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Bank’s living standard measurement surveys (LSMS).8 The Hungarian data are from 
the Hungarian Central Statistical Office (Household Budget Survey Section). The 
Spanish data are provided by Instituto Nacional de Estadística (INE) and the data 
for the United Kingdom are taken from two different sources: the National Food 
Survey (National Statistics) provides the information needed to obtain regional food 
prices, and the Family Expenditure Survey (Office for National Statistics) provides 
household expenditure information.

The ten base countries all participated in the benchmark price survey for PWT 6.1. 
The base year for PWT 6.1 was 1996, and hence the household surveys included are 
conducted as close as possible to 1996.9

To estimate the preferred specification, we include only households with two chil-
dren and two adults. Hence, we exploit an advantage of micro data, which is that 
they can be used to analyze households of the same composition and size to avoid 
the inaccuracies generated by heterogeneous household composition. For robust-
ness analysis, we estimate equations based on the whole sample.

Many of the households included in the sample are farm households, for which 
home-produced food accounts for much of the total household consumption. We 
account for this by incorporating the estimated market value of home-produced 
goods in the expenditure variable.

One limiting criterion is that in order to include the relative price control in equa-
tions (3) and (7), the surveys need to have price information on food items. The 
ten surveys include information either on prices for food items at household level 
(Azerbaijan, Brazil, Bulgaria, Peru, Tanzania),10 or on quantities of food items con-
sumed, which enabled us to calculate unit values (Côte d’Ivoire, Hungary, Nepal, 
Spain, UK). As is well-documented in the literature, one problem related to using 
unit values and prices for broad item groups reported at household level is that 
they depend on both quality and price (Deaton 1987, 1988, McKelvey 2011, and 

8 Detailed information on different LSMS is provided on the World Bank website (World Bank 2005).
9 Given available data, we were unable to find any survey for a country in the third decile closer to 1996 than the 

Côte d’Ivoirian study.
10 For Peru and Tanzania, the micro data contain a detailed price survey at cluster/district level, but in order to 

aggregate up to item groups comparable across countries, we used household-specific consumption weights, and 
hence the item prices we have are household-specific.

Table 1—The Different Surveys

Survey year Institution No. of hh Decile

United Kingdom 1996 ONS and National Statistics 6,412 10
Spain 1998 INE 14,739 9
Hungary 1996 Hungarian Cent. Stat. Off. 7,531 8
Brazil 1996 IBGE/World Bank 4,898 7
Bulgaria 1995 Gallup International/World Bank 1,886 6
Peru 1994 Cuánto S.A./World Bank 3,614 5
Azerbaijan 1995 SORGU/World Bank 1,929 4
Côte D’Ivoire 1987 Inst. Nat. Stat./World Bank 2,899 3
Nepal 1995 CBS/World Bank 3,372 2
Tanzania 1993 Planning Commission (UDS)/World Bank 5,176 1

Note: The table provides an overview of the ten different surveys included in the study and the institutions that con-
ducted the surveys.
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Figure 4. Kernel Regression

Notes: The figure displays the kernel using the Epanechnikov kernel smoother and including households with two 
children and two adults. The kernel displays the relationship between the budget share for food and the logarithm 
of household income when the effects of the other explanatory variables are removed by differencing. Tenth-order 
differencing is conducted based on the optimal differencing weights proposed in Yatchew (2003). The bandwidth 
is obtained from the formula bandwidth = 0.15 × (max(log of income) − min(log of income)). The bounds corre-
spond to the 95 percent confidence intervals. The UK is used as the base country.

Figure 3. Robustness Analysis

Notes: The figure displays the relationship between the estimated PPP bias and EC income for the two different 
demand systems. The first row displays the relationship estimated on all households whereas the second row dis-
plays the relationship based on the calorie Engel curve. The reference line indicates unbiased PWT income rela-
tive to the UK.
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This is in line with the theoretical discussion of Section II. As expected, we find that 
the poorer a country, the larger the PPP bias.

Table 3 shows the measured PWT, EC, and EX incomes for the ten base coun-
tries.13 We can see that for the countries in the six poorest deciles, Tanzania, Nepal, 

13 Note that we only identify incomes up to a normalization. Here we normalize so that all three income measures 
report the same income for the United Kingdom.

