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Abstract

Current concepts and measurement of pro-poor growth is entirely fo-
cused on the income dimension of well-being. This neglects non-income
dimensions of poverty and the multidimensionality of poverty and well-
being. In this paper we introduce the multidimensionality of poverty
into the measurement of pro-poor growth measurement by applying the
growth incidence curve to non-income indicators. We develop growth
incidence curves and calculate the associated Ravallion-Chen Pro Poor
Growth measures for a range of non-income indicators such as educa-
tion, mortality, vaccinations, stunting, and a multidimensional well-
being measure and are thereby able to study improvements in these
dimensions of well-being at various points of the distribution of those
indicators as well as at various points of the income distribution. This
way we can determine whether improvements in non-income indicators
were pro-poor in an absolute or relative sense. We illustrate this em-
pirically for Bolivia between 1989 and 1998 and find that growth was
relatively pro-poor in the non-income dimension; results for absolute
improvements are less clear.
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1 Introduction

Pro-poor growth has recently become a central issue for researches and policy
makers, especially in the context of reaching the Millennium Development
Goals (MDG). The various proposals to measure pro-poor growth have also
allowed a much more detailed assessment of progress on reducing poverty as
they explicitly examine growth along the entire income distribution.

However, one existing shortcoming of current pro-poor growth concepts
and measurements is that they are completely focused on income, thus fo-
cused only on MDG1 which aim is to halve the incidence of poverty until
2015. The shortcoming of the one-dimensional focus on income is that a
reduction in income poverty does not guarantee a reduction in the non-
income dimensions of poverty, such as education or health. This means
that finding income pro-poor growth does not automatically mean that non-
income poverty has been also reduced. For this reasons, multidimensionality
of poverty and pro-poor growth as two main research areas have to be com-
bined.

The aim of this paper is to introduce the multidimensionality of poverty
into the pro-poor growth measurement. The distribution of non-income wel-
fare within countries has important policy implications, which will for ex-
ample be a central issue of the World Development Report 2006 (Worldbank
2004b). The basic idea of this approach goes back to Sen (1988) who con-
siders poverty as a multidimensional phenomenon. His capability approach
focusses on non-income indicators for which income is only a means to obtain
certain functionings. Thus he directly considers outcomes of poverty like be-
ing healthy or being well educated. Based on this approach many empirical
poverty assessments including social indicators have been undertaken (e.g.,
Klasen 2000; Grimm, Guénard, and Mesplé-Somps 2002). However, non-
income indicators are not considered in the pro-poor growth measurement

so far.



We do this exemplarily by applying the growth incidence curve (GIC) by
Ravallion and Chen (2003) to non-income indicators and call our approach
non-income growth incidence curves (NIGIC). We illustrate this approach us-
ing microsurvey data for Bolivia for 1989 and 1998. We distinguish between
ranking the sample by each non-income indicator and ranking the sample
by income and investigate based on this income ranking the changes of the
non-income indicator with respect to the position in the income distribution.
In addition to investigate growth rates, we investigate absolute changes of
the non-income indicators. We find that growth was pro-poor both in the
income and in the non-income dimension, but results are less clear for the
non-income development when the poor are ranked by income.

The paper is organized as follows. First, we briefly give an overview of the
concept of pro-poor growth and the need to investigate it in a multidimen-
sional perspective. Second, we explain our methodology to apply the GIC to
non-income indicators and discuss some limitations. Third, we present the
results of the GIC and the NIGIC for selected variables and for a composite

welfare index. Last, we summarize and give an outlook for future research.

2 The Concept of Pro-Poor Growth

2.1 Definition of Pro-Poor Growth

According to some, pro-poor growth is simply economic growth that benefits
the poor (e.g., UN 2000a; OECD 2001). This definition, however, provides
little information how to measure or how to implement it. What remains
to be specified is, first, if economic growth benefits the poor and, second,
if yes to what extent. For example, Klasen (2004) provides more explicit
requirements that a definition of pro-poor growth needs to satisfy. The first
requirement is that the measure differentiates between growth that bene-
fits the poor and other forms of economic growth, and it has to answer the

question by how much the poor benefited. The second requirement is that



the poor have benefited disproportionately relative to the non-poor. The
third requirement is that the assessment is sensitive to the distribution of
incomes among the poor. The fourth requirement is that the measure al-
lows an overall judgement of economic growth and not focuses only on the
gains of the poor. Besides this approach there exist several other attempts
conceptualizing pro-poor growth.!

Categorizing the different and conflicting definitions, we speak of three
definitions of pro-poor growth in our paper: weak absolute pro-poor growth,
relative pro-poor growth, and strong absolute pro-poor growth. Pro-poor
growth in the weak absolute sense means that the income growth rates are
above 0 for the poor. Pro-poor growth in the relative sense means that the
income growth rates of the poor are higher than the average growth rates,
thus, that relative inequality falls (i.e. in which some indicator measuring
the relative gap between the rich and the poor). Pro-poor growth in the
strong absolute sense requires that absolute income increases of the poor
are stronger than the average, thus, that absolute inequality falls (i.e. some
measure in which the absolute gap between the rich and the poor falls e.g.,
Klasen 2004).2

The latter definition is obviously the strictest definition of pro-poor growth
and the hardest to be met as shown empirically by White and Anderson
(2000). This is why most researchers concentrate in general on the weak
absolute and relative definition. But this ignores that decreases in relative

inequality might be — and often are — accompanied by increases in absolute

'For a detailed review on the different definitions and measures of pro-poor growth
see for example Son (2003). Other approaches to define pro-poor growth are provided
for example by White and Anderson (2000), Ravallion and Datt (2002), Klasen (2004),
Hanmer and Booth (2001). The most common measures that have evolved in pro-poor
growth measurement are the "poverty bias of growth" of McCulloch and Baulch (2000), the
"pro-poor growth index" of Kakwani and Pernia (2000), the "poverty equivalent growth
rate" of Kakwani and Son (2000), the "poverty growth curve" of Son (2003), and the
"growth incidence curve" of Ravallion and Chen (2003).

2Most inequality measures, including the Gini, Theil, and Atkinson measures as well
as decile or quintile ratios are relative inequality measures; for a discussion of the merits
of also considering absolute inequality measures, see Atkinson and Brandolini (2004).



inequality which is seen as undesirable by many and can be an important
source of social tension (e.g., Atkinson and Brandolini 2004; Duclos and
Wodon 2004; Klasen 2004). Conversely, growth that is associated with
falling absolute inequality would be particularly pro-poor and therefore it
is useful to consider this strong absolute concept as well. This is particularly
important when examining pro-poor growth in the non-income dimension of
poverty where the even pro-poor growth in the relative definition might not

be seen as sufficiently pro-poor.3

2.2 Multidimensionality of Pro-Poor Growth

The most glaring shortcoming of all attempts to define and measure pro-
poor growth is that they rely exclusively on one single indicator which is

4 This means that they are only focussed on MDG1 but leave out

income.
the multidimensionality of poverty which is taken into account in the other
MDGs. In this context, Kakwani and Pernia (2000) note that it would be
"futile" if one operationalizes poverty reduction via pro-poor growth using
just one single indicator because poverty is a multidimensional phenomena,
and thus pro-poor growth is also multidimensional.

Income enables households and/or individuals to obtain functionings.
This means, income serves to expand people’s choice sets (capabilities) (Sen
1988) and is therefore an indirect measure of poverty. In contrast, non-
income indicators measure the functionings of households and individuals

directly. Measuring poverty only with income assumes that income growth

is accompanied by non-income growth. However, the problem of focussing

3Consider the case where the poorly educated increased their education level from
1 to 2 years, an increase of 100 percent while the rich increased their education levels
from 10 to 12 years, an increase of 20 percent; this would be pro-poor growth in the
relative definition as relative inequality falls; but most observers would also note the rise
in absolute inequality and might therefore not consider this type of educational expansion
’pro-poor’.

“In this paper, we only consider income as the money-metric measure of living standard
and do not distinguish between income and consumption. For a detailed discussion on the
debate of income versus consumption as a measure, see, for example, Deaton (1997).



only on MDGI is that an improving income situation of households need
not automatically imply an improving non-income situation, thus, reaching
the other MDGs is not automatically guaranteed (for example, as shown in
Klasen (2000) or Grimm, Guénard, and Mesplé-Somps (2002)). While non-
income indicators have recently received more and more attention in the
concept and measurement of poverty® they have not in the concept of pro-
poor growth and no attempts have been made to measure pro-poor growth
on the basis of non-income indicators.

Following Sen (1988) our conceptual approach to introduce non-income
indicators in the pro-poor growth measurement starts with the selection of
non-income indicators determining the most important functionings of hu-
man welfare. In line with the MDGs (UN 2000a) we select education, health,
nutrition, and mortality as non-income indicators of poverty and follow the
most prominent multidimensional poverty indices like the Human Develop-
ment Index, the Human Poverty Index, and the Physical Quality of Life In-
dex by UNDP (1991, 2000). After having selected the indicators and defined
related variables we investigate whether non-income growth was pro-poor
between two periods. We do this exemplarily in applying the methodology
of the GIC to non-income indicators, but non-income pro-poor growth can
also be applied to other pro-poor growth measures. Next, we compare the

results based on non-income indicators with those based on income.

