Pove rtyTVI P _"-5'

Belgrade, 2016.

®or3C &

WORLD BANKGROUP






Poverty Map of Serbia

Method and Key Findings

o . . . WORLD BANKGROUP
Statistical Office of the Republic of Serbia


http://webrzs.stat.gov.rs/WebSite/Default.aspx

ACKNOWLEDGEMENTS

This report is a joint product of the Statistical Office of the Republic of Serbia (SORS) and the World
Bank, with valuable support from the Social Inclusion and Poverty Reduction Unit (SIPRU) of the
Government of the Republic of Serbia. The World Bank team was led by Trang Van Nguyen (Senior
Economist). Modeling and data analysis for deriving the poverty map was conducted by William
Seitz (Economist) and Roy Van der Weide (Economist). Kadeem Khan (Junior Professional
Associate) provided expert cartographic assistance.

Using this modeling analysis and with close support from the World Bank team, final poverty
estimates based on the full Census data were derived by Melinda Tokai of the Statistical Office of
the Republic of Serbia with the support of Tijana Comic, Slavica Vukojicic-Sevo, Mirjana Ogrizovic-
Brasanac and Nada Delic, under the direction of Snezana Lakcevic.

The team gratefully acknowledges helpful comments from Minh Nguyen and Sandu Cojocaru
(Poverty and Equity Global Practice, World Bank), and support and guidance from Tony Verheijen,
Lazar Sestovic, and Vesna Kostic (World Bank office, Belgrade). This task received early guidance
from Ken Simler, and was completed under the overall guidance of Carolina Sanchez-Paramo
(Poverty and Equity Global Practice, World Bank). The team is also thankful for support from Ivan
Sekulovic, Irena Radinovic, and Biljana Mladenovic at the Social Inclusion and Poverty Reduction
Unit (SIPRU) of the Government of the Republic of Serbia.



Abstract

This report describes the method and key findings of small-area at-risk-of-poverty estimation for
Serbia. The poverty map provides at-risk-of-poverty rates and related indicators at the national,
regional, area, and municipal levels. The results are derived from the micro-data in the Population
Census (2011) and the Survey of Income and Living Conditions (SILC) for 2013, which collects
income for the reference year of 2012.

Poverty maps present poverty estimates for smaller territories, such as municipalities. Survey-
based poverty figures are usually not available for small geographic units because collecting
consumption or income data requires comprehensive questionnaires that are difficult and
expensive to administer on a very large sample. Therefore, consumption or income surveys tend
to include only a representative sample of the whole population. Sampling leads to errors that
increase as the results are disaggregated.

Poverty mapping gets around this problem by leveraging the strengths of multiple data sources to
estimate poverty and related indicators at a lower level of disaggregation than would be possible
otherwise. The small-area estimates of poverty in this report were calculated by combining the
details of a household income survey and the coverage of the national census. Poverty maps are
useful to build awareness about poverty, to strengthen accountability, to help identify leading and
lagging areas of the country, to better geographically target resources, and to inform policy more
broadly.
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| — Introduction

The Government of the Republic of Serbia is committed to monitoring and promoting poverty
reduction and social inclusion. With the prospect of joining the European Union (EU), Serbia began
in 2013 to implement the Survey of Income and Living Conditions (SILC), one of the main sources
of data used in the EU to monitor poverty and social inclusion. On this basis, the official at-risk-of-
poverty rate (AROP, or the share of population living under 60 percent of median income) was
estimated to be 24.5 percent. This rate implies just under 1.8 million people in Serbia.

While survey data are traditionally used to measure national poverty rates, by themselves, they are
often not designed to enable calculation of poverty at the local level. To allow for frequent monitoring
and to contain the costs of gathering detailed information, such surveys usually visit only a small
sample of the population. When this sample of the population is representative, welfare surveys
provide reliable estimates of poverty incidence for the entire population, at a small fraction of the
cost that would be required to survey each person in the country. This approach necessarily leads
to sampling errors. As a consequence, a typical household income or expenditure survey cannot
produce statistically reliable poverty estimates for small geographic units. In Serbia, the SILC is
representative at the national level and at the level of four regions (Belgrade, Vojvodina, Sumadija
and Western Serbia, and Southern and Eastern Serbia). Official poverty rates based on the SILC
are not produced below the regional level for this reason.

Poverty mapping, or small area estimation of poverty, is a powerful approach to measuring welfare
for highly disaggregated geographic units. Using multiple imputation techniques, poverty mapping
analysts can estimate poverty for small areas, which would be impossible to reliably derive with
survey data alone. Poverty maps are typically used to highlight geographic variation, identify
leading and lagging areas of a country, simultaneously display different dimensions of poverty, and
understand poverty determinants. They help build awareness, strengthen accountability (including
at smaller administrative units), achieve better geographic targeting of resources, and enhance
poverty and inclusion impacts through both the design and selection of policy interventions. Given
the geographical disparities in Serbia, poverty maps are expected to strengthen the evidence base
for policy making toward inclusive growth, poverty reduction, and shared prosperity.

