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Study of variance estimation methods in the Spanish Labour Force Survey (EPA)

Abstract

The aim of this paper is to compare different methods for calculating sampling errors in
the Spanish Labour Force Survey (EPA). Half sample replication (HSR) is the method
currently employed to this end. We compare its results with those obtained with two
other more recent techniques, standard delete-one jackknife and Rao-Wu-Yue bootstrap.
The paper begins with a brief description of the EPA methodology, and goes on with a
theoretical presentation of the above mentioned methods, followed by the coefficient of
variation (CV) calculated for the estimates of the most important EPA variables in 2009.

Finally, we present a more detailed study for the autonomous community of Galicia. In
this NUTS2 the sample has been enlarged in the third quarter of 2009, and this fact allows
us to study the changes in the estimates of the variance, in relation to the change in
sample size.
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[.INTRODUCTION

I.1. Background

The Spanish Labour Force Survey (EPA) is a contisuwquarterly survey addressed to
the population living in family dwellings. The maijective of EPA is to reveal
information on economic activities regarding to thieman component. It has been
carried out by the INE since 1964.

|.2 Sample Design

The sampling plan is a two stages stratified samgpli
In the first stage a stratified sample of geogreghareas (PSUs- Census Sections-) is
selected with probability proportional to size, m@@d by the number of dwellings. In
the second stage, within selected PSUs, a sampladfings (SSUSs) is selected with
equal probability.
The sample size is about 65.000 dwellings, in edi¢hem all people aged 16 and over
are interviewed.
The sample weights required to obtain estimatesaoellated through the following
steps:
Weights based in sample design probabilities (Hoi/hompson).
Nonresponse adjustment.
Calibration to external sources.

|.3 Variance Estimation

Variance estimation is an essential indicator efdhality of estimates. Complex
sample designs present particular challenges itma&st variance, due to the difficulties
of an analytical approach. Increase in computifigiehcy has made the use of
resampling techniques feasible for large surveies& methods are easy to implement
because they always use the same estimation pnagessted many times. The main
idea consists of getting subsamples from the sgrphapute the estimate for the full
sample and for each subsample with identical pnaes) and then combine these
results in a simple variance expression. The vanamong the subsamples estimates
is used to calculate the variance for the full si@mp

EPA utilizes a replication method based on methmglplised for estimating variances
for the Current Population Survey labour forcersates conducted by the U.S. Census
Bureau and the U.S. Bureau of the Labour Statistics

[.4 Countries Comparison: Different Ways of Variance Estimation

There is not an international agreement about és¢ inethodology for estimating
variance in household surveys, except the usedirfeict techniques. The variance
estimation procedures among countries is varieiflerent methods are in use (see
Table below).



Country Method of estimation

Canada Jackknife variance estimation procedures
Germany Taylor linearization

France Direct estimation of the theoretical fornsula

Italy Variance of estimator GREG

Portugal Jackknife technique

Poland Bootstrap method with calibration of boagstweights
United Kingdom Linearization methods

USA Replication methods

(Sources: Eurostat, Statistics Canada, U.Ss@eBureau)
[I. VARIANCE ESTIMATION METHODS
This section presents the methods for estimatiag/éniance to be studied.

1.1 Half-Sample Replication (HSR) methods

The original idea was introduced by Mc Carthy 68 %or the case of stratified
sampling with two sampling units per stratum (BakohHalf Sample method - BHS).
Different extensions of this method were develofpedases with more than two
sampling units in any stratum (see Shao - Chen)1999

In EPA, sampling errors are estimated with onénegé extensions. The method
consists of dividing in pairs at random the sanghlBSUs in each stratum. Then a half
sample is built taking at random one unit of eaain. fAfter that, another half sample is
built taking from each pair the unit that has neétb chosen in the first step. So that, all
the strata are represented in each replicate hese ffirst two subsamples contain the
information from the whole sample.

