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1. INTRODUCTION 
Dur ing 1983, S t a t i s t i c s  Canada rece i ved  fund ing  
to  i n i t i a t e  a new program c a l l e d  the Small Area 
Data Program whose o b j e c t i v e  is to expand the 
b u r e a u ' s  c a p a c i t y  to  produce and d i ssem ina te  
g e o g r a p h i c a l l y  d e t a i l e d  s t a t i s t i c a l  da ta .  One 
of  the tasks g iven  h igh p r i o r i t y  is the deve lop -  
ment of labour  market  data f o r  smal l  areas and 
in p a r t i c u l a r  Census D i v i s i o n s  (CDs). 
Th is  paper p resen ts  some r e s u l t s  of an ongoing 
s tudy of  model -based small  area e s t i m a t i o n  of  
unemployment us ing  a d m i n i s t r a t i v e ,  survey and 
census d a t a .  The p r imary  sources of data and 
the need f o r  smal l  a r e a  labour  market  d a t a  w i l l  
f i r s t  be d i scussed .  The e s t i m a t o r s  cons ide red  
w i l l  then be p resen ted  t o g e t h e r  w i t h  an assess-  
ment of t h e i r  pe r fo rmance .  The paper w i l l  then 
conc lude  w i t h  an i n d i c a t i o n  of f u t u r e  d i r e c t i o n s  
of  work.  
PRIMARY DATA SOURCES 

The C a n a d i a n  Census of  P o p u l a t i o n  and Housing 
p rov i des  the most comprehensive source of  
s t a t i s t i c a l  data on the labour  marke t .  Since 
1971 every census has inc luded  some ques t i ons  
on labour  f o r c e  a c t i v i t y ,  a l t hough  p rev ious  
censuses d id  not always do so. I t  appears 
t h a t  the censuses w i l l  remain an impor tan t  
d a t a  source s ince  the p lans f o r  the 1986 
Census are to e s s e n t i a l l y  r e p l i c a t e  the 1981 
Census c o n t e n t .  
A l though censuses p rov i de  the r i c h e s t  source 
of  smal l  area data in terms of geograph ic  de- 
t a i l  and range of v a r i a b l e s  a v a i l a b l e ,  they 
are conducted i n f r e q u e n t l y  because of t h e i r  
h igh cos t  and, t h e r e f o r e ,  they cannot  be used 
to mon i t o r  ongoing labour  market  c o n d i t i o n s  
f o r  l oca l  a reas .  
The Canadian Labour Force Survey (LFS) is a 
month ly  survey of  a p p r o x i m a t e l y  55,000 house- 
ho lds  which p rov i des  the bas is  f o r  the p ro -  
d u c t i o n  of  month ly  unemployment r a t e s .  Given 
i t s  sample s i z e ,  the survey p rov ides  an ex- 
c e l l e n t  v e h i c l e  f o r  e s t i m a t i n g  l e v e l s  and 
t rends  f o r  p r o v i n c e s .  
S u b - p r o v i n c i a l  e s t i m a t e s  can a l so  be produced 
from the LFS. For example, month ly  and yea r -  
l y  averages are c u r r e n t l y  p u b l i s h e d  f o r  some 
53 Economic Regions and 23 Census 
M e t r o p o l i t a n  Areas.  Under the new des ign 
which w i l l  take e f f e c t  in 1985 (see Singh,  
Drew and Choudhry, 1984) the re  w i l l  be an 
inc rease  in the number of  s u b - p r o v i n c i a l  a r -  
eas f o r  which e s t i m a t e s  are r e l e a s e d .  
A d m i n i s t r a t i v e  data on the Federal  Government 
Unemployment Insurance (UI) Program are a v a i -  
l a b l e  to S t a t i s t i c s  Canada. Since 1978, the 
geograph ic  i d e n t i f i e r  on the UI records  has 
been the pos ta l  code. The f i l e s  are c u r r e n t -  
ly  be ing used to produce counts of  b e n e f i c i -  
a r i e s  c r o s s - c l a s s i f i e d  by v a r i a b l e s  such as 
age and sex f o r  smal l  areas t o g e t h e r  w i t h  a 
de r i ved  measure, namely the Ul to p o p u l a t i o n  
r a t i o  (Leyes, Bobet and Radley (1982) ) .  The 
main advantages of  us ing  these data are the 
good smal l  area p o t e n t i a l ,  the f l e x i b i l i t y  of  
area systems which the pos ta l  code cou ld  p ro -  
v i d e ,  and the ease of  p roduc ing  t a b l e s .  
These counts and r a t i o s  of Ul b e n e f i c i a r i e s  

