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EVALUATION OF SMALL AREA ESTIMATION TECHNIQUES
FOR THE CANADIAN LABOUR FORCE SURVEY !

J.D. Drew, M.P. Singh, G.H. Choudhry 2

Estimates from sample surveys are sometimes required for domains
whose boundaries do not coincide with those of design strata,
Taking the Canadian Labour Force Survey as an example of a survey
utilizing a clustered sample design, some alternative small area
estimation techniques available in the literature are evaluated
empirically including synthetic, domain (simple and post-
stratified) and composite estimators which are linear combina-
tions of synthetic and post-stratified domain estimators. A
sample dependent estimator which attaches weight to the post-
stratified domain estimate depending on the amount of sample in
the domain is proposed and its performance is also evaluated.

1. INTRODUCTION

With increasing emphasis on planning, administering and monitoring social and
fiscal programs at local levels, there has been demand for more and good
quality data at these levels from various municipal, provincial and federal
government departments as well as from private institutions. The type of data
required ranges from simple population counts to complex socio-economic
variables such as employment, wunemployment, income, houseing, proverty
indices, health conditions and facilities etc. However, until recently not
much attention had been paid to the development of sound statistical estima-
tion techniques for small area data, with the notable exception of statistical
demographers who for some time have been investigating the particular problem
of small area population estimates, and who have identified several competing
methods based on the use of administrative data and other sources.
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A comprehensive review of existing small area (domain) estimation techniques
along with their limitations is given by Purcell and Kish (1979). From the
research done to date it is clear that there is not a unique best solution to
the small area estimation problem. The choice of a particular method for
small area estimation will depend on the data needs and on the richness and
availablility of data sources, which differ from country to country, and
within countries from one subject matter to another. Therefore, the classifi-

cation of the type of small areas (domains) and examination of the data

sources available in a particular context, followed by thorough investigation
of the alternative small area estimation techniques for given situations,
seems to be the most appropriate approach to development of small area data.
In this context, we shall use the following classification of domains
suggested by Purcell and Kish (1979) and point out the type of domain to which

developments in this articles primarily refer.

(a) Planned domains - for which separate samples have been planned, designed,

and selected. In the Canadian context, such domains for example may be

gconomic or planning regions within a province or the province itself.

(b) Cross Classes - which cut across the sample design and the sample units

(may also be referred to as characteristic domains); e.g., age/sex,

occupation, industry.

(c) Unplanned Domains - that have not been distinguished at the time of sample

design and thus may cut across the design strata or the primary sampling
units (PSU's) within the strata. Examples of these in the Canadian
context include Federal Electoral Districts, and Census Divisions or sub-

divisions, counties and manpower planning regions.

It should be noted that both types (a) and (c) refer to areal domains.

We consider this distinction of the domains into the above types important
since the form of the estimator as well as its efficiency would depend upon
the particular type of application. As pointed out by Purcell and Kish most

of the developments in small area estimation techniques in the United States
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and elsewhere have concentrated on the domains of types (a) and (b). In
Canada however, type (a) and (b) domains are not so problematic due to the
type of design and the sizes of the national surveys, and the main emphasis
has been on the data for the domains of type (c), with the possible exception

of population counts using symptomatic data.

Investigations into the application and evaluation of small area estimation
techniques for variables other than population started with the publication of
synthetic estimates from the National Center for Health Statistics (1968).
Since then a series of investigations (Gonzalez (1973), Gonzalez and Waksberg
(1973), Schaible, Brock and Schnack (1977), Gonzalez and Hoza (1978) and
others) have been carried out usingdata from the Current Population Survey in
the application and evaluation of a particular synthetic estimator. Using a
synthetic estimator whose form is different, studies were carried out by
Purcell and Linacre (1976) aimed at production of estimates for Census
divisions in Australia and by Ghangurde and Singh (1976, 1977, 1978) in the
evaluation of synthetic estimates in the context of Canadian Labour Force

Survey (LFS).