A variety of poverty mapping methods have been devised to overcome the increased imprecision
of poverty estimates based on survey data when they are disaggregated. The standard approach
to small area estimation (SAE) is described in Elbers, Lanjouw, and Lanjouw (2003) and is often
referred to as the “ELL” poverty mapping method. This method is used in most cases when
sufficient data are available. The assumptions and data employed for ELL maps are further
elaborated in Bedi, Coudouel, and Simler (2007).

This report summarizes the main findings of SAE of poverty in Serbia using the ELL approach,
which leverages the strengths of two data sources available in Serbia. First, the method makes use
of the SILC survey data that include detailed information on income and other individual and
household characteristics. Second, the method employs individual and household-level information
from the full micro-data of the national census. In Serbia, as in most countries, the census provides
less detail than the survey for any individual or household. Instead, the main advantage of using
the census is that it provides complete coverage of the entire population and therefore is free of
sampling error. Sections Il and 11l describe in more detail the data sources and the approach used
for the maps in this report. Section IV presents the results, and the last section concludes.



Il — Data

Data from two sources collected at around the same time are generally required to conduct poverty
mapping. The first source is a welfare survey, preferably the data with which poverty is monitored.
The second source must be disaggregated to the level for which poverty will be imputed and,
preferably, include the entire population rather than a sample. Any sampling for the second source
leads to additional errors and should be avoided if possible. SAE of poverty in this report uses the
SILC survey and the population census data, which include the entire population (except for two
municipalities, for reasons described in greater detail below).

These data allow for three levels of spatial disaggregation: macro region, district/area, and
municipality. The most disaggregated is the municipality, a territorial unit at which local government
is divided. In some instances, “cities” are defined as territorial units representing the economic,
administrative, geographic, and cultural center of a wider area. These units are included in maps
disaggregated to the municipal level. Of the 197 local areas officially listed by the Serbia statistical
agency, 29 are in Kosovo* and are not present in the census or the SILC data. Based on the last
available census data, poverty rates were estimated for 168 municipalities/cities/urban
municipalities. The SILC data contain 139 municipalities, all of which can be exactly matched to the
census areas.

The 168 municipalities are grouped into 25 districts/areas and 4 macro regions. This report presents
poverty estimates at the municipality level and the area level. The final results aggregated to the
regional level are compared to the SILC estimates for validation in section V.

[l.l - EU-SILC 2013 data

Serbia uses standard SILC surveys to monitor relative poverty in the country. The data are collected
by the Statistical Office of the Republic of Serbia and are comparable with data from other countries
that use SILC-style surveys (primarily EU countries). SILC surveys provide i) cross-sectional data
pertaining to a certain time period with variables on income, poverty, social exclusion and other
living conditions, and ii) longitudinal data, pertaining to individual-level changes over time, observed
periodically over a four-year period. For the purposes of the poverty map, only the cross-sectional
dimension is used.

For Serbia, the 2013 SILC data include 20,069 individuals in 6,501 households (out of 8,008 initially
sampled). The data are weighted for national representativeness, with about 19.5 percent of the
unweighted sample located in Belgrade, about 27.1 percent of the unweighted sample in Vojvodina,
about 30.1 percent in Sumadija and Western Serbia, and about 23.3 percent in Southern and
Eastern Serbia. Reported statistics are representative at the regional level, and no official estimates
for poverty at lower levels are available.

Official poverty estimates for Serbia are defined using a relative poverty line set at 60 percent of
median income per adult equivalent. In 2013, the official poverty rate — referred to as the “at risk of
poverty” rate in Serbia — was 24.5 percent at the 13,680 RSD poverty line per month, by equivalent
adult. The relative at-risk-of-poverty gap stood at 36.6 percent.'

[I.Il — Population Census Data

The most recent census in Serbia took place in 2011, in the period from 1 to 15 October 2011. The
design of the 2011 Census was harmonized with international standards, and in particular, with the
UN Recommendations for the 2010 Census of Population and Housing. Responses were tabulated

1 For more information, please see: Statistical Office of the Republic of Serbia (2015)



according to the individual or household status on the day of 30 September 2011. At that time, the
population was estimated to be 7,186,862 and a total of 2,487,886 households.

Table 1: Population, by region, 2002 and 2011

Increase
or
2002 2011 Decrease Change

Republic of Serbia 7,498,001 7,186,862 -311,139 -4.15%

| |

Southern and Eastern Serbia 1,753,004 1,563,916 -189,088 -10.79%

A boycott by the majority of members of the Albanian ethnic community in the municipalities of
PreSevo and Bujanovac reduced census coverage in these areas. The poverty results that follow
are therefore only representative for the enumerated population in these municipalities.