d i f f e r  f rom the unemployment es t ima tes  p ro -  
duced from the LFS p r i m a r i l y  because of con- 
cep tua l  d i f f e r e n c e s  between b e n e f i c i a r i e s  and 
unemployed. However, compar isons between 
b e n e f i c i a r y  counts  and Census es t ima tes  of  
unemployed at  the CD leve l  i n d i c a t e  t h a t  the 
b e n e f i c i a r y  data are a good bas is  f o r  d e v e l -  
op ing model-based e s t i m a t e s .  

SMALL AREA LABOUR MARKET DATA 
There are 260 CDs in Canada (exc lud ing  the 
Yukon and Nor thwest  T e r r i t o r i e s )  ave rag ing  
a p p r o x i m a t e l y  90,000 p o p u l a t i o n .  The popu la -  
t i o n  s i zes  of  CDs vary  s i g n i f i c a n t l y ,  rang ing  
from 2,000 to about 2 ,000,000 peop le .  
The LFS, w i t h  i t s  l a rge  sample s i z e ,  has a 
f a i r l y  good smal l  area p o t e n t i a l .  However, 
LFS es t ima tes  of  unemployment in CDs tend to 
be s u b j e c t  to h igh l e v e l s  of  sampl ing e r r o r ,  
p a r t i c u l a r l y  s ince  some CDs are very  s m a l l ,  
and s ince  CDs g e n e r a l l y  cu t  across survey 
s t ra tum boundar ies  i n t r o d u c i n g  an a d d i t i o n a l  
source of  v a r i a b i l i t y .  Techniques such as 
c o l l a p s i n g  of  sma l l e r  CDs and averag ing  over 
months are used in o rder  to s t a b i l i z e  the es- 
t i m a t e s .  For example, 3 -year  averages have 
been produced fo r  a p p r o x i m a t e l y  145 C Ds or 
groups of  CDs w i t h  c o e f f i c i e n t s  of  v a r i a t i o n  
less than or equal to 25~. 
More r e c e n t l y ,  a sample dependent e s t i m a t o r  
(Drew, Singh and Choudhry (1982)) has been 

developed and e v a l u a t e d .  For smal l  areas 
where the sample y i e l d  is s u f f i c i e n t  to p ro -  
duce es t ima tes  of  accep tab le  p r e c i s i o n ,  the 
procedure  r e l i e s  on a p o s t - s t r a t i f i e d  
des ign-based  e s t i m a t o r .  When the sample 
y i e l d  is i n s u f f i c i e n t ,  the procedure  then 
sw i t ches  to a l i n e a r  comb ina t i on  of  the 

p o s t - s t r a t i f i e d  e s t i m a t o r  and a s y n t h e t i c  es- 
t i m a t o r  us ing p o p u l a t i o n  as the a u x i l i a r y  va-  
r i a b l e .  
The e s t i m a t o r s  d iscussed  in t h i s  paper a t -  
tempt to make use of o the r  sources of  unem- 
p loyment d a t a  i n c l u d i n g  the a d m i n i s t r a t i v e  UI 
f i l e .  Such e s t i m a t o r s  cou ld  e v e n t u a l l y  be 
a p p l i e d  d i r e c t l y  or cou ld  be used as i npu t  to 
the sample dependent p rocedure  i f  the new es- 
t i m a t o r s  prove to be more e f f i c i e n t  than the 
model-based component ( i . e .  p o p u l a t i o n - b a s e d  
s y n t h e t i c )  c u r r e n t l y  be ing used. 