As remarked by Purcell and Kish (1979), the nature of the design in relation
to the domains of interest has an important role to play in the choice of an
estimator. The estimators considered in this article are geared to the
Canadian LFS where the domains are unplanned domains (typec) and are of a size
such that, had they been planned domains (type a), the reliability of regular
unbiased survey estimates would be satisfactory without having to resort to
small areas estimation techniques. Also in the LFS, primary sampling units
are small (populations from 2,000 - 5,000) relative to the sizes of the
domains of interest. This differs from the situation in the United States
where the sizes of primary sampling units for most of the large scale surveys
are larger, comparable in size to the small areas for which the estimates are

desired.

In this article estimators are evaluated in the context of producing Census
Division level estimates from the Labour Force Survey, using data from the

1971 and 1976 Censuses of Population and Housing in an auxiliary fashion. In
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addition to synthetic estimators, we evaluate post-stratified domain
estimators which were considered earlier by Singh and Tessier (1976), and
composite estimators which are linear combinations of the synthetic and the
post-stratified domain estimators, similar to those considered by Schaible
(1979) and Schaible, Brock and Schnack (1977). Also we propose and evaluate a
new estimator which we call a sample dependent estimator, which is of the same
form as the composite estimator, except the weight given to the synthetic
component is a decreasing function of the amount of sample falling into the
domain upto a critical point after which the estimator relies totally on the
post-stratified domain component. Efficiencies of the small area estimators
relative to the direct (or simple domain) estimator for the characteristics
employed and unemployed were obtained in an empirical (Monte Carlo) study in
which the LFS design was simulated using census data. The situations where
both the design and the auxiliary information are up-to-date and where both
are out-of-date were considered. We have also evaluated the bias of synthetic
estimators for the characteristics employed and unemployed for Federal

Electoral Districts.
2. DESCRIPTION OF ESTIMATION PROCEDURE

Consider a finite population consisting of N units, (e.g. households or
dwellings in household surveys), divided into L design strata labelled 1, 2,

ey hy oo.l. The stratification has been carried out on the basis of
geographic and/or certain socio-economic characteristics, and the sample
allocation ensures certain precision for estimates from individual strata,
The problem considered is that of estimating the total of an x-variate for all
those unites belonging to an unplanned areal domain (type c). We denote by
'a' the set of units belonging to the small area or domain of interest, thus
the parameter to be estimated is the total of the x-variable in the domain

'a', which we denote by aX.

Let a, be the set of those units belonging to the domain which are in

stratum h, then



- 21 -

h=1 (2.1)
In practice the domain 'a' will have a non-null intersection with a certain

number of design strata and if we denote by h the set of such strata, then we

have

h éh (2.2)

The particular design under consideration follows a multi-stage clustered
sample design which is self-weighting within each stratum with welight Wh

for stratum h.

For a particular given sample we can obtain the quantities:

e
"

sample total of x-variate in stratum h,
and

= sample total of x-variate in a,

for h=1, 2, ..., L. Note that Jtp = 0 for h £h. Then the direct
(or also referred to as design based or simple domain) estimator for the total

of x-variate for those units in 'a' say aX, 1s given by:

(2.3)

It should be noted that the direct estimator (2.3) does not utilize any auxi-
liary information - all it requires is the identification of those sampled

units which belong to the domain. Due to the clustered nature of the design,
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the sample falling in the domain may on occasion be very small or non-

existent, generally resulting in high variance for this estimator.

The other estimators in this section rely in different fashions on auxiliary
information for a variable y, which is often taken as the count of persons by
population sub-groups (defined on the basis of age/sex etc.) from a recent

census. These estimators are:

1) Post-stratified domain
2) Synthetic

3) Composite

4) Sample Dependent

Additionally estimators (2) - (4) rely to differing degrees on sample external

to the domain.

For each of the above estimators, the adjustments based on the auxiliary
information can be made either be applying separate adjustments to each
stratum intersecting the domain, or by applying an overall adjustment for all
strata intersecting the domain. Thus the estimators will be further
classified as separate or combined depending on the level at which the
adjustment is made. These estimators are denoted byaiuv where u is the level

b
of adjustment with values:

u = s : separate

c : combined
and v is the type of estimaror taking the following values:

v = p : post-stratified domain
= s : synthetic
= c : composite

= d : sample dependent

Py

For example, aXCS denotes the combined synthetic estimator, etc.
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2.1 Post-Stratified Domain Estimator

Define
th: total of the auxiliary y-variable for population sub-group g in
group g in stratum h, and
ath: total of the auxiliary y-variable for population sub-group g in a
Further let Y be an unbiased estimated of _Y, which would
a hg a hg

be formed analogously to the direct estimate defined in (2.1), except the
characteristic being estimated in this case would be the auxiliary y-variable
whose value is known for the set of sampled units (s) at some stage of
sampling (whereas (2.1) is defined on the x-variate for the sample of ultimate
units). In practice provided auxiliary y-variable information is available
for them, sampling units at any stage down to the penultimate stage could be

used.

