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Introduction

The National Statistical Institutes face the challenge of producing comprehensive, accurate
and reliable information under financial and time constraints. The pressure for reducing sample
sizes and respondent burden prompted  the need for the use of methods to produce small area
statistics from combined data sources. Small area estimation covers a variety of methods used to
produce survey-based estimates for geographical areas or domains of study in which the sample
sizes are too small to provide reliable direct estimates. Thus, small areas or domains are those for
which the sample is very small, common in studies that are designed to produce accurate estimates
at national, regional or state level.

The estimation methodology implemented in this paper is based on the use of a regression
model with random effects that relates the sample estimates to auxiliary data obtained from census
and administrative records available for the small areas (or domains) of interest. The resulting
predicted values provide estimates, called model-based estimates, for the small areas based on the
model.

This work is part of a project aiming at developing small area estimation models and
procedures to allow publication of statistical outputs for areas or domains that are not currently
considered for publication due to the low precision of the estimates (or lack of sample observations
in some of these areas or domains). IBGE has already published a first set of poverty estimates
based on the so-called World Bank Method (Elbers, Lanjouw, and  Lanjouw , 2002). The focus of
this work is to test some well-known small area estimation models that have been used successfully
by other National Statistical Institutes (such as SAIPE1 from US Bureau of Census) and compare
results with those obtained under the World Bank Method.

                                                          
1
 Small Area Income and Poverty Estimates (http://www.census.gov//did/www/saipe/).
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The Fay-Herriot Model

The model proposed by Fay-Herriot (FH) is a linear model with random  area effects and it

was developed to predict per capita income for areas in the United States with population of fewer

than 1000 persons. This model is useful in cases where the auxiliary data are available at the area

level or when is not possible to link the information of the sample units with census data and

administrative records. It links the parameter of interest dY  in the area d to the auxiliary variables
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Model estimation is carried out using data from sampled areas  and the model-based estimates

for the small areas are given by d

t

dd ûˆ~
+= βxθ  or by the synthetic estimator βx ˆ

~~ t

dd =θ  when there is

no sample in a specific  area. More information about the FH estimator and its corresponding mean

square error can be found in Rao (2003).

A Model for Estimating the Proportion of Households in Poverty

The  survey data used in this study  comes  from the Brazilian Family Expenditure Survey  -
Pesquisa de Orçamentos Familiares - POF 2002-2003 (POF, IBGE, 2004) and the auxiliary
information was obtained from: the 2000 Demographic Census , an inquiry that collects
administrative  data from Brazilian municipalities ( Pesquisa de Informações Básicas Municipais -
2002 (MUNIC, IBGE, 2005), the School Census -  Censo Escolar 2003 (INEP, 2004) and from a
system of municipal development indicators maintained by an association of Rio de Janeiro
enterprises - Sistema Firjan – IFDM 2000 (2000). The database contains estimates of the proportion
of households in poverty for the  municipalities of Minas Gerais (MG) state calculated based on the
household per capita income. The sample sizes are small (from 6 to 75 households2) and 75% of the
sampled municipalities have less than 21 households in the sample. Besides, the survey was not
designed to provide accurate estimates for municipalities and in only 151 from the 853
municipalities of MG there are  households in the sample.

The auxiliary variables are available for  all municipalities in the state of interest and the
model fitted  with  survey data allows the estimation of a poverty measure  for those municipalities
that do not have any sampled household, assuming that the statistical model that links the estimates
with the auxiliary information  is  also valid in this case. Although, in general, the small area model-
based estimates are more precise than the direct sample estimates, they are subjected to bias. The
                                                          
2
 Belo Horizonte (Minas Gerais capital city) has a sample size of 336 households.
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selection of an appropriate model is vital in the estimation process. In this paper, the response is the
estimated proportion of households in poverty calculated based on the household income. A
household is considered in poverty when its per capita income is below a poverty line3.

Results and Discussion

Table 1 presents the selected variables included in the model and the estimates of β̂ obtained
by the FH estimator. The model selection procedure was carried out fitting a single level linear
model (without area random effects (because the database only contained records at municipal
level). For the final single area level, an R

2 = 0,47 was obtained. The FH estimator, however,
incorporates the random area effect (municipality).