Il — Approach and Method

The estimates described in this report followed the SAE method developed by Elbers et al. (2003)
(henceforth referred to as ELL). While numerous mapping methods are available, as documented
by Bigman and Deichmann (2000), the ELL method has gained wide popularity among
development practitioners. This is considered the preferred approach when both survey and census
are available at the unit-record level.

The ELL model relies on detailed income information from a household survey such as the SILC to
estimate a model for household income per adult equivalent, given a set of observable household
characteristics. The estimated model is then applied to the same set of characteristics in the
population census to impute household incomes, and then estimate expected levels of poverty
across localities in the census. While these poverty rates are estimated and thus subject to error,
experience to date suggests that they are sufficiently precise for purposes of informing policy
choices (Bedi, Coudouel, and Simler, 2007; World Bank, 2012b). The ELL approach also provides
estimates of the standard errors.

Formally, ELL assumes that (log) adult equivalent household income satisfies:

Yen = X’chﬁ + Uep

where y., is the adult-equivalent income of household h residing in area c, X, are household and
areallocation characteristics, and u., = u. + £, representing the residual, which is composed of
the area component u,. and the household component ¢.,. These two residual components have
expected values of zero, and are independent of each other, with E(u?) = g7 + oZ. These
unconditional variance parameters are estimated using Henderson's method Ill, a commonly used
estimator for the variance parameters of a nested error model (see Henderson, 1953; and Searle
etal., 1992).

ELL also allows for heteroscedasticity. The conditional variance of the remaining residual ¢, is
modeled via a logistic transformation as a function of household and area characteristics

2
In [AeC:Z] =Z'.,a + 14, in order to obtain an estimate of the variances?.,. Once all variance
—eZ, :

parameters have been estimated (and hence, and estimate of the full variance-covariance matrix
is available), g is re-estimated using feasible Generalized Least Squares (GLS).

The small area estimates and their standard errors are obtained by means of simulation, which is
ideally suited for estimating quantities that are non-linear functions of y (and thus non-linear function
of the errors and the model parameters), which applies to measures of poverty and inequality. Let
R denote the number of simulations. The estimator then takes the form:

1 R

ﬁ=—§ "
R h(3")
r=1

where h(y) is a function that converts the vector y with (log) incomes for all households into a
poverty measure (such as the head-count rate), and where §” denotes the r-th simulated vector
with elements:

=X+ L+ &,

With each simulation, both the model parameters 5™ and the errors ji- and &7, are drawn from their
estimated distributions. The parameter 8" is drawn by re-estimating the model parameters using

the r-th bootstrap version of the survey sample. Alternatively, B~ may be drawn from its estimated
asymptotic distribution (which is referred to as “parametric drawing”).



The advantage of parametric drawing is that it is computationally fast. A potential disadvantage is
that the true distribution of the estimator for the model parameter vector does not necessarily
coincide with the asymptotic distribution.

The use of bootstrapping, albeit more computationally intensive, is expected to provide more
accurate results when the sample size is small. The sample size of the SILC is large enough that
there should be little to no difference between estimates obtained with parametric drawing and
bootstrapping. The point estimates and their corresponding standard errors are obtained by
computing respectively the average and the standard deviation over these simulated values. Box
1 below provides greater detail on this method.

The difference between the true poverty rate W in a given area and the estimator g of its
expectation, given the above model, has three components: W —ji= (W —w) + (u — ) + (i — fi).
The first component (W — u) is idiosyncratic error, due to the presence of the error term in the first
stage regression; this error is higher for smaller target populations. The second component (i — f1)
is the model error, determined by the variance of model parameters; this error depends on the
precision of the welfare model and on the distance between the X variables across the survey and
the census. The model error does not change systematically with the size of the target population.
The fact that it depends on the distance between the X variables across the survey and the census
highlights the importance of getting a set of variables from both the survey and the census that
match well. Finally, the third component (i — i) is the computation error, based on the method of
computation and is generated by the fact that ji is based on a finite number of simulations. This
component of the error can be made as small as desired with sufficient computational resources.?

2 For more details, see Elbers et al. (2003) and World Bank (2013).



Box 1: Step-by-step summary of the modelling approach
1. Bootstrap the survey (unless parametric drawing of the model parameters is used).
2. Estimate 8 by means of Ordinary Least Squares (OLS), and extract the residuals.

3. Estimate the unconditional variance parameters of the nested error model (g7 and ¢7) by
applying Henderson-method-IIl (see Henderson, 1953).

