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COMPARISON OF SOME RATIO TYPE ESTIMATORS FOR
LARGE SCALE HOUSEHOLD SURVEYSY

M. Lawes and M.P. Singh2

In this paper three types of ratio estimators, namely
combined, post-stratified and a generalized ratio estimator
developed earlier by Singh {1969) and Naga Reddy (1974),
are considered. Based on an empirical evaluation, their
efficiencies are compared for two large scale household
surveys, namely the Canadian Labour Force Survey and the
Survey of Consumer Finances.

1. INTRODUCTION

Stratified multistage sample design is usually adopted for conducting
large scale household surveys due to its operational convenience.
Data available on auxiliafy variables are utilized at various stages
of sampling operations such as formation of strata and sampling unité,
determination of overall sample size and its allocation to different
strata and stages of sampling, sample selection using unequal proba-
bilities, etc. Auxiliary data needed for performing these sampling
operations are usually at lower levels for example for each sampling
unit or even for each element (i.e. b1ocks or enumeration areas) that
comprise sampling units. Quite often, additional data are available
from independent sources but at higher levels of aggregations (i.e.

by census divisions or by provinces) and by different classifications

i
This paper was presented at the meeting of the Statistical Society
- of Canada, Montreal, May 27-30, 1980.

2
M. Lawes and M.P. Singh, Census and Household Survey Methods
Division, Statistics Canada.






(i.e. population by age, sex, occupation, household, family type,
marital status, etc.). Such'data_may be uséd_eﬁficiehtly at the

estimation stage for constructing ratio or regression estimators.

tn this paper, three types of ratio estimators are considered and

their efficiencies are compared for two large écale household surveys,
namely, the Capadian Labour Force and the Survey of Consumer Finances.
The estimators examined are: a combined ratio estimator using data at
province level, post?stfatified-ratid estimator using data by different
sub-classes at province level and a genergliied ratio estimator developed
by Singh [1969] and Reddy [1974]. These estimators, along with

simple survey estimator, are discussed in section 3 after giviﬁg a
brief description bf fhe two surveys in.the following section. Using
Keyfifz [1957] method for variance estimation, the expfessions for the
variances are inen in section 4 under the usual approximation of ratio
estimation. The)efficiency comparison and analysis of results are then

presented in the last section. ~

2. BRIEF DESCRIPTION OF THE SURVEYS

The estimation procedures have been applied to and evaluated for two
surveys conducted by Statistics Canada, namely, the Canadian Labour
Force Survey and the Survey of-Consumer Finances. A detailed deséription
of the Labour Force Survey.is presented in Methodology of the Canadian -
Labour Force Survey (1977) . " Although the samples are selected from

a commbn sampling frame, the tYpe of data collected varies between the
two surveys. For the Labdur Force Survey described in sub-section 2.1,
the majority of the data items are qualitative in nature dealing-With

the labour force activities 6f'the'repsondent during reference week
whereas for the Survey of Gonsumer Finances discussed in sub-section 2.2,
:the data items are primérily quantitativé'in nature consisting of income

amounts by source of income for the previous calendar year.






2.1 The Labour Force Survey

The Labour Force Survey is conducted on a monthly basis to collect
information on the work activities and employment status of Canadians.
The survey covers the civilian non-institutional population in the 10
provinces of Canada exclﬁding residents of Indian Reservations and .
members of the Canadian Armed Forces. Each month a sample of about
62,000 dwellings is selected based on a multistage stratified
probability sampling procedure. Information on the Labour Force
activities of all eligible household members 15 years of age or over
is collected by interviewers by either a personal or telephone inter-
view. Within gecgraphically contiguous economic regions tHe sample

is selected indebendently within the following three types of areas:

a) Self-representing areas are comprised of the larger
cities. Each city is divided into sub-units whose size
varies from 1,000 to 12,000 householdé'&epending on the sampling
ratio for the province. Sub-unifs so formed are subdivided
into clusters which are usually city blocks. The clusters
are randomly grouped into multiples of six groups,
to facilitate the implementation of six-month household

rotation scheme.

One cluster per group is selected with probability proportional
to size and a systematic sample of dwellings is selected from

within selected clusters.

b) Non self-representing areas consist of rural and small urban
areas. These areas are initially divided into strata con-
taining on the average about 15 primary sampling units (PSUs).
Two or more PSUs per stratum are selected Qith probability
proportional to size. At the subsequent stages, subsampling’
is carried out independently within urban and rural parté of |

"the selected PSUs,
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c¢) Special areas are composed of areas or establishments which
possess characteristics differing from the general population
and which may require special interviewing techniques. In-
cluded in the special areas are hospitals, schools, hotels,
military establishments and remote areas. Special areas make

up about 1% of the sample frame.

