the smallest with a population of only 

150,000. GDP and total consumption per capita are also given in the table; these variables are 

expressed in US dollars using PPP exchange rates. Countries are ordered in terms of 

decreasing consumption per capita, which is given as the third last figure for each country; 

the second last figure is normalised consumption with the value for the US set equal to 100. 

On the basis of consumption per capita, the US is the richest country, while the Democratic 

Republic of the Congo is the poorest with consumption about 1% that of the US; more 

precisely, its consumption is 0.51% of the US. Consumption is used to rank countries here on 

the basis that it is often a better indicator of long-term affluence than is GDP.   

In poor countries, an especially important component of overall consumption is food. 

As indicated in the last value for each country in Table 3.1, food can account for more than 

one-half of overall consumption for the very poor, while this falls to less than 10% in the 

richest countries. This tendency for the food share to fall as income rises is enshrined in what 

is known as Engel’s (1857) law. In fact, the food share has been proposed as an inverse 

measure of welfare by Clements and Chen (2010). It is helpful to divide the 146 countries 

into income quartiles, indicated by the grid lines in Table 3.1, where income is taken to be 

consumption per capita. The average food share in the first quartile (the rich countries) is 

11.7% and the corresponding value of consumption is $18,380 per annum, as indicated by the 

last two entries of column 2 of Table 3.2. This share rises to 47.4% in the fourth quartile (the 

poor countries), where consumption is $834.  

Next, we disaggregate food into its components in a two-level manner. First, food is 

divided into the six commodity groups listed in the top six panels of Table 3.2 – staples, meat 

and seafood, dairy, and so on. Consider the staples group in panel A. The row labelled 

“Group” gives the shares in total food expenditure accounted for by staples; these are the 

averages over countries in each quartile, as well as that for all countries. As can be seen, there 

is a strong tendency for this share to rise as income falls – from 15.9% for the rich countries 

to 32.5 in the poor. The share for dairy (panel C) moves in the opposite direction and falls by  
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Table 3.1  Income and Population in 146 Countries, 2005 

Country Population 
(Millions) 

GDP 
($ p.c.) 

Consumption Food 
share 

(Percent) 
   Country Population 

(Million) 
GDP 

($ p.c.) 
Consumption Food 

share 
(Percent) $ p.c. US = 100 $ p.c. US = 100 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
1. United States 297 41,675 29,709 100.0 6.7    74. Colombia 41.82 8,068 4,165 14.0 26.2 
2. Luxembourg 0.47 72,810 27,254 91.7 7.6    75. Swaziland 1.13 5,999 3,959 13.3 44.3 
3. Austria 8.23 35,102 22,855 76.9 9.2    76. Tunisia 10.03 9,514 3,932 13.2 26.6 
4. Switzerland 7.5 37,415 22,740 76.5 9.9    77. Jordan 5.47 7,770 3,787 12.7 31.9 
5. Netherlands 16.32 36,693 22,014 74.1 8.7    78. Thailand 64.76 7,991 3,777 12.7 17.6 
6. Japan 127.8 33,362 21,898 73.7 12.9    79. Ecuador 13.22 7,930 3,775 12.7 27.7 
7. UK 60.22 33,563 21,202 71.4 8.0    80. Guinea 1.01 11,134 3,685 12.4 39.8 
8. Norway 4.62 52,388 21,127 71.1 11.3    81. Egypt 70 8,623 3,548 11.9 41.7 
9. Germany 82.46 31,588 21,033 70.8 9.4    82. Fiji 0.84 6,023 3,337 11.2 27.9 
10. Canada 32.3 36,571 20,499 69.0 8.6    83. Paraguay 5.9 5,079 3,150 10.6 33.6 
11. Iceland 0.3 39,114 20,476 68.9 10.4    84. Botswana 1.7 18,122 3,029 10.2 25.2 
12. Belgium 10.47 34,021 20,347 68.5 11.0    85. Gabon 1.4 14,839 2,915 9.8 39.8 
13. France 62.82 31,818 20,231 68.1 11.6    86. Maldives 0.29 8,515 2,853 9.6 26.7 
14. Taiwan 22.65 32,270 19,540 65.8 15.5    87. Azerbaijan 8.27 8,161 2,841 9.6 59.0 
15. Australia 20.47 34,616 19,476 65.6 9.5    88. Syrian 18.49 6,189 2,781 9.4 44.0 
16. Cyprus 0.76 25,846 19,204 64.6 14.5    89. Kyrgyz  5.14 6,355 2,760 9.3 41.8 
17. Sweden 9.03 36,046 19,121 64.4 9.7    90. Namibia 2.04 7,048 2,718 9.2 29.8 
18. Hong Kong 6.81 37,651 18,998 63.9 9.3    91. Sri Lanka 19.67 5,118 2,624 8.8 38.1 
19. Ireland 4.15 39,477 18,371 61.8 5.1    92. Bolivia 9.43 6,457 2,615 8.8 31.3 
20. Denmark 5.42 36,300 18,339 61.7 9.4    93. Philippines 85.26 4,020 2,570 8.7 45.9 
21. Greece 11.08 28,192 17,565 59.1 14.7    94. Lesotho 1.87 3,300 2,539 8.5 38.6 
22. Italy 58.61 28,695 17,515 59.0 13.6    95. Cape Verde 0.48 4,128 2,534 8.5 29.9 
23. Spain 43.4 28,689 17,356 58.4 13.0    96. Pakistan 154 3,264 2,492 8.4 48.4 
24. Finland 5.25 33,012 17,112 57.6 10.6    97. Indonesia 218.9 3,929 2,367 8.0 43.1 
25. New Zealand 4.1 26,385 16,656 56.1 12.5    98. Tajikistan 6.85 8,389 2,019 6.8 59.1 
26. Singapore 4.34 39,548 15,504 52.2 8.6    99. Morocco 30.2 4,323 1,994 6.7 34.0 
27. Kuwait 2.46 50,012 15,049 50.7 16.9    100. Sudan 35.4 2,534 1,861 6.3 55.8 
28. Malta 0.4 24,891 14,942 50.3 15.2    101. Vietnam 83.12 4,075 1,854 6.2 33.0 
29. Israel 6.57 27,753 14,429 48.6 15.0    102. China 1,304 5,585 1,746 5.9 25.2 
30. Qatar 0.81 80,881 14,380 48.4 16.6    103. Mongolia 2.55 4,636 1,616 5.4 39.3 
31. Portugal 10.55 21,974 13,918 46.8 14.5    104. India 1,101 2,742 1,593 5.4 34.7 
32. Czech 10.23 22,732 13,561 45.6 13.7    105. São Tomé 0.15 2,871 1,506 5.1 54.1 
33. Slovenia 2 24,789 13,223 44.5 13.5    106. Bhutan 0.63 6,441 1,481 5.0 36.7 
34. Korea, Rep. 48.14 24,566 13,131 44.2 14.4    107. Iraq 27.96 4,551 1,462 4.9 38.2 
35. Slovak 5.39 19,341 11,692 39.4 15.9    108. Cambodia 13.83 2,727 1,448 4.9 49.0 
36. Hungary 10.09 20,673 11,225 37.8 14.7    109. Yemen, Rep. 20.28 3,531 1,392 4.7 44.0 
37. Brunei Dar 0.37 51,237 11,087 37.3 21.1    110. Kenya 35.27 2,053 1,374 4.6 36.2 
38. Bahrain 0.74 31,293 10,530 35.4 21.3    111. Cameroon 17.53 2,432 1,369 4.6 44.7 
39. Estonia 1.35 20,299 10,298 34.7 16.6    112. Djibouti 0.75 3,796 1,289 4.3 36.2 
40. Poland 38.16 17,596 10,265 34.6 19.1    113. Nigeria 130.7 2,539 1,237 4.2 56.9 
41. Macao 0.47 37,102 10,230 34.4 14.3    114. Senegal 10.82 1,923 1,182 4.0 51.7 
42. Croatia 4.44 16,783 9,850 33.2 20.9    115. Bangladesh 137 1,822 1,170 3.9 50.8 
43. Lebanon 3.76 16,617 9,710 32.7 29.1    116. Lao PDR 5.65 3,727 1,121 3.8 49.7 
44. Lithuania 3.41 18,713 9,619 32.4 24.9    117. Côte d''Ivoire 19.1 1,659 1,092 3.7 44.9 
45. Kazakhstan 15.15 15,225 9,250 31.1 19.6    118. Ghana 21.34 1,707 1,092 3.7 50.4 
46. Mexico 103.8 14,596 9,020 30.4 23.9    119. Benin 7.53 1,859 1,044 3.5 45.5 
47. Latvia 2.3 18,044 8,798 29.6 20.8    120. Madagascar 17.05 1,564 1,033 3.5 59.0 
48. Iran 68.7 14,655 8,579 28.9 23.9    121. Gambia, The 1.46 2,543 1,012 3.4 40.9 
49. Bulgaria 7.72 13,979 7,407 24.9 20.6    122. Zambia 11.44 2,000 990 3.3 12.1 
50. Argentina 37.88 12,687 7,070 23.8 24.0    123. Mauritania 2.84 2,870 966 3.3 66.3 
51. Russian 143.1 16,310 6,989 23.5 27.5    124. Uganda 26.49 1,807 964 3.2 37.0 
52. Oman 2.51 22,111 6,717 22.6 25.2    125. Comoros 0.61 2,203 960 3.2 69.5 
53. Chile 16.28 12,691 6,591 22.2 17.2    126. Nepal 25.34 1,515 960 3.2 48.8 
54. Romania 21.62 13,348 6,549 22.0 27.4    127. Togo 5.21 1,386 937 3.2 50.0 
55. Uruguay 3.31 10,372 6,508 21.9 20.0    128. Guinea 9.28 1,563 931 3.1 43.8 
56. Belarus 9.78 16,890 6,430 21.6 40.3    129. Congo, Rep. 3.32 4,289 885 3.0 40.5 
57. Serbia 7.44 13,171 6,323 21.3 28.1    130. Sierra Leone 5.1 1,587 813 2.7 42.4 
58. Mauritius 1.24 16,511 5,997 20.2 24.7    131. Burkina Faso 12.8 1,718 738 2.5 43.4 
59. Bosnia Herz. 3.84 9,621 5,994 20.2 30.9    132. Malawi 12.4 1,088 723 2.4 23.4 
60. Turkey 72.07 9,965 5,836 19.6 24.0    133. C. African 4 975 694 2.3 56.9 
61. Macedonia 2.03 11,165 5,716 19.2 33.8    134. Mali 11.73 1,847 691 2.3 48.5 
62. Saudi Arabia 23.12 22,673 5,656 19.0 23.5    135. Angola 15.56 3,462 657 2.2 43.5 
63. South Africa 46.89 10,720 5,493 18.5 19.4    136. Rwanda 8.8 1,664 651 2.2 44.8 
64. Ukraine 47.11 11,176 5,401 18.2 35.6    137. Chad 8.52 4,151 647 2.2 55.7 
65. Montenegro 0.62 14,196 5,056 17.0 34.5    138. Tanzania 35.3 861 591 2.0 69.4 
66. Brazil 184.2 10,432 5,039 17.0 17.0    139. Liberia 3.23 607 460 1.5 26.3 
67. Armenia 3.22 8,907 4,847 16.3 66.5    140. M'bique 19.42 1,052 460 1.5 63.1 
68. Georgia 4.36 6,894 4,802 16.2 31.9    141. G-Bissau 1.33 1,225 454 1.5 47.5 
69. Venezuela 26.58 10,526 4,613 15.5 28.3    142. Niger 12.63 739 420 1.4 47.4 
70. Peru 27.22 7,432 4,490 15.1 30.3    143. Ethiopia 72.06 729 404 1.4 54.8 
71. Malaysia 26.13 11,964 4,461 15.0 19.0    144. Zimbabwe 11.53 1,312 362 1.2 42.5 
72. Moldova 3.59 6,613 4,269 14.4 25.7    145. Burundi 7.55 831 333 1.1 45.4 
73. Albania 3.14 8,066 4,179 14.1 25.4    146. Congo, D. R. 59.52 380 152 0.5 62.5 
Source: ICP (2008). This source contains the expenditure ic ic(p q ) on and the price ic(p ) of each of 129 categories in each of 146 countries. 
GDP is the sum of the volumes ic(q ) of the 129 goods listed in Table A3.1.1. While consumption is the sum of volumes of the first 105 
categories, from rice to other services n.e.c. The food share is the percentage of total consumption expenditure devoted to food. The grid 
lines indicate income quartiles. 
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Table 3.2  Budget Shares and Total Consumption 

Commodity Income quartiles All countries 
1st 2nd 3rd 4th 

(1) (2) (3) (4) (5) (6) 
A.  Staples 

Rice 8.92 15.46 32.92 38.64 24.03 
Other cereals 11.27 18.01 32.48 40.96 25.73 
Bread 37.96 39.70 21.52 13.66 28.19 
Bakery and pasta 41.85 26.84 13.07 6.75 22.05 

Group 15.92 17.49 22.71 32.51 22.20 
B.  Meat and Seafood 

Beef and veal 14.35 21.11 25.15 26.48 21.80 
Pork and lamb 18.00 19.34 18.71 15.27 17.82 
Poultry 14.72 19.08 18.78 14.23 16.70 
Other meat 30.93 23.26 8.98 8.00 17.76 
Fish and seafood 22.01 17.21 28.38 36.02 25.91 

Group 28.41 28.48 25.02 20.81 25.67 
C.  Dairy 

Fresh milk 26.90 25.46 33.40 39.76 31.40 
Preserved milk 31.39 33.34 33.64 35.74 33.54 
Cheese 31.38 24.30 10.84 3.10 17.36 
Eggs 10.32 16.90 22.12 21.40 17.71 

Group 13.01 13.61 10.33 7.06 10.99 
D.   Fruit and Vegetables 

Fresh fruit 35.93 32.62 27.60 14.11 27.51 
Frozen fruit 8.67 5.18 3.69 4.11 5.40 
Fresh vegetabels 31.53 37.46 45.38 39.38 38.44 
Fresh potatoes 8.62 13.07 17.12 31.32 17.60 
Frozen vegetables 15.25 11.67 6.22 11.08 11.06 

Group 18.09 20.65 20.45 21.71 20.24 
E.  Sweet Things 

Sugar 10.63 35.58 62.26 77.61 46.66 
Jam 10.61 15.58 9.42 6.40 10.51 
Chocolate and ice cream 78.76 48.83 28.32 15.99 42.83 

Group 7.67 6.09 5.20 4.86 5.95 
F.  Other Food 

Other edible oil 9.65 21.81 27.59 32.75 23.01 
Food products 29.94 24.04 32.19 35.23 30.34 
Coffee, tea 16.11 18.43 17.10 12.06 15.91 
Mineral water 44.30 35.73 23.13 19.96 30.74 

Group 16.90 13.68 16.28 13.04 14.95 
G.  Consumption Aggregates 

Food share 11.70 25.84 37.83 47.36 30.76 
Total consumption ($ p.c.) 18,380 7,018 2,631 834 7,171 

Notes:  
1. This table contains three forms of budget shares: 

(i) For a given group, the share of expenditure for each member within the group. For example, on average, 
the countries in the first income quartile devote 8.9% of staples expenditure to rice. This is known as the 
conditional budget share and these have a unit sum over members of the group. 
(ii) Each group’s share of total food expenditure. Thus, for the first income quartile, staples absorb 15.9% of 
food expenditure. This is known as the group budget share and these have a unit sum over groups.  
(iii) The food shares (given in the second last row of the table) are the proportions of total consumptions 
expenditure devoted to food. Thus, food absorbs 11.7% of total consumption in the first quartile. 

2. The shares here refer to averages over the 146 countries of Table 3.1, with appropriate reinterpretations for 
the quartile averages. The countries in each quartile are indicated by the grid lines of Table 3.1.  

3.  All entries (except total consumption) are × 100. 
4. The details of commodities in column 1 are given in Appendix 3.1.  
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almost one-half in moving from the rich to the poor. There is a similar, but less dramatic, fall 

in the share for sweet things (panel E). 

The second level of food disaggregation is within each group. From panel A of Table 

3.2, the staples group is made up of four products: rice, other cereals, bread, bakery and pasta. 

The within-group allocation of expenditure can be measured by the conditional budget 

shares, the proportions of the total spent on each member of the group. In all four cases, there 

are large swings in these shares across income quartiles, with rice, for example rising 

spectacularly from 8.9% for the rich to 38.6% for the poor. In contrast, the share of bread 

falls from 38.0 to 13.7% for the same income change. The other elements of Table 3.2 give 

the conditional shares for the other food products. 

This disaggregation scheme means that food expenditures are characterised by three 

sets of budget shares. (i) The share of food in total consumption. As mentioned before, the 

average of this for poor countries is 47.4% (from the second last element of column 5 of 

Table 3.2). (ii) The share of food expenditure devoted to a certain food group, which is 32.5% 

for staples for the poor (fifth element of column 5). Accordingly, for these countries, the 

share of staples in total consumption is 0.474 0.325 15.4× = %. (iii) The within-group share. 

For rice in the poor countries, this is 38.6%, meaning that this product accounts for 

0.386 0.474 0.325 5.95× × = % of total consumption. As their income is $834, rice 

expenditure in these countries averages 0.0595 834 $50× =  per capita per annum.  

3.3    Indexes of Prices and Quantities 

This section introduces the detailed price-quantity data to be used and presents 

summary measures in the form of index numbers. As stated above, there are 146 countries in 

total; but as some of these countries consume small amounts of some food items, they are 

eliminated from further consideration in what follows according to Table 3.3. For the staples 

group in panel A, there are 17 countries where consumption of at least one of the items is 

small for a cut-off value of $1. These 17 countries are therefore omitted from the analysis of 

the consumption of all four items that make up the group; this means that 146 – 17 = 129 

countries remain. A similar procedure is done for the remaining five food groups; however 

the criterion for “small” is considerably smaller at $0.10 than that for staples as per capita 

consumption of items in these groups tends to be smaller. Table 3.4 indicates at the top of 

each panel the number of countries remaining for each group, which is denoted by gC .    
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Table 3.3  Countries with Small Consumption 

Commodity Number of 
countries Commodity Number of 

countries 

A. Staples (Cut-off = $1) B. Meat and Seafood (Cut-off = $0.1) 
Rice 2 Beef and veal 0 
Other cereals 5 Pork and lamb 2 
Bread 3 Poultry 1 
Bakery and pasta 13 Other meat 2 
Duplicate counts -6 Fish and seafood 0 
  Duplicate counts -1 
Total 17 Total 4 

C. Dairy (Cut-off = $0.1) D. Fruit and Vegetables (Cut-off = $0.1) 
Fresh milk 5 Fresh fruit 0 
Preserved milk 3 Frozen fruit 13 
Cheese 22 Fresh vegetables 0 
Eggs 1 Fresh potatoes 0 
Duplicate counts -4 Frozen vegetables 7 
  Duplicate counts -6 
Total 27 Total 14 

E. Sweet Things (Cut-off = $0.1) F. Other Food (Cut-off = $0.1) 
Sugar 0 Other edible oil 2 
Jam 13 Food products 0 
Chocolate and ice cream 10 Coffee, tea 1 
Duplicate counts -6 Mineral water 0 
  Duplicate counts 0 
Total 17 Total 3 

Note: An item is classified as “small” if its annual consumption costs less than the amount indicated 
in parenthesis for the group. For the names of affected countries, see Tables A3.3.1 and A3.3.2. 

 

Let ip  be the price of good i and iq  be the corresponding quantity demanded, so that 

i ip q  is expenditure on the good. Then, if there are n goods, n
i 1 i iM p q== ∑  is total expenditure  

and i i iw p q M=  is the share devoted to good i, which is known as the budget share. To 

summarise the prices, a weighted average is used in order to reflect the relative economic 

importance of goods. Consider a discrete random variable X that can take n possible values 

1 np , , p ,  and suppose we draw at random from this distribution. If each dollar of 

expenditure has an equal chance of being selected, the probability of drawing ip  is iw .  

Accordingly, the expected value of X is ( ) n
i 1 i iE X w p ,== Σ  which is a weighted arithmetic 

average of the n prices (Theil, 1967, pp. 136–137). As it is convenient to work with the 

weighted geometric mean rather than the arithmetic mean, we reinterpret the above 

distribution as referring to the logarithms of prices. In this case, the expected value is 
n
i 1 i ilog P w log p .== Σ  This is a price index that is the logarithm of the weighted geometric 
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mean of the prices, the weights being the budget shares. The budget shares are a good choice 

for the weights as they are a revealed preference measure of the importance that the consumer 

places on each good – goods that attract a large fraction of the consumer’s resources are those 

with larger budget shares and vice versa. The interpretation of the index log P  as the 

expected value of the distribution of prices is an appealing way of summarising the prices.  

A similar argument applied to the quantities leads to a budget-share weighted average 

as a volume index. Thus, the price and volume indexes for the group with n items are 

(3.1)       
n

i i
i 1

log P w log p ,
=

= ∑       
n

i i
i 1

logQ w logq .
=

= ∑  

In logarithmic form, the deviations of the price and quantity of good i from the respective 

(weighted) averages (3.1) are 

(3.2)       i
i

plog log p log P,
P

= −    i
i

qlog logq logQ.
Q

= −   

These are the relative price and the relative quantity of good i, both of which are unit free.  

In order to keep things manageable, each food group will be considered by itself.  

Thus, for the staples group, the consumer’s budget is made up of the n = 4 food items listed 

in column 1 of panel A of Table 3.4, that is, (i) rice, (ii) other cereals, (iii) bread, and (iv) 

bakery and pasta. Thus, iw  is interpreted as the share of staples expenditure that is devoted to 

the thi  member of that group. The means of these shares are contained in panel A of Table 

3.2, discussed previously. Column 2 of Table 3.4 gives the cross-country means of the 4 

relative prices. The 129 countries involved in the averaging here exclude those with small 

consumption. The relative price of rice is -9.45 210 ,−×  so this product is about 9.5% cheaper 

than staples in general, which is measured by the cost of a representative market basket as 

described by log P  in equation (3.1), averaged over the 129 countries. By contrast, other 

cereals cost about 40% more than staples in general. These figures are cross-country 

averages, and as indicated by the standard deviations in column 3, there is considerable 

variability of the prices in different countries.  

Table 3.4 also contains similar information on the relative quantities. Quantities tend 

to be substantially more volatile than prices – the quantity standard deviations are something 

like 3-5 times those of prices. Column 6 of the table gives the weighted price-quantity 
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correlations.29 In all cases, the correlation is negative, reflecting the tendency of consumers to 

economise on the more expensive foods and move toward cheaper ones. 

 

Table 3.4  Price-Quantity Summary Statistics 

Commodity 
Relative prices   Relative quantities Price-quantity 

correlation Mean Standard 
deviation 

 

Mean Standard 
deviation 

(1) (2) (3)   (4) (5) (6) 

A. Staples (Cg=129 countries) 
Rice -9.45 31.36 

 
-104.7 147.3 -0.46 

Other cereals 40.08 37.84 
 

-105.6 92.82 -0.32 
Bread -44.26 34.68 

 
-0.83 107.0 -0.04 

Bakery and pasta 21.38 22.01 
 

-84.30 95.46 -0.24 

B. Meat and Seafood (Cg=142) 
Beef and veal -16.59 27.06 

 
-34.26 95.01 -0.21 

Pork and lamb -26.31 26.06 
 

-37.21 91.79 -0.33 
Poultry 32.73 33.79 

 
-93.75 90.08 -0.64 

Other meat 58.05 33.83 
 

-141.4 144.5 -0.74 
Fish and seafood -9.15 27.74 

 
-22.79 108.5 -0.64 

C. Dairy (Cg=119) 
Fresh milk -12.50 20.04 

 
-19.00 115.8 -0.43 

Preserved milk 12.21 16.36 
 

-20.31 75.13 -0.68 
Cheese 9.06 21.23 

 
-100.7 142.2 -0.32 

Eggs 5.93 28.61 
 

-88.13 77.38 -0.64 

D. Fruit and Vegetables (Cg=132) 
Fresh fruit -9.67 20.46 

 
-4.52 74.84 -0.05 

Frozen fruit 39.48 31.95 
 

-245.3 142.5 -0.43 
Fresh vegetables -10.26 15.06 

 
32.48 43.17 -0.45 

Fresh potatoes -3.52 35.70 
 

-82.63 113.6 -0.58 
Frozen vegetables 56.75 30.62 

 
-194.2 147.5 -0.63 

E. Sweet Things (Cg=129) 
Sugar -6.37 21.60 

 
-42.29 107.2 -0.29 

Jam -17.98 27.73 
 

-157.62 103.3 -0.09 
Chocolate and ice cream 11.67 23.73 

 
-41.48 105.5 -0.30 

F. Other Food (Cg=143) 
Other edible oil 3.32 22.54 

 
-68.18 105.5 -0.13 

Food products -12.46 14.72 
 

-7.29 65.47 -0.17 
Coffee, tea 4.34 21.67 

 
-93.68 84.29 -0.13 

Mineral water 9.40 17.35 
 

-35.75 96.55 -0.53 
              Note: Entries in columns 2 to 5 are × 100. 

 

It should be noted that the relative quantities in column 4 of Table 3.4 -- the 

deviations from the mean -- are negative in all but one case. For an unweighted mean, the 

sum of the deviations is zero, as positive values are balanced by negative ones. How, then, 

can the preponderance of negative deviations in column 4 be explained? The answer lies in 

                                                 
29 See Section 2.4 for details of the price-quantity correlations.  
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the use of two types of means, the unweighted and weighted means. When there are n 

commodities, the logarithmic quantity of the “average commodity” is n
i 1 ilogq 1 n logq .∗
== Σ ⋅  

The deviation of this average commodity from log Q  is 

( )
n n

i i i i
i 1 i 1

1 1log q log Q w log q w log q log Q ,
n n

∗

= =

   − = − = − − −   
   

∑ ∑   

where the last step follows from n
i 1 i(w 1 n) log Q 0=∑ − = . As n

i 1 iw 1,=Σ =  the mean budget 

share is 1 n .  Thus, the term to the right of the second equals sign in the above is the negative 

of the covariance between the budget shares and the quantities. If the shares and the 

quantities are positively correlated, which seems reasonable, then the deviation of 

consumption from the weighted average, logq logQ,∗ −  will be negative. Then, when we 

average over countries, the deviation, which is the relative quantity, will also be negative. 

This explains the apparent puzzle, at least for an “average” commodity. In contrast to the 

quantities, the cross-country means of the relative prices in column 2 are both positive and 

negative. Thus, if we replace quantities with prices in the above, the implication is that the 

budget shares and prices are approximately uncorrelated, which is also reasonable.   

3.4   Quantity-Price Scatters 

In this section, scatter plots are used as another way to summarise the data on prices 

and quantities consumed across countries. This material should be considered as a 

preliminary exploration of the price sensitivity of consumption as it deals with the role of 

income and prices of substitutes and complements in a very rudimentary way. There is a 

further issue of outlying observations that is ignored here. These matters are part of a fuller 

analysis that comes in subsequent sections.   

Figure 3.1 plots for each of the 25 food items the relative quantities against the relative 

prices, as defined in equation (3.2). Each scatter also contains the least-squares regression 

line. Given the logarithmic form of the quantities and prices, the slope of the regression line 

is interpreted as the price elasticity. As might be expected in such a preliminary exploration, 

there is much dispersion around the regression lines and the estimated elasticities themselves 

encompass a large range – from about -3.1 to -0.1. While the precise values of the elasticities 

should be taken with a pinch of salt, it is notable that they are all negative. This is consistent 

with the negative price-quantity correlations of Table 3.4, and gives some support, 

preliminary as it is, to the law of demand.  



108 
 

Figure 3.1  Scatter Plots of Quantities against Prices 
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Figure 3.1 Scatter Plots of Relative Consumption against Price (Continued) 
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Notes:  
1.  For each scatter, the variable on the vertical axis is the relative consumption of good i, while the horizontal axis is the corresponding relative price, with both variables expressed in logarithmic 

terms. See equation (3.2) for precise definitions. 
2. To enhance visualisation, observations are omitted if (a) relative consumption lies outside the range (-3,1) or (b) the relative price lies outside (-1,1). In most cases, the number of omitted 

observations is less than 10% of the total. The exceptions are Other meat (22% of observations omitted), Frozen fruit (29%) and Frozen vegetables (24%); in these cases, there are more instances 
of relative consumption being below -3. 
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There is something of a puzzle in Figure 3.1: The slopes of the regression lines vary 

substantially across the different food items, but visually the lines seem more parallel than the 

slopes suggest. For example, compare poultry (the third item in panel B), which has an 

elasticity of -1.7, and other meat (the fourth item in the same panel), where the elasticity is 

almost twice as large at -3.2. The regression lines are not parallel, but they appear to be 

“more parallel” than the contrast -1.7 vs -3.2. If this is not an optical illusion, how can this 

observation be explained? To investigate this, panel I below reproduces the two regression 

lines, drawn to scale. For poultry, ab is the regression line with slope ac bc 1.7= − ; this slope 

can also be expressed as tan ac bcq = , where θ is the angle of incline measured in terms of 

degrees. Thus, 60q = −  degrees. The two concepts under discussion are (i) the “look” of the 

line, as measured by the angle θ and (ii) the slope tan θ. Similarly, aʹbʹ is the regression line 

for other meat and tan a c b c′ ′ ′q =  is its slope, where 72′q = − degrees. To make the 

comparison easier, in panel II we shift the line aʹbʹ to the left so that the points b and bʹ 

coincide, while keeping the angles θ and θʹ unchanged. This manner of presenting the curves 

now makes it obvious that the angle θʹ is bigger than θ (that is, the regression line is steeper). 

That is to say, the two curves in panel II now appear to be “less parallel” than those of panel 

I, so there is, in part at least, an optical illusion at work.  

 

 

 

 

 

 

 

 

 

However, this issue is not entirely illusionary as more can be said about the slope-

angle relationship. Panel I of the next figure (below) plots the slope tan θ against the angle θ, 

with point A representing other meat and point B poultry. These two points correspond to a 

large difference on the vertical axis (slope), while the corresponding horizontal distance 

(angle) is much smaller. Panel II is the same graph but with absolute values to eliminate the 

negative signs. As can be seen, the relationship is highly nonlinear with a small change in the 

angle associated with a large change in the slope.  

θ 
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The formal relationship between the slope and angle is given by 
2d(tan ) d 1 tanq q = + q , which always exceeds 1 and is increasing in θ. In words, the slope 

always increases faster than the angle and the rate of increase increases with the angle. The 

table below illustrates with values for poultry and other meat. To summarise, the nonlinear 

relationship “amplifies” the modest difference between the angles of the two regression lines 

into a much larger slope difference. 

Commodity 
Slope tan q  
(Elasticity

dy dx ) 

Angle θ 
(Degrees) 

Angle θ 
(Radians) 

tan∆ q
∆q

 
d(tan )

d
q

q
 

=1+ tan2 θ 
(1) (2) (3) (4) (5) (6) 

Poultry -1.70 -60 -1.04 
      6.59 

3.89 

Other meat -3.15 -72 -1.26 10.92 
          Note: In the expression tan∆ q ∆q , q  is measured in terms of radians.  

3.5    Price-Quantity Contingencies 

The price-quantity correlations in Table 3.4 and the slopes of the scatter plots of 

Figure 3.1 are all negative. This shows that in all cases, prices and quantities are negatively 

correlated, which is consistent with the prediction of the law of demand (LOD). Another way 

to interpret the law is that consumption is below (above) average when its price is greater 

(less) than average. On the basis of this interpretation, this section adopts the non-parametric 

approach from Section 2.4 to further test the LOD. As before, for each group we use the 

volume and price indexes (3.1) to measure “average” and (3.2) for the deviations from 

average. Thus, for a given commodity in one country, the price-quantity pair can be classified 

into one of four possible cases: 
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Quantity relative 
to average 

Price relative to average 
Above Below 

Above I II 
Below IV III 

For all countries in the sample, we obtain the frequency of observations in each quadrant. If 

consumption falls with higher prices, and vice versa, the bulk of observations will be located 

in quadrants II and IV above and the evidence supports the LOD. 

We apply this approach to rice in the 129 countries:  

Quantity relative 
to average 

Price relative to average 
Above Below 

Above 5 44 
Below 46 34 

Here, 44+46=90 countries out of a total of 129, or 70%, are in the correct cells and the 

remaining 34+5=39 countries are not. The first entry of column 2 of Table 3.5 contains this 

70% result for rice. The other entries of this column refer to the remaining food items, as well 

as for each of the six groups as a whole. In the vast majority of cases, the correct cells 

(column 2) contain substantially more than one-half of the total number of observations. This 

gives some support to the LOD.     

Something more can be said of the strength of association between quantities and 

prices. The measure of association φ  coefficient introduced in Section 2.4 lies within [-1, 1]. 

Under the LOD, prices and quantities are negatively associated, and 0φ < . Thus, it is natural 

to test the null hypothesis of no association, 0H : 0φ = . To illustrate, we again use the case of 

rice. As indicated by the first entry of column 3 of Table 3.5, ˆ 0.47φ = −  for rice. If gC  is the 

number of observations (countries), then under the null of independence, 2
gC ⋅φ  follows a 

2  distributionχ with 1 degree of freedom. Thus, for rice with gC 129=  countries and 

replacing φ  with its estimates -0.47, ( )22
gC 129 0.47 28⋅φ = − = , which is well above 

( )0.05 1 3.84χ = . This means that the null of independence can be safely rejected. This testing 

procedure can be applied to each of 25 items and 6 groups. 

An alternative way to formulate the above test is to obtain the range of  for which 

the null is not rejected for a given level of significance. We use the staples group to illustrate. 

It follows from the above discussion that the null hypothesis :  is not rejected at the 

5% level when . Thus for staples with , we have , as 

φ

0H 0φ =

2
gC 3.84⋅φ ≤ gC 129= 0.17 0.17− ≤ φ ≤
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indicated by  in the first entry in column 4 of Table 3.5. This means that the 

null of independence is not rejected when  lies in the range , which is true for 

other cereals, and bakery and pasta, while not for rice, bread and all items together. The other 

 

Table 3.5  Tests of the Law of Demand 

Group/Item Percentage of countries 
in correct cells 

Measure of  
association φ  

Range of 
insignificance 

(1) (2) (3) (4) 
A.   Staples (Cg=129 countries) 

Rice 70 -0.47 

[ 0.17, 0.17]−   Other cereals 68  0.14 
Bread 74 -0.28 
Bakery and pasta 68  0.02 

All items 70 -0.40 
 

B.   Meat and Seafood (Cg=142) 

Beef and veal 57 -0.23 

[ 0.16, 0.16]−   
Pork and lamb 46 -0.26 
Poultry 82 -0.18 
Other meat 77  0.05 
Fish and seafood 69 -0.42 

All items 66 -0.36 
 

C.   Dairy (Cg=119) 

Fresh milk 79 -0.54 

[ 0.18, 0.18]−   
Preserved milk 66 -0.31 
Cheese 66 -0.24 
Eggs 66 -0.39 

All items 69 -0.37 
 

D.   Fruit and Vegetables (Cg=132) 

Fresh fruit 60 -0.12 

[ 0.17, 0.17]−   
Frozen fruit 89 - 
Fresh vegetables 77 -0.32 
Fresh potatoes 63 -0.31 
Frozen vegetables 98  0.01 

All items 77 -0.53 
 

E.   Sweet Things (Cg=129) 

Sugar 55 -0.11 
[ 0.17, 0.17]−   Jam 26 -0.11 

Chocolate and ice cream 47 0.02 

All items 42 0.14 
 

F.   Other Food (Cg=143) 

Other edible oil 59 -0.15 

[ 0.16, 0.16]−   
Food products 62 -0.23 
Coffee, tea 58  0.12 
Mineral water 67 -0.36 

All items 62 -0.23 
 

Note:  Denote the 2×2 table of frequencies by            . Then the strength of association can be measured 
by (ad bc) (a b)(a c)(c d)((b d)φ = − + + + + . The “-” for frozen fruit indicates that φ  doesn’t exist due 
to 0 in the denominator.  

[ 0.17, 0.17] −

φ [ 0.17, 0.17] −

a b

c d
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elements in column 4 give the ranges of φ  for the other five groups. According to these 

ranges, the majority of entries in column 3 are negative and significant, providing further 

support for the LOD.  

3.6    Specialisation and Diversification in Consumption  

This section introduces a simple way, using budget shares, to identify goods that are 

most important in each country’s consumption of food. The measure derived will be used 

subsequently. 

Again, let ip  be the price of good i and iq  be the corresponding quantity demanded 

for i 1,..., n.=  Thus, i ip q  is expenditure on good i, n
i 1 i iM Σ p q==  is total expenditure (hereafter 

“income”) and i i iw p q M=  is the budget share of good i. Suppose good j has the largest 

share, that is, { }j 1 nw max w ,..., w .=  As i0 w 1≤ ≤ , in the extreme case, a country with jw  

close to 1 could be classified as “specialised” in that commodity. This is a clear-cut case. But 

what if jw  is just above the average of 1 n ?  It would not seem appropriate to declare that 

country to be intensive in good j. Some minimum value of budget share needs to be specified, 

which shall be called the “cut-off” value, denoted by w∗ . Accordingly, a country is declared 

to be intensive in good j only if its share is (i) the maximum in the group; and (ii) larger than 

the cut-off w∗ . In the case where no good exceeds the cut-off, consumption can be described 

as “diversified”.  

Panel A of Table 3.6 illustrates the workings of this procedure for the staples group. 

In column 2, the cut-off value of the budget share w∗  is set at 30% and in this case, 33 

countries are classified as intensive consumers of rice, 25 intensive in other cereals, 43 in 

bread and so on. In columns 3 to 6, the cut-off value is increased successively to 50%. As w∗  

increases, as expected, more countries are classified as being diversified (indicated by the 

row label “none” in the table).  

What value should be used for the cut-off? There are two considerations that guide 

this choice. First, it would seem reasonable for the cut-off to be no larger than 50%: When 

one good absorbs one-half of total expenditure, it is larger than the consumption of all others 

combined; this seems sufficient for a country to be classified as intensive in that good. 

Second, even when the cut-off is less than 50%, if the cut-off is set too high, too many 

countries would be classified as diversified; a too low value leads to too few diversified
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Table 3.6  Classification of Countries by Intensity of Consumption 
(Number of Countries) 

Intensive in 
Minimum value of budget share 

(Cut-off w∗ ) 
 30%  35%   40%   45%   50% 

(1) (2)  (3)  (4)  (5)  (6) 
A.  Staples (Cg=129 countries) 

Rice 33  30 
 

28 
 

20 
 

17 
Other cereals 25  23 

 
20 

 
18 

 
14 

Bread 43  42 
 

37 
 

32 
 

21 
Bakery and pasta 28  28 

 
24 

 
20 

 
12 

None 0  6 
 

20 
 

39 
 

65 
Standard deviation 14  12 

 
6 

 
8 

 
20 

B.   Meat and Seafood (Cg=142) 
Beef and veal 33  28 

 
21 

 
12 

 
6 

Pork and lamb 18  16 
 

11 
 

4 
 

1 
Poultry 7  5 

 
3 

 
2 

 
2 

Other meat 30  25 
 

20 
 

16 
 

8 
Fish and seafood 44  43 

 
31 

 
20 

 
15 

None 10  25 
 

56 
 

88 
 

110 
Standard deviation 13  12 

 
17 

 
29 

 
39 

C.   Dairy (Cg=119) 
Fresh milk 38  31 

 
27 

 
22 

 
15 

Preserved milk 45  40 
 

31 
 

25 
 

15 
Cheese 28  26 

 
14 

 
7 

 
3 

Eggs 4  4 
 

3 
 

3 
 

1 
None 4  18 

 
44 

 
62 

 
85 

Standard deviation 17  12 
 

14 
 

21 
 

31 
D.   Fruit and Vegetables (Cg=132) 

Fresh fruit 38  34 
 

22 
 

12 
 

3 
Frozen fruit 0  0 

 
0 

 
0 

 
0 

Fresh vegetables 70  64 
 

47 
 

35 
 

20 
Fresh potatoes 15  13 

 
9 

 
9 

 
8 

Frozen vegetables 3  1 
 

0 
 

0 
 

0 
None 6  20 

 
54 

 
76 

 
101 

Standard deviation 25  22.1   21.5 
 

27 
 

36 
E.   Sweet Things (Cg=129) 

Sugar 57  57 
 

55 
 

55 
 

52 
Jam 4  4 

 
4 

 
3 

 
2 

Chocolate and ice cream 68  68 
 

66 
 

63 
 

61 
None 0  0 

 
4 

 
8 

 
14 

Standard deviation 31  31 
 

29 
 

27 
 

25 
F.   Other Food (Cg=143) 

Other edible oil 29  27 
 

21 
 

13 
 

8 
Food products 48  44 

 
36 

 
30 

 
17 

Coffee, tea 7  6 
 

6 
 

3 
 

3 
Mineral water 56  52 

 
45 

 
32 

 
22 

None 3  14 
 

35 
 

65 
 

93 
Standard deviation 21  17   14   21   33 

Notes: 
1. The elements of this table are the number of countries classified as intensive in the consumption of the good in 

the row label when (i) expenditure on the good is the largest within the food group; and (ii) the good has a 
budget share exceeding the cut-off value indicated in the column (w ).∗  Thus the first entry of column 2, for 
example, indicates that 33 of the 129 countries in the staples group are rice intensive; in these countries, (i) rice 
has the largest budget share; and (ii) the rice share exceeds 30%. 

2. The boxes indicate the cut-offs where the standard deviation of the number of countries in each group is 
minimised. 
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countries. A balance needs to be struck such that roughly the same numbers of countries are 

classified as intensive in each good and diversified. Thus, we choose w∗  to minimise the 

“classification imbalance” as measured by the standard deviation (SD) of the number of 

countries in each category. For the staples group (panel A of Table 3.6), the minimum SD 

criterion leads to a 40% cut-off value, where the SD = 6 (countries). The other panels in this 

table apply the same procedure to the other five groups, with the results corresponding to the 

minimum SD for each group given in a box. For all groups except sweet things, the minimum 

SD seems to be an interior minimum; for sweet things, the minimum corresponds to

w 50%∗ = , which is the upper limit discussed above. The names of countries in each 

classification are given in Tables A3.3.1 and A3.3.2. 

3.7    Demand Equations in Changes and Levels  

The discussion thus far has analysed food consumption by examining the budget 

shares and the relationship between prices and quantities. This has been intentionally 

preliminary in nature, designed to provide an overall “feel” for the data and some initial 

evidence on the price-sensitivity of consumption. In what follows, a more formal approach is 

adopted with a system of demand equations for each of the six groups of goods.  

We start with a brief recap of the demand equations used for the alcoholic beverages 

in the previous chapter, which contains a detailed presentation of this material and references 

to the literature. First, define the Divisia (1925) indexes, budget-share weighted-averages of 

the price and quantity changes, as: 

(3.3)      ( ) ( )
n

i i
i 1

d log P w d log p
=

= ∑ ,     ( ) ( )
n

i i
i 1

d logQ w d logq .
=

= ∑  

These can be considered as differential versions of the indexes in levels given in equation 

(3.1). To interpret them more precisely, take the differential of the identity n
i 1 i iM p q== ∑ to 

give ( )n
i 1 i i i idM p dq q dp ,== ∑ +  or using ( )d log x dx x ,  x>0,=

( ) ( ) ( )d log M d log P d logQ= + , where ( )d log P  and ( )d log Q  are defined in (3.3). The 

price index is a budget-share weighted average of the n price log-changes and thus, measures 

the change in the cost of living. The quantity (or volume) index

( ) ( ) ( )d logQ d log M d log P ,= −  is the change in money income deflated by the cost-of-

living index, or the change in the consumer’s real income.   
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The Marshallian demand equation for good i takes the form ( )i i 1 nq q M,  p ,..., p ,=  or    

( ) ( ) ( )n
i i j 1 ij jd log q d log M d log p= ′= η + ∑ η , where ( ) ( )i ilog q log Mη = ∂ ∂  is the ith income 

elasticity and ( ) ( )ij i jlog q log p′η = ∂ ∂  is the ( )thi, j  uncompensated price elasticity. The 

Slutsky decomposition is ij ij i jw′η = η − η , where ijη  is the compensated elasticity. Using this 

in the above equation, we have ( ) n n
i i j 1 j j j 1 ij jd log q d(log M) w d(log p ) d(log p )= = = η − ∑ + ∑ η  , 

and using (3.3), together with ( ) ( ) ( )d log Q d log M d log P= − , we get 

               ( ) ( ) ( )n
i i j 1 ij jd log q d log Q d log p== η + ∑ η .  

As real income is now on the right-hand side, this is a Slutsky demand equation. Multiplying 

both sides of the above equation by iw  gives the ith differential demand equation (Theil, 

1980): 

 (3.4)       ( ) ( ) ( )
n

i i i ij j
j 1

w d logq d logQ d log p .
=

= q + p∑  

The variable on the left-hand side of this equation, ( )i iw d logq , is the contribution of good i 

to the volume index ( )d logQ  of equation (3.3). It can easily be shown that this variable is 

also interpreted as the quantity component of the change in the budget share of good i.  

According to equation (3.4), ( )i iw d logq  is explained by the change in real income ( )d logQ  

and the n price changes ( )jd log p , j 1,..., n.=  The coefficient attached to income, i ,q  is the 

marginal share of good i. This coefficient is defined as ( )i ip q M∂ ∂  and answers the 

question, if income rise by $1, how much of this is spent on good i; as the $1 increase in 

income is taken to be spent in its entirety, the marginal shares have a unit sum, that is, 
n
i 1 i 1.Σ q= =  

The price term in (3.4) is ( )n
j 1 ij jd log p .=Σ p  This is a weighted sum of the price changes 

where the weight attached to the thj  price is ijp . The coefficient ijp  is known as the (i, j)th 

Slutsky coefficient, defined as ( )( )ij i j i j utility constant
p p M q pp = ∂ ∂ . The “utility constant” 

subscript indicates that this coefficient removes the income effect of the price change and 

refers only to the substitution effect of a change in price of good j on the demand for good i. 

As there are n commodities in the budget, there are n demand equations and each of them will 
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be in the form of (3.4). The 2n  Slutsky coefficients in this system of n equations satisfy the 

homogeneity and symmetry constraints, 

(3.5)     
n

ij
j 1

0,  i 1, , n,
=

p = =∑     ij ji ,  i, j 1, , n.p = p =   

Dividing both sides of (3.4) by iw ,  we obtain i iwq  as the income elasticity of demand for 

good i, while ij iwp  is the (compensated) elasticity of demand for i with respect to the price 

of j. A notable characteristic of the system (3.4) for i 1, , n=   is that while it is not linked to 

any specific form of the utility function, it is based on utility-maximisation. The model is 

consistent with a wide range of utility functions, an appealing robustness property.  

In a time-series application, the changes in the variables in equation (3.4) are taken to 

refer to successive differences from one period to the next, and the marginal shares and 

Slutsky coefficients are taken to be constants. This is the basis for the Rotterdam demand 

model of Barten (1964) and Theil (1965); for a recent review, see Clements and Gao (2015). 

A feature of this model is that homogeneity and symmetry involve linear restrictions of 

constant coefficients as indicated by (3.5). This greatly facilitates testing and estimation.  

However, this approach is not applicable to cross-country data as there is no natural ordering 

of countries. Instead we employ a “levels version” of model (3.4) by simply removing the 

“d’s” from the (logarithms of the) quantities and prices (Barten, 1989), to give  

(3.6)      
n

i i i ij j
j 1

w logq logQ log p .
=

= q + p∑  

Here, n
i 1 i ilog Q w log q== ∑  is the volume index in levels, as in equation (3.1). The 

coefficients have the exact same interpretation as before and are still subject to the 

homogeneity and symmetry constraints (3.5). 30   

When the marginal share iq  is treated as a constant, the Engel curve is linear, which is 

not particularly attractive empirically. Instead, we take the marginal share to exceed the 

corresponding budget share by a constant ( )i ,β  so that i i iw .q β= +  This specification is due 

to Working (1943) and Leser (1963). As n n
i 1 i i 1 iw 1,Σ q Σ= == =  it follows that n

i 1 i 0.Σ β= =  

Substituting i iw β+  for iq  in equation (3.6) and rearranging, we have 

(3.7)      ( )
n

i i i ij j
j 1

w logq logQ logQ log p .
=

− = β + p∑  

It can be easily shown that i i1 w+ β is income elasticity of the demand for good i. 
                                                 
30 Details of the conversion from the differential demand system to the levels version are in Section 2.8. 
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3.8    Within-Group Demand 

In this section, we indicate how model (3.7) can be applied to the demand for a group 

of goods by assuming the group is separable in the consumer’s utility function, that is, the 

preference ordering within the group is independent of the consumption of goods outside that 

group.  

To illustrate, consider the staples group, which comprises rice, other cereals, bread, 

bakery and pasta. We can then interpret equation (3.7) for i = 1,...,4 as a conditional demand 

system for the four members of the staples, with the following reinterpretations of the 

variables and coefficients: (i) The budget share iw  becomes the conditional share, the 

proportion of group expenditure devoted to i; (ii) logQ  becomes the volume index for group, 

defined as ( ) ( )4
i 1 i id log Q w d log q== ∑ ; (iii) ijp  becomes the conditional Slutsky coefficient, 

which gives the response of consumption in good i to a change in the price of good j 

belonging to the group, when the volume of group consumption is held constant; and (iv) the 

prices jlog p , j 1,..., 4= , become the prices of the 4  members of the group. Then, the 

conditional income elasticity for i is i i1 w ,+ β  while ij iwp  is the ( )thi, j  conditional price 

elasticity. These elasticities are all conditional on total real consumption of group, as 

measured by the volume index logQ  held constant, in other words, these are “within-group” 

elasticities. 

With the above interpretations, model (3.7) for good i, belonging to the staples group, 

in country c ( )gc 1,...,C=  becomes  

(3.8)      
4

ic ic c i c ij jc ic
j 1

w (log q log Q ) log Q log p ,
=

− = β + p + ε∑   

where icε  is a zero-mean disturbance term with ( )ic idE 0,  c d.ε ⋅ ε = ≠  The vector of 4 

disturbances [ ]1c 4c, , ′ε ε  is taken to have a constant covariance matrix. The adding-up 

restrictions mean that this matrix is singular, which requires one equation to be dropped for 

estimation. Thus, we estimate 4 1 3− =  equations as a Seemingly Unrelated Regression 

(SUR) system. The coefficients of the omitted equation can be derived from those of the 

other three equations.  

System (3.8) for i = 1,...,4 has an important special structure: The variables on the 

right-hand side, clog Q  and jclog p  for j 1, , 4,=   are the same for each equation (none are i-
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scripted). This structure means that the SUR estimator coincides with single-equation least 

squares. This “identical regressor” case also applies for the homogeneity restriction as that 

refers to a restriction on the coefficients within each equation separately from the others. 

