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Abstract
Small domain estimation covers a variety of methosisd to produce survey based
estimates for geographical areas or domains of/stud/hich the sample sizes are too
small to provide reliable direct estimates. Thisws when the survey is not designed
for estimation at the required level. In order tatain reliable estimates, additional
datasets are generally brought to bear upon theepscand a possible solution for this
problem is the use of model based estimators.drcéise of economic surveys, there
are additional issues related to the asymmetry hef data and the non-linear
relationship among economic variables. This papesgnts the use of small area
estimation methods for the Service Annual Surveydaated by the Brazilian Institute
of Geography and Statistics. Due to the samplirgigtle sample estimates for some
economic activities in the North, Northeast and Whdt regions of Brazil have low
precision. To solve this problem, an area level-Hayriot model is used to produce
model based estimates. The small domain estimatamel relates operating revenues
with auxiliary variables obtained from a BusinessegRter and provides results
showing improvement in precision for the majorifytlee domains considered.
Key Words: official statistics, business surveys, sampleveys, small area
estimation.

1 — Introduction

The Brazilian Institute of Geography and Statis(i®GE) carries out regular
surveys for different sectors of the economy, idirig the Service Sector Annual
Survey (Pesquisa Anual de Servigos — PAS) whicbdes on segments of the tertiary
sector (IBGE, 2010). Due to the growing demandiritrmation with greater spatial
detail and thematic range (SILVA and CLARKE, 2008)e traditional process of
producing only design based estimates from thisi@mic survey is not satisfactory.
Depending on the geographic region, the surveyigesvinformation for industry
service sectors at different levels of aggregatir.the South and Southeast regions,
survey estimates are produced by economic actviiecording to disaggregation
level defined by four-digit codes of the Nationalassification of Economic
Activities. This classification was developed basmu the International Standard
Industrial Classification. For States in the Norlhgrtheast, Midwest regions, the
survey provides estimates by the so-calleoup (a level of disaggregation related to
three-digit codes of the economic activity classifion). The main objective of this
paper is to apply model based methods to estirhat¢otal operational gross revenue
by areas (States) and economic activities.

2 —The Brazilian Service Sector Annual Survey

The survey encompasses a set of activities from sthrwices sector and
investigates enterprises’ economic and financiaratteristics such as revenue and
expenses. Estimates are published for groups afoedic activities according to the
National Classification of Economic Activities ary States (IBGE, 2010). The
sampling unit is the enterprise and the samplirgmé& is a business register
maintained by IBGE based on administrative recdtdsample design is stratified by
economic activities and geographical areas (States)also according to the number
of employees on 31of December, as reported in the business regiSter.sample
design involves a take-all stratum comprised ofséhenterprises with 20 anore



employees and enterprises that have establishnmentere than one Brazilian State.
The remainder of the sampling frame urfgsterprisesvith lessthan 20 employees
andoperating inonly oneState) isthendistributed intathreeotherstrata according to
number of employees (0-8;9 and 1o 19)The final sample is comprised by those
enterprises from the take-all stratum and by thbatare randomly selected by simple
random sampling within the strata defined by ecdnamativities, geographical areas
(States) and enterprise size (number of employeds)s work, a subset of economic
activities was considered as the domains of stlilg.idea is to focus the analysis on
activities in which the enterprises operate mainlypne State only. Table 1 displays
the subset of domains considered, according tcséimeple design. For most of the
States, direct survey estimates are solely produmedjyroup (3-digit economic
classification).

Table 1 - Disaggregation level of economic clasatfon for which direct estimates
are published — services considered in this study

Economic Classification
Services For States in South For Other
and Southeast
. States
Regions
Food and beverage service activities 5611-2 561
Renting of video tapes and disks 7722-5
Renting of clothing, jewellery and 772
accessories 7723-3
Teaching of art and culture 8592-9 859
Foreign language instruction 8593-7
Activities of fitness center 9313-1 931
Washing and cleaning of textile and fur
products 9601-7 960
Hairdressing and other beauty treatmen 9602-5

Source: IBGE, Service Annual Survey 2008.