2. THE ESTIMATORS FOR UNEMPLOYMENT 
In constructing estimation models, the objective 
has been to make the best possible use of the 
available data sources. The models typically 
rely on sample survey estimates to provide the 
relevant control totals for the calibration of 
the closely related UI data which provide the 

small area detail. 
Efforts to date have focused primarily on minim- 
izing and estimating model error, that is, the 
error which may be attributed to the departure 
from assumptions underlying the model. 
Accordingly, most of the models tested to date 
were developed and evaluated using 1981 Census 

data. 
As a measure of model error, the percent 
Absolute Relative Difference (ARD) was calculat- 
ed as the relative difference between the 
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model-based estimate and the count of unemployed 
as estimated in the 1981 Census at the CD level. 
To date, three estimators have been tested: 
synthetic, SPREE, and regression. These will 

now be discussed. 
SYNTHETIC ESTIMATION 

The s y n t h e t i c  e s t i m a t o r  uses survey e s t i m a t e s  
at  the p rov i nce  leve l  f o r  age-sex c lasses  of  
unemployed persons.  These e s t i m a t e s  are then 
d i s t r i b u t e d  over Census D i v i s i o n s  w i t h i n  the 
p r o v i n c e ,  acco rd ing  to the d i s t r i b u t i o n  of  Ul 
b e n e f i c i a r i e s  in each age-sex c l a s s .  
The " su rvey  e s t i m a t e s "  were taken from the 
Census f o r  t h i s  s tudy ,  a l t hough  in p r a c t i c e  
the method would use e s t i m a t e s  from the 
month ly  Labour Force Survey,  which are sub- 
j e c t  to much g r e a t e r  sampl ing  v a r i a b i l i t y .  
The e v a l u a t i o n s  here seek to s tudy on l y  the 
model e r r o r .  Subsequent work w i l l  address 
the combined e r r o r  from both the model and 
the sample. 
The average ARD fo r  a l l  260 Census D i v i s i o n s  
was 19.6~.  A we igh ted  average ARD which is 
we igh ted  by the number of  unemployed persons 
in each CD was es t ima ted  to be 1B.0%. Th is  
is somewhat lower than the average ARD s ince  
the e s t i m a t o r  per forms b e t t e r  in l a r g e r  CDs. 
A s i m i l a r  s y n t h e t i c  e s t i m a t o r  was c o n s t r u c t e d  
us ing p o p u l a t i o n  data in p lace  of  UI b e n e f i -  
c i a r y  data as the a u x i l i a r y  source .  The av- 
erage ARD fo r  a l l  260 Census D i v i s i o n s  was 
23.5~ and the we igh ted  average ARD was 18.8~.  
These es t ima tes  do not compare f a v o u r a b l y  
w i t h  the UI-based s y n t h e t i c  e s t i m a t o r  de- 
s c r i b e d  above, sugges t i ng  t h a t  the Ul data 
are b e t t e r  s u i t e d  f o r  t h i s  and s i m i l a r  