SExamples for recent studies examining the multidimensional casual relationship be-
tween economic growth and poverty reduction are Bourguignon and Chakravarty (2003),
Mukherjee (2001), and Summer (2003). Also international organizations point to the im-
portance of the direct outcomes of poverty reduction such as health and education (e.g.
Worldbank 2000; UN 2000a; UN 2000b).



3 Methodology

3.1 The Growth Incidence Curve

To answer the question if and to what extent growth was pro-poor one can
investigate the growth rates of the poor, i.e. those percentiles in the poverty
line who were below the poverty line in the initial period.®. A useful tool for
this purpose is the GIC (Ravallion and Chen 2003) which shows the mean
growth rate ¢; in income y at each centile p of the distribution between
to points in time, t—1 and t. The GIC links the growth rates of different

percentiles and is given by

GIC : gi(p) = yffg?) -1 (1)

By comparing the two periods, the GIC plots the population centiles (from
1-100 ranked by income) on the horizontal axis against the annual per capita
growth rate in income of the respective centile. If the GIC is above 0 for all
centiles (g¢(p) > 0 for all p), then it indicates weak absolute pro-poor growth.
If the GIC is negatively sloped it indicates relative pro-poor growth.

Starting from the GIC Ravallion and Chen (2003) define the pro-poor
growth rate (PPGR) as the area under the GIC up to the headcount ratio
H. The PPGR is formally expressed by

1
PPGR =g = 7 [ ai(p)dp )

which is equivalent to the mean of the growth rates of the poor up to the
headcount. What is normally done in poverty assessments is to compare the

PPGR with the growth rate in mean (GRIM). The GRIM is defined by

Hi
He—1
where p is mean income. If the PPGR exceeds the GRIM growth is declared

1 (3)

to be pro-poor in the relative sense.

5We assume anonymity throughout, i.e. we consider the growth rates of percentiles,
even though they contain different households in the two periods. For a discussion of this
and results when the anonymity axiom is lifted, see Grimm 2005



Examining pro-poor growth in the strong absolute sense one has to con-
centrate on the absolute changes in income of the population centiles between

the two periods. We define the absolute GIC or by

absoluteGIC : ci(p) = yi(p) — yi—1(p) (4)

which shows the absolute changes for each centile. By comparing the two
periods, the absolute GIC plots the population centiles on the horizontal axis
against the annual per capita change in income of the respective centile on
the vertical axis. If the absolute GIC is negatively sloped it indicates strong
absolute pro-poor growth.

Starting from the absolute GIC we define the "pro-poor change" (PPCH)
as the area under the absolute GIC up to the headcount H. The PPCH is
formally expressed by

1 &

PPCH = ¢ = o lect(p) (5)

which is equivalent to the mean of the changes of the poor up to the head-
count. We compare the PPCH with the change in mean (CHIM) which is
defined by

CHIMzét:,U,t—,U,t_l. (6)

If the PPCH exceeds the CHIM growth is declared to be pro-poor in the

strong absolute sense.

3.2 The Non-Income Growth Incidence Curve

3.2.1 Concept

The calculation of the non-income growth incidence curves (NIGIC) broadly
follows the concept of the GIC. Instead of income (y) we apply formulas
(1) to (6) to selected non-income indicators to measure pro-poor growth

directly via outcome-based welfare indicators. Thus, the NIGIC measures



pro-poor growth not in an income sense but in a non-income sense, e.g.,
the improvement of the health status or the educational level between two
periods for each centile of the distribution.

We calculate the NIGIC in two different ways. The first way we call
the unconditional NIGIC in which we rank the individuals by each respec-
tive non-income variable and calculate based on this ranking the population
centiles. For example, using average years of schooling of adult household
members, the "poorest" centile is now not the income-poorest centile but
the one with the lowest average household educational attainment.

The second way we call conditional NIGIC in which we rank the individ-
uals by income and calculate based on this income ranking the population
centiles of the non-income variable. With the conditional NIGIC, we capture
the problem that the assignment of the households to income centiles on the
one hand (GIC) and to non-income centiles on the other hand (unconditional
NIGIC) might not be the same. For example, the income-poorest group
might not be the education-poorest group at the same time. This means
that, in the conditional NIGIC, the centiles are income centiles, thus that
the poorest centile is the one with lowest income, but that the growth rates
are non-income growth rates, thus are calculated for, e.g., years of school-
ing of the income centiles. With the conditional NIGIC, we measure how
the development of the non-income indicators is distributed for the income
groups.

Both ways of calculating the NIGIC are of particular relevance for pol-
icy making. The unconditional NIGIC mirror the development of the social
indicators that are relevant for human welfare. Thus it can monitor how the
non-income MDGs have developed over time for different points of the non-
income distribution. Improvements will be particularly important for those
at the lower end of the non-income achievements and the NIGIC allows such

an assessment. The conditional NIGIC give an additional tool to investigate



how the progress in non-income dimensions of poverty was distributed over
the income distribution. This is also of relevance when evaluating distribu-
tional impacts of aid and public spending. Standard benefit incidence studies
for example analyze the impact of public spending by calculating shares of
the total spendings to each centile and comparing the shares of the income
poorest with the income richest centile (see, e.g., Van de Walle 1998; Van de
Walle and Nead 1995; Lanjouw and Ravallion 1998; Roberts 2003). But the
share of public spending for the poor serves only as a proxy for a real welfare
impact in terms of non-income achievements. With the conditional NIGIC it
is than possible to analyze the actual improvements in the particular social
sector over the income distribution. For example it provides an instrument
to assess if public social spending programs has reached the targeted income-
poorest population groups and if the public resources are effective allocated.
In this respect the conditional NIGIC might be a useful tool in the pro-poor
spending analysis to understand who benefits from public spending and to
what extent.

When interpreting the NIGIC, three issue need to be discussed. First,
in comparing the GIC and the NIGIC, one cannot deduce any causality
between income and non-income indicators. For example, from the curves
we can neither say that an improvement in income causes an improvement
in the health status nor that an improvement in the health status causes
an improvement in income. They simply show how improvements in income
and non-income indicators are related to each other, which might be due to
causal or spurious correlations. Second, one cannot compare the absolute
values of the growth rates of income and non-income variables because the
variables are measured in different dimensions such as monthly income and
years of schooling. One can only compare if the growth rates are positive
or negative and by how much the PPGR exceeds the GRIM. Lastly, due to

the different dimensions of the income and non-income indicators, and the

10



fact that many of the non-income indicators are bounded above (i.e. there
is an upper limit to survival prospects or to educational achievements), it
may well be plausible that different definitions of "pro-poor growth’ would be
appropriate for different indicators. While one may be satisfied that income
growth was pro-poor if it met the relative definition (the poor had higher
income growth rates than the rich), one may only call growth in educational
achievements pro-poor if the poor had higher absolute increments than the

non—poor.7

3.2.2 Specification of the Non-Income Indicators

We calculate the unconditional and conditional NIGIC for education, health,
nutrition, and for a composite welfare index (CWI) as described below. We
are working with DHS data for Bolivia from the years 1989 and 1998 that
do not contain information on income or consumption due to its focus on
demographics, health, and fertility. However, in our DHS data set, we use
simulated incomes based on a dynamic cross-survey microsimulation method-
ology (Grosse, Klasen, and Spatz 2005).% The basic idea of this simulation
methodology is the following. The authors use two kinds of surveys: first,
the DHS (of 1989 and 1998) and, second, the Bolivian household surveys
(the 2" EIH of 1989 and the ECH of 1999). Then they estimate an income

correlation in the household survey, apply the coefficients to the DHS, and

"A different way to deal with this problem would be to re-scale the non-income variables
by, for example, transforming the education indicator into a percentage shortfall from a
maximum level, say 16 years of education, and then define growth as the percentage
reduction in that shortfall. With such an indicator one may well decide to choose the
relative definition as sufficient to define pro-poor growth. As discussed below, this issue
will also arise when comparing the Gini coefficients of incomes with Gini coefficients in
non-income indicators

8For the calculation of the PPGR in the next chapter, we use the headcount of 77
percent as found in Klasen et al. (2004) for the moderate poverty line. We use the same
headcount for the calculation of the PPGR of all non-income indicators. Note that for the
GIC we always use the same household sample as for the NIGIC, thus, having different
GIC in all figures.

11



predict, i.e., simulate, incomes in the DHS.?

For each non-income indicator, we identify alternative variables to cap-
ture different trends and dynamics. For education, we specify eight different
variables. We calculate average years of schooling for all adult household
members and for males and females separately.!® Furthermore, we restrict
the sample to women aged between 20 and 30 as only this age group is likely
to have experienced a change in their educational achievement (the 20-30
year in 1999 represent a new cohort of women who were educated later than
the other cohorts; in contrast, the education of 30-40 year olds in 1989 should
not be be very different from the education levels of the 40-50 year olds in
1999). Then, we calculate the maximal education per household instead of
the average for all adults, males, females, and females aged between 20 and
30. The idea behind using these variables as an indicator is that it might
be sufficient that one household member is well educated to generate income
for the whole household and to provide a stimulating atmosphere for other

members (i.e., intra-household externalities) (Basu and Foster 1998).1!