The population of enterprises in the activitiesvebd in Table 2.1 is comprised
of 276,231 enterprises out of 1,222,132 listed Ha 2008 sampling frame. The
sample, in turn, consists of 11,751 enterprises2di®3ddomains (defined by states and
classof economic activity). In order to set up a snaatba estimation framework it is
necessary to define the target of the estimatibe (tariable of interest and the
geographical level or domain requirements) and tdgdentify the potential auxiliary
data. In this paper, the variable of interest sdloss operating revenuduxiliary
variables were obtained from administrative datadpced by the Brazilian Ministry
of Labour and Employment based on information medi compulsorily by
enterprises each yeagmployed personsvagesand number of establishment$he
focus of this work is to produce model based esgmdyclass (4-digit economic
classification) for a subset of services in all&@tes of Brazil in order to assess the
potential use of standard small area estimatiorhoakst for improving the production
of official statistics from Brazilian business seys.

3 —The Fay-Herriot Area Level Model

The well-known Fay-Herriot model (Fay and Herriv®79) is defined by two
equations representing: tisampling mode(3.1), that relates the direct estimator to
the true parameter value, and thi@ding model(3.2) that relates the quantity of
interest to the auxiliary variables for the smaihthins (Sample Project, 2011; Rao,
2003; Pfeffermann and Correa, 2012).

LetY; be the population total gffor domainj and \7J the corresponding direct
survey estimator. The area level model is given by:



Yj =Y e (3.1)
Y =xB+u, (3.2)
where: j=1...,J are the domains;g; ~"|1\ij (0,0—]-2) - is the sampling error related t‘a ,
with mean zero and known sampling variauz,-ze u; ~ili31 (0,02) is the random effect

of domainj with mean equal to zero and varian@f, €jand u; are mutually

independent. The vector of auxiliary variablesdomainj is defined by the column
vector X; :(le,...,xjp)twhereasﬁ =(By,....3)" is a column vector of unknown
parameters. Putting together (3.2) in (3.1), thg-iHarriot model is defined by:
\7j =XiB+u; +é (3.3)

The above formulation specifies a linear model védtlandom intercept that
varies by small domains. As the model relates thallsdomain totals to a group of
auxiliary variables at the domain level, this typlemodel is often referred to as a
basic area level model.

In the case of business surveys, there are adalitimsues related to the
asymmetry of the data and the non-linear relatipnamong economic variables that
has to be considered. It is common to apply a ldgaic transformation to the
response variable in an attempt to represent edoraate by linear models. To obtain
the variance estimator of the transformed varialles Taylor's approximation
(Bishopet al, 1975) can be used, such thafr(gY)) = g[ EY)? Var(Y), whereg’ is
the first order derivative of thdn (natural logarithm) function and, hence,
Var( g(\?)) = CVZ(\?). The model based estimates as well as the comdampmean

squared errors (mse) in the log-transformed scale wbtained using the well-known
estimators proposdaly Fay and Herriot (1979). The estimates were conddrtek to
the original scale based on the properties of digenbrmal distribution (RAO, 2003).
The EBLUP estimates and corresponding mean sqearecs in the original scale are
given by:

Y; esLupFinal = €XP{Y| eaLup + 0.5 IMSEY; g5 up)} and

A~ _ -~ 2 ~
mséYj,EBLUP,FinaI) - eXp(Yj,EBLUP) X mséYj,EBLUP) '

4 — Results

The Fay-Herriot estimator in equation (3.8) wasdus®e produce model based
estimates for small domains for the 2008 Brazifamvice Sector Annual Survey. The
model dependent variables are the survey direanhatsts oftotal revenuefor the
small domains defined by geographical area andanmnactivity as described in the
previous section. The auxiliary variables usedha model are the total number of
employed personsvagesandnumber ofestablishmentsFor this study in particular,
graphical analysis and statistical tests providediemce that adouble-log model
would be more suitable to model the relationshigpvben the direct estimates and the
auxiliary variables. This functional form consigstsapplying logarithm transformation
to the dependent variable and auxiliary variabteprasented in Table 2.