Thus, when we come to homogeneity-constrained estimation in Section 3.11 below, we can 

continue to apply least squares on an equation-by-equation basis. However, symmetry is a 

cross-equation restriction, which is equivalent to having different variables on the right-hand 

side of each equation. In this situation, we need to jointly estimate the system of equations. 

The upper part of panel A of Table 3.7 contains the results for the staples group. There 

are gn 4=  members of this group and gC 129=  countries in the sample. These estimates 

denoted by “no intercept” in this panel; and they are “unrestricted” as the homogeneity and 

symmetry restrictions (3.5) are not imposed. The coefficients attached to the volume index in 

column 8 are statistically significant for other cereals and bread. The diagonal elements of the 

4 4×  Slutsky matrix ij[ ]p  are negative and significant, while the off-diagonals are mainly 

positive. As a preliminary test of homogeneity, the last column gives for each equation the 

sum of the ij ' sp  and the corresponding standard errors. In each of the four cases, the sum is 

close to 0 and the t-value is small. Accordingly, this preliminary evidence is not greatly at 

variance with homogeneity: Apparently staple eaters are not subject to money illusion.  

The lower part of panel A of Table 3.7, labelled “With intercept”, will be discussed in 

the next section. The other panels of this table give the results for the other five groups of 

goods. The coefficients attached to the volume index are consistently significant for goods 

within the fruit and vegetables group, and sweet things. The Slutsky matrices for these five 

groups have a similar structure as for staples with negative elements on the diagonal and 

mainly positive off-diagonals. The row sum of the ij ' sp  are given in the last column; these 

provide a preliminary test of homogeneity and as can be seen, they are close to 0 and the t-

values small in half of all cases. Thus, homogeneity is an acceptable restriction in these cases. 

We will return to homogeneity testing later in the chapter.   

3.9    Residual Demand and Specialisation 

Model (3.8) explains the demand for good i in terms of (i) the overall volume of the 

group, (ii) the prices of the commodities within the group, and (iii) everything else as 

measured by the disturbance  Returning to the “no intercept” case for the staples group, if 

we replace the coefficients of (3.8) with their estimates, then the residual for

ic.ε
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Table 3.7   Unrestricted Demand Equations 

( )
g g

ic ic c i c ic

n 1 n

ik k k ij jc
k 1 j 1

w (log q log Q ) log QI c S log p
+

= =

− = + β + + εα ∈ p∑ ∑ , gi 1,..., n= , the number of goods in group g, gc 1,...,C= countries for g 

(All values × 100; standard errors are in parenthesis) 

Commodity Intercepts for countries that are intensive in Volume 
index Conditional Slutsky coefficients 

 
 
 

Good 1 

i1α  

Good 2 

i 2α  

Good 3 

i3α  

Good 4 

i 4α  

Good 5 

i5α  

None 

i 6α  iβ   g

i1p   
g

i 2p  

g

i3p  

g

i 4p  

g

i5p  

gn g

j 1 ij=
Σ p  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
A.      Staples (Cg=129 countries) 

 Rice Other cereals  Bread Bakery & pasta   None 
  

Rice Other cereals  Bread Bakery and pasta 
  

Sum 
No intercept             

  
        

    Rice - - - -   - -0.63 (0.61) -28.39 (4.09) 15.31 (3.67) 11.23 (3.71) 2.68 (6.61) 
  

-0.83 (0.45) 
Other cereals - - - -   - -3.48 (0.50) 1.59 (3.39) -11.41 (3.05) -4.33 (3.08) 14.77 (5.48) 

  
-0.63 (0.38) 

Bread - - - -   - 3.54 (0.69) 25.08 (4.67) -5.67 (4.20) -17.47 (4.24) -2.74 (7.55) 
  

0.81 (0.52) 
Bakery and pasta - - - -   - 0.58 (0.42) 1.72 (2.80) 1.77 (2.52) 10.57 (2.54) -14.71 (4.53) 

  
0.65 (0.31) 

With intercept                       
    Rice 23.51 (2.03) -9.40 (2.10) -11.11 (2.09) -10.56 (2.26)  - 0.66 (0.48) -21.71 (2.00) 5.20 (1.83) 7.83 (1.84) 8.81 (3.15) 
  

-0.14 (0.22) 
Other cereals -4.02 (1.72) 26.42 (1.77) -7.45 (1.77) -3.43 (1.91)  - -1.43 (0.40) 4.68 (1.69) -14.02 (1.55) 3.95 (1.55) 5.57 (2.66) 

  
-0.18 (0.19) 

Bread -16.22 (2.54) -16.21 (2.62) 23.70 (2.61) -3.17 (2.83)  - 1.19 (0.59) 11.66 (2.49) 6.32 (2.29) -18.52 (2.30) 0.36 (3.93) 
  

0.18 (0.27) 

Bakery and pasta -3.28 (1.87) -0.81 (1.93) -5.13 (1.93) 17.17 (2.09)  - -0.42 (0.44) 5.37 (1.84) 2.50 (1.69) 6.73 (1.69) -14.74 (2.90) 
  

0.14 (0.20) 

B.      Meat and Seafood (Cg=142) 

 Beef Pork and lamb Poultry Other meat Fish & Seafood None   Beef Pork and lamb Poultry Other meat Fish & Seafood Sum 
No intercept                         

  Beef - - - - - - -0.15 (0.56) -21.94 (4.86) 0.37 (5.18) -0.61 (4.80) 5.82 (4.54 ) 16.42 (3.86 ) 0.06 (0.48) 
Pork and lamb - - - - - - 0.18 (0.46) 8.75 (4.04) -19.11 (4.31) 5.13 (3.99) -0.37 (3.77 ) 4.69 (3.20 ) -0.91  (0.40) 
Poultry - - - - - - -0.96 (0.28) 4.44 (2.47) 1.87 (2.64) -14.85 (2.44) 1.75 (2.31 ) 6.81  (1.96 ) 0.02 (0.24) 
Other meat - - - - - - 1.58  (0.41) -5.78 (3.60) 12.62 (3.84) 8.19  (3.56) -19.48  (3.36 ) 4.03 (2.86 ) -0.42 (0.35) 
Fish and seafood - - - - - - -0.65 (0.60) 14.53 (5.23) 4.25 (5.57) 2.15 (5.16) 12.27 (4.88 ) -31.95 (4.15 ) 1.25 (0.51) 
With intercept                           
Beef 25.11 (1.94) -10.26 (2.36) -12.13 (3.34) -9.60 (2.06) -10.10 (1.88) - 0.27 (0.37) -13.52 (2.34) -0.06 (2.42) 4.37 (2.32) 2.07 (2.15) 7.43 (1.94) 0.29 (0.23) 
Pork and lamb -10.40 (1.75) 24.60 (2.13) -5.82 (3.01) -5.74  (1.86) -10.63 (1.70) - 0.54 (0.33) 6.73  (2.11) -14.13 (2.19) 0.26 (2.09) 3.29 (1.94) 3.70 (1.75) -0.15 (0.21) 
Poultry -1.57 (1.36) -3.00 (1.65) 28.17  (2.34) -1.24 (1.44) -5.08 (1.32) - -0.76 (0.26) 5.43 (1.64) 2.36  (1.70) -12.59 (1.62) 0.74 (1.51) 4.28 (1.36) 0.22 (0.16) 
Other meat -6.73 (1.66) -5.48  (2.02) -5.82 (2.85) 21.06 (1.76) -5.36 (1.61) - 0.24 (0.31) -2.32  (2.00) 8.58 (2.07) 7.00 (1.98) -12.92 (1.84) -0.47 (1.66) -0.13 (0.20) 
Fish and seafood -6.41 (2.04) -5.85  (2.48) -4.40 (3.51) -4.48 (2.17) 31.17 (1.98) - -0.29 (0.39) 3.68 (2.46) 3.24 (2.55) 0.97 (2.44) 6.82 (2.26) -14.94 (2.04) -0.23 (0.24) 

C.  Dairy (Cg=119) 

 Fresh milk Preserved milk Cheese Eggs   None   Fresh milk Preserved milk Cheese Eggs   Sum 
No intercept                         

  Fresh milk - - - - 
  

- -0.72 (0.48) -38.00 (4.33) 31.86 (5.85) 6.58 (4.55) -0.07 (3.61) 
  

-0.37 (0.34) 
Preserved milk - - - - 

  
- 1.74 (0.50) 24.63 (4.57) -38.03 (6.17) 10.84 (4.80) 3.5 (3.81) 

  
-0.95 (0.36) 

Cheese - - - - 
  

- 0.95 (0.38) 6.47 (3.46) 1.37 (4.67) -18.11 (3.63) 9.23 (2.88) 
  

1.04 (0.27) 
Eggs - - - - 

  
- -1.97  (0.24) 6.89 (2.15) 4.8 (2.90) 0.69 (2.26) -12.66 (1.79) 

  
0.28 (0.17) 

With intercept         
  

            
  

  
Fresh milk 19.1 (1.76) -6.75 (1.66) -9.14 (1.98) -5.09 (3.56)  - 0.51 (0.39) -24.81 (2.48) 13.27 (3.30) 7.78 (2.44) 3.88 (2.03) 

  
-0.12 (0.19) 

Preserved milk -5.94 (1.95) 20.25 (1.84) -4.05 (2.19) -7.54 (3.94)  - 0.06 (0.43) 11.17 (2.75) -23.59 (3.66) 4.51 (2.70) 8.36 (2.25) 
  

-0.44 (0.21) 
Cheese -5.3 (1.48) -7.88 (1.40) 15.37 (1.67) -4.13 (3.00)  - 0.62 (0.33) 10.16 (2.10) 4.88 (2.79) -16.31 (2.05) 0.86 (1.71) 

  
0.41 (0.16) 

Eggs -7.86 (1.05) -5.63 (0.99) -2.18 (1.18) 16.76 (2.12)  - -1.2 (0.23) 3.49 (1.48) 5.45 (1.97) 4.02 (1.45) -13.1 (1.21) 
  

0.15 (0.11) 

                       
 

(Continued on next page) 
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Table 3.7  Unrestricted Demand Equations (Continued) 

( )
g g

ic ic c i c ic

n 1 n

ik k k ij jc
k 1 j 1

w (log q log Q ) log QI c S log p
+

= =

− = + β + + εα ∈ p∑ ∑ , gi 1,..., n= , the number of goods in group g, gc 1,...,C=  countries for g 

(All values × 100; standard errors are in parenthesis) 

Commodity 
Intercepts for countries that are intensive in  Volume 

index Conditional Slutsky coefficients 

 

Good 1 

i1α  

Good 2 

i 2α  

Good 3 

i3α  

Good 4 

i 4α  

Good 5 

i5α  

None 

i 6α  iβ  

g

i1p  

g

i 2p  

g

i3p  

g

i 4p  

g

i5p  

gn g

j 1 ij=
Σ p  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
D.  Fruit and Vegetables (Cg=132) 

 Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Vege None   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Vege Sum 
No intercept                         

  Fresh fruit - - - - - - 2.97 (0.48) -11.25 (4.25) -7.66 (5.39) 9.4 (4.33) 3.73 (2.62) 4.23 (5.26) 1.54 (0.34) 
Frozen fruit - - - - - - -1.39 (0.19) -2.01 (1.69) -2.47 (2.14) 5.73 (1.72) 1.02 (1.04) -2.35 (2.09) 0.08 (0.13) 
Fresh vegetables - - - - - - 2.61 (0.58) 17.09 (5.16) 6.62 (6.54) -33.57 (5.25) 12.69 (3.19) -2.04 (6.38) -0.79 (0.41) 
Fresh potatoes - - - - - - -2.76 (0.42) -5.25 (3.75) 0.39 (4.76) 13.55 (3.82) -18.07 (2.32) 10.29 (4.64) -0.90 (0.30) 
Frozen vegetables - - - - - - -1.43 (0.23) 1.43 (2.09) 3.12 (2.65) 4.88 (2.12) 0.63 (1.29) -10.1 (2.58) 0.07 (0.17) 
With intercept         

  
              

  Fresh fruit 13.05 (4.09) - -11.38 (3.73) -21.01 (4.70) - -1.65 (3.42) 2.87 (0.76) -15.63 (2.75) -3.3 (3.36) 10.86 (2.85) 4.29 (1.68) 3.23 (3.40) 0.55 (0.24) 
Frozen fruit -8.14 (2.54) - -8.02 (2.32) -6.94 (2.93) - -7.73 (2.13) 0.18 (0.47) -1.43 (1.71) -3.64 (2.09) 4.01 (1.78) 1.51 (1.05) -0.29 (2.11) -0.15 (0.15) 
Fresh vegetables 6.53 (4.83) - 31.37 (4.40) -0.39 (5.56) - 13.38 (4.04) -1.01 (0.90) 9.18 (3.24) 6.48 (3.97) -19.36 (3.37) 5.38 (1.99) -1.82 (4.01) 0.13 (0.28) 
Fresh potatoes 1.24 (3.52) - -3.28 (3.21) 32.77 (4.05) - 5.02 (2.94) -2.63 (0.65) 4.74 (2.36) -0.45 (2.89) 2.46 (2.45) -12.63 (1.45) 6.36 (2.92) -0.48 (0.21) 
Frozen vegetables -12.68 (3.00) - -8.69 (2.73) -4.43 (3.45) - -9.02 (2.50) 0.59 (0.56) 3.14 (2.01) 0.92 (2.46) 2.03 (2.09) 1.46 (1.23) -7.49 (2.49) -0.05 (0.17) 

E.  Sweet Things (Cg=129) 

 Sugar Jam Chocolate     None   Sugar Jam Chocolate 
    

Sum 
No intercept                     

      Sugar - - - 
    

- -2.97 (0.58) -19.22 (4.16) -4.25 (4.44) 25.75 (3.80) 
    

-2.28 (0.37) 
Jam - - - 

    
- -2.67 (0.27) 5.17 (1.97) -4.66 (2.10) -1.31 (1.80) 

    
0.79 (0.18) 

Chocolate - - - 
    

- 5.64 (0.56) 14.04 (4.04) 8.91 (4.32) -24.45 (3.69) 
    

1.50 (0.36) 
With intercept       

    
          

      Sugar 23.68 (1.51) -15.83 (4.28) -11.98 (1.76) 
   

- -0.25 (0.42) -18.54 (1.55) 3.02 (1.72) 15.66 (1.54) 
    

-0.14 (0.17) 
Jam -9.67 (1.15) 31.46 (3.25) -9.49 (1.34) 

   
- -0.91 (0.32) 5.17 (1.17) -7.44 (1.30) 2.09 (1.17) 

    
0.17 (0.13) 

Chocolate -14.01 (1.59) -15.63 (4.52) 21.47 (1.86)    - 1.16 (0.45) 13.36 (1.63) 4.42 (1.81) -17.75 (1.63) 
    

-0.03 (0.18) 
F.  Other Foods (Cg=143) 

 Other edible oil Food products Coffee,tea Mineral water   None   Other edible oil Food products Coffee,tea Mineral water 
  

Sum 
No intercept                       

    Other edible oil - - - - 
  

- -1.37 (0.40) -14.45 (3.68) 3.18 (4.88) 2.5 (4.17) 9.23 (4.90) 
  

-0.46 (0.32) 
Food products - - - - 

  
- -0.08 (0.49) 1.62 (4.50) -23.52 (5.97) 2.08 (5.10) 20.52 (5.99) 

  
-0.70 (0.40) 

Coffee, tea  - - - - 
  

- -1.87 (0.23) 4.21 (2.09) 6.19 (2.78) -8.42 (2.37) -2.19 (2.79) 
  

0.20 (0.18) 
Mineral water - - - - 

  
- 3.33 (0.45) 8.62 (4.11) 14.14 (5.45) 3.85 (4.66) -27.55 (5.47) 

  
0.95 (0.36) 

With intercept         
  

            
    Other edible oil 21.09 (1.72) -9.69 (1.67) -4.01 (2.86) -7.68 (1.52)  - -0.31 (0.33) -17.82 (2.00) 6.17 (2.72) 4.01 (2.34) 8.04 (2.93) 
  

-0.40 (0.18) 
Food products -8.95 (2.06) 21.35 (2.00) -12.71 (3.42) -10.05 (1.82)  - 0.66 (0.39) 2.99 (2.39) -19.62 (3.25) 7.45 (2.80) 9.33 (3.51) 

  
-0.14 (0.21) 

Coffee, tea -4.39 (1.09) -4.37 (1.06) 22.22 (1.81) -4.38 (0.96)  - -1.14 (0.21) 3.65 (1.26) 7.44 (1.71) -11.76 (1.48) 0.44 (1.85) 
  

0.23 (0.11) 
Mineral water -7.75 (1.79) -7.29 (1.74) -5.5 (2.98) 22.12 (1.59)   - 0.79 (0.34) 11.18 (2.08) 6.01 (2.83) 0.31 (2.44) -17.81 (3.05)     0.31 (0.19) 

Notes:   
1.  For the identity of countries intensive in each good, see Tables A3.3.1 and A3.3.2. 

          2.  The term ckI ( )  is an indicator function for k = 1,…,ng, such that kckI c S ,( ) 1∈ = when kc S ,∈ 0 otherwise.
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commodity i in country c is the estimated disturbance,  
4

ic ic ic c i c ij jc
j 1

ˆˆ ˆw (logq logQ ) logQ log p ,
=

ε = − − β − p∑   

where the circumflex over a coefficient ( )i
ˆas in β  denotes its estimate from the upper part of 

panel A of Table 3.7. This icε̂  is interpreted as estimated consumption of good i in country c 

after controlling for the effects of income and prices. This section investigates the nature of 

these residuals. 

The top graph of the left-hand side of panel A of Figure 3.2 plots the residuals for rice 

in the 129 countries. There are five shaded areas, each representing a group of countries that 

are intensive in consumption of one of the gn 4=  staples, plus a fifth group that has 

diversified consumption. Within each of the five groups, countries are ordered by income. 

The residuals for rice display a distinct pattern: The rice-intensive countries, indicated by the 

first shaded rectangle on the far left of the graph, are positive on average. The residuals for 

the other cereals-intensive countries (the next shaded rectangle) are negative on average, 

while the others seem to be more or less scattered around zero. Thus, the consumption of rice 

by the rice-eating countries is under predicted by model (3.8). The other three plots in column 

2 of this panel also reveal under prediction of consumption by the countries intensive in the 

good in question. This can be described as a type of “dominant diagonal” pattern in the 

residuals. This means that if for some unknown reason there is a random surge in rice 

consumption in China (a rice eater), then the chances are that consumption of this good also 

increases simultaneously in other rice-eating countries. Such a tendency casts doubt on the 

assumption that the disturbances are independent across countries.   

To deal with this problem, we add to equation (3.8) intercepts for each of the five 

country group. Denote these five groups of countries by 1 5S , ,S  and define five indicator 

functions as  

            k

k
ck (c )

1 when c
I , k 1, ,5.

0 otherwise
S

    S
  

∈
∈

= =


  

Equation (3.8) now becomes: 

(3.9)      . 

The term  for k = i represents consumption of good i in countries intensive in this good 

after accounting for total consumption and prices. On the basis of the preceding discussion of

k

5 4

ic ic c ik i c ij jc ic
k 1 j 1

ck (c )w (log q log Q ) log Q log pI S
= =

∈− = + β + p + εα∑ ∑

ikα
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Figure 3.2  Scatter Plots of Residuals 

Group/Item 
Residuals with intercepts 

Excluded Included 
(1) (2) (3) 

A.   Staples (Cg=129 countries) 

Rice 

    

Other cereals 

    

Bread 

    

Bakery and 
pasta 

    
B.   Meat and Seafood (Cg=142) 

Beef and veal 

  

Pork and lamb 

  

Poultry 

  

Other meat 

  

Fish and 
seafood 

  
   (Continued on next page) 
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Figure 3.2   Scatter Plots of Residuals (continued) 

Group/Item 
Residuals with intercepts 

Excluded Included 
(1) (2) (3) 

C.   Dairy (Cg=119) 

Fresh milk 

  

Preserved milk 

  

Cheese 

  

Eggs 

  
D.   Fruit and Vegetables (Cg=132) 

Fresh fruit 

  

Frozen fruit 

  

Fresh 
vegetables 

  

Fresh potatoes 

  

Frozen 
vegetables 

  
   (Continued on next page) 
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Figure 3.2   Scatter Plots of Residuals (continued) 

Group/Item 
Residuals with intercepts 

Excluded Included 
(1) (2) (3) 

E.  Sweet Things (Cg=129) 

Sugar 

  

Jam 

  

Chocolate and 
ice cream 

  

F.   Other Food (Cg=143) 

Other edible 
oil 

  

Food products 

  

Coffee, tea 

  

  
Mineral water 

  
Note: Countries are ordered on the horizontal axis by (i) groups of countries in terms of intensity of consumption, which, in 
turn, are in the same order as are goods in the corresponding row labels; and (ii) income within each country group. 
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the residuals, we expect the “own” intercept kk 0.α >  Similarly, ikα  for k i≠  is unaccounted 

for consumption of i in countries intensive in other goods. The adding-up requirement of the 

system implies that the intercepts for each country group sum to zero: 5
i 1 ik 0, k 1, ,5. =Σ α = =   

This means that the additional consumption of i by countries intensive in that good, ii 0,α >  

is offset by reduced consumption of the other goods. On average, consumption of each the 

other goods changes by ( ) ( )5
i 1,i k ik kk1 4 1 4 0.= ≠Σ α = − α <  

The estimates of (3.9) for i = 1,...,4 for the staples group are given in the lower part of 

panel A of Table 3.7, labelled “With intercept”. The intercepts for the diversified group of 

countries have been omitted on the basis that they were all insignificant; this is indicated by 

the blanks in column 7 that is labelled “None”. As expected, the diagonal elements of the 

4 4×  matrix of intercepts are all positive and significant, while the off-diagonals are all 

negative and mostly significant.  

The lower parts of the other panels of Table 3.7 give the results with intercepts for the 

other five food groups. In all cases except for fruit and vegetables (panel D), the intercepts for 

the diversified group is suppressed as they were mostly insignificant, as they were with 

staples. The table below gives the estimated intercepts for the diversified group and as can be 

seen, three of the five for fruit and vegetables are significant, while the majority for the other 

groups are insignificant. It should also be noted here that for fruit and vegetables, the 

intercepts for (i) frozen fruit and (ii) frozen vegetables are omitted as there are no countries 

intensive in these commodities as in panel D of Table 3.6. 

Staples   Meat and Seafood   Dairy 

Rice 0.7 (5.3) 
 

Beef -0.9 (4.1) 
 

Fresh milk 0.1 (3.6) 

Other cereals -3.4 (4.5) 
 

Pork and Lamb -1.9 (3.7) 
 

Preserved milk 4.9 (4.0) 

Bread 0.5 (6.7) 
 

Poultry 4.3 (2.8) 
 

Cheese -0.1 (3.0) 

Bakery and pasta 2.2 (4.9) 
 

Other meat 5.2 (3.5) 
 

Eggs -4.9 (2.1) 

    
Fish and seafood -6.8 (4.3) 

    Fruit and Vegetables 
 

Sweet Things 
 

Other Food 

Fresh fruit -1.6 (3.4) 
 

Sugar 4.2 (2.5) 
 

Other edible oil 2.5 (2.8) 

Frozen fruit -7.7 (2.1) 
 

Jam -2.3 (1.9) 
 

Food products -1.2 (3.3) 

Fresh vegetables 13.4 (4.0) 
 

Chocolate -1.9 (2.6) 
 

Coffee.tea -5.5 (1.7) 

Fresh potatoes 5.0 (2.9) 
     

Mineral water 4.1 (2.9) 

Frozen vegetables -9.0 (2.5)                 
   Note: The boxes indicate significant coefficients.  

The residuals for staples from model (3.9) for i = 1,...,4 are plotted in the top right-

hand panel of Figure 3.2, with countries ordered as before. While in the corresponding plots 

without the intercepts, given in the left of the figure, exhibit a positive “spike” for the “own” 
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residuals for each group, no such pattern can be seen in the right-hand plots, where the 

residuals are more random and scattered around zero. It is also worth noting that the 

dispersion of the new residuals is smaller than before. Therefore, it can be concluded that the 

intercepts have done their job. The same conclusion emerges from the other panels of the 

figure for the remaining commodity groups. In what follows, the intercepts shall always be 

included in the demand equations. 

3.10  Outlying Countries 

As discussed by Clements and Gao (2015, Sec. 6), there have been a number of 

previous studies of international consumption patterns. An issue in this literature noted by 

Chen (1999, Chap. 2) and Theil et al. (1989 pp. 29-30, 42-43, 83-98) is the problem of 

outlying countries. This section deals with outliers in the food data. We commence with a 

discussion of possible causes of outliers. 

There are several reasons for outliers in cross-country demand analysis. The first is 

the statistical quality of the data. In view of the scale of the ICP data-collection exercise and 

the fact that expenditure data in terms of domestic currencies originate with the countries 

themselves, it seems plausible that collection and reporting errors could creep in, especially 

in poor countries with under-resourced statistical agencies. An additional consideration is the 

sheer diversity of the countries covered by the ICP, which range from the richest developed 

ones to the poorest in Africa. As econometric models can usually account for behaviour only 

over a limited range of observations, a single demand model may not be satisfactory for all 

countries. If this were the case, the model is at fault and problem will manifest itself with 

some countries being outlying observations. A third reason for outliers is the under-reporting 

of home-grown food (Theil et al., 1989, pp. 83-98). Government agencies usually make 

estimates of this to include in consumption and income of households. However, this is a 

difficult task, based on a number of uncertainties. Thus, the special problem of measuring 

food consumption can be another source of outliers in cross-country demand studies. This 

may affect poorer countries in particular, where food absorbs a large fraction of the budget 

and home-grown food is relatively more important. 

A further issue related to outliers is the level of commodity aggregation. The World 

Bank in providing us with their unpublished data did so with a caveat that the reliability of 

the data decreases as the degree of commodity detail increases. In an email of 26 October 

2011 regarding the 2005 ICP data to Grace Gao, formerly of The University of Western 
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Australia, Nada Hamadeh, Statistics Officer, Development Data Group, The World Bank, 

notes that  

“…the data at the basic heading level [used in this thesis] is less reliable 
than data at aggregated levels. While great effort went into preparing 
regional product lists, not every country was able to price every item. This 
was especially true for basic headings where the share of the GDP 
expenditures was very small. The level of precision in the estimation 
process increased as basic headings were combined into aggregates of the 
GDP.” 

It is common practice to declare an estimate “significant” if its absolute t-value 

exceeds 2. We shall be conservative and adopt a more stringent criterion by classifying a 

country as an outlier if the t-value of its residual falls outside the range (-2.5, 2.5). 

Application of this rule to staples in model (3.9) for i = 1,...,4 shows that 8 of the 129 

countries are outliers, as indicated by the first element of column 2 of Table 3.8. The other 

elements of the column are the number of outliers for the other groups. The number of 

observations remaining, to be denoted by gC′ , is given in column 3 of the table. The names of 

the outlying countries are given in Tables A3.3.1 and A3.3.2. 

 

Table 3.8  Further Classification of Countries 

Commodity group Number of countries that are 
Outliers Remaining 

(1) (2) (3) 
Staples 8 121 
Meat and Seafood 16 126 
Dairy 7 112 
Fruit and Vegetables 10 122 
Sweet Things 8 121 
Other Food 7 136 

Note: The remaining number of countries (column 3) is the original 
number from the ICP (that is, 146) less those with small consumption 
(Table 3.3) less the outliers (column 2 of this table).  

 

Next, we re-estimate model equation (3.9) for each group with the Cǵ    observations. 

Table 3.9 gives the results, which are to be compared with their counterparts with outliers in 

Table 3.7. Broadly, the exclusion of the outlying countries does not greatly affect the point 

estimates, but there is a noticeable tendency for the standard errors to fall modestly, as 

expected. 

To proceed more systematically to study the impact of outliers, summary measures of 

the differences between the two sets of estimates are needed.  Consider first the 102 estimates  
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Table 3.9   Unrestricted Demand Equations, Outliers Excluded 

( )
g g

ic ic c i c ic

n 1 n

ik k k ij jc
k 1 j 1

w (log q log Q ) log QI c S log p
+

= =

− = + β + + εα ∈ p∑ ∑ ,  gi 1,..., n= , the number of goods in group g, gc 1,...,C′=  countries for g 

 (All values ×100; standard errors are in parenthesis) 

Commodity Intercepts for countries that are intensive in  Volume 
index Conditional Slutsky coefficients 

 

Good 1 

i1
α  

Good 2 

i 2
α  

Good 3 

i 3
α  

Good 4 

i 4
α  

Good 5 

i 5
α  

None 

i 6
α  i

β  

g

i1p  

g

i 2p  

g

i3p  

g

i 4p  

g

i5p  

g
n g

j 1 ij=
Σ p  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
A.      Staples (Cǵ=121 countries)   

 Rice Other cereals  Bread Bakery and pasta   None 
  

Rice Other cereals  Bread Bakery and pasta 
  

Sum 
Rice 22.86 (1.99) -8.83 (2.19) -12.52 (2.04) -12.22 (2.21)   - 1.03 (0.47) -21.75 (1.94) 4.82 (1.81) 8.64 (1.83) 8.53 (3.17) 

  
-0.24 (0.22) 

Other cereals -3.71 (1.44) 26.55 (1.58) -7.14 (1.47) -2.75 (1.60)   - -1.45 (0.34) 5.83 (1.41) -13.80 (1.31) 3.95 (1.32) 4.17 (2.29) 
  

-0.15 (0.16) 
Bread -16.45 (2.46) -16.88 (2.70) 23.98 (2.52) -3.82 (2.74)   - 1.11 (0.58) 10.21 (2.40) 6.58 (2.23) -18.15 (2.26) 1.24 (3.91) 

  
0.13 (0.27) 

Bakery and pasta -2.70 (1.78) -0.84 (1.95) -4.32 (1.82) 18.79 (1.98)   - -0.69 (0.42) 5.71 (1.74) 2.40 (1.61) 5.56 (1.63) -13.94 (2.83) 
  

0.26 (0.20) 
B.      Meat and Seafood (Cǵ=126)   

 Beef Pork and lamb Poultry Other meat Fish & Seafood None   Beef Pork and lamb Poultry Other meat Fish & Seafood Sum 
Beef 22.82 (1.71) -11.42 (2.08) -13.01 (3.55) -11.93 (1.83) -12.97 (1.71) - 0.74 (0.33) -13.04 (2.11) -0.29 (2.15) 3.62 (2.12) 3.07 (2.03) 6.80 (1.81) -0.16 (0.21) 
Pork and lamb -7.81 (1.47) 26.95 (1.79) -8.17 (3.06) -4.26 (1.57) -8.58 (1.47) - 0.35 (0.28) 6.47 (1.81) -11.34 (1.85) 0.29 (1.82) 0.89 (1.75) 3.74 (1.56) -0.05 (0.18) 
Poultry -0.26 (1.09) -2.85 (1.33) 36.33 (2.27) -0.71 (1.17) -3.62 (1.09) - -0.84 (0.21) 5.41 (1.35) 2.23 (1.37) -11.90 (1.35) -0.05 (1.30) 4.38 (1.16) -0.07 (0.13) 
Other meat -7.18 (1.63) -5.11 (1.98) -7.26 (3.39) 21.01 (1.75) -6.52 (1.63) - 0.39 (0.31) -1.85 (2.01) 7.90 (2.05) 6.36 (2.02) -13.10 (1.94) 0.73 (1.73) -0.04 (0.20) 
Fish and seafood -7.57 (1.70) -7.57 (2.06) -7.89 (3.52) -4.10 (1.81) 31.68 (1.69) - -0.64 (0.32) 3.01 (2.09) 1.50 (2.13) 1.62 (2.10) 9.20 (2.01) -15.65 (1.80) 0.32 (0.20) 

C.  Dairy (Cǵ=112)   

 Fresh milk Preserved milk Cheese Eggs   None   Fresh milk Preserved milk Cheese Eggs   Sum 
Fresh milk 18.36 (1.71) -6.53 (1.64) -9.02 (1.93) -5.20 (3.42)   - 0.58 (0.37) -24.91 (2.43) 13.20 (3.27) 8.00 (2.43) 3.82 (2.02) 

  
-0.11 (0.19) 

Preserved milk -5.56 (1.84) 19.85 (1.77) -3.64 (2.07) -7.65 (3.68)   - 0.04 (0.40) 11.63 (2.62) -23.63 (3.52) 4.00 (2.61) 8.47 (2.17) 
  

-0.48 (0.20) 
Cheese -5.33 (1.44) -8.11 (1.38) 14.61 (1.62) -3.99 (2.87)   - 0.59 (0.31) 9.29 (2.04) 5.13 (2.75) -15.69 (2.04) 0.84 (1.69) 

  
0.43 (0.16) 

Eggs -7.46 (0.97) -5.20 (0.93) -1.95 (1.09) 16.84 (1.93)   - -1.21 (0.21) 3.99 (1.38) 5.29 (1.85) 3.69 (1.37) -13.14 (1.14) 
  

0.16 (0.11) 
D.  Fruit and Vegetables (Cǵ=122)   

 Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Vege None   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Vege Sum 
Fresh fruit 12.64 (4.26) - -11.63 (3.89) -23.97 (5.21) - -1.89 (3.57) 3.10 (0.79) -16.35 (2.84) -3.09 (3.60) 11.76 (3.06) 4.56 (1.70) 2.56 (3.60) 0.55 (0.24) 
Frozen fruit -7.99 (2.35) - -6.81 (2.14) -5.85 (2.87) - -7.35 (1.97) 0.06 (0.44) -3.24 (1.57) -2.10 (1.98) 5.50 (1.69) 1.61 (0.94) -1.62 (1.98) -0.15 (0.13) 
Fresh vegetables 5.95 (4.71) - 30.11 (4.30) -0.08 (5.76) - 13.92 (3.94) -0.85 (0.88) 9.53 (3.14) 4.68 (3.98) -17.73 (3.38) 4.67 (1.88) -1.17 (3.97) 0.03 (0.27) 
Fresh potatoes 2.87 (3.35) - -2.16 (3.05) 33.21 (4.10) - 5.77 (2.80) -2.90 (0.62) 6.59 (2.23) -2.36 (2.83) 0.34 (2.40) -12.23 (1.33) 7.99 (2.82) -0.33 (0.19) 
Frozen vegetables -13.47 (2.70) - -9.49 (2.47) -3.30 (3.31) - -10.45 (2.27) 0.60 (0.50) 3.47 (1.81) 2.86 (2.29) 0.14 (1.94) 1.38 (1.08) -7.76 (2.28) -0.10 (0.15) 

E.  Sweet Things (Cǵ=121)   

 Sugar Jam Chocolate     None   Sugar Jam Chocolate 
    

Sum 
Sugar 23.50 (1.42) -16.59 (3.86) -13.51 (1.74)     - -0.01 (0.42) -17.94 (1.42) 2.02 (1.59) 16.03 (1.42) 

   
-0.10 (0.15) 

Jam -7.92 (0.91) 33.55 (2.48) -7.14 (1.12)     - -1.54 (0.27) 3.80 (0.91) -5.81 (1.02) 1.73 (0.91) 
   

0.28 (0.10) 
Chocolate -15.58 (1.44) -16.96 (3.90) 20.64 (1.76)     - 1.56 (0.43) 14.14 (1.43) 3.79 (1.61) -17.76 (1.44) 

   
-0.17 (0.15) 

F.  Other Foods (Cǵ=136)   

 Other edible oil Food products Coffee,tea Mineral water   None   Other edible oil Food products Coffee,tea Mineral water 
  

Sum 
Other edible oil 21.76 (1.71) -9.91 (1.56) -4.04 (2.65) -7.43 (1.43)   - -0.32 (0.31) -17.71 (1.87) 5.10 (2.57) 2.90 (2.25) 10.05 (2.75) 

  
-0.34 (0.17) 

Food products -10.09 (2.09) 21.62 (1.91) -12.80 (3.23) -10.09 (1.74)   - 0.67 (0.37) 2.07 (2.28) -18.77 (3.14) 9.94 (2.75) 6.97 (3.35) 
  

-0.20 (0.21) 
Coffee, tea -3.86 (1.04) -3.89 (0.95) 22.81 (1.61) -3.72 (0.87)   - -1.23 (0.19) 3.57 (1.13) 7.22 (1.56) -12.49 (1.37) 1.39 (1.66) 

  
0.32 (0.10) 

Mineral water -7.81 (1.88) -7.82 (1.72) -5.97 (2.91) 21.24 (1.57)     - 0.89 (0.34) 12.07 (2.06) 6.46 (2.83) -0.35 (2.48) -18.41 (3.02)     0.23 (0.19) 

See notes to Table 3.7.
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of the intercepts, denoted these by  and , .31 The weighted average of the 

absolute differences is  where the weight,  is first defined as 

 with  the absolute t-value, for j = 1, 2, then normalised over 

102 parameters. Absolute differences are used as the intercepts associated with of a given 

indicator variable in equation (3.9) sum over commodities to zero, and so are both positive 

and negative. The weight  reflects the relative precision of the estimate, so that an 

estimate receives more weight if its absolute t-value is larger than average. As there are two 

sets of estimates, each with its own set of t-values, we take an equally weighted average of 

the relative precisions. As indicated by the first entry in column 1 of the table below, the 

(weighted) average absolute difference of the intercepts is 1.08. The entry immediately below 

that figure is 8.55%, which is a weighted average of the differences, each expressed as a 

percentage of the corresponding coefficient, defined as  where 

 is the average of the absolute values of the two types of estimates. Thus, 

the average difference for the intercepts is 8.6%, which seems moderate.32 

 Intercepts Volume index 
coefficients 

Slutsky coefficients All 
coefficients Own-price Cross-price All 

 (1) (2) (3) (4) (5) (6) 

Difference   1.08 0.18 0.54 0.76 0.65 0.86 

Percentage difference 8.55 20.42 4.38 15.81 10.22 9.87 
  

The other columns of the above table contain the results for the other coefficients 

using the same approach as was used for the intercepts. The coefficients attached to the 

volume index and the cross-price Slutsky coefficients change by what might seem to be large 

                                                 
31 In a demand system with ng goods, suppose each equation contains ng dummies. Then, this system has  

intercepts. If this applies to all six groups, we have . However, in the fruit and vegetables group, where 

ng=5, ng-1 dummies are included, so there are intercepts. The total number of intercepts for 

six groups, therefore, is . As ,  and ,  . 

32 It is appropriate to qualify this measure of absolute change. Imagine if the sign of the coefficient flips from, 
say, positive to negative, but the absolute value is unchanged, so that  Then, according to this 

measure, the absolute percentage difference is . A change in a coefficient 
from, say, 0.2 to –0.2 is a large one and to declare this a 200% change is not an abuse of language. But things 
are possibly on less firm grounds when there is a sign change accompanied by a change in the absolute value of 
the coefficient, for example, from 0.2 to -0.1 or from 0.2 to -0.05. In these cases the same 200% difference is 
recorded.  
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amounts in percentage terms, but these coefficients themselves tend to be small. Taking all 

coefficients together, the average change is less than 10% (second element of column 6), 

which is not unreasonable. The conclusion is that on average, the outliers have some effect on 

the point estimates, but this effect is modest.  

3.11   Homogeneity and Symmetry 

As described in equation (3.5), the Slutsky coefficients ijp  in the demand equations 

satisfy demand homogeneity and Slutsky symmetry. The conditional coefficients ijp  in 

equation (3.8) are also subject to similar restrictions. This section tests these restrictions 

following the methodology set out in detail in Section 2.10.  

The null hypothesis of homogeneity for good i in group g takes the form gn
j 1 ij 0=∑ p = . 

This can be tested for each item by itself using a t statistic. Writing gn
i j 1 ijˆz == ∑ p  with variance

( )ivar z , the t-test statistic for the null hypothesis is then i i it z var(z )= . Taking both the 

value of iz  for each equation and its standard error ivar(z )  from column 14 in Table 3.9, 

the absolute value of it  for each commodity is calculated and given in column 2 of Table 

3.10. Among 25 commodities, 19 are less than the 5% critical value; the main departures 

from homogeneity are for three commodities, (i) cheese, (ii) jam and (iii) coffee, tea. 

However, the bulk of the evidence is not inconsistent with the homogeneity postulate.    

Homogeneity can also be tested jointly for all gn  goods within each group using a F-

test. The null hypothesis takes the form gn
j 1 ij 0=∑ p =  for gi S∈ . The test statistics for six groups 

are given in column 2 of Table 3.10 in boldface. The values are significant for three out of the 

six groups – dairy, sweet things and other food. Each of these three contain a member with a 

significant t-value, so the results are consistent in this sense. But the fundamental reason for 

the lack of homogeneity remains a puzzle, especially since the absence of money illusion 

would seem to be a mild requirement of consumer behaviour.33  

                                                 
33 Homogeneity testing has an interesting history. In a widely cited survey of research up to the mid 1970s, 
Barten (1977, p. 27) reports that homogeneity is frequently rejected. One response to this troubling result was 
from researchers at The University of Chicago who showed that there was a major problem with the 
econometric tests: The tests have a large-sample justification, but were applied to small samples, causing 
misleading inferences as the tests are biased against the null (that is, the tests have an over-rejection problem). 
See Laitinen (1978) and Theil (1987, pp. 104-106). In our application, the samples consist of more than 100 
countries, which is not small. Thus, the conventional tests should perform satisfactorily. This is confirmed with 
further results not reported here: When Laitinen’s (1978) finite-sample correction is applied, there is little or no 
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Table 3.10  Homogeneity and Symmetry Tests 

Group/Item Homogeneity  Symmetry 
Test statistic Critical value  Test statistic Critical value 

(1) (2) (3)  (4) (5) 
A. Staples 3.49  7.81  1.62 7.81 

 
Rice 1.09  

 
 

 
  

 
Other cereals 0.94  

  
 

Bread 0.48  
  

 
Bakery and pasta 1.30  

  B. Meat and Seafood 2.27  9.49  21.40 12.59 

 
Beef and veal 0.76         

 

 

 
  

 
Pork and lamb 0.28  

  
 

Poultry 0.54  
  

 
Other meat 0.20  

  
 

Fish and seafood 1.60  
  C. Dairy 9.68   7.81  1.79 7.81 

 
Fresh milk 0.58    

 
        

 
  

 
Preserved milk 2.40  

  
 

Cheese 2.69  
  

 
Eggs 1.45  

  D. Fruit and Vegetables 7.13   9.49  9.56 12.59 

 
Fresh fruit 2.29  

 

 

 
  

 
Frozen fruit 1.15  

  
 

Fresh  vegetables 0.11  
  

 
Fresh potatoes 1.74  

  
 

Frozen vegetables 0.67  
  E. Sweet Things 7.71  5.99  1.25 3.84 

 
Sugar 0.67 

       
 

 
  

 
Jam 2.80  

  
 

Chocolate and ice cream 1.13  
  F. Other Food 12.49  7.81  0.14 7.81 

 
Other edible oil 2.00   

  
 

Food products 0.95  
  

 
Coffee, tea 3.20  

    Mineral water 1.21  
  Note: Critical values are at the 5% level. The test statistics in boldface follow an F-distribution, 

while non-boldface ones follow a t-distribution. 
 

Table 3.11 contains the homogeneity-constrained estimates. A comparison of these 

with the unrestricted counterparts of Table 3.9 shows that the point estimates do not change 

appreciably, while there are minor reductions in many of the standard errors. In view of this 

and because of the fundamental importance of homogeneity as a logical requirement, in what 

follows we impose this constraint, but it needs to be repeated that there is some evidence to 

the contrary, the reasons for which remain mysterious. This qualification to the results needs 

to be kept in mind.  

                                                                                                                                                        
change in the test results. For more on the history of homogeneity testing, see Keuzenkamp and Barten  
(1995). 

1.96 

1.96 

1.96 

1.96 

1.96 

1.96 
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Table 3.11   Homogeneity-Restricted Demand Equations 
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g g
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= =
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 (All values ×100; standard errors are in parenthesis) 

Commodity Intercepts for countries that are intensive in  Volume 
index Conditional Slutsky coefficients 

 

Good 1 

i1
α  

Good 2 

i 2
α  

Good 3 

i 3
α  

Good 4 

i 4
α  

Good 5 

i 5
α  

None 

i 6
α  i

β  

g

i1p  

g

i 2p  

g

i3p  

g

i 4p  

g

i5p  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 
A.      Staples (Cǵ=121 countries) 

 Rice Other cereals  Bread Bakery and pasta   None 
  

Rice Other cereals  Bread Bakery and pasta 
  Rice 23.32 (1.94) -8.23 (2.11) -12.35 (2.03) -12.35 (2.21) 

  
- 1.06 (0.47) -22.09 (1.92) 5.35 (1.74) 8.30 (1.80) 8.44 (3.17) 

  Other cereals -3.44 (1.40) 26.92 (1.53) -7.03 (1.47) -2.83 (1.60) 
  

- -1.43 (0.34) 5.63 (1.39) -13.48 (1.26) 3.74 (1.30) 4.12 (2.29) 
  Bread -16.69 (2.40) -17.20 (2.61) 23.88 (2.51) -3.75 (2.73) 

  
- 1.09 (0.58) 10.39 (2.37) 6.30 (2.15) -17.97 (2.22) 1.29 (3.91) 

  Bakery and pasta -3.19 (1.73) -1.49 (1.89) -4.50 (1.81) 18.93 (1.97) 
  

- -0.72 (0.42) 6.08 (1.71) 1.84 (1.55) 5.92 (1.60) -13.84 (2.83) 
  B.      Meat and Seafood (Cǵ=126) 

 Beef Pork and lamb Poultry Other meat Fish & Seafood None   Beef Pork and lamb Poultry Other meat Fish & Seafood 
Beef 22.90 (1.71) -11.44 (2.08) -12.55 (3.50) -11.88 (1.83) -12.71 (1.67) - 0.72 (0.33) -13.21 (2.10) -0.74 (2.06) 3.83 (2.10) 3.43 (1.97) 6.69 (1.81) 
Pork and lamb -7.78 (1.47) 26.94 (1.79) -8.02 (3.01) -4.25 (1.57) -8.50 (1.44) - 0.34 (0.28) 6.42 (1.80) -11.49 (1.77) 0.36 (1.80) 1.00 (1.69) 3.71 (1.56) 
Poultry -0.22 (1.09) -2.86 (1.33) 36.54 (2.23) -0.69 (1.17) -3.51 (1.07) - -0.85 (0.21) 5.34 (1.34) 2.03 (1.32) -11.81 (1.34) 0.11 (1.26) 4.34 (1.15) 
Other meat -7.15 (1.63) -5.12 (1.98) -7.14 (3.34) 21.02 (1.74) -6.45 (1.60) - 0.39 (0.31) -1.89 (2.00) 7.78 (1.97) 6.42 (2.00) -13.01 (1.88) 0.71 (1.73) 
Fish and seafood -7.74 (1.69) -7.52 (2.06) -8.82 (3.46) -4.20 (1.81) 31.16 (1.66) - -0.60 (0.32) 3.34 (2.08) 2.42 (2.04) 1.20 (2.08) 8.48 (1.95) -15.45 (1.79) 

C.  Dairy (Cǵ=112) 

 Fresh milk Preserved milk Cheese Eggs   None   Fresh milk Preserved milk Cheese Eggs   
Fresh milk 18.60 (1.66) -6.29 (1.58) -8.93 (1.92) -4.71 (3.30) 

  
- 0.59 (0.37) -25.12 (2.41) 13.23 (3.27) 8.12 (2.42) 3.77 (2.02) 

  Preserved milk -4.48 (1.78) 20.90 (1.70) -3.21 (2.06) -5.49 (3.55) 
  

- 0.10 (0.40) 10.73 (2.59) -23.49 (3.52) 4.52 (2.60) 8.25 (2.17) 
  Cheese -6.29 (1.39) -9.05 (1.33) 14.23 (1.61) -5.92 (2.77) 

  
- 0.54 (0.31) 10.09 (2.02) 5.01 (2.74) -16.15 (2.03) 1.04 (1.69) 

  Eggs -7.82 (0.94) -5.56 (0.90) -2.09 (1.08) 16.11 (1.87) 
  

- -1.23 (0.21) 4.30 (1.36) 5.25 (1.85) 3.52 (1.37) -13.06 (1.14) 
  D.  Fruit and Vegetables (Cǵ=122) 

 Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Vege None   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Vege 
Fresh fruit 9.00 (3.92) - -15.81 (3.39) -29.43 (4.58) - -5.42 (3.19) 3.84 (0.72) -15.68 (2.83) -2.98 (3.60) 12.31 (3.05) 4.65 (1.70) 1.69 (3.57) 
Frozen fruit -7.00 (2.16) - -5.67 (1.87) -4.36 (2.52) - -6.38 (1.76) -0.14 (0.40) -3.42 (1.56) -2.13 (1.98) 5.35 (1.68) 1.58 (0.94) -1.38 (1.97) 
Fresh vegetables 5.77 (4.34) - 29.90 (3.75) -0.35 (5.06) - 13.74 (3.52) -0.82 (0.79) 9.56 (3.13) 4.69 (3.98) -17.70 (3.37) 4.67 (1.88) -1.22 (3.95) 
Fresh potatoes 5.03 (3.08) - 0.32 (2.66) 36.45 (3.60) - 7.87 (2.50) -3.34 (0.56) 6.20 (2.22) -2.43 (2.83) 0.01 (2.40) -12.28 (1.33) 8.50 (2.81) 
Frozen vegetables -12.80 (2.49) - -8.73 (2.15) -2.30 (2.91) - -9.81 (2.02) 0.46 (0.46) 3.35 (1.80) 2.84 (2.29) 0.04 (1.94) 1.37 (1.08) -7.60 (2.27) 

E.  Sweet Things (Cǵ =121) 

 Sugar Jam Chocolate     None   Sugar Jam Chocolate 
    Sugar 24.02 (1.19) -16.37 (3.84) -13.22 (1.68) 

    
- -0.04 (0.42) -17.97 (1.42) 1.97 (1.59) 16.00 (1.42) 

   Jam -9.30 (0.77) 32.98 (2.47) -7.91 (1.08) 
    

- -1.48 (0.27) 3.87 (0.91) -5.68 (1.02) 1.81 (0.91) 
   Chocolate -14.72 (1.20) -16.60 (3.89) 21.12 (1.70) 

    
- 1.52 (0.43) 14.10 (1.43) 3.71 (1.61) -17.81 (1.44) 

   F.  Other Foods (Cǵ=136) 

 Other edible oil Food products Coffee,tea Mineral water   None   Other edible oil Food products Coffee,tea Mineral water 
  Other edible oil 22.38 (1.68) -9.17 (1.52) -3.33 (2.62) -7.27 (1.43) 

  
- -0.22 (0.30) -17.22 (1.85) 3.11 (2.36) 2.26 (2.23) 11.85 (2.58) 

  Food products -9.71 (2.05) 22.07 (1.85) -12.37 (3.20) -9.99 (1.74) 
  

- 0.73 (0.37) 2.36 (2.26) -19.96 (2.88) 9.56 (2.72) 8.04 (3.15) 
  Coffee, tea -4.44 (1.02) -4.58 (0.92) 22.14 (1.59) -3.87 (0.86) 

  
- -1.32 (0.18) 3.12 (1.12) 9.06 (1.43) -11.90 (1.35) -0.28 (1.57) 

  Mineral water -8.23 (1.85) -8.31 (1.67) -6.44 (2.88) 21.14 (1.57)     - 0.82 (0.33) 11.75 (2.04) 7.79 (2.59) 0.08 (2.45) -19.61 (2.84)     
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The null hypothesis of symmetry for group g takes the form . As 

this is a cross-equation constraint, it can only be tested for all goods jointly using an F-test. 