2,2 The Survey of Consumer Finances

The Survey of Consumer Finances is conducted on an annual basis in the

_ ten provinces of Canada with the exclusion of inmates of institutions

and residents of Indian Reservations.  There are two variants to the
survey. |In even numbered years.the survey is conducted as a supple;
ment to the April Labour Force Survey. A subsample of about 41,000
dwellings is selected from the Labour Force Survey sample for that
month. The subsampling is generally carried out by selecting all
sampled households in a subset of the selected clusters. The subjeét 7
matter content for the supplement is restricted to basic questions

on income and work experience during the previéus calendar year. In
odd numbered years an independeht sample of about.17,000 dwellings

is selected from the Labour Force Survey saﬁpling frame following the
basic sampling procedure described fér the Labour Force Survey. In
addition to information collected in the even numbered years, data on

income related topics are collected in odd numbered years.

3. ESTIMATION PROCEDURE

Although the estimation procedures used for the two surveys differ in
terms of minor details, the basic approaches are similar. Survey
weights attached to respondent records are the product of six
factors, the product of the first five being termed the subweight

as detailed below:






a)

'b)

c)

d)

e)

the basic weight - In a probability sample, the sample design
itself determines the weights which may be used to produce
unbiased estimates. For both these surveys, using self-
welghting design, the weights are the same within each type
of area in a province and are equal to the inverse of the

samplfng ratio..

therural-urban factor - This factor is relevant for non seélf
representing areas, -and adjusts sample dlstrlbutlons betweenv
rural-urban areas of selected PSU'S_WLthIn provinces to agree with

distributions obtainable from census data.

balancing factor for non-response - The factors are calculated
by the type of area (rural-urban) within primary sampling units

and within subunits for self-representing areas.

the cluster weight - Within sampled clusters experiencing signi-

ficant growth between the time of design and interviewing, sub-

'sampling of the cluster is carried out to avoid disruptions in

the field operations. |If subsampling has been carried out
within a cluster, the cluster we:ght which is the |nverse of

the cluster subsampltng rate, is applled ‘to.selected households

.in the cluster.

the sample size stabilization weight - To prevent uncontrolled
growth in the sample size of the Labour Force Survey, a sample
stabilization procedure is introduced into the survey operations
under which a number of dwellings that are in excess of the pre-
determined level are dropped and a stabilization weight is used

to Compensate for the reduction in the total sampie size. For the
Survey of Consumer Flnances, the sample stabilization capabilities
have been used to effect a subsampllng of households within
selected clusters. The product of the -above five factors is termed

the subweight.
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Mathematically, the subweight may be defined as:
Wphijc = Wph Fpj Bphij Cphic Spj

where
denotes province
h ~  denotes stratum

i denotes primary sampling unit

j denotes type of area (SRU, special, urban or rural) o
c denotes cluster _

Wph is the basic weight"'{ : .kf j
Fpj is the rural-urban factor A

Bphij .is the non-response balancing factor
.Cphic is the cluster weight

Spj is the sample size stabilization weight.

Simple survey estimates of aggregate totals can then be expressed as

.X(]) = LIXL L.: ‘Mphijc Xphijck (3.1)
P hijc ke(hijc)
where
L ‘denotes the summation over all recprds'corresponding
ke (hijc)

to respondent sample units in the area identified
by (hijc).

and Xphijck denotes the value for record k in (phijc).

For qualitative characteristics, Xphijk is an indicator variable with
a value 1 if the record possesses the characteristic under question
and zero otherwise. For qugntitative characteristics, Xphijk is the

value as reported on the record.






Simple survey estimates can be derived on the basis of these subweights.
For qualitative characteristics, simple survey estimates of the total
number of units possessing a characteristic are derived as the sum

of the subweights on all records possessing the characteristic. For
quantitative characteristics, the sum of the product of the subweights
and reported values yields a simple survey estimate of the characteristic

total.

As is well known, the efficiency of the final estimator compared to
the simple survey estimator can be increased by utilizing additional
information on a related characteristic in the form of a ratio estima-
tion. We define below the three types of ratio estimators that are
compared in this article. ATl of thése use data on inter-censal

population estimates available at the province level.

Let ﬁp and ip denote simple survey estimates of the population and
characteristic totals respectively at the provincial level. Note
that ip is the same as iél) defined in (3.1), the superscript has
been dropped for the sake of convenience in defining the preceeding
estimators, and Ep is dctermined by taking the simple sum of weights
in (3.1), i.e. assuming x's to be 1. The auxiliary information, Pp
the total population count for the province, is obtained from an
external source independent of the survey,data.' The first type of

ratio estimator considered is a combined ratio estimator.

)

X2 - 2 o (3.2)

The post-stratified ratio estimator utiltizes auxiliary information
available at sub-class or post-stratum levels within the province.
Let the subscripts {a} denote a collection of post-strata. The
auxiliary informaticn, namely population totals for .each of the post-

strata, denoted by Ppa’ are available from outside sources. With Ppa






and xpa denoting the simple survey estimates of population and char-

acteristic totals respectively, the post-stratified ratio estimator

can be expressed as

. X
30 .y P2 p (3.3)
P a P pa

pa

. For both the Labour Force Survey and the Survey of Comsumer Finances,
the official survey estimates are based on a post-stratified ratio
estimation procedure. This gives rise to the sixth factor in the
weighting of the survey data whieh, when multiplied by the subweight,
yields the final weight for survey records. The post-stratum
edjustment factor is the ratio of the external population estimate -

for the stratum divided by the;Simple survey.estiﬁated population

total for the post—etratuﬁ, i;e. referring to (3 3), for pest-stratum'
Ha" the post- stratum ad)ustment factor is P /Ppa' 'For the Labour

Force Survey, the post-strata are defined on the basis of age by

sex groupings while.for the Survey of Consumet Flnances, the post-
strata are defined as labour force status by class of wotker groupings
within each province. The outside estimates for the Survey ofltonsumer”

Finances are derived from Census and Labour Force Survey Sources.