4. If heteroskedastic household errors are assumed, then: (a) derive estimates of the household
errors by subtracting the area averages from the residuals (i.e. deviations from the area mean
residual), (b) apply a logistic transformation to the errors derived under (a) to obtain the left-hand
side (LFS) of the regression (also referred to as the “alpha-model”) that will be used to predict
the conditional variance of household component ¢.,, denoted by agz_ch, (c) ensure that the

unconditional variance is still equal to o2, i.e. E[6?.,] = o7

5. Given estimates of the unconditional variance ¢ and conditional variance oZ,, the
covariance matrix Q = E[nn” + e¢”|x] = o2, + diag(aZ.,) can be constructed, which is used
to obtain the GLS estimator for .

6. At this stage, estimates for all the model parameters 57, ?r,f'r and 7"52,'ch are available. The next

step is to draw the area errors and the household idiosyncratic errors: 7. and 7, from their

~2,r ~2,r

respective normal distributions with variances ", ..

7. From this basis, all that is needed to compute the round r simulated (log) household
expenditure values for all households in the population census is available: 37, = x%, B” + 7" +
En

8. With the simulated household income data, the poverty and inequality measures can now be
computed as if the population census came with household income data from the start.

9. This yields a simulated poverty and inequality measure for each of the R simulation rounds.
The average and standard deviation give the poverty point estimate and the corresponding
standard error respectively.

10




IV — Results

Since the ELL setup relies on estimating a model of income on the SILC data and applying it to the
full census data, one of the key issues in the model building stage is assessing the similarity
between the variables in the SILC and the census. As part of building a welfare model, a two-stage
process was undertaken:

Step 1: comparison of the SILC and census questionnaires to identify “candidate variables”
that exist both in the survey and the census and that are generated from identical or similar
questions;

Step 2: comparison of the distributions of the “candidate variables” identified in step 1 in
order to examine whether they appear to capture the same underlying phenomena or
whether, despite similar questions, their empirical distributions differ in any important ways
between the survey and the census.

While the goal of model construction is to build a statistical model that performs well in explaining
the variation in adult equivalent household income, the final choice of candidate variables is based
on a heuristic model of income. The adult equivalent household income is often assumed to be a
function of the demographic characteristics of the household (e.g. small children, working-age
adults, or elderly), as well as the individual education and occupation characteristics of the
household and its members (e.g. maximum level of education in the household, education level
and employment status of household members, the type of employment for those who are
employed).

In addition, the literature often shows that the type of dwelling a household resides in or the types
of assets the household possesses (e.g. whether or not there is a bath or toilet in the dwelling)
commonly proxy for variation in other welfare measurements. Access to basic services such as
water and electricity is also assumed to be able to describe or “reflect” the income level of the
household. Furthermore, household income may also vary, given a set of household
characteristics, based on the location of the household (e.g. rural vs. urban; proximity to big cities;
area with low or high employment rates etc.). These potential dimensions are not unique (or
exhaustive), but the choice of characteristics is typically constrained by the overlap between the
survey and census questionnaires.

Based on the common information available in the survey and the census in Serbia, the pool of
variables common to the two questionnaires includes the following:

Demographic characteristics: gender, age, marital status, household size, number of
children, adults, elderly in the household, and dependency ratio,

Education: education level of each member of the household, the highest level of education
by any household member, the average educational attainment among for household
members,

Occupation and Employment: employment status, occupation, sector of employment,

Housing characteristics: type of housing unit, main construction material of wall, total area
of land and dwelling, ownership and occupancy status of dwelling, source of drinking water
and electricity, type of sewage and toilet.

Assignment of candidate variables for matching proceeded by comparing nationally-representative
means in the two data sources. Those variables deemed acceptable were included in the model
selection process. For those that were deemed to differ too greatly from one another — due, for

11



instance, to slight differences in the wording of the question — the variable was excluded and not
used in the model development process. Each candidate variable was evaluated at the household
level, including for questions that were gathered at the individual level in the questionnaire.

Comparisons of the indicators in both data sources show that the SILC survey is indeed quite
comparable to the census data. Tables 2 and 3 highlight the similarities in a few key indicators. For
a full list of the variable overlap and comparisons, please see Annex G.

Table 2: Comparison of Household Level Indicators between the Census and the SILC

Survey Census ‘

Household Size

I
:

Log Household Size

Dependency Ratio

Table 3: Comparison of Individual-Level Indicators between the Census and the SILC, summarized
as the Sum, Mean, and Max by Household

Survey Census

Mean of | Mean of | Mean of Mean of Mean of Mean of
Indicator for: Sum Mean Max Sum Mean Max

| | |
040|018 0.9

|
m 148 053]  0.90]
m 041] 009| 026
163 056

From the pool of variables not excluded due to comparability concerns, a variety of model selection
techniques were employed to arrive at the best performing model in explaining variation in income
and to evaluate performance on the basis of several criteria. Automated model selection techniques
(lasso, forward stepwise, backward stepwise, etc.) were complimented by manually designed
models and assessed in terms of out of sample performance.