Then the separate post-stratified domain estimator (for which adjustments are

applied at the stratum level) is:

Y
" a hg
X = 7 » (W . t ) —
asp g hér h ahg y (2.4)
a hg

where athg is the sample total of the x-variate for population sub-

group g in the intersection of domain 'a' and stratum h.

Similarly the combined post-stratified domain estimator (for which adjustments

are applied at the domain level) is:
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h g‘l ath

Y (2.5)
heh a hg

The post-stratified domain estimator is unbiased except for the effect of
ratio estimation bias, provided ath is obtained at the same time as
ath and using the same source such as census.

Estimators of the above type have been considered earlier by Singh and Tessier

(1976) with a different choice of post-strata.

2.2 Synthetic Estimators

We consider separate and combined synthetic estimators defined respectively as

follows:

Y
W .t )2anhd (2.6)

h#h a'hg
X =12 ¢ W .t ) — (2.7)
acs ghe&a h hg DA ¢
~ her hg

where thg is the sample total for the x-variable for population sub-group

g in stratum h.

The above synthetic estimator has been considred by Purcell and Linacre (1976)
and also by Ghangurde and Singh, (1976, 1977, 1978) who developed expressions
for its variance and bias and evaluated the estimator using census data and a
super-population model. A different form of syntheticestimator was proposed
earlier by the National Centre for Health Statistics (1968) and investigated
by Gonzalez (1973), Gonzalez and Waksberg (1973) and Gonzalez and Hoza (1975,
1978) using data form the Current Population Survey.
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The difference between the synthetic and post-stratified domain estimators can
be readily seen by comparing (2.4) and (2.6). The post-stratified domain
estimator uses only the sample falling into the domain (i.e., athg)
and the adjustment factor is the ratio of the true to the estimated values for
the y-variable for the domain and hence can take on values greater than or
less than 1 (its expected value being unity). On the other hand the synthetic
estimator uses the estimate from entire strata intersected by the domain

(i.e. wh . t for heh) which is then deflated by adjustment factors specific

hg
to population subgroups. (i.e. the ratio of the y-variable for the domain to

the y-variable for the entire stratum).

The synthetic estimator will suffer from bias depending on the degree of
departure from the assumption of homogeneity for the x-variate between the
domain and the larger area, namely h, withing sub-groups of the y-variable.
In defining the above synthetic estiéétor, the larger area was restricted to
those strata which form part of the domain as it was believed that such a
choice would lead to less bias. In general however, h need not be so
restricted but it may include other neighbouring ares thch are believed to
satisfy the homogeneity assumption. Bias and mean square error of such esti-

mators have been reported by some of the earlier referenced authors.

2.3 Composite Estimators

A composite estimator using the direct estimator and the synthetic estimator
as the two components was suggested by Royall (1973) and others, and has been
studied by Schaible (1978). Such an estimator minimises the chances of ex-
treme situations (both in terms of bias and mean square error) and therefore
may be preferred over either of its components. Synthetic estimators have a
low variance by virtue of their use of data from a larger area to derive
estimates for small are (domain), but for the same reason this introduces bias
which could be quite large if as noted earlier, the assumption of homogeneity
is not satisfied. On the other hand the simple domain estimator, which is un-
biased, may have large variance particularly if the sample falling in the
domain is very small. Empirical evidence of such relative performances of

synthetic and direct estimators are available from Gozalez and Waksberg (1975)
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Schaible, Brock and Schnack (1977), and Ghangurde and Singh (1977).  The
composite estimator considered here is obtained by replacing the direct
estimator (2.3) by the post-stratified domain estimator which may be slightly

biased but is generally more efficient than the direct estimator.