The third type of estimator is a generalized ratio estimator. Like

the combined ratio estimator, this estimator utilizes information

only at the provincial level, with an additional factor which takes
account of the reliability of the simple survey estihates and the
correlation between estlmates of the population and the characteristic
totals. As before, let Pp and Xp denote simple estimates of the

total populatlon and characteristic total respectively at the provincial
level, and the total population count Pp is available from outside

sources. The generalized ratio estimator is then defined as
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WL e p - (3.4)
P aP_+ (1-a)P
) p p

where o is a suitably chosen constant. The optimum value of a,

obtained by minjmizing the mean square error of X;h , 15 given by

culy) (X P ) (3.5)
_ —+ pl{X ,P 3.5
© cvip) PP

where CV(ip) is the Coefficiept of variation of %

CV(ﬁp) is the coefficient of yarfation of Pp
and .
“ _p(ip, Ep) is”thé‘eorreletioh'coefficfent between'xp and Pp.

3

‘It may be noted that- unlike the combined end.postfstratified ratio estimators,
this generallzed Tratio estlmator (USing‘u‘) is unbiased to the first

degree of approxlmatlon and has the same mean square error as that of

the regression estimator (see Slngh [1969] and Naga Reddy [19741).

As thlg estimator has been found to be highly efficient in small

empi}ical investigations, it is included in this empirical Tnvestigation

to study if the-gain in efficiency is substantial in the context of

large scale surveys.

h. VARIANCE ESTIMATAON

For both the surveys considered here, the methodology for estimating
the sampling variability is modelled after the Keyfitz method. . To
apply this method of variance estimation, a set of pseudo-replicates

within each stratum is required. For the purposes of variance






estimation in the Labour Force Survey and the Survey of Consumer
Finances in NSRU areas the Ny selected PSU's referred to as
'components' from stratum h are assumed. to have been selected
independently. In SRU areas, each subunit is split into two com-
ponents for variance estimation purposes; this split is accomplished

by dividing the selected clusters between the two components. In special
areas, pseudo-strata'are defined either as the design strata ar as col-

lapsed designed strata. Each pseudo-stratum is then sub-divided into
from two to four components, the number depending on the sample sizes
within each pseudo-stratum. We shall follow the notation presented
in section 3 with the modification that the h denotes the strata or
pseudo-strata and i denotes the components for variance estimation.
The variance estimates for the estimators (X(z), X(B) and X(h)) are

based on the usual approximation to the variance of a ratio.

a}l Variance estimate of the simple survey estimator:

3

h h .

* 2
‘ (xphi - l/nh ii] xphi) (4.1)

Var{X ) = I
P hep

where ML is the number of components in stratum h.

b) Variance estimate of the combined ratio estimator:

~ A i ~

- __P

Let Dohi = Xohi : Pphi. ‘ (h.z)_

o]
Then
- - P n h R "\ “
Var(x;2))=(:ﬂ)2 ro—fox D -— 1 b 1% (4.3)

P hep "h ' Q=] P h j=1 P

P
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c) Variance estimate of the post-stratified ratio estimator:

~

Let X
Ponia = Xohia : Pohia -
pa
Then
n
PN, n h P -
var (33N = 3 ~ t_’] by t-2 o ..
P hep "h - i=l aP P
n
h P .
- LI TEE D hia]2
" =1 a p. P
pa

d} Variance estimate of the generalized ratio estimator:

Let
TR ;
D* = X - .
hi h ~ phi
P PRl P+ (1-a)P
Then
P . n “h
-~ L} : ; xS N
Var(Xé )y = 1 £ 12 3 hh_1 z {D*h; -1
aP +(I-a)Pp hep h =1 PO A

it should be noted that although o Is éstimated from the sample, its

effect on the sampling variability is neglected.

A brief development

of the variance expressions for the ratio estimators is presented in

Appendix A.

(4.4)

{h.5) .

(h.6)

(h;7)'
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5. EFFICIENCY COMPARISON

‘5.1 Formulation

The information supplied by an estimator is usually measured by the

inverse of its variance (or its mean square error). Thus, the efficiency

of an estimator t2 over another estimator tl is generally defined as
the ratio of the inverse of their variances, that is Eyp = V(tl)/V(tz).
In actual practice, however, the true variances v(t) will not be
available. One may compute the efficiency E.. by taking the ratio of
the -estimated variances v(t)-or alternatively by taking the ratio of
the estimated relative variances rv(t)= v(t}/t. The latter approach
may be more suitable in situations where the estimatés t. themselves
vary significantly from one estimation method to another. We have
chosen the latter approach for comparison of efficiencies. Thus,

Eij is the estjmated efficiency of estimatpr tj over another estimator
t} and is defined as the ratio of the inverse of their relative

variances. In particular,

rv(i(]) 7
E‘2 ="_ﬁrrj)‘ is the efficiency of the combined ratio
Coee(XM)

estimator .over the simple survey estimator,

The efficiency E‘2 may be expressed in terms of the correlation
coefficient between Xp and-Pp, and is presented along with estimates

for the Labour Force Survey in Appendix B.