m o d e l l i n g  a p p l i c a t i o n s .  
SPREE ESTIMATION 

One of the d i f f i c u l t i e s  in m o d e l l i n g  w i t h  UI 
data is t h a t  the UI e l i g i b i l i t y  c r i t e r i a  
(which govern the p rocess ing  of c l a ims  f rom 
unemployed persons) d i f f e r  f rom r e g i o n  to r e -  
g ion depending upon the r e g i o n a l  labour  mark-  
et  c h a r a c t e r i s t i c s .  To overcome t h i s  p rob -  
lem, a more s o p h i s t i c a t e d  model was 
c o n s t r u c t e d  to i n c o r p o r a t e  i n f o r m a t i o n  at  the 
r e g i o n a l  l e v e l .  F o l l o w i n g  the S t r u c t u r e  
P rese rv i ng  E s t i m a t i o n  (SPREE) p rocedure  sug- 
gested by P u r c e l l  and Kish (1979),  a second 
set  of  survey e s t i m a t e s  was added to those o f  
the e a r l i e r  s y n t h e t i c  model,  namely,  t o t a l  
unemployed at  the the Economic Region leve l  
w i t h i n  p r o v i n c e s .  
Th is  produced e s t i m a t e s  of  unemployed which 
were c o n s i s t e n t  (1) w i t h  the survey e s t i m a t e s  
both f o r  age-sex groups at  the p r o v i n c e  l eve l  
and Economic Regions w i t h i n  p r o v i n c e s ,  w h i l e  
o t h e r w i s e  p r e s e r v i n g  (as much as p o s s i b l e )  
the s t r u c t u r e  o f  the UI da ta .  The average 
ARD fo r  a l l  260 CDs was 14.6~,  and the 
we igh ted  average ARD was 8 .2~.  
Another concern w i t h  respec t  to the model e r -  
ro r  is the i nc i dence  of extreme e r r o r s .  For 
the SPREE model i t  was found t h a t  23~ of  the 
CDs had ARDs in excess of  20~. The l a r g e r  or 
more extreme e r r o r s  were g e n e r a l l y  found in 
the s m a l l e r  CDs. I t  is not  s u r p r i s i n g  t h a t  
the method d id  not  per fo rm we l l  f o r  every  CD, 
e s p e c i a l l y  c o n s i d e r i n g  the g r e a t  range in 
s i zes  of  CDs. N e v e r t h e l e s s ,  these ext reme 
e r r o r s  should  be examined more c l o s e l y .  

At f i r s t  glance, one might suspect that a 
SPREE model, based on more detai led survey 
estimates might perform better than those 
tested to date. However, these more detai led 
survey estimates might be subject to large 
sampling errors. One would suspect, there- 
fore, that the possible reductions in model 
error to be gained by such a model would be 
of fset  by increases in sampling error .  More 
work w i l l  be necessary in order to assess the 
re la t ive  contr ibut ions of these two sources 
of error to the total  error .  In pa r t i cu la r ,  
a Monte Carlo study is planned which w i l l  ad- 
dress this issue. 

REGRESSION ESTIMATION 
Several  v a r i a t i o n s  of  the l i n e a r  r e g r e s s i o n  
mode] were t e s t e d ,  but  the d e s c r i p t i o n  here 
w i l l  focus on the one which was cons ide red  to 
be s u p e r i o r .  A r e g r e s s i o n  equa t i on  was ob- 
t a i ned  us ing  1981  Census es t ima tes  of  unem- 
p loyed at  the Census D i v i s i o n  leve l  as the 
dependent v a r i a b l e .  UI b e n e f i c i a r i e s  and t o -  
t a l  p o p u l a t i o n  (from 1981 Census) were used 
as independent  v a r i a b l e s .  
To address the problem of  d i f f e r i n g  UI e l i g i -  
b i l i t y  c r i t e r i a ,  CDs were s t r a t i f i e d  i n t o  
fou r  s t r a t a  acco rd ing  to the p r e v a i l i n g  re -  
g iona l  r equ i remen ts  f o r  "number of  insured  
weeks".  An a n a l y s i s  of  these data i n d i c a t e d  
that there were four distinctly different li- 
near trends, one for each of the four strata. 
A weighted least squares (2) regression 
procedure was used to fit four separate re- 
gressions. 

Model error was estimated using ARD. Overall 
the estimated average ARD was 12.3~, and the 
weighted ARD was 7.8~. 
The distribution of extreme errors was re- 
markably similar to that of SPREE. For the 