9To provide some more detail, the authors estimate an income/consumption expendi-
ture model in the 1999 LSMS data restricting the set of covariates to those which are also
available in the 1998 DHS data and interacting all variables with a rural dummy. They
then use the regression to predict incomes in the DHS and add a randomly distributed
error term. They then repeat the procedure for the ETH of 1989, which is only available in
urban areas. When imputing incomes in rural areas, they use the model for urban areas in
1989 and add the results of the rural interaction terms from 1999, thus assuming that the
difference in the impact of income correlates between 1989 and 1999 did not change over
time. While the results work well in a validation test for 1999, there is a tendency that the
simulated income growth is higher than the observed one. This overprediction should not
bias the results in this paper, but it might be useful to test the results generated here with
a survey that contains detailed information both on income and on non-income variables.

10The DHS only includes households with at least one woman in reproductive age, i.e.,
aged between 15 and 49 who serve as respondents in the DHS. The education for the
male household members has to be taken from the memory of the respondents concerning
the education of their husband or partner (with the age of the men being unknown).
Households without women in reproductive age are excluded and unmarried men in the
households as well.

111 important issue is to be noted here: An overall problem of years of schooling as a
variable for educational attainment is that years of schooling do not a priory say anything
about educational quality and thus, the indicator should be treated with some caution.
This problem might be solved by using other data such as education test scores (like Pisa
scores). However, these data are not always available and if, not in the same data sources.
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For health we specified three different variables. We calculate infant
survival rates of children aged under 5 years and also for children aged under
1 year.!? Furthermore, we take the average vaccinations of children aged
between 1 and 5 per household, with a maximum of 8 possible vaccinations
for each child.!> The vaccination rate is a variable that represents access
to health care and preventive medicines. A similar variable has for example
been used in the monitoring of the health sector reform project in Bolivia in
1999 (Montes 2003).

For nutrition we use stunting z-scores as the variable that measures chron-
ical undernutrition for children aged between 1 and 5 years. The stunting
z-scores are defined as the difference of height at a certain age and the median
of the reference population for height at that age divided by the standard de-
viation of the reference population. It takes values between approximately -6
and 6, where values below -2 are considered as being moderately undernour-
ished and below -3 as being severely undernourished (see, e.g., Klasen 1999).
Problematic might be that the z-score contains a lot of "genetic noise" in
the sense that for example a low z-score interpreted as being undernourished
might simply appear because the parents are genetically short but the child
is small but well nourished and vice versa.

An alternative possibility to address the issue of the multidimensional-
ity is to aggregate several indicators to a composite welfare index (CWI).
Here, we follow the methodology of the Human Development Index (HDI)
to address the problem of difference scales of the variables (UN 1998). Each

variable that enters the index is normalized to be between 0 and 1 in sub-

2Tn our calculation, we use household child survival rates instead of child mortality
rates. An improvement in child mortality comes out as a lower value but this lower
value is mathematically interpreted as a deterioration. The linear transformation used
is: survival rate = (mortality rate — 1) * (—1). This means for example that a reduction
of child mortality from 80 percent to 60 percent is transformed into an increase in child
survival from 20 percent to 40 percent.

3The possible vaccinations are 3 against polio, 3 against DPT, 1 against measles, and
1 against BCG.
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tracting the individual value from the minimum value observed in the dataset

divided by the subtracting the maximum value from the minimum value

OWI — 1 z": individual,, — minimum
n

(7)

o mazimum — minimum
The CWI is constructed by simply averaging the sum of the selected variable
scores n. It includes four of the above explained variables: average education
of all adult household members, stunting z-scores, under 1 survival, and
average vaccinations.

As not all variables are given for all households (e.g., health and nutrition
variables are only available for households who have children), we calculate
the CWI for two different samples. The first sample, called small sample, is
the one for which all variables are available for all households. This reduces
the sample size enormously (in 1989, e.g., from 6,053 to 1,306 households)
and, more importantly, in a non-random fashion. The second sample, called
big sample, includes all households, but the index is averaged over fewer
variables for those households which do not have data for nutrition and/or
health variables. The advantage of creating the CWI based on the big sam-
ple is the higher number of observations but the disadvantage is that the
results for some centiles are driven by very few or only one variable. The
smaller sample has fewer observations but contains for all households the
same number of variables. For both the small and the big sample, we in

addition augment the indices by also including simulated income as a fourth

indicator.

3.3 Limitations of the Indicators

While we show below that these indicators yield important information, one

has to be aware of a number of inherent limitations which we want to high-

14The latter two variables do not enter separately but form a health sub-index as the
simple average of the two scores. In contrast to the HDI, we use the maximum and
minimum values defined by the data sets and do not use fixed maximum and minimum
values.
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light. The first limitation is the informational value of the calculated growth
rates of the NIGIC, where we interpret an ordinal relation in a cardinal
fashion. Examining an ordinally scaled variable one can say that 6 years of
schooling is better than 3 years but one cannot be sure to that the household
is twice as well- educated.!® This ordinal scaling leads to two different kinds
of interpretation problems.

First, averaging an ordinally scaled variable leads to a ranking problem
when assuming that education is one of the most important determinants to
generate income and reduce poverty (Osberg 2000). For example, comparing
two households A and B with two adults in each household where the house-
hold members of A have 0 and 12 years of schooling and of B have 6 and 7
years of schooling, household B has a higher average education than A. Now,
when B is ranked higher than A one ignores any kind of educational degrees
and the resulting differentials in returns to education. This means that the
person with 12 years of schooling might earn disproportionally more income
than both members of household B together, thus, household A should be
ranked higher than B. We address this problem in also using maximal edu-
cation per household.

Second, concerning increases in years of schooling, just comparing growth
rates might be misleading. For example, Table 1 shows for average education
an increase of 71 percent for the 274 decile compared to 8 percent of the gth
decile which might be overstating the improvement for the poor because the
years of schooling of the poor increase from 1.74 to 2.97 years of schooling
and those of the non-poor from 11.61 to 12.54. We address this problem
in calculating absolute NIGIC and pro-poor changes. However, even when
we use absolute changes which equal approximately 1, a further question

2th

remains open. An increase of 1.23 years of schooling of the decile might

15The same problem exists when interpreting income in a cardinal fashion, despite the
lacking foundation for such an interpretation, but this issue is normally neglected applied
discussions.
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be less beneficial, because perhaps the persons are still more or less illiterate,
compared to the increase of 0.93 years of schooling in the 9" decile, which
means completing secondary schooling and getting a degree.

Third, many of the non-income indicators are bounded above, i.e. there
are firm or likely upper limits on such achievements. 100 percent survival in
the first year is the upper limit for health, more than 20 years of education
is very rare, more than eight vaccinations is not recommended, etc. This
generates two problems. First, it may be the case (and indeed is the case
in Bolivia) that some households have reached the upper limit and further
growth is not possible. Moreover, one may assume ’declining marginal re-
turns’ to improvements in non-income indicators which would suggest that
a marginal year of schooling or another vaccination is less valuable when the
level of schooling or vaccinations is already high. There are ways to address
this problem, but we refrain from making any adjustments and just want to
highlight this potential issue.'¢

The fourth type of problem in comparing relative changes relates to the
stunting z-score. In our data sets, it ranges roughly from -6 to 6. Relative
changes in the stunting z-score cannot be calculated because of the coexis-
tence of negative, positive and 0 values in the variable range. For example,
how to compare the relative improvement from -2 to -1 with an improvement
from 1 to 2 from the year 1989 to 19987 We reduce this problem by trans-
forming the z-score in such a way that all values are positive, that means
by adding the minimum value of both data sets (in our case -5.89) to each
z-score to get a range of only positive numbers.

Another limitation is the problem of weighting which we illustrate with
the example of child mortality. For example, comparing two households A

and B where A has 1 child and B has 10 children the households should be
weighted differently when in each of the two households 1 child dies. House-

160One way to address this would be a logarithmic transformation of non-income achieve-
ments as is done for the income component of the HDI.
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hold A has a child mortality rate of 100 percent whereas B of "only" 10
percent. From an intrinsic point of view, it is obvious that both deaths are
equally lamentable. In this case one could think of just counting the death
per household independently of the total number of children. However, it is
less obvious from an economic point of view where children can be partly
considered as investment goods. Here, a higher mortality rate mirrors the
more heavy loss of one child in the one-child household A compared to the
10-children household B. The investment-good character comes from absence
or lack of social security systems in which case the children care for the par-
ents in the cases of unemployment, sickness, and old age (e.g., Ehrlich and
Lui 1997).17 Following these two extreme points of view, one might think of
weighting the death of children in households taking both arguments some-
how into account. But any weighting would, however, be quite arbitrary and
induce difficulties in justifying it with economic or welfare-theoretical judg-
ments. Keeping this critical issue in mind we use unweighted child survival
rates (leaving the weighting problems unsolved).