.fv(i(z) |
523 = __-_T—jl— is the efficiency of the post-stratified

w43 :
rv{x*77) ratio estimator over the combined ratio

estimator.

AT
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E23 may be thought of as a post-stratification index as it provides a
measure of the gain in efficiency as a result of post-stratification.
The overall efficiency of the post-stratified ratio estimator over

the simple estimator is:

£, = —(—-)—""(:(F)) .
13 rv (X 3 }

Finally,

rv(i(z)) . .
Ezh = =0 is the efficiency of the generalized
rv (X ) ratio estimator over the usual com-

bined ratioc estimator.

= = )
It should be noted that E]3 E12 E23 and Elh E]2 1y SO that the
overall efficiencies of the various ratio-type estimators relative
to the simple survey estimator may be viewed as contributions by

successive changes in the application of ratio adjustment procedures.

6. OBSERVATIONS

The following observations can be made, based on the results of Tables
1A, 1B and 1C.

1} The magnitude of gain in efficiency varies from characteristic
to characteristic, depending mainly upon the degree of correla-
tion between the characteristic and the total population.
Maximum gain is achieved at the national level for Employed
(having correlation about 0.92) followed by Not In Labour Force
(having correlation about 0.67) and Unemployed which has approxi-
mate correlation 0.40. At the provincial level, the magnitude of
the efficiencies differs from province to province but again a
similar trend is noticeable for various characteristics

examined.






2)

3)

6)

Each of the ratio type estimators considered here is generally

more efficient than the simple survey estimator.

The combined ratio estimator which is the simplest to compute
achieves most of the efficiency gains for all the characteristics.
For example, in case of Employed, the combined estimator is on

an average five times more efficient than the simple estimator,
(ranging from 3.65 to 6.66 times) whereas the additional gain in
using post-stratified estimator is only about 50%. For Unemployed,
however, the gain in using the combined estimator over the simple
estimator is only about 25% and the additional gain in using

either of the other two estimators is negligible.

The generalized ratio estimator is always more efficient than
the combined ratio estimator. Although more than 30% gains
are achieved for certain provinces for the characteristics
Employed and Not in Labour Force, the gain at national level

is only about 12%.

Post-stratified estimator, which is presently used in the Labour
Force Survey, is slightly more efficient than the other two ratio
type estimators. It may, however, be noted that this estimator
uses more detailed data, i.e. data at the post-strata (age-sex)
level whereas the other two ratio estimators use supplementary

data only at the aggregate level.

In respect of estimates of Unemployed in Saskatchewan {Table 1B)
both the combined and post-stratified estimators lead to a loss
in efficiency as compared to the simple survey estimator, whereas
the generalized ratio estimator even in this exceptional case
remains slightly more efficient. This indicates that in
situations where the unemployment level is exceptionally low

the use of post-stratified estimator could lead to substantial

loss in efficiency.
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In addition to basing the above conclusions on a larger set

of data, the primary reason for presenting three years data in
Tables 1 (A,B,C) is to study the performance of these estimators
over a period of time. It should be noted that the redesigned
sample using 1971 Census and other more recent data became the
official source of labour force estimates starting from January 1976.
The results in Table 1A thus relate to the time when the sample

was most up-to-date.

Comparing the values of !E]2 in Table 1A, based on 1976 with the
corresponding values in Table 1B based on 1978, it is noticed

that the gain in the relative efficiency of ratio estimator as
compared to the simple estimator increased in 1978 for all
provinces with the exception of Prince Edward Island. For the
provinces of Alberta and Saskatchewan, this gain is two to three
times the gain in efficiency achieved in 1976 and as a result there
is a significant gain at the national level as well. |t may thus
be concluded that as we move away from the redesign time and the
sample becomes more and more out-of-date, the simple survey

estimator becomes less and less efficient and consequently

" the relative efficiency of the ratio estimators shows a gradual

increase.

Further, it is noticed from Table 1C, based on 1979, that certain
provinces show a decrease in the efficiency gain as compared

to the gain in 1978 (Table 18), and particularly so for the
provinces of Alberta and Saskatchewan. This can be explained

by the fact that a program of updating the sample was put in
place during 1978/79 under which the samples from cities having
larger growth are regularly updated and this program had maximum

impact on the two provinces mentioned above,

It may, however, be noted that the additional gains of the other

two ratio estimators remained relatively constant over time.
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Until recently, only 18 age-sex groups (post-strata) were used
in the LFS and therefore in Tables 1A, B, C, these groups were
used for the empirical comparisons. Starting from 1979, there
are now 40 age-sex groups used for the construction of post-

stratified estimates. This increase was implemented primarily

for the purpose of providing estimates for larger numbers or

combinations of age groups. |In table 2, a comparison is made between

the two sets of post-strata. It is observed that the increase

in the number of strata has no significant effect on the reliability

of estimates. This, however, suggests that an optimum set of
post-strata could be determined by repeating the study for
various sets provided that corresponding population projections

are available.

