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THE USE OF ADMINISTRATIVE RECORDS TO ESTIMATE WAGES AND SALARIES FOR SMALL BUSINESSES IN SMALL AREAS
E.B. Dagum, M.A. Hidiroglou and M. Morry, Statistics Capada

1.0 INTRODUCTICN

Through the past decade, there has been consid-
erable attention given to the statiscical uses
that can be made of administrative records. In-
creasing emphasis is being placed on the use of
these records to produce economic statistics for
small areas for which no reliable survey estimates
exist. This paper discusses problsms encountered
with the reconciliation of dara from two admini-
strative files considered as possible sources for
producing small area statistics, related to Busi-
ness [ncome and to Wages and Salaries.

Stacistics Canada was given access to [ncome
Tax data for the purpose of statistical analysis
through the Statistics Act of 1971. The objec-
tive was to provide data in lieu of survey data,
to improve cost efficiency and to reduce response
burden. I[n the first phase of the present project
we investigated the possibility of sroviding small
area estimates on unincorporated businesses. Tax
data for unincorporated businesses (T1) have been
transcribed by Statistics Canada since 1973. The
Tl tax return is the individual tax return that is
filed annually by all individuals tixable in Cana-
da. The tax filers which report a tusiness income
are of particular interest for the purposes of the
present project. From these, statistics relating
to unincorporated businesses in Canada can be ob-
tained. Such statistics can be used to estimate
the structure (i.e.,the breakdown by Standard In-
dustrial Code, province and size) of the unincor-
porated business universe for a givea year. The
transcription of these tax records a: Statistics
Canada is stored on a file known as rhe COMBINED-
MASTER.

Revenue Canada transcribes tax data for unin-
corporated tax filers to be used in their auditing
procedures (for the purposes of their potential
for audit through the examination of the returns).
The resulting file is known as the COMSCREEN
Master file. The COMSCREEN may be regarded as a
universe file for unincorporated tax filers that
have declared Gross Business Income over $25,000.
The COMBINED-MASTER is a 10% sample for unincor-
porated filers with Gross Business I[ncome between
$10,000 to $25,000, roughly a 25% sample for fi-
lers with Gross Rusiness Income between 315,000
to $500,000 and a 100% sample for filers with
Gross Business Income over $500,000. The COM-
SCREEN and COMBINED-MASTER contain a number of

economic variables which are comparable in concept:

these are Sales, Capital Cost Allowance, Net Proi-
it, Gross Profit, Filer's Share of the Net Profit
for filers that are involved in a partiership.

The COMBINED-MASTER has a number of additional
economic variables which are not transcribed on
the COMSCREEN file. These are hages and Salaries,
Inventories and Assets. Thus one file (COMSCREEN)
is more complete in terms of coverage i{'or busi-
nesses with income between $25,000 and $3500,000
but contains less information, while the second
file (COMBINED-MASTER) has all of the variables

of interest but only on a sample basis. Esti-
mates of the variables missing from the COMSCREEN
file can be obrained in one of two ways. One way
is to use domain estimation by weighting up the

-belonging to the tax filer.

records on the COMBINED-MASTER. The other way is
to obtain relationships between these variables
and variables common to both files using the COM-
BINED-MASTER and applying them to the same vari-
ables on the COMSCREEN file.

In order to provide breakdowns on Gross Busi-
ness Income and Wages and Salaries, the two files
had to contain industrial and geographical classi-
fication codes compatible with Statistics Canada
standards. Since the classification codes for the
COMBINED-MASTER file were assigned at Scatistics
Canada, these standards were most likely met. [t
was therefore important to compare the classifica-
tion codes generated on the COMSCREEN at Revenue
Canada to those on the COMBINED-MASTER to determine
if the COMSCREEN data could be tabulated. Although
the economic variables transcribed by the two agen-
¢cies are comparable in concept, a numerical compar-
ison had to be carried out to measure the level
of agreement. Results of the comparability of
classification codes and economic data on the two
files are presented in Section 2.

The above comparison indicated whether Gross
Business Income could be tabulated using the more
complete Revenue Canada file for tax filers with
Gross Rusiness Income between $215,000 to $300,000.
To obtain estimates of hages and Salaries missing
on the COMSCREEN, regression techniques were in-
vestigated using explanatory variables on the COM-
BINED-MASTER common to both files. Section 3 de-
scribes the steps involved in this analysis. Based
on the results of the regression analvsis. several
estimators provided in the literature are consi-
dered in Section 4 to estimate hages and Salaries

for small areas. Section 5 gives i summary of the
conclusions.