The estimate of the variance in EPA is obtainedg:8orty halfsamples obtained in
such a way. In each of them the EPA general esbmats been employed.

The variance estimation for a estimator of the patar 0 is \7(@) = 1Z(éi - é)2

Iz
where8 is the estimate based on the full sampleis the estimate based on the i-th
replicate half-sample and r is the number of reypés.

I1.2. Jackknife method

The jackknife method is first introduced by Quertieui1949) as a method to estimate,
and consequently to reduce, the bias of an estimatas become a more valuable tool
since Tukey (1958) demonstrated that the jackkrafealso be used to construct
variance estimators.

For the use of the jackknife method in a stratifiealti-stage sampling design, we form
n= Znh replicates. Each replicate is formed by deleting PSU.



The jackknife estimator of/() is given by
n
V,(0) = Z . Z(Gm -6)

where:

éhj is the estimation of the total, using the repkdgt what is formed deleting the j-th
PSU within stratum h.

0 is the estimation of the total using the whole glem

The formula above is known as tiiandard delete-one jackknife.

Valliant (1993) showed theoretically and empirigdhat poststratification weights
must be recomputed for every replicate in ordegetba consistent jackknife estimation
in two-stage sampling. Yung and Rao (1996,2000iabt similar results for the
jackknife method in stratified, multistage samplifgr this reason, and taking into
account that calibrated EPA estimates are veryedopoststratification method, in this
paper the jackknife estimates has been calculatied the overall EPA estimation
process in each replicate.

[1.3. Bootstrap method

In 1979 B. Efron introduced bootstrap methods. ii@ndne hand he tries to clarify the
theoretical basis of the jackknifegrf intriguing nonparametric methodOn the other
he proposes a new technique for estimation prohleémare widely applicable than the
jackknife and also more dependahle”
Since then, original or modified bootstrap, hasnbesed as the variance estimation
method for many surveys, because it works proertyit is relatively easy to
implement.
The simplest version of bootstrap is:
a) Draw a simple random sample with replacememt fitee original sample with
the same size: (X....X ).
b) Compute the estimator from this resample instimae way that the one of the
survey.

d) The estimation of the variance®fs: v__(8) = - §)2

Rao and Wu (1988) proposed a bootstrap methodritifeed multi-stage designs and
with-replacement sampling of PSU’s. The method iadph scale adjustment directly to
the survey data values.

Rao, Wu and Yue (1992) presented a modificatioh@®fL988 method, where the scale
adjustment is applied to the survey weights ratihan to the data values. Below is
presented a description of this method.

Let 6 denote a finite population parameter #nits estimator based on the full survey

sample. To estimate the variancefgfwe repeatedly select bootstrap samples from the
full survey sample and apply the procedure givdaovie

Let 8" denote a bootstrap replicate ®f



For b=1,...,B, where B is large (typically, B=500 fdtatistics Canada Surveys), repeat
independently steps (i) to (iv):

() Independently in each stratum h, h=1,...,H, dedelsootstrap sample by drawing a
simple random sample of, PSUs with replacement from the samplenpfPSUs.

Let t,,, be the number of times that P&Us selected in the bootstrap sample b

nh * *
(zthi,b = th-
=

(i) For each secondary sampling unit (S&un PSUhi, calculate the initial bootstrap

weight d;, , =y {1—\/ My J+ \/nnh E—E—h D;,'b} , Whered,, is the initial
h

n,-1 h—1

sampling weight of the SShilk, equal to the inverse of its selection probahility.
dhik :%Thik .

(iiFor each SSU, the final bootstrap Weighl;iky , IS calculated by applying, to the
initial bootstrap weighd, , »» the same adjustment procedures (re-weighting for
non-response and calibration) that were applig¢teanitial sampling weight,,,
to obtain the final survey weight,;, .

(iv) Calculateé;, the b-th bootstrap replicate 8f by replacingw;, with w, , inthe
formula for 6.