As noted in section 2, the Survey of Consumer Finances conducted
in 1978 was a supplement to the LFS based on a sample of about
41,000 dwellings whereas the 1977 survey used a sample of about
17,000 dwellings selected independently from the LFS sampling
frame. The estimated efficiencies for both survey years and
especially for the 1977 survey, are subjected to larger sampling
variability than the corresponding efficiencies as estimated

for the Labour Force Survey data {particularly since the Labour
Force Survey estimated efficiencies were averages over several
monthly surveys). Despite the instability of the estimated
relative efficiencies, the following patterns and relationships
can be observed from Table 3 based on the 1977 and 1978 Surveys

of Consumer Finances.

As in the case of labour force characteristics, the ratio esti-
mators in this case as well, are more efficient than the simple
survey estimator. The estimated gains in efficiency vary sub-
stantially from province to province. As well for some provinces

there are large differences in the relative efficiencies between

the two surveys.






10) Most of the gains in efficiency arise for the combined ratio
estimator. The additional refinements due to the generalized
ratio estimator and the post-stratified ratio estimator con-

tribute relatively small gains in the efficiency.

11) The generalized ratio estimator is at least as efficient as the
combined ratio estimator (See E 24) although the gain in
efficiency over the combined ratio estimator varies considerably
from province to province with observed gains at the national

level of 6% and 11% for the 1977 and 1978 surveys respectively.

12) Although, at the national level, pést-stratified ratio estimator
results in a gain in efficiency as compared to the combined
estimator (See E 23) (by 21% and 5% for 1977 and 1978
respectively), at the provincial level slight loss in re1ativé

efficiency is noticed for some province.

The post-stratified ratio estimator, however, ensures agreement

of population totals between the survey and the control population
totals derived from external sources {usually census data) within
post-strata. This secondary benefit of the post-stratified ratio
estimator is judged as being useful and important as it ensures a
degree of consistency between the survey estimates and the external

population totals down to the post-stratum level.

in summary, for both the Labour Force Survey and the Survey of Consumer
Finances, considerable gains in efficiency, over the simple design
based estimator, are realized by employing ratio-type estimation
procedures. The combined ratio estimator provides most of the gains
observed, The generalized ratio estimator generally provides minimal
additional gains in efficiency over the combined ratio estimator,

although for some provinces and for some characteristics, the gains
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approach 30-40%. The post-stratification in the majority of situations,
provides marginal improvements in the efficiency of the post-stratified
ratio estimator over the combined ratio estimator. For the Labour
Force Survey, the comparison of efficiencies of the estimators over
time yielded interesting results showing an increase in the performance

of the ratio-type estimators as the sample design deteriorated.

It should be noted that all these comparisons are based on the estimated
relative variances and to that extent the degree of confidence in the
conclusions would depend upon the stability of these variance .estimates.
In the context of the LFS, the variance estimates should be highly
stable due to the large size of the sample as well as due to the
averaging of estimates over survey months. However, for the SCF, the
variance estimates may not be as stable due to smallness of the sample
size and data being based on single surveys, and therefore, studies
using data from additional surveys would be needed to provide greater

confidence in the results.
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Table 1A: Relative Efficiency of the Ratio Estimators®
Period: 1976 (January-June Average)

Employed Unemployed Not In Labour Force
Provinces |~ E|,  E,g £ E, £, £ E £y Els
NFld. 2.62 1.19  3.10 1.12 1.02 117 2,10 1.42 2,92
P.E.I. 5.38 2,22 12.18 0.96 0.88  0.86 2.28 1.59  3.10
N.S. 3.31  1.28 4,24 1.23  1.02 1.25' 2.02  1.37  2.76
N.B. 2.19 1.7 3.80 1.02  0.98  1.00 1.80 1.82  3.24
Que. 3.24  1.4h 4,62 1.02  1.02 .04 2,40 1,49  3.53
ont. 3.35 1.49 .97 | 1.06 1.02 1.08 | 1.80  1.56  2.82
Man . 3.72 1.39 5.24 1.10 1.0k 1.4 2.50 1.49  3.76
Sask. 6.40 1.74 11,02 1.17  0.98  1.17 1.85 2,28  4.16
Alta. 5.20 1.49  7.78 1.06 1.0 1.10 1.7 1.49  2.53
B.C. 454 2,96  6.25 1.23  1.08  1.32 1.74 1,51 2.62
Can. 3.65 1.46  5.34 1.08  1.02 1.10 2.02 1.5  3.13

* The efficiency of the generalized ratio estimator over the combined ratio estimator
(i.e. Ezh) is not available for this period.
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Table 1B: Relative Efficiency of the Ratio Estimators
Period 1978 (January, April, July, October average)