Table 1: Estimates of the fitted model

Covariates

Coefficient
Estimates

 FH model

Intercept -0,035
FIRJAN index: employment and income -0,215

2000 Demographic Census 2000 Covariates
   Log of Proportion of Households with no Bathroom 0,934
   Log of Proportion of Households Served by Urban Sanitation 0,407
   Log of Proportion of Households with income between 5 and  10
  Brazilian Minimum Wages4

-0,990

Failure Rate in Junior School5 0,007

Figure 1 displays the scatterplot of the direct survey estimates against the model-based
estimates obtained by FH method for the 151 municipalities of Minas Gerais in which there are
some  sampled households. The graphic that shows the line xy =  (in red) constitutes a bias
diagnostic based on the assumption that the direct estimates of the small areas values are unbiased.
Although the direct estimates are very variable, they are nevertheless Unbiased, thus a plot of direct
estimates (on the y axis) and model-based estimates (on the x axis) should display direct estimates
randomly scattered about the model estimates. From Figure 1, it  can be noted that the direct
estimates are randomly distributed around the model-based  FH estimates  and they are close to the
line in red indicating no evidence of bias.

                                                          
3 The development of an absolute poverty line followed the steps: (1) conversion the amount of  food
acquired  by households in terms of energy (kcal) using  tables of food composition, (2) estimation of per
capita household energy consumption, (3) calculation of nutritional requirements following the FAO / WHO
/ UN recommendations , (4) definition of  the reference group, (5) calculation of the food poverty line, (6)
calculation of the poverty line.
4
 Minimum Wage Value in 2011: US$ 330.

5
 For 6-14 years old children.

Int. Statistical Inst.:  Proc. 58th World Statistical Congress, 2011, Dublin (Session CPS016) p.4220



4

Figure 1: Estimates of proportion of households in poverty by municipalities of Minas Gerais

(151 municipalities that have sample in the Family Expenditure Survey 2002/2003).

Figure 2 shows the synthetic estimates obtained by FH method for the proportion of
households in poverty for the municipalities of MG. Vale do Jequitinhonha, a well known region
with high incidence of poverty in the north of the state is among the darkest areas of the map. This
region is known to have low socioeconomic indexes.

Figure 2: Model–based estimates for the proportion of households in poverty for Municipalities

in Minas Gerais – Brazil. Estimates obtained by FH method (synthetic estimator).
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Due to the lack of sample in many municipalities, it is noteworthy that synthetic estimator was
used in 702 of them consequently affecting the quality of the estimates. It would, therefore, be
interesting to consider the use of different geographical boundaries to define the areas of interest in
a future work. In addition, these results are being compared to those obtained based on the World
Bank methodology and confidence intervals for the estimates will be produced.

Concluding Remarks

The results of this study demonstrate the feasibility of producing small area estimates based on sample
surveys of IBGE. However, there is the need for a careful evaluation of the definition of areas of interest,
since the lack of sample in several municipalities  imposes the use of synthetic estimators. It is important to
mention that the process of choosing the auxiliary variables is crucial, since the small area estimation
methods are mainly based on the development of a regression model. Thus the availability and choice of
auxiliary data have a direct effect on the quality of  the estimates.
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ABSTRACT

The Brazilian Institute of Geography and Statistics (IBGE) faces the challenge of producing

comprehensive, accurate and reliable information under financial and time constraints. The pressure for

reducing sample sizes and respondent burden reveals increases the need for methods to produce small

area statistics from combined data sources. Small area estimation covers a variety of methods used to

produce survey-based estimates for geographical areas or domains of study in which the sample sizes

are too small to provide reliable direct estimates. This work presents a first attempt to implement an area

level Fay-Herriot model to estimate the proportion of households in poverty for municipalities of Minas

Gerais state combining survey data from the Family Expenditure Survey with Census and administrative

data.  This work is part of a project aiming at developing small area estimation models and procedures

to allow publication of statistical outputs for areas or domains that are not currently considered for

publication due to the low precision of the estimates (or lack of sample observations in some of these

areas or domains). IBGE has already published a first set of poverty estimates based on the so-called

World Bank Method (Elbers, Lanjouw, and  Lanjouw , 2002). The focus of this work is to test some well-

known small area estimation models that have been used successfully by other National Statistical

Institutes and compare results with those obtained under the World Bank Method. The paper describes

the steps taken for developing this area level model. Results obtained so far proved the feasibility of the

area level approach and the vital role of good quality auxiliary data but also indicated the need to revise

the choice of target areas for estimation in order to avoid the use of synthetic estimator to obtain

estimates for large numbers of areas with no sample observations.
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