Table 2—Regression Results, Least Squares Estimation

AIDS QUAIDS
AIDS 

ws
QUAIDS 

ws
AIDS 

cal
QUAIDS 

cal
AIDS 

ex
QUAIDS 

ex

Log of income −0.106 −0.132 −0.101 −0.161 −0.122 −0.198 −0.106 −0.147
(0.003) (0.020) (0.001) (0.006) (0.004) (0.024) (0.003) (0.031)

Log of income sq. 0.002 0.004 0.005 0.002
(0.001) (0.000) (0.001) (0.001)

Azerbaijan 0.065 1.902 0.117 3.894 0.150 4.019 −0.120 0.332
(0.023) (0.352) (0.008) (0.267) (0.024) (0.672) (0.025) (0.061)

Brazil 0.022 1.293 0.032 1.553 0.075 2.164 −0.020 0.869
(0.006) (0.105) (0.002) (0.051) (0.013) (0.246) (0.007) (0.070)

Bulgaria 0.110 2.975 0.134 4.403 0.130 3.494 0.003 1.087
(0.010) (0.351) (0.004) (0.196) (0.018) (0.531) (0.012) (0.128)

Côte d’Ivoire 0.116 3.098 0.162 6.307 0.176 4.831 0.027 1.336
(0.018) (0.544) (0.006) (0.372) (0.025) (0.869) (0.019) (0.235)

Hungary 0.055 1.783 0.093 2.942 0.058 1.941 −0.020 0.877
(0.007) (0.174) (0.002) (0.098) (0.009) (0.229) (0.009) (0.085)

Nepal 0.145 4.008 0.166 5.566 0.141 3.506 −0.036 0.729
(0.012) (0.500) (0.004) (0.254) (0.014) (0.473) (0.015) (0.091)

Peru 0.132 3.596 0.144 4.838 0.147 3.811 0.070 1.996
(0.010) (0.394) (0.003) (0.201) (0.014) (0.509) (0.011) (0.219)

Spain 0.004 1.089 0.011 1.176 -0.031 0.874 −0.013 0.928
(0.009) (0.111) (0.003) (0.045) (0.006) (0.072) (0.009) (0.094)

Tanzania 0.143 3.907 0.187 7.170 0.174 4.522 0.015 1.171
(0.010) (0.453) (0.004) (0.328) (0.013) (0.586) (0.013) (0.136)

Log of rel. price 0.047 0.048 0.017 0.010 -0.009 −0.009 0.047 0.048
(0.012) (0.011) (0.004) (0.004) (0.011) (0.007) (0.012) (0.011)

Age 0.000 0.000 −0.001 −0.001 0.000 −0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Children 0.009 0.009
(0.000) (0.000)

Adults 0.019 0.019
(0.001) (0.001)

Constant 1.242 1.341 1.194 1.413 1.322 1.599 1.732 1.987
(0.031) (0.080) (0.010) (0.025) (0.103) (0.118) (0.045) (0.195)

Adj. R2 0.567 0.567 0.512 0.513 0.497 0.498 0.567 0.567
Observations 4,923 4,923 51,822 51,822 4,800 4,800 4,923 4,923

Notes: The table reports eight sets of estimates (standard errors are in parentheses). The first and second columns 
report the estimates for the households with two children and two adults. The third and fourth columns report the 
estimates for the whole sample (including all households independent of composition and size). The fifth and sixth 
columns report the coefficients for the calorie-based Engel curves. The seventh and eight columns report the esti-
mates using the exchange rate to make income comparable across households in different countries. The estimates 
of the main model (columns one and two) are discussed in Section V, whereas the estimates of the robustness checks 
of columns three, four, five, and six are discussed in Section VI. The estimates reported in the seventh and eight col-
umn are discussed in Section VIII.
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Côte d’Ivoire, Azerbaijan, Peru, and Bulgaria, the EC income is substantially closer 
to the EX income than to the PWT income. Spain has an EC income that is closer 
to the PWT income than to the EX income, whereas the middle-income countries, 
Hungary and Brazil, have an EC income with approximately equal distance to the 
EX income and the PWT income.