Emp10yed Unemployed Not In Labour Force
ovinces |, Epp Eyg By By B3 B3 By B By Bz By
1d. L.49 V.12 5.11 .10 .51 0.98 1.46 .02 1.96 1.21 2.34  2.07
E. I 3.61 1.61 5.76 .39 .21 1.19 1.42 04 | 0.96 1.85 1.77 1.49
S. 3.02 1.37 L.oo .0k .1é 1.04 1.17 .02 1.88 1.51 2.82 1.04
B. 3.84 1.32 .15 7 .28 1.08 1.37 .0b 1.49 1.54 2.25 1.28
e, 4.20 1.28 5.29 .04 .23 1.08 1.32 .00 } 2.04 1.51 3.06 1.06
t. k.97 1.61 11.16 2 .25 1.06 1.32 .08 1.49 1.93 2.82 1.17
n. 4,16 1.46  6.10 .04 .04 1.02 1.06 .00 1.69 1.72  2.76 1.14
sk, 14.36 1.9 21.99 12 .83 0.94 0.76 .25 5.15 1.35 6.7} 1.06
ta. 17.81 1.88 35.52 .39 420 0,96 1.35 .04 3.39 1.90 6.66 1.35
C. 4,37 2.82 14.90 .08 .19 1.10. 1,30 .00 1.5 2.72 4.93 1.08
n. 6.66 1.51 10.05 1 .25 1.06 1.35 .04 1:85 1.77 3.24 1.13
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Table 1C: Relative Efficiency of the Ratio Estimators
Period: 1979 (January, April, July, October average)

.Employed Unemployed Not In Labour Force
rovinces | B, Ep En Byl By Epy Eig By | By By Eg o By
NFld. 3.04 1.33 3.97 .04 [ 1,23 1.08 1,32 .02 .60 1.34 '3.98 - 1.06
> E. . 4.85 1.96 9.73 .32 | 1,43 1.01 1.50 1.15 | 1.26 2.28 2.96 1.48
N.S. 4.38 1.51 6.37 A7 11,18 1,06 1.26  1.05 69 1.65 2.80 1.19
N.B. 3.70 1.58 5.86 1.13 | 1.09 0.94 1.03 .02 06 1.71  3.45 | 1.19
Jue. 4,13 1.72 7.1 .07 | 115 1.10 1.8 1.00 .84 1,81 3.24  1.07
nt. 7.28  1.56 10.64 " 1.07 {1.30 1.06 1.37 1.03 [1.71 1.65 2.81 1.1l
Man . 5.84 1.9 11.17  1.21 {1.15 1.0 1.2] .07 [1.22 1.88 2.71 1.20
Sask. 9.12 2,02 17.7h .37 {1.29 1.06 1.38 .06 94 2,14 h00  1.43
\lta. 9.84 1.68 15.40 1.10 [1.16 1.01 1.17 .04 71 1.87  3.19  1.10
.C. 5.11 1.86 9.50 1.18 {1.07 1.06 1.14 1.02 |1.33 2.08 2.86 1.13
an. 5.91 1.61 9.47 1.09 {1.23 1.05 1.29 .02 74 1,76 3.04 1.1







Table 2:
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Coefficients of Variation of LFS Estimates
(4 month average: Jan.79, April 79, July 79, Oct. 79)
Employed Unemployed

Province C.v.(40) c.v.{18) C.v.(40) c.v.(18)
Nfld. 1.97 1.99 6.13 6.13
P.E.I. 2.12 2.15 8.67 8.79
N.S. 1.28 1.29 5.88 5.88
N.B. 1.37 1.37 5.37 5.37
Que. 0.75 0.75 3.68 3.67
Ont. 0.55 0.55 3.59 3.59
Man . 0.94 0.95 6.08 6.04
Sask. 0.94 0.96 7.80 7.78
Alta. 0.65 0.65 5.78 5.78
B.C. 0.87 0.87 L.74 4.80
Canada 0.32 0.32 1.87 1.87
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Table 3: Relative Efficiency of Ratio Estimators®
Survey of Consumer Finances
Characteristic: Total Aggregate Income

Period 1977, sample Period 1978, sample

size = 17,000 approx. size = 41,000 approx.
Province £, 3 E13 Eyy £ Ey3  Ei3 Epy
Nfld. 2.39 2,22 5.32 1.17 5.66 1.40 7.93 1.00
P.E.I. 2.11 0.88 1.86 1.00 2,67 2.13 5.70 1.42
N.S. 2.88 1.22 3.52 1.01 2,52 1.36 3.36 1.02
N.B. 5.02 1.79 8.98 1.04 3.55 1.60 5.67 1.15
Que. 5.54 1.44 7.98 1.06 3.57 1.09 3.88 1.07
Ont. 16.71} 1.34 22.43 1.17 3.25 1.00 3.25 1.01
Man. 4,30 1.75  7.55 1.00 1.66 0.69 1.15 1.07
Sask. 4,50 1.45 6.55 1.00 | 11.22 0.94% 10.53 1.hk2
Alta, 2.51 1.07 2.69 1.00 4.26 1.15  4.92 1.51
B.C. 2.63 1.53 4,04 1.00 6.42  0.97 6.44 1.01
Canada 9.76 1.21 11.81 1.06 3.80 1.06 3.99 1.1