Weighting problems are also difficult with the nutrition indicator. A neg-
ative stunting z-score indicates malnourishment. But the z-score should not
be interpreted as a linear variable in the sense that an increasing z-score is al-
ways equivalent to an improvement in the nutritional status. From a certain
threshold onward, increasing z-scores might reflect no longer improvements
of the nutritional status but indeed quite the opposite. For example a child
with a very high z-score of 3 might not be better off as one with 0 because
she might be too tall for her age. This problematic holds even stronger
if one would consider wasting z-scores (weight over age). Here, increasing
z-scores strongly above 0 reflect instead overnourishment that affects the

health status in a negative manner.

170One complicating aspect arises when taking gender preferences for the children into
account. The loss of one child when considered as an investment good might depend
on the cultural habits (e.g., labor market opportunities for females and males, marriage
agreements, and the question who takes care of the parents in old age).
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Another limitation calculating the NIGIC is that some variables of the
non-income indicators do not vary much between households. This holds
especially for under 5 and under 1 survival which is very low in Bolivia at
the household level. For both years, Table 1 shows that up from the ond
decile, the maximum value 100 percent is already reached in both years, so
that no improvement is possible any more. This translates into growth rates
of 0, so that the unconditional NIGIC becomes flat and takes the value of
0 from the 2"%decile onward. The problem of flat curves always arises when
the variable values are bounded (as for example a maximum of 19 years of
schooling or 8 vaccinations).

Dealing with this limitation in a more general way the discussed variables
have a more discrete character in the sense that one either has survived or
not which makes it difficult to observe relative differences among individuals,
households, and over time. This is why these indicators (such as mortality
rates) are mostly generated and interpreted at an aggregate level. The only,
but small, variation evolves from taking household averages instead of indi-
vidual data. This is why these variables — and all kinds of dummy variables
— show little (and highly erratic, as shown below) variation for the pro-poor
growth analysis using GIC.

More interesting to examine are in these cases the conditional NIGIC, in
which we link the survival rates and vaccination to income. Here, low or 0
variation is less problematic than for the unconditional NIGIC because the
variables are ranked by income. As Table 2 and all figures show there is no
flat part any more. Now we generate interesting information regarding the
changes on the non-income indicators when ranked according to their income

situation and how improvements are distributed.
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4 Empirical Illustration

4.1 Inequality

Bolivia is one of the countries with a very unequal income distribution in
Latin America. We find high and persisting income inequality as measured
with the Gini coefficient that falls from 0.56 in 1989 to 0.54 in 1998 (Table 1).
This high inequality is also reflected in the high and only slightly falling 90:10
ratio. Turning from inequality to growth we find that all deciles increased
their incomes. Especially in the 1990s, Bolivia experienced relatively high
growth rates (which also were pro-poor in urban and rural areas). However,
Bolivia was and is one of the poorest countries of the region, and the positive
economic trend has reversed since 1999 combined with some episodes of social
and political turmoil. As concerns social indicators such as life expectancy
or literacy, Bolivia used to show much worse outcomes compared to other
countries in the region. However, there have been notable and sustained
improvements in many social indicators since the late 1980s which continued
to improve during the recent economic slowdown (see, e.g., Klasen et al.
2004).

The Ginis for education variables are all in the range of 0.40. As stated
above, due to the boundeness of the variable, one cannot infer directly from
this that educational inequality is in some sense substantively smaller than
income inequality.'® For all educational variables the Ginis fall between 1989
and 1998, which is likely due to the fact that the rich have already reached
high levels of education and the poor are catching up. Interesting to note is
that the highest Ginis exist for the group of all respondents both for average
and maximal education indicating a gender bias in educational achievements.

These findings are also reflected in the 90:10 ratio. The conditional deciles

180ne should also be aware of the fact that the calculation of the Ginis of the social
indicators are based on discrete variables. Thus no continuous Lorenz curve exists, so
the simple Ginis should be interpreted with caution. An attempt to face this problem
would be to follow the methodology of Thomas, Wang, and Fan (2000) who calculate Gini
coefficients for education.
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also show that the level of schooling increases with increasing income for all
educational variables, but the 90:10 ratio is much lower than in the uncondi-
tional case. We find that an improvement has been made for all educational
variables in all deciles for both the unconditional and the conditional case
(Tables 1 and 2).

The extremely low Ginis for the under 1 and under 5 survival rates can
be explained by the low overall incidence of child mortality in Bolivia at the
household level. For both age groups, child mortality is about 10 percent.
The conditional deciles indicate that the risk of child mortality is higher for
the income-poor compared to the income-rich. For vaccination we find only
little improvements over time for the lower deciles and also for the higher
deciles, which is also due to the fact that the best vaccinated deciles had
only limited room for improvements. The inequality of the stunting z-score
is relatively low and falls slightly. Malnutrition decreases with an increas-
ing position in the income distribution, but the differences for the income
deciles are lower but clearly existing. The CWTI reflects the findings from
above where the Gini coefficients decrease for the selected variables (Table
3). Both for the CWI excluding and including income the Gini coefficient is
higher for the big sample than for the small sample indicating between-group

inequality.'”
4.2 Pro-Poor Growth

Figure 1a shows the unconditional and conditional (normal and smoothed?’)
NIGIC for average education per household and the GIC. Figure 1b shows
for this variable the absolute changes measured both unconditionally and

conditionally and the absolute changes in income.

[please insert Figure la and 1b here|

19This between-group inequality is driven by the higher degree of homogeneity in the
small sample.

20 A the conditional are very volatile, we additionally include the smoothed conditional
NIGIC in the figures to show the major trend of the curves.

20



The GIC shows weak absolute (curve lies above 0) and relative pro-poor
growth (negative slope) for Bolivia between 1989 and 1998. For the uncon-
ditional NIGIC, we find weak absolute as well as relative pro-poor growth.?!
The relative pro-poorness of average education is reflected comparing the
PPGR with the GRIM where the PPGR for moderate poverty is 3.89 per-
cent and the PPGR for extreme poverty 4.88, both higher than the GRIM
of 1.80 percent (Table 4). The conditional NIGIC is more volatile than the
unconditional NIGIC and also shows weak absolute and relative pro-poor
growth but to a lower extent. Thus, the conditional NIGIC shows that the
income-poor have experienced slightly higher educational growth than the
average. This is also reflected in the higher PPGR (2.00 percent for mod-
erate and 2.24 percent for extreme poverty) compared to the GRIM (1.80
percent).

Figures 2a and 2b show the results for average vaccination. The uncondi-
tional NIGIC shows pro-poor growth in the weak absolute and is also slightly
negatively sloped. Table 4 confirms the pro-poorness in the relative sense.
Here both PPGR exceed the GRIM. However, improvements are relatively

low which was also shown in Table 1.
[please insert Figure 2a and 2b here]

The conditional NIGIC shows no clear pro-poor growth trend. In addi-
tion, the PPGR are lower than the GRIM and for some deciles we even find
a deterioration. The same findings also hold for the absolute curves. This
finding reveals that the relative pro-poor growth might not be enough for the
poor and that absolute increases (the amount of additional vaccinations) are

of particular weight. Finally it is essential for the health status of children

2L A noteworthy point appears when looking at the upper part of the unconditional
NIGIC and their absolute changes. In the range of the 7th and gth decile, all curves
fall below 0 and become positively sloped afterward. This reduction might not be a
deterioration but might be due to a reform of the schooling system.
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and the country as a whole to have all possible vaccinations. The condi-
tional absolute NIGIC shows that the improvements are relatively equally
distributed amongst the income groups.

When examining the high relative growth in the unconditional NIGIC for
education and vaccinations, Figures la and 2a do not report growth rates for
the very poor deciles. This is due to two reasons. First, the very poor began
and ended with no education and no vaccinations (see discussion below).
Second, the slightly between off started with no education or no vaccination
and ended up having positive levels of education and vaccinations in the
second period. But in this case the growth rate is not defined and thus
not reported. The very high growth rates that appear on the graphs at the
left are thus based on percentiles who had some small amount of education
and vaccinations and even a moderate expansion translates into a very high
growth rate.

Turning to the absolute growth incidence curves, the absolute GIC clearly
shows that income growth in Bolivia was strongly anti-poor using the strong
absolute definition. The absolute increments of the rich far exceed those of
the poor, as is the case in most countries.

We do not find strong absolute pro-poor growth because for both the
absolute unconditional NIGIC for education as the slope is not negative, but
even positive for the poorest deciles. This is quite interesting because it puts
the findings of the unconditional NIGIC in Figure la in perspective where
we have found high relative pro-poor growth for the first 3 deciles. This
seemingly contradictory finding is largely due to the high growth rates for
the lower deciles which results from the very low base in 1989. The absolute
conditional NIGIC is virtually flat, meaning that the income-poor have not
been able to improve their educational attainment by more than the average.
These findings are also reflected in comparing the PPCH with the CHIM.