~ ~ ~ B ~ ~
The bootstrap variance estimator®is given byV,s(0) = %Z(eb - 9)2 f
b=1
n, <n, —1 then the bootstrap weights are never negativeallysn, =n, —1, which
simplifies bootstrap weights given abovedg, , =d,; {& [ﬁ;i’b} :
n

h



[11.RESULTS

To compare the above methods, variance estimatesok¢ained for estimates of major
EPA target variables in each of the four quartér2@09.

Tables Al, A2 y A3, report variance estimationdaemployment, employment and
inactive population, respectively, at national &HdTS2 level.

In this group of tables it can be seen a genemalagity between the three types of
estimates. Appart from that, the following consatems may be taken into account:

* In afew cases there are some non negligible éifilees. As expected, the largest
absolute differences are presented with the smateportion, the unemployed
people in Table Al.

* At national level all estimates are very closeverg quarter.

» Jackknife and bootstrap are generally closer th ettrer than those obtained by
half sample replication, particularly in Tables A2d A3.

» Ceuta and Melilla are geographic areas much snthber the rest of NUTS2. For
this reason its results should be viewed with soengion.

TABLE A1. COMPARISON OF THE COEFFICIENTS OF VARIATION (IN %) OF UNEMPLOYED
POPULATION, ACCORDING TO EPA 2009, CALCULATED BY HALF-SAMPLE REPLICATION,
JACKKNIFE AND BOOTSTRAP METHODS, AT NATIONAL AND NUTS2 LEVEL

UNEMPLOYED

QUARTER
1/2009 2/2009 3/2009 4/2009
REGION
H-S J B H-S J B H-S J B H-S J B

National 1,25 1,27 1,26 1,17 1,21 1,21 1,12 1,22 1,23 1,17 123 1,21
Andalucia 2,36 2,27 2,26 1,83 2,16 2,16 1,83 2,33 248 2,23 2,39 249
Aragén 6,24 6,23 5,99 7,62 6,72 6,75 8,06 6,97 7,08 6,77 6,33 5,99
Asturias, Princ. de 8,72 6,83 6,78 7,74 6,64 641 7,13 590 594 6,60 6,05 6,10
Balears, llles 530 6,11 5,98 7,80 581 5,65 6,51 6,66 6,53 6,79 549 5,40
Canarias 3,85 4,22 436 545 4,71 455 4,70 4,67 4,53 540 4,53 4,48
Cantabria 6,63 7,39 7,45 8,64 7,02 6,95 8,98 8,98 9,00 883 7,93 741
Castillay Ledn 295 3,78 381 464 4,45 4,33 3,70 3,77 3,76 3,70 3,47 3,54
Castilla - La Mancha 4,06 4,05 394 4,37 3,75 3,64 3,36 388 3,71 4,17 4,04 3,93
Catalufia 3,20 3,64 3,62 2,89 3,58 359 3,01 3,67 3,65 299 3,12 3,16
Comunitat Valenciana 4,19 435 4,24 3,76 4,03 3,96 3,02 366 3,73 3,57 4,15 4,01
Extremadura 566 532 535 557 5,34 5,09 6,23 516 4,90 4,67 5,31 5,23
Galicia 456 4,57 4,40 487 4,48 4,34 4,03 3,02 3,16 3,71 3,25 3,03
Madrid, Comun. de 6,90 545 544 6,59 5,00 4,99 528 492 492 567 5,39 5,40
Murcia, Region de 6,37 587 5,69 455 522 539 5,08 5,87 554 486 5,09 4,79
Navarra, Comun. F. de 9,80 8,49 8,30 881 7,89 7,76 9,25 8,07 7,77 10,16 8,32 8,59
Pais Vasco 547 595 5,85 5,22 5,70 581 556 521 5,30 598 535 5,40
Rioja, La 9,01 10,20 9,37 9,27 9,95 941 8,29 795 811 9,39 9,36 9,06
Ceuta 16,53 23,04 21,56 18,83 2148 20,96 15,13 18,02 17,22 17,62 16,24 16,67
Melilla 23,18 28,33 2491 17,62 16,87 16,83 14,25 19,02 18,86 16,53 15,28 15,79