The two types of composite estimators: namely, separate and combined are
formed as linear combinations of the corresponding post-stratified domain and

synthetic estimators; viz,

R U %) oXss (2.8)

and

2

PN

ace - % axcp + (1 - cﬁ) a’cs (2.9)

The optimum values for o; and o, for minimum mse's are given b
P 1 2 g y

-~ ~ ~

> mse [ Xgg )= E la¥ss - ax-llaxsp L
l—

(2.10)

~ ~

mse LaXSSJ + mse LaxspJ -2k | Xgg - aX_][aXSp - X

*
and a similar expression for aj.

Further, neglecting the covariance term in (2.10) under the assumption that
this term will be small relative to mse [gXggl and mse [aXSp], then the

*
optimal weight «; can be approximated by

o Mse Xl
€ = a ss (2.11)

|

mse laxss-l+ mse Laxsp

* %
with a similar expression for «, , which was the approach to defining weights

followed by Schaible (1978).
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2.4 Sample Dependent Estimators

In practice the true values of apf (or a#*) used as the weight in the
composite estimator will not be available as they involve population
variances and covariances, which would have to be estimated from the sample.
Further calculation of the covariance term in (2.10), in particular, may be
quite complex and thus one may have to resort to an approximate value a** (or
a#*) which would require simply the estimated mse's of the two component
estimators or an estimate of the ratio of the two mse's. In either case there
estimates would introduce a certain amount of instability in the weight used,

thus affecting the performance of the composite estimator.

The sample dependent estimator (Drew and Choudhry, (1979)) which is a
particular case of a composite estimator, depends on the outcome of the given
sample and is quite simple to compute. It is constructed using the result
that the performance of the post-stratified domain estimator depends upon the
proportion of the sample falling in the domain. If the proportion of the
sample within the domain is ‘'reasonably large' then the sample dependent
estimator is the same as the post-stratified domain estimator, otherwise it
becomes a composite estimator with gradual increasing reliance (in the sense
of increasing weight) on the synthetic estimator as the size of the sample in
the domain decreases. Thus the separate sample dependent estimator (i.e.,

constructed at the stratum level) is given by

y aYh aYh i
X =3 £ [6 W . t T+ (-5 )W .t 9 1(2.12)
asd ghé hg h ahg 7 hg h hg
~ Y Y
a hg a hg

where
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SGimilarly the combined sample dependent estimator (i.e. constructed at the

domain level) is given by

hgh ath
X =z (6 (Cz W . t ) _
acd g g heh h ahg b Y
- hé& a hg
hih a'hg
+(1-08)(Cz W .t ) —— | (2.13)
g hd& h hg LY
- heh hg
where
5 = 1, if £ /=Y > K
g héh ahg heé ahg o
=1 z Y Y
Ko héh a hg/ hér a hg, otherwise

The ratios

~ ~

Yy /Y and Y / r Y
a hg a hg hé a hg hér a hg

indicate the over- or under-representation of the population sub-group at the
individual stratum or domain level with respect to auxiliary information for

the y-variable, conditional upon the selected sample.

values of ratios greater than or equal to 1 signify that, conditional onthe
given sample (s), the representation of the population sub-groups for the
auxiliary y-variable is better than or as good as its unconditional
representation had the domain been sampled independently at the same rate as

the stratum.

The value of K0 may be appropriately chosen. In this study the efficiency

of sample dependent estimator has been investigated for two specific values of

K0 namely 1.0 and 0.5.
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Holt, Smith and Tomberlin (1979) under the prediction approach derived an
estimator (which relies on synthetic and direct estimates) where the weight
attached to the direct component depends only on the sample falling into the
domain. Sarndal (1981) proposed an alternative estimator in which the weight
attached to the direct component depends on the sample in the domain relative

to the sample in the larger area.

3. DESCRIPTION OF THE EMPIRICAL STUDY

3.1 Simulation of the LFS Design

The LFS follows a multi-stage area sampling design (see Platek and Singh,
(1976)). Within each of the 10 provinces of Canada, two principal area types
are identified - the Self-Representing Units (SRU's) which correspond to
cities generally of 15,000 or more population, and the Non Self-Representing
Units (NSRU's) which correspond to smaller urban centers and rural areas. In
the SRU's, cities are divided into compact areal strata with populations of
15,000 each, within which a two stage sample of clusters (similar to blocks)

and dwelling is selected.