2.0 COMPARISON OF ELEMENTS BETWEEN THE COMBINED-
MASTEZR AND COMSCREEN PILES FOR TAX YEAR 1981

One of the objectives of the small area project
is to produce estimates of Gross Musiness [ncome,
Capital Cost Allowance, Net Profits, Wages and sal-
aries and Total Assets at the subrrovincial level.
The first three items can be found on both the
COMBINED-MASTER and COMSCREEN files while the last
two items can only be found on the COMSINED-WUSTER
file. The COMBINED-“ASTER :s a file resulting
from the coding of tax returns for incorporated
and unincorporated (Tl) filers by Tax Record iccess
at Statistics Canada based on a pre-specified sam-
ple and a sampling algorithm. The COMSCREEN is an
audit file created by Revenue Canada based on a
sample selected from the universe of seif-emploved
tax filers. all businesses with Gross Income over
§25,000 are on the CCMSCREEN file.

The COMSCREEN is nmade up of basically two fares:
the first part is the Tl portion as aeved by Reve-
nue Canada and the second part is nade up of three
segments transcribed at Revenue Canacda using tax
data pertaining to the three z=a:or businesses of a
tax filer. For the COMBINED-MASTER, transcristion
of selected data items is done for each business
The ssanscrise of 2ax
filers with only one business =ill be recferrad =5
LS cec O .
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Since the COMBINED-MASTER is roughly a one in
four sample for businesses whose G:ross Rusiness
Income lies between $25,000 to $500,000 and a 100%
sample for all businesses whose Gross Business In-
come is above $500,000, the compar.son of data
elements between the COMBINED-MASTER and COMSCREEN
files will be done for businesses whose Gross
Business Income (GBI) falls in the range of
$25,000 and over.

Single Tl records from the COMBINED-MASTER
{200,016 records) were matched to single records
trom the COMSCREEN File (483,534 records) using
social Insurance Number (SIN) as matching key.

The match resulted in 136,982 records which could
be used to compare similar fields between the two
tiles.

The fields of interest on the COMBINED-MASTER
sni COMSCREEN that are to be compared are:

1. Standard Industrial Classification (SIC)
2. Standard Geographical Classification (SGC)
3. Selected economic variables

2.1 Standard Industrial Classificatlon Comparisons

Some of the coding differences for the 1980
Ztandard Industrial Classification (SIC) between
~he COMSCREEN and COMBINED-MASTER files were in-
vestigated. The coding differences implied that
the comparisons beyond the two digit level of SIC
would not be meaningtful. Thus, comparisons were
carried out at the Major Division (1 digit SIC)
and Major Group (2 digit SIC) level only.

Table 1 provides a summary of the agreement be-
tween Statistics Canada (STC) and Revenue Canada
RCT) SIC coding at the Major Division level.
From Table 1, one observes that there is an over-
all agreement of 78%., The industries that show
good agreement are Construction, Transportation,
Aetail, Accommeodation Service, and Logzing and

redity. The nourest BB O wi
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TABLE 1. Summary of Agreement berwsen 3TC and RCT
Coding at the Malor Divis:.on Level (Con~
trolling for STC Codiag)*

Major Division | Agreement

Toral 782
A. Agriculture 732
B. Fishing 452
C. Logging and Forestry 843
D. Mining 59%
E. Msnufacturing 522
F. Construction 902
G. Transportation 922
H. Communication 6921
I. Wholesale 412
J. Retail 912
K. Finance and Insurance 75%
L. Real Estate 442
M. Business Service 782
0.. Edvcational Service 831
P. Health and Social 892
Q. Accommodation Service 932
R. Other Services 861

STC=Statistica Canada RCT*Revenue Canada

Fishing, Mining, Manufacturing, Wholesale and Real
Estate.

Some of the major coding differences can be
summarized as follows: i) for businesses coded to
Manufacturing by Statistics Canada, 29% of the
records are coded to Retail by Revenue Canada,
ii) for businesses coded to Communication by
Statistics Canada, 19% of the records are coded to
Transportation by Revenue Canada. iii) for busi-
nesses coded to Wholesale by Statistics Canada, 32%
of the records are coded to Retail by Revenue
Canada, 1iv) for businesses coded to Real Estate
by Statistics Canada, 31% of the records are coded
to Construction by Revenue Canada.