TABLE A2. COMPARISON OF THE COEFFICIENTS OF VARIATION (IN %) OF EMPLOYED
POPULATION, ACCORDING TO EPA 2009, CALCULATED BY HALF-SAMPLE REPLICATION,
JACKKNIFE AND BOOTSTRAP METHODS, AT NATIONAL AND NUTS2 LEVEL

EMPLOYED

QUARTER
1/2009 2/2009 3/2009 4/2009
REGION
H-S J B H-S J B H-S J B H-S J B

National 0,38 034 0,33 0,40 033 0,34 0,32 034 033 0,36 035 0,35
Andalucia 1,00 0,9 0,9 0,85 0,90 0,86 0,84 09 0,98 0,81 097 0,95
Aragoén 145 134 1,28 1,42 1,41 144 1,22 130 1,32 146 137 131
Asturias, Princ. de 146 160 1,60 154 1,76 1,73 153 157 157 164 168 1,67
Balears, llles 152 1,92 1,75 1,55 1,81 1,80 152 162 1,65 2,24 180 1,71
Canarias 1,36 1,74 1,70 1,94 1,79 1,65 160 169 1,66 168 1,71 1,68
Cantabria 1,47 160 161 161 1,46 1,38 2,15 1,83 181 164 160 1,55
Castillay Ledn 1,16 0,97 0,95 1,17 098 0,95 0,97 091 093 1,20 0,99 0,99
Castilla - La Mancha 1,19 1,09 1,10 126 1,15 1,12 1,04 109 1,08 1,09 1,11 1,08
Catalufia 0,96 0,87 0,87 091 088 0,88 0,88 091 0,97 0,84 09 0,93
Comunitat Valenciana 1,00 1,08 1,10 1,29 124 1,30 1,15 1,33 132 1,13 1,38 131
Extremadura 2,14 184 1,78 156 1,72 1,66 2,09 19 1,82 2,03 167 1,58
Galicia 0,87 1,07 1,06 095 1,08 1,07 0,80 0,76 0,76 0,85 0,79 0,76
Madrid, Comun. de 145 1,15 1,15 1,43 1,02 1,05 1,07 099 1,00 1,20 1,12 1,14
Murcia, Regién de 1,82 1,73 1,70 154 1,47 148 186 183 1,85 194 185 1,79
Navarra, Comun. F. de 214 185 1,76 192 162 1,59 163 129 133 1,80 1,36 1,46
Pais Vasco 0,99 1,09 1,08 1,04 1,02 1,02 1,18 1,08 1,10 1,29 1,07 1,06
Rioja, La 149 189 184 150 1,58 1,58 162 186 184 1,92 19 1,95
Ceuta 7,24 6,19 6,00 6,57 5,74 5,60 8,15 7,04 6,38 9,02 855 842
Melilla 9,20 10,21 9,62 7,30 8,36 8,75 8,27 828 858 10,87 9,65 9,34

TABLE A3. COMPARISON OF THE COEFFICIENTS OF VARIATION (IN %) OF INACTIVE
POPULATION, ACCORDING TO EPA 2009, CALCULATED BY HALF-SAMPLE REPLICATION,
JACKKNIFE AND BOOTSTRAP METHODS, AT NATIONAL AND NUTS2 LEVEL