regression method, 18~ of the CDs had ARDs in 
excess of  20~. 
An i m p o r t a n t  i n s i g h t  was gained in the d e v e l -  
opment of  r e g r e s s i o n  models.  When the inde-  
pendent v a r i a b l e  on p o p u l a t i o n  was not  p re -  
sent  in the r e g r e s s i o n ,  the model e r r o r  was 
a lmost  doub led .  Th is  suggests  t h a t  t he re  is 
some p a r t  of the unemployed, which was not  
" e x p l a i n e d "  or r ep resen ted  by UI b e n e f i c i a r -  
ies .  In r e a l i t y ,  we know t h i s  is t r u e .  The 
" u n i n s u r e d  unemployed" i n c l ude  a l l  such pe r -  
sons who are unemployed but  do not q u a l i f y  
f o r  Ul b e n e f i t s .  Based upon our expe r i ences  
we observe t h a t  a l i n e a r  comb ina t i on  of  the 
p o p u l a t i o n  v a r i a b l e  and the UI v a r i a b l e  is a 
b e t t e r  p r e d i c t o r  f o r  some subgroups of  the 
unemployed than Ul v a r i a b l e  a lone ,  and t h a t  
t h i s  subgroup p robab l y  c o n s t i t u t e s  the u n i n -  
sured unemployed. 

3.  DISCUSSION AND GENERAL COMMENTS 
The ARD's for the three methods tested are shown 
in Table I (see Appendix). We can make a few 
observations on these results at this time. 
First, it is apparent that when additional cross 
classification structures are available, the 
SPREE method can be used to advantage. In our 
experience, the SPREE method had lower model er- 

ror than the synthetic method. 
A second observation is that the SPREE and re- 
gression models gave similar results, although 
they can not be compared fairly on the basis of 
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the ARD's shown here. The SPREE model included 
age/sex information which was not used in the 
regression approach. S imi lar ly  the regression 
made use of an addit ional symptomatic var iable, 
namely population. In attempting to develop the 
best version of each method examined, the au- 
thors concede that they may have produced re- 
sul ts which to not permit a d i rec t  comparison of 
methods. 
A f ina l  observation is that a l l  methods tended 
to y ie ld higher re la t i ve  errors for the smaller 
CD's. This is ref lected in the lower weighted 
average ARD's as compared to the unweighted av- 
erages. This observation suggests that there 
may be some lower size l im i t  to the small area 
estimation capab i l i t y  of these methods. 
One of the l imi ta t ions which exists when re la t -  
ing UI data to LFS or Census data pertains to 
the geographic i den t i f i e r  on UI data, namely the 
postal code. F i r s t l y ,  the areas serviced by a 
single postal code can intersect more than one 
Census Division. This is pa r t i cu la r l y  a problem 
in rural areas where the ent i re area serviced by 
each local post o f f i ce  is covered by a single 
postal code. A second problem is that many peo- 
ple receive the i r  mail in locations other than 
the i r  usual place of residence. Household sur- 
veys on the other hand would enumerate such in- 
div iduals at the i r  usual place of residence. An 
i n i t i a l  study of these problems has estimated 
average geographic conversion errors of 3.3~ 
over a l l  CD's. Although the average is rela- 
t i v e l y  small, the conversion error varies s ign i -  
f i c a n t l y  across areas and has been estimated to 
be as high as 40~ for certain CDs. We recognize 
that this is a l im i ta t ion  of the postal code 
which w i l l  probably exist  for a l l  models using 
the UI data source. 
The coef f ic ients  of the regression model have 
been estimated using the 1981 Census resul ts .  
I f  we use the regression equation to produce es- 
timates in post-censal time periods, the model 

may suffer from time lag bias - a bias due to 
changes in the modelled re lat ionships.  Such 
changes might resul t  from changes in the admin- 
i s t ra t ion  and coverage of the UI Program or from 
changes in labour market condit ions. 
One a l te rnat ive  to this approach is to estimate 
regression coef f i c ien ts  monthly using Labour 
Force Survey data. This a l te rnat ive  to sympto- 
matic regression was suggested by Ericksen 
(1974) and is known as "sample regression". As 
noted in his work, the sampling v a r i a b i l i t y  in 
observations on the unemployed is an addit ional 
source of error in the estimates produced from 
this regression approach. 
The SPREE methods would also employ monthly LFS 
data and would be subject to addit ional sampling 
v a r i a b i l i t y .  The models investigated to date 
u t i l i z e  survey data at large area levels. In 
pract ice, we know that sampling v a r i a b i l i t y  is 
acceptable at these levels, (although we have 
not yet evaluated the sampling error present in 
the SPREE estimates). SPREE models constructed 
at lower levels would probably be less biased, 
but in general would suffer from higher levels 
of sampling er ror .  In future work we shall in- 
vestigate the tradeoffs between bias and va r i -  
ance, and t ry  to f ind some level of construction 
which is optimal in the sense of mean squared 
error. 