The level of agreement between the Revenue Ca-
nada and Statistics Canada coding is reduced to
68% when the Major Group level 1s compared. The
differences in coding of the Major Groups occur
within and between the Major Divisions.

2.2 Comparison of Standard Geographical Classifi-
cation Code

Area codes are identifiers which are associated
with the units of an area system. For each set of
spatial units which comprise an area system, there
may be one or more set of area codes. The Stan-
dard Geographical Classification code GGC) is one
of the many possible sets of area codes which may
be applied to provinces, census divisions, and
census subdivisions. The SGC can be broken up in-
to several components, the first two of which are
the province code and the census division codes
within the province. Census division is a general
term applying to counties, regional districts, re-
gional municipalities, and five other tvpes of geo-
graphical areas made up of groups of subdivisions.

In the present context, census divisions will be
the small area of interest. In order to obtain
census codes from the COMSCREEN file, there are
three address sources which can be converted to
taese codes. These are: the filer's address, the
filer's postal code and the locality code. The
locality code is a five digit code assigned by
Revenue Canada. The first three digits identify
province, county or census division and selected
larger municipalities. The last two digits iden-
tify the municipality within the county or census .
division based on the SGC. These address sources
are also found on the COMBINED-MASTER file. There
are an additional two address sources transcribed
on the COMBINED-MASTER file which are: the business
address and the business postai code. Since the
small area estimates must refer to business acti-
vity and since “he census divisions on the COM-
SCREEN file can be assigned only using the tax fi-
ler's address or locality code, it 1s of interest
to assess how well a census'division code can be
derived from a filer's address or localitv code as
opposed to a business address. If business ad-
dresses are in general close to filer's addresses
one can use the filer's address as a good proxy
to describe the location of the business activity.

In order to determine the level of agreement
between these different sources, some 200,000
records on the COMBINED-MASTER file were pro-
cessed through conversion tapes which would as-
sign an SGC to each of the five existing address
sources. The correspondence at the provincial
and census division level is provided in Table 2.

As can be noted from Table 2, the level of
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TABLE 2. Level of Agreement for Assigning SGC Codes for Different Address Sources

i Number of Province Census Division
Source Oif Ggmpatison Records Agreement Agreement
1. Business Postal Code vs Business Address 107,627 0.993 0.984
2. Business Postal Code vs Filer's Postal Code 13,977 0.994 0.953
3. Business Postal Code vs Filer's Address 12,443 0.994 0.949
4. Business Postal Code vs Locality Code 11,452 0.994 0.948
S. Busiress Address vs Filer's Postal Code 45,682 0.995 0.936
6. Business Address vs Filer's Address 47,833 0.996 0.949
7. Business Address vs Locality Code 42,673 0.994 0.942
8.Filer's Postal Code vs Filer's Address 150,130 1.000 0.991
9.Filer's Postal Code vs Locality Code 140,842 0.998 0.980
10.Filer's Address vs Locality Code 139,544 0.998 0.998

agreement between the differen: address sources
is very good for provinces. Fur census divisions

the level of agreement, although lower than the 4

one obtained for provinces is cuite good. The
filer's address seems to be as good a2 proxy as
the locality code for obtaining the census divi-
sion given that the business adiress is regarded
as the best source. The corressondence between
the addresses and their associa:ed postal codes
for assigning a census division code is quite
good. For COMSCREEN there 1s a filer's postal
code for 30% of the records, a filer's address for
99.9% of the records and a locality code for 99.9%
of the records. Consequently, almost all records
on the COMSCREEN file could be assigned a census
division code based on the filer's address.
Furthermore, according to Table 2, this code would
be a good proxy for the one that would have been
obtained if a business address hid been avsilable.

2.3 Comparison of Economic Variallas on the Two
Files

There are a number of variables on the COM-
SCREEN file which may be used to btain estimates
on income, counts of businesses within specified
small areas or as auxiliarv information to predice
some variables of interest. Revenue Canada and
Statistics Canada transcribe simiiar types of
data from the Tl tax returns and their associated
financial statements onto the COMSCREEN and COM-
BINED-MASTER files respectively. On the COMSCREEN
file, these items are known as Sales, Gross Profit
Capital Cost .Allowance, Net Profit and Tax Payer's
Share of Partnership of Net Profit. The corres-
ponding items on che COMBINED-MASTER file are
known respectively as Gross Business Income, Gross
Prorfit, Depreciation Total, Net Profit or Loss and
Filer's Share of Net Profit or Los:. The defini-
tions of the corresponding variables vary slighcly
between the two government agencics. In order to
assess the extent to which the two sets of figures
differ, five ratios were formed and their distri-

bution tabulated. A brief summary of the compari-
sons is provided in Table 3.