INACTIVE POPULATION

QUARTER
1/2009 2/2009 3/2009 4/2009
REGION
H-S J B H-S J B H-S J B H-S J B

National 0,38 032 0,33 0,37 032 0,33 03 031 031 0,35 032 0,32
Andalucia 093 0,79 0,76 0,87 0,76 0,73 0,70 0,72 0,70 0,70 0,72 0,70
Aragoén 157 1,16 1,17 156 1,44 1,39 1,17 1,10 1,13 1,10 1,18 1,20
Asturias, Princ. de 1,13 1,42 1,39 1,02 1,39 1,42 1,11 1,38 1,40 136 136 131
Balears, llles 1,99 208 1,9 2,33 2,17 219 2550 232 229 192 1,76 1,71
Canarias 1,18 153 1,53 1,40 1,48 145 153 161 1,58 145 153 151
Cantabria 146 1,48 1,49 1,28 1,42 1,45 183 155 151 1,06 1,34 1,28
Castillay Ledn 091 082 0,81 0,78 0,78 0,79 0,85 081 081 0,79 085 0,84
Castilla - La Mancha 125 093 094 1,00 096 0,96 1,08 0,89 0,9 1,13 0,94 0,9
Catalufia 1,16 094 091 099 09 0,99 1,08 100 1,01 1,02 0,9 0,99
Comunitat Valenciana 1,09 125 1,27 1,06 1,21 1,20 1,31 1,19 1,20 095 1,07 1,06
Extremadura 1,38 1,27 1,26 1,19 123 121 1,49 134 1,28 1,31 139 1,34
Galicia 0,90 1,04 1,03 0,89 1,00 0,97 0,61 0,73 0,70 0,66 0,73 0,72
Madrid, Comun. de 143 122 1,21 1,48 1,28 1,28 098 1,17 1,15 1,39 1,37 135
Murcia, Regién de 1,34 163 161 1,10 1,57 1,555 152 164 1,62 1,34 158 154
Navarra, Comun. F. de 180 182 1,72 150 1,72 1,68 157 160 1,68 153 145 162
Pais Vasco 0,84 111 1,10 0,85 1,04 1,04 1,03 1,12 1,10 1,30 1,12 1,15
Rioja, La 1,78 2,12 2,12 19 192 192 154 186 184 225 197 1,93
Ceuta 7,26 618 6,17 6,54 512 494 6,83 558 5,18 6,53 624 6,17
Melilla 6,41 548 5,55 541 5,19 5,72 8,60 7,87 7,69 956 7,91 7,50




Tables B1, B2 y B3, report variance estimationuieemployment, employment and
inactive population in the autonomous communitgaficia (NUTS2), and in its
provinces (NUTS3) for the four quarters of 2009.

The same general considerations as in the Tablemifhe done with Tables-B:

e The three methods have similar overall results
» Estimates obtained by jackknife and bootstrap andas
* Major differences in estimates of small proportions

TABLE B1. COMPARISON OF THE COEFFICIENTS OF VARIATION (IN %) OF UNEMPLOYED
POPULATION, ACCORDING TO EPA 2009, CALCULATED BY HALF-SAMPLE REPLICATION,
JACKKNIFE, BOOTSTRAP AND SIMPLE RANDOM SAMPLING (SRS) METHODS, IN GALICIA (NUTS2)
AND ITS PROVINCES (NUTS3)

UNEMPLOYED

QUARTER

1/2009 2/2009 3/2009 4/2009
PROVINCE

HS J B SRS HS J B SRS HS J B SRS HS J B SRS
Galicia 456 457 440 3,76 487 448 434 367 403 302 316 2,70 3,71 325 3,03 265
A Corufia 942 828 809 664 825 745 741 641 737 547 565 478 6,66 576 598 4,73
Lugo 14,64 15,19 14,36 11,75 22,86 18,70 17,71 11,36 9,97 10,55 10,84 8,56 10,43 10,71 10,62 7,68
Ourense 21,73 17,42 18,08 12,73 18,88 18,74 18,48 12,62 10,38 10,37 10,14 8,07 9,25 10,13 9,90 7,57
Pontevedra 6,82 6,78 653 542 664 641 6,24 534 445 424 412 400 464 466 482 4,01