As Table 4 shows the unconditional pro-poor change is still larger than the
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change in mean, however, only slightly: the average years of schooling only
increased by 1.18 years in mean and by 1.30 years for the moderately poor
and 1.34 for the extremely poor. For the absolute conditional changes and
for both poverty lines, the CHIM is higher than the PPCH of 1.01.
Examining the absolute unconditional NIGICs for education and vacci-
nations also reveal an important finding regarding the very low tail of the
distribution. As Figures 1b and 2b show, the very education and vaccination-
poor had no education (vaccinations) in the first period and this continued
to be the case in the second period. This is true for the first few deciles in
the education indicator and nearly the entire first decile in the vaccination
indicator. Thus whatever expansion has taken place in non-income improve-

ments, it bypassed a core group of very poor.??

For all the other educational variables we confirm the findings above.??
Comparing the results for females with males, we again find signs for gender
inequality which are most obvious in the lower percentiles. But we find that
the gender inequality seems to have been reduced because the average and
maximal education for females increased by more years than for the other
groups, especially for males (Tables 1 and 4). However, the women in the all
respondents sample started from a lower level and are on average still worse
educated.

For both survival variables the unconditional NIGIC and the absolute
NIGIC are only interpretable for the first few deciles where they show clear

4™ decile onward in the case

improvements, but they become flat from the
of under 5 survival since 100 percent survival is already reached as shown in

Figures 3a and 3b. Also the conditional NIGIC, which oscillate closely to 0

22The findings with the education indicator have to be treated with some caution as
they may simply say that adult women that had no indication in the first survey continue
to have no education in the second survey which is to be expected in the absence of adult
education programmes. This is not the case, however, with the vaccination indicator as it
refers to children between ages 1 and 5 and thus it is indeed worrying that a new cohort
of children has grown up without any vaccinations.

23Graphs are not shown here but available on request.
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but always above, reflects the moderate and more or less equally distributed
mortality risk for the income groups. However, the deciles of Table 2 show

an income gradient of mortality risk.
[please insert Figure 3a and 3b here|

Figures 4a and 4b show the NIGIC for stunting. The unconditional
NIGIC indicates weak absolute and relative pro-poor growth. For the con-
ditional NIGIC we only find weak absolute but no relative pro-poor growth.
These results are also found when looking at the PPGR and the GRIM for
the stunting z-score. Both absolute NIGIC show that the absolute changes

are distributed nearly equally over the sample.
[please insert Figure 4a and 4b here|

Aggregating the several variables in the CWI, Figures 5a and 5b sum-

marize the development of the social indicators in one single NIGIC.
[please insert Figure 5a and 5b here|

As expected we find pro-poor growth in the weak absolute and relative
sense for the unconditional NIGIC. Looking at Table 4 we find very high
relative pro-poor growth as both PPGR clearly exceed the GRIM. As being
somewhat more volatile the conditional NIGIC shows also pro-poor growth
in the weak absolute but not in the relative sense. Asking for pro-poor
growth in the strong absolute sense we find a anti-poor trend for the lower
end of the distribution for the unconditional absolute NIGIC and a more or
less equally distributed trend for the conditional absolute NIGIC.

Altogether, for nearly all variables, we find the strongest increases in the
unconditional absolute NIGIC for some medium groups and not for the poor-
est groups. For most of the centiles, we find weak absolute pro-poor growth,
but we do not find relative pro-poor growth, especially not for the poor-

est. These outcomes mirror the findings of previous analysis about poverty
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in Bolivia (Bolivia 2001; INE 2004; Worldbank 2004a) which also find im-
provements in income and non-income poverty but not for the very poor.24
Nevertheless, Bolivia remains one of the poorest countries in Latin America

in the income as well as in the non-income dimension.

5 Conclusion and Outlook

We introduced the multidimensionality of poverty into pro-poor growth mea-
surement. The purpose is to overcome the major shortcoming of the existing
pro-poor growth measurements which are exclusively focussed on income but
give no information on how social indicators changed over time for poor pop-
ulation groups. The aim is to better monitor the MDGs and not only to focus
on the income dimension of poverty.

In our approach, we apply the methodology of the GIC to non-income
indicators and investigate pro-poor growth of non-income indicators. We
analyze how income and non-income indicators changed in favor of the poor.
Also we analyze how social indicators have developed when they are linked
to position in the income distribution. This is of special interest when evalu-
ating distributional welfare impacts of aid and public spending. Furthermore
we take absolute inequality explicitly into account and analyze if absolute
improvements are large enough for the poor to catch up. Reducing absolute
inequality in social indicators is crucial for sustainable development and for
equal choices.

We exemplarily illustrate this approach using data for Bolivia from 1989
to 1998. We find improvements both in the income and non-income dimen-
sions of poverty which is a common finding for Bolivia. Growth was pro-poor
in the weak absolute and the relative sense both for income and non-income

indicators whereas we find no pro-poor growth in the strong absolute sense

2Most of the improvement furthermore benefited mainly the urban population with
little improvement in the rural areas.
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for income and only limited strong absolute pro-poor growth for the middle
centiles for non-income indicators. Summarizing the results when social in-
dicators are linked to income, we find that improvements are more or less
equally distribution over the income groups.?® Thus, there is not at all a
perfect overlap of income-poor and of non-income-poor households. The
absolute changes show that the poor have not benefited disproportionately
from the improvements. This means that relative pro-poor growth does not
automatically mean that the poor catch-up with the non-poor in absolute
terms because we find that relative income and non-income inequality have
fallen but not absolute inequality.

One should bear in mind that the findings regarding the NIGIC come
from a period when there were great advances made in social indicators,
particularly among middle and lower income groups. When translating these
measures to other countries (particularly in Africa) it could well be that the
NIGICs would show there that growth was anti-poor also in the relative
sense (and maybe even in the weak absolute sense in some countries).

When calling for pro-poor growth as the most significant policy measure
to achieve the MDGs policy makers should not only focus on income pro-
poor growth rather on multidimensional dimensions of pro-poor growth and
thus take non-income indicators explicitly into account. We have shown the
income-poor are not automatically the ones that benefit most from growth
in social indicators. In addition, policy makers should also give attention to
pro-poor growth in the strong absolute sense in order to accelerate progress

in meeting the MDGs.

250One has to note again that the data used is not panel data. Additionally, for the
two-dimensional view of the conditional NIGIC it is even more crucial to keep in mind
that we do not consider the same households and that the trends of social indicators of
the income-poor have nothing of a panel character (Grimm 2005).

26



References

Atkinson, A., and A. Brandolini. 2004. “Global World Inequality: Absolute,
relative or Intermediate.” presented at the 28th General Conference
of the International Association in Income and Wealth, August 22-28,

Cork, Ireland.

Basu, K., and J. Foster. 1998. “On Measuring Literacy.” Economic Journal

108 (451): 1733-1749.

Bolivia. 2001. “Bolivia: Poverty Reduction Strategy.” Repiblica de Bolivia.
La Paz.

Bourguignon, F., and S. Chakravarty. 2003. “The Measurement of Multi-

dimensional Poverty.” Journal of Economic Inequality 1:25-49.

Deaton, A. 1997. The Analysis of Household Surveys. A Microeconomic
Approach to Development Policy. Published for the World Bank, John

Hopkins University Press, Baltimore and London.

Duclos, J., and Q. Wodon. 2004. “What is Pro Poor?”” Working Paper
04-25, CIRPEE.

Ehrlich, I., and F.T. Lui. 1997. “The Problem of Population and Growth:
a Review of the Literatur from Malthus to Contemporary Models of
Endogenous Population and endogenous growth.” Journal of Economic

Dynamics and Control 21 (1): 205-242.

Grimm, M. 2005. “Removing the anonymity axiom in assessing pro-poor
growth. With an application to Indonesia and Peru.” IAI Discussion Pa-
pers No. 113, Ibero America Institute for Economic Research, University

of Géttingen.

Grimm, M., C. Guénard, and S. Mesplé-Somps. 2002. “What has happened

to the urban population in Cote d’Ivoire since the eighties? An analysis

27



of monetary poverty and deprivation over 15 years of household data.”

World Development 30 (6): 1073-1095.

Grosse, M., S. Klasen, and J. Spatz. 2005. “Creating National Poverty
Profiles and Growth Incidence Curves With Incomplete Income or Con-
sumption Expenditure Data.” Background Paper for the Study: Opera-
tionalizing Pro-Poor Growth - Country Case Study Bolivia. IAI Discus-
sion Papers No. 129, Ibero America Institute for Economic Research,

University of Goettingen.

Hanmer, L., and D. Booth. 2001. “Pro-Poor Growth: Why do we need it?”
Mimeo. London: ODI.

INE. 2004. “Encuesta Nacional de Demografia y Salud 2003.” Informe

Preliminar. La Paz.

Kakwani, N., and E. Pernia. 2000. “What is Pro-Poor Growth?” Asian
Development Review 18 (1): 1-16.

Kakwani, N., and H. Son. 2000. “Pro-Poor Growth: Concept, Measurement,
and Application.” Unpublished mimeo, University of New South Wales,
Sidney, Australia.