The distribution of ratios between 0.9 and 1.1
provided for the pairs of variables below show
that the agreement is quite good. Two measures
of agreement are provided for this range. One
(including zeroes) where zeroes for one of the
variables in the pair is allowed to enter into
the computation of the ratic. The other (exclud-
ing zerces) where only non-zero entries for both
variables are allowed to enter into the computa-
tion of the ratio. The strict exclusion of :zeroes
from both pairs of variables is probably a better
measure of agreement than the alternative measure
of agreement (including zeroes). The results are
rather encouraging, especially concerning the varc-
iable Of major interest, Gross Business [ncome
for which 98% of the non-:erc values are within
10% (the ratio fell between .9 and l.l) of the
corresponding COMSCREEN value indicating that the
more complete COMSCREEN file contains basically

. the same variable.

After having carried out the comparison of in-
dustrial and geographical classification codes as
well as the comparison of related economic vari-
ables on the COMBINED-MASTER and COMSCREEN file,
the following conclusions can be drawn: 1. There
is a relativelv good agreement between the two
files on industrial classification codes at the
major division level (78%). This agreement dete-
riorates to 68% when the major group ievel is com-
pared, consequently tabulating income and other
variables from the COMSCREEN snould not go bevond
the | digit SIC breakdown. 2. On the basis of
records that contain both files's address and
business address, it is eviden: that the business
activity takes place in the gereral location of
the residence of the filer as shown by a 933
agreement between the census divisions correspond-
ing to the two addresses. Thus tabulating Income
and Kages and Salaries according to zeograohic
locations derived from filer's addresses will be

TABLE 3. Summary of Distribution of Ratios for Selected Variables from the COMBINED-MASTER (STC) and

COMSCREEN (RCT)

Comparisons

Range 9.9 0 1.}

Including Excluaing
Zeroes Zeroes

1. Gross 3usiness [ncome (3IC) vs Sales (RCT) gt 955

2. Gross Profit (RCT) vs Gross Profit (STC) 72 894

3. Depreciation (STC) vs Capital Cost Allowance (RCT) 5% 91

4. Net Profit (SIC) vs Net Profit (RCT) p- Sl

i Par:nersh:p' share STC) vs Partnershi-' share {RCT} 9a% Q6







basically equivalent to tabulating these economic
variables according to the location of the busi-
ness activity. 3. Concerning the COMSCREEN and
COMBINED-MASTER economic variables pertaining to
the same concept the discrepancies are within the
10% range for over 90% of the entries, suggesting
that totals obtained from the. COMSCREEN would come
close in value to corresponding totals from the
COMBINED-MASTER. :

After having verified that the industrial and
geographic classification codes were of acceptable
quality it was possible to proceed with the esti-
mation of the variables for sma.l area in partic-
ular those of Wages and Salaries that were only
available on a sample basis.

3.0 MODELLING WAGES AND SALARIES

To gain some experience in mcdelling Wages and
Salaries, the COMBINED-MASTER file was used. The
four digit 1980 Standard Industrial Codes (SIC) on
the COMBINED-MASTER were regrouped into 18 major
divisions and into 76 major groups separately.
Major divisions represent the highest level of
aggregation of industries, each division represent-
ing one of these broad types of activity (e.g.,
Agricultural Industries, Forestrv Industries,...,
Mining Industries, Manufacturing Industries, etc.).
Major groups are an aggregation of industries
which are subsets of the major divisions (e.g.,
Food Industries, Beverage Industries in the Manu-
facturing Division). This regrouping of SIC was
necessary to make the analysis more manageable and
to investigate whether estimates of Wages and Sal-
aries for unincorporated businesses (Tl) could
be produced at these levels of irdustrial aggre-
gation for selected small areas.