Column 4 of Table 3.10 gives the symmetry test statistics; as five out of the six statistics are 

insignificant, there seems to be little evidence against symmetry. Imposing the homogeneity 

and symmetry constraints on (3.9), we obtain the constrained estimates in Table 3.12. A 

comparison with the homogeneity-restricted estimates in Table 3.11 shows that the estimates 

are quite close, as is to be expected, and many of the standard errors fall.   

3.12   Properties of the Residuals   

The discussion thus far has focused on the application of the demand model. But how 

adequately does this model fit the data? Is the underlying assumption of normality satisfied? 

This section examines the residuals to shed light on these matters.  

Consider the homogeneity- and symmetry-restricted estimates in Table 3.12. Let  

be the residual for commodity i ( ) in group g ( ) for country c (

) and  be the  column vector of these residuals for country c. Then, 

an estimate of the  covariance matrix is  

the matrix of mean squares and cross products.  

Table 3.13 contains the upper triangle of  together with the corresponding 

correlations. For staples in panel A, the negative covariance between rice and other cereals 

shows that a positive shock to the consumption of other cereals leads to a decline in rice 

demand. That is, rice and other cereals substitute for one another on account of random 

factors, which is in accord with the sign of corresponding Slutsky coefficient in Table 3.12. 

Of all the covariances in the off-diagonals of the table, only two are positive, so substitution 

rules the day. This is an entirely reasonable result. The corresponding correlations in 

parentheses range from (-0.79, 0.09). Interestingly, the largest residual correlation, -0.79, is 

between (i) sugar and (ii) chocolate and ice cream in group of sweet things. On the basis of 

residual substitutability interpretation, we can say that consumers exhibit considerable 

flexibility in meeting their “sweet tooth” requirements. Another correlation worth mentioning 

is between fresh and preserved milk, which is -0.52 (panel C). The majority of the other 

correlations are less than one-half. Regarding the variances in the diagonals, the largest is for 

bread (0.0058) and the smallest is for jam (0.0011). However, they are not directly 

comparable as these variances reflect the size of the corresponding shares.  

ij ji g,  (i, j S )p = p ∈

icε̂

gi 1,..., n= g 1,...,6=

gc 1,...,C′= icˆˆ [ ]cε ε= gn 1×

g gn n× ( ) ( )g gC C
g c 1 g c 1 ic jc

ˆ ˆ ˆˆ ˆ1 C 1 C ,ε εg c cε ε′ ′
= =

 ′ ′ ′Σ = ∑ = ∑ 

ˆ
gΣ
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Table 3.12  Homogeneity- and Symmetry-Restricted Estimates 

( )
g g

ic ic c i c ic

n 1 n

ik k k ij jc
k 1 j 1

w (log q log Q ) log QI c S log p
+

= =

− = + β + + εα ∈ p∑ ∑ , gi 1,..., n= , the number of goods in group g, gc 1,...,C′= countries for g     

(All values ×100; standard errors are in parenthesis) 

Commodity Intercepts for countries that are intensive in  Volume 
index Conditional Slutsky coefficients 

 

Good 1 

i1
α  

Good 2 

i 2
α  

Good 3 

i 3
α  

Good 4 

i 4
α   

Good 5 

i 5
α  

None 

i 6
α  i

β  

g

i1p  

g

i 2p  

g

i3p  

g

i 4p  

g

i5p  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 
A.      Staples (Cǵ =121 countries) 

 Rice Other cereals  Bread Bakery and 
pasta   None 

  

Rice Other cereals  Bread Bakery and 
pasta 

  Rice 23.38 (1.93) -8.00 (2.07) -12.26 (2.00) -12.35 (2.18) 
  

- 1.15 (0.43) -21.67 (1.80) 6.01 (1.00) 8.99 (1.43) 6.68 (1.51) 
  Other cereals -3.39 (1.40) 27.12 (1.51) -6.95 (1.46) -2.82 (1.60) 

  
- -1.35 (0.33)   -12.89 (1.04) 4.33 (1.02) 2.56 (1.27) 

  Bread -16.80 (2.37) -17.61 (2.57) 23.58 (2.44) -3.98 (2.72) 
  

- 0.94 (0.55)     -19.14 (2.00) 5.83 (1.54) 
  Bakery and pasta -3.20 (1.73) -1.51 (1.89) -4.37 (1.79) 19.15 (1.96) 

  
- -0.74 (0.42)       -15.06 (2.59) 

  B.      Meat and Seafood (Cǵ =126) 

 Beef Pork and lamb Poultry Other meat Fish & Seafood None   Beef Pork and lamb Poultry Other meat Fish & Seafood 
Beef 23.03 (1.69) -11.45 (2.01) -12.22 (3.49) -12.01 (1.81) -12.91 (1.58) - 0.75 (0.31) -16.02 (1.81) 3.48 (1.40) 5.75 (1.05) 2.63 (1.22) 4.16 (1.32) 
Pork and lamb -8.50 (1.45) 26.28 (1.76) -8.26 (3.00) -4.62 (1.55) -9.31 (1.39) - 0.25 (0.27)   -9.11 (1.59) 1.55 (1.01) 1.91 (1.12) 2.18 (1.20) 
Poultry -0.41 (1.08) -3.04 (1.32) 36.50 (2.23) -0.56 (1.16) -3.92 (1.05) - -0.95 (0.20)     -12.58 (1.28) 1.41 (1.11) 3.87 (1.00) 
Other meat -6.94 (1.62) -4.31 (1.94) -7.21 (3.33) 21.51 (1.72) -5.59 (1.55) - 0.32 (0.31)       -10.91 (1.55) 4.94 (1.19) 
Fish and seafood -7.19 (1.65) -7.49 (2.00) -8.81 (3.45) -4.33 (1.79) 31.73 (1.60) - -0.37 (0.31)         -15.15 (1.73) 

C.   Dairy (Cǵ =112) 

 Fresh milk Preserved milk Cheese Eggs   None   Fresh milk Preserved milk Cheese Eggs   
Fresh milk 18.66 (1.63) -6.37 (1.54) -9.02 (1.91) -4.43 (3.23) 

  
- 0.61 (0.37) -25.12 (2.40) 11.74 (2.23) 9.23 (1.61) 4.14 (1.15) 

  Preserved milk -4.58 (1.75) 20.57 (1.66) -3.03 (2.05) -6.18 (3.49) 
  

- 0.18 (0.40)   -22.75 (3.43) 4.45 (2.09) 6.56 (1.50) 
  Cheese -6.22 (1.34) -8.77 (1.31) 14.08 (1.60) -5.34 (2.71) 

  
- 0.47 (0.30)     -16.15 (2.01) 2.46 (1.06) 

  Eggs -7.87 (0.91) -5.43 (0.89) -2.03 (1.08) 15.95 (1.86) 
  

- -1.26 (0.21)       -13.17 (1.14) 
  D.   Fruit and Vegetables (Cǵ =122)  

 Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Vege None   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Vege 
Fresh fruit 7.77 (3.70) - -17.11 (3.16) -30.69 (4.30) - -6.55 (2.98) 3.94 (0.71) -15.30 (2.74) -3.59 (1.33) 10.60 (2.50) 4.94 (1.32) 3.35 (1.37) 
Frozen fruit -7.85 (2.09) - -6.45 (1.80) -5.41 (2.40) - -7.04 (1.70) -0.05 (0.39)   -3.58 (1.60) 5.04 (1.39) 1.87 (0.80) 0.27 (1.44) 
Fresh vegetables 6.16 (4.09) - 30.31 (3.54) -0.03 (4.58) - 13.84 (3.33) -0.96 (0.78)     -17.62 (3.31) 2.87 (1.56) -0.89 (1.51) 
Fresh potatoes 8.03 (2.86) - 3.23 (2.44) 39.80 (3.19) - 10.53 (2.30) -3.57 (0.56)       -12.12 (1.28) 2.44 (0.90) 
Frozen vegetables -14.12 (2.44) - -9.97 (2.10) -3.67 (2.81) - -10.77 (1.99) 0.64 (0.45)         -5.17 (1.68) 

E.  Sweet Things (Cǵ =121) 

 Sugar Jam Chocolate     None   Sugar Jam Chocolate 
    Sugar 24.51 (1.11) -15.96 (3.83) -12.81 (1.64) 

    
- -0.07 (0.42) -18.55 (1.32) 3.49 (0.84) 15.06 (1.15) 

    Jam -9.42 (0.76) 32.85 (2.47) -8.00 (1.08) 
    

- -1.47 (0.27)   -5.66 (1.02) 2.17 (0.85) 
    Chocolate -15.09 (1.16) -16.90 (3.88) 20.81 (1.68) 

    
- 1.53 (0.43)     -17.24 (1.34) 

    F.  Other Foods (Cǵ=136) 

 Other edible oil Food products Coffee,tea Mineral water   None   Other edible oil Food products Coffee,tea Mineral water 
  Other edible oil 22.44 (1.61) -9.10 (1.37) -3.37 (2.58) -7.22 (1.41) 

  
- -0.26 (0.29) -17.40 (1.79) 2.70 (1.69) 2.96 (1.03) 11.74 (1.62) 

  Food products -9.74 (1.99) 22.05 (1.72) -12.35 (3.18) -10.00 (1.72) 
  

- 0.74 (0.35)   -19.80 (2.80) 9.13 (1.28) 7.97 (2.28) 
  Coffee, tea -4.45 (1.01) -4.60 (0.89) 22.14 (1.58) -3.89 (0.86) 

  
- -1.32 (0.18)     -11.91 (1.35) -0.18 (1.36) 

  Mineral water -8.25 (1.83) -8.35 (1.63) -6.43 (2.88) 21.11 (1.56)     - 0.83 (0.32)             -19.53 (2.77)     
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Table 3.13   Residual Covariance Matrices 

Commodity Good 1 Good 2 Good 3 Good 4 Good 5 
A.  Staples (Cǵ =121 countries) 

 Rice Other cereals Bread Bakery and pasta   
Rice 3.78 (1.00) -0.67 (-0.23) -2.23 (-0.49) -0.83 (-0.26) 

  Other cereals 
  

1.98 ( 1.00) -1.31 (-0.40) 0.02 ( 0.00) 
  Bread 

    
5.78 ( 1.00) -2.17 (-0.52) 

  Bakery and pasta 
      

3.03 ( 1.00) 
  B.  Meat and Seafood (Cǵ =126) 

 Beef and veal Pork and lamb Poultry Other meat Fish and seafood 
Beef and veal 3.26 (1.00) -0.44 (-0.16) -0.14 (-0.07) -1.26 (-0.39) -1.41 (-0.44) 
Pork and lamb 

  
2.39 ( 1.00) -0.26 (-0.15) -0.94 (-0.34) -0.75 (-0.27) 

Poultry 
    

1.28 ( 1.00) -0.40 (-0.20) -0.48 (-0.24) 
Other meat 

      
3.18 ( 1.00) -0.58 (-0.18) 

Fish and seafood 
        

3.21 ( 1.00) 
C.  Dairy (Cǵ =112) 

 Fresh milk Preserved milk Cheese Eggs   
Fresh milk 3.61 (1.00) -2.06 (-0.52) -1.11 (-0.35) -0.44 (-0.21) 

  Preserved milk 
  

4.37 ( 1.00) -1.59 (-0.46) -0.72 (-0.32) 
  Cheese 

    
2.71 ( 1.00) -0.01 (-0.01) 

  Eggs 
      

1.18 ( 1.00) 
  D.  Fruit and Vegetables (Cǵ =122) 

 Fresh fruit Frozen fruit Fresh vegetables Fresh potatoes Frozen vegetables 
Fresh fruit 4.59 (1.00) -0.80 (-0.32) -2.48 (-0.50) -0.88 (-0.24) -0.43 (-0.15) 
Frozen fruit 

  
1.36 ( 1.00) -0.59 (-0.22) -0.10 (-0.05) 0.13 ( 0.09) 

Fresh vegetables 
    

5.41 ( 1.00) -1.38 (-0.35) -0.97 (-0.31) 
Fresh potatoes 

      
2.91 ( 1.00) -0.56 (-0.24) 

Frozen vegetables 
        

1.82 ( 1.00) 
E.  Sweet Things (Cǵ =121) 

 Sugar Jam 
Chocolate and ice 

cream   
Sugar 2.51 (1.00) -0.50 (-0.30) -2.01 (-0.79) 

    Jam 
  

1.09 ( 1.00) -0.59 (-0.35) 
    Chocolate and ice cream 

    
2.60 ( 1.00) 

    F.  Other Food (Cǵ =136) 

 Other edible oil Food products Coffee, tea Mineral water   
Other edible oil 3.40 (1.00) -1.85 (-0.45) -0.51 (-0.25) -1.04 (-0.28) 

  Food products 
  

4.96 ( 1.00) -0.44 (-0.17) -2.67 (-0.60) 
  Coffee, tea 

    
1.28 ( 1.00) -0.33 (-0.14) 

  Mineral water             4.04 ( 1.00)     
Note: Covariances are ×1000. Correlations are in parentheses. 

 

Next, we test the normality of the residuals. The disturbance covariance matrix gΣ  

can be expressed as 2DΛ D′ , where D  is the orthogonal matrix of the characteristic vectors 

and 2Λ  is a diagonal matrix of the roots of gΣ . The transformed residuals 1
cε̂ DΛ D− ′=  are 

then uncorrelated with mean 0 and standard deviation 1. To implement this transformation, 

we replace gΣ  with its estimate ˆ
gΣ , which can be obtained by deleting the last row and 

column from the relevant covariance matrix of Table 3.13. Table 3.14 gives the Jarque-Bera 

test statistics for the original and transformed residuals. As the residuals for a given country c 
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sum to zero across goods within a food group, the transformed residual for the last 

commodity is defined as the negative of the sum of the other residuals. As can be seen, in 

most cases, normality cannot be rejected. 

 

Table 3.14  Jarque-Bera Tests of Normality 

Group/Item 
Type of residual 

Original Transformed 
(1) (2) (3) 

A.  Staples (Cǵ =121 countries) 
Rice 0.17 0.48 
Other cereals 5.11 8.23 
Bread 1.81 2.77 
Bakery and pasta 0.48 0.57 

B.   Meat and Seafood (Cǵ =126) 
Beef and veal 1.30 0.03 
Pork and lamb 3.79 2.31 
Poultry 3.63 5.82 
Other meat 4.92 3.86 
Fish and seafood 4.49 4.84 

C.   Dairy (Cǵ =112) 
Fresh milk 3.60 2.07 
Preserved milk 4.72 5.89 
Cheese 4.21 1.53 
Eggs 0.74 1.05 

D.   Fruit and Vegetables (Cǵ =122) 
Fresh fruit 0.70 0.97 
Frozen fruit 2.74 0.17 
Fresh vegetables 0.10 0.41 
Fresh potatoes 9.62 3.20 
Frozen vegetables 3.73 6.63 

E.   Sweet Things (Cǵ =121) 
Sugar 1.18 1.09 
Jam 4.71 6.03 
Chocolate and ice cream 0.99 1.58 

F.   Other Food (Cǵ =136) 
Other edible oil 3.67 0.94 
Food products 0.32 0.71 
Coffee, tea 8.56 4.73 
Mineral water  5.97 7.69 

Notes:   
1. The residuals are from the homogeneity- and symmetry-restricted equations of Table 

3.12. 
2. The critical value of the test statistic at 5% level is approximately 5.51. 

 

Figure 3.3 gives the P-P plots of the residuals. For most commodities, substantial 

deviations from the 45°-line occur in less than 10% of cases, which is supportive of 

normality. The exceptions are fresh potatoes (substantial deviations occur in 20% of cases),  
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Figure 3.3    P-P Plots of Residuals 
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Figure 3.3 P-P Plots of Residuals (Continued) 

D.   Fruit and Vegetables (Cǵ=122) 

Fresh fruit 

 

Frozen fruit 

 

Fresh vegetables 

 

Fresh potato 

 

Frozen vegetables 

 

Total 

 

E.   Sweet Things (Cǵ=121) 

Sugar 

 

Jam 

 

Chocolate and ice cream 

 

Total 

 

  

F.   Other Food (Cǵ=136) 

Other edible oil 

 

Food products 

 

Coffee, tea and Cocoa 

 

Mineral waters 

 

Total 

 

 

Note: Residuals are from the homogeneity- and symmetry-constrained demand equations of Table 3.12.  
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coffee, tea and cocoa (21%) and mineral water (20%). These departures from normality are in 

accordance with the Jarque-Bera statistics of Table 3.14. To test for multivariate normality of 

all members of the group, we use the same independence transformation. As can be seen 

from the last graph in each panel of the figure (labelled “Total”), the residuals that lie within 

the range [0.05, 0.95] are located quite close to the line, again supportive of the normality 

hypothesis.  

3.13   The Implied Income and Price Elasticities 

This section discusses the income and price sensitivity of consumption. Recall 

equation (3.8), the demand for good i, for , in country c: 

                     

It can be easily shown that the ith income elasticity is 

 and the  price elasticity is 

34 To implement these elasticities, we use the estimates of  and 

 from Table 3.12. The underlying demand equations contain multiple intercepts to deal 

with groups of countries with differing intensity of consumption. For the budget share  

the simplest approach would be to use the observed value  However, as the 

observed share contains substantial randomness, this would have the unattractive implication 

of the elasticities being highly variable. An alternative is to use the fitted share  that 

eliminates much of the randomness. Details of the  are given in the next section. As there 

are about 120 countries for each of 25 goods, in total, there are about 120×25=3,000 own-

price elasticities and same number of income elasticities. These elasticities are summarised 

by income quartiles in Table 3.15.  

Consider the staples group in the first panel of Table 3.15. There are large swings in 

own-price elasticities across the income distribution, with rice, for example, falling (in 

absolute value) from -1.20 for the poor to -0.77 for the rich; the same pattern also applies to 

                                                 
34 Strictly speaking, the “income” elasticity ( )  here is conditional, that is, the elasticity with respect to real 
total consumption of the food group. The usual, or unconditional, income elasticity is then the product of the 
conditional elasticity and the elasticity of group consumption with respect to income, , where 

 This matter will be considered in 
considerable detail in Chapter 4.   

i 1,..., n=

ic i ic

n

ic c c ij jc
j 1

w log(log q log Q ) Q log p .
=

= β− + p + ε∑

( )ic c ic i iclog q log Q w w ;∂ ∂ = + β th(i, j)

ic jc ij iclog q log p w .∂ ∂ = p iβ

ijp

icw ,

ic ic i ic icp q p q .∑

icŵ

icŵ

i′η

i g′η η

g (log total real consumption of group g) (log real income).      η = ∂ ∂
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other cereals. In contrast, the price elasticity for bread and bakery and pasta increases (in 

absolute value) for the same income change. In part at least, this reflects the fact that rice and  

 

Table 3.15     Elasticities of Demand 

Items 
1st Quartile   2nd Quartile   3rd Quartile   4th Quartile   All 

Price  Income   Price  Income   Price  Income   Price  Income   Price  Income 
(1) (2) (3)  (4) (5)  (6) (7)  (8) (9)  (10) (11) 

A.  Staples 
Rice -1.20 1.06 

 
-1.02 1.05 

 
-0.89 1.05 

 
-0.77 1.04 

 
-0.97 1.05 

Other Cereals -0.67 0.93 
 

-0.54 0.94 
 

-0.46 0.95 
 

-0.38 0.96 
 

-0.51 0.95 
Bread -0.63 1.03 

 
-0.68 1.03 

 
-0.73 1.04 

 
-0.80 1.04 

 
-0.71 1.03 

Bakery and  Pasta -0.47 0.98 
 

-0.57 0.97 
 

-0.72 0.96 
 

-1.10 0.95 
 

-0.72 0.96 
B.  Meat and Seafood 

Beef -1.00 1.05 
 

-0.89 1.04 
 

-0.80 1.04 
 

-0.70 1.03 
 

-0.85 1.04 
Pork and Lamb -0.50 1.01 

 
-0.50 1.01 

 
-0.51 1.01 

 
-0.51 1.01 

 
-0.50 1.01 

Poultry -0.51 0.96 
 

-0.53 0.96 
 

-0.55 0.96 
 

-0.58 0.96 
 

-0.54 0.96 
Other Meat -0.48 1.01 

 
-0.55 1.02 

 
-0.64 1.02 

 
-0.84 1.02 

 
-0.63 1.02 

Fish and Seafood -0.83 0.98 
 

-0.76 0.98 
 

-0.69 0.98 
 

-0.62 0.98 
 

-0.73 0.98 
C.  Dairy 

Fresh milk -0.94 1.02 
 

-0.89 1.02 
 

-0.84 1.02 
 

-0.79 1.02 
 

-0.86 1.02 
Preserved milk -0.75 1.01 

 
-0.74 1.01 

 
-0.73 1.01 

 
-0.71 1.01 

 
-0.73 1.01 

Cheese -0.67 1.02 
 

-0.79 1.02 
 

-0.96 1.03 
 

-1.39 1.04 
 

-0.95 1.03 
Eggs -0.70 0.93 

 
-0.64 0.94 

 
-0.60 0.94 

 
-0.54 0.95 

 
-0.62 0.94 

D.  Fruit and Vegetables 
Fresh fruit -0.45 1.12 

 
-0.51 1.13 

 
-0.59 1.15 

 
-0.77 1.20 

 
-0.58 1.15 

Frozen fruit -0.69 0.99 
 

-0.72 0.99 
 

-0.77 0.99 
 

-0.84 0.99 
 

-0.75 0.99 
Fresh vegetables -0.53 0.97 

 
-0.51 0.97 

 
-0.50 0.97 

 
-0.48 0.97 

 
-0.51 0.97 

Fresh potatoes -0.69 0.80 
 

-0.56 0.83 
 

-0.48 0.86 
 

-0.39 0.89 
 

-0.53 0.84 
Frozen vegetables -0.53 1.07 

 
-0.56 1.07 

 
-0.59 1.07 

 
-0.65 1.08 

 
-0.58 1.07 

E.  Sweet things 
Sugar -0.70 1.00 

 
-0.55 1.00 

 
-0.45 1.00 

 
-0.38 1.00 

 
-0.52 1.00 

Jam -0.24 0.94 
 

-0.23 0.94 
 

-0.23 0.94 
 

-0.23 0.94 
 

-0.23 0.94 
Chocolate -0.35 1.03 

 
-0.41 1.04 

 
-0.50 1.04 

 
-0.67 1.06 

 
-0.48 1.04 

F.  Other food 
Other edible oil -1.09 0.98 

 
-0.84 0.99 

 
-0.68 0.99 

 
-0.54 0.99 

 
-0.79 0.99 

Food products -0.67 1.02 
 

-0.69 1.03 
 

-0.71 1.03 
 

-0.74 1.03 
 

-0.70 1.03 
Coffee, tea -0.51 0.94 

 
-0.54 0.94 

 
-0.56 0.94 

 
-0.60 0.93 

 
-0.55 0.94 

Mineral water -0.63 1.03   -0.70 1.03   -0.78 1.03   -0.94 1.04   -0.76 1.03 
Note: Quartiles relate to consumption per capita. See the next section for details. The price elasticities are own-price 
elasticities. 

 

other cereals are the dominant staples in poor countries, while bread, and bakery and pasta 

play that role in rich countries. The price elasticities for all countries in column 10 are 

harmonic means of the four quartile elasticities. These are less than 1 in all cases. The income 

elasticities are close to unity as the estimates of   are close to zero.  

Panels B to F of Table 3.15 contain the elasticities for goods in the other five groups. 

Within meat and seafood, the absolute price elasticities are quite stable across quartiles; the 

exception to this rule is other meat, whose elasticity almost doubles in moving from rich to 

poor countries. For dairy, the price elasticity for cheese increases substantially as income 

iβ
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falls, while the other three items have fairly stable elasticities across the income distribution. 

In the other three groups, the goods whose price elasticities increase with income include 

fresh fruit, chocolate and mineral water; while the goods with the opposite pattern are fresh 

potatoes, sugar and other edible oil. The price elasticities of remaining goods in these three 

groups are stable across quartiles. The income elasticities are close to 1 in all cases, except 

fresh fruit, where it is a luxury.   

Figure 3.4 presents frequency distributions of the own-price elasticities for staples. 

These clearly show how the distribution shifts from one income quartile to another. They also 

show that there is substantially less dispersion within each quartile than there is when all 

countries are combined, as in the last column of Figure 3.4. In other words, there is more 

dispersion between quartiles than within. The dispersion, as measured by the standard 

deviation (SD), within each quartile lies in the range [0.01, 0.10]. The exception is bakery 

and pasta in fourth quartile where the SD is 0.20, due to the occurrence of elasticities of about 

-1.5 in the poorest countries such as Central African, Mozambique and Tanzania. 

Interestingly, for rice, the SD for all countries is roughly the sum of that across quartiles; that 

is, 0.07 + 0.04 + 0.04 + 0.03 = 0.18 vs 0.16, which points to near-zero covariances. This rule 

also holds for other cereals and bread, but not bakery and pasta. For all countries combined, 

bread has the lowest SD of 0.06, while the SD for bakery and pasta is four times that for 

bread. It is worthwhile to note that these elasticities are subjected to sampling errors as the 

underlying estimated parameters all come with standard errors.   

3.14   The Variability of the Budget Shares 

The ( )thi, j  price elasticity in country c is ijc ij icwη = p , the ratio of the Slutsky 

coefficient to budget share. With ijp  specified as a constant, it follows that the variability of 

the budget share icw  passes into the elasticity ijcη . In logarithmic terms, we have 

( ) ( )ijc icvar log var log wη = . This section discusses the source of the variability and how it can 

be mitigated.  

An important source of variability in the shares is that groups of countries have 

differing intensity of consumption; this issue was previously discussed in Section 3.6. To 

illustrate, consider the case of rice. The box plot below shows that how the range of rice 

budget shares changes from one group to another. The median share in rice intensive 

countries is the highest with above 0.50, while the lowest, close to 0, is in the bakery and 
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Figure 3.4      Own-Price Elasticities of Demand for Staples 

Item 1st quartile 2nd quartile 3rd quartile 4th quartile All 

Rice 

     

Other 
cereals 

     

Bread 

     

Bakery and 
pasta 

     

Note: Quartiles relate to consumption per capita. 
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pasta-intensive countries. The interquartile range also varies substantially across country 

groups, with a large range for the rice-intensive and diversified groups and a small range for 

bread-, and bakery and pasta- intensive groups.  

 

 
  

 

 

As stated above, the variability in the shares  passes into the elasticities 

 when constant. One way to deal with this would be to allow the Slutsky 

coefficients  to take different values for different groups, so that this source of dispersion 

in  and  may be more or less neutralised when the ratio is taken to form the elasticity. 

Another approach is to smooth the shares by purging them of much of their variability. Thus, 

when the constant Slutsky coefficients are divided by the smoothed shares, the elasticities 

would also be smooth, rather than fluctuating substantially. We shall use this second 

approach. 

To smooth the shares, we use a filter, which takes the form of an equation that 

expresses the share of good i in country c in terms of indicator functions and the country’s 

GDP per capita. Each indicator function represents one intensity-of-consumption country 

group, as described in Section 3.6. For a food group with gn  goods, there are gn 1+  country 

groups, one for each good plus an additional one for diversified countries. Thus, there are 

gn 1+  indicator functions. The kth indicator function is denoted by ( )k kI c S ,∈  which takes 

the value 1 if country c is a member of group k (which is represented by kS ), 0 otherwise. 
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ijp

ijp icw
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Thus, for good i (i = 1,…, gn ) belonging to food group g (g = 1,…,6) in country c (c = 1,…, 

gC′ ), we have  

(3.10)          
g

ic i ic

n 1
c

i ik ck k
k 1

Y
w logI (c S ) .

Y

+

∗
=

= λ + φ
 + λ ∈ + ε 
 

∑  

In this equation, icw  is the conditional budget share, that is, the proportion of expenditure on 

food group g devoted to good i; the variable cY Y∗  is country c’s per capita GDP ( )cY  

relative to that in the US ( )Y∗ ; icε  is a zero-mean disturbance term. The relative income term 

cY Y∗  in equation (3.10) serves to control for the other major determinant of the shares, 

affluence in the country in question. The use of this relative income term facilitates the 

application of the demand model to a country not included in the original sample, something 

we shall return to in the next section. 

As iλ  is an intercept common to all countries, the coefficient of the indicator function 

ikλ  is interpreted as marginal effect for countries that belong to intensity-of-consumption 

group k, so the total intercept for these countries is i ikλ + λ . These ikλ  represent the source of 

variability in the shares due to the differing country groups. As each country is allocated to 

one of the gn  groups, it follows that gn 1
k 1 ck kI (c S ) 1+

=∑ ∈ = , gc 1,...,C′= . Since the common 

intercept iλ  in equation (3.10) is associated with a “variable” that is a vector of ones, the ikλ

’s are not identified. To deal with this, we use the normalisation that the marginal effects sum 

to zero, gn 1
k 1 ik 0.+

=∑ λ =  This is consistent with the above interpretation that the ikλ ’s are 

deviations from the overall effect iλ  as the normalisation endures that these deviations sum 

to zero. This implies g

g

n
i,n 1 k 1 ik ,+ =λ = − ∑ λ  so that equation (3.10) can be expressed as 

          
g

g gic i ic

n
c

i ik k k n 1 n 1
k 1

Y
w logI (c S ) I (c S ) .

Y+ + ∗
=

= λ + φ
  + λ ∈ − ∈ + ε    

∑  

For gi 1,..., n= , this is a system of equations to be estimated jointly. As the shares satisfy 

gi S icw 1∈∑ = , where gS  is the set of goods belonging to group g, there are implied adding-up 

constraints on the parameters. Appendix A3.1 contains a discussion of this issue within the 

broader context of the econometrics of adding-up constraint.  
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Table 3.16 contains the OLS estimates of equation (3.10) for gi 1,..., n= , g 1,...,6= . 

The row-sum constraints k ik 0∑ λ =  have been imposed in estimation by the above 

substitution approach. To remove much of the variability represented by ikλ , we set them 

equal to 0,  so, the fitted share is ( )ic i i cŵ Yˆ ˆ log Y∗= λ + φ . Suppose GDP in country c is 0.75 

of that in US, then the expected rice share is ( )icŵ 17.61 3.36log 0.75 18.58.= − =  If c = US, 

,  and its share for i is . Thus, the common intercept 

 is interpreted as  for the US. The table below contains the standard derivations of 

the observed and fitted shares. Clearly, filtering leads to a substantial decline in the dispersion 

of the shares. 

Shares Rice Other 
cereals Bread Bakery and  

pasta 
Observed 0.22 0.17 0.19 0.17 
Fitted 0.04 0.05 0.02 0.07 

The left panel of Figure 3.5 plots against GDP the implied own-price elasticities of 

staples using the observed shares. Although there is considerable dispersion of elasticities, the 

top two for rice and other cereals show the elasticities (in absolute value) roughly increase 

with GDP, while the two below suggest a decline. The pattern becomes much clearer in the 

right panel when the fitted shares are used. Figure 3.6 applies the same approach to the 

income elasticities and again the smoothing effect is clear. Thus, equation (3.10) has done its 

job as a filter.   

3.15   An Out-of-Sample Country, Cuba 

As stated in the previous section, equation (3.10) can serve two purposes. First, it acts 

as a filter to remove the variability in the observed shares. Second, it can be used to apply the 

demand model to a country not included in the original sample. The former function has been 

discussed previously, and in this section we use Cuba to illustrate the latter. Cuba is an 

interesting country because it is so different from the others. According to Wikipedia 

(https://en.wikipedia.org/wiki/Cuba), “The Cuban state claims to adhere to socialist principles 

in organizing its largely state-controlled planned economy. Most of the means of production 

are owned and run by the government and most of the labour force is employed by the state.”  

First, suppose the only thing we know about the Cuba is its GDP, and we don’t know 

anything about its consumption patterns. How can we obtain measures of the income and  

cY Y 1∗ = clog(Y Y ) 0∗ = ic i icw = λ + ε

iλ icE(w )

https://en.wikipedia.org/wiki/Cuba
https://en.wikipedia.org/wiki/Socialist
https://en.wikipedia.org/wiki/Planned_economy
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Table 3.16   The Budget-Share Filter 

,  goods;  countries 

Commodity 
Common 
intercept 

Deviation from common intercept 
for countries that are intensive in  

Relative 
GDP 

Yc/Y* Good 1 Good 2 Good 3 Good 4 Good 5 None 
λi  λi1 λi2 λi3 λi4 λi5 λi6 ϕi 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 
A.    Staples 

  Rice Other cereals  Bread Bakery and 
pasta 

  

None 

  Rice 17.61 (1.99) 31.68 (1.89) -7.94 (2.52) -14.60 (1.70) -11.24 (2.30) 
  

2.10 (2.01) -3.36 (1.15) 
Other Cereals 18.51 (1.65) -10.55 (1.56) 27.94 (2.09) -7.59 (1.41) -8.05 (1.91) 

  
-1.75 (1.66) -4.98 (0.95) 

Bread 30.62 (1.75) -12.93 (1.67) -13.11 (2.22) 24.63 (1.50) -0.15 (2.03) 
  

1.55 (1.77) 2.14 (1.01) 
Bakery and pasta 33.26 (1.61) -8.20 (1.53) -6.90 (2.05) -2.44 (1.38) 19.44 (1.87) 

  
-1.91 (1.63) 6.20 (0.93) 

B.    Meat and Seafood 

  Beef Pork and Lamb Poultry Other Meat Fish and 
Seafood None   

Beef 15.71 (1.35) 25.93 (1.50) -3.50 (1.83) -14.24 (3.66) -6.61 (1.69) -6.86 (1.41) 5.28 (1.62) -2.16 (0.62) 
Pork and Lamb 18.28 (1.16) -5.51 (1.29) 23.97 (1.58) -10.32 (3.15) -1.98 (1.46) -5.75 (1.22) -0.41 (1.40) 0.12 (0.54) 
Poultry 24.90 (1.40) -5.66 (1.56) -6.52 (1.91) 38.25 (3.81) -11.56 (1.76) -8.16 (1.47) -6.36 (1.69) 0.93 (0.65) 
Other Meat 23.17 (1.30) -7.40 (1.44) -10.01 (1.76) -3.28 (3.52) 25.14 (1.63) -7.06 (1.36) 2.61 (1.56) 3.06 (0.60) 
Fish and Seafood 17.95 (1.58) -7.36 (1.76) -3.95 (2.15) -10.41 (4.30) -4.98 (1.99) 27.82 (1.66) -1.12 (1.91) -1.95 (0.73) 

C.   Dairy 

  Fresh Milk Preserved Milk Cheese Eggs  None   
Fresh milk 26.47 (1.95) 21.17 (1.94) -7.87 (1.82) -5.46 (2.15) -8.93 (4.16) 

  
1.09 (2.25) -1.70 (1.01) 

Preserved milk 30.23 (1.94) -9.35 (1.94) 18.75 (1.82) -6.42 (2.14) 0.25 (4.15) 
  

-3.23 (2.24) -0.52 (1.01) 
Cheese 24.79 (1.45) -2.96 (1.44) -8.08 (1.35) 19.58 (1.59) -13.52 (3.09) 

  
4.98 (1.67) 4.01 (0.75) 

Eggs 18.50 (1.30) -8.86 (1.29) -2.80 (1.21) -7.70 (1.43) 22.19 (2.77) 
  

-2.83 (1.50) -1.80 (0.67) 

D.   Fruit and Vegetables  

  Fresh Fruit Fresh Vege Fresh Potato    None   
Fresh fruit 34.58 (1.37) 14.11 (1.52) -0.56 (1.12) -12.53 (2.21)   

  
-1.02 (1.12) 4.39 (0.65) 

Frozen fruit 5.27 (0.86) 0.22 (0.96) -0.89 (0.71) -2.24 (1.39)   
  

2.91 (0.71) 0.31 (0.41) 
Fresh vegetables 33.34 (1.68) -4.77 (1.86) 16.97 (1.38) -8.66 (2.70)   

  
-3.54 (1.37) -0.95 (0.80) 

Fresh potatoes 16.97 (1.49) -10.92 (1.65) -13.06 (1.22) 29.16 (2.40)   
  

-5.18 (1.22) -4.33 (0.71) 
Frozen vegetables 9.85 (1.32) 1.36 (1.46) -2.46 (1.08) -5.73 (2.13)   

  
6.84 (1.08) 0.58 (0.63) 

E.   Sweet Things 

  Sugar Jam Chocolate    None   
Sugar 25.49 (2.95) 27.76 (2.58) -14.35 (5.70) -13.24 (2.64)   

  
-0.17 (3.21) -7.76 (1.38) 

Jam 23.86 (1.72) -16.30 (1.50) 34.72 (3.31) -13.34 (1.54)   
  

-5.08 (1.87) -0.22 (0.80) 
Chocolate 50.65 (2.87) -11.46 (2.51) -20.37 (5.53) 26.58 (2.57)   

  
5.25 (3.12) 7.98 (1.34) 

F.   Other Foods 

  Other Edible Oil Food Products Coffee,tea Mineral Water  None   
Other edible oil 15.19 (1.62) 22.09 (1.91) -9.61 (1.46) -9.72 (2.85) -6.90 (1.52) 

  
4.14 (1.52) -5.20 (0.71) 

Food products 29.89 (1.84) -8.05 (2.16) 25.37 (1.65) -8.31 (3.23) -7.99 (1.72) 
  

-1.03 (1.73) 0.93 (0.80) 
Coffee, tea 23.35 (1.22) -7.29 (1.43) -11.72 (1.09) 30.02 (2.14) -6.95 (1.14) 

  
-4.06 (1.14) 1.03 (0.53) 

Mineral water 31.56 (1.71) -6.75 (2.01) -4.04 (1.54) -11.99 (3.01) 21.84 (1.61)     0.94 (1.61) 3.25 (0.75) 
Notes:   
1.  All entries in columns 2 to 9 are × 100. 
2.  The budget shares are conditional, in that they satisfy 

gi S icw 1∈∑ = . 

3. The term ck kI (c S )∈  is an indicator function that equals 1 when country is in group k, 0 otherwise; the coefficients of the 

indicator functions satisfy gn 1
k 1 ik 0+

=∑ λ = ; and Yc/Y* is GDP per capita in country c relative to that in the US.  
 

g
c

ic i ic

n 1

i ik ck k
k 1

w log
YI (c S )
Y

+

∗
=

= λ + φ  + λ ∈ + ε 
 

∑ gi 1,..., n= gc 1,...,C′=
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Figure 3.5   Price Elasticities of Staples 

Item Elasticities implied by  
Observed shares Fitted shares 

Rice 

 

 

Other 
cereals 

 

 

Bread 

 

 

Bakery 
and 

pasta 

 

 
Notes:   
1. Left panel: To enhance the visualisation, elasticities of rice are truncated into the range [0,10]; [0,6] for bread; and [0,3] for both (a) cereals 
and (b) bakery and pasta. After the truncation, each plot contains over 90% of the original 121 data points. The variable Yc/Y* is GDP per capita 
in country c relative to that in the US. 

2. Right panel: The fitted shares are based on the model ( ) ( )5
ic i k 1 ik ck k i c icw I c S log Y Y∗

== λ + ∑ λ ∈ + φ + ε , i 1,..., 4=  goods, c 1,...,121=  

countries. Here, icw  is the share of good i in staples expenditure in country c; iλ , ikλ  are intercepts and the ikλ  satisfy 5
k 1 ik 0=∑ λ = ; ckI ( )⋅  is 

an indicator function that equals 1 when country is in group k, 0 otherwise; iφ  is the slope; and cY Y∗  is the GDP per capita in country c 
relative to that in the US. As ikλ  is the deviation from average of countries in group k, the fitted share in “average” country c is 

( )ic i i c
ˆ ˆŵ log Y Y∗= λ + φ , where the circumflexes refer to estimates in Table 3.16.        
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Figure 3.6    Income Elasticities of Staples 

Item Elasticities implied by 
Observed shares Fitted shares 

Rice 
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cereals 
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Notes:   
1. Left panel: The variable Y (Y*) is GDP per capita in country c (the US), so that Yc/Y* is GDP per capita in country c relative to that, 
log(Yc/Y*) =log1= 0 for c=US. 
2. Right panel: The fitted shares are based on the model ( ) ( )5

ic i k 1 ik ck k i c icw I c S log Y Y∗
== λ + ∑ λ ∈ + φ + ε , i 1,..., 4=  goods, c 1,...,121=  

countries. Here, icw  is the share of good i in staples expenditure in country c; iλ , ikλ  are intercepts; ckI ( )⋅  is an indicator function that equals 

1 when country is in group k, 0 otherwise; iφ  is the slope; and cY Y∗  is the GDP per capita in country c relative to that in the US. As ikλ  is the 

deviation from average of countries in group k, the fitted share in “average” country c is ( )ic i i c
ˆ ˆŵ log Y Y∗= λ + φ , where the circumflexes refer 

to estimates in Table 3.16.  
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price sensitivity of consumption? Equation (3.10) provides the answer – we use this equation 

to give the budget shares expected on the basis of GDP and then combine those shares with 

the estimated coefficients of the demand equations to obtain the elasticities.  

From equation (3.10), the expected share for good i is  

(3.11)    ,  

where the estimates iλ̂  and iφ̂  are given in Table 3.16,  is per capita GDP in country c and 

 is corresponding value in US. Note that only the estimate of the “common intercept”  

is used in equation (3.11) because in the absence of further information, all the indicator 

functions take the value zero. From the CIA Factbook 

(https://www.cia.gov/library/publications/the-world-factbook/), in PPP terms, GDP per capita 

in Cuba is $11,600 in 2014, while it is $55,800 in US.35 Thus, the ratio cY Y 0.21∗ = , so, on 

average, Cubans are only about 21% as affluent as Americans. Taking rice as an example, 

given the estimates from Table 3.16 for i rice=  of the intercept and slope coefficient of 

i
ˆ 17.61λ =  and i

ˆ 3.36φ = − , the expected share is icŵ 17.61 3.36log(0.21) 22.90%= − = , as in 

the first entry in column 2 in the Table 3.17. On the basis of this icŵ  and the estimates of 

income coefficient iβ  and Slutsky coefficient iip  of the demand system in Table 3.12, the 

income and own-price elasticities are i icˆ1 w+ β  and ii icŵp , which are contained as the first 

entries in columns 3 and 4 of Table 3.17. The expected shares and elasticities for other 24 

food items are obtained in the same manner and are also given in Table 3.17. 

Next, if we had additional information on the intensity of consumption of the country, 

we could use filter (3.10) to refine the estimates of the shares. If Cuba were rice-intensive, the 

indicator function ck kI (c S )∈  for the rice-intensive group of countries (that is, k 1= ) equals 1 

for c Cuba= ; and the other indicators for that country are zero, ck kI (c S ) 0,∈ =  k 2,3,4= , so 

that 5
k 1 ik ck k i1I (c )S=∑ λ ∈ = λ . Then, the expected share of good i in staples in Cuba is  

(3.12)      ic i
c

i i1
Yˆŵ logˆ ˆ
Y∗+ φ

 = λ + λ  
 

.  

A comparison of equations (3.11) and (3.12) reveals that the only additional term is , the 

estimated marginal effect for the rice-intensive group. Thus, for the four goods in staples, the  

                                                 
35 Both of income figures refer to 2014, but Cuba is at 2014 prices, while US is at 2016 prices. As inflation has 
been very low, the difference in prices between the year 2014 and 2016 is probably inconsequential. 

ic
c

i i
Y

ŵ ˆ ˆ log
Y∗

 = λ + φ  
 

cY

Y∗
iλ̂

i1λ̂
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Table 3.17  Budget Shares and Demand Elasticities 
for an Out-of-Sample Country, Cuba 

Commodity 
Expected value 
of budget share 

icŵ    

Income 
elasticity 

ici ˆ1 w+ β  

Own-price 
elasticity 

icii ŵp  
(1) (2) (3) (4) 

A.      Staples 
Rice 22.90 1.05 -0.95 
Other Cereals 26.33 0.95 -0.49 
Bread 27.26 1.03 -0.70 
Other Staples 23.52 0.97 -0.64 

B.      Meat and Seafood 
Beef 19.11 1.04 -0.84 
Pork and Lamb 18.09 1.01 -0.50 
Poultry 23.43 0.96 -0.54 
Other Meat 18.36 1.02 -0.59 
Fish and Seafood 21.01 0.98 -0.72 

C.  Dairy 
Fresh milk 29.14 1.02 -0.86 
Preserved milk 31.05 1.01 -0.73 
Cheese 18.49 1.03 -0.87 
Eggs 21.33 0.94 -0.62 

D.  Fruit and Vegetables  
Fresh fruit 27.69 1.14 -0.55 
Frozen fruit 4.79 0.99 -0.75 
Fresh vegetables 34.83 0.97 -0.51 
Fresh potatoes 23.77 0.85 -0.51 
Frozen vegetables 8.93 1.07 -0.58 

E.  Sweet Things 
Sugar 37.68 1.00 -0.49 
Jam 24.20 0.94 -0.23 
Chocolate 38.11 1.04 -0.45 

F.  Other Foods 
Other edible oil 23.36 0.99 -0.74 
Food products 28.44 1.03 -0.70 
Coffee, tea 21.74 0.94 -0.55 
Mineral water 26.46 1.03 -0.74 

Note: The expected share for good i is ( )ic i i cŵ Yˆ ˆ log Y∗= λ + φ , where the estimates iλ̂  

and iφ̂  are from Table 3.16. Per capita GDP in Cuba, cY , in 2014 is $11,600; and Y∗ , 
US GDP, is $55,800. The GDP source is the CIA FactBook 
(https://www.cia.gov/library/publications/the-world-factbook/). 

 
 

expected shares are the sum of equation (3.11) for , whose values are given in panel 
A of Table 3.17, and the marginal effect, i1λ̂ , from panel A of Table 3.16. The table below 
gives the expected shares and the elasticities of the four items in staples. 

 
 

i 1,..., 4=

https://www.cia.gov/library/publications/the-world-factbook/
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Items Expected share Income elasticity Own-price 
elasticity 

Rice 54.58 1.02 -0.40 
Other Cereals 15.78 0.91 -0.82 
Bread 14.33 1.07 -1.34 
Bakery and pasta 15.31 0.95 -0.98 

Compared to panel A in Table 3.17, it can be seen that the rice share increases from 22.90% 

to 54.58% (this difference is, of course, just 11
ˆ 31.68λ = ), while the shares for other three 

items decline to around 15%; the absolute own-price elasticity for rice declines substantially 

from 0.95 to 0.40, while the opposite happens to the price elasticity of the other three items. 

This shows how the additional information on intensity of consumption changes the picture 

noticeably.     

To conclude this section, it is appropriate to highlight the key underlying assumption 

of our “new-country” approach. The filter (3.10) and demand system (3.8) were estimated for 

staples with 121 countries in the original sample. To then apply these estimates to an out-of-

sample country such as Cuba requires the assumption of stable coefficients, that is, that these 

models are equally applicable to the original 121 countries, as well as Cuba. There is no 

particular reason for thinking this would not be the case. The 121 countries range from the 

richest to poorest in the world, and Cuba’s GDP per capita is not especially low in 

comparison with the others. Thus, Cuba does not involve an extrapolation of the models 

beyond the sample range of incomes. Another reason for thinking Cuba may not be atypical 

is the fairly extensive examination of the underlying data that we undertook, especially the 

detection of outlying countries. Notwithstanding these reassurances, care should still be 

exercised when interpreting the results for a new country.  

3.16    Summary 

This chapter analysed food consumption in detail level by examining the consumption 

of 25 food items in a large number of countries. Under the assumption of block independent 

preferences, these 25 items were separated into six groups: staples, meat and seafood, dairy, 

fruit and vegetables, sweet things and other food. The chapter contains (i) a preliminary 

analysis to test the law of the demand for each of the 25 items; (ii) tests of the microeconomic 

theory of demand homogeneity and Slutsky symmetry; (iii) the estimation of a demand 

system for each of six groups; and (iv) the implied income and price elasticities.  

Food consumption is influenced by a range of factors including incomes, prices, 

culture, climate, and so on. Thus, in a cross-country context, substantial diversity in diets is to 
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be expected, especially when we consider food at the 25-good level of disaggregation. As an 

example of this diversity, rice is the dominant staple in many Asian countries, while bread 

plays this role in a number of countries in the West. Our results indicated that at least part of 

this diversity was not accounted for by income and prices. This “unaccounted” variability 

was subsequently “accounted” for with the addition of a set of intercepts in the demand 

equations whereby countries are allocated to groups on the basis of their intensity of 

consumption (rice-intensive, bread-intensive, etc). Relatedly, we also introduced a filter to 

smooth the budget shares. This filter can also be used as a simple way to introduce a new 

country, so as to obtain estimates of the income and price sensitivity of its food consumption, 

an approach that was illustrated with Cuba.    

Two unresolved puzzles should be mentioned. First, the income elasticities for 25 

food items are mostly close to unity. This result is consistent with the unitary income 

elasticities for the three alcoholic beverages of the previous chapter. This means that the 

consumption of goods within a food group (such as rice and bread within the staples group) 

are proportional to the group total. In a revealed preference sense, this implies that consumers 

treat goods within a food group as “similar” in quality. This result is a bit unexpected and a 

puzzle. Second, the homogeneity is rejected in three out of six groups. However, Barten 

(1977) reports that this rejection is not uncommon. These two issues could be promising 

topics in the future research. 
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Appendices 

A3.1  The ICP Data  

The unpublished International Comparison Program (ICP) data contain expenditures 

on and prices of 129 categories, as listed in Table A3.1.1, for 146 countries. In Table 3.1, 

GDP per capita comprises all these categories, while the first 105 items, from rice to other 

services n.e.c., are included in total consumption.  