Klasen, S. 1999. “Malnourished and Surviving in South Asia, Better Nour-
ished and Dying Young in Africa. What can Explain this Puzzle?” Pa-
per Presented at European Society for Population Economics Annual
Conference, Turin, 24.-26.6.1999. Sonderforschungsbereich 386: Analyse

Diskreter Strukturen. Discussion Paper 214.

. 2000. “Measuring Poverty and Deprivation in South Africa.” Review

of Income and Wealth 46 (1): 33-58.

—— 2004. “In Search of the Holy Grail. How to Achieve Pro-Poor
Growth.” In: B. Tungodden and N. Stern (eds.), Towards Pro Poor
Policies. Proceedings from the ABCDE Europe Conference, Washing-
ton, D.C.

28



Klasen, S., R. Thiele, M. Grosse, J. Lay, J. Spatz, and M. Wiebelt. 2004.
“Operationalizing Pro-Poor Growth - Country Case Study Bolivia.” IAI
Discussion Papers No. 101, Ibero America Institute for Economic Re-
search, University of Gottingen.

Lanjouw, P., and M. Ravallion. 1998. “Benefit Incidence and the Timing of

Program Capture.” World Bank.

McCulloch, N., and B. Baulch. 2000. “Tracking Pro-Poor Growth.” ID21

insights No.31. Sussex: Institute of Development Studies.

Montes, C. 2003. “Results-Based Public Management in Bolivia.” Overseas

Development Institute Working Paper 202.

Mukherjee, D. 2001. “Measuring multidimensional deprivation.” Mathe-
matical Social Sciences 42:233-251.

OECD. 2001. “Rising to the Global Challenge: Partnership for Reducing
World Poverty.” Statement by the DAC High Level Meeting. April 25-
26, 2001. Paris: OECD.

Osberg, L. 2000. “Schooling, Literacy and Individual Earnings.” Statistics

Canada, Ottawa, Canada.

Ravallion, M., and S. Chen. 2003. “Measuring Pro-Poor Growth.” FEco-
nomics Letters 78 (1): 93-99.

Ravallion, M., and G. Datt. 2002. “Why has economic growth been more
pro-poor in some states of India than others?” Journal of Development

FEconomics 68:381-400.

Roberts, J. 2003. “Poverty Reduction Outcomes in Education and Health:
Public Expenditure and Aid.” Overseas Development Institute Working
Paper 210, ODI, London.

Sen, A. 1988. “The Concept of Development.” In Handbook of Development

Economics, edited by H. Chenery and T. Srinivasan, Volume 1, 9-26.

29



Son, H. 2003. “Approaches to Defining and Measuring Pro-Poor Growth.”
Mimio. World Bank.

Summer, A. 2003. “Economic and Non-Economic Well-Being: A Review of
Progress on the Meaning and Measurement of Poverty.” Paper Prepared
for WIDER Conference: Inequality, Poverty and Human Well-Being,
May 30-31, 2003, Helsinki.

Thomas, V., Y. Wang, and X. Fan. 2000. “Measuring Educational In-
equality: Gini Coefficients of Education.” World Bank Working Paper
2525.

UN. 1998. “Human Development Report.” New York, United Nations.

. 2000a. A Better World for All. New York. United Nations.

. 2000b. “United Nations Millennium Declaration.” United Nations,
A /RES55/2.

UNDP. 1991. “Human Development Report 1991.” New York.

. 2000. “Human Development Report 2000.” Technical Report. pp.
269-273.

Van de Walle, D. 1998. “Assessing the Welfare Impacts of Public Spending.”
World Development 26 (3): 365-379.

Van de Walle, D., and K. Nead, eds. 1995. Public Spending and the Poor
- Theory and Evidence. Published for the World Bank, John Hpkins

University Press, Baltimore and London.

White, H., and E. Anderson. 2000. “Growth versus Distribution: Does the
Pattern of Growth Matter?” Devopment Policy Review 19 (3): 267—289.

Worldbank. 2000. “World Development Report 2000/01 - Attacking

Poverty.” New York: Oxford University Press.

—— 2004a. “Bolivia Poverty Assessment: Establishing the Basis for
more Pro-Poor Growth.” Report No. 28068-Bo.

30



— . 2004b. “Outline World Development Report 2006.” July. World
Bank.

31



"SUOI)R[NOTR)) UM() [224N0S

‘PIOY9SNOY “g- MO[9q SI 9103S-Z I9Y JI PIIUNIS 9C O} PAUYSP PIIYD © Y3im (P[OYISNOY 9Y) I9A0 poSerone)

Juspuodsal Yoes JO PIIYD WIOq Jse[ o) JO 9I102s-Z Surjunyg :uonLIny "HE jsurede [ pue ‘so[seawt jsurede [ ‘I, J( Isurede ¢ ‘orjod jsurede ¢ oIe SUOIJRUIIIRA
a[qissod oY} a19YM ‘T WY} I9P[O P[OYASNOY S} U USIP[IYD Y} JO SUOIJRUIIILA SSRIDAY :SUOIPRUIdIIRA ‘P[OYASNOY S} I9A0 paSeloAr aIe sojel [ealaIng -ordures ot
09 1oud sreak (g) QT uloq WLIP[IYD Jo ojdures oY) dxe) oM PUR SUOIYLUIIISO d[e) OJI[ YIM PIJRUISd oIe [eAIAING (T) ¢ Iopu() :yjeely -Ioujred Ioy JOo UOIYeINDd
91} smowy| yuapuodsar o) Yorym I0j ‘so[dnod AJuo are sroujred pue sjuepuodsey] ‘proyesnoy Iod sreak o[Suls ofeIoA® UT PAINSBIW oI UOIIRONPS I0J SO[qRIIRA [
:uoryeonpy “(00T=S66T Jo I1dD) Yyruow i1od souerarjog ur ejrdes 1od oWOdUT P[OYaSNOY [ed}] :9WI0dU] SUIMO[[OJ 9Y) ST S9[qeLIeA dY) I0] Uorjeue[dxo oY, §970N

910  pU 90°T- 11 G0°0 000-  0£0- 6.0~  6T'T-  SST-  &61-  €Fe 19" 01008~z Surjunig
UOTILIIN N
920 6888  8F'G 008 00'8 00'8 iAW) VL9 88°G T6¥ vLE €T 600 (1=<08e) piyo 1od uoreuIRA OBRIOAY
900 62z €9°€6 00001  00°00T 0000 00°00T 00°00T 00°00T 00700 00001 63€6 L9'EY (%) eyed [eataIms piyd T 10puf)
800 9Tz ©9°06  00°00T  00°00T 00°00T 00°00T 00°00T 00°00T 0000 0L06 9¢0L €09 (%) o¥ed [eAtams piyd G 10puUf)
BRI
9¢'0  99'1€  96'L YOLT  69FT 0001 99°6 £L'8 v9°L 61°G 68°¢  9TT VS0 szoujIed Jo UOTIRONDS [RUIIXEIN
ge0  6F8T  T8L 99T  0LTl 0001  8%6 0’8 80°L ce'g SFyF  00€ 680  (0€ Pue Og weemyaq) ployesnoy 1od uorpesnpe [EWIXe[y
wo pu 85°9 69T  GL0T  TF6 7€'8 89'9 9T'g ¢6°¢ LT 98T 000 sjuopuodsou [[e Jo p[oyosnoy fod uoreonpo [ewWIxey
€0 0911 ¥L'S YOLT  9L°ST  TILOT 0001 10°6 £7°8 759 187 sk'e P proyesnoy 1od woryRINpO TRUWITXRIN
9’0 69TIT  98°L YOLT  €¢FT 0001 096 8¢'8 1L er'g g8'¢ €T ¥S0 szougred jo uoryeonpo oferony
€0 9L9T 908 6991 ILET 666 66°6 66°8 86°L cF'9 00¢  SF'¢ 660 (0 pue Oz ueamioq) sjuopuodsor Jo uoyeONPo ofeIoAy
wo pu 87°9 691  SL0T  TV'6 ve's 89'9 9T'g c6°¢ gLe 9T 000 sjuopuodsor [[e Jo uoreonps oferony
Ge'0 P8I 'L Y091 €Tl 18°6 0L'8 vEeL 90°9 8L¥ I°¢ L8C 180 uoIyeoNpo oFeIoAY
uoryeonpry
$G0  LTPE  OT'GIS  99°Chel  LT'G9C  0T°698  F9'69¢  C1'€0z  68°GST  CT6IT 9368  09'€9  LE9g owoou|
8661 ‘([eUonIpuodun) S9YA(T Y} Jo ULdN
610 pu 79 T- 88°0 000- G0~ 060~  €&T-  0LT-  IT'e-  0S% 10§ LU'¥- 01008~z Surunig
UOILIN N
820 001 0€°g 00'8 00'8 86°L 012 979 L9°G L9F 67'¢ 88T 800 (1=<o8e) piyo 1od uworjeurORA OSRILAY
L00  TF'T 996 00°00T 00700 0000 00°00T 00°00T 00°00T 0000 00001 1£'88 T¢I (%) eyel [eataIns piyd T 10puf)
10 09  %0°.8 0000  00°00T 00°00T 0000 0000 00001 #9%6  I8GL 90F9 €¥8¢ (%) e¥ed [eATAImS PIYD G I0pU[)
BRI
¢ro  pu 60°L 68°9T  ¥8Tl  ¥9TIT 888 GL9 0%'g oTy g8z LET 000 szoujred Jo UOYRONPO [BWIIXEIA
070 €9'€el 899 0L%T 001  IT'TT  99'8 799 00°g 98°¢ 06z  L9T 110 (0g pue (g Ueemjaq) ployesnoy Jod uoreonpe [ewIxe[y
g0 pu 0¥'g ST'GT  99TT 898 ¥T'9 oL ve'e 12T 62T 000 000 sjuspuodsal [[e Jo ployesnoy 1od uoresnps ewxey
8€'0  9e°¢E  F9'L 86'9T  L8'€l  66'T1 8.6 05°L 88°G z8'v Tee TeT  8F0 ployesnoy 1od uoryeonpe [BWIxej
o pu $6°9 LL9T  0LTl SEIT LS8 44 0€°g €Ty €8 S€T 000 stoujred Jo uoIEINPS SFRILAY
6€0 SEIIL 699 8F¥T 00Tl ST Il T6'8 10°L 8T°G 0Ty g6z LT €T0  (0g pue Oz weamjaq) sjyuepuodser Jo uoTyeINPd oFRIOAY
g0 pu 1€°g €TgT  99'TT  8¢'8 v2'9 oLy ve'e 12T 62T 000 000 sjuspuodsal [[e Jo uoreonps ofetony
gr0 6069 €09 0z°6T  €LT1 86 &) 19°G 8T°¥ 0%°¢ 92z 1€T  TT0 uoIjeONpo oFeIeAY
uoryeonpy
9¢'0  9F'6E  6E€IG  65°€98  9£'89¢  TT'OFG  80°LLT  6£TET 19001 €eLL  09LS L3OV 881 owoou]
6861 ‘([euonIpuOOUN) SADA(] OY) JO ULSIN
wrH Q06 URely 01 6 8 L 9 g i g (4 1