The analvsis was restricted tc tax filers which
had declared a $25,000 to $500,000 Gross Business
Income (GBI) range for two reasons. Firstly, COM-
SCREEN does not have any transcribed information
for tax filers with GBI less than $25,000 and
secondly, the COMBINED-MASTER has Wages and Sala-
ries information transcribed for all tax filers
with GBI over $500,000.

Previous earning models described by Lillard
and Willis (1978), Greenless, Reéce and Zieschang
(1982), Betson and Van der Gag (1983), and Little
and Samuhel (1983) related the logarithm of Wages
and Salaries to demographic data which included
data items such as education and work experience,
race, urbanity region, one digit cccupational
codes, weeks worked, and hours per week worked.

In our context, the auxiliary infcrmation which
<can be used as part of the regression model is in
the form of economic (or accounting)variables as-
sociated with tax returns from businesses. They
inciude variables such as Gross Business Income,
Net Profit, Gross Profit and Depreciation.

3.1 Some Characteristics of Wage: and Salaries

The $25,000 to $500,000 Gross Bisiness Income
range was split up into ten classes and cross-
tabulations were obtained for the frequency of
records with non-zero Wages and Salaries within
each major division and across all major divisions.
It was observed that for most major divisions, the
proportion of filers showing Nages and Salaries
increases as the business income increases.

In terms of estimation of Wages and Salaries,
this implies that the records on the COMSCREEN
have to be imputed with :ero Wages and Salaries

using the distribution obtained from the COMBINED-
MASTER by income class group. The chosen distri-
bution would be assumed to hold for filers that
have no hages and Salaries in the small areas.

Plots of the averages of non-zero Wages and
Salaries within Business ‘Income classes within
major divisions at the Canada level versus their
corresponding Business I[ncome averages were ob-
tained in order to observe the relationship
between those two variables at an aggregated le-
vel. The resulting plots indicated that there is
a good relationship across all major divisions
for those two variables. Plots of the raw values
for non-zero Wages and Salaries versus their as-
sociated Gross Business Income indicated that
there could be a good deal of variation of kages
and Salaries for similar business income, the
scatter of the kages and Salaries increased as
Gross Business Income increased. The scatter
plots point to a transformation of the data to
make it more homogeneous.

3.2 Tranaformation of Data

Previous analyses indicated that Gross Business
Income was the most strongly correlated variable
with non-zero Wages and Salaries across the major-
ity of major divisions and major groups.

Scatter plots of non-zero hages and Salaries
versus Gross Business Income indicated that the
spread of non-zero kages and Salaries increased
as Gross Business Income increased. This suggested
that a transformation of the data might be
required. Since Gross Business Income was the
most correlated variable with non-zero Wages and
Salaries, five models were tried out using this
auxiliary variable. The models were fitted at the
Canada level by Major Division. The models were:
1) SALWAG = INT] + SLOPEl* GRBI+El;

ii) SALWAG = SLOPE2 * .GIBI+E2

i11)SALMG/T TR = INT3/ VOE + SLOPE3* U +E3

iv) SALWG/ 5B "SLOPE4* yUBl +E4

v) LOG SALWAG) = INTS + SLOPE3*LOG (GBI} +ES

where SALVAG= Wages and Salaries, GBI=Gross Busi-

ness Income, INT = intercept, SLOPE = slope of the
regression, E = error term.

Examination of the standardi:zed residuals and the

adjusted i‘p term, indicated that the square root

transformation was the best. This transformation
pointed to the appropriateness of a ratio-tvpe es-
timator. Furthcrmore, the intercept term was not
sufficiently sigunificant ro include in the model.

3.3 Search a; for Fits

Scatter plots of the ratio of the mean of non-
Zero ‘“ages and Salaries to the mean of the Gross
Business Income within selectad intervals of the
Gross Business Income were obtained to determine
whether these ratios were constant over the (Gross
Business Income intervals or whether they in-
creased or decreased over the intervals or whether
there existed breaks between which these ratios
were constant. These scatter plots which were
done at the major division by province cross-
classification indicated that a mixture of these
conditions could exist depending upon the major
division and provincial cross-classification.

As a result of the above scatter plots, eight
regression models were fitted to reflect if the
conclusions drawn from the scazter plots held.
These models_were: i) SALWAG/YG &l vs.{fﬁi :Linear
ii) SALWGAGEI vs.dfﬁ. (GBI)3/2 : Linear § Quad-
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ratic 1ii) SALWAG/YCRL vs. (GBI)3/2 : Quadratic
iv) SALWG/YGAI vs.VGE :Linear, break at $100K
Gross Business Income v) - viii) Models i) through
iv) with provinces added as dummy variables to
test if che fits differed by province.