The left part of Table A3.1.2 lists the first 29 food items, from rice to mineral waters, 

etc., and these items are converted to the 25 items in the right part of the table that are studied 

in this chapter. Such conversion is required for two reasons: (i) Consumption of “other 

bakery products” and “pasta products” is trivial in a number of countries, especially those in 

Africa. Consequently, these items are combined into one called “other bakery and pasta”. For 

the same reason, “pork” and “lamb, etc.” are combined into “pork and lamb etc.”, and “fresh 

or frozen fish and seafood” and “preserved fish and seafood” are combined into “fish and 

seafood”. (ii) “Butter and margarine” is excluded as preliminary results show that the 

residuals from the corresponding demand equation are highly non-normal. Then, these 25 

items on the right of the table are divided into 6 indicated groups. As a qualification to this 

grouping scheme, it should be noted that although “fresh and chilled potatoes” are listed 

under our “fruit and vegetables” group, in some countries these are considered as staples.   
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Table A3.1.1  ICP Basic Headings  

No. Category No. Category 
1.  Rice  66.  Motor cars  
2.  Other cereals and flour  67.  Motor cycles  
3.  Bread  68.  Bicycles  
4.  Other bakery products  69.  Fuels and lubricants for personal transport equipment   
5.  Pasta products  70.  Maintenance and repair of personal transport equipment   
6.  Beef and veal  71.  Other services in respect of personal transport equipment   
7.  Pork  72.  Passenger transport by railway   
8.  Lamb, mutton and goat  73.  Passenger transport by road   
9.  Poultry  74.  Passenger transport by air   
10.  Other meats and preparations  75.  Passenger transport by sea and inland waterway   
11.  Fresh or frozen fish and seafood  76.  Combined passenger transport   
12.  Preserved fish and seafood  77.  Other purchased transport services   
13.  Fresh milk  78.  Postal services  
14.  Preserved milk and milk products  79.  Telephone and telefax equipment  
15.  Cheese  80.  Telephone and telefax services  
16.  Eggs and egg-based products  81.  Audio-visual, photographic and information processing 

equipment  
17.  Butter and margarine  82.  Recording media   
18.  Other edible oils and fats  83.  Repair of audio-visual, photographic and information 

processing equipment   
19.  Fresh or chilled fruit  84.  Major durables for outdoor and indoor recreation  
20.  Frozen, preserved or processed fruits  85.  Other recreational items and equipment  
21.  Fresh or chilled vegetables  86.  Gardens and pets  
22.  Fresh or chilled potatoes  87.  Veterinary and other services for pets   
23.  Frozen or preserved vegetables  88.  Recreational and sporting services   
24.  Sugar  89.  Cultural services   
25.  Jams, marmalades and honey  90.  Games of chance   
26.  Confectionery, chocolate and ice cream  91.  Newspapers, books and stationery  
27.  Food products n.e.c.   92.  Package holidays  
28.  Coffee, tea and cocoa   93.  Education  
29.  Mineral waters, soft drinks, fruit and vegetable juices   94.  Catering services  
30.  Spirits  95.  Accommodation services  
31.  Wine  96.  Hairdressing salons and personal grooming 

establishments   
32.  Beer  97.  Appliances, articles and products for personal care  
33.  Tobacco  98.  Prostitution  
34.  Clothing materials and accessories  99.  Jewellery, clocks and watches  
35.  Garments  100.  Other personal effects   
36.  Cleaning and repair of clothing  101.  Social protection  
37.  Footwear  102.  Insurance  
38.  Repair and hire of footwear  103.  FISIM   
39.  Actual and imputed rentals for housing   104.  Other financial services n.e.c   
40.  Maintenance and repair of the dwelling  105.  Other services n.e.c.  
41.  Water supply and miscellaneous services relating to the 

dwelling  
106.   Net purchases abroad  

42.  Miscellaneous services relating to the dwelling  107.  Compensation of employees   
43.  Electricity   108.  Intermediate consumption  
44.  Gas   109.  Gross operating surplus  
45.  Other fuels  110.  Net taxes on production  
46.  Furniture and furnishings  111.  Receipts from sales  
47.  Carpets and other floor coverings  112.  Compensation of employees   
48.  Repair of furniture, furnishings and floor coverings   113.  Intermediate consumption  
49.  Household textiles   114.  Gross operating surplus  
50.  Major household appliances whether electric or not  115.  Net taxes on production  
51.  Small electric household appliances   116.  Receipts from sales  
52.  Repair of household appliances   117.  Compensation of employees  
53.  Glassware, tableware and household utensils  118.  Intermediate consumption  
54.  Major tools and equipment  119.  Gross operating surplus  
55.  Small tools and miscellaneous accessories   120.  Net taxes on production  
56.  Non-durable household goods   121.  Receipts from sales  
57.  Domestic services  122.  Metal products and equipment  
58.  Household services  123.  Transport equipment  
59.  Pharmaceutical products   124.  Residential buildings  
60.  Other medical products   125.  Non-residential buildings  
61.  Therapeutical appliances and equipment  126.  Civil engineering works  
62.  Medical Services   127.  Other products  
63.  Dental services  128.  Change in inventories and valuables  
64.  Paramedical services   129.  Balance of exports and imports  
65.  Hospital services    

Source: World Bank (unpublished). 
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Table A3.1.2 Food Items 

No. ICP Category No. This Study 
  Staples 
1.  Rice  1.  Rice  
2.  Other cereals and flour  2.  Other cereals and flour  
3.  Bread  3.  Bread  
4.  Other bakery products  4.  Other bakery and pasta 5.  Pasta products  
  Meat and seafood 
6.  Beef and veal  5.  Beef and veal  
7.  Pork  6.  Pork and Lamb, mutton and goat 8.  Lamb, mutton and goat  
9.  Poultry  7.  Poultry  
10.  Other meats and preparations  8.  Other meats and preparations  
11.  Fresh or frozen fish and seafood  9.  Fish and seafood  12.  Preserved fish and seafood  
  Dairy 
13.  Fresh milk  10.  Fresh milk  
14.  Preserved milk and milk products  11.  Preserved milk and milk products  
15.  Cheese  12.  Cheese  
16.  Eggs and egg-based products  13.  Eggs and egg-based products  
17.  Butter and margarine    Excluded 
  Fruit and Vegetables 
18.  Other edible oils and fats  14.  Fresh or chilled fruit  
19.  Fresh or chilled fruit  15.  Frozen, preserved or processed fruits  
20.  Frozen, preserved or processed fruits  16.  Fresh or chilled vegetables  
21.  Fresh or chilled vegetables  17.  Fresh or chilled potatoes  
22.  Fresh or chilled potatoes  18.  Frozen or preserved vegetables  
  Sweet things 
23.  Frozen or preserved vegetables  19.  Sugar  
24.  Sugar  20.  Jams, marmalades and honey  
25.  Jams, marmalades and honey  21.  Confectionery, chocolate and ice cream  
  Other food 
26.  Confectionery, chocolate and ice cream  22. Other edible oils and fats 
27.  Food products n.e.c.   23.  Food products n.e.c.   
28.  Coffee, tea and cocoa   24.  Coffee, tea and cocoa   
29.  Mineral waters, soft drinks, fruit and vegetable juices   25.  Mineral waters, soft drinks, fruit and vegetable juices   

 
 

A3.2  The Econometrics of Adding-Up 

Suppose we have a demand system with n equations (one for each good) that has the 

budget share, i i iw p q M= , as the dependent variable of the thi  equation. As n
i 1 i ip q M=∑ = ,  

the budget shares have the unit sum, n
i 1 iw 1=∑ = . This system belongs to a class of models 

that Bewley (1986) calls “allocation models”. At the start of his book, Bewley characterises 

these in the following terms:  

All allocation models are subject to a basic identity: The sum of the component 
equals the aggregate. (Page 1) 

He subsequently elaborates by writing 
A system of equations purporting to explain the distribution of a predetermined 
aggregate among its components must satisfy the constraint that the sum of the 
individual components equals the aggregate. Since the data for an allocation 
model naturally obey this identity, the implication for model specification is that 
the components predicted or implied by the model sum exactly to the 
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predetermined aggregate. This rule, which governs the specification of an 
allocation model, is known as the adding-up criterion.” (Page 10) 

Bewley (p. 3) notes the generality of allocation models in economics. These occur in a 

range of areas including consumer demand models that are subject to the budget constraint, 

asset market models (where a balance-sheet constraint applies), market-share models (the 

shares have a unit sum), international trade models (imports of all goods in all countries equal 

total exports) and regional migration models (total flows must balance). The importance of 

the adding-up criterion in allocation models was first emphasized by Nicholson (1949, 1957). 

Subsequent contributions were made by Berndt and Savin (1975), Powell (1969) and  

Worswick and Champernowne (1954). 

The models used in this chapter are all of the allocation variety. Consider equation 

(3.8) for i 1,...,4= . The variable on the left is ic ic cw (log q log Q )− . As 4
i 1 icw 1=∑ =  and 

4
i 1 ic ic cw log q log Q=∑ = , the left-hand side variable sums over commodities to zero, 

4
i 1 ic ic cw (log q log Q ) 0=∑ − = . This reflects that total consumption clog Q  is allocated to the 4 

elements 1 4log q ,..., log q  and 4
i 1 ic ic cw (log q log Q )=∑ −  is the weighted deviation of item i 

from the total. The filter model (3.10) is another allocation model, which deals with the 

division of total expenditure on the group to the components. This division is measured by 

the gn  budget shares for country c 
g1c n cw ,..., w , which have a unit sum.  

This appendix contains a unified account of the econometric issues associated with 

the adding-up constraint, as well as results on extension of the basic model with multiple 

intercepts in each equation to take account of different types of consumers (or countries). 

These latter results appear to be new. The approach is to start with the general case and then 

consider several special cases, including the models used in the chapter.   

The Generic Case 

Consider a simple linear demand model for commodity i ( i = 1,..,n) in country c (c = 

1,…,C): 

(A3.1)      icic ic i cy x .= α ε+ β +  

Define the following vectors 

i1

i

iC

y

y
y

 
 =  
  

 , 
1

1
ι

 
 =  
  

 , 
1

C

x

x
x

 
 =  
  

  , i
i

i

γ
α 

=  β 
, 

i1

i

iC

ε
ε 

 =  
 ε 

 . 
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Then, the vector form of (A3.1) is 

i ii i i iε εy ι x Xγ= α + β + = + .  

Here, 

[ ]
1

C

1 x

1 x
X ι  x

 
 = =  
  

   

is a C 2×  matrix of the independent “variables”. 

Define 

(A3.2)    2 2
c cC x ( x )∆ = ∑ − ∑  . 

Then, the moment matrix, its inverse and the vector of cross-products are 

1
c
2

1 C c c
C

1 x
1 1 C x
x x x x

1 x
X X

 
∑    ′ = =     ∑ ∑     



 



,  

( )
2

1 1 c c

c

x x
x C

X X − −  ∑ − ∑
′ = ∆  − ∑ 

 and  

i1
c ic

i
1 C c c ic

iC

y
1 1 y

.
x x x y

y
X y

 
∑    ′ = =     ∑     







 

The least-squares estimator of iγ  is ( ) 1
i iˆ −′ ′=γ X X X y  and its sum over i = 1,...,n is  

(A3.3)      ( ) ( )
2

1 1 c i ic1 c c c
i i i i i i

c c i icc c

yx xˆ
x yx C

γ X X X y X X X y− − − ∑ ∑ ∑ − ∑  
′ ′ ′ ′∑ = ∑ = ∑ = ∆    ∑ ∑− ∑   

 . 

In what follows, we apply (A3.3) to specific models to examine how the budget 

constraint affects the sum of the estimators iγ̂ .  

 An Expenditure System  

If we set ic ic icy p q= , expenditure on good i in country c, and c
n
i 1 ic icx p q== ∑ , total 

expenditure in country c, to be denoted by cM  (“income” for short), equation (A3.1) 

becomes: 

(A3.4)        ic i c icic i Mp q = α + β + ε .   

Summing both sides over i 1,..., n= , we obtain i c icc i i i iMM = ∑ α + ∑ β + ∑ ε , which implies  
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(A3.5)        ici i i i i0, 1, 0    ∑ α ∑ ∑ ε= β = = . 

In equation (A3.4), the parameter ci ic ic(p q ) Mβ = ∂ ∂  is the ith marginal share, which 

answers the question, how much of a one-dollar increase in income is spent on the good. As 

this additional income is spent in total on some or all of the n goods, the marginal shares have 

a unit sum, as indicated by the second member of equation (A3.5). Stone’s (1954) linear 

expenditure system (LES) is ic i c ic
n

ic i ic j 1 j jcMp q p ( p ) , i 1,..., n. == γ + β γ + ε− ∑ =  If price are 

constant at 1 np ,...., p , then LES takes the form of equation (A3.4) with ( )i j ij i j jpα = ∑ d −β γ , 

where ijd  is the Kronecker delta ( ijd =1 if i = j, 0 otherwise). 

The Rotterdam model, due to Barten (1964) and Theil (1965), also possesses constant 

marginal shares, like equation (A3.4). The Rotterdam model is formulated in terms of 

transitions over time from period t-1 to t and its ith equation is 

it i t it
n

it j 1 ij jtw Dq DQ Dp== β + ε+ ∑ p , where ( ) ( )it it 1itw 1 2 w w −= + , ( )it it it 1Dq log q q −= , 

t
n
i 1 it itDQ w Dq== ∑ , ( )it it it 1Dp log p p −=  and iβ  and ijp  are constant parameters. Here, iβ  is 

equal to the marginal share cic ic(p q ) M .∂ ∂  To see this, divide both sides of the demand 

equation by itw  to give ( ) ( )i it t it it it
n

it j 1 ij jtDq w DQ w Dp w .== β + ε+ ∑ p  This shows that 

i itwβ  is the income elasticity of i and that ( )i it i itw wβ β=  is interpreted as the elasticity 

weighted by the corresponding share. As this income elasticity is defined as 

( ) ( ) ( ) ( )i i i ilog q log M q M M qη = ∂ ∂ = ∂ ∂ ⋅ , while i i iw p q M= , the weighted elasticity is 

( ) ( ) ( ) ( )i i i i i i i iw p q M q M M q p q M ,=η ⋅ ∂ ∂ ⋅ = ∂ ∂  which is the corresponding marginal 

share. If prices are constant, then jtDp 0= , j 1,..., n,=  and the Rotterdam equation becomes 

it i t ititw Dq DQ= β + ε . 

As t
n
i 1 it itw Dq DQ= =∑ , it follows that iti i i1 and 0 ∑ ∑ εβ = = . Thus, the above equation has 

the same basic property as possessed by equation (A3.4), viz., the sum of the variable on the 

left-hand side equals the variable on the right. 

As equation (A3.4) relates to both LES and the Rotterdam model, following 

discussion that refers to (A3.4) can also be taken to have implications for those two models. 

In equation (A3.4), ici i ic ic c cy p q M x∑ = ∑ = = . Thus, the 2 1×  vector on the far right of 

equation (A3.3) becomes 
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c i ic c c
2

c c i ic c c

y x
x y x

=
∑ ∑ ∑   

   ∑ ∑ ∑   
. 

We substitute this into (A3.3) to obtain 

(A3.6)        
2

i c1 1c c
i i i 2 2 2

c c cci

ˆ x 0 0x xˆ ˆ x C x ( x ) 1x C
γ − −

α  ∑ ∑ − ∑      
∑ = ∑ = ∆ = ∆ =         ∑ ∑ − ∑− ∑β       

, 

where the last step follows from definition (A3.2). In words, equation (A3.6) shows that the 

estimated intercepts iα̂  add over the commodities (equations) to zero, while the slope 

coefficients iβ̂  add to unity.  

Define the C 1×  vector of residuals for demand equation i as i i iˆε̂ y Xγ= − . In view of 

result (A3.6) and as  

1

i i

C

M

M
y M

 
 ∑ = = 
  

  and 
1 1

C C

1 M M
0 0
1 1

1 M M
X M

   
      = = =               

   , 

we have  

i i i i i i

0
ˆˆ

1
ε y X γ M X 0 

∑ = ∑ − ∑ = − = 
 

. 

In words, the residuals for each country sum over the n equations to zero. Accordingly, we 

have shown that the least-squares estimators of model (A3.4) for i 1,..., n=  satisfy (A3.5), the 

implication of the budget constraint.  

A Share System  

Next, suppose the ith share is a linear function of the logarithm of income:  

(A3.7)        i c icic i Mw log= α + β + ε ,   

so that in terms of equation (A3.1), now ic icy w= , i ic i icy w 1∑ = ∑ = , and c cx log M= . 

Equation (A3.7) is the Working (1943) – Leser (1963) Engel curve, which is the income part 

of the almost ideal demand model of Deaton and Muellbauer (1980), 

( ) n
ic i i c c j 1 ij jc icw log M P log p== α + β + ∑ γ + ε , where cP  is a price index. Summing (A3.7) 

over commodities gives i i c ic1 log M= ∑ α + ∑β + ∑ ε , so that adding-up requires i i 1∑ α = , 

i i 0∑ β = , i ic 0∑ ε = .  

In the context of model (A3.7), 
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c i ic c i ic

c c i ic c c i ic c c

y w C
x y x w x

∑ ∑ ∑ ∑     
= =     ∑ ∑ ∑ ∑ ∑     

, 

which when substituted into (A3.3) gives 

2 2 2
1 1c c c c

i
cc

C 1x x C x ( x )ˆ
x 0x C 0

γ − −   ∑ − ∑   ∑ − ∑  
∑ = ∆ = ∆ =      ∑− ∑      

. 

In contrast to the expenditure system, the estimated intercepts iα̂  in this case add over 

commodities to unity, while the slope coefficients iβ̂  add to zero.  

The sum of the C 1×  vector of residuals for demand equation i, iε̂ , over i is: 

1

i i i i i i

C

1 1 log M
1

ˆˆ
0

1 1 log M
ε y X γ 0

   
    ∑ = ∑ − ∑ = − =            

   , 

so again the least-square estimators satisfy the budget constraint.  

A Relative Consumption System 

Suppose ic ic ic cy w (log q log Q )= − , relative consumption ic clog q log Q−  weighted by 

budget share icw , is a linear function of real income c cx log Q= . Equation (A3.1) becomes: 

 (A3.8)         i icic ic c i c εw (log q log Q ) log Q= +− α β + . 

Summing (A3.8) over commodities, we have i i i i c i ic0 log M= ∑ α + ∑ β + ∑ ε , so adding-up 

requires i i 0∑ α = , i i 0∑ β = , i ic 0∑ ε = .  

Now since i ic i ic ic cy w (log q log Q ) 0∑ = ∑ − = , so  

c i ic c i ic ic c

c c i ic c c i ic ic c

y w (log q log Q ) 0
x y x w (log q log Q ) 0

∑ ∑ ∑ ∑ −     
= =     ∑ ∑ ∑ ∑ −     

.  

Substitute this into (A3.3) to obtain:  

2
1 c c c

i i
c c

0 0x xˆ
0 0x C

−  ∑ − ∑    
∑ = ∆ =     − ∑     

γ  and i i i i i i

0 0
ˆˆ

0 0
ε y X γ X 0.

   
   ∑ = ∑ − ∑ = − =   
      

   

In this case, the estimated intercepts, slope coefficients and residuals all add to 0.  

If prices are included in right-hand side of (A3.8), do the above constraints still hold? 

Instead of defining c cx log Q=  in (A3.7), cx  becomes a vector of real income and prices, 
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which leads to a change in the definition of the matrix X . However, as 

ici i ic ic cy w (log q log Q ) 0∑ = ∑ − =  continues to hold, the sum of the least-squares estimator 

is still zero: n 1 n 1
i 1 i i 1 iˆ ( (γ X X) X y X X) X 0 0− −
= =′ ′ ′ ′∑ = ∑ = = . Thus, no matter how X  is defined, in 

this case, the sum of the coefficients is always 0. The same applies to the residuals. 

One further point should be noted regarding model (A3.8). The time-series version of 

the model with prices is ( )it t i t it
n

it j 1 ij jtw Dq DQ DQ Dp ,=β + ε− = + ∑ p  where the notation is as 

before. As the sum of the left-hand side variable is zero, it follows that the results of this 

section are clearly applicable here also. 

Groups of Countries 

We now consider the case in which the c 1,...,C=  countries are allocated into r < C 

groups. Denote these r groups by 1 r,...,S S  and let kC  be the number of countries in kS  with 

r
k 1 kC C=∑ = . Country c can be “located” by the indicator variable 

k
k k

1 if c
I (c )

0 otherwise
    S

S
  

∈
∈ = 


, for k 1,.., r= .  

If each country is included in one of groups, then r
k 1 k kI (c S ) 1=∑ ∈ =  for c 1,...,C= . This 

situation could be described as a “complete allocation”. A special case is when countries are 

classified according to the “intensity” of their consumption patterns. Country c belongs to 

group k if it is intensive in the consumption of good k ( k 1,.., n= , the number of goods); if 

the country is not intensive in any good, that is, if its consumption is “diversified”, then it 

belongs to group n+1, so that r n 1.= +   

The Generic Case with Country Groups 

The extension of the original generic model (A3.1) to incorporate the indicator 

variables is:  

(A3.9)       
k

r

ik ic
k 1

ic k i c(c )y I xS
=

∈= εα + β +∑ . 

Define the following vectors 

i1

i2
i

iC

y
y

y

y

 
 
 =
 
 
 



, 

1

2

C

x
x

x

x

 
 
 =
 
 
 



, 

i1

i2

i

ir

i

γ

α 
 α 
 =
 α 
 β 



, 

i1

i2
i

iC

ε

ε 
 ε =
 
 ε 



, 
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as well as the C 1×  vector of binary values of the kth indicator function, to be written kι , 

whose cth element is one if kc S∈  and is zero otherwise. The sum of all the C elements of kι  

is k kC′ =ι ι , the number of countries in kS . Then, the vector form of (A3.9) is  

r

i ik i i i
k 1

k iε εy ι x Xγ
=

= + β + +α =∑ , 

where [ ]1 2 r...X ι ι ι x= . 

Defining the following: 

1

2

r

C 0 0
0 C 0

0 0 C

A

 
 
 =
 
 
 





   



, 

1

2

r

c c

c c

c c

x

x

x

S

S

S

b

∈

∈

∈

∑ 
 
∑ =  

 
∑  



, 2 1 1
cd ( x ) b A b− −′= ∑ − , 

the moment matrix of X , its inverse and the vector of cross-products are 

2
c

,
x

A b
X X

b
 

′ =  ′ ∑ 
  ( )

1 1 1 1 1
1

1

d
d

1
A A bb A A b

X X
b A

− − − − −
−

−

′ + −
′ =  ′− 

 and  

1

2

r

c S ic1

c S ici12

i

iCr c S ic

c c ic

y

yy

y y

x y

ι
ι

X y      
ι
x

∈

∈

∈

∑ ′ 
   ∑′         ′  = =      ′ ∑   
  ′  ∑  





. 

The sum of the least-squares estimator of iγ  is:    

 (A3.10)         ( )

1

2

r

c S i ic

c S i ic1 1 1 1
1n n

i 1 i i 1 i 1

c S i ic

c c i ic

y

y
d dˆ
d d

y

x y

A A bb A A b
γ = X X X y

b A

∈

∈− − − −
−

= = −

∈

∑ ∑ 
 
∑ ∑ ′ + −  ′ ′∑ ∑ =    ′−  ∑ ∑ 

 
∑ ∑  



. 

Next, we apply (A3.10) to two of the previous demand systems to examine how the 

budget constraint impinges on i iγ̂∑  and the sum of the residuals. 

The Share System with Country Groups 

Equation (A3.7) with the indicators is: 
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(A3.11)       
k

r

ic ik i c ic
k 1

k (c ) log Mw I
=

∈= + β + εα∑ S .  

Summing both sides over i, we have i c ic
r

i k 1 ik k k i ilog M1 I (c )S== ∑ ∑ + ∑ β + ∑ εα ∈ . This implies

i ik 1∑ =α , k = 1,...,r, ii 0∑ β =  and ici 0∑ ε = .  

In (A3.11),  n n
i 1 ic i 1 icy w 1= =∑ = ∑ = , which is substituted into (A3.10) to obtain:  

1

21 1 1 1
n
i 1 i 1

r

c c

C
C

d dˆ
d d

C
x

A A bb A A b
γ

b A

− − − −

= −

 
 
 ′ + −
 ∑ =  ′−   
 
 ∑ 



. 

To simplify this expression, note that 

1 1

2 2

r r

C 0 0 C1
0 C 0 C1

0 0 C C1

Aι

    
    
    = =
    
    

    





    



 and C
c 1 cxb ι =′ = ∑ , 

where ι  is r 1×  vector of unit elements. The second equation above holds only under the 

assumption that the allocation of countries is complete, that is, r
k 1 k kI (c S ) 1.=∑ ∈ =  Thus, 

1 11 1 1 1
n c c
i 1 i 1

c c c c

d d xd dˆ
x 0d d xd d

Aι ιι A bb ι A bA A bb A A b
γ

b ιb A

− −− − − −

= −

′ ′  + − ∑+ −    
∑ = = =      ∑ ′′ − + ∑−      

. 

The sum of the residuals is: 

[ ]i i i i i i 1 r c

1
ˆˆ x

0
1

ι
ε y X γ ι ι

 
  ∑ = ∑ − ∑ = −       

  . 

Under the assumption of complete allocation, we have [ ]1 r 1 2 r...ι ι ι ι ι ι ι= + + = , which 

implies  

i i i i i iˆε̂ y X γ ι ι 0∑ = ∑ − ∑ = − = .  

In words, under complete allocation, the least-square estimators satisfy the budget constraint.  

The Relative Consumption System with Country Groups 

Equation (A3.8) with the indicator variables is:  
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(A3.12)       k

r

ic ic c ik i c ic
k 1

k (c )w (log q log Q ) log QI
=

∈− = + β + εα∑ S .  

Summing (A3.12) both sides over i gives r
i k 1 ik k k i i c i ic0 I (c ) logQ== ∑ ∑ α ∈ + ∑ β + ∑ εS , 

which implies i ik 0∑ α = , k = 1,...,r, i i 0∑ β =  and i ic 0∑ ε = . 

In equation (A3.12) , i ic i ic ic cy w (log q log Q ) 0∑ = ∑ − = , so that: 

1

2

r

c S i ic

c S i ic

c S i ic

c c i ic

y 0
y 0

0y
0x y

0

∈

∈

∈

∑ ∑   
   ∑ ∑   
   = =
   
∑ ∑   

    ∑ ∑  





. 

Substituting this into (A3.10) gives  

( )
1 1 1 1

1n n
i 1 i i 1 i 1

d dˆ .
d d

A A bb A A b
γ = X X X y 0 0

b A

− − − −
−

= = −

′ + −
′ ′∑ ∑ = = ′− 

 

The sum of the residuals is: 

i i i i i i

0 0
ˆˆ .

0 0
ε y X γ X 0

   
   ∑ = ∑ − ∑ = − =   
      

   

In words, the estimated intercepts, slope coefficients and residuals all sum to 0. Again, the 

budget constraint is satisfied. This model is same as the equation (3.9).  

Implications and Summary 

This appendix considered the implications of the budget constraint for the estimation 

of allocation models, a leading example of which is a demand system; these implications are 

known as the “adding-up” constraints on the coefficients and the residuals. It is well known 

that the least-squares estimator satisfies these constraints. We considered the new case in 

which indicator variables are included as intercept shifters. For the adding-up result to carry 

over to this case, we established the following: 

• The share system. The indicator variables have to have a unit sum for each 

observation. In a cross-country application, this means that each country has to be 

allocated to some group. Thus, there are r = n+1 indicator variables, one for each 

group of countries intensive in the consumption of each of the n goods, plus one for 

countries having a diversified consumption pattern.  
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• The relative consumption system, where the left-hand side variables sum to zero. 

There is no such restriction on the number of indicator variable in this case – the 

adding-up constraints are satisfied by the least-squares estimator no matter how the 

right side of the equation is specified. This interesting result seems new. Thus, in the 

demand equations of Section 3.9 of this chapter there are only r = n indicator 

variables as the diversified group of countries is omitted. But due to the special way in 

which the dependent variable of the model is formulated, the adding-up constraints 

are still satisfied. 

The results of the appendix are summarised analytically in Table A3.2.1 

 

 

Table A3.2.1 

Summary of Implications of Adding-Up 

Model 

Sum of  
Dependent  

variable 
Estimated 
intercepts 

Estimated  
slopes  Residuals 

n
i 1 icy=∑  

n
i 1 iˆ=∑ α , n

i 1 ikˆ=∑ α  n
i 1 i

ˆ
=∑ β

 

n
i 1 icˆ=∑ ε  

(1) (2) (3) (4) (5) 

A.  One intercept     

icic ic i cy x= α ε+ β +  

1. Expenditure system  xc 0 1 0 
2. Share system  1 1 0 0 
3. Relative consumption 0 0 0 0 

B. Multiple intercepts  

ic
r r

ic k 1 ik k k i c k 1 k ky I (c ) x , I (c ) 1,c 1, ,C= == ∑ ε ∑α ∈ + β + ∈ = = S   S  

1. Share system  1 1 0 0 
2. Relative consumption 0 0 0 0 

Note: There are i = 1, , n goods and c = 1 ,C countries ,   
. For each model, the dependent variable 

icy  is defined differently. The dependent variable is ic icp q ,  expenditure in good i in country c, for the 

expenditure system; i i iw p q M ,=  the budget share of i in c, for the share system; and 

ic ic cw (log q log Q )−  for the relative consumption system.  
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A3.3   Classifying Countries 

This chapter analysed the consumption patterns of the 28 food items from 6 food 

groups in 146 countries. However, some countries are excluded from the sample if their per 

capita consumption of any good is “small”. The remaining countries are further classified (i) 

into different groups on the basis of the intensity of their consumption; or (ii) as outliers. The 

details of this classification of countries are in the Tables A3.3.1 and A3.3.2.  
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Table A3.3.1  Classification of Countries and Excluded Countries, Part I 

   Country  

1. Staples   2. Meat and Seafood   3. Diary 

Country intensive in 
Excluded  

Country intensive in 
Excluded  

Country intensive in 
Excluded 

Rice  Other 
cereals Bread Bakery 

and pasta None   
Beef and 

veal 
Pork and 

lamb Poultry Other 
meat 

Fish and 
seafood None   

Fresh 
milk 

Preserved 
milk Cheese Eggs None 

1. United States 
   

√ 
 

  
 

√ 
     

  
     

√ 
 2. Luxembourg 

   
√ 

 
  

      
√   

   
√ 

   3. Austria 
  

√ 
  

  
    

√ 
  

  
   

√ 
   4. Switzerland 

   
√ 

 
  

    
√ 

  
  

   
√ 

   5. Netherlands 
  

√ 
  

  
    

√ 
  

  
   

√ 
   6. Japan √ 

    
o 

     
√ 

 
o 

  
√ 

    7. United Kingdom 
   

√ 
 

  
    

√ 
  

  
 

√ 
     8. Norway 

  
√ 

  
  

    
√ 

  
  

 
√ 

     9. Germany 
    

√   
    

√ 
  

  
   

√ 
   10. Canada 

   
√ 

 
  

      
√   

   
√ 

   11. Iceland 
  

√ 
  

  
  

√ 
    

  
     

√ 
 12. Belgium 

   
√ 

 
  

    
√ 

  
  

   
√ 

   13. France 
   

√ 
 

  
      

√   
   

√ 
   14. Taiwan, China 

   
√ 

 
  

     
√ 

 
  

  
√ 

    15. Australia 
   

√ 
 

  
    

√ 
  

  
 

√ 
     16. Cyprus 

  
√ 

  
  

  
√ 

    
  

   
√ 

   17. Sweden 
  

√ 
  

  
    

√ 
  

  
   

√ 
   18. Hong Kong, China 

   
√ 

 
  

     
√ 

 
  

     
√ 

 19. Ireland 
   

√ 
 

  
    

√ 
  

  
 

√ 
     20. Denmark 

  
√ 

  
  

      
√   

   
√ 

   21. Greece 
  

√ 
  

  
  

√ 
    

  
   

√ 
   22. Italy 

   
√ 

 
  

 
√ 

     
  

   
√ 

  
o 

23. Spain 
  

√ 
  

  
     

√ 
 

  
     

√ 
 24. Finland 

  
√ 

  
  

    
√ 

  
  

   
√ 

   25. New Zealand 
   

√ 
 

  
    

√ 
  

  
 

√ 
     26. Singapore 

   
√ 

 
  

     
√ 

 
  

  
√ 

    27. Kuwait √ 
    

  
  

√ 
    

  
  

√ 
    28. Malta 

   
√ 

 
  

      
√   

     
√ 

 29. Israel 
   

√ 
 

  
   

√ 
   

  
   

√ 
   30. Qatar √ 

    
  

  
√ 

    
  

  
√ 

    31. Portugal 
  

√ 
  

  
     

√ 
 

  
     

√ 
 32. Czech Republic 

  
√ 

  
  

    
√ 

  
  

   
√ 

   33. Slovenia 
   

√ 
 

  
    

√ 
  

  
  

√ 
    34. Korea, Rep. √ 

    
  

     
√ 

 
  

  
√ 

    35. Slovak Republic 
   

√ 
 

  
    

√ 
  

  
     

√ 
 36. Hungary 

   
√ 

 
o 

    
√ 

  
  

 
√ 

     37. Brunei Darussalam       √               √         √         
38. Bahrain √ 

    
  

     
√ 

 
  

  
√ 

    39. Estonia 
  

√ 
  

  
    

√ 
  

  
   

√ 
   40. Poland 

  
√ 

  
  

    
√ 

  
  

     
√ 

 41. Macao, China 
   

√ 
 

  
     

√ 
 

  
  

√ 
    42. Croatia 

    
√   

      
√   

 
√ 

     43. Lebanon 
  

√ 
  

  
 

√ 
     

  
      

s 
44. Lithuania 

  
√ 

  
  

    
√ 

  
  

  
√ 

    45. Kazakhstan 
    

√   
 

√ 
     

  
  

√ 
    46. Mexico 

  
√ 

  
  

 
√ 

     
  

  
√ 

    47. Latvia 
  

√ 
  

  
    

√ 
  

  
  

√ 
    48. Iran, Islamic Rep. √ 

    
  

      
√ o 

     
√ 

 49. Bulgaria 
  

√ 
  

  
    

√ 
  

  
   

√ 
   50. Argentina    √     √         √      

                    (Continued on next page) 
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Table A3.3.1  Classification of Countries and Excluded Countries, Part I (Continued) 

   Country  

1. Staples   2. Meat and Seafood   3. Diary 

Country intensive in 
Excluded  

Country intensive in 
Excluded  

Country intensive in 
Excluded 

Rice  Other 
cereals Bread Bakery 

and pasta None   
Beef and 

veal 
Pork and 

lamb Poultry Other 
meat 

Fish and 
seafood None   

Fresh 
milk 

Preserved 
milk Cheese Eggs None 

51. Russian Federation 
  

√ 
  

  
    

√ 
  

  
     

√ 
 52. Oman √ 

    
  

  
√ 

    
  

  
√ 

    53. Chile 
  

√ 
  

  
 

√ 
     

  
     

√ 
 54. Romania 

  
√ 

  
  

      
√   

     
√ 

 55. Uruguay 
   

√ 
 

  
 

√ 
     

  
 

√ 
     56. Belarus 

  
√ 

  
  

    
√ 

  
  

  
√ 

    57. Serbia 
  

√ 
  

  
  

√ 
    

  
   

√ 
   58. Mauritius 

    
√   

     
√ 

 
o 

  
√ 

   
o 

59. Bosnia and Herzegovina 
    

√   
 

√ 
     

  
     

√ 
 60. Turkey 

  
√ 

  
  

 
√ 

     
  

   
√ 

   61. Macedonia, FYR 
  

√ 
  

  
      

√   
   

√ 
   62. Saudi Arabia 

    
√   

  
√ 

    
  

  
√ 

    63. South Africa 
  

√ 
  

  
      

√ o 
  

√ 
    64. Ukraine 

  
√ 

  
  

    
√ 

  
  

     
√ 

 65. Montenegro 
  

√ 
  

  
  

√ 
    

  
   

√ 
   66. Brazil 

    
√   

 
√ 

     
  

 
√ 

     67. Armenia 
  

√ 
  

  
      

√   
   

√ 
   68. Georgia 

 
√ 

   
o 

 
√ 

     
  

 
√ 

     69. Venezuela, RB 
    

√ o 
      

√   
   

√ 
   70. Peru 

    
√   

   
√ 

   
o 

  
√ 

    71. Malaysia √ 
    

  
     

√ 
 

  
  

√ 
    72. Moldova 

  
√ 

  
  

      
√ o 

  
√ 

    73. Albania 
  

√ 
  

  
      

√   
     

√ 
 74. Colombia     √         √                   √       

75. Swaziland 
 

√ 
   

  
 

√ 
     

  
 

√ 
     76. Tunisia 

   
√ 

 
  

      
√   

  
√ 

    77. Jordan 
    

√   
   

√ 
   

o 
  

√ 
    78. Thailand 

     
s 

     
√ 

 
  

      
s 

79. Ecuador √ 
    

  
      

√   
 

√ 
     80. Equatorial Guinea 

    
√   

     
√ 

 
  

  
√ 

    81. Egypt, Arab Rep. 
    

√   
 

√ 
     

  
 

√ 
     82. Fiji 

    
√   

     
√ 

 
  

  
√ 

    83. Paraguay 
 

√ 
   

o 
 

√ 
     

o 
 

√ 
     84. Botswana 

 
√ 

   
  

 
√ 

     
  

 
√ 

    
o 

85. Gabon 
    

√   
     

√ 
 

  
  

√ 
    86. Maldives 

    
√   

       
s 

  
√ 

   
o 

87. Azerbaijan 
    

√   
 

√ 
     

  
     

√ 
 88. Syrian Arab Republic 

  
√ 

  
  

  
√ 

    
  

   
√ 

   89. Kyrgyz Republic 
 

√ 
   

  
 

√ 
     

  
 

√ 
     90. Namibia 

 
√ 

   
o 

      
√   

 
√ 

     91. Sri Lanka 
     

s 
     

√ 
 

  
 

√ 
     92. Bolivia 

  
√ 

  
  

 
√ 

     
  

  
√ 

    93. Philippines √ 
    

  
     

√ 
 

  
  

√ 
    94. Lesotho 

 
√ 

   
o 

   
√ 

   
  

    
√ 

  95. Cape Verde √ 
    

  
     

√ 
 

  
  

√ 
    96. Pakistan 

 
√ 

   
  

 
√ 

     
  

 
√ 

     97. Indonesia √ 
    

  
     

√ 
 

o 
    

√ 
  98. Tajikistan   √      √         √      

99. Morocco  √            √     √     
100. Sudan   √            s  √      

                   ( Continued on next page) 
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Table A3.3.1   Classification of Countries and Excluded Countries, Part I (Continued) 

   Country  

1. Staples   2. Meat and Seafood   3. Diary 

Country intensive in 
Excluded  

Country intensive in 
Excluded  

Country intensive in 
Excluded 

Rice  Other 
cereals Bread Bakery 

and pasta None   
Beef and 

veal 
Pork and 

lamb Poultry Other 
meat 

Fish and 
seafood None   

Fresh 
milk 

Preserved 
milk Cheese Eggs None 

101. Vietnam √ 
    

  
  

√ 
    

  
      

s 
102. China √ 

    
  

      
√ o 

    
√ 

  103. Mongolia 
 

√ 
   

  
  

√ 
    

o 
  

√ 
   

o 
104. India √ 

    
  

     
√ 

 
  

 
√ 

     105. São Tomé and Principe √ 
    

  
     

√ 
 

  
     

√ 
 106. Bhutan √ 

    
  

      
√   

     
√ 

 107. Iraq 
 

√ 
   

  
      

√   
  

√ 
   

o 
108. Cambodia √ 

    
  

     
√ 

 
  

  
√ 

    109. Yemen, Rep. 
    

√   
      

√   
  

√ 
    110. Kenya 

 
√ 

   
  

 
√ 

     
  

      
s 

111. Cameroon   √                   √                 s 
112. Djibouti 

    
√   

       
s 

      
s 

113. Nigeria √ 
    

  
     

√ 
 

  
  

√ 
    114. Senegal √ 

    
  

     
√ 

 
  

  
√ 

    115. Bangladesh √ 
    

  
     

√ 
 

  
 

√ 
     116. Lao PDR 

     
s 

     
√ 

 
  

      
s 

117. Côte d''Ivoire √ 
    

  
     

√ 
 

  
  

√ 
    118. Ghana √ 

    
  

     
√ 

 
  

      
s 

119. Benin 
 

√ 
   

o 
     

√ 
 

  
    

√ 
  120. Madagascar √ 

    
  

     
√ 

 
  

 
√ 

     121. Gambia, The 
     

s 
 

√ 
     

  
      

s 
122. Zambia 

     
s 

     
√ 

 
o 

      
s 

123. Mauritania 
 

√ 
   

  
    

√ 
  

o 
      

s 
124. Uganda 

     
s 

 
√ 

     
  

      
s 

125. Comoros √ 
    

  
 

√ 
     

  
      

s 
126. Nepal √ 

    
  

  
√ 

    
  

 
√ 

     127. Togo 
 

√ 
   

  
     

√ 
 

o 
      

s 
128. Guinea √ 

    
  

     
√ 

 
  

      
s 

129. Congo, Rep. 
    

√   
     

√ 
 

  
  

√ 
   

o 
130. Sierra Leone 

     
s 

     
√ 

 
  

      
s 

131. Burkina Faso 
 

√ 
   

  
  

√ 
    

  
      

s 
132. Malawi 

     
s 

      
√   

      
s 

133. Central African Republic 
    

√   
      

√   
      

s 
134. Mali √ 

    
  

 
√ 

     
  

      
s 

135. Angola 
     

s 
     

√ 
 

  
      

s 
136. Rwanda 

     
s 

 
√ 

     
  

      
s 

137. Chad 
 

√ 
   

  
  

√ 
    

  
 

√ 
     138. Tanzania 

 
√ 

   
  

     
√ 

 
o 

      
s 

139. Liberia 
     

s 
     

√ 
 

  
      

s 
140. Mozambique 

 
√ 

   
  

     
√ 

 
o 

 
√ 

     141. Guinea-Bissau 
     

s 
     

√ 
 

  
      

s 
142. Niger 

     
s 

  
√ 

    
  

 
√ 

     143. Ethiopia 
     

s 
       

s 
 

√ 
     144. Zimbabwe 

     
s 

   
√ 

   
  

      
s 

145. Burundi 
     

s 
      

√   
 

√ 
     146. Congo, Dem. Rep.           s           √                  s 

Total 28 20 37 24 20 25  28 16 5 25 43 25 20  31 40 26 4 18 34 
No. of countries excluded due to                       
 Small consumption (s)      17        4       27 
 Outlier (o)      8        16       7 
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Notes:  
1.  This table gives the identity of countries that are (i) “intensive consumers” of the relevant food item; and (ii) excluded for the purpose of estimation of the demand equations.  
2.  A country is defined as an intensive consumer when its expenditure on the good exceeds a certain percentage (as in the highlighted box of Table 3.6) of all spending within the food group. The criteria were chosen in order 

to allocate countries so that there is roughly the same number in each category. Taking staples as example, Japan (country 6) is intensive in rice as its rice expenditure exceeds 40% of total staples expenditure, as indicated 
by the symbol √ next to the Japan in the rice column of this table. 

3.   A country is excluded for one of two reasons:  
i) If consumption is “small” -- when per capita consumption of any good in the group falls below the criteria specified in the panel headings of Table 3.3. The criteria is the same for all groups other than staples. The cut-

off for staples is larger than that for other groups because the frequency distribution of per capita consumption of staples has a fat left tail. If same criteria apply to staples, only 1 country is classified as small.  For 
example, within staples, Thailand’s (country 78) per capita consumption of all 4 goods is less than $US1. This country is thus excluded and is indicated by “s”. 

ii) After a preliminary analysis, a country is excluded if it is an outlier, defined on the basis of the lack of normality of the residuals from the homogeneity- and symmetry-constrained equations. Specifically, a country is 
declared as an outlier if its residual has a t-value greater than 2.5. Taking Japan (country 6) as example, it is classified as a rice-intensive country. But as the residual for rice for Japan has a t-statistic above 2.51, it is 
excluded, as indicated by “o”. 

4.  The last three rows give the total number of countries in each classification. Taking staples as example, of the total of 146 countries, 17 were excluded from the sample due to the small consumption. The remaining 129 
countries are separated into different intensive groups, with 28 rice-intensive consumers. The further 8 countries are excluded as outliers. 
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Table A3.3.2  Classification of Countries and Excluded Countries, Part II 

    Country 

4. Fruit and Vegetables   5. Sweet Things   6. Other Food 

Country intensive in 
Excluded  

Country intensive in 
Excluded  

Country intensive in 
Excluded Fresh 

fruit 
Fresh 
Vege 

Fresh 
Potato None   Sugar Jam Chocolate None   

Other 
oil 

Food 
products Coffee,Tea Mineral 

water None 

1. United States 
   

√   
   

√ 
 

  
  

√ 
    2. Luxembourg 

   
√   

   
√ 

 
  

    
√ 

  3. Austria 
   

√   
   

√ 
 

  
    

√ 
  4. Switzerland 

 
√ 

  
  

   
√ 

 
  

  
√ 

    5. Netherlands 
   

√   
    

√ o 
      

s 
6. Japan 

 
√ 

  
  

   
√ 

 
o 

  
√ 

    7. United Kingdom 
   

√   
   

√ 
 

  
    

√ 
  8. Norway 

   
√   

   
√ 

 
  

    
√ 

  9. Germany 
   

√   
   

√ 
 

  
    

√ 
  10. Canada 

   
√ o 

   
√ 

 
  

  
√ 

    11. Iceland 
   

√ o 
   

√ 
 

  
    

√ 
  12. Belgium 

   
√   

   
√ 

 
  

    
√ 

  13. France 
   

√   
   

√ 
 

  
    

√ 
  14. Taiwan, China √ 

   
  

   
√ 

 
  

   
√ 

   15. Australia 
   

√   
   

√ 
 

  
    

√ 
  16. Cyprus 

   
√   

   
√ 

 
  

    
√ 

  17. Sweden 
   

√   
   

√ 
 

  
    

√ 
  18. Hong Kong, China √ 

   
  

   
√ 

 
  

  
√ 

    19. Ireland 
   

√ o 
   

√ 
 

  
    

√ 
 

o 
20. Denmark 

   
√   

   
√ 

 
  

    
√ 

  21. Greece 
 

√ 
  

  
   

√ 
 

  
     

√ 
 22. Italy 

 
√ 

  
  

   
√ 

 
  

    
√ 

  23. Spain √ 
   

  
   

√ 
 

  
    

√ 
  24. Finland 

   
√   

   
√ 

 
  

    
√ 

  25. New Zealand 
   

√   
   

√ 
 

  
  

√ 
    26. Singapore 

   
√   

   
√ 

 
  

     
√ 

 27. Kuwait √ 
   

  
   

√ 
 

  
     

√ 
 28. Malta 

   
√   

   
√ 

 
  

    
√ 

  29. Israel √ 
   

  
   

√ 
 

  
    

√ 
  30. Qatar √ 

   
  

   
√ 

 
  

     
√ 

 31. Portugal √ 
   

  
   

√ 
 

  
    

√ 
  32. Czech Republic √ 

   
  

   
√ 

 
  

    
√ 

  33. Slovenia 
   

√   
   

√ 
 

  
    

√ 
  34. Korea, Rep. 

 
√ 

  
  

   
√ 

 
  

  
√ 

    35. Slovak Republic √ 
   

  
   

√ 
 

  
     

√ 
 36. Hungary √ 

   
  

   
√ 

 
  

    
√ 

  37. Brunei Darussalam   √             √             √     
38. Bahrain √ 

   
  

   
√ 

 
  

     
√ 

 39. Estonia √ 
   

  
   

√ 
 

  
    

√ 
  40. Poland 

 
√ 

  
  

   
√ 

 
  

  
√ 

    41. Macao, China √ 
   

  
   

√ 
 

  
     

√ 
 42. Croatia 

 
√ 

  
  

   
√ 

 
  

     
√ 

 43. Lebanon 
 

√ 
  

  
   

√ 
 

  
     

√ 
 44. Lithuania 

   
√   

    
√   

     
√ 

 45. Kazakhstan 
   

√   
 

√ 
   

  
 

√ 
     46. Mexico 

   
√   

   
√ 

 
  

    
√ 

  47. Latvia 
   

√   
    

√   
     

√ o 
48. Iran, Islamic Rep. 