In NSRU's, Economic Regions, of which there are from 1-10 per province, form
the starting point. These are stratified into 1-5 strata with populations
from 30,000 to 80,000 using census data for 7 broad industryclassifications.
Within strata, primary sampling units (PSU's) from 2,000 - 5,000 in population
are formed. The second stage in the rural portions of PSU's corresponds to
1971 Census Enumeration Areas (i.e., EA's), with populations of roughly 500,
whereas in urban portions all urban centers are selected with certainty. The

last two stages correspond to clusters and dwellings.

In simulating the LFS design two cases were examined: (i) the case whereboth
the sample design and the auxiliary information are up-to-date, and(ii) the

case where both are out-of-date.
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For (i), the sample design, the auxiliary information, and the study variables
were all based on 1971 census data. Counts of persons (15+) cross-classified
by age/sex, and Labour Force status were retrieved at the EA level. In
NSRU's, for each replication in the Monte Carlo study independent samples of
primaries and secondaries were selected based on census population or dwelling
counts. Within rural EA's and urban centers, the final two stages of sampling
were simulated by random samples of persons. In SRU's, EA's comprising the
areal strata were known, but there after the LFS design was independent of the
census. Hence for the purposes of the study, EA's were randomly partitioned
into 'clusters' having a size distribution corresponding to that for LFS
clusters. For each replication, a sample of 'cluster' and a random sample of

persons within were selected.

3.2 Choice of Population Sub-Groups

The estimators defined in section 2 utilize auxiliary information for popula-
tion sub-groups. Since the LFS is redesigned only decennially, it would be
desirable to base the population sub-groups on information collected in the
mid-decade as well as decennial census, so that the auxiliary information
could be updated mid-way through the life of the survey. This ruled out such
variables as industry or occupation, leaving various cross-classifications of

basic demographic variables as the possible choices for population sub-groups.

For the variables marital status, age and sex, the Automatic Interaction
Detection (AID) procedure, due to Sonquist and Margan (1964) was used ona
sample of census data from across Canada to derive optimal population
sub-groups, separately for each Labour Force characteristic. Results ofthe
AID analysis showed that for unemployed, no population sub-groups accounted
for more than 2% of the variation, while for the characteristics employed and
not in Labour Force the following sub-groups accounted for approximately 25%
of the variation: (i) age 15-16 and 65+; (ii) age17-64, sex female; (iii) age
17-64, sex male. Further splitting of these sub-groups did not result in

significant additional gains.



-3 -

In addition to estimators based on the above population sub-groups, estimators
based on total population 15+, and on dwelling counts were also considered.
Dwelling count data were included due to the possibilities which exist for
up-to-date dwelling information being available intercensally at the required
level of detail. It might be noted that the estimators using population 15+
and dwelling counts are both special cases of the general formulation where

the number of population sub-groups equals 1.

3.3 Evaluation of Efficiency of Small Area Estimators

In the Monte Carlo study, we have considered 16 Census Divisions (CD's) and 11
Federal Electoral Districts (FED's) in the province of Nova Scotia and 7 FED's
from elsewhere in Canada. (There are altogether 18 CD's in the province of
Nova Scotia, but two of 18 CD's correspond to complete LFS strata and
therefore were omitted from the study). Due to the multi-stage nature of the
design and larger number of domains in the study, the computational costs

involved were high and it was decided to use only 100 replications.

Census Divisions and Federal Electoral Districts, it should be noted, comprise
networks of geo-statistical and geo-political areas respectively across
Canada. There are approximately 300 of each, with the populations of Federal
Electoral Districts being fairly uniform in the range 80,000 to 120,000, while
those of Census Divisions, which often correspond to local levels of

government or counties, vary greatly.,

We have reported results only for the 16 Census Divisions in Nova Scotia.
Results were similar for other unplanned domains considered.
If we let g Xu(p) be the estimate of total g X (i.e. the total for the
x-variable for the domain 'a') for the r'th replicate, for small area
estimation method m, then the average mean square error for the method m over
the 16 domains in the study was calculated as:

1 100 -~

Avgmse (m) = — £ % ( X - X) %100 . (3.1)
16 a r=1 a m(r) a
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The efficicency of the small area estimator (m) relative to the direct

estimator, say method my was obtained as:

Avg mse (mg)
EFf (m vs my) = (3.2)
Avg mse (m).