From Table 4, one concludes that for the most
part, the fits are linear within each major divi-
sion and that thev differ in slope berween nrovinces
in the majority of tne cases. ror those mujor
divisions which have a combination of linear and
quadratic terms, althougn the agaition of the
quadratic term is statistically significagt, the
adjusted coefficient of determination (R_*) is in-
creased only slightly. L

TAHBE 4. Summary of the Fits by Major Division

Best Fit | Prov- Number of
at the inces | -2 |Observa-
Major Division Canada Signi.|[R_ |tions
Level Diffe-

R I L L

ok . e 5w

GENE sl
1. Logging & Linear* Yes* (.74 380
Forestry
2. Mining Linear* No* 0.62 a8

3. Manufacturing Linear* Yes* 0.69 2,987
4. Construction Linear* Yes* 0.64 12,385

S. Transportation Linear* Yes* 0.57 3,992
6. Communication Linear* No 0.72 248
7. Wolesale Linear § Yes* 0.46 1,396
Quadratic®
8. Retail Linear § Yes* 0.51 18,545
Quadratic*
9. Finance § Break at No 0.83 15
Tnsurance 100K
10. Real Estate Linear* Yes* 0.52 303
11. RBusiness Linear* Yes* 0.64 534
Service
12. Educational Linear § Yes** 0.74 91
Service Quadratcic*
13.Health § Linear* Yes** 0.70 378
Social
14, Accommodation Linear § Yes® 0.76 6,005
Quadratic*
1S5. Other Linear* Yes* 0.62 55127
Services

* : Signiticant at the ls level.
**: Significant at the 3% level.

The linear model SALW-\G/@ versus VGEl was
fitted by major group at the Canada level with
and without the provinces used as dummy variaoles.
The disaggregation of ma)or division into major
groups did not significantly improve the fits.

The auxiliary variable Gross Bisiness Income
(GEI) was the most highly correlated variable
with hages and Salaries for most ma'or divisions
and major groups and their cross-classification
with provinces, A number of other variables com-
mon to COMSCREEN and to the COMBINEL-MASTER files
showed high correlation with MWages and Salaries.
However, they were also very highly correlated with
Gross Business Income, therefore, once GBI was in-
cluded in the regression, they were 10t used as
additional explanatory variables in a multiple
regression to avoid multicollinearit:,

The selected auxiliary variables that were
fitted in a one variable regression were: Depre-
ciation, Net Profit, Gross Profit, Pzrtnersaip
(a zero-one variable) Gross Rsiness [ncome, Gross
Professional Income, the Sauare of Gross fusiness
Income.

- T
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It was found that with the exception of the
major division Retail for which the regression
using Gross Profit gave the highest R - the best
fit was obtained using Cross Business®Income as
the explanatory variable.

The search for the best one variable model was
also carried out at the province level within
each major division.

The conclusions were that the disaggregation
of the fits for major divisions from the Canada
level to the provincial level improves R, for

some provinces in some instances and worsens R~

in others. Some of the major divisions such as
Mining, Finance and Insurance, and Educational
Service do not contain enough data to be disaggre-
gated from the Canada to the provincial level.

For these major divisions, the fits should be done
at the Canada level.

The investigation concerning the modelling of
¥ages and Salaries led to the following conclusions:
1) among the available auxil.ary variables Gross
Business Income is the one most strongly related
to Wages and Salaries; I) in fitting the regression
one line without the intercept term provides the
best fit; 3) it is necessary to divide the re-
gression equation through by the square root of
GBI to make the residuals homoscedastic - this
latter transformation makes estimation via regres-
sion equivalent to applyving a ratio-type estimator
to obtain estimates of lages and Salaries; 4) the
optimal level at which modelling should be carried
out is at the major division by province cross-
classification (pooling across provinces in indus-
tries with not enough data points per province).