   
√   

    
√   

     
√ 

 49. Bulgaria 
   

√   
    

√ o 
     

√ 
 50. Argentina √         √        √   

                 (Continued on next page) 
.                    
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.Table A3.3.2  Classification of Countries and Excluded Countries, Part II (Continued) 

    Country 

4. Fruit and .Vegetables   5. Sweet Things   6. Other Food 

Country intensive in 
Excluded  

Country intensive in 
Excluded  

Country intensive in 
Excluded Fresh 

fruit 
Fresh 
Vege 

Fresh 
Potato None   Sugar Jam Chocolate None   

Other 
oil 

Food 
products Coffee,Tea Mineral 

water None 

51. Russian Federation 
   

√   
   

√ 
 

  
     

√ 
 52. Oman √ 

   
  

   
√ 

 
  

    
√ 

  53. Chile 
 

√ 
  

  
   

√ 
 

  
    

√ 
  54. Romania 

   
√   

  
√ 

  
  

    
√ 

  55. Uruguay 
   

√   
   

√ 
 

  
    

√ 
  56. Belarus √ 

   
  

 
√ 

   
  

     
√ 

 57. Serbia 
 

√ 
  

  
   

√ 
 

  
    

√ 
  58. Mauritius 

 
√ 

  
  

   
√ 

 
  

    
√ 

  59. Bosnia and Herzegovina √ 
   

  
   

√ 
 

  
    

√ 
  60. Turkey 

   
√   

 
√ 

   
  

     
√ 

 61. Macedonia, FYR 
 

√ 
  

  
   

√ 
 

  
     

√ 
 62. Saudi Arabia √ 

   
  

    
√ o 

     
√ 

 63. South Africa 
 

√ 
  

  
  

√ 
  

  
  

√ 
    64. Ukraine 

   
√   

    
√   

 
√ 

     65. Montenegro 
 

√ 
  

  
   

√ 
 

  
    

√ 
  66. Brazil 

   
√   

 
√ 

   
  

     
√ 

 67. Armenia 
   

√   
    

√   
     

√ 
 68. Georgia 

   
√   

 
√ 

   
  

 
√ 

     69. Venezuela, RB √ 
   

  
 

√ 
   

  
     

√ 
 70. Peru 

   
√   

 
√ 

   
  

     
√ 

 71. Malaysia 
 

√ 
  

  
 

√ 
   

  
    

√ 
  72. Moldova 

   
√   

   
√ 

 
o 

    
√ 

  73. Albania 
 

√ 
  

  
   

√ 
 

  
    

√ 
  74. Colombia       √         √             √     

75. Swaziland 
 

√ 
  

  
 

√ 
   

  
  

√ 
    76. Tunisia 

 
√ 

  
  

 
√ 

   
  

     
√ 

 77. Jordan 
 

√ 
  

  
   

√ 
 

  
     

√ 
 78. Thailand 

 
√ 

  
  

 
√ 

   
  

    
√ 

  79. Ecuador √ 
   

  
 

√ 
   

  
    

√ 
  80. Equatorial Guinea 

   
√   

   
√ 

 
  

  
√ 

    81. Egypt, Arab Rep. 
 

√ 
  

  
 

√ 
   

  
 

√ 
     82. Fiji 

 
√ 

  
  

   
√ 

 
  

  
√ 

    83. Paraguay 
 

√ 
  

  
 

√ 
   

  
    

√ 
  84. Botswana 

   
√   

 
√ 

   
  

  
√ 

    85. Gabon 
  

√ 
 

  
 

√ 
   

  
     

√ 
 86. Maldives √ 

   
  

 
√ 

   
  

     
√ 

 87. Azerbaijan 
 

√ 
  

  
 

√ 
   

  
     

√ o 
88. Syrian Arab Republic 

 
√ 

  
  

   
√ 

 
o 

 
√ 

     89. Kyrgyz Republic 
   

√   
 

√ 
   

  
 

√ 
    

o 
90. Namibia 

   
√   

 
√ 

   
  

  
√ 

    91. Sri Lanka 
 

√ 
  

o 
 

√ 
   

  
   

√ 
   92. Bolivia 

   
√   

 
√ 

   
  

    
√ 

  93. Philippines 
 

√ 
  

  
 

√ 
   

  
  

√ 
    94. Lesotho 

 
√ 

  
  

 
√ 

   
  

  
√ 

    95. Cape Verde 
 

√ 
  

  
 

√ 
   

  
 

√ 
     96. Pakistan 

 
√ 

  
  

 
√ 

   
  

  
√ 

    97. Indonesia 
 

√ 
  

  
    

√   
  

√ 
    98. Tajikistan 

   
√   

 
√ 

   
  

 
√ 

    
o 

99. Morocco √ 
   

o 
 

√ 
   

  
 

√ 
     100. Sudan 

    
s 

 
√ 

   
  

   
√ 

                    (Continued on next page) 
.                    
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Table A3.3.2  Classification of Countries and Excluded Countries, Part II (Continued) 

    Country 

4. Fruit and Vegetables   5. Sweet Things   6. Other Food 

Country intensive in 
Excluded  

Country intensive in 
Excluded  

Country intensive in 
Excluded Fresh 

fruit 
Fresh 
Vege 

Fresh 
Potato None   Sugar Jam Chocolate None   

Other 
oil 

Food 
products Coffee,Tea Mineral 

water None 

101. Vietnam 
 

√ 
  

  
 

√ 
   

  
  

√ 
    102. China 

 
√ 

  
  

    
√ o 

     
√ 

 103. Mongolia 
 

√ 
  

  
    

√   
   

√ 
   104. India 

    
s 

 
√ 

   
  

 
√ 

     105. São Tomé and Principe 
   

√   
 

√ 
   

  
     

√ 
 106. Bhutan 

 
√ 

  
  

     
s 

     
√ 

 107. Iraq 
 

√ 
  

  
   

√ 
 

  
     

√ 
 108. Cambodia 

 
√ 

  
  

 
√ 

   
  

  
√ 

    109. Yemen, Rep. 
 

√ 
  

  
 

√ 
   

  
 

√ 
     110. Kenya 

 
√ 

  
  

 
√ 

   
  

    
√ 

  111. Cameroon     √       √           √         o 
112. Djibouti 

    
s 

 
√ 

   
  

  
√ 

    113. Nigeria 
 

√ 
  

o 
    

√   
 

√ 
     114. Senegal 

   
√ o 

 
√ 

   
  

  
√ 

    115. Bangladesh 
    

s 
 

√ 
   

  
  

√ 
    116. Lao PDR 

    
s 

    
√   

  
√ 

    117. Côte d''Ivoire 
  

√ 
 

  
     

s 
 

√ 
     118. Ghana 

  
√ 

 
  

     
s 

  
√ 

    119. Benin 
  

√ 
 

  
 

√ 
   

  
  

√ 
    120. Madagascar 

    
s 

 
√ 

   
  

  
√ 

    121. Gambia, The 
 

√ 
  

o 
     

s 
 

√ 
    

o 
122. Zambia 

    
s 

     
s 

      
s 

123. Mauritania 
 

√ 
  

  
 

√ 
   

o 
   

√ 
   124. Uganda 

    
s 

     
s 

    
√ 

  125. Comoros 
    

s 
 

√ 
   

  
    

√ 
  126. Nepal 

 
√ 

  
  

 
√ 

   
  

 
√ 

     127. Togo 
  

√ 
 

  
     

s 
 

√ 
     128. Guinea 

   
√   

 
√ 

   
  

     
√ 

 129. Congo, Rep. 
   

√   
 

√ 
   

  
  

√ 
    130. Sierra Leone 

   
√   

     
s 

 
√ 

     131. Burkina Faso 
 

√ 
  

  
 

√ 
   

  
  

√ 
    132. Malawi 

    
s 

     
s 

  
√ 

    133. Central African Republic 
  

√ 
 

  
 

√ 
   

  
  

√ 
    134. Mali 

    
s 

 
√ 

   
  

     
√ 

 135. Angola 
    

s 
     

s 
 

√ 
     136. Rwanda 

  
√ 

 
o 

 
√ 

   
  

 
√ 

     137. Chad 
   

√   
 

√ 
   

  
     

√ 
 138. Tanzania 

   
√   

 
√ 

   
  

  
√ 

    139. Liberia 
 

√ 
  

  
     

s 
 

√ 
     140. Mozambique 

   
√   

     
s 

  
√ 

    141. Guinea-Bissau 
   

√   
    

√   
  

√ 
    142. Niger 

    
s 

     
s 

  
√ 

    143. Ethiopia 
    

s 
     

s 
   

√ 
   144 Zimbabwe 

 
√ 

  
  

     
s 

      
s 

145. Burundi 
   

√   
     

s 
     

√ 
 146. Congo, Dem. Rep.     √   o           s     √         

Total 22 47 9 54 24  52 2 61 14 25  21 36 6 45 35 10 
No. of countries excluded due to                   
Small consumption (s)     14      17       3 
Outlier (o)     10      8       7 

             

See notes to Table A3.2.1. 
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                                                                                            CHAPTER 4
MULTI-LEVEL CONSUMPTION THEORY                                    

WITH APPLICATION TO FOOD 

4.1    Introduction 

The previous two chapters dealt with the demand for goods within a group. The 

demand functions had the special property that they depended on group expenditure and 

prices of the goods within the group. These are called “conditional demands”. Thus, Chapter 

2 analysesd the demand for beer, wine and spirits for a given amount of total alcohol 

expenditure, so the price elasticities refer to the effects of how price changes reshuffle a given 

amount of total alcohol expenditure among the three beverages. Similarly in Chapter 3, where 

the demand for individual food items were conditional on the one-level higher aggregate, 

group expenditure. Thus, rice consumption, for example, depended on the total demand for 

staples. This chapter considers the demand for the above items no longer conditional on 

group expenditure, but instead on income (that is, total expenditure on all goods). These new 

demand equations are referred to as “unconditional demands”. To do this for alcohol, we 

need the group (or composite) demand equation, which depends on income and the price of 

alcohol. Combining the conditional demands with the group demand gives the required 

unconditional demands. The associated price elasticities now measure the substitution effects 

between beverages, as well as between beverages and all other goods. A brief overview of 

this approach has been discussed in Section 1.7. This chapter works out the approach in detail 

and uses it to deal with the unconditional demands for alcohol and food. 

There is an additional dimension to be considered for the 25 food items of Chapter 3. 

Rice depends on staples expenditure, and staples depends on total food expenditure, which, in 

turn, depends on income. Accordingly, to obtain the unconditional demand there is now a  

three-step process – rice to staples to food to income. Contrast this with the two-step, beer-

alcohol-income, transition for the alcoholic beverages. The additional step for food 

complicates matters considerably and the latter parts of the chapter set this new material out 

in full detail.   

Before proceeding, it is worthwhile to explain why we use this rather elaborate multi-

level budgeting approach. For the n 25=  food items of Chapter 3, if the consumption of each 

item responds to each of the 25 prices, there is an n n×  matrix of responses containing 
2 2n 25 625= =  pairwise price elasticities. The budget constraint implies that one row of this 
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matrix is redundant, which reduces the number of free price responses by n. Next, demand 

homogeneity means that the sum of each row of the matrix is zero, which further reduces the 

number of free elements by n-1. Slutsky symmetry implies that the elements in the lower 

triangle are related (but not equal) to those in the upper triangle. This entails a further 

reduction in the number of free elements of ( )( )x n 1 n 2 2= − − . Consequently, the number 

of free elements is ( )2y n n n 1 x= − − − − ; for n = 25, this y 300.=  A number of unknown 

parameters of this order of magnitude is too large to deal with in practice.  

The multi-level approach separates the 25 food items into G 6=  groups (in Section 

3.2) and the maximum number of items in these groups is 5. In a conditional demand system 

for 5 items within a group, setting n = 5 in the above expression gives the number of free 

elements in the corresponding (conditional) matrix of y = 10. If each of the 6 groups were to 

contain 5 items, then the total number of free elements in the 6 systems would be 6 10 60.× =  

However, as some groups have the items less than this maximum number 5, the actual 

number of free elements is less than 60. Thus, 60 is the upper bound. 

In addition to the conditional demands, there is a demand system for the 6 food 

groups. This system gives rise to another 6 6×  matrix, which contains the response of the 

consumption of each group to a change in the price of each of the 6 groups. With n = 6 in the 

above expression for y, there are y = 15 free elements here. 

Thus, with the multi-level approach, the total number of free parameters underlying 

the 25 25×  matrix has been reduced from 300 to 60 15 75+ = , which makes this approach 

workable in practice. However, this substantial reduction comes at a cost: The links between 

goods from different groups is highly structured with complementarity ruled out by the 

assumption that preferences are block independent (also known as “strong separability” of the 

utility function). While this may seem to be a strong assumption, it is not totally unreasonable 

in many instances in the context of food. Take as an example, rice in the staples group and 

milk in dairy. It would not be sensible to consider rice and milk as complements as they 

provide different nutritional needs and are usually not consumed together. The elimination of 

complementarity relationships is restrictive in some cases, however, such as that pertaining to 

rice (in staples) and beef (in meat and seafood), which are consumed jointly in some Asian 

cuisines. Consequently, it must be acknowledged that block independence is required to make 

estimation feasible; the “reasonableness” of the approach cannot be guaranteed and it would 

be unlikely to be reasonable in all possible situations. On the other hand, the interrelationship 

among goods in the same group is unrestricted in the approach. 
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The next section sets the scene by providing a brief review of the basic concepts 

regarding the consumer’s preferences and index numbers of prices and quantities. Section 4.3 

introduces demand equations both in relative and absolute price terms. Then, under the 

assumption of block independence, the basket of goods is separated into groups and Section 

4.4 derives group demand equations, followed by Section 4.5 that derives the conditional 

demands and the restricted unconditional demand.  To help fix ideas, this two-level approach 

is illustrated in Section 4.6 using the case of alcohol in Australia. This approach is then used 

in two major applications. Firstly, Section 4.7 analyses the demand for alcohol internationally 

and Section 4.8 compares the behaviour of Australian and international drinkers. The demand 

responses of international drinkers are examined across the income distribution in Section 

4.9. The second major application of the two-level approach is to the demand for the 25 food 

items internationally. This material is in Sections 4.10 to 4.12. Section 4.13 extends the two-

level approach to three levels. As mentioned above, for food this entails the additional level 

whereby income is divided into food and non-food. The application to food is contained in 

Section 4.14. Finally, Section 4.15 provides a summary of the chapter.  

4.2    Basic Concepts 

This chapter uses many concepts of preferences, price and volume indexes and 

demand equations, some of which have already been introduced in previous chapters. In 

order to make the chapter more or less self-contained, this and the next section provide an 

overview of the basics of the material.  

Index Numbers   

Let ip  be the price of good i ( i 1,..., n= ) and iq  be the corresponding quantity 

demanded. Thus, i ip q  is the expenditure on good i and n
i 1 i ip q=∑  is total expenditure. This 

total is referred to as “income” for short and denoted by M, which is taken to be outside the 

control of the consumer. The consumer faces the constraint that the total expenditure must 

equal income, written as  

(4.1)       
n

i i
i 1

p q M
=

=∑ , 

which is known as the budget constraint. Let i i iw p q M=  be the budget share of good i. The 

differential of equation (4.1) is n n
i 1 i i i 1 i idM p dq q dp= == ∑ ∑+  or using ( )d log x dx x= , x 0> , 
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( ) ( ) ( )n n
i 1 i i i 1 i id log M w d log q w d log p= == ∑ ∑+ , written as ( ) ( ) ( )d log M d log Q d log P= + ,  

where 

(4.2)        
n

i i
i 1

d(log Q) w d(log q ),
=

= ∑    
n

i i
i 1

d(log P) w d(log p )
=

= ∑  

are Divisia (1925) volume and price indexes. 

The budget share iw  is the proportion of the total expenditure devoted to good i. 

Each budget share is positive and the n shares have a unit sum. When the consumer receives 

an additional one dollar of income, expenditure on i changes by ( )i i Mp q∂ ∂ , denoted by iq . 

This iq  is known as the ith marginal share. Like the budget shares, the marginal shares have a 

unit sum, but they need not all be positive; if good i is inferior, i 0q < . The ratio of the 

marginal share to the corresponding budget share is the income elasticity of the good 

   

( )
( )

ii i i

i i i

log q(p q ) M .
w p q M log M

∂q ∂ ∂
= =

∂
 

When the income elasticity exceeds unity, expenditure on the good increases faster than 

income and the good is described as a luxury. When the elasticity is less than unity, the good 

is a necessity. A budget-share weighted average of the income elasticities is unity 

( )n n
i 1 i i i i 1 iw w 1,= =∑ q = ∑ q =  so that, on average, goods are “neutral” – not all goods can be 

luxuries, nor can they all be necessities. 

The Divisia price index in equation (4.2) is a budget-share weighted average of the n 

price changes. We can also define another price index that uses marginal shares as weights 

(4.3)      ( ) ( )
n

i i
i 1

d log P d log p .
=

′ = q∑  

This is known as the Frisch (1932) index. Relative to Divisia, the Frisch index gives more 

weight to luxuries (as for these goods, i iwq > ), less weight to necessities ( i iwq < ). In what 

follows, the Frisch index is used as a deflator in forming the change in the relative price of 

good i, which is written as  

             ( ) ( )i
i

pd log d log p d log P .
P

  ′= − ′ 
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Preferences  

The consumer’s preferences are characterised by the utility function 

( ) ( )1 nu q ,...,q u q= , where [ ]1 nq ,...,qq ′=  is the vector of the n quantities consumed. The 

marginal utility of good i is iu q 0∂ ∂ > , and the n n×  Hessian matrix of the utility function is 

2u ′= ∂ ∂ ∂U q q . The ( )thi, j element of U is the change in the marginal utility of good i 

following additional consumption of good j. This matrix is symmetric negative definite, 

which corresponds to generalized diminishing marginal utility. The simplest form of the 

utility function is additive in each of the n goods, 

(4.4)     
n

1 n i i
i 1

u(q ,...,q ) u (q ),
=

= ∑  

where iu ( )⋅  is the sub-utility function for good i that depends only on consumption of that 

good. In this case, i i iu q du dq∂ ∂ =  and 2
i ju q q 0∂ ∂ ∂ =  for i j≠ , so the Hessian U  is 

diagonal. As the marginal utility of i depends only on consumption of that good, and not on 

that of the others, this situation is known as preference independence. 

A weaker version of (4.4) is block independence, when utility is additive in groups of 

goods, 

(4.5)     
G

1 n g g
g 1

u(q ,...,q ) u ( ).q
=

= ∑  

Here, the n goods are partitioned into G n<  groups such that each good belongs to one group 

only. These groups will be referred to as 1 G,...,S S , and gq  represents the iq ’s that fall under 

gS . The term gu ( )⋅  is a sub-utility function for group g. When goods are ordered 

appropriately, equation (4.5) implies that the Hessian U  is block diagonal. Preference 

independence is obviously a special case of block independence: When each of the n goods 

belongs to its own group, n G=  and equation (4.5) coincides with (4.4). Block independence 

is also known as a strong separability. The structure of the utility function provides valuable 

information about the nature of the demand functions, as will be illustrated below. 

4.3   Demand Equations 

Maximising utility subject to the budget constraint gives a set of Marshallian demand 

equations, which take the form i i 1 nq q (M,p ,..., p )=  for i 1,..., n= . The variable M in this 

system of equations is money income; as discussed in Section 3.7, these equations can be 
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transformed into Slutsky demand equations containing real income. The following material 

sets out some properties of a Slutsky demand system expressed in differentials. The system 

can be formulated in either relative or absolute prices, as set out below. 

A Relative-Price Model   

The demand equation for good i in terms of relative prices is 

(4.6)    ( ) ( )
n

j
i i i ij

j 1

p
w d log q d log Q d log .

P=

 
= q + n  ′ 

∑   

The variable on the left, ( )i iw d log q , is the logarithmic change in the quantity demanded of 

the good weighted by its budget share. This has two interpretations: First, it is the quantity 

component of the change in the budget share, ( ) ( ) ( )i i i i i idw w d log p w d log q w d log M= + − ;  

second, it is the contribution of good i to the Divisia volume index (4.2). 

The right-hand side of equation (4.6) comprises the sum of two terms. The first is the 

income term ( )id log Qq , where ( )d log Q  measures the change in real income and iq  is the 

proportion of this change spent on good i. The second term on the right of equation (4.6) is 

the price substitution term ( )n
j 1 ij jd log p P ,= ′∑ n  which is a weighted sum of the n relative-

price changes; these are Frisch-deflated relative prices, as defined in the previous section. 

The weight ijn  is the ( )thi, j  price coefficient defined as  

(4.7)       i j ij
ij

p p
u .

M
λ

n =  

Here, λ  is the marginal utility of income u M∂ ∂  and iju  is the ( )thi, j  element of the inverse 

of the Hessian U of the utility function; that is, ij 1u −  =  U . As U  is symmetric, it follows 

from equation (4.7) that ijn  is also symmetric in i and j; that is,  

(4.8)        ij jin = n    i, j 1,..., n.=  

Additionally, the price coefficients satisfy 

(4.9)        
n

ij i
j 1

i 1,..., n,  
=

n = φq =∑  

where ( ) ( ) 1
log log M

−
φ = ∂ λ ∂    is the inverse of the income elasticity of the marginal utility 

of income λ . This φ  is known as the income flexibility.  
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When utility is of the preference independence form as in equation (4.4), the Hessian  

U and its inverse are both diagonal matrices, so that according to equation (4.7), ij 0n =  for 

i j≠ , and from (4.9), ii in = φq  for i 1,..., n= . The demand equation (4.6) then is simplified to 

(4.10)     ( ) ( ) i
i i i i

pw d log q d log Q d log .
P

 = q + φq  ′ 
 

Thus, under preference independence, only the own-relative price appears in the substitution 

term, not all n such prices.   

An Absolute Price Formulation 

Equation (4.6) can be equivalently expressed in absolute prices by substituting the 

right of equation (4.3) for ( )d log P′ . The substitution term becomes 

            
( ) ( ) ( ) ( )

n n n n n
j

ij ij j ij j j ij i j j
j 1 j 1 j 1 j 1 j 1

p
d log d log p d log p d log p ,

P= = = = =

  
n = n − n q = n − φq q  ′   

∑ ∑ ∑ ∑ ∑  

where the second equals sign follows from constraint (4.9). Write the substitution term as  

            
( )

n n
j

ij ij j
j 1 j 1

p
d log d log p ,

P= =

 
n = p ′ 

∑ ∑  

where  

(4.11)      ij ij i jp = n − φq q   

is the coefficient in the ith demand equation attached to the jth absolute price change. These 

ij 'sp  are known as Slutsky (1915) coefficients. As n
j 1 j 1=∑ q = , it is clear from (4.9) and (4.11) 

that 

(4.12)       
n

ij
j 1

0 i 1,..., n,  
=

p = =∑  

which is the homogeneity constraint. This implies that an equi-proportional change in all n 

prices has no effect on consumption when real income is held constant. According to 

definition (4.11) and the symmetry of the ijn ’s in (4.8), the ijp ’s are also symmetric 

(4.13)        ij jip = p  i, j 1,..., n= , 

which is known as Slutsky symmetry.  

The absolute-price version of the demand equation for good i is thus: 

(4.14)       ( ) ( ) ( )
n

i i i ij j
j 1

w d log q d log Q d log p .
=

= q + p∑  
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Under preference independence, the Slutsky coefficients take the restricted form 

( )ij i ij j ,p = φq d − q  where  ijd  is the Kronecker delta ( ij 1d =  if i j= , 0 otherwise). 

4.4   Group Demand 

This and next section derive the demand for groups and for goods within the group. 

For further details, see Clements (1987). Suppose n goods are separated into G < n groups 

denoted by 1 2 G, ,...., .S S S  When the G groups are block independent in the utility function, as 

in equation (4.5), the Hessian U and its inverse are both block-diagonal. Thus, the price 

coefficients in (4.7) for goods in different groups vanish, ij 0n =  for g hi , j , g h.∈ ∈ ≠S  S   The 

demand equation (4.6) for good gi S∈  then becomes 

(4.15)     ( ) ( )
g

j
i i i ij

j

p
w d log q d log Q d log ,

PS∈

 
= q + n  ′ 

∑  

so only the relative prices of goods within the same group as good i play a role in the 

substitution term. Constraint (4.9) now takes the form  

(4.16)     
g

ij i g
j

, i , g 1,...,G.
S

 S  
∈

n = φq ∈ =∑  

To derive a demand equation for gS  as a whole from (4.15), define the group budget 

and marginal shares:  

   
g

g i
i

W w
S∈

= ∑ , 
g

g i
i S∈

Q = q∑ ,  

and the conditional shares for gi S∈ (that is, the within-group): 

   g i
i

g

ww
W

= ,  g i
i

g

.q
q =

Q
 

The group budget share is the proportion of total expenditure absorbed by the group,

gg i i iW p q MS∈= ∑ , and the conditional budget share is the proportion of group expenditure 

devoted to the thi  member of the group, 
g

g
i i i i i iw p q p qS∈= ∑ . Similarly, the group marginal 

share is ( )gg i i ip q MS∈Q = ∂ ∑ ∂  and the conditional marginal share is 

( ) ( )g

g
i i i i i i gp q p q , i .S  S∈q = ∂ ∂ ∑ ∈  This g

iq  answers the question when income increases by 

one dollar resulting in a certain additional amount ( gQ ) of spending on group g as a whole, 
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what fraction of the additional spending is devoted to good gi S∈ ? The Divisia volume index 

and the Frisch price index for the group are 

(4.17)      ( ) ( )
g

g
g i i

i
d log Q w d log q

S∈

= ∑ ,    ( ) ( )
g

g
g i i

i
d log P d log p

S∈

′ = q∑ . 

Next, sum both sides of equation (4.15) over gi S∈ : 

              
( ) ( )

g g g g

j
i i i ij

i i i j

p
w d log q d log Q d log .

PS S S S∈ ∈ ∈ ∈

 
= q + n  ′ 

∑ ∑ ∑ ∑
 
 

Using g
i g iw W w=  and definition of ( )gd log Q  in equation (4.17), the left-hand side becomes 

( )g gW d log Q . On the right, the income term becomes ( )gd log QQ  as 
gg i i ,∈Q = ∑ qS  while 

the substitution term is 

(4.18)      ( ) ( )
g g g g g g

j
ij ij j ij

i j i j i j

p
d log d log p d log P

PS S S S S S∈ ∈ ∈ ∈ ∈ ∈

 
′n = n − n ′ 

∑ ∑ ∑ ∑ ∑ ∑ . 

The first term on the right of the above can be expressed as  

               ( ) ( ) ( ) ( )
g g g g g

ij j ji j j j g g
i j j i j

d log p d log p d log p d log P .
∈ ∈ ∈ ∈ ∈

′n = n = φq = φQ∑ ∑ ∑ ∑ ∑
S S S S S

 

The first equals sign of the above is based on the symmetry of the ijn ’s, the second follows 

from constraint (4.16), and the third uses g
j j gq = q Q  and ( ) ( )

g

g
g i i id log P d log p ,∈′ = ∑ qS  as in 

(4.17). In view of equation (4.16), 
g g gi j ij i i g .∈ ∈ ∈∑ ∑ n = φ∑ q = φQS S S  Thus, the last term on the 

right of equation (4.18) is 

               ( ) ( )
g g

ij g
i j

d log P d log P
S S∈ ∈

′ ′n = φQ∑ ∑ . 

Accordingly, the whole substitution term (4.18) simplifies to 

               ( ) ( )
g g

j g
ij g g g g

i j

p P
d log d log P d log P d log .

P PS S∈ ∈

′   
′ ′n = φQ − φQ = φQ   ′ ′   

∑ ∑  

Retracing our steps, the demand equation for gS  as a group is 

(4.19)     ( ) ( ) g
g g g g

P
W d log Q d log Q d log .

P
′ 

= Q + φQ  ′ 
 

The demand for gS  accordingly depends on real income and the relative price of the group 

( )gd log P P .′ ′  The relative prices of other groups play no role under block independence. 
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4.5   Conditional and Unconditional Demands 

If the set of goods gS  is block independent in the utility function, the conditional 

demand for good gi S∈  is a function of the volume of gS  as a whole and the prices of goods 

that are members of this group. That is, the conditional demand equation contains only 

variables pertaining to the group to which the good belongs. The objective of this section is 

first to derive the conditional demand equation; and second to establish the link between the 

conditional and unconditional equations. 

Conditional Demand 

Combine equations (4.15) and (4.19) to eliminate the Divisia volume index d(log Q) , 

and divide both sides by gW  to give: 

(4.20)      ( ) ( )
g

jg g g
i i i g ij

j g

p
w d log q d log Q d log ,

PS∈

 
= q + n   ′ 

∑  

where g
ij ij gWn = n  is a new price coefficient. From (4.16), the g

ijn ’s satisfy 

(4.21)      
g

g g
ij g i

j S∈

n = φη q∑   gi ,S∈  

where g g gWη = Q  is the income elasticity of group g. Equation (4.20) is the relative price 

version of the conditional demand for gi .∈S  The variables on the right are ( )gd log Q  and 

( )j g gd log p P , j , S′ ∈  which are now confined exclusively to the group to which good i 

belongs.  

Using ( ) ( )
g

g
g i i id log P d log p∈′ = ∑ qS  and according to (4.21), equation (4.20) can be 

expressed in absolute prices as 

(4.22)     ( ) ( )
g

g g g
i i i g ij j

j
w d(log q ) d log Q d log p ,

∈

= q + p∑
S

 

where g g g g
ij ij g i jp = n − φη q q  is the (i, j)th conditional Slutsky coefficient. It can be easily shown 

from equation (4.21) and definition g
ij ij gWn = n  that these g

ijp ’s satisfy homogeneity and 

symmetry: 

(4.23)     
g

g
ij

j
0

S∈

p =∑   gi ,S∈   g g
ij jip = p   gi, j .∈S  

Therefore, equation (4.22) is the absolute price version of the conditional demand for gi .∈S  
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Unconditional Demand  

The substitution term of the conditional demand equation (4.20) gives the response of 

consumption of good gi S∈  to a change in the price of good gj ,∈S  under the condition that 

the total consumption of the group remains unchanged. That is to say, this response refers to 

the within-group reallocation of expenditure on gS . Additionally, the price change of gj∈S  

affects the two price indexes, ( )gd log P′  and ( )d log P′ , in the substitution term of the group 

demand equation (4.19). Subsequently, the change in the substitution term affects the demand 

of group g, which in turn affects the demand of good i through the conditional demand 

equation (4.20). Thus, the price change of gj∈S  has two effects on the consumption of i: the 

direct effect from the conditional demand equation and the indirect effect from the group 

demand equation. The combination of these two effects (or the total effect) is given by the 

unconditional demand equation that we started out with, equation (4.15). This subsection 

deals with the recovery of this unconditional equation.  

Suppose we have (i) the conditional system for gS  in absolute-price form, that is, 

equation (4.22) for gi ;S∈  and (ii) the group demand system given by (4.19) for g 1,...,G.=  

Multiply both sides of (4.22) by gW  and use g
g i iW w w=  to give 

  ( ) ( )
g

g g
i i i g g g ij j

j
w d(log q ) W d log Q W d log p .

∈

= q + p∑
S  

Substituting the right-hand side of equation (4.19) for the term ( )g gW d log Q  on the right of 

the above, we obtain 

(4.24)     ( ) ( )
g

gg g
i i i g g g ij j

j

P
w d(log q ) d log Q d log W d log p

P ∈

′  
= q Q + φQ + p  ′  

∑
S

. 

To simplify the relative price term, write the Frisch price index as G
g 1 g glog P log P=′ ′= ∑ Q , 

where 
g

g
g j j jlog P log pS∈′ = ∑ q . Thus,  

  
( ) ( )

g g

G
g

g g g j j j j
g 1 j j

log P log P d log p d log p
= ∈ ∉

′ ′= Q = Q q + q∑ ∑ ∑
S S

 

The relative price term in (4.24) then becomes 

             
( ) ( ) ( )

g g

gg g g
g i g i g j j j j

j j

P
d log 1 d log p d log p

P S S∈ ∉

 ′ 
φQ q = φQ q − Q q − q  ′     

∑ ∑  . 
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Substituting this into equation (4.24) and collecting terms give 

(4.25)

( ) ( ) ( ) ( )

( ) ( ) ( )
g g

g g

g g g
i i i i j g g g ij j i j j

j j

i ij j ij j
j j

w d(log q ) d log Q 1 W d log p d log p

d log Q d log p d log p .

∈ ∉

∈ ∉

 = q + φq q Q − Q + p + −φq q 

= q + p + p

∑ ∑

∑ ∑
S S

S S

The Slutsky coefficients here are defined as  

(4.26)       ( )g g g
ij g ij g g i jW 1 ,p = p + φQ − Q q q  gi, j ,S∈   ij i j ,p = −φq q  g gi , j .S  S∈ ∉  

It can be easily shown that these coefficients satisfy homogeneity and symmetry. The original 

unconditional demand equation under block independence is (4.15). The second line of 

equation (4.25), with the Slutsky coefficients defined as in (4.26), is the absolute price 

version of equation (4.15).  

The three key types of demand equations (unconditional, group and conditional) 

discussed in the above three sections, together with explanations of the parameters are 

summarised in Table 4.1.  

4.6   Illustration with Australian Alcohol 

The previous sections set out the approach to two-level budgeting, where the income 

is allocated first to broad groups (group demands) and then expenditure on each group is 

divided up among the detailed goods in the group (conditional demands). To make things 

more concrete, it is helpful to start with a straightforward example by giving a brief account 

of the demand for alcoholic beverages – beer, wine and spirits – in Australia, from Clements 

and Johnson (1983). 

The budgeting system used in the alcohol case is that the consumer allocates income 

to alcohol and non-alcohol, then alcohol expenditure is separated into beer, wine and spirits. 

Under block independence, the conditional demand for beverage i  within alcohol group gS  is 

equation (4.22):  

    ( ) ( )
g

g g g
i i i g ij j

j
w d(log q ) d log Q d log p .

∈

= q + p∑
S

 

Multiplying both sides of this equation by the group budget share gW , gives a slightly 

modified version: 

(4.27)      ( ) ( )
g

g g
i i i g g ij j

j
w d(log q ) W d log Q d log p ,′

∈

= q + p∑
S
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where  is a modified Slutsky coefficient. Now, the variable on the left involves the 

unconditional share,  and the income variable on the right becomes   

 
Table 4.1   Summary of Major Concepts 

Concept Expression Interpretation 

A. Unconditional Equation  

( ) ( ) ( ) ( ) ( )n n
i i i j 1 ij j i j 1 ij jw d log q d log Q d log p P d log Q d log p= =′= q + ∑ n = q + ∑ p  

What is allocated? n
i 1 i iM Σ p q==  Total consumption 

expenditure 
Number of goods  n  

Budget share of good i i i iw p q M ,=   n
i 1 iΣ w 1= =  Share of total 

expenditure 
Change in quantity of i ( )id log q   

Change in total consumption ( ) ( )n
i 1 i id log Q Σ w d log q==  Growth in volume index 

Change in price of  j ( )jd log p   

Marginal share of i ( )i i iθ p q M ,= ∂ ∂   n
i 1 iΣ θ 1= =   

Price coefficient  ij
ij i jp p u M ,n = λ

1ij 2
i j[u ] u q q

−
 = ∂ ∂  , n

j 1 ij i=∑ n = φq   

Marginal utility of income u Mλ = ∂ ∂ , u = utility Shadow price of 
additional income 

Income flexibility ( ) 1log log M −φ = ∂ λ ∂  Reciprocal of income 
elasticity of  λ 

Change in relative price of j ( ) ( ) ( )n
j j j 1 j jd log p P d log p d log p=′ = − ∑ q   

Slutsky coefficient ij ij i jp = n − φq q   
Demand homogeneity n

j 1 ij 0,   i 1, , n=∑ p = =    

Slutsky symmetry ij ji ,    i, j 1, , np = p =    

B.  Group Equation under Block Independence  

( ) ( ) ( )g g g g gW d log Q d log Q d log P P′ ′= Q + φQ  

What is allocated? n
i 1 i iM Σ p q==  Total consumption 

expenditure 
Number of groups  G  

Budget share of group g 
g gW M M ,=

gg i i iM p q ,S∈= ∑ gS = goods in group g, 
G
g 1 gΣ W 1= =  

Group share of total 
expenditure 

Change in quantity of g ( ) ( )
g

g
g i S i id log Q Σ w d log q∈= , g

i i i gw p q M=   

Change in total consumption ( ) ( )G
g 1 g gd log Q Σ W d log Q==  Growth in volume index 

Marginal share of g 
gg i S iΘ θ∈= ∑ , G

g 1 gΘ 1=∑ =   

Price coefficient gφQ , G
g 1 g=∑ φQ = φ   

Change in relative price of g 
( ) ( ) ( )

g

g n
g j S j j j 1 j jd log P P d log p d log p∈ =′ ′ = ∑ q − ∑ q ,

g
j j gθ θ Θ=  

 

 (Continued on next page) 

g g
ij g ijW′p = p

iw , ( )g gW d log Q .
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Table 4.1   Summary of Major Concepts (Continued) 

Concept Expression Interpretation 

C.  Conditional Equation  

( ) ( ) ( ) ( ) ( )
g g

g g g g g
i i i g j S ij j g i g j S ij jw d log q d log Q d log p P d log Q  d log p∈ ∈′= q + ∑ n = q + ∑ p , gi S∈  

What is allocated? gg i S i iM Σ p q∈= , gS = Set of goods in g Group expenditure 

Number of goods gn   

Budget share of good i g
i i i gw p q M ,=

g

g
i S iΣ w 1∈ =  Share within group 

Marginal share of i ( )g
i i i gθ p q M ,= ∂ ∂   

g

g
i S iΣ θ 1∈ =   

Price coefficient  g
ij ij gWn = n  , 

g

g g
j S ij g i gW∈∑ n = φQ q  

 

Change in relative price of j ( ) ( ) ( )
g

g
j g j j S j jd log p P d log p d log p∈′ = − ∑ q   

Slutsky coefficient g g g g
ij ij g i j ,p = n − φη q q g g gWη = Q   

Demand homogeneity gn g
j 1 ij 0=∑ p =    

Slutsky symmetry g g
ij ji g,    i, j 1, , np = p =    

D.   Unconditional Equation under Block Independence  

( ) ( ) ( ) ( ) ( ) ( )
g g gi i i j ij j i j ij j j ij jw d log q d log Q d log p P d log Q d log p d log p∈ ∈ ∉′= q + ∑ n = q + ∑ p + ∑ pS S S  

Slutsky coefficient 
( )g g g

ij i j g ij g g i j g
ij g h

i j g h i j g h

W 1 , i, j

i , j , g h

 S

     S S  

n − φq q = p + φQ − Q q q ∈p = 
−φq q = −φQ Q q q ∈ ∈ ≠

  

Demand homogeneity n
j 1 ij 0,   i 1, , n=∑ p = =    

Slutsky symmetry ij ji , i, j 1,..., n  p = p =   

 

With finite-change Australian data, estimates of equation (4.27) for the three members 

of the alcohol group gS  are given in column 2 of panel A of Table 4.2.36 These estimates are 

homogeneity- and symmetry-constrained. The three marginal shares ( )g
iq  are positive, 

making each beverage a normal good. For beer, the estimate of g
iq , 0.59, means that a one-

dollar increase in spending on alcohol results in a 59-cent increase in expenditure on beer, 

with prices remaining unchanged. The own-Slutsky coefficients ( )g
ii

′p  are negative, as they 

should be, while the three off-diagonal coefficients are positive, indicating that the beverages 

are pairwise conditional substitutes. The corresponding elasticities are given in column 3 of 

panel A of the table. The conditional income elasticity of beer is 0.8, making it a conditional 

                                                 
36 Some details of the implementation are contained in the notes to the table. 
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necessity. The value of the wine elasticity is similar, while that for spirits is substantially 

higher at 2.0, so this beverage is a conditional luxury. Spirits are relatively expensive in 

Australia, which probably accounts for their perceived luxuriousness. The own-price 

elasticities on the diagonal are -0.1, -0.4 and -0.4, so each beverage is price inelastic. As the 

cross-price elasticities are relatively low, there is only a modest degree of substitutability 

between the beverages. 

The demand for alcohol as a whole is governed by the group demand equation, as in 

equation (4.19): 

               ( ) ( ) g
g g g g

P
W d log Q d log Q d log .

P
′ 

= Q + φQ  ′ 
 

Estimates of this equation for Australia are contained in column 2 of panel B of Table 4.2. 

The marginal share, g ,Q is estimated to be 0.058, so almost 6 cents of a one-dollar increase in 

income is spent on alcohol; this translates into a near-unity income elasticity (column 3 of the 

same panel). The income flexibility is about -0.6, which agrees with previous estimates 

(Clements and Zhao, 2009, pg. 227-229). Finally, the own-price elasticity of demand for 

alcohol as a group is estimated to be about -0.6, so its demand is also inelastic. It is this 

inelasticity that makes alcohol almost irresistible to government as a reliable source of tax 

revenue. 

   Next, consider the unconditional demand equation for gi ∈ S , equation (4.25): 

(4.28)     ( ) ( ) ( )
g g

i i i ij j ij j
j j

w d(log q ) d log Q d log p d log p .
S S∈ ∉

= q + p + p∑ ∑  

The key difference between conditional demand equation (4.27) and unconditional demand 

(4.28) is that the former contains on the right-hand side total alcohol consumption, as 

measured by ( )g gW d log Q ,  while the latter uses real income, ( )d log Q . Accordingly, the 

conditional price responses hold constant total alcohol consumption, while this is allowed to 

vary in the unconditional responses. In the context of Australian alcohol, there are only two 

groups – alcohol and all other goods. The last term on the right of equation (4.28) simplifies 

to ( ) ( )
gj ij j io od log p d log P ,S∉Σ p = p  where ( )od log P  is Divisia price index of the all other. 

Consequently, we have 

  
( ) ( ) ( )

g

i i i ij j io o
j

w d(log q ) d log Q d log p d log P .
∈

= q + p + p∑
S
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Table 4.2  Alcohol Demand, Australia 

Demand Equations  Coefficient Estimates  Elasticities 
(1)   (2)  (3) 

A.   Conditional Demand 
 
 

g

g g
it it i gt gt ij jt g

j
w Dq W DQ Dp , i

∈

′= q + p ∈∑
S

  S  
Beverage  

Budget 
share 

iw  

Marginal 
share 

g
iq  

Slutsky coefficients × 100 

 
Income 

elasticity 
g
i g iW wq  

Price elasticities 

g
i1
′p  g

i2
′p  g

i3
′p   

g
i1

iw
′p  

g
i2

iw
′p  

g
i3

iw
′p  

 
Beer 0.0424 0.590 -0.390 0.150 0.240  

 
0.83 -0.09 0.04 0.06  

Wine 0.0076 0.099  -0.293 0.144  0.78 0.20 -0.39 0.19  

Spirits 0.0094 0.311   -0.384  1.97 0.26 0.15 -0.41  

B.   Group Demand 

 
( )gt gt g t g gt tW DQ DQ DP DP′ ′= Q + φQ −  Group 

Budget 
share 

gW  

Marginal 
share 

gQ  
 

Income 
Flexibility 

φ  

 
 

Income 
elasticity 

g gWQ  
 

Own-price 
elasticity 

g gWφQ  

 

Alcohol 0.0594 0.0576  -0.595   0.97  -0.58  

C.   Unconditional Demand 

 

g

it it i t ij jt io ot g
j

w Dq DQ Dp DP , i
∈

= q + p + p ∈∑
S

  S
 

g
i i gq = q Q , ( ) g g g

ij g g i j g ij1 W ,p = φQ − Q q q + p   

( ) g
io g g i i 0 g1 , i, jp = −φQ − Q q = −φq q ∈  S  

Beverage 
Budget 
share 

iw  

Marginal 
share 

iq  

Slutsky coefficients × 100 

 
Income 

elasticity 

i iwq  

Price elasticities 

i1p  i2p  i3p  iop  i1

iw
p

 i2

iw
p

 i3

iw
p

 io

iw
p

 

Beer  0.0424 0.0340 -1.514 -0.039 -0.353 1.906  0.80 -0.36 -0.01 -0.08 0.45 

Wine 0.0076 0.0057  -0.325 0.044 0.319 0.75 -0.05 -0.43 0.06 0.42 

Spirits 0.0094 0.0179   -0.697 1.006 1.91 -0.38 0.05 -0.74 1.07 
Notes:  

1. Panel A: Column 1 of this panel contains the conditional demand equation for beverage i, 
g

g g
it it i gt gt j S ij jtw Dq W DQ Dp∈

′= q + ∑ p  The variable on the left is it itw Dq .  Here, 

( )( )it it i,t 1w 1 2 w w −= +  is the arithmetic average of the budget share of alcoholic beverage i in years t and t-1. The budget share of i is the proportion of income devoted to 

the good, defined as i i iw p q M ,=  where ip  is price of i, iq  is the quantity demanded and n
i 1 i iM p q== ∑  is income, with n the number of goods. The term 

it it i,t 1Dq log q log q −= −  is the log-change in the quantity demanded. The n goods are separated into two groups, alcoholic beverages -- beer, wine and spirits -- and all other 
(Continued on next page)  



194 
 

Notes: (Continued)  
goods, which are denoted by the subscripts and superscripts g and o, respectively. The three members of the alcohol group as a set are denoted by gS . There are two terms on 

the right of the equation. The first is g
i gt gtW DQq  with g

iq  the conditional marginal share of gi S∈  and 
ggt gt i S it itW DQ w Dq∈= ∑  The second term is 

g

g
j S ij jtDp∈

′∑ p  where g
ij
′p  is 

a modified conditional Slutsky coefficient and jt jt j,t 1Dp log p log p −= −  is the log-change in the price of j. Column 2 of the panel contains the estimates of the coefficients 
using Australian data (1955-1977) and the corresponding elasticities (evaluated at sample means of the budget shares) are in column 3. 

2. Panel B: Column 1 contains the group demand equation for alcohol as a whole, ( )gt gt g t g gt tW DQ DQ DP DP .′ ′= Q + φQ −  The term on the left of this equation is defined above. 

The first term on the right is g tDQ ,Q  where gQ  is the marginal share of the group and t
n
i 1 it itDQ w Dq== ∑  is the change in real income. The second term is ( )g gt tDP DP ,′ ′φQ −

where φ  is the income flexibility (the reciprocal of the income elasticity of the marginal utility of income) and gt tDP DP′ ′−  is the change in the Frisch relative price of g, with 

g

g
gt i S i itDP Dp ,∈′ = ∑ q  n

t i 1 i itDP Dp=′ = ∑ q  and ( )i i ip q Mq = ∂ ∂  is the unconditional marginal share of i. 

3. Panel C: Column 1 contains the unconditional demand equation for beverage i, 
git it i t i S ij jt io otw Dq DQ Dp DP .∈= q + ∑ p + p  There are only two terms in this equation that are 

not defined above. First, ij ioand  p p  are unconditional Slutsky coefficients. Second, otDP  is the log-change in the price of all other goods. The relationships between the 
unconditional and conditional coefficients are given at the bottom of this column. The coefficients (in column 2) are obtained by substituting the right-hand side of the group 
equation for gt gtW DQ  on the right of the conditional demand equations. 

4. Intercepts (which represent trend-like changes in consumption in a time-series context) are included in all equations for estimation, but for simplicity, these are not presented 
in this table. 

 
Source: Clements and Johnson (1983). 
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As discussed above, the coefficients of this equation for  are derived from those of the 

conditional and group demand equations. Column 2 of panel C of Table 4.2 gives the derived 

unconditional coefficients of the above equation for beer, wine and spirits in Australia. 

Consider the estimated unconditional marginal share of beer, 0.0340. This is the product of 

the conditional and group marginal shares, 0.0340 = 0.590×0.0576. The unconditional 

income elasticities are similar to their conditional counterparts as the group elasticity is about 

unity.  

The unconditional own-price elasticity for beverage i measures the response of 

consumption to its price change. As discussed in Section 4.5, the price change has two 

effects: When the price increases, the direct effect via the conditional equation (which holds 

constant total alcohol) lowers consumption; and the indirect effect is to lower total alcohol 

consumption, which, in turn, further decreases the consumption of i. Thus, the indirect effect 

makes the unconditional own-price elasticities in column 3 of panel C of Table 4.2 more 

negative than the conditional ones in column 3 of panel A. Specifically, the own-price 

elasticity for three beverages decline from -0.09, -0.39 and -0.41 in panel A to -0.36, -0.43, 

0.74 in panel C. Two out of three positive conditional cross-price elasticities in panel A 

become negative in panel C, indicating unconditional complementarity. However, it should 

be noted that these elasticities are small. The last column of panel C gives the elasticity of 

each beverage with respect to the price of all other goods (that is, those outside the alcoholic 

beverages group). These elasticities are all positive, pointing to substitutability. 

4.7  International Alcohol Consumption 

The implementation of the demand equations for alcohol in Australia employs time-

series data and refers to the transition from one year to the next. By contrast, for cross-

country data there is no natural ordering of countries, so the idea of “changes” is not 

applicable. Accordingly, we use the “levels version” of differential demand equations by 

removing the “d’s” from the variables (Barten 1989). Thus, the absolute-price version of 

demand equation in (4.14) becomes: 

    
n

i i i ij j
j 1

w log q log Q log p ,
=

= q + p∑  

where log Q  is the Divisia volume index in levels, defined as n
i 1 i ilog Q w log q .== ∑  The 

coefficients of this equation have exactly the same interpretation as before.  

 

gi ∈ S
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Conditional Demand  

The conditional demand equation (4.22) refers to the allocation of the group 

expenditure under the assumption of block-independence of alcohol. Denoting by gS  the set 

of alcoholic beverages, the levels version of the conditional equation for beverage gi ∈S  

takes the form: 

    
g

g g g
i i i g ij j

j
w log q log Q log p ,

S∈

= q + p∑  

where 
g

g
g i i ilog Q w log q∈= ∑ S  is the Divisia volume index of group g. If we use Working’s 

model and specify g g g
i i iw ,q = + β  where g

iβ  is the conditional income coefficient, the above 

conditional equation becomes  

(4.30)     ( )
g

g g g
i i g i g ij j

j
w log q log Q log Q log p .

∈

− = β + p∑
S

 

This equation has been estimated in Chapter 2 for each of the three beverages and the results 

are reproduced in column 2 of panel A in Table 4.3.37 Multiplying both sides of equation 

(4.30) by the group budget share gW  and rearranging it, we get a transformed formulation, as 

set out in column 2 of panel B of the table. These estimates will be compared to the 

Australian results in the subsequent section. 

Group Demand  

Removing the “d’s” in equation (4.19) gives the levels version of the group demand 

for alcohol:  

(4.31)       g
g g g g

P
W log Q log Q log .

P
′ 

= Q + φQ  ′ 
 

The term glog Q  on the left is the Divisia volume index for group g, as is in equation (4.30). 

On the right of (4.31) is the total volume index log Q , defined as G
g 1 g glog Q W log Q== ∑ , and 

the relative price ( )glog P P′ ′ , where 
g

g
g i S i ilog P log p∈′ = ∑ q  and G

g 1 g glog P log P=′ ′= ∑ Q   are 

Frisch price indexes. As income is split into two groups, alcohol and non-alcohol, the overall 

Frisch index log P′  can be expressed as ( )g g g olog P log P 1 log P′ ′ ′= Q + − Q , where olog P′  is 

                                                 
37 As discussed in Chapter 2, the alcohol data are from the International Comparison Program (World Bank, 
2008); although published in 2008, we shall refer to these data as ICP 2005, which pertains to 146 countries. 
There are 36 countries excluded due to (i) small consumption of any beverage (ii) unbalanced consumption of 
the three beverages. Additionally, Nepal is excluded as an outlier. Thus, 146-36-1=109 countries remain in the 
sample.   
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Table 4.3 Two Versions of Conditional Demand for Alcohol, International 

Demand Equations  Coefficient Estimates  Elasticities 

(1)  (2)  (3) 

A.  Working’s model     

 
( )

g

g g g
ic ic gc i gc ij jc

j
w log q log Q log Q log p ,

∈

− = β + p∑
S

gi ∈S  

Beverage  
Conditional 

share 
g
iw  

Income 
coefficient 

g
iβ  

Slutsky coefficients 
 

Income 
elasticity 

g g
i i1 w+ β  

Price elasticities 

g
i1p  g

i2p  g
i3p  

g
i1
g
iw

p  
g
i2
g
iw

p  
g
i3
g
iw

p  

Beer 0.448 0.0011 -0.2421 0.0889 0.1532 
 

1.002 -0.540 0.198 0.342 

Wine 0.274 0.0008  -0.1429 0.0540 1.003 0.324 -0.522 0.197 

Spirits 0.278 -0.0019   -0.2072 0.993 0.551 0.194 -0.745 

B.  Transformed model   
 

g

g g
ic ic i g gc ij jc

j
w log q W log Q log p ,

∈

′= q + p∑
S  

gi ∈S  
g g g
i i iw ,q = + β  g g

ij g ijW ,′p = p  

Beverage 
Unconditional 

share 
iw  

Marginal  
share 

g
iq  

Slutsky coefficients 
 

Income 
elasticity 

g
i g iW wq  

Price elasticities 

g
i1
′p  g

i2
′p  g

i3
′p  

g
i1

1w
′p  

g
i2

2w
′p  

g
i3

3w
′p  

Beer  0.0094 0.4491 -0.00506 0.001858 0.003202  1.002 -0.540 0.198 0.342 

Wine 0.0057 0.2748  -0.00299 0.001129 1.003 0.324 -0.522 0.197 

Spirits 0.0058 0.2761   -0.00433 0.993 0.551 0.194 -0.745 

Note: The estimates in column 2 of panel A are from Table 2.7 of Chapter 2. 
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the Frisch price index of non-alcohol goods. The index  cannot be obtained 

straightforwardly, so we approximate it by the corresponding Divisia index 

 Write  in equation (4.31) and rearrange to 

give: 

 (4.32)       . 