4. CONCLUSIONS AND FUTURE WORK PLANS 
The results of i n i t i a l  investigations of 

model-based small area estimation of unemploy- 
ment have led to the fol lowing conclusions: 

(i) in spite of basic de f in i t i ona l  differences 
and other problems, the 

U; data are highly correlated with the sta- 
t i s t i c a l  concept of 

unemployed; 
( i i )  modelling techniques such as SPREE and re- 
gression can be 

used and appear to have good potent ia l .  
Our experience with this appl icat ion has sug- 
gested several areas for future work: 
a) The models tested essent ia l ly  rely on the 

d i s t r i b u t i o n  of  Ul da ta  across Census 
D i v i s i o n s .  Posta l  code conve rs ion  problems 
which are known to e x i s t  i n t r o d u c e  d i s t o r -  
t i o n s  in these d i s t r i b u t i o n s  which lead to 
b iased  e s t i m a t e s .  Improved conve rs i on  f i l e s  
which are becoming a v a i l a b l e  are a lmost  c e r -  
t a i n  to lead to improvements in the e s t i -  
mates.  Tests  should  be run w i t h  such f i l e s .  
Such f i l e s  would a l so  p e r m i t  the use of  o t h -  
e r ,  more homogeneous areal uni ts.  Such 
units could be clustered according to labour 
market character is t ics l ike the labour force 
par t i c ipa t ion  rate. This should help to 
minimize model error due to var ia t ion in 
labour market conditions. 

b) To date, the only c ross-c lass i f i ca t ion  va r i -  
ables tested are age and sex. Another va r i -  
able avai lable on the U; f i l e  which should 
have good potential for modelling purposes 
is 'occupation' (which has obvious relevance 
to labour market s t a t i s t i c s ) .  Preliminary 
investigat ions have indicated that U; occu- 
pation is conceptually compatible with LFS 
o c c u p a t i o n  a t  major  group l e v e l s .  Th is  
c r o s s - c l a s s i f i c a t i o n  v a r i a b l e  may improve 
e s t i m a t i o n .  

c) As ment ioned e a r l i e r ,  t he re  is a c e r t a i n  
subgroup of  the unemployed not covered by 
the Ul da ta ,  namely the " u n i n s u r e d  unem- 
p l o y e d " .  This suggests the use of a compo- 
nent method which would involve the use of 
UI data as a predictor of unemployment for 
the insured population (or some proxy of i t )  
and some other variable(s) (e.g., popula- 
t ion,  population in certain age groups, 
etc.) for the residual category. 

d) A Monte Carlo study is being planned which 
w i l l  provide a means of assessing the com- 
bined effects of sampling variance and model 
error on the estimators presented in this 
paper (and others). I t  w i l l  also of fer  the 
opportunity of f ine-tuning the methods. The 
question of optimal level of constructing 
SPREE models may be investigated in this 
context. 

F O O T N O T E S  
(I) Under the SPREE procedure, consistency is 

obtained by adjusting the structure (here, 
UI Beneficiaries) i t e ra t i ve l y  using the 
I te ra t i ve  Proportional F i t t i ng  algorithm. 

(2) Weights of I/UI were selected from a number 
of a l ternat ives.  
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A P P E N D I X  

TABLE I 
Estimated Average Model Errors 

Mode 1 

I Aver-age 
ARD 
(%) 

We i ghted 
Aver age ARD 

(~) 

Synthetic (Pop-based) 
Synthetic (U l-based) 
SPREE 
Regress ion 

23.5 
19.6 
14.6 
12.3 

18.8 
16.0 

8.2 
7.8 
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