In the process of model development, thorough checks on the variance composition were also
conducted. The final model was partially selected on the basis of the combination of a good
adjusted R-squared and the small ratio of location variance over total variance. For the model used
in this exercise, the ratio is indistinguishable from 0, much below the recommended 5% level.

The error structure observed in the survey was also decomposed into several layers to ensure that
the location effect accounts for a small share of the overall error. In this case, the large majority of
the error is associated with the household level effect, and a relatively small share is associated

12



with the municipal-level location effect. The municipality variance (var(municipality) =.0025) is less
than one percent of the overall residual (var(epsilon) = .339).

The approach described in Section Il leads to two separate models that are used to estimate
income. The first, called the “beta” model, is developed to explain variation in income among

households. The second, called the “alpha” model, is developed to explain the residual &.,. The
results of both models are presented in Annex D. The beta model uses a larger set of variables,
largely related to household, dwelling, employment and municipal characteristics. The adjusted R-
squared of the final model is 45 percent, once municipal-level variables are included.

The inclusion of municipality-level variables into the beta model aims at capturing the spatial
correlation within the target areas. The conditional correlations in the income model correspond to
common priors. For instance, income is positively associated with maximum levels of education in
the household, with tertiary education, and with the share of professionals in the household. Income
is also negatively correlated with the share of household members looking for work, or working in
agriculture.

Municipality-level poverty estimates and associated measures of standard errors were estimated
using the approach described above with several variations in the specification. Estimates from
slight changes to the beta model suggest that poverty predictions are not particularly sensitive to
marginal changes in the underlying model used to explain variation in income across households.

At the same time, the estimates were sensitive to whether heteroscedasticity is allowed for via the
inclusion of the alpha model — poverty predictions were higher throughout if the alpha model was
not specified. Non-normality in the error term was a known issue in this case, even before working
with the census micro-data. From preliminary model development in the SILC data, it was apparent
that the normality assumption was violated (Figure 1).

Figure 1: Non-Normality in the Error Term, density distribution of the residuals

Distribution of eps

-2
Residuals

Nonparametric
Normal
Skew-t, alpha = -1.27, df = 5.38

The results from the preferred specification are presented in map form in Figure 2. The same
estimates are presented in detail in Annex A along with their standard errors, suggesting a
confidence interval around each point estimate. The predicted poverty rates reveal considerable
heterogeneity across municipalities. While the national poverty rate is estimated at 24.5 percent in
2012 (based on data collected in 2013), the municipality level poverty estimates range from 4.8
percent in parts of Belgrade to 66.1 percent in parts of Sumadija and Western Serbia. Table 4
shows the regional level estimates using poverty mapping.
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Table 4: Region-Level Estimates of At-Risk-Of-Poverty in 2011, poverty mapping method

SE
SE  Squared Squared

Poverty SE Poverty Poverty Poverty Poverty| Gini
Region Rate Poverty| Gap Gap Gap Gap Index SE Gini

National 25.7%| 0.0077| 0.088 0.0035 0.044| 0.0021 0.368 0.0053

Southern and Eastern | o5 ho0l 391411  0.117] 0.0065 0.059 0.0038 0.364 0.0059

Serbia

32.3%| 0.0131] 0.112] 0.0056| 0.056| 0.0032] 0.359 0.0051

Sumadija and
\Western Serbia

Note: SE = standard errors

Figure 2: Poverty Map of Serbia, 2011: at-risk-of-poverty rates (percent)
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Figure 3: Poverty Map of Serbia, 2011: District-Level at-risk-of-poverty rates (percent)
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Predictions at the municipality level suggest that within regions, there are municipalities with
significantly different incidence of poverty, highlighting important spatial heterogeneity that may not
be apparent in the regional rates available from the SILC survey. For instance, predicted poverty
estimates range from more than 13 percent in Medijana to more than 63 percent in Bojnik in the
region of Southern and Eastern Serbia, which comes out to a 33 percent average for the region.
Similarly, the regional poverty estimate for Belgrade is 10.5 percent, but this can obscure the fact
that within the Belgrade region, relative poverty rates vary between 4.8 percent and nearly 27
percent.

The density of the population below the relative poverty threshold (i.e. the absolute humber of
individuals at risk of poverty, obtained as the product of the predicted relative poverty rate and
population of the municipality) is concentrated in the more densely populated areas, which do not
necessarily coincide with the areas with the highest AROP rates. In particular, a band of higher
population density running down the center of the country has much higher concentration of people
at risk of poverty, even as the overall rates of at risk of poverty in those municipalities is lower on
average that other parts of the country. Figure 4 and Figure 5 highlight these spatial dimensions of
poverty density in map form.
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Figure 4: Poverty Density Map of Serbia, 2011: number of individuals at risk of poverty
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Figure 5: Poverty Density Map of Serbia, 2011: number of individuals at risk of poverty (District)
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V = Validation

To ensure that the map faithfully represents the underlying poverty dynamics of the country, it is
important to ensure that the results are internally consistent. The model underwent validation within
the SILC data by visually assessing the similarity between predicted and empirical income
distributions. This process included the following steps: withholding a subset of the data, using the
remainder as the “training” data, and subsequently imputing income into the withheld data using
the preferred model to ensure the robustness of the approach. The resulting distributions in Figure
6 closely track each other. Annex B presents additional comparison of the ELL results to the poverty
estimates derived from aggregated municipality-level data, following an alternative area-based
approach.