Before estimating the group equation in the form of (4.32) with the cross-country 

data, it is helpful to explore some alternatives, as in Table 4.4. The elements of this table are: 

• A double-log version. The estimates of a double-log approximation to the group 

equation are given in panel A of the table. On the left-hand side, two Frisch price 

indexes are replaced with their Divisia counterparts and for convenience, the 

coefficient of the relative price -- the price elasticity -- is expressed as g ,φη  the 

product of the income elasticity gη  and a second parameter ,φ  which approximates the 

income flexibility. The income elasticity is estimated to be 0.90, the income flexibility 

-1.89, so the price elasticity is 0.90 ( 1.89) 1.70× − = − . When the two price indexes are 

Frisch, the results do not change appreciably, as shown in the right side of the same 

panel. This can also be seen from Figure 4.1, which contains scatter plots of relative 

consumption, gc clog Q log Q ,−  against the Divisia and Frisch relative prices. The near 

equivalence of the Divisia and Frisch results will be seen to occur consistently in all 

the subsequent panels of the table; this is due to the near-unity income elasticities.  

• A “Rotterdam” version. Panel B gives the estimates of equation (4.31). Here, the 

estimate of φ  is -4.52, which is too large (in absolute value) to be plausible.  

• Working’s version. The same problem occurs when Working’s version is used in panel 

C. Evidently, the problem arises when the budget share of the group gW  is part of the 

left-hand side of the equation. Allowing φ  to vary across the income quartiles does not 

resolve the problem, as indicated by the estimates in panel D.  

• Restricting the group budget share. The results improve in panel E when gW  on the 

left is set equal to the mean of the respective income quartile, as the absolute values of 

φ  are lower. The four - estimatesφ  are -0.66, -2.56, -1.95 and -2.05, and the mean of 

these four estimates, -1.80, is quite close to that of panel A. Finally, panel F sets the 

olog P′

( )
go i S i g ilog P w 1 W log p .∉

 = ∑ −  g g gWQ = + Β

( ) ( )g g g g g g g g oW log Q log Q log Q log P log P (1 ) log P′ ′− = Β + φQ − Q − − Q
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Table 4.4   Demand Equation for Alcohol as a Group, International 

Relative Price: 
Divisia indexes, gc c gc clog P log P log P log P∗ ∗− = −  

 Relative Price: 
Frisch indexes, gc c gc clog P log P log P log P∗ ∗ ′ ′− = −  

A.  Double Log:  ( )gc g g c g gc clog Q log Q log P log P∗ ∗= α + η + φη −  

gα  gη  φ   
gα  gη  φ  

-2.04 (0.53) 0.90 (0.08) -1.89 (0.36)  -2.09 (0.53) 0.90 (0.08) -1.68 (0.24) 

B.  Rotterdam, ϕ = constant:  ( )gc gc g g c g gc cW log Q log Q log P log P∗ ∗= α + Q + φQ −  

gα  gQ  φ   gα  gQ  φ  
0.03 (0.04) 0.008 (0.006) -4.52 (4.85)  0.03 (0.04) 0.008(0.006) -3.86 (4.187) 

C.  Working, ϕ = constant:  ( ) ( )gc gc c g g c g gc cW log Q log Q log Q log P log P∗ ∗− = α + Β + φQ −  

gα  gΒ  φ   
gα  gΒ  φ  

0.03 (0.04) -0.006 (0.0007) -3.85 (0.21)  -0.003 (0.004) -0.005 (0.0007) -3.83 (0.21) 

D.  Working, ϕ = variable:  ( ) ( ) 4 d
gc gc c g g c c g gc c c d 1 dW log Q log Q log Q log P log P , I(c ) S∗ ∗

=− = α + Β + φ Q − φ = ∑ φ ∈  

gα  gΒ  1φ  2φ  3φ  4φ   
gα  gΒ  1φ  2φ  3φ  4φ  

0.002 (0.004) -0.006 (0.0007) -3.09 (0.76) -3.67 (0.26) -3.96 (0.30) -4.99 (0.45)  0.002 (0.004) -0.006 (0.0007) -3.07 (0.76) -3.64 (0.25) -3.93 (0.29) -4.95 (0.44) 

E.  Working, ϕ = variable, budget share at means:  ( ) ( ) ( )4 d 4 d
gc gc c g g c c g gc c gc d 1 g d c d 1 dW log Q log Q log Q log P log P , W W I c and I(c ) S   S∗ ∗

= =− = α + Β + φ Q − = ∑ ∈ φ = ∑ φ ∈  

gα  gΒ  1φ  2φ  3φ  4φ   
gα  gΒ  1φ  2φ  3φ  4φ  

-0.057 (0.015) 0.0007 (0.002) -0.66 (0.57) -2.56 (0.44) -1.95 (0.43) -2.05 (0.52)  -0.057 (0.015) 0.0007 (0.002) -0.66 (0.57) -2.56 (0.44) -1.95 (0.43) -2.05 (0.52) 

F.  Working, ϕ = variable, budget share = constant:  ( ) ( ) 4 d
g gc c g g c g gc c c d 1 dW log Q log Q log Q log P log P , I(c ) S∗ ∗

=− = α + Β + φQ − φ = ∑ φ ∈  

gα  gΒ  1φ  2φ  3φ  4φ   
gα  gΒ  1φ  2φ  3φ  4φ  

-0.025 (0.014) -0.005 (0.002) -1.47 (0.54) -1.72 (0.58) -2.40 (0.58) -2.92 (0.77)  -0.025 (0.014) -0.005 (0.002) -1.46 (0.54) -1.71 (0.58) -2.39 (0.58) -2.90 (0.76) 

(Continued on next page) 
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Notes: 

1.  Left part of table: The relative price of alcohol in country c, gc clog P log P∗ ∗− , is defined in terms of Divisia indexes as gc clog P log P− , where for gS , the set of alcoholic 

beverages, 
g

g
gc i S ic iclog P w log p∈= ∑  is a Divisia price index for this group and ( )c gc gc gc oclog P W log P 1 W log P= + − is a Divisia price index all goods. The index clog P is 

a budget-share weighted average of gclog P  and the same index of the prices of all other goods, oclog P .  The conditional budget share g
icw  and the group share gcW  are 

from the disaggregated unpublished data (ICP, 2005), while oclog P  is constructed from the published ICP data for the 12 broad aggregates making up total consumption, 
with alcohol, tobacco and narcotics excluded (http://databank.worldbank.org/data/reports.aspx?source=international-comparison-program-(icp)-2005). 

2.  Right part of table: The relative price of alcohol is defined in terms of Frisch indexes as gc clog P log P′ ′− , where 
g

g
gc i S ic iclog P log p∈′ = ∑ q  is a marginally weighted price 

index for group g and ( )c g gc g oclog P log P 1 log P′ ′ ′= Q + − Q . The conditional marginal shares g
icq  are from the estimates of the conditional demand equations in Table 4.3. 

The group marginal share gQ is an unknown parameter to be estimated (see text for details). The index oclog P′  of the price of all other goods is approximated by oclog P . 

3. Panel A: This panel gives the estimates for the double log equation ( )gc g g c g gc clog Q log Q log P log P∗ ∗= α + η + φη − , where 
g

g
gc i S ic iclog Q w log q∈= ∑  is the Divisia volume 

index for group g and c gc gc gc oclog Q W log Q (1 W )log Q= + −  is the corresponding index of real income.  
4. Panel B: The Rotterdam equation in this panel is obtained by multiplying both sides of the equation in panel A by gcW  and then parameterising the group marginal share 

g g gWQ = η  as a constant.  
5.  Panel C: The group marginal share gQ  is specified as gc gW + Β , which varies across countries.  
6.  Panel D: The income flexibility φ  is allowed to vary across income quartiles.  
7.  Panel E: Then the group budget share gcW   is set to the mean of the income quartile to which the country belongs. Note that while the estimates presented on the left of 

this panel (with the Divisia indexes) appear to be identical to those on the right (Frisch indexes), they differ in the fourth or fifth decimal places. 
8.  Panel F: This group share gcW  is set to the average over all countries, gW .   
9. All equations in the table are nonlinear in the coefficients and are estimated using a maximum likelihood procedure. Write the generic equation as ( )c c cy f ; ε ,′= x µ +  

where, for country c, cy  is the dependent variable, c′x  is the vector of independent variables, µ  is the vector of coefficients and cε  is the error term with zero mean and 
variance 2σ . Assuming that the errors are independent over countries and normally distributed, the log-likelihood function for the C sample countries is 

( ) ( )2 2 C
c 1 c c c cconstant (C 2) log 1 (1 2 ) y f ; y f ;=

′′ ′+ σ − σ ∑ − −      x xµ  µ , which is maximised with respect to µ .   

http://databank.worldbank.org/data/reports.aspx?source=international-comparison-program-(icp)-2005)
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Figure 4.1    Alcohol Consumption and Prices 
 

 

                           
value of  for each country to be the overall mean, and the increase in 

absolute value terms in most cases.  

All in all, the estimates in panel E of Table 4.4 seem represent the best option, 

although even these are not completely satisfactory as φ  is usually thought to have a centre-

of-gravity value of about -1/2. Nevertheless, in what follows we use the estimates on the 

right-hand side of panel E of Table 4.4 (which are based on the Frisch price indexes).  

Conditional and Group Demands Combined 

The estimates of conditional demands for the alcoholic beverages are given in column 

2 of panel A of Table 4.5, reproduced from Table 4.3. Column 2 of panel B provides the 

group estimate for alcohol as a whole from panel E of Table 4.4 (details are in the notes to the 

table). The combination of conditional and group demands leads to the unconditional 

demands for the three beverages, whose coefficients are presented in column 2 of panel C. 

The corresponding elasticities are given in column 3 of each panel of the table. This table will 

be discussed subsequently by comparing it with Table 4.2.  

It should be noted that the unconditional elasticities of panel C of Table 4.5 are based 

on the sample means over all countries of (i) the budget shares and (ii) the income flexibility.  

As these vary over countries, it is appropriate to say something about the cross-country 

distributions of the elasticities. This will be pursued in Section 4.9.  
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4.8  Comparing Drinking Behaviour: Australia vs International 

This section compares the behaviour of Australian and international drinkers. Tables 

4.2 and 4.5 refer to exactly the same concepts for the two groups of drinkers, so they can be 

compared directly.  

Several interesting similarities and differences between Australian and international 

drinkers emerge from Tables 4.2 and 4.5: 

1. Alcohol budget. As shown in the table below, on average, Australians devote a much 

larger fraction of spending to alcohol than internationals – almost 6% versus 2%. Much of 

this difference is in beer consumption in Australia, which is around 4 times that of 

internationals. Around three-quarters of alcohol spending in Australia is on beer, while 

this is slightly less than one half across countries. Spending on wine and spirits in 

Australia are roughly equal, and this pattern is also evident for the internationals (although 

wine and spirits are relatively more important in this case). To summarise, beer dominates 

for Australian and international drinkers, and non-beer spending is roughly evenly split 

between wine and spirits.   

Beverage Budget shares, Australia  Budget shares, International 
Unconditional Conditional  Unconditional Conditional 

Beer 4.24 71.4  0.94 45.0 
Wine 0.76 12.8  0.57 27.3 
Spirits 0.94 15.8  0.58 27.8 
Total alcohol 5.94 -  2.09 - 
Note: The unconditional shares are from Tables 4.2 and 4.5. All entries are ×100. 

 
2. Slutsky coefficients. For both the conditional and unconditional demands, the Slutsky 

coefficients ijp  for Australia are not too different to those for the internationals.38 In the 

case of conditional demand, the own coefficient for beer is always the largest (in absolute 

value), followed by spirits and then wine; the three off-diagonal coefficients are positive, 

indicating substitutability. One notable difference is that the unconditional coefficient for 

the wine-spirits pair takes a small positive value for Australia (unconditional substitutes), 

while this is negative in the international case (complementarity). The other two off-

diagonal unconditional coefficients are negative for both groups. Thus, broadly speaking, 

while not identical, there is a considerable degree of similarity in the substitution effects 

for the two groups of drinkers. 
                                                 
38 As Slutsky coefficients are pure numbers, they can be compared across countries. That is, if income remains 
constant and only the price of good j changes, then ( ) ( )i i ij jdw w d log p ,= + p

 
which shows the coefficient to 

be dimensionless.  
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Table 4.5  Alcohol Demand, International 

Demand Equations  Coefficient Estimates  Elasticities 
(1)   (2)  (3) 

A. Conditional Demand    
 

g

g g
ic ic i gc c ij jc

j
w log q W log Q log p

∈

′= q + p∑
S

g, i  S∈  Beverage  
Budget 
 share 

iw  

Marginal  
share 

g
iq  

   Slutsky coefficients 100×   
 

Income 
elasticity 

g
i g iW wq  

      Price elasticities 

g
i1
′p  g

i2
′p  g

i3
′p   

g
i1

1w
′p  

g
i2

2w
′p  

g
i3

3w
′p  

 
Beer 0.0094 0.449 -0.506 0.186 0.320  

 
1.002 -0.54 0.20 0.34  

Wine 0.0057 0.275  -0.300 0.113  1.003 0.32 -0.52 0.20  

Spirits 0.0058 0.276   -0.433  0.993 0.55 0.19 -0.75  

B. Group Demand    
 

( )gc gc g c g gc cW log Q log Q log P log P′ ′= Q + φQ −  Group 
Budget  
share 

gW  

Marginal 
share 

gQ  
 

Income 
flexibility 

φ  
  

Income 
elasticity 

g gWQ  
 

Own-price 
elasticity 

g gWφQ  
 

Alcohol 0.0209 0.0216  -1.80   1.033  -1.86  

C. Unconditional Demand    

 

g

ic ic i c ij jc io oc
j

g

w log q log Q log p log P ,
i∈

= q + p + p
∈

∑
S

 
                                                              S

 
( )g g g g

i i g ij g g i j ij, 1 ,′q = q Q p = φQ − Q q q + p   

( ) g
io g g i i 0 g1 , i, j  Sp = −φQ − Q q = −φq q ∈  

Beverage 
Budget  
share 

iw  

Marginal 
share 

iq  

Slutsky coefficients 100×   Income 
elasticity 

i iwq  

Price elasticities 

i1p  i2p  i3p  iop   i1

1w
p  i2

2w
p  i3

3w
p  io

ow
p  

Beer  0.0094 0.0097 -1.27 -0.28 -0.15 1.71 

 

1.032 -1.36 -0.30 -0.16 1.82 

Wine 0.0057 0.0059  -0.59 -0.18 1.05 1.041 -0.50 -1.03 -0.31 1.83 

Spirits 0.0058 0.0060   -0.72 1.05 1.028 -0.26 -0.30 -1.25 1.81 

Notes: 
 1.  Panel A: The conditional demand estimates are reproduced from panel B of Table 4.3.  
 2.  Panel B: The estimates of gQ  and φ  are derived from the estimates of gB  and dφ  in panel E of Table 4.4. Specifically, g g gW ,Q = + Β with gW = the cross-country mean, and φ  is the 

average of the quartile estimates 1 2 3, , ,φ φ φ and 4.φ  
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3. Price elasticities. Although the Slutsky coefficients are similar, the differences in the 

budget shares lead to differences in the price elasticities, both the conditional and 

unconditional versions. For example, all three own-price unconditional elasticities are 

greater than unity (in absolute value) for the internationals, while these are less than unity 

for the Australians. 
4. Income flexibility. For the internationals, the -φ estimate is -1.8, which, as discussed 

above, is considerably larger than usually found (a value of about -0.5). For the 

Australians, φ  is much lower at -0.6. The reason for this difference is unclear at present. 

The implication of the differing -φ estimates is that the price elasticity for alcohol as a 

group for the internationals, -1.9, is much larger than that for the Australians, -0.6. 
5. Income elasticities. Again, there are similarities and differences. The similarity is that the 

income elasticity of the group demand for alcohol is close to unity in both cases. Alcohol 

as a whole can be said to represent a borderline good that almost lies on the necessity-

luxury dividing line of unity. For both conditional and unconditional demand, the income 

elasticities for the individual beverages are also about unity for the internationals, but this 

is not the case in Australia, where the elasticities for beer and wine are less than unity, and 

spirits has elasticity substantially greater than unity. That beer and wine are necessities, 

and spirits a luxury, in Australia could be in part reflect the structure of prices -- beer and 

wine are relatively cheap as compared to spirits, which are taxed heavily. 

4.9   Alcohol Demand across the Income Distribution 

In the two previous sections, the determinants of the demand for alcoholic beverages 

by international consumers were summarised by the income and price elasticities, evaluated 

at sample means across countries. These sample means involve the budget shares, the 

marginal shares and the income flexibility. With such a large dispersion of income across 

countries, it is desirable to examine the values of the elasticities at various points in the 

income distribution. This section presents this information for each income quartile. 

Table 4.6 contains the results – the budget shares, income and price elasticities by 

quartile. The key points are as follows:     

1. Budget shares. Taken as a whole, alcoholic beverages absorb about 1.6% of income (total 

consumption) in the first quartile, and this figure increases to over 2% in other quartiles. 

Thus, the poor spends proportionately more on alcohol. Column 3 contains the 

conditional shares within alcohol and in all quartiles, drinkers spend the most on beer.  
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Table 4.6  The Income and Price Sensitivity of the Demand for Alcoholic Beverages  
Across Countries by Income Quartile 

Item 
Budget shares × 100 Unconditional 

income 
elasticity 

Unconditional price elasticities 
Unconditional Conditional 

(1) (2) (3) (4) (5) 
A.  First quartile 

 d
iw  gd

iw  d d
i iwq  

d
i1
d
iw

p
 

d
i2
d
iw

p
 

d
i2
d
iw

p
 

d
io
d
iw

p
 

Beer 0.597 38.27 1.048 -0.894 -0.021 0.235 0.680 
Wine 0.580 37.22 1.047 -0.022 -0.638 -0.020 0.680 
Spirits 0.382 24.51 1.037 0.367 -0.031 -1.009 0.673 

 
d
gW   

d d
g gWQ  d d d

g gWφ Q  

Alcohol 1.559  1.045 -0.690 
B.  Second quartile 

 d
iw  gd

iw  d d
i iwq  

d
i1
d
iw

p
 

d
i2
d
iw

p
 

d
i2
d
iw

p
 

d
io
d
iw

p
 

Beer 0.970 39.00 1.031 -1.627 -0.521 -0.424 2.572 
Wine 0.723 29.05 1.031 -0.700 -1.241 -0.631 2.572 
Spirits 0.795 31.95 1.022 -0.518 -0.574 -1.458 2.549 

 
d
gW   

d d
g gWQ  d d d

g gWφ Q  

Alcohol 2.488  1.028 -2.632 
C.  Third quartile 

 d
iw  gd

iw  d d
i iwq  

d
i1
d
iw

p
 

d
i2
d
iw

p
 

d
i2
d
iw

p
 

d
io
d
iw

p
 

Beer 1.101 51.50 1.035 -1.489 -0.247 -0.238 1.974 
Wine 0.453 21.20 1.037 -0.601 -1.095 -0.281 1.977 
Spirits 0.584 27.30 1.026 -0.448 -0.218 -1.289 1.956 

 
d
gW   

d d
g gWQ  d d d

g gWφ Q  

Alcohol 2.138  1.033 -2.014 
D.  Fourth quartile 

 d
iw  gd

iw  d d
i iwq  

d
i1
d
iw

p
 

d
i2
d
iw

p
 

d
i2
d
iw

p
 

d
io
d
iw

p
 

Beer 1.072 49.50 1.035 -1.518 -0.291 -0.264 2.074 
Wine 0.490 22.63 1.036 -0.637 -1.103 -0.336 2.076 
Spirits 0.604 27.87 1.025 -0.470 -0.273 -1.312 2.055 

 
d
gW   

d d
g gWQ  d d d

g gWφ Q  

Alcohol 2.166  1.032 -2.116 

Notes:  
1.  Budget shares, columns 2 and 3: The term d

iw  in column 2 is the mean unconditional share of beverage i 

within income quartile d and d
gW  is mean unconditional share for the alcoholic beverages as a group within 

quartile d. The conditional share of beverage i in column 3 is defined as gd d d
i i gw w W= .  

(Continued on next page) 
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Notes: (Continued) 

2.  Income elasticities, column 4:  The unconditional income elasticity for beverage i is d d
i iwq , where the 

d
iq  is marginal share of i in quartile d, defined as d gd d

i i gq = q Q . Here, gd
iq  is the conditional marginal share, 

defined as gd gd g
i i iw ,q = + β  where g

iβ  is a constant parameter of the conditional demand equation; and d
gQ  is 

the group marginal share, defined as d d
g g gW B ,Q = +  with gB  a constant. The estimates of g

iβ  and gB  are 
from panel A of Table 4.3 and panel E of Table 4.4, respectively. The income elasticity for the group is 

d d
g gWQ . 

3.  Price elasticities, column 5: The unconditional elasticity of demand for i with respect to the price of j is 
d d
ij iwp , where ( )d d d d gd gd d g

ij g g i j g ij1 W .p = φ Q − Q q q + p  In this expression, the income flexibility in quartile d, 
d ,φ  is from panel E of Table 4.4 and the conditional Slutsky coefficients,  g

ij ,p  are from panel A of Table 

4.3. The price elasticity for i with respect to all other goods is d d
io iwp , where ( )d d d d gd

io g g i1p = −φ Q − Q q . The 

price elasticity for alcohol as a group is d d d
g gW .φ Q   

 

While drinkers in first quartile spend more on wine, as compared to spirits, the reverse is 

true in other quartiles.  

2. Income elasticities. The income elasticity in column 4 is close to 1 in all cases, due to the 

near-zero income coefficients in the equations for both the conditional demands and 

group demand.  

3. Price elasticities. It is clear from column 5 that the price elasticities in the first quartile 

are much less (in absolute value) than those in other quartiles. Specifically, among the 

three beverages, in the first quartile the own-price elasticities are either approximately 

equal to or less than unity; while in the three other quartiles, these elasticities are mostly 

noticeably above 1. This pattern is attributable primarily to the lower -estimateφ  for the 

first quartile (see panel E of Table 4.4). Over the whole income distribution, the cross-

price elasticities among the beverages are mostly negative, indicating unconditional 

complementarity, which stems from the dominant indirect price effect coming from the 

group equation. The exception is in the first quartile where beer and spirits are 

unconditional substitutes. The own-price elasticity of alcohol as a whole is -0.7 in the first 

quartile, while it is substantially higher absolutely in the other quartiles (again mostly due 

to the differing -φ estimates).  

4.10   Food - Part I: Conditional Demand 

Section 4.7 applied the theory of two-level budgeting to the demand of alcoholic 

beverages, using the “levels version” of differential demand equations. Due to its generic 

nature, this approach is applied on the demand for 25 food items across countries in this and 
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subsequent sections. In Section 3.2 of the previous chapter, the 25 items were divided into six 

groups: staples, meat and seafood, dairy, fruit and vegetables, sweet things and other food. 

Thus, there is a two-level system within food, whereby the total food expenditure is allocated 

to groups, and then the group expenditure is separated to items.  

Under the assumption of block independence of the groups, conditional demand refers 

to the allocation of the group expenditure to the items within the group and it takes the form 

of equation (4.30) for good gi S∈ :  

                ( )
g

g g g
i i g i g ij j

j
w log q log Q log Q log p

S∈

− = β + p∑ . 

If gn  is the number of items in gS , then there is a demand system consisting of gn  equations 

of the above form for gS . For g 1,...,6= groups of food, there are six demand systems that 

have been estimated in Chapter 3 and the estimates of g
iβ  and g

ijp  from Table 3.12 are 

reproduced in columns 3 to 8 in Table 4.7.39 The income elasticities in column 9 are close to 

unity in all cases except for fresh fruit (1.14), fresh potatoes (0.79) and jam (0.87). It should 

be remembered that as these are conditional income elasticities, their being close to unity 

does not necessarily violate Engel’s law. Regarding the price elasticities in columns 10 to 14, 

the own-price elasticities are all negative as expected, while the cross-price elasticities are 

mostly positive, indicating the dominance of substitutability. The only instances of 

complementarity involve (i) fresh fruit and frozen fruit, (ii) fresh vegetables and frozen 

vegetables, and (iii) coffee, tea and mineral water.    

4.11 Food - Part II: Group Demand 

For the two-level food system, group demand refers to the allocation of total food 

expenditure to the six groups. For each group, Section 3.3 in the previous chapter excluded 

countries with small consumption, and the identities of the 106 countries that remain in all six 

groups are given in Appendix A4.1. This appendix also contains the corresponding price-

quantity scatter plots.  

                                                 
39 Both the international alcohol and food data are from the ICP 2005, which pertains to 146 countries. As noted 
above, countries are excluded from further consideration for the analysis of alcohol demand if (i) they have 
small consumption of any beverage, (ii) their consumption is “unbalanced” or (iii) they are outliers. Criteria (i) 
and (iii) are applied to each of the six food groups; criteria (ii) is not necessary as the unbalanced issue is much 
less of a problem for food. Take staples as an example: 17 countries have small consumption of some item in the 
group and 8 countries are outliers. The remaining 146 - 17 - 8 = 121 countries are denoted by Cǵ in panel A of 
Table 4.7. See Appendix 4.1 for details.  
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Table 4.7  Conditional Demand Estimates and Elasticities 
g
ic ic c(log q log Q )w − = intercepts +

g

c
g g
i ij jc

j
log Q log p ,

S∈

β + p∑  gi 1,..., n= , the number of goods in group g, gc 1,...,C′= countries for g     

Commodity 
Budget 
share 

Income 
coefficient Slutsky coefficients × 100  Income 

elasticity Slutsky price elasticities 

(1) 

g
iw 100×  

(2) 

g
i 100β ×  

(3) 

g
i1p  

(4) 

g
i2p  

(5) 

g
i3p  

(6) 

g
i4p  

(7) 

g
i5p  

(8) 

 g g
i i1 w+ β  

(9) 

g g
i1 iwp  
(10) 

g g
i2 iwp  
(11) 

g g
i3 iwp  
(12) 

g g
i4 iwp  
(13) 

g g
i5 iwp  
(14) 

A.      Staples (Cǵ =121 countries)   

   Rice Other cereals  Bread Bakery and pasta    Rice Other cereals  Bread Bakery and pasta  
Rice 22.16 1.15 -21.67 6.01 8.99 6.68   1.05 -0.98 0.27 0.41 0.30  
Other cereals 22.49 -1.35  -12.89 4.33 2.56   0.94 0.27 -0.57 0.19 0.11  
Bread 30.85 0.94   -19.14 5.83   1.03 0.29 0.14 -0.62 0.19  
Bakery and pasta 24.50 -0.74    -15.06   0.97 0.27 0.10 0.24 -0.61  

B.      Meat and Seafood (Cǵ =126) 
   Beef Pork and lamb Poultry Other meat Fish and Seafood   Beef Pork and lamb Poultry Other meat Fish and Seafood 
Beef 21.51 0.75 -16.02 3.48 5.75 2.63 4.16  1.03 -0.74 0.16 0.27 0.12 0.19 
Pork and lamb 17.43 0.25  -9.11 1.55 1.91 2.18  1.01 0.20 -0.52 0.09 0.11 0.13 
Poultry 16.78 -0.95   -12.58 1.41 3.87  0.94 0.34 0.09 -0.75 0.08 0.23 
Other meat 18.80 0.32    -10.91 4.94  1.02 0.14 0.10 0.08 -0.58 0.26 
Fish and seafood 25.48 -0.37     -15.15  0.99 0.16 0.09 0.15 0.19 -0.59 

C.   Dairy (Cǵ =112) 

   Fresh milk Preserved milk Cheese Eggs    Fresh milk Preserved milk Cheese Eggs  
Fresh milk 30.54 0.61 -25.12 11.74 9.23 4.14   1.02 -0.82 0.38 0.30 0.14  
Preserved milk 32.32 0.18  -22.75 4.45 6.56   1.01 0.36 -0.70 0.14 0.20  
Cheese 20.91 0.47   -16.15 2.46   1.02 0.44 0.21 -0.77 0.12  
Eggs 16.23 -1.26    -13.17   0.92 0.26 0.40 0.15 -0.81  

D.   Fruit and Vegetables (Cǵ =122) 

   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Veges   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Veges 
Fresh fruit 28.49 3.94 -15.30 -3.59 10.60 4.94 3.35  1.14 -0.54 -0.13 0.37 0.17 0.12 
Frozen fruit 5.91 -0.05  -3.58 5.04 1.87 0.27  0.99 -0.61 -0.61 0.85 0.32 0.05 
Fresh vegetables 37.67 -0.96   -17.62 2.87 -0.89  0.97 0.28 0.13 -0.47 0.08 -0.02 
Fresh potatoes 16.91 -3.57    -12.12 2.44  0.79 0.29 0.11 0.17 -0.72 0.14 
Frozen veges 11.02 0.64     -5.17  1.06 0.30 0.02 -0.08 0.22 -0.47 

E.      Sweet Things (Cǵ =121) 
   Sugar Jam Chocolate     Sugar Jam Chocolate   
Sugar 41.55 -0.07 -18.55 3.49 15.06    1.00 -0.45 0.08 0.36   
Jam 11.06 -1.47  -5.66 2.17    0.87 0.32 -0.51 0.20   
Chocolate 47.39 1.53   -17.24    1.03 0.32 0.05 -0.36   

F.  Other Foods (Cǵ=136) 

   Other edible oil Food products Coffee,tea Mineral water    Other edible oil Food products Coffee,tea Mineral water  
Other edible oil 22.22 -0.26 -17.40 2.70 2.96 11.74   0.99 -0.78 0.12 0.13 0.53  
Food products 30.89 0.74  -19.80 9.13 7.97   1.02 0.09 -0.64 0.30 0.26  
Coffee, tea 15.76 -1.32   -11.91 -0.18   0.92 0.19 0.58 -0.76 -0.01  
Mineral water 31.13 0.83    -19.53   1.03 0.38 0.26 -0.01 -0.63  

 Notes: Entries in column 3 to 8 are from Table 3.12. Elasticities are evaluated at sample means of budget shares.  
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The demand for group g is equation (4.31):  

                    g
g g g g

P
W log Q log Q log .

P
′ 

= Q + φQ  ′ 
 

The group volume index, glog Q , on the left is weighted by the group share gW ,  the 

proportion of food expenditure devoted to group g. The variables on the right are the volume 

index for the total food log Q,  and the relative price of g ,S  ( )glog P P′ ′ , where the 

g

g
g i S i ilog P log p∈′ = ∑ q  and G

g 1 g glog P log P=′ ′= ∑ Q . The conditional marginal share g
iq  in 

glog P′  takes the form g g g
i i iwq = + β , where g

iw  is the observed conditional budget share and  

g
iβ  is the estimated conditional income coefficient, given in columns 2 and 3 of Table 4.7, 

respectively. The group marginal share gQ  is specified as g g gWQ = + Β . Thus, the above 

group equation becomes:  

(4.33)         ( ) ( )G
g g g g g k kk 1

W log Q log Q log Q log P log P .
=

′ ′− = Β + φQ − Q∑  

Previously in equation (4.32) of Section 4.7, the Frisch index of the price of all other 

goods (those not in group g) is approximated by olog P ,  the Divisia index, where the 

unknown conditional marginal shares (the weights in the Frisch index) are replaced with the 

corresponding budget shares (Divisia weights). There is no need for such an approximation in 

equation (4.33) as the conditional marginal shares imbedded in glog P′  have been estimated in 

the conditional demand systems. For g = 1,…,6, there is a system of six group equations in 

the form of (4.33). As the system is nonlinear in the coefficients, we shall use a maximum 

likelihood procedure, the details of which are given in the notes to Table 4.8. Panel A of this 

table gives the results when 106 countries are used and the income flexibility φ  is allowed to 

vary across income quartiles, while panel B considers the same countries with the φ  taken to 

be a constant. In view of the standard errors, the income coefficients in column 3 for these 

two cases are unlikely to be significantly different, with the largest difference being 

( )0.78 0.10 0.88− − =  from the fruit and vegetables group. As set out in the notes to the table, 

we can reject the null hypothesis of a constant φ . Thus, there is evidence that φ  increases 

substantially as income falls, from -0.6 in the richest countries to -1.4 in the poorest. Panels C 

and D of Table 4.8 repeat the analysis with 10 outlying countries excluded. The
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Table 4.8   Food Group Demand Estimates 

( ) ( )6
gc gc c g g c g gc k 1 k kcW log Q log Q A log Q log P log P=′ ′− = + Β + φQ − ∑ Q , g 1,...,6;= c 1,...,C.=  

4 d d
d 1 dI (c )S=φ = ∑ φ ∈ ;  4 d d

g d 1 d g gI (c )W=Q = ∑ ∈ + ΒS  

Group Intercept 

gA ×100 

Income 
coefficient 

gΒ ×100 

Income flexibility  
in each income quartile 

1φ  2φ  3φ  4φ  
(1) (2) (3) (4) 

A. C = 106 countries and ϕ variable 
Staples 26.10 (5.30) -5.72 (1.27) 

-0.61 
(0.16) 

-1.39 
(0.14) 

-1.18 
(0.12) 

-1.43 
(0.14) 

Meat and seafood -23.28 (7.20) 6.98 (1.74) 
Dairy 5.11 (3.00) -2.12 (0.76) 
Fruit and veges -4.54 (4.45) 0.78 (1.05) 
Sweet things -5.45 (1.28) 0.75 (0.34) 
Other food 2.06 (3.60) -0.67 (0.92) 

B. C = 106 countries and ϕ constant 
Staples 24.56 (5.30) -5.39 (1.27) 

-1.18 
(0.08) 

Meat and seafood -19.79 (6.74) 6.27 (1.64) 
Dairy 4.28 (3.00) -2.01 (0.75) 
Fruit and veges -0.79 (4.35) -0.10 (1.02) 
Sweet things -7.61 (1.21) 1.32 (0.31) 
Other food -0.66 (3.55) -0.09 (0.90) 

C. C = 96 countries and ϕ variable 
Staples 23.91 (4.49) -5.26 (1.07) 

-0.72 
(0.13) 

-1.32 
(0.11) 

-1.11 
(0.11) 

-1.33 
(0.11) 

Meat and seafood -16.40 (6.13) 5.58 (1.48) 
Dairy -3.07 (1.54) -0.16 (0.37) 
Fruit and veges -2.74 (4.41) 0.42 (1.03) 
Sweet things -4.87 (1.15) 0.52 (0.30) 
Other food 3.16 (3.10) -1.10 (0.78) 

D. C = 96 countries and ϕ constant 
Staples 23.14 (4.52) -5.10 (1.07) 

-1.13 
(0.07) 

Meat and seafood -14.02 (5.88) 5.07 (1.42) 
Dairy -3.94 (1.45) -0.01 (0.35) 
Fruit and veges -0.09 (4.34) -0.19 (1.01) 
Sweet things -6.50 (1.10) 0.94 (0.28) 
Other food 1.40 (3.04) -0.72 (0.77) 

E. C = 90 countries and ϕ variable 
Staples 23.61 (4.01) -5.30 (0.96) 

-0.81 
(0.12) 

-1.24 
(0.11) 

-1.08 
(0.10) 

-1.21 
(0.10) 

Meat and seafood -15.78 (5.90) 5.52 (1.43) 
Dairy -3.81 (1.55) 0.03 (0.38) 
Fruit and veges -1.26 (4.21) 0.15 (0.99) 
Sweet things -5.41 (1.16) 0.64 (0.30) 
Other food 2.66 (3.23) -1.03 (0.82) 

F. C = 90 countries and ϕ constant 
Staples 22.83 (3.99) -5.13 (0.96) 

-1.10 
(0.07) 

Meat and seafood -14.01 (5.76) 5.14 (1.40) 
Dairy -4.29 (1.49) 0.11 (0.37) 
Fruit and veges 0.15 (4.10) -0.18 (0.96) 
Sweet things -6.48 (1.06) 0.92 (0.27) 
Other food 1.79 (3.16) -0.86 (0.80) 

Notes:  
1. The 106 countries of panels A and B are obtained by excluding 40 countries with small consumption in at least one food item from 

the 146 countries in the original ICP data. Panels C and D exclude 10 more countries due to outliers, and in panels E and F, a 
further 6 countries are excluded.  For details, see Table 4.9 and Appendix 4.1. 

2. The term ( )d
dI c S∈  is an indicator function that takes the value 1 if country dc ,S∈  the set of countries in the dth income quartile, 0 

otherwise. The marginal share of group g takes the form ( )4 d d
g d 1 d g gI c W ,S=Q = ∑ ∈ + Β  where d

gW  is the mean budget share over 
countries in quartile d.    

3. The log-likelihood values for panels A and B are 873.52 and 862.68, respectively. The test statistic for d
oH : , φ = φ d 1,2,3,4= is

( )2 862.68 873.52 21.68− − = . As this is larger than the critical value of ( )2 0.95,3 7.82χ = , the hypothesis can be rejected.   

4. The likelihood-ratio test for d
oH : , φ = φ d 1,2,3,4=  is ( )2 939.95 949.20 18.5− − =  for the comparison between panel C and D; 

and  ( )2 915.03 919.98 9.9− − =  for panel E vs F. Again, both values exceed the critical value of ( )2 0.95,3 7.82χ = , so the 
hypothesis can be rejected in both cases.   

5. The estimates are maximum likelihood. As one equation is redundant in an allocation system, we write the five equations for 
country c in the vector form as ( )c c c; ,′y = f x µ + ε where cy  is the dependent variable vector, c′x  is the independent variable 

vector and cε  is the error term vector drawn from a multivariate normal distribution with mean vector zero and covariance matrix 
.Σ . The log-likelihood function is ( ) ( ) ( ) ( )1 C 1

c 1 c c c cconstant C 2 log 1 2 ; ; ,− −
=

′′ ′+ − ∑ − −      y f x y f xΣ µ Σ  µ  which is maximised 

with respect to µ .  
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estimated income coefficients are not far apart in the two panels, but again the constant- φ  

hypothesis is rejected. Panels E and F of the table further exclude a further six outlying 

countries; again, the estimates are not far from each other and the constant- φ  hypothesis is 

rejected, but now the standard errors are mostly smaller than those in other panels.  

There is no substantial basis for choosing between the estimates of panels A, C and E 

of Table 4.8, but normality tests of the residuals can shed some light on this issue. The 

Jarque-Bera statistics in Table 4.9 show that normality of the residuals is rejected for four 

groups from panel A of Table 4.8, three groups from panel C and only two from panel E. The 

results are more or less unchanged for the original and the independently transformed 

residuals. To examine further the residuals from panel E of Table 4.8, Figure 4.2 provides the 

corresponding P-P plots. In the first four groups, less than 10% of cases deviate markedly 

from the straight line, which is supportive of normality. However, this is not the case for 

sweet things and other food, where the tail deviates noticeably from the line. Panel G of 

Figure 4.2 examines the joint normality of the five independent groups and it is clear that the 

majority of points are quite close to the line. Thus, on the basis of normality and lower 

standard errors, the estimates from panel E of Table 4.8 are preferable and will be used 

subsequently, but it should be acknowledged these results are by no means perfect in all 

respects, especially for the group other food. 

 

Table 4.9   Jarque-Bera Tests of Normality, Food Groups 

Group 

106 countries  
( )t ≤ ∞     

96 countries 
( )t 2.5≤    

90 countries 
 ( )t 2.0≤  

Original Transformed 
 

Original Transformed 
 

Original Transformed 
Staples 252.1 161.9 

 
16.3 17.8 

 
2.1 6.7 

Meat and seafood 5.3 26.3 
 

0.4 1.6 
 

2.2 2.8 
Dairy 17,207.0 10,511.0 

 
3.5 1.8 

 
5.0 3.2 

Fruit and vegetables 2.4 0.6 
 

2.5 2.1 
 

2.7 1.9 
Sweet things 26.9 28.7 

 
17.8 14.9 

 
10.8 8.8 

Other food 786.8 846.2  99.6 46.4  102.1 50.8 

Notes:  
1. Each country group corresponds to a certain absolute t-value of the residuals that is used to identify outlying countries; 
these values are indicated in parentheses by t x,  x  (no outliers),  2.5,  2.0.≤ = ∞   
2. The second column of each pair uses independently transformed residuals obtained with the approach of Section 3.12.  
3. The critical value of the Jarque-Bera test statistic at 5% level is approximately 5.40.   
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Figure 4.2   P-P Plots, Food Group Residuals 

 

 

 

 
 

  

     

 
Note: Panels A to F use the original residuals from panel E of Table 4.8. Panel G uses the independently transformed 
residuals.  

 

Table 4.10 contains the elasticities implied by the estimates in panel E of Table 4.8 

and the observed group shares. The income elasticities, in columns 6 to 9, are roughly the 

same across quartiles for each of the six groups. The elasticities are around 0.7 for staples, 1.2 
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for meat and seafood, 1.1 for sweet things and 1 for the remaining three groups -- dairy, fruit 

and vegetables, and other food. Thus, the staples are necessities, while meat and seafood, and 

sweet things are luxuries. The pattern of the own-price elasticities across the income 

distribution in columns 10 to 13 reflects that of the d -estimatesφ  of panel E of Table 4.8. In 

the first quartile, meat and seafood group has the largest price elasticity in absolute terms, 

followed by sweet things, fruit and vegetables, other food, dairy and staples; staples are 

substantially less elastic than the other groups. The same ordering of the price elasticities 

applies to the other three quartiles. As the price elasticities are proportional to the income 

elasticities, obviously the ordering of the former follows that of the latter. 

 

Table 4.10   Food Group Budget Shares and Demand Elasticities by Income Quartile 
 

Group 
Budget shares  

d
gW   

 Income elasticities 
d

g gWQ  
 Price elasticities 

d d
g gWφ Q  

First Second Third Fourth  First Second Third Fourth  First Second Third Fourth 
(1) (2) (3) (4) (5)  (6) (7) (8) (9)  (10) (11) (12) (13) 
Staples 15.48 16.91 17.93 25.60  0.66 0.69 0.70 0.79  -0.53 -0.85 -0.76 -0.96 
Meat and seafood 28.99 28.93 28.09 23.27  1.19 1.19 1.20 1.24  -0.96 -1.48 -1.29 -1.50 
Dairy 12.45 13.56 13.22 11.75  1.00 1.00 1.00 1.00  -0.81 -1.24 -1.08 -1.21 
Fruit and veges 17.74 19.52 20.34 19.11  1.01 1.01 1.01 1.01  -0.82 -1.25 -1.09 -1.22 
Sweet things 8.18 6.30 5.96 4.59  1.08 1.10 1.11 1.14  -0.87 -1.37 -1.20 -1.38 
Other food 17.15 14.78 14.46 15.67  0.94 0.93 0.93 0.93  -0.76 -1.15 -1.00 -1.13 

Note:  d
gW  is the mean budget share of group g across countries within quartile d. The group marginal share is d

g g gW .Q = + Β  The 
estimates of gB  and dφ  (the income flexibility in quartile d) are from panel E of Table 4.8.  

 
4.12 Food - Part III: Unconditional Demand 

Within the two-level system, the unconditional demand for food refers to the 

allocation of total food expenditure across the 25 food items. In the context of differentials, 

Section 4.5 derived the unconditional demand equation (4.25) by combining the conditional 

and group demand equations. The “levels version” of (4.25) for gi S∈  is given by removing 

the “d’s”: 

g g

i i i ij j ij j
j j

w log q log Q log p log p
S S∈ ∉

= q + p + p∑ ∑ , 

where  g
i i g ,q = q Q  ( )g g g

ij g ij g g i jW 1 ,p = p + φQ − Q q q  gi, j ,S∈  and ij i j ,p = −φq q  g gi , j .S  S∈ ∉  The 

values of the conditional parameters, g
iq  and g

ijp , are constructed from the estimates of Table 

4.7, while the group parameters, φ  and gQ , are derived from panel E of Table 4.8.  
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Table 4.11  Unconditional Demand Equations and Elasticities for Food 
ic iclog qw = intercepts +

g g

ci ij jc ij jc
j j

log Q log p log p ,
S S∈ ∉

+q p + p∑ ∑  i 1,..., n= , c 1,...,C.=  

Commodity 
Budget 
share 

Marginal 
share Slutsky coefficients × 100  Income 

elasticity Slutsky price elasticities 

(1) 
iw 100×  
(2) 

i 100q ×  
(3) 

i1p  
(4) 

i2p  
(5) 

i3p  
(6) 

i4p  
(7) 

i5p  
(8) 

i0p  
(9) 

 
i iwq  
(10) 

i1 iwp  

(11) 
i2 iwp  

(12) 
i3 iwp  

(13) 
i4 iwp  

(14) 
i5 iwp  

(15) 
io iwp  

(16) 
A.      Staples  

   Rice Other cereals  Bread Bakery and pasta  Others   Rice Other cereals  Bread Bakery and pasta  Others 
Rice 4.10 3.08 -4.68 0.50 0.74 0.55  2.90  0.75 -1.14 0.12 0.18 0.13  0.71 
Other cereals 4.16 2.79  -2.94 -0.03 -0.15  2.63  0.67 0.12 -0.71 -0.01 -0.04  0.63 
Bread 5.71 4.20   -4.80 0.14  3.95  0.74 0.13 -0.01 -0.84 0.02  0.69 
Bakery and pasta 4.53 3.14    -3.49   2.95  0.69 0.12 -0.03 0.03 -0.77  0.65 

B.      Meat and Seafood  
   Beef Pork and lamb Poultry Other meat Fish and Seafood Others   Beef Pork and lamb Poultry Other meat Fish and Seafood Others 
Beef and veal 6.00 7.44 -5.66 0.02 0.75 -0.29 -0.19 5.37  1.24 -0.94 0.00 0.13 -0.05 -0.03 0.90 
Pork and lamb 4.86 5.91  -3.29 -0.24 -0.28 -0.46 4.26  1.22 0.00 -0.68 -0.05 -0.06 -0.10 0.88 
Poultry 4.68 5.29   -4.11 -0.34 0.12 3.82  1.13 0.16 -0.05 -0.88 -0.07 0.03 0.82 
Other meat 5.24 6.39    -3.92 0.22 4.62  1.22 -0.06 -0.05 -0.06 -0.75 0.04 0.88 
Fish and seafood 7.11 8.39     -5.75 6.06  1.18 -0.03 -0.07 0.02 0.03 -0.81 0.85 

C.   Dairy  

   Fresh milk Preserved milk Cheese Eggs  Others   Fresh milk Preserved milk Cheese Eggs  Others 
Fresh milk 3.81 3.90 -4.29 0.26 0.36 -0.04  3.70  1.02 -1.12 0.07 0.09 -0.01  0.97 
Preserved milk 4.03 4.07  -4.09 -0.27 0.24  3.86  1.01 0.07 -1.01 -0.07 0.06  0.96 
Cheese 2.61 2.67   -2.56 -0.07  2.54  1.02 0.14 -0.10 -0.98 -0.03  0.97 
Eggs 2.03 1.87    -1.91   1.78  0.92 -0.02 0.12 -0.04 -0.94  0.88 

D.   Fruit and Vegetables 

   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Veges Others   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Veges Others 
Fresh fruit 5.57 6.39 -4.80 -1.03 0.03 0.22 0.01 5.57  1.15 -0.86 -0.18 0.01 0.04 0.00 1.00 
Frozen fruit 1.16 1.16  -0.76 0.62 0.23 -0.06 1.00  1.00 -0.89 -0.66 0.53 0.20 -0.06 0.87 
Fresh vegetables 7.37 7.24   -5.76 -0.28 -0.91 6.30  0.98 0.00 0.08 -0.78 -0.04 -0.12 0.86 
Fresh potatoes 3.31 2.63    -2.68 0.21 2.29  0.79 0.07 0.07 -0.08 -0.81 0.06 0.69 
Frozen veges 2.16 2.30     -1.25 2.00  1.07 0.00 -0.03 -0.42 0.10 -0.58 0.93 

E.      Sweet Things 
   Sugar Jam Chocolate   Others   Sugar Jam Chocolate   Others 
Sugar 2.61 2.87 -2.37 -0.06 -0.47   2.90  1.10 -0.91 -0.02 -0.18   1.11 
Jam 0.70 0.66  -0.42 -0.19   0.67  0.96 -0.08 -0.60 -0.28   0.96 
Chocolate 2.98 3.39   -2.76     3.42  1.14 -0.16 -0.06 -0.93   1.15 

F.  Other Foods  

   Other edible oil Food products Coffee,tea Mineral water  Others   Other edible oil Food products Coffee,tea Mineral water  Others 
Other edible oil 3.40 3.13 -3.30 -0.51 0.03 0.86  2.91  0.92 -0.97 -0.15 0.01 0.25  0.86 
Food products 4.72 4.51  -4.35 0.79 -0.12  4.19  0.95 -0.11 -0.92 0.17 -0.03  0.89 
Coffee, tea 2.41 2.06   -2.10 -0.64  1.91  0.85 0.01 0.33 -0.87 -0.27  0.79 
Mineral water 4.76 4.56    -4.34   4.24  0.96 0.18 -0.03 -0.13 -0.91   0.89 

   Note: The iw  is mean budget share of good i across countries.  
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Columns 2 to 9 of Table 4.11 contain the recovered values of the coefficients of the 

above unconditional demands. Among the marginal shares  of column 3, the highest 

is 8.39 for fish and seafood, while the lowest is 0.66 for jam. Thus, a one-dollar increase in 

spending on all food results in an additional 8.39 cents devoted to fish and seafood, and 0.66 

cents to jam; these values seem reasonable. The own-Slutsky coefficients of columns 4 to 8 

are negative in all cases, while slightly more than one-half of the cross-Slutsky coefficients 

are negative, indicating unconditional complementarity. These coefficients refer to the effects 

of a price change of good j, for gi, j ,∈S  on the demand for good i. Consider now the impact 

of goods prices outside the group in question, that is, of jp  for gj .∉S  For simplicity, suppose 

these prices all change equi-proportionally, so ( )jd log p k,=  a constant. The impact of such a 

change on the demand for good gi ∈S  is k times ( )
g gj ij j i j i g1 ,∉ ∉∑ p = − ∑ φq q = −φq − QS S  which 

is denoted by i0.p 40 The values for i0p  in column 9 are all positive, indicating 

substitutability.   

The implied unconditional elasticities are given in columns 10 to 16 of Table 4.11. 

The income elasticities of column 10 vary substantially across the 25 items. The four items 

within staples have similar income elasticities of around 0.7; this is because the group 

elasticity is approximately 0.7 and the conditional elasticities are each near unity. This pattern 

of similar income elasticities of items within a group also occurs for: (i) meat and seafood, 

(ii) dairy, and (iii) other foods. The elasticities in the remaining two groups are mixed. Within 

fruit and vegetables, the income elasticity for fresh potatoes is 0.8, while the elasticities for 

the other items are close to, or greater than, 1. Among sweet things, sugar and chocolate have 

an elasticity greater than 1, while it is close to 1 for jam.  