4.0 ESTIMATORS OF WAGES AND SALARIES FOR
SMALL AREAS

hNages and Salaries for small areas may be ob-
tained in several wavs using the COMBINED-MASTER
and COMSCREEN files. If there are enougn sampled
units within the small area, which mav be for
example a cross-classification of Census Division
and Major Division, the direct estimator sum of
weighted up data of the COMBINED-WSTER} may be
good enough to produce satisfacrory precision,

If the direct estimator i:s not sufficiently
good enough, syvnthetic estimation (Gonzalez [973)
mav be used to produce small areas estimates. For
synthetic estimation, an undiasec estimate i3 ob-
tained from the COMBINED-MASTER sample for a large
area; when this est:imate is used 0 derive esti-
mates for sub-areas on the assuaption that the
small areas have the same chara:zteristics as the
larger areas, these estimates are :jentified as
synthetic estimates. then cthe assumption that
small areas resemble large areas rails, the svn-
thetic estimator becomes Jdes:ign biased. Desriss
the bias, we may gamble on the svnthetic est:imate,
tecause strength will be 'borrowed' if the assuzp-
tion holds. Procedures to correct for this bias
have been proposed by Sirndal {19Sl}., given that
the sample sizes falling in the small areas are
relatively large,

Production of synthetis estimates rauulres tie
use of both the COMSCREEN and the COMBINED-'t3TZR.
Two types of synthetic estimators mav be conten-
plated, which will be referred to as tiie 2Jounts
synthetic_and the ratio-synztizric. As was nointed
out previously. the relationsnin bezaeen. iages und
SITTFTEEE (TosE _fusiness [acome | SsmETENy ==y
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count -synthetic estimator being the simplest of
its kind should be considered for purposes of com-
parison., For a given province and industrial
grouping, the data on the COMBINED-MASTER and the
COMSCREEN files are split into Gross BRusiness
Income (GBI) groups. For the count-synthetic,
mean Wages and Salaries are obtained for each of
these GBI groupings within a provincial and indus-
trial cross-classification from the COMBINED-MAS-
TER file and multiplied by the population counts
within the areas for the corresponding provincial
and industrial cross-classification on the COM-
SCREEN file. For the ratio-synthetic, propor-
tions of Wages and Salaries totals to Gross Busi-
ness Income totals are obtained for the GBI group-
ings within a provincial and industrial cross-
classification from the COMBINED-MASTER file and
multiplied by the GBI population totals within
the areas for the corresponding provincial and
industrial cross-classification on the COMSCREEN
file. The use of synthetic estimation assumes
that the industrial coding and that the Gross
Rusiness Income between the two files are compar-
Furthermore, it is assumed that the COM-
SCREEN file is a complete file for tax filers
with Business Income over $25,007.

More sophisticated procedures which incorporate
mixtures of direct and synthetic estimation using
regression have been suggested by Sdrndal (1981),
and Fay and Herriot (1979). In the context of
the present study, the regressior. estimation
again reduces to ratio-type estimation. SHrndal
models the data across all areas using regression
procedures and corrects the synthetic estimators
for the bias by comparing weighted up estimates
of the GBI groups at the area levsl and across all
areas. Fay and Herriot model area means,by fit-
ting a regression to each small area, and form
a weighted average of the sample and regression
estimate for each small area. They adjust the
weights to reflect the relative mignitudes of the
average lack of fit of the regression and the va-
riance of the sample estimate. The advantage of
Sdrndal's procedure over strictly synthetic esti-
mation is that estimates of reliability can be
attached with the small area estimites. This is
an important factor which can be taken into ac-
count when one decides how to group the small
areas and the industries into classifications
that are publishable,

5.0 CONCLUSIONS

This study set out to investigate if the vari-
able hages and Salaries that is only available on
a sample basis can be estimated reliably for
small areas through the use of a universe file
that contains related auxiliary variables.

Examination of the two available administra-
tive data sources indicated that the two files
were compatible in terms of industrial classifi-
cation at the major division level, geographic
coding at the census division level and in the
content of the economic variables present. This
comparability enabled the application of the
relationship derived from the sample file to the
auxiliary variable on the universe file to obtain
improved estimates of Wages and Salaries for in-
dustries in small areas. The relationship with
the auxiliary variable Gross Busines: Income was
strongest at the major division industrial-bresk- -~
down by province. The square root.of; 3

— R ]

formation necessary led to ratio-type estimation.
A subsequent simulation study by the present

authors in co-authorship with Rao and SHrndal
(1984) indicated that all of the small-area esti-
mators proposed in this paper showed improved ef-
ficiency over the direct estimation. This sug=~
gests that enriching the sample data with infor-
mation available on the administrative universe
file will be a viable alternative for producing

N\

reliable small area estimates.
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