Figure 6: Validation of Imputed and Observed Income within the SILC data
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Comparing the aggregated poverty rates from the mapping exercise to the SILC estimates at the
level for which they are representative is another way to confirm that the results conform to
expectations. Table 5 reports these rates for comparison, noting that both the ELL and SILC results
are estimated with standard errors around them. The estimates are comparable and within
confidence intervals of each other. The differences between sampled and imputed poverty rates at
the regional level are small. While estimates for the region of Sumadija and Western Serbia differ
more than elsewhere, their confidence intervals still barely overlap, and the true rate might have
changed from the year of the census to the year of the survey. At the national level, the estimated
poverty rate was 25.7 percent, similar to the official 2013 SILC-based poverty rate of 24.5 percent
for income year 2012.

Table 5: Comparison of Poverty Rate Estimates

ELL- full
2011 SILC
At risk of poverty (%) Census 2013

Vojvodina 25.8 26.8

Southern and Eastern Serbia 33.0 31.0

17



VI — Concluding remarks

This report presents the method and results of small area poverty estimation for Serbia. Given that
the SILC survey in Serbia is not representative at the municipality-level, the data only allow for
statistically representative poverty estimates at the regional level. Using the full micro-data from the
2011 Population Census and applying small area estimation techniques, this report describes the
estimation of poverty at the municipality-level. According to the estimates, relative poverty ranges
from 4.8 percent in Novi Beograd in the Belgrade Region, to 66.1 percent in Tutin in the region of
Sumadija and Western Serbia. When aggregated, these estimates are largely consistent with the
regional estimates derived from the SILC.

These first poverty maps for Serbia based on the full 2011 Population Census provide valuable
information about living standards at the local level and can be a useful tool for policy making.
Annex F presents a few examples of linking poverty maps to maps of other dimensions of well-
being and potential policy indicators.
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Annex A — Area and Municipal-level At-Risk-Of-
Poverty Estimates

SE Sq. SE Sq.
Poverty SE Poverty | Poverty Poverty Poverty Gini
Area Rate | Poverty | Gap Gap Gap Gap Index SE Gini

Zlatiborska 31.1% | 0.0185 0.109 | 0.0076 0.055 | 0.0042 0.361 | 0.0073
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Belgrade Region (Beogradski Region)

SE Sq. SE Sg.
Poverty SE Poverty Poverty Poverty Poverty Gini
Municipality Rate Poverty Gap Gap Gap Gap Index SE Gini

Sopot

Surcin 15.9% 0.035 0.048 0.011 0.022 | 0.0053 0.318 | 0.0051
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Southern and Eastern Serbia (Region Juzne i Istoéne Srbije)

SE Sg. SE Sg.
Poverty SE Poverty Poverty Poverty Poverty Gini
Municipality Rate Poverty Gap Gap Gap Gap Index SE Gini

Veliko
22.0% 0.035 | 0.072 0.013 0.035| 0.0065| 0.342| 0.0071

Razanj 38.2% 0.060 0.134 0.026 0.068 0.0145 | 0.350 0.0094
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Southern and Eastern Serbia (Region Juzne i Istoéne Srbije)

Smederevska
Palanka 29.0% 0.040 0.097 0.016 0.048 0.0084 0.347 0.0052
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Sumadija and Western Serbia (Region Sumadije i Zapadne Srbije)

SE Sq. SE Sg.
Poverty SE Poverty Poverty Poverty Poverty Gini
Municipality Rate | Poverty Gap Gap Gap Gap Index  SE Gini

Vrnjacka
Banja 26.8% | 0.047 | 0.087 | 0.0179 0.042 | 0.0092 | 0.338| 0.0056

Jagodina 31.7% 0.046 0.107 | 0.0184 0.053 | 0.0097 0.349 | 0.0054
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Sumadija and Western Serbia (Region Sumadije i Zapadne Srbije)
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Vojvodina Region (Region Vojvodine)

SE Sq. SE Sg.
Poverty SE Poverty | Poverty Poverty Poverty Gini
Municipality Rate  Poverty Gap Gap Gap Gap Index  SE Gini

Backa
23.4% | 0.0455 0.076 | 0.0165 0.037 | 0.0083 | 0.33455 | 0.0054
Backi
Petrovac 19.7% | 0.0409 0.063 | 0.0138 0.030 | 0.0068 | 0.32886 | 0.0063