Each of the unconditional price elasticities in columns 11 to 15 of Table 4.11 is more 

negative than its conditional counterpart of Table 4.7. As discussed in Section 4.5 (in terms of 

differentials), a rise in the price of a good has two effects on the demand for the good: 

1. Direct effect. The price rise lowers consumption of the good from conditional 

equation (4.22): ( ) ( ) ( ) ( )g
i i g ii i id log q 1 w W d log p 0, for d log p 0= p < >   as g

ii 0p <  for 

gi .∈S  

                                                 
40 Note that by homogeneity, for gi ,S∈

g gj S ij j S ij 0,∈ ∉∑ p + ∑ p =  so an alternative expression for this coefficient is 

gi0 j S ij.∈p = − ∑ p  

( )i 100q ×
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2. Indirect effect. The price rise also has a negative effect on the demand for the group to 

which the good belongs. This is because the price rise increases the relative price of 

the group as a whole, leading to a reduction in group demand from equation (4.19): 

( ) ( )( ) ( )g
g g g g i id log Q W 1 d log p 0,= φ Q − Q q <  as g

g i0,0 < 1 and 0.φ < Q < q >   The 

lower group demand generates a further decrease in consumption of the good in 

question on account of the group volume effect: ( ) ( ) ( )g g
i i i gd log q 1 w d log Q 0,= q <  

for ( )gd log Q 0,<  as each unconditional marginal share g
i 0.q >   

Combining the two effects results in the more negative unconditional own-price elasticity: 

( ) ( ) ( )

( ) ( )( ) ( )

( ){ } ( )

{ }

g g
i g ii i i gg

i i

g g g
g ii i i g g g i ig

i i

g g g
g ii i g g i i

i

1 1d log q W d log p d log Q
w w
1 1W d log p W 1 d log p

w w
1 W 1 d log p

w
0.                                      

= p + q

 = p + q φ Q − Q q 

 = p + q φQ − Q q 

= + − + − + <<

 

For the cross-price effects, the conditional effects as indicated in Table 4.7 are mostly 

positive, indicating that goods within the group are mainly substitutes. The indirect effect on 

the demand for the good is always negative, as effect 2 above operates exactly as before. 

When the indirect effect dominates the direct effect, the unconditional cross-price elasticity is 

negative. This occurs in a slight majority of cases in Table 4.11, so these pairs of food items 

are unconditional complements. It should be noted that many of the cross elasticities are close 

to zero.  

The price elasticities for the combined prices of items outside the group are given in 

column 16 of Table 4.11. These are positive in all cases, indicating substitutability. The 

underlying mechanism can be easily described in a parallel fashion to that above for within-

group price changes, but now for ( )jd log p > 0  and gj .∉S  The impact of this price change 

on the demand for good gi ∈S  is: 

1.   The direct effect is zero as there is no conditional effect. 

2 .  The price rise of good j outside of gS  lowers the relative price of the group, which 

increases group demand. This higher group demand increases the consumption of 

good i. 

Accordingly, the total effect of this price rise is to increase the demand for good gi .∈S  
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Table 4.12  Unconditional Price Elasticities for 25 Food Items  

Item Staples 
 

Meat and seafood 
 

Dairy 
 

Fruit and vegetables 
 

Sweet things 
 

Other food 
 1 2 3 4  5 6 7 8 9  10 11 12 13  14 15 16 17 18  19 20 21  22 23 24 25 

A.  Staples 
1. Rice -114 12.2 18.1 13.3   6.06 4.81 4.31 5.20 6.83   3.17 3.31 2.18 1.52   5.21 0.94 5.90 2.14 1.87   2.34 0.54 2.76   2.55 3.67 1.68 3.71 
2. Other cereals 12.0 -70.7 -0.84 -3.63  5.41 4.30 3.85 4.65 6.10  2.84 2.96 1.95 1.36  4.65 0.84 5.27 1.91 1.67  2.34 0.48 2.46  2.28 3.28 1.50 3.32 
3. Bread 13.0 -0.62 -84.1 2.45  5.93 4.71 4.22 5.09 6.69  3.11 3.24 2.13 1.49  5.10 0.92 5.77 2.10 1.83  2.34 0.53 2.70  2.50 3.60 1.64 3.63 
4. Bakery and pasta 12.1 -3.33 3.08 -77.0  5.58 4.43 3.97 4.79 6.30  2.93 3.05 2.01 1.41  4.80 0.87 5.43 1.97 1.73  2.34 0.50 2.54  2.35 3.39 1.55 3.42 

B.  Meats and Seafood 
5. Beef and Veal 4.14 3.75 5.64 4.22  -94.4 0.32 12.6 -4.88 -3.15  5.24 5.47 3.60 2.52  8.60 1.55 9.74 3.54 3.09  3.86 0.89 4.56  4.21 6.07 2.77 6.13 
6. Pork and Lamb 4.06 3.68 5.53 4.14  0.40 -67.8 -5.03 -5.81 -9.57  5.14 5.36 3.53 2.47  8.43 1.52 9.55 3.47 3.03  3.79 0.88 4.47  4.13 5.95 2.72 6.01 
7. Poultry 3.77 3.42 5.15 3.85  16.1 -5.23 -87.9 -7.18 2.57  4.78 4.99 3.28 2.30  7.84 1.42 8.88 3.23 2.82  3.52 0.81 4.15  3.84 5.53 2.52 5.59 
8. Other meat 4.07 3.69 5.55 4.14  -5.59 -5.38 -6.41 -74.8 4.21  5.15 5.37 3.53 2.47  8.45 1.53 9.57 3.48 3.04  3.80 0.88 4.48  4.14 5.96 2.72 6.02 
9. Fish and Seafood 3.94 3.57 5.37 4.02  -2.66 -6.55 1.69 3.10 -80.9  4.99 5.21 3.43 2.40  8.19 1.48 9.27 3.37 2.94  3.68 0.85 4.34  4.01 5.78 2.64 5.84 

C.   Dairy 
10. Fresh Milk 3.41 3.10 4.66 3.48   8.25 6.55 5.87 7.08 9.31   -112 6.90 9.48 -0.96   7.09 1.28 8.03 2.92 2.55   3.19 0.74 3.76   3.47 5.00 2.28 5.06 
11. Preserved Milk 3.37 3.05 4.59 3.43  8.13 6.46 5.78 6.98 9.17  6.52 -101 -6.69 5.97  6.99 1.26 7.92 2.88 2.51  3.14 0.73 3.70  3.42 4.93 2.25 4.98 
12. Cheese 3.42 3.10 4.67 3.49  8.27 6.57 5.88 7.10 9.33  13.8 -10.3 -98.0 -2.77  7.11 1.28 8.05 2.93 2.56  3.19 0.74 3.77  3.48 5.01 2.29 5.07 
13. Eggs 3.09 2.80 4.21 3.15  7.46 5.93 5.30 6.41 8.41  -1.80 11.9 -3.57 -94.3  6.41 1.16 7.26 2.64 2.31  2.88 0.67 3.40  3.14 4.52 2.07 4.57 

D.   Fruit and Vegetables 

14. Fresh Fruit 3.83 3.47 5.22 3.90   9.25 7.35 6.58 7.95 10.44   4.85 5.06 3.33 2.33   -86.1 -18.5 0.54 4.01 0.10   3.57 0.83 4.22   3.89 5.61 2.56 5.67 
15. Frozen Fruit 3.33 3.02 4.55 3.40  8.06 6.40 5.73 6.92 9.09  4.22 4.41 2.90 2.03  -89.0 -65.7 53.3 20.0 -5.56  3.11 0.72 3.67  3.39 4.89 2.23 4.94 
16. Fresh Vegetables 3.28 2.97 4.47 3.34  7.92 6.29 5.64 6.80 8.94  4.15 4.33 2.85 1.99  0.41 8.36 -78.2 -3.79 -12.34  3.06 0.71 3.61  3.34 4.80 2.19 4.85 
17. Fresh Potatoes 2.65 2.41 3.62 2.71  6.41 5.10 4.56 5.51 7.23  3.36 3.51 2.31 1.61  6.76 6.98 -8.44 -80.9 6.36  2.48 0.57 2.92  2.70 3.89 1.78 3.93 
18. Frozen Vegetables 3.56 3.23 4.86 3.63  8.61 6.84 6.12 7.39 9.70  4.51 4.70 3.09 2.17  0.25 -2.98 -42.2 9.76 -57.75  3.32 0.77 3.92  3.62 5.22 2.38 5.27 

E.   Sweet Things 
19. Sugar 3.67 3.33 5.01 3.74   8.88 7.05 6.31 7.62 10.01   4.65 4.85 3.19 2.23   7.63 1.38 8.64 3.14 2.74   -90.7 -2.27 -18.1   3.74 5.38 2.46 5.44 
20. Jam 3.19 2.89 4.35 3.25  7.71 6.13 5.48 6.62 8.70  4.04 4.22 2.77 1.94  6.63 1.20 7.51 2.73 2.38  -8.52 -60.4 -27.6  3.25 4.68 2.14 4.72 
21. Chocolate 3.80 3.44 5.18 3.87  9.18 7.29 6.53 7.88 10.35  4.81 5.02 3.30 2.31  7.89 1.43 8.93 3.25 2.84  -15.9 -6.43 -92.6  3.86 5.57 2.54 5.62 

F.   Other Food 

22. Other Edible oil 3.08 2.79 4.20 3.14   7.44 5.91 5.29 6.39 8.39   3.90 4.07 2.67 1.87   6.39 1.16 7.24 2.63 2.30   2.87 0.66 3.39   -97.2 -15.0 0.92 25.4 
23. Food Products 3.19 2.89 4.35 3.25  7.71 6.12 5.48 6.62 8.69  4.04 4.21 2.77 1.94  6.62 1.20 7.50 2.73 2.38  2.98 0.69 3.51  -10.8 -92.2 16.7 -2.61 
24. Coffee, Tea 2.85 2.59 3.89 2.91  6.90 5.48 4.90 5.92 7.78  3.61 3.77 2.48 1.74  5.93 1.07 6.71 2.44 2.13  2.66 0.62 3.14  1.30 32.8 -87.1 -26.5 
25. Mineral Water 3.20 2.90 4.36 3.26  7.73 6.14 5.49 6.63 8.71  4.05 4.22 2.78 1.95  6.64 1.20 7.52 2.73 2.39  2.98 0.69 3.52  18.2 -2.60 -13.4 -91.2 
Note: The rows and columns both refer to the 25 food items. All entries are × 100.
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The combined price elasticities in column 16 of Table 4.11 are decomposed into 

detailed items in Table 4.12. The within-group elasticities on the diagonal blocks are the 

same as those of columns 11 to 15 of Table 4.11. The off-diagonal blocks give the elasticities 

between goods from different groups. Take as an example the first entry in the first row of the 

block between staples and meat and seafood, 6.06×100-1 = 0.06. This says that rice 

consumption increases by 0.6% if the price of beef increases 10%. Thus, the substitution 

effect is small between these two items, which is the case for many of other pairs in the off-

diagonal blocks. 

4.13  A Three-Level Demand System 

The discussion thus far focuses on the theory and application of a two-level demand 

system. In the alcohol case, income was first split into alcohol and non-alcohol goods, then 

the alcohol expenditure was divided into beer, wine and spirits. The same structure was 

applied to food: total food expenditure was allocated into six food groups, then expenditure 

on each group is separated into items within the group. This section extends this two-level 

system for the food case to three-level by adding an additional initial level whereby income is 

divided into food and non-food. This additional level enables us to analyse the demand of 

food items depending on income. 

In order to make matters as clear as possible, we commence with the usual n 

differential demand equations that depend on income and prices (the “unconditional 

demands”). Some of the material to follow will be slightly repetitive to enhance readability. 

As discussed below, the three-level system requires some minor changes in notation.  

 Unconditional Demand 

Suppose there are n goods in the basket. The unconditional demand equation (4.6) for 

good i is: 

(4.34)   ( ) ( )
n

j
i i i ij

j 1

p
w d log q d log Q d log

P=

 
= q + n  ′ 

∑ . 

Here, iw  is the budget share of good i, defined as i i iw p q M ,=  with n
i 1 i iM p q== ∑ . The 

coefficient iq  is the marginal share of i, i i i(p q ) Mq = ∂ ∂  and ijn  is the ( )thi, j  price 

coefficient satisfying 

           
n

ij i
j 1=

n = φq∑   for i 1,..., n= , 
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where ( ) ( ) 1
log log M

−
φ = ∂ λ ∂    is the income flexibility, the reciprocal of the income 

elasticity of the marginal utility of income ( ).λ  The change in the relative price of j is 

( ) ( ) ( )j jd log p P d log p d log P ,′ ′= −  with ( ) ( )n
i 1 i id log P d log p=′ = ∑ q  the Frisch price index. 

Food and Non-food 

Let these n goods be divided into 2 groups, food (F) and non-food (N), written as FS

and N.S  Assume these two groups are block independent so that ij 0n =  for F Ni , j∈ ∈S S  and 

F ij ij S∈
∑ n = φq  for Fi ∈S . In this case, the substitution term in equation (4.34) for Fi ∈S  is 

confined to the relative prices of those goods within F :S  

(4.35)       ( ) ( )
F

j
i i i ij

j

p
w d log q d log Q d log

PS∈

 
= q + n  ′ 

∑ . 

To obtain the demand equation for food as a whole, first define the budget and the 

marginal shares for good Fi ∈S  and for the food group as a whole: 

F i
i F

ww
W

= , 
F

F
i

i

W w
S∈

= ∑ ,   F i
i F

q
q =

Q
, 

F

F
i

i S∈

Q = q∑ . 

This F
iw  is the proportion of food expenditure devoted to good i, known as the conditional 

budget share, and the FW  is the food budget share, the fraction of total income spent on all 

food. Similarly, F
iq  is the conditional marginal share of good i within food and the FQ  is the 

marginal share of food. Second, we define the Divisia volume index of food and the 

corresponding Frisch price index as: 

F

F F
i i

i

log Q w log q
S∈

= ∑ , 
F

F F
i i

i

log P log p
S∈

′ = q∑ . 

Sum equation (4.35) over Fi ∈S  to give group demand for food (see Appendix A4.2 

for derivations): 

(4.36)   ( ) ( )
F

F F F F PW d log Q d log Q d log
P
′ 

= Q + φQ  ′ 
. 

Thus, under the block independence, the demand for food as a whole depends on the real 

income and the relative price of food alone.  
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Conditional Demand for Food 

Under block independence, the unconditional demand for good i in equation (4.35) 

depends on income and the relative prices of goods within food. Instead of income, the 

conditional demand equation for Fi ∈S  depends on the total food expenditure. As set out in 

detail in Appendix A4.2, we can combine equations (4.35) and (4.36) to eliminate log Q  to 

derive the conditional equation for good Fi ∈S : 

 (4.37)     ( ) ( )
F

jF F F F
i i i ij F

j

p
w d log q d log Q d log

PS∈

 
= q + n  ′ 

∑ , 

where the conditional price coefficient, F
ijn , is defined as F F

ij ij Wn = n  and satisfies  

F
F F F F F F F
ij i i ij

W W ,
∈

∑ n = φq = φq Q = φη q
S

 with F F FW ,η = Q  the income elasticity of the 

food group. 

Disaggregating Food into Sub-Groups 

Suppose there are Fn  goods within the food group. These goods are split into FG n<  

sub-groups, written F F
1 G,...,S S . Each sub-group is taken to be block independent, so that for 

g 1,...,G= , ij 0n =  when F F
g gi , j .S  S∈ ∉  Thus, F

g
ij ij S∈

∑ n = φq  for F
gi .S∈  

Summing both sides of equation (4.37) over F
gi ,∈S  we obtain the group equation for 

F
gS  (see Appendix A4.2):  

(4.38)       ( ) ( )
F

gF F F F F F
g g g g F

P
W d log Q d log Q d log

P
′ 

= Q + φ Q   ′ 
, 

where ( )F F
g g

F F F
g i ii i

W w w W
S S∈ ∈

= ∑ = ∑  is the budget share of group g within total food,   

( )F F
g g

F F F
g i ii iS S∈ ∈

Q = ∑ q = ∑ q Q  is the corresponding marginal share and F F F FW .φ = φη = φQ  

As ( ) ( ) 1
log log M ,

−
φ = ∂ λ ∂    it follows that ( ) ( ) 1F Flog log M ,

−
 φ = ∂ λ ∂   the reciprocal 

of the elasticity of the marginal utility of income with respect to food expenditure, 

F
F

i ii
M p q .

∈
= ∑

S
 We shall refer to Fφ  as the food flexibility. 

Equations (4.36) and (4.38) have the same general form, but quite distinct roles: The 

former allocates income to food as whole, while the latter allocates food expenditure to the 
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food subgroups. Combining these two equations to eliminate Flog Q , we obtain the 

conditional demand for F
gi S∈  (see Appendix A4.2): 

(4.39)       ( ) ( )
F
g

jg g F g
i i i g ij F

j g

p
w d log q d log Q d log

PS∈

 
= q + n   ′ 

∑ , 

where g F F
i i gw w W=  is the conditional budget share of good i in group g within food;  

g F F
i i gq = q Q  is the conditional marginal share; the price coefficient g

ijn  is defined as 

g F F F F
ij ij g ij gW (W W )n = n = n  with the sum  

(4.40)      ( ) ( )F
g

g F F F F F F g F F g
ij i g g g i g ij

W W (W W )
S∈

∑ n = φq = φ Q Q q = φη η q ,  

where F F F
g g gWη = Q  is the elasticity of demand for the sub-group F

gS  with respect to total 

food F.S  

Restricted Slutsky Coefficients 

The above subsections link the thi  unconditional demand equation (4.35) to its 

conditional counterpart equation (4.39). The relative price terms of both equations have a 

similar structure and can be expressed in absolute prices as 

       ( ) ( )
F F F

g g

j
ij ij j ij j

j j j

p
d log d log p d log p

P∈ ∈ ∉

 
n = p + p ′ 

∑ ∑ ∑
S S S

,  ( )
F F
g g

jg g
ij ij jF

j jg

p
d log d log p

PS S∈ ∈

 
n = p  ′ 

∑ ∑ , 

where  

(4.41)      
F

ij i j g
ij F

i j g

for j
for j

n − φq q ∈p =  −φq q ∉

  S
      S

, and g g F F g g
ij ij g i jp = n − φη η q q  for F

gj∈S .  

Using g F F
ij ij gW Wn = n  in the second equation of (4.41), we obtain 

( )F F g F F g g
ij g ij g i jW Wn = p + φη η q q , so that the first equation of (4.41), for F

gj∈S , becomes: 

(4.42)   ( )F F g F F F F F g g
ij g ij g g i jW W W 1p = p + φ Q − Q Q q q . 

For F
gj∉S , the first equation in (4.41) can be expressed as 

(4.43)      F F F g
ij g i jWp = −φ Q q q ,  

which follows from F F g
i g iq = Q Q q  and F F FWφQ = φ . For details of the derivations of the 

above, see Appendix A4.2. Equations (4.42) and (4.43) define the unconditional Slutsky 

coefficients under block independence. They express these coefficients in terms of the basic 
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shares and parameters whose values are mostly more or less known or have been previously 

estimated by us. These straightforward expressions will be used subsequently.  

Table 4.13 summarises the two- and three-level systems. The demand equations from 

two-level system within food have been estimated in Sections 4.10 and 4.11. The 

corresponding estimates can be translated into the parameters of levels 2 and 3 of the three- 

level system according to the last column of the table. The absence of an entry in the last 

column of panel B means that we do not have estimates of the level 1 equation of the three-

level system. That is, we do not have values for , the marginal share of food, , the 

budget share of food, and , the income flexibility. In what follows, we use values of   

and  from Gao (2012) and the income flexibility  can be derived from the level 2 

estimate .    

4.14  Application to Cross-Country Food Demand 

This section applies the above three-level approach to the unconditional demand for 

food subgroups, and to the unconditional demand for the detailed items. 

Food Subgroups  

Section 4.13 derived (i) the demand of food conditional on income, equation (4.36), 

and (ii) the demand of food subgroups conditional on food expenditure, equation (4.38). 

Combining these equations to eliminate  and removing the “d’s” gives the 

unconditional demand for food subgroup g (see Appendix A4.2): 

(4.44)         

where  and . Dividing both sides by  it can be seen that the 

Frisch price elasticity of demand for sub-group  is  where  is 

the income elasticity. Write , where  is Frisch price 

index for all other goods. Then, the relative price term in (4.44) becomes 

, so the compensated price elasticity for subgroup g is  

(4.45)          . 

 

 

FQ FW

φ FQ

FW φ

F F F FWφ = φη = φQ

Flog Q

F
gF

g g g g

P
W log Q log Q log ,

P
′ 

= Q + φQ   ′ 

F F
g gW W W= F F

g gQ = Q Q gW ,

F
gS g g gW ,φQ = φη g g gWη = Q

( )F
g g g olog P log P 1 log P′ ′ ′= Q + − Q olog P′

( )( )F
g g g o1 log P log P′ ′φQ − Q −

( ) ( )g g g g g1 W 1φQ − Q = φη − Q
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Table 4.13  Relationship between Two- and Three-level Systems 
 

Two-level system Three-level system Translation from two-level to three 
level system 

A.   Income to good i 

                
F F

i i i ij j ij j
j j

w log q log Q log p log p
S S∈ ∉

= q + p + p∑ ∑  

B.   Income to food 

                               
F

F F F F PW log Q log Q log
P
′

= Q + φQ
′

 

C.  Food to food item i 

n
i i i ij jj 1

w log q log Q log p
=

= q + p∑  F

F F F F
i i i ij j

j

w log q log Q log p
S∈

= q + p∑  F
i iw w= , F

i iq = q , F
ij ijp = p  

D.  Food to food subgroup g 

 g
g g g g

P
W log Q log Q log

P
′ 

= Q + φQ  ′ 
    

F
gF F F F F F

g g g g F

P
W log Q log Q log

P
′

= Q + φ Q
′

 F
g gW W= , F

g gQ = Q , Fφ = φ  

E.  Food subgroup g to food item i 

 
g

g g g
i i i g ij j

j
w log q log Q log p

S∈

= q + p∑     
F
g

g g F g
i i i g ij j

j

w log q log Q log p
S∈

= q + p∑  g g
i iw w= , g g

i iq = q , g g
ij ijp = p  

F.  Restricted Slutsky coefficients in three-level system 
( )F F g F F F F F g g

ij g ij g g i jW W W 1p = p + φ Q − Q Q q q , F
gi, j S∈ ;     

F F F g
ij g i jWp = −φ Q q q , F F

g gi , jS  S∈ ∉  

Level 1 Level 2 

Level 2 Level 3 

Level 1 
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The Frisch price elasticity corresponding to equation (4.38), the conditional demand 

for subgroup g, is  F F F F F
g g gW .φ Q = φ η  For g 1, ,6,=   these elasticities are equivalent to those 

of columns 10 to 13 of Table 4.10 for each income quartile. After converting from quartiles 

to “low”, “middle” and “high” income, these elasticities are given in columns 2 to 4 of panel 

A of Table 4.14.41 Multiplying these elasticities by the marginal shares g1− Q  (given in 

columns 5 to 7) yields the compensated elasticities, ( )g g1φη − Q , as in equation (4.45). These 

latter elasticities are given in columns 8 to 10 of the table. The budget-share weighted 

average in last row of panel A of this table will be discussed subsequently.  

Next, Green et al. (2013) use a meta-regression to summarise 3,495 price elasticities 

estimated in prior studies pertaining to 162 countries and report the elasticities for nine food 

groups.42 These nine groups can be made comparable to our six groups by aggregating and 

taking the arithmetic average of the elasticities for the following groups from Green et al.: (i) 

“Meat” and “Fish”; (ii) “Dairy” and “Eggs”; and (iii) “Fats and oils” and “Other”. These 

combinations are summarised in the table below: 
 

      Green et al. (2013) This study 
Cereals   Staples 
Meat    Meat and seafood Fish 
Dairy   Dairy Eggs 
Fruit and vegs   Fruit and vegs 
Sweets et al.   Sweet things 
Fats and oils   Other food Other 

The elasticities from Green et al. (2013) for these six groups are presented in panel B of 

Table 4.14. 

A comparison of the compensated elasticities in panels A and B of Table 4.14 shows 

that the elasticities of this study are much higher (in absolute value) than those from Green et 

al. (2013), especially in low- and middle-income countries. The reason for this difference is 

unclear. However, the two sets of elasticities have a similar pattern of declining absolute 

value in moving from poor to rich countries. Panel C of Table 4.14 gives the ratios of the two 

sets of compensated elasticities and these show that the Green et al. (2013) results are about 

40% lower than ours, on average.   

                                                 
41 Details of the conversion are given in the notes to the table. 
42 The results in Green et al. (2013) for high-income countries are consistent with those in Andreyeva et al. 
(2010), who reviewed food elasticities for the US. 
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Table 4.14    Comparison of Own-Price Elasticities 

Food group Low 
income 

Middle 
income 

High 
income 

 Low 
income 

Middle 
income 

High 
income  Low 

income 
Middle 
income 

High 
income 

(1) (2) (3) (4)  (5) (6) (7)  (8) (9) (10) 
A. This study 

 Frisch elasticities 

gφη   

Marginal shares 

g1− Q  
 Compensated elasticities 

( )g g1φη − Q  

Staples -0.96 -0.81 -0.53  0.92 0.98 1.00  -0.88 -0.79 -0.53 
Meat and seafood -1.50 -1.39 -0.96  0.88 0.94 0.99  -1.32 -1.30 -0.95 
Dairy -1.21 -1.16 -0.81  0.95 0.98 1.00  -1.15 -1.13 -0.81 
Fruit and vegetables -1.22 -1.17 -0.82  0.92 0.96 0.99  -1.12 -1.13 -0.81 
Sweet things -1.38 -1.29 -0.87  0.98 0.99 1.00  -1.35 -1.27 -0.87 
Other food -1.13 -1.08 -0.76  0.94 0.97 0.99  -1.06 -1.05 -0.76 
Budget-share weighted 
average         -1.14 -1.11 -0.79 

B. Green et al. (2013) 

 
Uncompensated elasticities 

gg′η   
Marginal shares   

gQ   
Compensated elasticities 

gg gg g′η = η + Q  
Staples -0.61 -0.55 -0.43  0.08 0.02 0.00  -0.53 -0.53 -0.43 
Meat and seafood -0.79 -0.73 -0.61  0.12 0.06 0.01  -0.67 -0.67 -0.60 
Dairy -0.66 -0.6 -0.48  0.05 0.02 0.00  -0.61 -0.58 -0.48 
Fruit and vegetables  -0.72 -0.65 -0.53  0.08 0.04 0.01  -0.64 -0.61 -0.52 
Sweet things -0.74 -0.68 -0.56  0.02 0.01 0.00  -0.72 -0.67 -0.56 
Other food -0.78 -0.72 -0.6  0.06 0.03 0.01  -0.72 -0.69 -0.59 
Budget-share weighted 
average        

 
-0.64 -0.62 -0.53 

C. Ratios of elasticities 
 Low  Middle  High 
Staples 0.60  0.67  0.81 
Meat and seafood 0.51  0.51  0.63 
Dairy 0.53  0.51  0.59 
Fruit and vegetables 0.57  0.54  0.64 
Sweet things 0.53  0.53  0.64 
Other food 0.68  0.66  0.79 
Budget-share weighted 
average 0.57  0.57  0.69 

Sources:  
1. Panel A: The Frisch elasticities in columns 2 to 4 are from Table 4.10, where the first quartile is taken to 

be those of the high-income countries, the fourth quartile the low-income countries, and the two quartiles 
in the middle are combined by taking the average of the elasticities to represent the middle income 
countries’ elasticities. Columns 5 to 7 contain the marginal shares of goods outside group g, g1− Q . The 
marginal share for group g, g ,Q  can be expressed as g g gwQ = η , where gw  is the budget share and gη  
the income elasticity of group g. Further, the budget share and income elasticity can be expressed as 

F F
g gw W W= , F F

g gη = η η , where F
gW  and F

gη  (the budget share of g in food, and the corresponding 

income elasticity) are from Table 4.10, and FW  and Fη  (the food budget share, and the corresponding 
income elasticity) are from Gao (2012, Table 7). Thus, F F F F

g g g1 1 W W− Q = − ⋅η η .  
(Continued on next page) 
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Sources: (Continued) 
2. Panel B: Columns 2 to 4 are the uncompensated own-price elasticities, denoted by gg′η , from Green et al. 

(2013, Table 2). According to the Slutsky equation, the corresponding compensated elasticities gg( )η  in 

columns 8 to 10 are defined as gg gg g
′η = η + Q , where g

Q  (contained in columns 5 to 7) are the group 
marginal shares defined in note 1 above.   

3. Panel C: This panel contains the ratios of the compensated elasticities from Green et al. (2013), given in 
columns 8 to 10 of panel B, to those from this study, given in columns 8 to 10 of panel A.  

 

Expressing the compensated elasticity in equation (4.45) as 

( ) ( ) ( )( )F F F F F
g g g g g g g1 1 W 1 ,φη − Q = φ η − Q = φ Q − Q  the budget-share ( F

gW ) weighted 

average is then  ( )( )G F F F F
g 1 g g g g gW W 1=∑ φ Q − Q = ( )G F F G F F F

g 1 g g g 1 g1= =∑ φ Q − Q ≈ ∑ φ Q = φ , where 

the approximation sign follows from the assumption that gQ  is a small fraction. This shows 

that a weighted average of the compensated price elasticities is approximately equal to the 

food flexibility Fφ . The last row of panel A of Table 4.14 shows that the values of Fφ  in this 

study are approximately -1.14, -1.11 and -0.79, while those from Green et al. (2013) are         

-0.64, -0.62 and -0.53 (last row of panel B). The table below shows how we could use the 

average ratios of the elasticities of Table 4.14 to adjust our estimates of Fφ : 

Quartile Fφ   Adjustment  
factor   

Adjusted Fφ  

(1) (2) (3) (4) 
1 -0.81 0.69 -0.56 
2 -1.24 0.57 -0.71 
3 -1.08 0.57 -0.62 
4 -1.21 0.57 -0.69 

Average   -0.65 

Note: The F - estimatesφ  in column 2 are from panel E of Table 4.8 and the 
adjustment factors in column 3 are the average ratios of the last row of Table 4.14. 
The adjusted values of Fφ  of column 4 = column 2 × column 3.  

As mentioned above, the two sets of elasticities display a broadly similar pattern across the 

income distribution. But for reasons not currently understood, the centre of gravity of the two 

sets differs. It would seem desirable to bring our elasticities into line with those of the prior 

literature by using the adjusted values of the food flexibilities given above. Changing the 

value of Fφ  in this manner changes the scaling value for the price elasticities of the food 

subgroups. For this reason, the adjusted values of Fφ  will be used subsequently.43 

                                                 
43  The income flexibility φ  for Australian drinkers was estimated at about -0.6 in Section 4.6, while this is         
-1.90 for the internationals in Section 4.7. Thus, again there is a substantially larger elasticity derived from the 
ICP data and again the reason is unclear. 
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Detailed Food Items 

The unconditional demand of good i in the three-level system, as in panel A of Table 

4.13, takes the form: 

(4.46)         
F F

i i i ij j ij j
j j

w log q log Q log p log p
S S∈ ∉

= q + p + p∑ ∑ , 

where the marginal share is F F g
i g iq = Q Q q  and under block independence, the Slutsky 

coefficients are defined in equations (4.42) and (4.43), viz., 

( )F F g F F F F F g g
ij g ij g g i jW W W 1p = p + φ Q − Q Q q q  for F

gi, j S∈  and  F F F g
ij g i jWp = − φ Q q q  for 

F F
g gi , j∈ ∉S  S . The values of the shares and parameters required to construct the estimates of 

iq  and ijp  are presented in Table 4.15. Panel A provides the food budget share FW  and 

income elasticity Fη  in quartiles, from Gao (2012), and the corresponding marginal share 

F F FWQ = η  is in the last row. Panel B gives the values of the budget shares F
gW ; the 

corresponding marginal shares , where values of  are from panel E of 

Table 4.8; and the food flexibility Fφ . Finally, panel C indicates that the estimates of g
ijp  and 

g
iq  are derived from Table 4.7.  

Using the values for all countries contained in the last column of Table 4.15, Table 

4.16 gives the derived values of the coefficients of equation (4.46) and the corresponding 

elasticities. The income elasticities in column 10 are less than 1 in all cases, indicating the 

items are all necessities. These elasticities are around 0.5 for staples, 0.9 for meat and 

seafood, 0.7 for dairy and other food, and 0.8 for sweet things; while for fruit and vegetables, 

the income elasticities range from 0.6 for fresh potatoes to 0.8 for fresh fruit. Columns 11 to 

15 contain the unconditional price elasticities, which are more negative than the conditional 

counterparts of Table 4.7 due to the indirect effects from both the group demand equation and 

the food equation. These elasticities are also expected to be more negative than unconditional 

ones derived from the two-level system (given in Table 4.11) due to the indirect effect from 

the additional food equation. However, this is not the case as the price elasticities in Table 

4.16 are slightly more positive than those in Table 4.11. This is because the adjusted values 

of Fφ  are used to derive the elasticities of Table 4.16, while the original values of Fφ  underlie 

the results of Table 4.11.  

 

F F F
g g gWQ = + Β F

gΒ
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Table 4.15   Values of Basic Shares and Parameters of Three-level System 

Item Quartile All First Second Third Fourth 
(1) (2) (3) (4) (5) (6) 

A. Income to food: Level 1 
Budget share FW  0.11 0.21 0.35 0.46 0.28 
Income elasticity Fη  0.31 0.53 0.74 0.90 0.62 
Marginal share FQ  0.03 0.11 0.26 0.41 0.20 

B.  Food to food group g: Level 2 

Budget shares F
gW       

Staples 0.15 0.17 0.18 0.26 0.19 
Meat and Seafood 0.29 0.29 0.28 0.23 0.27 
Dairy 0.12 0.14 0.13 0.12 0.13 
Fruit and Vegetables 0.18 0.20 0.20 0.19 0.19 
Sweet things 0.08 0.06 0.06 0.05 0.06 
Other food  0.17 0.15 0.14 0.16 0.16 

Marginal shares F F F
g g gWQ = + Β , with F

gΒ  from panel E of Table 4.8 

Food flexibility Fφ  -0.56 -0.71 -0.62 -0.69 -0.65 

C. Food group g to food item i: Level 3 

Conditional Slutsky coefficients g
ijp  and marginal shares g g g

i i iwq = + β  are from Table 4.7 
Note: In panel A, the values for FW , Fη  and FQ  are from Gao (2012, Table 7). In panel B, the budget 

shares F
gW  are from Table 4.10, while the values for Fφ are from the previous subsection. 

 

Column 16 of Table 4.16 contains responses to combined changes in the prices of 

goods outside the total food (that is, non-food). As before, these combined effects are 

disaggregated in Table 4.17. The within-group elasticities on the diagonal blocks are the 

same as those in columns 11 to 15 of Table 4.16. The cross-price elasticities outside the 

diagonal blocks are positive, indicating substitutability.  

Table 4.18 provides the income and own-price elasticities of 25 detailed items by 

income quartile. The income elasticities increase around threefold in moving from the first 

quartile (the richest countries) to the fourth (the poorest) in all cases. Regarding the pattern of 

the own-price elasticities, take staples as an example. These decrease substantially (in 

absolute value) from the first quartile to the fourth for rice and other cereals; while for bread, 

and bakery and pasta, the elasticities increase for the same move across the income 

distribution. For the other five groups, the own-price elasticities vary across quartiles, but are 

less volatile than those for staples.    
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Table 4.16  Unconditional Estimates and Elasticities in Three-level System 

ic icw log q = intercepts +
F F

ci ij jc ij jc
j j

log Q log p log p ,
S S∈ ∉

+q p + p∑ ∑  i 1,..., n= , c 1,...,C.=     

Commodity 
Budget 
share 

Marginal 
share Slutsky coefficients × 100  Income 

elasticity Slutsky price elasticities 

(1) 
iw 100×  
(2) 

i 100q ×  
(3) 

i1p  
(4) 

i2p  
(5) 

i3p  
(6) 

i4p  
(7) 

i5p  
(8) 

F ijj S∉
∑ p  

(9) 

 
i iwq  
(10) 

i1 iwp  
(11) 

i2 iwp  
(12) 

i3 iwp  
(13) 

i4 iwp  
(14) 

i5 iwp  
(15) 

io iwp  
(16) 

A.      Staples  

   Rice Other cereals  Bread Bakery and pasta  Others   Rice Other cereals  Bread Bakery and pasta  Others 
Rice 1.16 0.62 -1.26 0.20 0.30 0.22  0.55  0.54 -1.09 0.17 0.25 0.19  0.47 
Other cereals 1.18 0.57  -0.78 0.07 0.02  0.50  0.48 0.17 -0.66 0.06 0.01  0.42 
Bread 1.61 0.85   -1.24 0.13  0.75  0.53 0.18 0.04 -0.77 0.08  0.46 
Bakery and pasta 1.28 0.64    -0.92  0.56  0.50 0.17 0.01 0.10 -0.72  0.44 

B.      Meat and Seafood  
   Beef Pork and lamb Poultry Other meat Fish and Seafood Others   Beef Pork and lamb Poultry Other meat Fish and Seafood Others 
Beef and veal 1.69 1.51 -1.55 0.05 0.25 -0.04 0.01 1.27  0.89 -0.91 0.03 0.15 -0.02 0.00 0.75 
Pork and lamb 1.37 1.20  -0.90 -0.04 -0.04 -0.08 1.01  0.87 0.04 -0.65 -0.03 -0.03 -0.06 0.74 
Poultry 1.32 1.07   -1.13 -0.06 0.08 0.91  0.81 0.19 -0.03 -0.86 -0.05 0.06 0.68 
Other meat 1.48 1.29    -1.07 0.11 1.10  0.87 -0.02 -0.03 -0.04 -0.72 0.08 0.74 
Fish and seafood 2.01 1.70     -1.55 1.44  0.85 0.00 -0.04 0.04 0.06 -0.77 0.72 

C.   Dairy  

   Fresh milk Preserved milk Cheese Eggs  Others   Fresh milk Preserved milk Cheese Eggs  Others 
Fresh milk 1.08 0.79 -1.10 0.19 0.18 0.04  0.70  0.73 -1.02 0.17 0.16 0.04  0.65 
Preserved milk 1.14 0.82  -1.04 0.00 0.12  0.73  0.72 0.16 -0.91 0.00 0.11  0.64 
Cheese 0.74 0.54   -0.67 0.02  0.48  0.73 0.24 0.00 -0.91 0.02  0.65 
Eggs 0.57 0.38    -0.51  0.34  0.66 0.07 0.21 0.03 -0.90  0.59 

D.   Fruit and Vegetables 

   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Veges Others   Fresh fruit Frozen fruit Fresh Vege Fresh Potato Frozen Veges Others 
Fresh fruit 1.57 1.29 -1.21 -0.26 0.17 0.12 0.05 1.13  0.82 -0.77 -0.17 0.11 0.08 0.03 0.72 
Frozen fruit 0.33 0.23  -0.21 0.20 0.08 -0.01 0.20  0.72 -0.81 -0.64 0.62 0.23 -0.03 0.62 
Fresh vegetables 2.08 1.47   -1.44 -0.01 -0.20 1.28  0.70 0.08 0.10 -0.69 -0.01 -0.10 0.61 
Fresh potatoes 0.93 0.53    -0.73 0.08 0.46  0.57 0.13 0.08 -0.01 -0.78 0.09 0.50 
Frozen veges 0.61 0.47     -0.33 0.41  0.76 0.09 -0.01 -0.33 0.13 -0.55 0.67 

E.      Sweet Things 
   Sugar Jam Chocolate   Others   Sugar Jam Chocolate   Others 
Sugar 0.74 0.58 -0.55 0.01 0.01   0.52  0.79 -0.74 0.02 0.02   0.70 
Jam 0.20 0.13  -0.11 -0.02   0.12  0.68 0.06 -0.57 -0.10   0.61 
Chocolate 0.84 0.69   -0.61   0.61  0.82 0.02 -0.02 -0.72   0.73 

F.  Other Foods  

   Other edible oil Food products Coffee,tea Mineral water  Others   Other edible oil Food products Coffee,tea Mineral water  Others 
Other edible oil 0.96 0.63 -0.87 -0.06 0.05 0.33  0.56  0.66 -0.91 -0.06 0.05 0.34  0.58 
Food products 1.33 0.91  -1.11 0.28 0.09  0.80  0.68 -0.04 -0.83 0.21 0.07  0.60 
Coffee, tea 0.68 0.42   -0.57 -0.13  0.37  0.61 0.07 0.41 -0.83 -0.18  0.54 
Mineral water 1.34 0.92    -1.10  0.81  0.69 0.24 0.06 -0.09 -0.82   0.60 

    Note:  The iw  is mean budget share of good i across countries.  



230 
 

Table 4.17   Unconditional Price Elasticities in Three-level System for 25 Food Items 

Item Staples  Meat and seafood  Dairy  Fruit and vegetables  Sweet things  Other food  All 
others 

 1 2 3 4  5 6 7 8 9  10 11 12 13  14 15 16 17 18  19 20 21  22 23 24 25  26 
A.  Staples   

1. Rice -109 17 25 20  0.73 0.58 0.52 0.63 0.83  0.39 0.40 0.26 0.18  0.63 0.11 0.72 0.26 0.23  0.28 0.07 0.33  0.31 0.45 0.20 0.45  39 
2. Other cereals 17 -66 5.7 2.4  0.66 0.52 0.47 0.56 0.74  0.34 0.36 0.24 0.17  0.56 0.10 0.64 0.23 0.20  0.28 0.06 0.30  0.28 0.40 0.18 0.40  35 
3. Bread 18 4.2 -77 9.0  0.72 0.57 0.51 0.62 0.81  0.38 0.39 0.26 0.18  0.62 0.11 0.70 0.25 0.22  0.28 0.06 0.33  0.30 0.44 0.20 0.44  38 
4. Bakery and pasta 17 1.2 10 -71  0.68 0.54 0.48 0.58 0.76  0.35 0.37 0.24 0.17  0.58 0.11 0.66 0.24 0.21  0.28 0.06 0.31  0.29 0.41 0.19 0.41  36 

B.  Meats and Seafood   
5. Beef and Veal 0.50 0.46 0.68 0.51  -91 2.9 15 -2.1 0.47  0.64 0.66 0.44 0.31  1.04 0.19 1.18 0.43 0.38  0.47 0.11 0.55  0.51 0.74 0.34 0.74  64 
6. Pork and Lamb 0.49 0.45 0.67 0.50  3.5 -65 -2.8 -3.1 -6.0  0.62 0.65 0.43 0.30  1.02 0.18 1.16 0.42 0.37  0.46 0.11 0.54  0.50 0.72 0.33 0.73  63 
7. Poultry 0.46 0.42 0.62 0.47  19 -2.9 -86 -4.7 5.9  0.58 0.60 0.40 0.28  0.95 0.17 1.08 0.39 0.34  0.43 0.10 0.50  0.47 0.67 0.31 0.68  59 
8. Other meat 0.49 0.45 0.67 0.50  -2.4 -2.9 -4.2 -72 7.8  0.62 0.65 0.43 0.30  1.02 0.19 1.16 0.42 0.37  0.46 0.11 0.54  0.50 0.72 0.33 0.73  63 
9. Fish and Seafood 0.48 0.43 0.65 0.49  0.40 -4.1 3.9 5.7 -77  0.61 0.63 0.42 0.29  0.99 0.18 1.12 0.41 0.36  0.45 0.10 0.53  0.49 0.70 0.32 0.71  61 

C.   Dairy   
10. Fresh Milk 0.41 0.38 0.56 0.42  1.00 0.80 0.71 0.86 1.13  -102 17 16 3.9  0.86 0.16 0.97 0.35 0.31  0.39 0.09 0.46  0.42 0.61 0.28 0.61  53 
11. Preserved Milk 0.41 0.37 0.56 0.42  0.99 0.78 0.70 0.85 1.11  16 -91 0.11 11  0.85 0.15 0.96 0.35 0.31  0.38 0.09 0.45  0.42 0.60 0.27 0.60  52 
12. Cheese 0.42 0.38 0.57 0.42  1.00 0.80 0.71 0.86 1.13  24 0.17 -91 2.1  0.86 0.16 0.98 0.35 0.31  0.39 0.09 0.46  0.42 0.61 0.28 0.61  53 
13. Eggs 0.37 0.34 0.51 0.38  0.90 0.72 0.64 0.78 1.02  7.3 21 2.7 -90  0.78 0.14 0.88 0.32 0.28  0.35 0.08 0.41  0.38 0.55 0.25 0.55  48 

D.  Fruit and Vegetables   

14. Fresh Fruit 0.46 0.42 0.63 0.47  1.12 0.89 0.80 0.96 1.27  0.59 0.61 0.40 0.28  -77 -17 11 7.8 3.4  0.43 0.10 0.51  0.47 0.68 0.31 0.69  59 
15. Frozen Fruit 0.40 0.37 0.55 0.41  0.98 0.78 0.70 0.84 1.10  0.51 0.53 0.35 0.25  -81 -64 62 23 -2.7  0.38 0.09 0.45  0.41 0.59 0.27 0.60  52 
16. Fresh Vegetables 0.40 0.36 0.54 0.41  0.96 0.76 0.68 0.83 1.08  0.50 0.53 0.35 0.24  8.3 10 -69 -0.55 -10  0.37 0.09 0.44  0.40 0.58 0.27 0.59  51 
17. Fresh Potatoes 0.32 0.29 0.44 0.33  0.78 0.62 0.55 0.67 0.88  0.41 0.43 0.28 0.20  13 8.1 -1.2 -78 8.7  0.30 0.07 0.35  0.33 0.47 0.22 0.48  41 
18. Frozen Vegetables 0.43 0.39 0.59 0.44  1.04 0.83 0.74 0.90 1.18  0.55 0.57 0.38 0.26  8.8 -1.4 -33 13 -55  0.40 0.09 0.48  0.44 0.63 0.29 0.64  55 

E.  Sweet Things   
19. Sugar 0.45 0.40 0.61 0.45  1.08 0.86 0.77 0.92 1.21  0.56 0.59 0.39 0.27  0.93 0.17 1.05 0.38 0.33  -74 1.6 1.8  0.45 0.65 0.30 0.66  57 
20. Jam 0.39 0.35 0.53 0.39  0.94 0.74 0.67 0.80 1.06  0.49 0.51 0.34 0.24  0.80 0.15 0.91 0.33 0.29  6.1 -57 -10  0.39 0.57 0.26 0.57  50 
21. Chocolate 0.46 0.42 0.63 0.47  1.11 0.88 0.79 0.96 1.26  0.58 0.61 0.40 0.28  0.96 0.17 1.08 0.39 0.34  1.5 -2.4 -72  0.47 0.68 0.31 0.68  59 

F.  Other Food   

22. Other Edible oil 0.37 0.34 0.51 0.38  0.90 0.72 0.64 0.77 1.02  0.47 0.49 0.32 0.23  0.78 0.14 0.88 0.32 0.28  0.35 0.08 0.41  -91 -6.2 4.9 34  48 
23. Food Products 0.39 0.35 0.53 0.39  0.93 0.74 0.66 0.80 1.05  0.49 0.51 0.34 0.24  0.80 0.15 0.91 0.33 0.29  0.36 0.08 0.43  -4.5 -83 21 6.5  50 
24. Coffee, Tea 0.35 0.31 0.47 0.35  0.84 0.66 0.59 0.72 0.94  0.44 0.46 0.30 0.21  0.72 0.13 0.81 0.30 0.26  0.32 0.07 0.38  6.9 41 -83 -18  44 
25. Mineral Water 0.39 0.35 0.53 0.40  0.94 0.74 0.67 0.80 1.06  0.49 0.51 0.34 0.24  0.81 0.15 0.91 0.33 0.29  0.36 0.08 0.43  24 6.5 -9.3 -82  50 

Note: The rows and columns both refer to the 25 food items. All entries are  × 100.  
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Table 4.18   Income and Own-price Elasticities by Income Quartile 

Item First Quartile 
 

Second Quartile 
 

Third Quartile 
 

Fourth Quartile 
Income elasticity Price elasticity 

 
Income elasticity Price elasticity 

 
Income elasticity Price elasticity 

 
Income elasticity Price elasticity 

(1) (2) (3) 
 

(4) (5) 
 

(6) (7) 
 

(8) (9) 
A. Staples 

Rice 0.19 -1.27  0.39 -1.14  0.56 -1.01  0.66 -0.91 
Other cereals 0.17 -0.73  0.35 -0.65  0.50 -0.56  0.61 -0.53 
Bread 0.19 -0.75  0.39 -0.83  0.55 -0.85  0.66 -0.92 
Bakery and pasta 0.18 -0.58  0.36 -0.69  0.51 -0.80  0.60 -1.13 

B.  Meat and Seafood 
Beef 0.34 -1.11  0.65 -1.05  0.92 -0.94  1.10 -0.88 
Pork and lamb 0.33 -0.62  0.64 -0.65  0.90 -0.63  1.08 -0.64 
Poultry 0.31 -0.66  0.60 -0.71  0.85 -0.69  1.02 -0.72 
Other meat 0.33 -0.64  0.64 -0.72  0.91 -0.76  1.09 -0.93 
Fish and seafood 0.32 -0.94  0.62 -0.91  0.87 -0.84  1.05 -0.79 

C. Dairy 
Fresh milk 0.28 -1.10  0.54 -1.09  0.76 -1.03  0.91 -1.01 
Preserved milk 0.27 -0.92  0.53 -0.96  0.75 -0.92  0.90 -0.93 
Cheese 0.28 -0.81  0.54 -0.94  0.77 -1.06  0.93 -1.43 
Eggs 0.26 -0.79  0.49 -0.77  0.70 -0.72  0.85 -0.69 

D. Fruit and Vegetables 
Fresh fruit 0.31 -0.69  0.60 -0.78  0.86 -0.79  1.07 -0.94 
Frozen fruit 0.27 -0.72  0.52 -0.76  0.74 -0.79  0.89 -0.87 
Fresh vegetables 0.27 -0.70  0.51 -0.74  0.73 -0.70  0.87 -0.70 
Fresh potatoes 0.22 -0.75  0.44 -0.67  0.64 -0.59  0.80 -0.55 
Frozen veges 0.29 -0.59  0.56 -0.63  0.80 -0.65  0.97 -0.71 

E. Sweet Things 
Sugar 0.29 -0.85  0.58 -0.81  0.82 -0.73  0.98 -0.74 
Jam 0.28 -0.36  0.54 -0.40  0.77 -0.38  0.92 -0.39 
Chocolate 0.30 -0.67  0.60 -0.76  0.85 -0.75  1.04 -0.88 

F. Other Food 
Other edible oil 0.25 -1.16  0.48 -0.97  0.69 -0.82  0.82 -0.73 
Food products 0.26 -0.83  0.50 -0.88  0.71 -0.87  0.85 -0.91 
Coffee, tea 0.24 -0.62  0.46 -0.66  0.65 -0.66  0.78 -0.70 
Mineral water 0.26 -0.80  0.50 -0.89  0.72 -0.93  0.86 -1.08 

Note:  The income elasticity of i is F F g F F g
g i g iW W wQ Q q . This expression is evaluated with the values of the parameters and shares from Table 4.15, and with the fitted value of g

iw  using the 

approach of Section 3.14. The fitted shares are used to reduce the volatility of the results, as discussed in Section 3.14. The ( )thi, j  price elasticity is F F g
ij g iW W wp . The Slutsky coefficients 

ijp are evaluated according to equations (4.42) and (4.43), again with the information of Table 4.15 and the fitted value of g
iw ;  the exception is the values of Fφ , for which the adjusted 

values are used in accordance with Green et al. (2013), as discussed in the text.  
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Detailed Food Items in Cuba 

The above results are applicable to countries included in the sample used for the 

estimation of the demand equations. In the previous chapter, Section 3.15 developed an 

approach to predict consumption behaviour for an out-of-sample country and used Cuba as an 

example. This approach also can be applied with the three-level system and the results are 

contained in Tables 4.19 and 4.20 for Cuba.  