Table 2 — Regression coefficient estimates folRig-Herriot model

Auxiliary Variables Estimates St:rr:g?rd Z-value P-value
Intercept 2.358 0.486 4.856 <0.000
Logarithm ofemployed persons 0.129 0.058 2.224 <0.030
Logarithm ofwages 0.878 0.057 15.496 <0.000



A scatter plot of direct survey estimatgsakis) against model based estimates
(x-axis) is one method of assessing whether theioektip between the target
variable and the covariates has been properly figpdciThe small domain estimation
approach was used to overcome the problem of ssaaiple sizes within domains.
However, it is well known that, although in genemadre precise, the resulting model
based estimates are biased. The aim of the estimptocedure adopted here is to
balance the trade-off between variability and bia®ducing estimates with good
precision and as little bias as possible. Althotighdirect estimates are very variable,
they are nevertheless unbiased. Thus a scattarpltitect estimates (on theaxis)
against model based estimates (onxtlagis) should display a regression line close to
they=x line if the model based estimates are also unthiase

Figure 1 (a) shows a scatter plot of the total mereeestimates to investigate if
the model based estimates are approximately unhiaBee results show that the
direct and model-based estimates do appear to ¢@ak other on the logarithm scale.
The graph on the original scale (Figurel (b)) hasmynoverlapping data due to the
asymmetric distribution of the variabgoss operating revenudo further evaluate
the presence of bias in the model-based estimategression line was fitted for the
log direct and log model-based estimates, and nkerdept was not significantly
different from zero, indicating that there is nadence to reject the hypothesis of lack
of bias in the model-based estimates.

Figurel — Scatter plots for direct estimates andiehdased Fay-Herriot estimates
(EBLUP), in the logarithmic scale (a) and in thagioral scale (b):
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To evaluate the accuracy of theodel estimates, the coefficients of variation
(CVs) were calculated for the direct and model HageBLUP) estimates. The
comparison considers the MSE estimates in ther@igicale. The highest CVs of the
direct estimates are greatly reduced with the fiskeomodel-based EBLUP estimator
(Figure 2).

Figure 2 provides evidence that for the majoritglomains, the precision of the
model based figures is better than for the sunimctiestimates since the small area
estimation approach produces estimates with lowés @r 83.5% of the domains
considered when compared with those obtained fer dinect estimates. Table 3
presents the results for the State of Piaui. A na@tailed analysis can be found in
Neves (2012).



Figure.2 —Direct and model based estimates of ¢ptas revenue and corresponding
precision estimates for specific domains
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*This numeration is the list of domains. About domains size distribution, see Neves, 2012.

Table 3 — Estimates for the domains and their aoeffts of variation

Domains Direct cv EBLUP-FH cv
Estimation Estimation

Food and beverage service activities 77.438.734 21,1 85.121.57 2,9

Renting of video tapes and disks 1.128.425 26,9 2.138.84 49

State Renting of clothing, jewellery and accessories 1.296.512 41,7 1.832.633 3,6
of Teaching of art and culture 3.189.312 37,0 3.644.96 2,8
Piauf Foreign language Instruction 2.555.536 141 2.968.60 36
Activities of fitness center 3.083.838 39,7 4.924.35 2,2

Washing and cleaning of textile and fur products 6.257.175 19, 9.991.41} 1,1

Source: IBGE, PAS 2008.

The Shapiro-Wilk test provides thW test statistic to assess whether the standardized
residualsg?j =(g; +u;)/ sz +g? follow a standard normal distribution. Small vadue
of W are evidence against the hypothesis of normdiltg.W statistic is given by:

2
J -~
a; [f;
[B7], @y
=
UGS
j=1
Where?jare the ordered values of the standard residEJaksthe corresponding mean

and g are generated from a normal distribution with theans, variances and
covariances of the order statistics for a samplsizéJ (Hidiroglou, 2011). In this
study we obtainetlV = 0.766 ang-value= 2.4 x 1, which yields to rejection of the
hypothesis of normality of the standardized redglua

w

5— Conclusions

In this study we have considered the Fay-Herriotl@hoa procedure for small
area estimation commonly cited in the literaturee Dverall performance of the Fay-
Herriot model was very good, showing lower CVstlee model based estimators for
83% of the domains considered when compared tdCWe obtained for the direct
estimates. However, the statistical tests showatttle model residuals do not meet
the assumption of normality, which indicates theddor additional study in this
direction. This article applies a well-known method small domain estimation with
application to a real economic survey data condubtelBGE. The main objective of
this article is to take another step in the dimttdf development and application of



small area estimation approaches to IBGE'’s econemnigeys. The promising results
found in this study along with its practical impmmte and relatively new initiative of
application to Brazilian economic survey data m#kie topic an area that certainly
deserve further research.
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