BelaCrkva | 45.4% | 0.0651 |

M

Novi
36.2% | 0.0544 0.133 | 0.0236 0.070 | 0.0133 | 0.35156 | 0.0068
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Vojvodina Region (Region Vojvodine)

Sremska
Mitrovica 29.4% | 0.0393 0.099 | 0.0153 0.049 | 0.0080 | 0.34624 | 0.0056
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Annex B — Additional Validation

As part of the validation of the results, an area-based poverty mapping exercise was conducted,
using municipality-level aggregates from the census that are publically available, combined with

direct survey estimates. To compare these visually, the area-based estimates are plotted along the

x-axis, and ELL-model estimates along the y-axis. Perfect correlation would lie along the 45° line.
The size of the circle represents the population size. As Figure 7 shows, there is indeed a strong
relationship between the model predictions and those of the adjusted values in the SILC data.

Figure 7: Comparison of Area-Based and ELL-based Estimates
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Annex C — SILC Census Comparisons

Individual-Level Summarized by Household: Employment

SIS Census
Survey SIS Survey Survey Survey Survey
Mean of Mean of Mean of Mean of Mean of Mean of
Household Household Household Household Household Household
Sum Mean Max Sum Mean Max
Inactive: On
pension 0.65 0.33 0.52 0.65 0.32 0.51

Actively Looking for
a Job 0.31 0.10 0.25 0.27 0.09 0.21

Working 1.13 0.43 0.66 1.10 0.43 0.66
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Individual-Level Summarized by Household: Demographic

Survey

Survey Survey Survey
Mean of Mean of Mean of
Household Household Household
Sum Mean Max

-m
-m
-m

Census

Survey Survey Survey
Mean of Mean of Mean of
Household Household Household
Sum Mean Max

133 047] 060

0.29 0.17 0.28
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Individual-Level Summarized by Household: Employment Sector ‘

Survey Census ‘
Survey Survey Survey Survey Survey Survey
Mean Mean Mean Mean Mean Mean
ofHH ofHH of HH ofHH ofHH of HH
Sum Mean Max Sum Mean Max

Working in Agric. Sector | 016| 009] 0.11]

m
m

Public Admin., Defense; Compulsory Social
Security 0.04 0.08 0.05 0.07

_Human Health And Social Work Activites | 006 | 004 006] | 007| 004/ 0.06]
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Household Level
Survey Census

Household Size 2.874 2.879
Log of Household size 0.894 0.894
0344 | 0.339

Semi-detached Home 0.102 0.033
Residential building With 10 Units or more 0.262 0.265
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Annex D — Alpha and Beta Models

position

Urban Location

Alpha Model

More than one HH member employed in salaried
-0.414 | 0.0784

Std.
Coeft. Err. P>t

At least one HH member on pension -0.421 | 0.0733 m

-0.303 | 0.0752 | 0.00

MSE=5.441 ; R2=0.0316 ; Adjusted R2=0.0309

Beta Model

Demographics and Relationships

P>|t| I Dwelling

- Share of HHs in municipality using coal for

Presence of HH member age 15-24 0.188 0.0203 0.00 heating 0.105 0.0530 0.05

Presence of HH member age 1-14 0.091 0.0246 0.00 Flush toilet in the household 0.336 0.0387 0.00
- Share of HHs in municipality using natural gas

Presence of multiple HH members, age 1-14  0.120 0.0306 0.00 for heating 0.246 0.0763 0.00
- Share of HHs in municipality with central

More than one married couple cohabiting 0.109 0.0216 0.00 heating 0.351 0.1154 0.00
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At least one married couple cohabiting 0.146 0.0339 0.00 Residential building with 10 and more dwellings  0.244 0.0253  0.00
Income and employment Residential building with less than 10 dwellings 0.112 0.0386 0.00

At least one HH member on pension 0.214 0.0210 0.00 Number of room in dwelling = 3 0.063 0.0203 0.00
More than one HH member on pension 0.295 0.0275 0.00 Number of room in dwelling = 4 0.054 0.0236 0.02
At least two HH member employed in salaried

position 0.323 0.0221 0.00

At least three HH member employed in
salaried position 0.142 0.0313 0.00 Assets

At least one HH member looking for -
employment 0.324 0.0197 0.00 Owner-occupied dwelling 0.033 0.0229 0.14

Share in muni with member looking for -

employment 0.635 0.4314 0.14 Household owns a computer 0.116 0.0222 0.00
Share in municipality that receive social -

welfare assistance 2.351 0.7763 0.00

At least one HH member employed 0.228 0.0248 0.00
Location . Sectors

Belgrade reqgion At least one HH member employed in -
9 9 0.070 0.0330 0.03 agricultural sector 0.201 0.0330 0.00