TABLE B2. COMPARISON OF THE COEFFICIENTS OF VARIATION (IN %) OF EMPLOYED POPULATION,
ACCORDING TO EPA 2009, CALCULATED BY HALF-SAMPLE REPLICATION, JACKKNIFE, BOOTSTRAP
AND SIMPLE RANDOM SAMPLING (SRS) METHODS, IN GALICIA (NUTS2) AND ITS PROVINCES
(NUTS3)

EMPLOYED

QUARTER

1/2009 2/2009 3/2009 4/2009
PROVINCE

HS J B SRS HS J B SRS HS J B SRS HS J B SRS
Galicia 087 107 106 104 095 108 107 106 080 0,76 0,76 0,76 085 0,79 0,76 0,76
A Corufia 211 250 249 172 229 248 229 173 197 171 162 124 181 180 181 1,25
Lugo 462 4,24 4,08 2,78 422 3,79 379 287 269 266 253 192 315 267 254 1,99
Ourense 593 591 536 287 575 531 486 305 372 350 335 230 373 314 298 227
Pontevedra 1,81 229 227 174 176 215 210 176 1,17 157 159 127 138 161 164 1,29




TABLE B3. COMPARISON OF THE COEFFICIENTS OF VARIATION (IN %) OF INACTIVE POPULATION,
ACCORDING TO EPA 2009, CALCULATED BY HALF-SAMPLE REPLICATION, JACKKNIFE, BOOTSTRAP
AND SIMPLE RANDOM SAMPLING (SRS) METHODS, IN GALICIA (NUTS2) AND ITS PROVINCES
(NUTS3)

INACTIVE POPULATION

QUARTER

1/2009 2/2009 3/2009 4/2009
PROVINCE

H-S J B SRS H-S J B SRS H-S J B SRS H-S J B SRS
Galicia 09 104 103 114 089 100 097 113 o061 0,73 070 081 066 073 0,72 0,80
A Corufia 292 319 316 208 281 291 273 207 189 19 19 145 1,78 197 200 1,46
Lugo 466 434 411 250 415 371 363 245 281 248 233 179 289 255 245 1,76
Ourense 576 553 503 259 518 481 444 251 2,77 263 244 174 299 252 244 1,78
Pontevedra 232 264 267 198 218 251 250 198 126 183 183 145 138 180 1,85 1,42

As stated earlier, the sample of EPA in Galiciadasbled its size in the third quarter
of 20009. It is therefore of particular interesstady the evolution of the estimates of
sampling errors this year. To this end, figuresF2Lly F3 have been made with data
from this group of tables. In these figures we hatded the coefficient of variation
calculated as if a simple random sampling (SRS)dessh used, just to have a
reference.

The first consideration about these figures isjraghe proximity between jackknife
and bootstrap estimates, what are representechkyapd yellow lines respectively.

A second point to take into account is the evoluta time marked by the green line of
reference (SRS). Jackknife and bootstrap linek (g yellow) seem to follow closely
the SRS evolution. Although it must be kept in mihdit, this behavior varies
depending on the variable being analyzed.

FIGURE F1. UNEMPLOYED GALICIA EPA 2009
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FIGURE F2. EMPLOYED GALICIA EPA 2009
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IV.SUMMARY

We have conducted a comparative study of samplirmgseestimates in EPA, using half
sample replication, jackknife and bootstrap methods

Half sample replication, what is the current metfmdestimating variance in EPA,
provides consistent results with the breakdowestimates, and close to those
provided by the other two methods.

Jackknife and bootstrap could be a good alternadivalculate sampling errors in EPA,
because their estimates seem to be also consistérihey describe a little better
changes in the sample size.

More in-depth studies are needed before incorpayathanges in methodology of EPA
sampling errors estimation, in order to confirm tjuality of possible new CV
estimates. These studies should also include s&epwgy to apply these new techniques
in the calculation of sampling error of annual msties and estimates of change.
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