(866T Pu® 686T “BIAIOY ‘[eUONIPUOdU())
So[qelLIRA Pje[dY PpU® SIOJRDIIPU] SUWIOJUT-UON]

T °19®L

32



"SUOI)R[NOTR)) UM() [224N0S

‘PIOY9SNOY “g- MO[9q SI 9103S-Z I9Y JI PIIUNIS 9C O} PAUYSP PIIYD © Y3im (P[OYISNOY 9Y) I9A0 poSerone)

Juspuodsal Yoes JO PIIYD WIOq Jse[ o) JO 9I102s-Z Surjunyg :uonLIny "HE jsurede [ pue ‘so[seawt jsurede [ ‘I, J( Isurede ¢ ‘orjod jsurede ¢ oIe SUOIJRUIIIRA
a[qissod oY} a19YM ‘T WY} I9P[O P[OYASNOY S} U USIP[IYD Y} JO SUOIJRUIIILA SSRIDAY :SUOIPRUIdIIRA ‘P[OYASNOY S} I9A0 paSeloAr aIe sojel [ealaIng -ordures ot
09 1oud sreak (g) QT uloq WLIP[IYD Jo ojdures oY) dxe) oM PUR SUOIYLUIIISO d[e) OJI[ YIM PIJRUISd oIe [eAIAING (T) ¢ Iopu() :yjeely -Ioujred Ioy JOo UOIYeINDd
91} smowy| yuapuodsar o) Yorym I0j ‘so[dnod AJuo are sroujred pue sjuepuodsey] ‘proyesnoy Iod sreak o[Suls ofeIoA® UT PAINSBIW oI UOIIRONPS I0J SO[qRIIRA [
:uoryeonpy “(00T=S66T Jo I1dD) Yyruow i1od souerarjog ur ejrdes 1od oWOdUT P[OYaSNOY [ed}] :9WI0dU] SUIMO[[OJ 9Y) ST S9[qeLIeA dY) I0] Uorjeue[dxo oY, §970N

pu 90°T- vh0- 6.0~ 060~ 10T~ ST'T- LTI~ LT~ 0€T-  SFI- 99°T- a100s-z Sunpunig
UOTILIIN N
Vel 8h'g €79 €6'S 66°G VLG ov'g ve'e LTS T0e  9%'S  61°G (1=<08e) piyo 1od uoreuIRA OBRIOAY
€0'T  €9€6 6096 6976 ©T'e6  19%6  6IT6 1006  1¢€6 STV6  €FTV6  GVe6 (%) eyed [eataIms piyd T 10puf)
OT'T 2906  ¥2'e6 1626 9066  FF'06  9L68  T806 V688 6268 €106 8698 (%) o¥ed [eAtams piyd G 10puUf)
el
€LC  T6L 90°¢T  99°0T 996 89'8 8L°L 8T°L T€9  66'C  6TC  6LT szoujred Jo UOIIRONDD [RUIXEN
£0'¢  T8L grel L8001 1L v9'8 17’8 £6°L L0, e g0 eV (0g pue (g weemjaq) ployesnoy Jod uorpeonpo [ewIxely
6L¢ €99 PLTT 62°6 02'8 z9'L 1¢°9 £€8°G R A 2 A A S () 3 sjuopuodsou [[e Jo p[oyosnoy fod uoreonpo [ewWIxey
8¢z VLS 6L€T  FPIT 90T GL'6 8.8 66°L L69 €99 98¢ ¥E'g poyesnoy 1od uoIeONpo [RWIXEN
€LC  T8L 96T 0F'0T  ¥¥'6 96'8 69°L 90°L 929  6'C TS WLV szougred jo uoryeonpo oferony
8¢'¢ 0’8 ¥SIT  €F0T 886 876 L8 16°L geL  gr9  gee 68T (0g pue 0g ueemioq) syuepuodser Jo uorpednpo oBeIoAy
6L €99 VLT 62°6 0%'8 c9'L 169 €8°¢ 8V 8FF  TLe  Or'E sjuopuodsor [[e Jo uoreonps oferony
I S () eg'gl G8'6 28’8 60'8 ) 940) Sr9 0TS LYV 36€ uoIyeoNpo oFeIoAY
uoryeonpy
LTPE  0T'2le  99Thel  L3'SSe 02698  F79'69c ST'€0c  68°GGT  GZ'6TT 9268 09'€9  LE9E owoou|
866T ‘([eUOIIPUOD) SO[DA(T oY) JO UBSN
U FCT- T8°0- 8T'T-  9¢'T- L&~ .91~ @S- ILT- 681 LT~ GLT- 01008~z Surunig
UOTILIIN N
€T 0£G 69 91°9 z8'9 107G 1¥°g 60°C gg'e  L0¢ 6.7 6T'S (1=<%e) prryo 1od uopjeurORA 9FeIoAY
g0'T  ©SE6  €FT6  68°€6  GEW6  GVE6 98°€6 PET6  FLT6 9616 €016 9F'I6 (%) eyel [eataIns piyd T 10puf)
80T  FOL8  00'T6 9016  TI¥'88 91’88 PP'L8  T8G8  C0'G8 €898 F6'98 VTS (%) e¥ed [eATAImS PIYD G I0pU[)
el
org  ITL ovgl 8101  ¢8'8 v8'L 16'9 2g'9 ee  goe  OI'F  00F szoujred Jo TOTYRONPd [RTIIXRIN
6£€ 899 2801 £9°6 91’8 87'8 ) gg'9 gle €87 0cF  6T'c  (0€ pue Oz ueamipq) proyesnoy iod UOIIEINPa [BWIXEIN
o®F  €9°G 89°01 0L'8 6T°L ve9 s 697 cLe  9Te  €6T 03T sjuspuodsa [[e Jo p[oyesnoy 1od uoreonps [ewrxejy
00€  F9L 66T €CIT €L6 0L'8 ) 80°L 6¢  gge LY IE ployesnoy 1od uoeINpPo [RWIXEIN
91'¢ 869 9z¢T  ¥00T  89'8 g9°L €L°9 07’9 0z¢  96%  €0F  88¢ szeuyred jo uoryeonpe sfeIeAy
LT 699 L1701 736 78'8 ce'8 90'8 8L°9 16 0z¢ 97  0ge  (0g pue Og ueemieq) syuepuodsal jo UOTYEINPO oFEIAY
g8y 1¢°g 8901 0L'8 61°L ve9 s 697 qLe  9Te  €6T 03T sjuspuodsal [[e Jo uoreonps ofetony
e €09 Y11 LE°6 76°L 66°9 L0°9 ve'e vy 1TV 8ve 10 uoIjeONpo oFeIeAY
uoryeonpy
oOF'6e  6EEIC  6£°€98 98898 TT9PC  80LLT  6£TEl  T9°00T  €€LL  0SLS  LTOV  88'IC owoou]
6861 ‘([BUOIIPUOD) SODA( O} JO UBSIN
01:06  uedy 01 6 8 )) 9 g v g (4 T