* Labour force status x class of worker was considered as post-strata
instead of age x sex groupings as in Table 1.
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RESUME

Trois estimateurs par quotient sont considérés dans
cet article. Il s'agit de 1'estimateur combing, de
1'estimateur post-stratifié et d'un estimateur par
quotient généralisé qui a déja &té proposé par
Singh (1969) et par Naga Reddy (1974). Dans une
évaluation empirique, on compare l'efficacité de
ces estimateurs dans le contexte de deux enquétes-

ménages de grande envergure: 1'Enquéte sur la
population active canadienne et 1'Enquéte sur les

finances des consommateurs.
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Appendix A

Considering the usual approximation for the variance of a ratio of
statistics, the variance of the generalized ratio estimator can be

expressed as:

} E(X ) 2 yar(x)
var (XM = var (B p ) 2 P2 (—B }{ ——P -
P P +(1 a}P P P (P +(1-0)P ) [E(X )]
p p p
i 2 EOV(QP'AGEP+ (l-a)Pp) . Vér(AEp+?(l-G)Pp)}
£(X) E(aP o+ (1-0)P) [E P+ (1-0)P )17
P - E(i ) - a
= [——F ]Z{Var (X )-20 —2P Cov(X_,P )
E(Pp) + (l—a)Pp - P uE(Pp) +(]-a)Pp P- P
R ) -
by ;e

aE(P ) + (l-a)Pp

Now u5|ng the inevitable procedure of estimating E(X) and E(B) by
X and P respectively, Var ( Xé )) can be estimated by

-~

var (xM)y = [ =B ] tvar (X)) 20 —B— Cov (X, P)
P aP_ + (1-a)P oP + (1-a)P
p p p p
, X 2 . .
+ o [E= ] var (Pp) }.

(aPp + (l—u)Pp

Now replacing Var

p) and Var (P ) by expressions of the form (4.1)
and with Cov (ip’

(X
P } estimated by






n
-~ - ~ n h ~ h -~ -~ h -~
Cov(X ,P ) = I h r (X, . -V/n_ £ X . .) (P . - 1 I P_,.)
p hep hh-l =] phi h =] phi phi MLooio phi

the above expression reduces to

- n -

P 2 n h . X

h -
[ ] oSy DX, - =P P
oP + (1-a)P  hep "h i=1 P aP_+ (1-q)p_ Phi
P p p
n -
h X .
i %" DX, - =h Pohi )
h i=l P aP  + (l-a)Pp
o P 2 n " n,
var R4 - [P T S L T CEN ()
P aP_ +(1-a)P_  hep "h i=1 P "W i=1 P
X

i = X - p P (2)
with Dphi xphi Pphi'

With a=1 the generalized ratio estimator reduces to the usual ratio

estimator, i.e. iéz)
and
P2 n n h

~(2) 2
var @) = (Ry 2 A -l pp (3)

P P, hep "hT =] P “h i=1 P

- EE ~ A
where Dphi = xphi - 3 Dphi . (4)
p

Similarly for the post-stratified ratio estimator, the variance can be

expressed as
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- X
Var (Xé3)) =var (= £2p )
P

pa
a pa
X X P _ X, P
= I Var ( “pa Ppa ) + Z¥Z Cov { "pa "pa, "pb pb ). (5)
a = a#b - a
P 3 P
pa pa pb

~

Using expressions (3) and (4) Var ( XEa Ppa) is estimated by:

P
pa
X P P2 n "h "h
- 2

var (22 P8 = (B8 : nh-l 2 (Cohia " %" Z Do) (6)

P hep h i=1 h i=1 P

pa pa
L) i a ~ N

with D ta = %onia 3 Pohia o

X a X b
tov (£2 p P2 p )
p pa, o pb

pa pb

=p P , pb a, pb)
pa pb ”~ -~ -~ -~ -~ -
E(Ppa) E(Ppb) E(Xpa) E(pr) E(xpa) E(Ppb)

£ X ) E i- ) Cov ; X Co ; P
( pal . (AEb. . ( 0a ) v ( b

-~ -~

i Cov (Xpb’ Ppa) . Cov (Ppa’Ppb) ,

E(Xy) E(PL)  E(P ) E(P )

up to 2nd order terms.
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P
), E(P,) and E() by X, X,

)

Again estimati E(X E(X
Ag ine Alma ing E{ pa)’ ( ob

P and P respectively,

pa pb
X X PP A . X A
cov (=22p , 22 )= B2 PP eou(x , x )- =B® Cov (X_,P )
pa pb pa’ "pb pa’ pb
P P P_ P P
pa pb pa pb pb
- B2 cov (Xpb’ Ppa) + 2= B cov (Ppa’ Ppb)]
P P P
pa pa pb
P_ P n h - o - :
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Ppa Pob hep h i hoi
Now equation (5) is estimated by :
n
P 2 n h
- . h
var (X3 = 1 (P - (D
P a P hep h i=1
pa
n
P P n h
+ 13 P2 P N R (1 T
#b P p hep "h- i=1 phia
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phia phib N,
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which is equivalent to expression {(4.5) in the body of the paper.