3.4 Evaluation of Bias of Synthetic Estimators

Since the composition of the LFS frame and the Federal Electoral Districts
were known for all of Canada in terms of both 1971 and 1976 census units, it
was possible to compute exact biases of the synthetic estimators based on
census data. The following cases were considered: (i) design and auxiliary
information up-to-date (in which case the design, adjustment factors and
x-variables were all based on the 1971 census); and (ii) design and auxiliary
information out-of-date (in which case the design and adjustment factors were

based on the 1971 census, but the x-variables were based on the 1976 census).

Let aBgs and gB.s denote the biases of the separate and combined

synthetic estimates for unplanned domain 'a', then we have

Y (3.3)

B =z & (X aYg-x)

ass g hdl hg Bg a hg

and
oy

hér a hg

B =z (2 X —0—— - L X ) (3.4)
acs g hér hg £ Y hér a hg
¥ hé& hg -

where ath and th are defined as in section 2, and where th and

aXpg are similarly defined for the x-variable (based on the census.
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Relative absolute biases at the province level were obtained by summing the
absolute biases over individual FED's and dividing by the provincial total for

the x-variable.

4. ANALYSIS OF RESULTS

4.1 Efficiency considerations: Auxiliary Information up-to-date

In this part of the empirical (Monte Carlo) study, data used for simulation of
the design and the auxiliary variables used in estimation refer to the same
period as those of the study variable; i.e., to the 1971 census. Efficiencies
of the four small area estimators are presented relative to the direct
estimator in Table 1, for separate and combined levels of construction, and
for each of the following auxiliary variables - dwellings, total population
(15+), and population by age/sex groups. Census Divisions in the province of
Nova Scotia whose populations range from 3,885 to 39,260 were used as the
unplanned domains (type c) for the purpose of the study. The following

observations can be made:

(i) Separate vs Combined Estimator: The level of construction of estimator

does not have much impact on the efficiencies of synthetic estimators
for both the characteristics employed and unemployed. For the
post-stratified domain estimator for employed, however, the combined
form 1is approximately twice as efficient as the separate. This is
likely due to the effect of the clustering in the sample design being

more accentuated with the separate estimator.

Since the post-stratified domain estimator was less efficient in its
separate form, a similar result was anticipated for the composite
estimator and hence, only the combined composite estimator was
considered, On the other hand, the separate form of the sample
dependent estimator was found to rely slighlty more on the synthetic
component, leaving the efficiencies wunaffected by the level of

construction.
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(ii) Effect of Auxiliary Information: The performance of population by

age/sex as an auxiliary variable is uniformly superior, although only
marginally so, to the total (15+) population for all four estimators
using auxiliary information. Further, both these variables out-perform

the dwelling count as an auxiliary variable.

In actual survey situations, the choice of population by age/sex as the
auxiliary variable may be desirable also from the point of viex of
correcting estimates for biases due to non-response and undercoverage

as both factors may be dependent on age and sex.

(iii) Compararison among the estimators: For unemployed, performance

of composite estimator with optimum o« chosen for the characteristic
unemployed is marginally superior to the other estimators irrespective
of the level of construction, and the choice of auxiliary variable does
not seem to have appreciable impact on any of the estimators. For
employed, the situation is not that clear, however the sample dependent
estimator shows an edge over other estimators and particularly so with

population by age/sex as the auxiliary variable.

4.2 Efficiency Considerations: Auxiliary information out-of-date

In this part of the study whereas the design and auxiliary information were
based on 1971 census results, the study variable was based on the 1976
census. As can be seen from table 2, although for unemployed the use of small
area estimation techniques showed larger gains relative to the direct
estimator (than in the up-to-date case), considerably smaller gains were
observed for employed, which would likely be due to the reduced correlation
between the study variable and the auxiliary information as both design and
auxiliary information become out-of-date. Also in this case, the efficiency

of the synthetic estimator is higher for both of the characteristics measured.

