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1 Statistics Lithuania, Lithuania
e-mail: milda.slickute-sestokiene@stat.gov.lt

Abstract

Estimation for domains and small areas for enterprize surveys are examined in
this paper. Generalized Regression, Synthetic, Empirical Best Linear Predictor
and Horvitz-Thompson estimators are discussed. We show how different estima-
tors behave for domains, including small domains, for Stratified Simple Random
Sampling when domains are unplanned. The simulation study is accomplished on
real data from Lithuanian Quarterly Survey on Earnings using data of Register of
Social Insurance as auxiliary information.

1 Introduction

Statistics Lithuania as well as most other Offices of National Statistics takes a lot of
attention trying to optimize the surveys. On the on hand statistical offices are trying
to reduce the costs of the surveys and to diminish burden for respondents and for pro-
ducers of statistics, but on another hand statistical offices are trying to produce more
detailed results and to increase the quality of the results. Those contradictory goals
impels for domain and small area estimation. Domain and small area estimation also
occupies a significant place in recent literature and studies.

A number of estimators for domains, including small domains, have been proposed.
In this paper only some of them are analyzed: model-assisted Generalized Regression
estimator (GREG), model-dependent Synthetic estimator (SYN), also Best Linear Pre-
dictor (EBLUP) and Horvitz-Thompson (HT) estimator.

2 Estimators

Consider a finite population U = {1, 2, ..., k, ...N} from which a probability sample s
(s ⊆ U) is drawn with a given sampling design, p(·). That is, p(s) is the probabil-
ity that s is selected. Consider a mutually exhaustive subgroups of the population U
denoted U1, U2, ..., Ud, ..., UD - domains of interest, such that ∪D

d=1Ud = U . Domain
sample set denoted by sd, d = 1, ..., D. The inclusion probabilities πk=Pr(k ∈ s) and
πkl=Pr(k & l ∈ s) are assumed to be strictly positive. Let yk be the value of the variable
of interest, y, for the k − th population element. Let xk = (xk1, xk2, ..., xkj , ..., xkJ)′

be the auxiliary variable vector of dimension J ≥ 1, the value xk is assumed to be
known for every element k ∈ U . The target parameter are the set of domain totals,
Yd =

∑
Ud

yk, d = 1, ..., D.



Consider a fixed-effect linear model, such that

yid = x′dB + ud + eid

where:
ud ∼ iid(0, σ2

u), eid ∼ iid(0, σ2
e);

ud is a random effect defined at the domain level.

Given this model suitable estimator for B are given by:

B̂d =
( ∑

i∈sd

1
πi

xix′i

)−1 ∑
i∈sd

1
πi

xiyi (2.1)

Using the estimated parameters, predicted values

ŷid = xidB̂d + ûd

are computed for all k ∈ U .

Estimators of domain total Yd =
∑

i∈sd
yi, discussed in this paper, has the following

form:

Ŷ HT
d =

∑
i∈sd

1
πi

yi (1)

Ŷ GREG
d =

∑
Ud

ŷk +
∑
sd

ak(yk − ŷk) (2)

Ŷ SY N
d =

∑
Ud

ŷk (3)

Ŷ EBLUP
d =

∑
Ud

ŷk + γk

∑
sd

ak(yk − ŷk) (4)

where:
γd = σ̂2

u

σ̂2
u+

σ̂2
e

nd

Ŷ HT
d - Horvitz-Thompson estimator of total of domain d = 1, ..., D;

Ŷ GREG
d - Generalized Regression estimator of total of domain d = 1, ..., D;

Ŷ SY N
d - Synthetic estimator of total of domain d = 1, ..., D;

Ŷ EBLUP
d - Empirical Best Linear Predictor of total of domain d = 1, ..., D.