(8661 Pu® 6861 ‘BIAIOY ‘TRUOINIPUO)))
So[qeLIRA POIR[dY PUR SIOJRIIPU] 9UWODUT-UON

¢ °l9&L

33



SUOTJR[NO[R)) UM() [92IN0G
"Surjungs pue ‘(T=<oSe)
Py 1od uorjRUDIRA 9FRIoAR ‘O)Rl [RAIAINS OAY IOPUN ‘P[OYSSTIOY JO UOIFRONPD IFRIIAR SOPN[OUL XOPUI dIej[om 9)ISOdU0d oY I,y SOJON

- €91 L€°0 67’0 €0 0FP0 6€0 9¢0 90 ¥EO €0 €€0 <CEo opdures 3rgg

- €91 70 ¢g’0 9’0 F¥PO €0 0FV0 6€0 LEO L0 980 FEO0 odures [rewg
(owoour Surpnyour) xoput arejjem ajisoduro))

- it Gq'0 690 €90 690 830 P¥I0 <CS40 090 80 80 970 opdures Srg

- it €90 ¢9°0 090 890 990 €90 ¢<TC80 670 670 8YV0 G¥O spdures [[ewg
Xopul aIejjem aj1soduio))

8661 ‘([UOT)IPUOD) SOIA(] dY) JO UBDIA]

- GQ'1 9¢°0 87’0 ¢r0o 680 L0 960 PEO0 €€0 T1€0 T€0 TI€0 ordures Srg

- 4! 8¢°0 0g0 ¢SO0 TI¥FO0 TPO 80 9€0 C€0 FEO €€0 €0 spdures [[ewg
(ewoour Surpnjour) xeput arejjem dj1soduro))

- 16T €90 890 T9°0 690 990 €90 190 80 90 SV0 GS¥O odures Srg

- eVl 080 €90 890 €90 €90 090 Lv0o 90 GS¥O0 €VO0 VPO odures [rewg
xopul arejom 931soduro))

6861 ‘([eUOTyIPUOD) SO[IA(] dYY JO UBDIA]

120 0T°g Gg'0 690 190 80 ¥¥P0 TIPO0 LEO €€0 80 €0 TIT10 spdures 31y

710 cv'e 70 8¢'0 IS0 80 S0 ¢CF0 6€0 LEO FEO0 0€0 FCO odures [rewg
(owoour Surpnyour) xoput arejjem ajisoduro))

6T°0 8LV 8¢'0 980 V.0 890 €90 830 €590 670 €V0 9¢€0 8I0 opdures Srg

€10 1€°C €90 .0 L90 €90 690 G690 €90 8¥0 ¥0 O0r0o ¢€o spdures [[ewg
Xopul aIejjem aj1soduio))

8661 ‘([euoryrpuodun) s 93 JO UBIIN

720 L9°8 Ge0 090 190 S0 TIPFO 880 ¥EO TE€0 920 6T0 LOO ordures Srg

91°0 79°¢C 8¢°0 L6860 090 ¢S¥0 1I¥V0 80 9€0 €0 0¢€0 L0 ¢co srdures [[ewg
(ewoour Surpnjour) xeput arejjem dj1soduro))

€C0 8L 290 980 ¥L0 990 7190 990 TS0 SP0 80 620 TT0 odures Srg

ST'0 Gage 67°0 v.0 ¥90 690 ¥I0 090 LvO €0 6€0 G€0 6C0 odures [rewg
Xopul aIejjom d31soduio))

6861 ‘([euoryrpuodun) so[ra(] 9y} JO UedN
mwry  0T:06  UedN 0] 6 8 L 9 q 4 € [4 T

(8661 Pu® 6861 ‘elaT[Ooq)

Xopu] aIej[op\ 931soduro)) a1 JO SI[109(]

€ °lqBL

34



‘SUOI)R[NO[R)) UM() 304NOG

‘pazifenuue jou pue polrad oIrjus o) I10J oIe sedury))

‘a8uep 100d-01d :HDJJ ‘uesw ul a3ueyy) :NJH 'SIOJRDIPUI SWOOUI-UOU 9} I0J 9SN OS[® oM [DIYM 9G JO JUNOOPES SWIODUI Ue 0} aul] A11ea0d oauweI)xe oY) pur
L, JO 1UNOOpeay swWooul ue 0} speo] aul] A110a0d 9jeieopowt oy, ‘soul] A110a0d om) Juisn aIe oA\ T 9[QR], 99S ‘S9[rLIRA 9]} JO uoljeur[dxe 9y} IO :S9ION :§210N

10°0 100 £0°0 £0°0 z0'0 750 50 €0C z9'T €9°0 odures S1g

cL0 9z°0 70°0 70°0 €00 cL0 cL0 9T'T 80°T €8°0 odures [rewg
(ewoour Surpnyour) JMD

200 200 G800 700 €00 7€0 Ge'0 17'e €8'T 860 ordures Srg

¥e0 £€°0 €00 €00 ¥0°0 zL0 zL0 91’1 80T z8°0 o[dures [rewg
(IMD) xoput arejfom aj1soduio))

ce'ce [AN4S 8¢°G9 09°7< TL°LY 8.0 280 18T €91 G0'T 9100s-7 Jurjun)g
UOTILIIN N

60°0 200 L2°0 12°0 8T°0 0z0 ST°0 160 99°0 €0 (€-1) pryp 1od -ooea “ony

Ge'1 00T 8L'T 6C'T L0°'T ST°0 110 61°0 ¥1°0 cr'o (%) oye1 [earains p[Iyo | 10pu[)

av'e 61°¢ qz'9 79V L9°€ 070 L€°0 96°0 0.0 070 (%) oyel [eAIAINS PIIYD G 10pU()
UieoH

60 160 7e'1 S0'T 00T 9IL'T LG°T L9°¢ Ga'c Ge'T s1oujred jo onpa XeN

g6°0 60 8G'T LT €Tl 68°T 791 99y [4 2 €L'T (0£-0g) proyesnoy rod -onpe -Xep

70T S0'T L8°T [4°|t 1¢°T 69°C LE°C 88°¢ 697 vZ'e 'sa1 [[e Jo yy 1od -onpe xeN

¢0'T 10T 8¢'T 80T 0T'T eL'T qa'1T vLE 09°c 9¢'T proyesnoy 1od UOyedINPd [BUIIXRIA

96°0 96°0 €e'1 IT'1T €0'T 9IR'T 991 19°¢ 99T 71 stoujred jo -onpa oAy

60'T €0'T VLT 8€'T 9e'T 20T aLT aLy Lve 181 (0€-0g) syuspuodsar jo -onpo oAy

90°T L0°T 8¢'T 69°T €e'T 08¢ 8V'¢C 80°9 8V 0€'¢ syuapuodsal [[& JO *ONpd ‘OAY

10T 10T 7e'1 0¢'T ST'T ¥T'T 00T 88 68°¢ 08T UOTYeINPd SFRIOAY
uoryesnpy
c0'LE 28'¢S c0°LE 8¢S 1.°86 €9'¥ 14074 €9V 140 88°¢ awodux

QWIOI)XO  9JeIdPOW  JUWIBIIXS  9jerdpowr  INTHD OWIBIIXS  9JeIdPOW  QUIAIIXD  9jeIdpPOW  NTHD
HDdd HDdd HDdd HDdd 4dDdd 4ddd uddd uddd
(reuoryrpuoo) (TeuoryrpuooUun) (reuoryrpuoo) (reuoryrpuooun)
8661-686T DIDIN 8661-6861 DIDIN

(8661 Pu® 6861 ‘elaT[Ooq)
seguey) 100J-01J 9IN[OSqYy PUR ‘S9IRY [[IMOIr) 100J-01J ‘soSury)) 9IN[0sqy UBSIN ‘So)ey [IMOIr) URdIN
¥ olqel,

35



Annual Growth Rate %

Absolute Change

Figure la
GIC, Conditional, and Unconditional NIGIC for Average Education
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Source : Own Calculations
Figure 1b
Absolute Change in Income and Average Education
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Figure 2a

GIC, Conditional, and Unconditional NIGIC for Average Vaccinations
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Source : Own Calculations

Figure 2b
Absolute Change in Income and Average Vaccinations
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Annual Growth Rate %

Absolute Change

Figure 3a
GIC, Conditional, and Unconditional NIGIC for Under 5 Survival
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Figure 3b
Absolute Change in Income and Under 5 Survival
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Annual Growth Rate %

Absolute Change

Figure 4a
GIC, Conditional, and Unconditional NIGIC for Stunting

0 10 20 30 40 50 60 70 80 90 100
Percentile
— NIGIC conditional smoothed —— NIGIC conditional
= = NIGIC unconditional == GIC

Source : Own Calculations

Figure 4b
Absolute Change in Income and Stunting
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Figure 5a
GIC, Conditional, and Unconditional NIGIC for the CWI (Small Sample)
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Figure 5b
Absolute Change in Income and CWI (Small Sample)
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