4.3 Consideration of Bias

Given that the post-stratified domain estimator will generally have negligible

bias, the bias of both the composite and sample dependent estimators would
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generally be smaller than that of the synthetic estimator, i.e. stemming only
from the degree of reliance on the synthetic component. Hence the bias of
synthetic estimator was investigated in detail. Using the total population
(15+) as the auxiliary variable, the relative bias for the characteristics
employed and unemployed were computed and are given in Table 3 for the ten
provinces. Theses biases refer to the case where the unplanned domains are
Federal Electoral Districts and the study variables are based on 1976 census
data, while the survey design and adjustment factors (synthetic weights) are
based on the 1971 census. Biases were also computed using age/sex sub-groups
as the auxiliary variable and were found to follow similar trends while being
marginally smaller. It is observed from this table, with the exception of the
two smaller provinces, namely P.E.I. (for unemployed) and N.B. (for employed),
that the relative bias of separate synthetic estimator is smaller than that of
the combined synthetic estimator for both the characteristics under study.
This confirms the intuitive feeling that the higher the level at which
synthetic estimator is constructed, the higher would be the resultant bias in

general, due to weakening of the assumption of homogeneity.

Biases were also computed for the case when both the study variable and the
auxiliary information referred to the 1971 census. Biases for this case while

slightly lower, followed similar trends to those in Table 3.

While the bias of the synthetic estimator was fairly small on average, it can
be observed from Table 4 that it exceeded 10% in 13 and 19 (out of 279) FED's
when the auxiliary information was up-to-date and out-of-date respectively.
Further, in about half the instances for which the bias exceeded 10% for the
up-to-date case the bias also exceeded 10% for the later time period when the
auxiliary information was out-of-date. This suggests that for domains with a
known high bias at the time to which the auxiliary information refers, less
use should be made of the synthetic estimator. For instance, with the sample
dependent estimator the value of K0 could be set lower in such cases.
However there is still the danger of bias in the synthetic estimator from
category (ii) type cases in Table 4 which cannot be identified when deriving

current estimates during the intercensal period.
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4.4 Efficiency vs Bias in (Overall Choice of Estimator

The synthetic estimator is generally highly biased and at the same time highly
efficient. Therefore, in the search for a reasonable estimator for small
areas, the question is to what extent one can reduce the effect of the
synthetic estimator's bias, without sacrificing too much on its efficiency, in
order to obtain a 'reasonable level of confidence' in the final estimate. At
the same time it is also important to determine the reliance on the synthetic
estimator without introducing too many computational complexities. Looking
from this perspective in the context of the Labour Force Survey, one should
strive for small area estimators whose performance for unplanned domains is
comparable to that of simple survey estimates for planned domains, and amongst
estimators meeting this criterion, more emphasis should be on reducing bias
than on improving efficiency, especially if the differences in efficiencies

are minor.

Average variances of the unbiased design estimator for the planned domains
(say i), comparable in size to the unplanned domains were obtained analogously
to the average mse defined in (3.1). The efficiencies of the synthetic,
composite and sample dependent estimators relative to the wusual survey
estimate for the planned domain i.e. X were also obtained. These efficiencies
ranged from 1.08 to 1.17 for unemployed, and 1.22 to 1.47 for employed, hence
all three estimators meet the above mentioned criterion. Since the sample
dependent estimator makes use of the synthetic estimators whenever there is
not 'sufficient' sample in the domain, its bias would depend upon the weight
attached to the synthetic estimator component and this can be controlled by a
proper choice of Ko' Table 5 presents the (1-6) values, averaged over 100
replicates with KO = 0.5 and K0 = 1.0 for the separate sample
dependent estimator using total population 15+ as the auxiliary variable for
each of the Census Divisions (unplanned domains) in this study. These average
(1-6) values indicate the degree of reliance of the sample dependent estimator
on the synthetic component. As expected, domains consisting primarily of
partial strata tend to place increased reliance on the synthetic component.

Nevertheless, that reliance remains quite small. For example, with K0 =1

the highest value it assumes is .28 for Census Division 218.
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Also as expected, the average (1-6) values for KO = 0.5 are lower than
those for K0 = 1.0, 1implying the lower the wvalue of K0 chosen, the
lower would be the value of (1-8) and consequently less reliance (weight) on
the synthetic component of the sample dependent estimator. However as
illustrated in Table 1, a trade-off between bias and efficiency is involved
since lower choices of KO also result in reduced efficiency. The above
values of K0 provide a reasonable degree of confidence for the type of
domains discussed here. In general, however, other values of K0 may be
chosen depending upon e.g. the size of the domain, sample size, strata sizes

and their geographical configurations with respect to the domain.