For each domain of interest d = 1, ..., D Absolute Relative Bias (ARB) and Relative
Root Mean Square Error (RRMSE) are calculated:



ARBd =
∣∣∣∣ 1
M

M∑
i=1

Ŷd(si)− Yd

∣∣∣∣/Yd (10)

RRMSE =

√√√√ 1
M

M∑
i=1

(
Ŷd(si)− Yd

)2/
Yd (11)

ARB and RRMSE are summarized for all regions d = 1, ..., D in the country, namely
ARB and RRMSE are averaged with respect to a classification of domains into groups
according to expected sample size (groups of expected sample size: 1-10; 11-20; 21-30;
31-50; 51 and >).

3 Simulation study

The data for simulation study came from the Lithuanian Quarterly Survey on Earn-
ings. The population of enterprizes in this survey equals to about 50000 and sample
size equals to about 7000. To generate realistic population of enterprizes, where target
parameters are known, we combined total 8 quarters (2 years: 2007 and 2008) of re-
sponded enterprizes. In order to keep realistic distribution of enterprizes by economic
activity, size and region we randomly dropped some enterprizes in some domains (where
population size occurred too large compared to realistic), there were also some domains
where population size was too small, we replicated the respondents in those domains
by Simple Random Sampling With Replacement until a realistic population size was
reached.

Total M = 1000 samples were selected from artificial population using Stratified Simple
Random Sampling Without Replacement. In order to keep realistic sampling design
stratification criterions were as following: form of ownership (public or private sector),
economic activity (by NACE Rev. 1.1 at two digit level) and size of enterprize (de-
termined by the number of employees: 1-9, 10-49, 50-99, 100-249, 250-499, 500-999,
999 and >). Domains of interest are regions based on NUTS4 classification (European
Union’s Nomenclature of Territorial Units for Statistics). Domains are unplanned,
that is domain sample size nd from domain Ud = 1, ..., D is random with expected
value nexpected

d = n ∗ Nd/N . In Lithuania we have 60 regions (domains). Variables
of interest are the number of employees. ARB and RMSE were calculated for each
estimator in each domain of interest.

Auxiliary variables are derived from register of Social Insurance, only one auxiliary
variable was chosen for further analysis, it is number of insured persons. The coeffi-
cient of correlation between auxiliary variable and variable of interest equals to 0.979.

ARB and RRMSE averaged with respect to classifications of domains into groups
according to expected sample size are presented in Table 1.



Table 1

Average Absolute Relative Bias (ARB) and average Relative Root Mean
Square Error (RRMSE) of estimators of number of employees in domains

of different sample size

Domain Number of ARB RRMSE
sample size domains HT GREG SYN EBLUP HT GREG SYN EBLUP

Total 60 0.7 0.1 1.8 1.7 29.0 3.6 1.9 1.8
1-10 4 1.6 0.4 2.9 2.6 62.9 9.8 2.9 2.6
11-20 10 1.1 0.2 1.5 1.4 39.2 5.1 1.6 1.5
21-30 20 0.8 0.1 1.5 1.5 30.7 3.4 1.6 1.6
31-50 13 0.6 0.1 2.1 1.8 23.7 3.0 2.1 1.8

51 and > 13 0.3 0.0 1.9 2.1 13.0 1.4 1.9 2.1

HT estimator usually is unbiased but in our case, when domains do not coincide with
stratification, we observe some bias. GREG estimator is also constructed to be unbi-
ased. SYN and EBLUP estimators are biased.

As one could see from the Table 1, GREG, SYN and EBLUP estimators significantly
outperforms HT estimator. RRMSE for HT estimator is significantly higher than for
the rest ones.

Smallest values of RRMSE are observed for SYN and EBLUP estimators, only for
domain, with expected sample size greater than 50, GREG has the smallest value of
RRMSE.

4 Summary

During the last years an increasing emphasis have been put on the use of administrative
register for purpose of statistics production. This enables to analyze and apply the
methods of estimation for domains and small areas.
Possibility to estimate data of Quarterly Survey on Earnings by regional breakdown
have been analyzed in this paper. Horvitz-Thompson, Generalized Regression, Syn-
thetic and Empirical Best Linear Predictor have been analyzed. For data estimation
Synthetic or Best Linear Predictor occurred most suitable when domain sample size is
less or equal to 50, and Generalized Regression Estimator - when domain sample size
is greater than 50.
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