From the first entry of column 8 of Table 4.19, on average, Cubans are estimated to 

devote almost 2% of total consumption expenditure to rice and about 0.5% to each of the 

other three staples. The predicted shares of column 8 are used in the calculation of the 

elasticities of Table 4.20. These elasticities can be compared with those in Table 4.16, which 

refer to countries included in the sample. This shows that the four items are necessities and 

pairwise substitutes in both cases. But because rice plays a more prominent role in Cuba 

(with a budget share of 2%, as compared to 1% for the in-sample countries), its consumption 

is less responsive to income and price changes. For the in-sample countries, other cereals play 

the role of the dominant staple.  

 

Table 4.19    Predicted Budget Shares of Staples, Cuba  
  

Item 

Estimated coefficients 
g c
ic i i1 c1 1 i ic

Y
w I (c S ) log

Y∗

 = λ + λ ∈ + φ + ε 
 

 Estimated 
conditional 

share 
g
icw  

Shares of 

Common 
intercept 

iλ  

Rice-intensive  
intercept 

i1λ  

GDP 
slope 

iφ  

Staples  
F
gW  

Food 
FW  

Detailed item  
F F g

ic g icw W W w=  

(1) (2) (3) (4) (5) (6) (7) (8) 
Rice 17.61 31.68 -3.36 54.58 

0.17 0.21 

1.95 
Other cereals 18.51 -10.55 -4.98 15.78 0.56 
Bread 30.62 -12.93 2.14 14.33 0.51 
Bakery and pasta 33.26 -8.20 6.20 15.31 0.55 
Notes:  
1.  All entries in columns 2 to 5 and 8 are × 100. 
2. Cuba’s GDP per capita is cY =  $11,600, and that for the US is Y∗ = $55,800 (CIA Factbook 

https://www.cia.gov/library/publications/the-world-factbook/), so cY Y 11,600 55,800 0.21∗ = = . 
3. As Cuba is a rice-intensive country, the indicator function i1 1I (c S ) 1∈ =  for c Cuba= , and so the estimated 
shares are defined as g

ic i i1 i cw log(Y Y )∗= λ + λ + φ , i 1, 2,3,= where the estimates of iλ , i1λ  and iφ  are given 
in columns 2 to 4 of this table and cY Y 0.21∗ = , as above. These coefficient values are from Table 3.16.  
4.  It is to be noted that the shares of column 5 are same as in the table embedded in the text of Section 3.15.    
5.  As Cuba’s GDP per capita is in the 2nd quartile, the staples and food shares in columns 6 and 7 are from 
column 3 of Table 4.15. 

 

https://www.cia.gov/library/publications/the-world-factbook/
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Table 4.20    Unconditional Elasticities of Staples, Cuba 

Item 
Income 

elasticity 
i icwq  

Slutsky price elasticities 

Rice 
i1 icwp  

Other cereals 
i2 icwp  

Bread 
i3 icwp  

Bakery and pasta 
i4 icwp  

All others 
io icwp  

(1) (2) (3) (4) (5) (6) (7) 
Rice 0.37 -0.65 0.04 0.09 0.06 0.46 
Other cereals 0.33 0.15 -0.88 0.21 0.11 0.41 
Bread 0.39 0.36 0.23 -1.41 0.34 0.48 
Bakery and pasta 0.35 0.20 0.11 0.32 -1.04 0.41 

Notes:  
1. The budget shares icw  are from column 8 of Table 4.19. 
2. The estimates of iq  and ijp  are the same as those in Table 4.16. 
 

4.15  Summary  

This chapter deals with a multi-level budgeting approach to consumptions and its 

applications. It firstly set out in detail a two-level system. Panel A of Table 4.21 summarises 

this material by starting with the unrestricted unconditional demand equations and ending 

with the restricted counterparts. The intermediate steps involve (i) the group demand 

equations and (ii) the conditional demand equations. Our approach is to obtain direct 

estimates of equations (i) and (ii) above, and then recover the restricted demands. The two-

level system is then applied in two cases. The first is to alcoholic beverages and the two-step 

process is income to alcohol and then alcohol to the three beverages individually. The second 

application is to 25 food items with the two-step process being total food to food subgroups 

to food items.  

The application to 25 food items is within total food, and so to obtain demand 

equations depending on income, we need a further step that allocates income to food and 

nonfood. Thus, a three-level budgeting system is required and the structure parallels with that 

of the two-level approach. This is summarised in panel B of Table 4.21, where the 

intermediate steps involve three types of equations: (i) the food demand equation, (ii) the 

food group demand equations and (iii) the conditional demand equations. Equations (ii) and 

(iii) have been estimated with the two-level system above and for step (i), we use the 

estimates from Gao (2012). By combining these three types of equations, we recover the 

restricted unconditional equations.   

This multi-level approach has the advantage of reducing the number of free 

parameters. As discussed in Section 4.1, a demand system for 25 items without any 

constraints (other than homogeneity and symmetry) contains approximately 300 free 
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parameters; this is reduced to 75 with the two-level approach. This substantial saving in the 

number of parameters does not come free of charge, however, as the assumption of 

preference independence between groups (block independence) is required. In the alcohol 

case, this means that for the consumption of each beverage, the marginal utility is 

independent of the consumption of all other goods. While one can think of exceptions, this is 

probably not too bad an assumption. For food, we first assume preference independence 

between the food and non-food groups, then preference independence between the food 

subgroups. Arguably, it may seem too strong to assume that the preferences for food 

subgroups are independent. Can the marginal utility of the consumption of rice, for example, 

really be taken to be independent of the consumption of meat? But this is likely to be not 

totally unreasonable in many instances, as discussed in Section 4.1.  

Some unresolved issues still remain and suggest that caution is required in 

interpreting the results. Firstly, the income elasticities for alcoholic beverages are all close to 

unity, which is a bit surprising as beer is usually regarded as a necessity with income 

elasticity less than unity. Secondly, the own-price elasticities for the three beverages and the 

six food groups are larger in absolute value than those found in the literature. While the 

elasticities cannot be expected to be exactly the same, the disparities are a bit mysterious. A 

third reason for a careful use of the results is that in the food group demand equations, there 

are problems with the residuals in some cases. Notwithstanding these qualifications, the 

chapter clearly sets out our approach to multi-level budgeting theory and provides 

comprehensive illustrations of how it can operate in practice.  
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Table 4.21    Summary Concepts in Multi-level System 

A. Two-level System B. Three-level System  
          Unconditional equations: n

i i i j 1 ij jw log q log Q log p== q + ∑ p  for i 1,..., n=            Unconditional equation:  n
i i i j 1 ij jw log q log Q log p== q + ∑ p  for i 1,..., n=  

          Arrange n goods into G groups, 1 G,...,S S  
          Utility is separable in these groups, ( ) ( )G

1 n g 1 g gu q ,...,q u q== ∑  
          Arrange n goods into two groups, FS  and NS  (food and nonfood) 
          Utility is separable in these two groups, ( ) ( ) ( )F N F F N Nu q ,q u q u q= +  

 
          Separable utility implies ij i jp = −φq q  for g hi , j∈ ∈S  S  and g h≠  

         
          Separable utility implies ij i jp = −φq q  for F Ni , j∈ ∈S  S  

 
         Composite equation gS : ( )g g g g gW log Q log Q log P P′ ′= Q + φQ  for g 1,...,G=  

 
          Composite equation for FS : ( )F F F F FW log Q log Q log P P′ ′= Q + φQ  

 
         Conditional equations:  

g

g g g
i i i g j ij jw log q log Q log pS∈= q + ∑ p  for gi ∈S  

 
           Conditional equation of Fi ∈S :  F

F F F F
i i i ij jj

w log q log Q log p
S∈

= q + ∑ p  

         Restricted unconditional equation:   
( )( ) ( )

g g

g g g
i i i j g ij g g i j j j i j jw log q log Q W 1 log p log pS S∈ ∉= q + ∑ p + φQ − Q q q + ∑ −φq q  

           Arrange goods in FS  into G groups, F F
1 G,...,S S  

         Utility is separable in these groups, ( ) ( )F F F G F F
1 G g 1 g gu q ,...,q u q== ∑  

            Separable utility implies  F
ij i jp = −φq q  for F F

g hi , j∈ ∈S  S  and g h≠  

  
           Composite equation F

gS : ( )F F F F F F F
g g g g gW log Q log Q log P P′ ′= Q + φ Q  for g 1,...,G=  

  
           Conditional equation of F

gi ∈S :  
g

g g F g
i i i g j ij jw log q log Q log pS∈= q + ∑ p  

 
            Restricted unconditional Equation:   

( )( ) ( )F F
g g

F F g F F F F F g g
i i i g ij g g i j j i j jj j

w log q log Q W W W 1 log p log p
S S∈ ∉

= q + ∑ p + φ Q − Q Q q q + ∑ −φq q  
Notes:   
1. In the unconditional equation (T4.1) and (T4.5), the i i iw p q M= ,  where  n

i 1 i iM p q== ∑ ; i i i(p q ) Mq = ∂ ∂ ; n
i 1 i ilogQ w logq== ∑ ; the Slutsky coefficients satisfy  n

j 1 ij 0=∑ p =  and ij ji .p = p  
2. In the composite equation (T4.2) for group g, 

gg i S iW w∈= ∑ , 
gg i i∈Q = ∑ qS , log log Mφ = ∂ λ ∂ , G

g 1 g glog P log P=′ ′= ∑ Q , 
g

g
g j S j jlog P log p∈′ = ∑ q , where  g

j j gq = q Q . Similarly for composite equation (T4.6) for 
food, F

F
ii S

W w
∈

= ∑ , F
F

ii∈
Q = ∑ q

S , F F F Nlog P log P (1 )log P′ ′ ′= Q + − Q  and F
F F

j jj S
log P log p

∈
′ = ∑ q , where F F

j jq = q Q .  

3. In the conditional equations (T4.3) for gi ∈S , g
i i gw w W= , g

i i gq = q Q , and the Slutsky coefficients satisfy  
g

g
j ij 0∈∑ p =S  and g g

ij ji .p = p  Similarly for conditional equation (T4.7) for Fi ∈S , F F
i iw w W= , 

F F
i iq = q Q , and the Slutsky coefficient satisfy F

F
ijj

0
∈

∑ p =
S  and F F

ij ji .p = p  

4.  Two additional equations, (T4.8) and (T4.9), are in the three-level system. In equation (T4.8) for F
gS , F

g

F F
g ii S

W w
∈

= ∑ , F
g

F F
g ii∈

Q = ∑ q
S

, ( )F F FWφ = φ Q , F G F F
g 1 g glog P log P=′ ′= ∑ Q , F

g

F g
g j jj S

log P log p
∈

′ = ∑ q , where  
g F F
j j gq = q Q . In equation (T4.9) for F

gi ∈S , g F F
i i gw w W= , g F F

i i gq = q Q , and the Slutsky coefficients satisfy  
g

g
j ij 0∈∑ p =S  and g g

ij ji .p = p  

Add equation (T4.1) over gi ∈S  

Plug log Q  in equation (T4.1) 

(T4.1) 

(T4.2) 

(T4.3) 

(T4.4) 

(T4.5) 

(T4.6)  

Add equation (T4.5) over Fi ∈S  

Plug log Q  in equation (T4.5) 

(T4.7) 

Add equation (T4.7) over F
gi ∈S  

(T4.8) 

Plug Flog Q  in equation (T4.7) 

(T4.9)  

(T4.10) 
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Appendices 

A4.1   Data for Group Demand 

Recall the ICP database contains information of 25 food items pertaining to 146 

countries. In Chapter 3, these 25 items are separated into 6 groups and within each group; a 

certain number of countries are excluded due to the small consumption of any item within the 

group. Thus, each group has a number of countries excluded. We pool these excluding 

countries together, and obtain 40 unique countries in total. The identities of these countries 

are in Table A3.2.1 and A3.2.2. The 106 countries that remain in all six food groups 

simultaneously are listed in columns 2 and 6 of Table A4.1. This shows that the exclusions 

are concentrated in the low-income countries. The other columns indicate the countries 

remaining after outliers are excluded.  

Panel A of Figure A4.1 contains for each group a scatter plot of the relative quantity 

against relative price,
 

gc c gc clog Q log Q  vs log P log P ,− − g 1, ,6,  c 1, ,106.= =   These also 

contain the regression lines and estimated slope coefficients, which can be interpreted as 

preliminary measures of the price elasticities. The slopes range from -2.2 for sweet things to -

0.4 for meat and seafood. As the absolute value of the latter seems too low, panel B 

disaggregates countries by income quartile for this group and as can be seen, the poor 

countries are the source of the problem: The slopes appear more reasonable for the first three 

quartiles, while the slope is near-zero for the bottom one. 

A4.2   Derivations 

This appendix contains the derivations for the three-level system of Section 4.13. In 

much of what follows, there are two types of derivations. The first is to sum the demand for 

items within a group to obtain the group demand, which is similar to the derivation in Section 

4.4. The second is to obtain the demand of items within the group conditional on the group 

aggregate, which is similar to the derivation in Section 4.5 regarding the conditional demand 

for items. It is convenient to repeat here equation (4.35), the differential demand equation for 

good Fi ∈S :  

(A4.1)    ( ) ( )
F

j
i i i ij

j

p
w d log q d log Q d log .

P∈

 
= q + n  ′ 

∑
S  

The price coefficients ijn  are symmetric in i and j and subject to the row-sum constraint 

F
F

ij ij
, i ,

∈
∑ n = φq ∈

S
S  where φ  is the income flexibility. This constraint plays a prominent 
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Table A4.1 Country Lists for Consumption of Food Groups 

Country 
Number of countries included 

Country 
Number of countries included 

106 
(146 less 40) 

96 
(106 less 10) 

90 
(96 less 6) 

106 
(146 less 40) 

96 
(106 less 10) 

90 
(96 less 6) 

(1) (2) (3) (4) (5) (6) (7) (8) 
1. United States √ 

 
  74. Colombia √ √ √ 

2. Luxembourg √ √ √ 75. Swaziland √ √ √ 
3. Austria √ √ √ 76. Tunisia √ √ √ 
4. Switzerland √ √ √ 77. Jordan √ √ √ 
5. Netherlands       78. Thailand       
6. Japan √ √ √ 79. Ecuador √ √ √ 
7. United Kingdom √ 

 
  80. Equatorial Guinea √ √ √ 

8. Norway √ √   81. Egypt √ √ √ 
9. Germany √ √ √ 82. Fiji √ √ √ 

10. Canada √ √ √ 83. Paraguay √ √ √ 
11. Iceland √ √ √ 84. Botswana √ √ √ 
12. Belgium √ √ √ 85. Gabon √ 

  13. France √ √ √ 86. Maldives       
14. Taiwan √ √ √ 87. Azerbaijan √ √ √ 
15. Australia √ √ √ 88. Syrian √ √ 

 16. Cyprus √ √ √ 89. Kyrgyz √ √ √ 
17. Sweden √ √ √ 90. Namibia √ 

  18. Hong Kong √ √   91. Sri Lanka       
19. Ireland √ √ √ 92. Bolivia √ √ √ 
20. Denmark √ 

 
  93. Philippines √ √ √ 

21. Greece √ √ √ 94. Lesotho √ 
  22. Italy √ √ √ 95. Cape Verde √ √ √ 

23. Spain √ √ √ 96. Pakistan √ √ √ 
24. Finland √ √ √ 97. Indonesia √ √ √ 
25. New Zealand √ √ √ 98. Tajikistan √ √ √ 
26. Singapore √ √ √ 99. Morocco √ √ √ 
27. Kuwait √ √ √ 100. Sudan       
28. Malta √ √ √ 101. Vietnam       
29. Israel √ √ √ 102. China √ √ √ 
30. Qatar √ √ √ 103. Mongolia √ 

  31. Portugal √ √ √ 104. India       
32. Czech Republic √ √ √ 105. São Tomé √ √ √ 
33. Slovenia √ √ √ 106. Bhutan       
34. Korea, Rep. √ √ √ 107. Iraq √ 

  35. Slovak Republic √ √ √ 108. Cambodia √ √ 
 36. Hungary √ √ √ 109. Yemen, Rep. √ √ √ 

37. Brunei Dar √ √ √ 110. Kenya       
38. Bahrain √ √ √ 111. Cameroon       
39. Estonia √ √ √ 112. Djibouti       
40. Poland √ √ √ 113. Nigeria √ √ √ 
41. Macao √ √ √ 114. Senegal √ √ √ 
42. Croatia √ √ √ 115. Bangladesh       
43. Lebanon       116. Lao PDR       
44. Lithuania √ √ √ 117. Côte d''Ivoire       
45. Kazakhstan √ √ √ 118. Ghana       
46. Mexico √ √   119. Benin √ √ √ 
47. Latvia √ √ √ 120. Madagascar       
48. Iran √ √ √ 121. Gambia, The       
49. Bulgaria √ √ √ 122. Zambia       
50. Argentina √ √ √ 123. Mauritania       
51. Russian √ √ √ 124. Uganda       
52. Oman √ √ √ 125. Comoros       
53. Chile √ √ √ 126. Nepal √ 

  54. Romania √ √ √ 127. Togo       
55. Uruguay √ √ √ 128. Guinea       
56. Belarus √ √ √ 129. Congo, Rep. √ √ √ 
57. Serbia √ √ √ 130. Sierra Leone     

 58. Mauritius √ √ √ 131. Burkina Faso     
 59. Bosnia Herz. √ √ √ 132. Malawi     
 60. Turkey √ √ √ 133. C. African     
 61. Macedonia, FYR √ √ √ 134. Mali     
 62. Saudi Arabia √ √ √ 135. Angola     
 63. South Africa √ √ √ 136. Rwanda   

  64. Ukraine √ √ √ 137. Chad √ 
  65. Montenegro √ √ √ 138. Tanzania   
  66. Brazil √ √ √ 139. Liberia   
  67. Armenia √ √   140. Mozambique   
  68. Georgia √ √ √ 141. Guinea-Bissau   
  69. Venezuela √ √ √ 142. Niger   
  70. Peru √ √ √ 143. Ethiopia   
  71. Malaysia √ √ √ 144. Zimbabwe   
  72. Moldova √ √ √ 145. Burundi   
  73. Albania √ √ √ 146. Congo, D. R.       

Note: A tick (√) indicates an included country. Columns 2 and 6 exclude the 40 countries with small consumption. Columns 3, 4, 7 and 8 further 
exclude outlying countries. For details, see text and Table 4.8.
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Figure A4.1 Price-Quantity Scatters, Food Groups 

A. Six groups 

                                         
 

B. Meat and seafood by income quartile 

                                            
Note: In panel A, there are 106 countries in the each plot; the vertical axis is truncated to [-1.5, 1] and the horizontal to [-0.5, 0.5]. In panel B, there are approximately 24 countries in each plot; the vertical 

axis is truncated to [-0.4, 0.8] and the horizontal to [-0.5, 0.5]. 
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role in the derivations to follow and can be expressed in several different forms by defining 

the budget and marginal shares of the group FS , and the conditional budget and marginal 

shares of Fi :∈S  

F F

F F
i i

i i

W w , ,
S S

   
∈ ∈

= Q = q∑ ∑  F Fi i
i iF F

ww , .
W

q
= q =

Q
           

We also define the new price coefficients as F F F
ij ij W ,i, j ;n = n ∈S the food flexibility as 

F F ,φ = φη  where F F FWη = Q  is the income elasticity for food as a whole. The alternative 

formulations of the constraint are, for Fi ,∈S   

(A4.2)   
F F F

F F F Fi
ij i ij ij iF

j j j

, , .
W∈ ∈ ∈

q
n = φq n = φ n = φ q∑ ∑ ∑

S S S

        

Derivation of Equation (4.36) 

To derive equation (4.36), we sum (A4.1) over Fi ∈S : 

               ( ) ( )
F F F F

j
i i i ij

i i i j

p
w d log q d log Q d log

PS S S S∈ ∈ ∈ ∈

 
= q + n  ′ 

∑ ∑ ∑ ∑ . 

On the left, we substitute F F
iw W  for iw  to give ( ) ( )F

F F F F
i ii

W w d log q W d log Q
S∈

∑ = , where 

( ) ( )F
F F

i ii
d log Q w d log q

∈
= ∑

S
 is the Divisia volume index for F.S  On the right, the first term 

is ( ) ( )F
F

ii
d log Q d log Q

S∈
∑ q = Q . This confirms the left-hand side of equation (4.36) and the 

first term on the right.  

Due to the symmetry of ijn , the relative price term becomes 

(A4.3)    ( ) ( ) ( )
F F F F F F

ij j ji j ji
i j i j i j

d log p log P d log p d log P
S S S S S S∈ ∈ ∈ ∈ ∈ ∈

′ ′n − = n − n∑ ∑ ∑ ∑ ∑ ∑ . 

The first term on the right of the above is 

            ( ) ( ) ( ) ( )
F F F F F F

F F
ji j j ji j j j j

i j j i j j

d log p d log p d log p d log p
S S S S S S∈ ∈ ∈ ∈ ∈ ∈

n = n = φq = φQ q∑ ∑ ∑ ∑ ∑ ∑ , 

where the second equals sign follows from (A4.2) and the third from substituting F F
jq Q  for 

jq . As the ( )F
F
j jj
d log p

S∈
∑ q  is the Frisch price index ( )Fd log P′ , the above equation becomes 

             ( ) ( )
F F

F F
ji j

i j

d log p d log P
∈ ∈

′n = φQ∑ ∑
S S

. 

In view of (A4.2) and as F
F

ii S∈
∑ q = Q , the last term on the right of equation (A4.3) becomes 
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             ( ) ( )
F F

F
ji

i j

d log P d log P
S S∈ ∈

′ ′n = φQ∑ ∑ . 

Thus, the price term in (A4.3) becomes 

( ) ( ) ( )F F F F Fd log P d log P d log P P′ ′ ′ ′φQ − φQ = φQ . Collecting terms, we obtain equation 

(4.36): 

(A4.4)  ( ) ( )
F

F F F F PW d log Q d log Q d log .
P
′ 

= Q + φQ  ′ 
 

Derivation of Equation (4.37) 

Divide both sides of equation (A4.4) by FQ  and rearrange to obtain 

           ( ) ( )
F F

F
F

W Pd log Q d log Q d log
P
′ 

= − φ  ′Q  
,  

Substitute the right hand side of this equation for ( )d log Q  in equation (A4.1) and divide 

both sides by FW  to give 

(A4.5)   ( ) ( )
F

F
ij jFi

i iF F F F
j

pw 1 Pd log q d log Q d log d log
W W P W PS∈

n ′   φ
= q − +    ′ ′Q     

∑ . 

On the left, we have ( ) ( ) ( )F F
i i i iw W d log q w d log q= . The first term on the right is 

( ) ( ) ( )F F F F
i id log Q d log Qq Q = q .  

There are two price terms on the right of equation (A4.5) which can be combined: 

 
F F F

F F
ij j ij ij ji

F F F F
j j j

p pP Pd log d log d log d log
W P W P W P W PS S S∈ ∈ ∈

n n n′ ′      φq
− + = − +      ′ ′ ′ ′      

∑ ∑ ∑  

                                                                      
F F

ij j jF
ijF F F

j j

p p
d log d log

W P PS S

  
∈ ∈

n    
= = n   ′ ′   

∑ ∑ , 

where the first equals sign is based on (A4.2) and the third follows from the definition 
F F
ij ij Wn = n .  Thus, the equation (A4.5) becomes 

 (A4.6)    ( ) ( )
F

jF F F F
i i i ij F

j

p
w d log q d log Q d log ,

P∈

 
= q + n  ′ 

∑
S

 

which is equation (4.37). 
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Derivation of Equation (4.38) 

Next, the food group FS  is divided into G sub-groups, denoted by F F
1 G, , .S S  As 

before, the budget and marginal shares of the sub-group F
gS  are  

F F
g g

F F F F
g i g i

i i

W w , ,
∈ ∈

= Q = q∑ ∑
S S

     

as well as the conditional budget and marginal shares of F
gi :∈S  

F F
g gi i
i iF F

g g

ww , .
W

     q
= q =

Q                   

Each sub-group F
gS  is assumed to be block independent in the utility function so that 

F
ij g0, i, j , g 1, ,G.n = ∉ =  S   This means that the price terms in equation (A4.6) for F

gi ,∈S

( )F
F F
ij jj
d log p P ,

∈
′Σ n

S  becomes ( )F
g

F F
ij jj
d log p P .

∈
′Σ n

S  Thus, 

(A4.7)    ( ) ( )
F
g

jF F F F
i i i ij F

j

p
w d log q d log Q d log .

P∈

 
= q + n  ′ 

∑
S

 

This is the demand equation for F
gi ∈S  under the condition that the sub-groups 

F
g ,g 1, ,G,= S  are block independent in the utility function. Block independence also means 

that the alternative formulations of the constraint (A4.2) now hold with F
gS  replacing FS  

everywhere. That is, for F
gi ,∈S  

(A4.2')      
F F F
g g g

F F F Fi
ij i ij ij iF

j j j

, , .
W∈ ∈ ∈

q
n = φq n = φ n = φ q∑ ∑ ∑

S S S

        

As F F g
i g i ,= q Q q the last member of the above can also be written as  

F
g

F F F g
ij g i

j

.
S∈

n = φ Q q∑  

 Sum equation (A4.7) over F
gi ∈S  to yield 

            ( ) ( )
F F F F
g g g g

jF F F F
i i i ij F

i i i j

p
w d log q d log Q d log

PS S S S∈ ∈ ∈ ∈

 
= q + n  ′ 

∑ ∑ ∑ ∑ . 



243 
 

On the left, replace F
iw  with g F

i gw W  to give ( ) ( )F
g

F g F F
g i i g gi

W w d log q W d log Q
S∈

∑ = , where

( ) ( )F
g

F g
g i ii

d log Q w d log q
S∈

= ∑
 
is the Divisia volume index of F

gS . On the right, the first term 

is ( ) ( )F
g

F F F F
i gi
d log Q d log Q

S∈
∑ q = Q . The second term on the right is    

(A4.8)       
F F F F F
g g g g g

j j j jF F
ij ijF F F F

i j j i j

p p p
d log d log d log

P P P WS S S S S∈ ∈ ∈ ∈ ∈

φq     
n = n =     ′ ′ ′     

∑ ∑ ∑ ∑ ∑  , 

where the last step follows from the symmetry of the coefficients F
ijn  and the second member 

of (A4.2). Using F F F F g
j j g j , q = Q q = Q Q q  equation (A4.8) becomes 

                 
F F F
g g g

FF
j j gF F g F F

ij g j gF F F F
i j j

p p P
d log d log d log ,

P W P PS S S∈ ∈ ∈

′    Q
n = φ Q q = φ Q       ′ ′ ′     

∑ ∑ ∑
 

where the second equal sign follows from the definition of the food flexibility, 

F F F FW ,φ = φη = φQ  and ( ) ( )F
g

F g
g j jj

d log P d log p ,
S∈

′ = ∑ q  which is the Frisch price index of 

F
g .S  Thus, we have  

  (A4.9)       ( ) ( )
F

gF F F F F F
g g g g F

P
W d log Q d log Q d log

P
′ 

= Q + φ Q   ′ 
, 

which is equation (4.38). 

Derivation of Equation (4.39) 

Divide both sides of the above equation (A4.9) by F
gQ  and rearrange to obtain 

( ) ( )
F F
g gF F F

gF F
g

W P
d log Q d log Q d log ,

P
′ 

= − φ   ′Q  
  

which we substitute in equation (A4.6):     

( ) ( )

( ) ( ) ( ) ( )
F

F

F F
g g jF F F F F

i i i g ijF F F
jg

g F F F F F F F F F F F
i g g i g i ij j i

j

W P p
w d log q d log Q d log d log

P P

W d log Q d log P d log P d log p d log

S

S

                                 
                  

∈

∈

 ′   
= q − φ + n     ′ ′Q     

′ ′ ′= q − φ q + φ q + n − φ q

∑

∑ ( )
( )

F

F

jg F F F
i g g ij F

j g

P
p

W d log Q d log .
PS

                   = 
∈

 
q + n   ′ 

∑
Both steps in the above follow from the third member of (A4.2), viz., F

F F F
ij ij

.
∈

∑ n = φ q
S  

Divide 

both sides of the above equation by F
gW  and define the price coefficient g F F

ij ij gWn = n  to 

obtain the conditional demand for good i within the gth sub-group: 



244 
 

  (A4.10)     ( ) ( )
F
g

jg g F g
i i i g ij F

j g

p
w d log q d log Q d log

PS∈

 
= q + n   ′ 

∑ . 

This is equation (4.39).   

As F
F F F F
ij ij

, i ,
∈

∑ n = φ q ∈
S

S  and as under assumption of block independence 

F
ij g0, i, j , g 1, ,G,n = ∉ =  S  

  
the constraint in terms of the new coefficients g

ijn  becomes 

F
g

FF F
gg F Fi i

ij F F F
j g g gW W∈

Qq q
n = φ = φ

Q∑
S  

or 

F
g

g F F g
ij g i

j

.
S∈

n = φ η q∑  

In words, the sum of the ith row of the matrix of price coefficients g
ij n   is proportional to the 

conditional marginal share of good i, g
iq , the coefficient attached to ( )F

gd log Q  in equation 

(A4.10). The proportionality factor is F F
g ,φ η  with Fφ  the food flexibility, defined as F F ,φ = φη  

the product of the income flexibility and the income elasticity of total food, and F
g ,η the 

elasticity of F
gS  with respect to food expenditure. Thus, F F

gη η  is interpreted as the income 

elasticity of F
g ,S  that is, ( ) ( )F

glog Q log Q ,∂ ∂ so the proportionality factor can also be 

expressed as  

( )
( )

F
gF F

g

log Q
.

log Q
∂

φ η = φ
∂

  

Derivation of Equation (4.41) 

Under the block independence of F
gS , the relative price term in (A4.1) becomes 

F F
g

j j
ij ij

j j

p p
d log d log

P P∈ ∈

   
n = n   ′ ′   

∑ ∑
S S

, 

where  F
g

ij ij∈
∑ n = φq

S  for F
gi .∈S  Write ( ) ( )n

k 1 k kd log P d log p=′ = ∑ q in above price term, then  

            ( ) ( )
F F F
g g g

n
j

ij ij j ij k k
k 1j j j

p
d log d log p d log p

P =∈ ∈ ∈

 
n = n − n q ′ 

∑ ∑ ∑ ∑
S S S

 

                                     ( ) ( ) ( )
F F
g g

ij i j j i j j
j j

d log p d log p
∈ ∉

= n − φq q − φq q∑ ∑
S S

, 
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where the second equals sign follows from the F
g

ij ij∈
∑ n = φq

S
. Thus, the relative price term 

can be written as 

(A4.11)         ( ) ( )
F F F
g g g

j
ij ij j ij j

j j j

p
d log d log p d log p

P∈ ∈ ∉

 
n = p + p ′ 

∑ ∑ ∑
S S S

, 

where ij ij i jp = n − φq q  for F
gj ,∈S  and ij i jp = −φq q  for F

gj .∉S  This is first equation in (4.41). 

Write ( ) ( )F
g

F g
g k kk S

d log P d log p
∈

′ = ∑ q , then the relative price term in (A4.10) becomes         

( ) ( )
F F F F
g g g g

jg g g g
ij ij j ij k kF

j j j kg

p
d log d log p d log p

P∈ ∈ ∈ ∈

  
n = n − n q     ′   

∑ ∑ ∑ ∑
S S S S

 

                                       ( ) ( )
F
g

g F F g g
ij g i j j

j

d log p
∈

= n − φ η q q∑
S

, 

where the second equals sign follows from the F
g

g F F g
ij g ij

.
∈

∑ n = φ η q
S

 Thus, the relative price 

term can be written as 

(A4.12)               ( )
F F
g g

jg g
ij ij jF

j jg

p
d log d log p

P∈ ∈

 
n = p  ′ 

∑ ∑
S S

, 

where g g F F g g
ij ij g i jp = n − φ η q q . This is the second equation of (4.41). 

Derivation of Equation (4.42) 

Using g F F
ij ij gW Wn = n  in the g

ijp  of equation (A4.12) gives 

 g F F F F g g
ij ij g g i jW Wp = n − φ η q q . 

Multiply both sides of this equation by F F
gW W  and rearrange to have  

            F F g F F g g
ij g ij g i jW W .n = p + φQ Q q q  

Substitute this ijn  in the ijp  for Fj∈S  from equation (A4.11), we have: 

(A4.13)   ( )F F g F F g g F F g F F F F F g g
ij g ij g i j i j g ij g g i jW W W W W 1p = p + φQ Q q q − φq q = p + φ Q − Q Q q q , 

where the second equal sign follows from F F FWφQ = φ  and F F g
i g iq = Q Q q . This is the 

equation (4.42).  

Derivation of Equation (4.44) 

Divide both sides of equation (A4.4) by FW  to obtain 
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           ( ) ( )
F F F

F
F F

Pd log Q d log Q d log
W W P

′ Q Q
= + φ  ′ 

,  

Substitute the right hand side of this equation for ( )Fd log Q  in equation (A4.9) and multiply 

both sides by FW  to give 

(A4.14)   ( ) ( )
FF F F

gF F F F F F F F
g g g gF F F

PPW W d log Q W d log Q d log W d log
W W P P

′  ′ Q φQ
= Q + + φ Q      ′ ′    

. 

On the left, we have ( ) ( )F F F F
g g g gW W d log Q W d log Q= . The first term on the right is 

( ) ( )F F F F
g g(W W )d log Q d log QQ Q = Q .  

There are two price terms on the right of equation (A4.14) which can be combined:     
F F F F FF F

g g gF F F F F F F
g g gF F F

W p pP Pd log W d log d log log
W P P P P

′ ′   φQ Q ′ ′   
+ φ Q = φQ Q + φQ Q         ′ ′ ′ ′      

 

                                                                                
F

gF F
g

p
log

P
  

′ 
= φQ Q   ′ 

, 

where the first equals sign follows from the definition F F F FWφ = φη = φQ . Thus, the 

equation (A4.14) becomes 

 (A4.15)    ( ) ( )
F

gF F F
g g g g

P
W d log Q d log Q d log

P
′ 

= Q + φQ Q   ′ 
 

which is differential version of equation (4.44). 
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 CHAPTER 5
CONCLUDING COMMENTS 

As one of the most basic human needs, food plays a particularly important role in the 

basket of goods purchased by consumers. Studies for food consumption have been long-

standing and developed one of earliest and most important economic laws, Engel’s law, 

which states that the food share falls as income rises. Consumers in rich countries thus spend 

a smaller proportion of income on food than those in poor countries. Still substantial 

disparities exist in disaggregated food consumption. Some literature has studied differences 

in consumption of food categories (staples, meat, dairy, etc.) across countries. However, these 

categories are far from the exact commodities purchased by consumers. The thesis attempts 

to fill this gap by analysing the consumption of a large number of detailed food items in 100+ 

countries to estimate the sensitivity of consumption to income and price changes. This 

chapter provides a summary of the thesis and a discussion of some open questions. 

5.1 A Summary 

We start with a recapitulation of the underlying consumer theory, and then provide an 

overview of the empirical results. Consumers need to make decisions about expenditure on a 

large number of commodities. As it is usually difficult to consider all items in a simultaneous 

manner, to make things manageable we suppose that consumers take a multi-level approach. 

With a two-level structure, consumers first allocate income to broad groups of items and then 

further separate group expenditure into the individual items within the group. When 

preferences are strongly separable between groups, the marginal utility of an item in one 

group is independent of the consumption of goods in other groups. There then exist group 

demand equations for the allocation of income to groups and conditional demand equations 

for the goods within the group. As will be set out below, with these two types of demand 

equations, we use a reverse-engineering approach to recover unconditional demand equations 

that depend on income and the prices of all goods.  

Conditional Demand 

Suppose there are a total of n goods in the consumer’s basket. These goods are 

separated into G n<  groups, denoted by 1 G,...,S S , and so the two-level process is for the 

consumer to (i) allocate income to the G groups and then (ii) allocate the group expenditure 

to goods within the group.  It is convenient to start with the level (ii) demands, known as the 
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“conditional demands” as they take as given the level (i) decision regarding group 

expenditure. For a succinct overview, the following notation is required. Let ip  be the price 

of good gi S∈  and iq  the corresponding quantity demanded, i ip q  is expenditure on good i 

and 
gi i ip qS∈∑  is total expenditure on the group. The share of group expenditure devoted to i 

and the group volume index are 

g

g i i
i

i i i

p qw ,
p q∈

=
∑ S

 ( ) ( )
g

g
g i i

i
d log Q w d log q .

∈

= ∑
S

 

This g
iw ,  known as the conditional budget share, is a measure of the economic importance of 

the good in the group. The volume index ( )gd log Q  is a budget-share weighted average of 

the growth in the members of the group. The corresponding conditional marginal share and 

the income elasticity are 

           
( )

( )
( )
( )( )g g

g
i i ig g i

i i g
ii i i i i i

p q log q
,

wp q log p qS S

      
∈ ∈

∂ ∂q
q = η = =

∂ ∑ ∂ ∑
. 

The marginal share g
iq  answers the question, when an increase in income results in a one-

dollar increase in group expenditure, how much of that is allocated to good i? As the 

additional expenditure is completely allocated to goods within the group, it follows that 

g

g
i i 1.∈∑ q =S  The conditional income elasticity g

iη  is just the ratio of the marginal share to the 

corresponding budget share, so that a budget-share weighted average of the income 

elasticities is unity: 
g g

g g g
i i i i iw 1.∈ ∈∑ η = ∑ q =S S   

The conditional demand equation for gi ,∈S  in differential form, is  

 (5.1)        ( ) ( ) ( )
g

g g g
i i i g ij j

j
w d log q d log Q d log p .

S∈

= q + p∑  

The variable on the left of this equation is the contribution of good i to the volume index 

( )gd log Q . This is explained by the group volume index and the changes in the prices within 

the group, with coefficients the marginal shares, g
i ,q  and g

ij ,p  which are conditional Slutsky 

coefficients that satisfy homogeneity and symmetry constraints: 
g

g
j ij 0S∈∑ p = , gi S∈ , g g

ij jip = p , 

gi, j S∈ . Dividing both sides of equation (5.1) by g
iw  and setting ( )gd log Q 0= , it can be 

seen that g g
ij iwp  is the th(i, j)  conditional Slutsky price elasticity.  
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Using the cross-country data on the consumption of alcoholic beverages from the 

International Comparison Program (2008), we estimate a “levels version” of equation (5.1) 

by removing “d’s” (Barten, 1989). Panel A of Table 5.1 contains the conditional income and 

Slutsky elasticities. As can be seen, the income elasticities in column 2 are close to unity for 

each of the three beverages. In column 3, the own-price elasticities on the diagonal are 

negative, while the cross-price elasticities are positive, indicating that the beverages are 

substitutes. 

 

Table 5.1  Elasticities of Demand for Alcoholic Beverages 
 

Beverage Income 
elasticity Slutsky price elasticities 

(1) (2) (3) 
A. Conditional Demand 

  Beer Wine Spirits  
Beer 1.00 -0.54 0.20 0.34  
Wine 1.00 0.32 -0.52 0.20  
Spirits 0.99 0.55 0.19 -0.75  

B. Group Demand 
  Own-price elasticity 
Alcohol 1.03 -1.86 

C. Unconditional Demand 
  Beer Wine Spirits All Others 
Beer 1.03 -1.36 -0.30 -0.16 1.82 
Wine 1.04 -0.50 -1.03 -0.31 1.83 
Spirits 1.03 -0.26 -0.30 -1.25 1.81 

 

Group Demand 

Next, we consider the level (i) demand, which is known as group demand. 

Expenditure on all n goods is n
i 1 i ip q=∑ , so the share of this total devoted to gS  and the total 

volume index are  

gi i i
g n

i 1 i i

p q
W

p q
S∈

=

∑
=

∑
,      ( ) ( )

G

g g
g 1

d log Q W d log Q
=

= ∑ .  

Here, gW  is the group budget share. The corresponding marginal share and income elasticity 

are  

            
( )
( )

( )( )
( )( )

gg i i ii i i g
g gn n

gi 1 i i i 1 i i

log p qp q
,

Wp q log p q

SS
      .  

∈∈

= =

∂ ∑∂ ∑ Q
Q = η = =

∂ ∑ ∂ ∑
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Additionally, define the marginal-share weighted price indexes for gS  and all groups as 

            ( ) ( )
g

g
g i i

i
d log P d log p

S∈

′ = q∑ ,    ( ) ( )
G

g g
g 1

d log P d log P
=

′ ′= Q∑ , 

so the relative price of gS  is ( ) ( ) ( )g gd log(P P ) d log P d log P′ ′ ′ ′= − .  

The group demand equation for gS  then takes the form  

(5.2)      ( ) ( ) g
g g g g

P
W d log Q d log Q d log .

P
′ 

= Q + φQ  ′ 
   

The variable on the left, ( )gW d log Q , is explained by the total volume index and the change 

in the relative price of the group, with coefficients the marginal share, gQ , and gφQ . The 

coefficient φ  is the income flexibility, that is, the reciprocal of the income elasticity of the 

marginal utility of income. The relative prices of other groups have no effect on the 

consumption of gS  as we assume strong separability with respect to the groups. The income 

and own-price elasticities of the group implied by equation (5.2) are g gW ,Q  as above, and 

g gWφQ . Estimates of these elasticities for alcohol, from a levels version of equation (5.2), 

are given in panel B of Table 5.1. As can be seen, the income elasticity is close to 1 and the 

price elasticity is negative as expected, but on the high side at -1.86. This large price 

elasticity is mainly due to the large estimate of the income flexibility φ , which, from 

equation (5.2), is ( ) ( )g g g g g gW W ,φQ Q = φQ Q  or the ratio of the price elasticity to 

income elasticity.  

Unconditional Demand 

Combining equations (5.1) and (5.2) to eliminate the variable ( )gd log Q  gives the 

unconditional demand equation for good gi :∈S  

(5.3)        ( ) ( ) ( )
n

i i i ij j
j 1

w d log q d log Q d log p .
=

= q + p∑  

Here, iw  is the unconditional budget share and iq  is the corresponding marginal share. These 

are defined as   

               g i i
i i g n

i 1 i i

p qw w W
p q=

= =
∑

,   
( )

( )
i ig

i i g n
i 1 i i

p q
p q=

∂
q = q Q =

∂ ∑
. 
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The other coefficient on the right-hand side of equation (5.3) is the unconditional Slutsky 

coefficient ijp , which is a combination of the coefficients of equations (5.1) and (5.2). 

Equation (5.3) is unconditional in the sense that group expenditure is allowed to vary – this 

equation is no longer conditional on group expenditure being given. 

Dividing both sides of equation (5.3) by iw , the unconditional income elasticity is 

i iwq  and the ( )thi, j  Slutsky price elasticity is ij iwp . Panel C of Table 5.1 contains these 

elasticities for the three beverages. The income elasticities are close to 1, similar to the 

conditional ones in panel A. This is because of the unity income elasticity for alcohol as a 

group in panel B. The price elasticities are more negative than the conditional counterparts as 

group expenditure is allowed to vary; and the negative cross-price elasticities imply 

complementarity.  

A Three-Level Extension 

The above two-level structure is also applied to 25 food items, which are separated 

into 6 groups, from the International Comparison Program (2008). Thus, consumers split total 

food expenditure into the groups at level (i), and then allocate group expenditure to the items 

at level (ii). Equation (5.1) is thus employed to deal with the within-group demand for the 

items at level (ii) and equation (5.2) for the demand for groups at level (i). This means that 

the variable ( )d log Q  in equation (5.2) is now interpreted as the volume index for total food. 

To obtain the unconditional demands depending on income, we add another level that 

allocates the income to food and non-food to give a three-level structure. 

Table 5.2 contains the unconditional elasticities for the 25 food items. The income 

elasticities are less than unity in all cases, indicating necessities. For the price elasticities 

matrices, the own-price elasticities on the diagonal are negative in all groups; the cross-price 

elasticities between the food items are mostly positive, thus substitutability dominants. To 

illustrate the interpretation of these estimates, consider the own-price elasticity for fresh 

vegetables, -0.69. This value means that to increase consumption by 10%, with real income 

unchanged, the price of vegetables needs to drop by roughly 10% 0.69 14%= . Similarly, if 

we want to reduce the consumption of sugar by 10%, given an own-price elasticity of -0.79, 

the price needs to increase by 13%. However, a careful use of these elasticities is required for 

reasons discussed subsequently.  
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Table 5.2  Unconditional Elasticities for 25 Food Items 
 

Item Income 
elasticity 

Slutsky price elasticities 
Good 1 Good 2 Good 3 Good 4 Good 5 All others 

(1) (2) (3) (4) (5) (6) (7) (8) 
A. Staples 

  Rice Other cereals  Bread Bakery and 
pasta 

 Others 

Rice 0.54 -1.09 0.17 0.25 0.19  0.47 
Other cereals 0.48 0.17 -0.66 0.06 0.01  0.42 
Bread 0.53 0.18 0.04 -0.77 0.08  0.46 
Bakery and pasta 0.50 0.17 0.01 0.10 -0.72  0.44 

B. Meat and Seafood 

  Beef Pork and 
lamb Poultry Other meat Fish and 

Seafood Others 

Beef and veal 0.89 -0.91 0.03 0.15 -0.02 0.00 0.75 
Pork and lamb 0.87 0.04 -0.65 -0.03 -0.03 -0.06 0.74 
Poultry 0.81 0.19 -0.03 -0.86 -0.05 0.06 0.68 
Other meat 0.87 -0.02 -0.03 -0.04 -0.72 0.08 0.74 
Fish and seafood 0.85 0.00 -0.04 0.04 0.06 -0.77 0.72 

C. Dairy 

  Fresh milk Preserved 
milk Cheese Eggs  Others 

Fresh milk 0.73 -1.02 0.17 0.16 0.04  0.65 
Preserved milk 0.72 0.16 -0.91 0.00 0.11  0.64 
Cheese 0.73 0.24 0.00 -0.91 0.02  0.65 
Eggs 0.66 0.07 0.21 0.03 -0.90  0.59 

D. Fruit and Vegetables 

  Fresh fruit Frozen fruit Fresh 
Vege Fresh Potato Frozen 

Vegetables Others 

Fresh fruit 0.82 -0.77 -0.17 0.11 0.08 0.03 0.72 
Frozen fruit 0.72 -0.81 -0.64 0.62 0.23 -0.03 0.62 
Fresh vegetables 0.70 0.08 0.10 -0.69 -0.01 -0.10 0.61 
Fresh potatoes 0.57 0.13 0.08 -0.01 -0.78 0.09 0.50 
Frozen veges 0.76 0.09 -0.01 -0.33 0.13 -0.55 0.67 

E. Sweet Things 

  Sugar Jam Chocolate   Others 
Sugar 0.79 -0.74 0.02 0.02   0.70 
Jam 0.68 0.06 -0.57 -0.10   0.61 
Chocolate 0.82 0.02 -0.02 -0.72   0.73 

F. Other Food  

  Other edible oil Food 
products Coffee,tea Mineral water  Others 

Other edible oil 0.66 -0.91 -0.06 0.05 0.34  0.58 
Food products 0.68 -0.04 -0.83 0.21 0.07  0.60 
Coffee, tea 0.61 0.07 0.41 -0.83 -0.18  0.54 
Mineral water 0.69 0.24 0.06 -0.09 -0.82   0.60 

  
  



253 
 

5.2    Open Questions 

Although we have made considerable in-roads in understanding disaggregated food 

consumption patterns across countries, it is appropriate to acknowledge some issues that are 

still unresolved and/or left for future research.  

1.  The structure of preferences. The key assumption in the multi-level approach is 

strong separability between groups, also known as block independence; that is, the marginal 

utility of the consumption of any good in one group is independent of goods in other groups. 

In the alcohol case, alcohol and non-alcohol are taken to be strongly separable. There may be 

some exceptions, but this assumption is possibly not too unreasonable as alcohol and non-

alcohol items are unlikely to have substantial utility interactions. For food, we first assume 

strong separability between food and non-food, and then strong separability between food 

groups. Separable preferences seem reasonable at the food/non-food level as this involves 

very broad aggregates. But it may be a bit too strong for some food groups -- such as staples 

and meat and seafood -- to be independent. To what extent the data support/reject these 

assumptions has not be investigated in the thesis. Deaton and Muellbauer (1980, pp. 128-129) 

discuss testing for separability, and this approach could be followed in subsequent research. 

2.  Substantial substitutability. Table 5.1 contains the elasticities for alcoholic 

beverages. It is a bit surprising that the income elasticity of beer is close to unity, as this 

beverage is frequently found to be a necessity in previous studies. Also, the unconditional 

own-price elasticities for beer and spirits are both around 1.3 in absolute value, which is on 

the high side. As discussed in detail in Chapter 4 for the case of food, we also encounter some 

problems with high price elasticities, which we deal with by using a rescaling procedure. On 

the other hand, however, all the food income elasticities in Table 5.2 are less than unity, a 

result which seems reasonable and does not contradict Engel’s law.  

3.  Testing issues. In the food application, some testing problems remain. Firstly, 

among the six conditional demand systems, in three cases demand homogeneity is rejected. 

As the absence of money illusion would seem to be a weak requirement for consumers, this 

result is somewhat surprising. On the other hand, similar rejections have been found 

previously (Barten, 1977). Secondly, in the group demand system, some problems remain in 

the residuals. These issues are discussed in detail in Chapters 3 and 4. 

These qualifications mean that care is required in interpreting or using the results. 
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