4.5 Concluding Remarks

1. The use of population by age/sex fares uniformly better than the
other auxiliary variables, although gains over total population (15+)

are mariginal.

2. The post-stratified domain estimator although more efficient as com-
pared to the simple domain estimator, performs poorly as compared to

the other three small area estimators investigated.

3. From the point of view of bias, the separate estimator has smaller
relative bias as compared to the combined synthetic estimator. Fur-
ther while average biases tend to be fairly small and tend to in-
crease only slightly when the auxiliary information became out-of-
date, biases for individual domains can be very high and change
dramatically, frustrating efforts to identify ‘outliers' where

reduced reliance on syntheic estimators should be made.

4., The combined composite estimator constructed as a linear combination
of post-stratified and synthetic estimators is more efficient than
either of its component estimators although only marginally so, as
compared to the synthetic component, for optimum value of a« Its
bias would depend upon the weight attached to the synthetic component

since the bias of the post-stratified estimator would generally be
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negligible. Further, as the computation of the optimum o is quite
involved, in practice only an estimated value of o may be used,

resulting in a decrease in efficiency of this estimator.

5. The synthetic, composite and sample dependent estimator with KO =1
are all more or less equally efficient, and out-perform the un biased

design based estimator for planned domains.

6. Since the bias of the separate synthetic estimator is smaller than
that of the combined synthetic estimator, the separate sample
dependent estimator would result in smaller relative bias as compared
to the combined sample dependent estimator. The bias of the
separate to the combined sample dependent estimator. The bias of the
separate post-stratified domain component can be controlled by col-
lapsing those strata for which the intersection with the domain is
very small. Thus considering all the three aspects, bias, mean
square error and the computational complexities, the sample dependent
estimator constructed at the stratum level using population by age

and sex would seem to be a better choice.
5. FUTURE DIRECTION OF INVESTIGATION:

The study reported in this paper has focussed on evaluation of certain small
area estimation methods using only census and survey data, in the context of
the LFS, primarily for unplanned domains (type c). The estimators examined
made use of synthetic and post-stratified domain estimators in different ways
in an attempt to strike a balance between bias and mean square error. Below
we point to directions which future investigations might take in efforts to
develop statistically sound techniques for small area data in the Canadian

context.

In the context of the Labour Force Survey, since the small area estimation
methods for the unplanned domains have out-performed the unbiased design based
estimates for comparable planned domains, it would be desireaable to extend

this investigation to certain small planned domains (type a) as well. In par-
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ticular the sample dependent estimator considered here and other similar esti-
mators discussed in the literature will be further investigated for the Labour
Force characteristics. In addition these investigations should also be
extended to other smaller surveys conducted by Statistics Canada for which
small area data are in demand. Further work on development of methods of
variance estimation to be used in practice for these estimators is also

needed.

Other estimators which seem to be promising are the Structure Preserving
Estimators (SPREE) suggested by Purcell and Kish (1980). In this approach the
estimation process, specified by the association structure (i.e. the relation-
ship between y and x variables at some previous time at domain level) and the
allocation structure (i.e. the current relationship at the larger area level),
preserves the earlier relationship present in the association structure
without interfering with current information in the allocation structure. In
the Canadian context, for characteristics for which large scale surveys (such
as the Labour Force Survey) are undertaken regularly, it would seem the short
term demand for data for domains of the size of FED's or Census Divisions may
be met through the use of refined estimation techniques (and pooling of
estimates over a period of time) utilizing census and servey data alone.
However, for meeting such demands in the longer term and for other types of
data based on smaller surveys and other types and sizes of domains, all three
sources of data namely census, surveys and administrative files would have to
be fully explored. Multi-variate linear regression estimators of the type
considered by Ericksen (1974) and Gonzalez and Hoza (1978) using data from all
three sources should be studied in detail for their bias, mean square error
and the computational complexities. Each of the three sources, with
limitations of their own, when put together offer considerable potential for
improvements in the sense that the weaknesses of one source can be the
strengths of another. Hence there is reason for optimism that statistically
sound techniques exploiting the strengths of data from different sources in an
integrated fashion hold the future key to good quality small area data for a

large variety of subject matters.
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