Table 4 reports our second main finding, which is that international inequality is 
substantially underestimated. The table shows that the Gini index increases substan-
tially when adjusting for the PPP bias; the first row shows that the unweighted Gini 
index increases from 0.50 to 0.64 for the base countries when adjusting for the bias, 
and the second row shows that the population-weighted Gini index increases from 
0.39 to 0.48.14

14 For a discussion of these inequality concepts, see Milanovic (2005).

Azerbaijan

Brazil

Bulgaria
CoteDIvoire

Hungary

Nepal

Peru

Spain

Tanzania

UK1

2

3

4

1

2

3

4
P

P
P

 b
ia

s

4 6 8 10

Log of EC income

AIDS

Azerbaijan

Brazil

Bulgaria
CoteDIvoire

Hungary

Nepal

Peru

Spain

Tanzania

UK

P
P

P
 b

ia
s

4 6 8 10

Log of EC income

QUAIDS

Figure 2. PPP Bias and EC Income

Notes: The figure displays the relationship between the estimated PPP bias and EC income for the two different 
demand systems. The estimates are based on the subsample of households with two children and two adults. The 
reference line indicates unbiased PWT income relative to the UK.

Table 3—Three Different Income Measures

​Y​ PWT​  ​Y​ EC​  ​Y​ EX​

UK 15,088 15,088 15,088
Spain 11,935 11,507 10,162
Hungary 5,651 3,363 2,780
Brazil 4,818 3,899 3,235
Bulgaria 3,027 1,073 1,106
Peru 2,839 818 1,575
Azerbaijan 1,739 939 303
Côte D’Ivoire 1,471 491 634
Nepal 829 211 151
Tanzania 372 97 111

Note: The table shows the income measured by PWT, EC incomes, and 
EX incomes for the ten base countries.
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V.  Robustness Analysis

In this section, we provide several robustness checks that all confirm the main 
results. First, the specifications given in equations (3) and (7) are estimated using all 
households independent of size and composition. Second, the fit of the two demand 
systems is discussed and a semiparametric analysis conducted. Third, we replace the 
Engel curve for food with an Engel curve for calories.

A. Household Composition

The first robustness check is conducted by including all households rather than 
only a subset of households of same composition and size. The regression results 
are reported in the third and fourth columns of Table 2. Again, we find a negative 
relationship between PPP bias and income and our main results are confirmed (see 
Figure 3, first row). Therefore, using only the subsample of households with two 
children and two adults is not crucial for our results.

B. Functional Form

To test the robustness of the functional form assumptions, we have estimated two 
demand systems, the AIDS and the QUAIDS, which allows for some flexibility. We 
can see in Table 2 that the two systems give very similar results, which indicates 
that the choice of either one of the systems is not crucial to our results. We can see 
that the coefficient for the square of the logarithm of income is insignificant in our 
preferred estimation, where we include only households with two children and two 
adults and, hence, for this sample, we are unable to reject a hypothesis stating that 
the budget share for food is log-linearly related to the budget share for food (see, 
e.g., Banks et al. 1997 for the same finding). When including all households in the 
estimation, however, the coefficient becomes significant.

To look more closely at the functional form assumption, we present a semipara-
metric analysis. Figure 4 shows the kernel regression displaying the Engel relation-
ship between the budget share for food and the logarithm of income after removing 
the effects of the demographic variables by differencing. We can see that it is very 

Table 4—Gini Indices

Gini PWT Gini EC Gini EX

Base countries
  Unweighted 0.50 0.64 0.64
  Population-weighted 0.39 0.48 0.49

Extended model
  Unweighted 0.26 0.39 0.34
  Population-weighted 0.22 0.32 0.32

Notes: The table shows the Gini index, as measured by the PWT incomes and the EC incomes. 
The first row presents the unweighted Gini index; i.e., the index that gives equal weight to each 
country irrespective of its size. The second row presents the population weighted Gini index, 
which weights each country proportionally to its population size. The third and fourth rows 
present results for the extended analysis.