Dohib
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Appendix B

The efficiency of the combined ratio estimator versus the simple survey
estimator can be derived and expressed in terms of the correlation
coefficient between the numerator and denominator of the ratio of

characteristic to population totals (see for example Cochran, Section

6.8, p. 165). Specifically,

I U " R
Eip = 1 -2 __—L... [O(Xp, Pp) i _______P_A 11}
Jrv(xp) : rv(Xp)

~ -~ -

where p(X_, Pp) denotes the estimated correlation coefficient between

the simple survey estimatesXp and Pp and rv denotes the relative variance.

The following table presents the estimated relative efficiencies
E]2 and estimated correlation coefficients p for the Labour Force
Survey for the three periods 1976, 1978 and 1979 considered in this

report. (The values E]2 and p are averages of the corresponding

monthly estimates).

Table 4: Estimated Relative Efficiencies and Correlation Coefficients

at the Canada Level.

Characteristic

Period EMPLOYED UNEMPLOYED | NOT IN LABOUR FORCE
Eys P Ey2 o By . P

1976 3.65 0.853 1.08 0.245 2.02 0.708

1978 6.66 0.925 1.25 0. b 1.85 0.703

1979 5.91 0.915 1.23 0.318 1.74 0.676
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NON-TEXTBOOK PROBLEMS IN THE REV!S!ONIOF A
BUS INESS BASED EMPLOYMENT SURVEY

Michael J. Colledge2

The paper illustrates several practical problems in
the adaptation of statistical theory to survey design
in the context of the revision of an employment
survey programme.

1. INTRODUCTION

The practical problems in adapting statistical theory to survey design
may often present more of a challenge than the associated theﬁretical
development. The aim of the paper is to illustrate this point by
describing a selection of practical problems encountered during the

revision of an employment survey programme at Statistics Canada.

Section 2 of the paper provides a fairly comprehensive account of the
environment within which the revision took place. Section 3 presents
a selection of the problems arising. The progress which has been made
towards resolving these problems, and some specific solutions, are

described in Section &4,

] Adapted from a paper presented at the 1980 Annual Meeting of the

Statistical Society of Canada, May 1980.

Michael J. Colledge, Business Survey Methods Division,
Statistics Canada.
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It should be noted that the perspective given here of the revision
project, the Employment Statistics Development Project, is essentially
a personal one. A list of more definitive documents follows the main

text. References to the list are indicated by a number in brackets,

for example, [1].

2. ESTABLISHMENT-BASED COLLECTION OF EMPLOYMENT DATA

2.1 Concepts, Terminology

A more precise title to this paper would have referred to revision
of "establishment-based surveys of civilian employment and payroll
in the non-agricultural sector of the economy'. The objective of
such survey activity is, in brief, to measure levels and month to
month trends in paid employment, hours and earnings in all sectors
of the economy (except agriculture, hunting, fishing and trapping)

and to publish data at detailed geographic and industrial breakdown.

The term "establishment-based'" implies that the data are collected
from business and institutional establishments, in contrast to the
Labour Force Survey [1] which also collects labour statistics but via
households. Thus the survey universe is the set of all employers,

i.e. firms incorporated or unincorporated, institutions, government

departments, agencies, etc..

In this context "establishment'' has a very particular meaning: it
refers to the ''smallest unit that is a separate operating entity
capable of reporting all elements of basic industrial statistics' [2].
For the purposes of collecting employment, hours and earnings data,
establishments are sometimes further divided according to geographic

location and reporting capability into ''reporting units''.

Each establishment is assigned a standard industrial classification

(S1C) code according to the nature of its-principal activity.
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There are just under 300 SI1C codes grouped into a number of "industry

divisions' [2].

"Employment' refers to all civilians drawing pay for services

rendered or for paid absence during the survey reference period for
when an employer makes CPP or QPP and or UIC contributions. Thus

it includes full time, part time and casual employees but excludes
owners of unincorporated businesses, self employed persons and unpaid
family workers. The ''survey reference period' is, in principle, the
last pay period. "Hours' refers to time actually worked plus hours of
paid absence, e.g. holidays, vacation, sick leave. ‘''Earnings'' refers
to gross pay during the pay period including commissions, bonuses,
overtime pay, etc., but excluding emﬁloyers' contributions to

pension plans, travelling expenses, etc.

2.2 Data Collection Methods in Current Use

Employment and payroll data are presently collected by survey and from
administrative sources by two essentially separate programmes under

the control of Labour Division and Public Finance Division respectively
of Statistics Canada [4]. The principal features of these programmes

are described below.

(a) ES-1 Survey (Labour Division}.

The ES-1 survey is a monthly census of larger firms in the commercial
sector. In this context, "larger" refers to firms with 20 or more
employees in any one month of the year, and the ''commercial sector'
excludes by definition education, health, welfare, public adminis-
tration and defence. Approximately 50,000 questionnaires are mailed
monthly from the Head Office (Ottawa). Also data for some government
reporting units are obtained from the Public Finance Division programme.
Non respondents are sent two reminders and finally contacted by tele-
phone via the Regional Offices. The response rate at the time of

" publication is about 80%.