Vojvodina Mo_re than one HH member employed in -
0.002 0.0245 0.93 agriculture 0.166 0.0495 0.00
X . . - Total of HH members working in manufacturing
Sumadija and Western Serbia 0.020 0.0292 0.8 sector 0.070 0.0250 0.01
Total of HH members working in transportation
Urban Location 0.080 0.0216 0.00 sector 0.077 0.0362 0.03
Total of HH members working in
Education financel/insurance 0.081 0.0602 0.18
At least one HH member with tertiary Total of HH members working in professional
education 0.237 0.0232  0.00 sector 0.088 0.0554 0.11
More than one HH member with tertiary Total of HH members working in education
education 0.208 0.0319 0.00 sector 0.064 0.0368 0.08
Adult member with less than secondary - Total of HH members working in health and
school 0.156 0.0236 0.00 social work 0.197 0.0356 0.00

MSE=0.3329; R2=0.4578; Adjusted R2=0.4546




Annex E — Maps of Additional Indicators Derived
from Poverty Mapping

Figure 8: Average Imputed Income Per Adult Equivalent (annual, in RSD)
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Figure 9: Gini Coefficient of Imputed Per Adult Equivalent Income (percent)
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Figure 10: Average Imputed Relative Poverty Gap (perce
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Annex F — Examples of linking poverty maps to
other thematic maps

Poverty maps can be overlaid with other thematic maps such as those on basic services,
infrastructure, public expenditure, market accessibility, for example; to inform policy and
interventions. To illustrate this potential use, below are a few examples of linking poverty maps
to thematic maps where aggregated census data or administrative data are readily available.

Overall, there are distinctive spatial clusters along several important welfare dimensions. The
south is poorer, has less access to services, and is more dependent on social welfare transfers.
The southeast is on average more dependent on pension income, and the poverty rate is lower
than average, but not as low as in the north and around Belgrade. The most prosperous area in
the country clearly centers on Belgrade, and many indicators of welfare including labor income,
education, water, and sanitation services are better in this part of the country. Specifically, the
share of the population without schooling is concentrated in the poorest areas in the country
(particularly in the south, and to a lesser extent, west of Belgrade). There are pockets of
concentration of tertiary-educated people throughout the country, but there is a clear
concentration around Belgrade where poverty rates are comparatively lower. Water supplied
directly to the household is much more common in the northern part of the country, where
poverty is less common. The presence of flush toilets also strongly correlates with urban
dwellings and areas with lower poverty.

Poverty and Sources of Livelihood

Serbia Paverty Map Sources of Livelihood in the last Employment Sector: Agriculture,
year: Sockal Weifare Forestry and Fishing

Note: “Social Welfare” = Percentage of people, in each municipality, that selected social welfare
(child benefit, materially provision, etc.) as a source of livelihood in the individual census
guestionnaire.

"Agriculture, Forestry and Fishing” = Percentage of working age adults who specified
Agriculture, Forestry, and Fishing as their sector of employment during the Census.
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Poverty and Sources of Income

Serbia Poverty Map Sources of Livelihood in the last year:
Pension

Nomw2
02325
s
e

| BRI
| ETES

Note: “Pension” = Percentage of individuals who indicated during the Census that they receive
pension income.

Poverty and Education

Serbia Poverty Map Highest School Completed: Highest School Completed: High
Without School School OR More

.....
sepxnwxf

-

Note: “Without School” = Percentage of adults, in each municipality, who selected without school
as highest school competed during the Census.
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“High school or More”= Percentage of people, in each municipality, that selected high school or
higher school/faculty/academy as highest school competed during the Census.

Poverty and Living Conditions

Serbia Poverty Map Installation in the Dweling: Water Installationin the Dwelling: Todet
Supply System Does Not Exist with Flush

v ase
L EER | LLRE ) [ EEE

Note: “Water Supply System Does Not Exist” = *Percentage of households in each municipality
that selected “water supply: dos not exist” in the installation in the dwelling question during the

Census.

“Toilet with Flush” = Percentage of households in each municipality that selected “toilet with
flush” in the toilet in the dwelling question during the Census.
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Annex G — Variable Overlap

Variable Description Census SILC
HH size List of persons (4, 10) HL3 — HL7, HL12 — HL13,
IA1, IA2

Share male/Female Pgl — V2 (Ind) HL3, ID12
Pg2 — V24, Pg2 — V25 (Ind)
Pg2 -V 17 (Ind)

Employed Pg3 — 30-35 (Ind) L1.1-11.11, OP12
Pg3 — 38 (Ind)
Jobsearch |
Inactivitytype |

Job search Pg3 — 32 (Ind
Inactivity type Pg3 — 35 (Ind) L3.14

Sources of livelihood Pg4— 40 (Ind) L5.1, L6.1, L6.11, L6.13,
L6.17, L7.1, L7.2, L9.1,
D7.1, D8.1, D9.2
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