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SAMPLING AND ESTIMATION FOR STAGE ONE OF THE CANADIAN

SURVEY OF EMPLOYMENT, PAYROLLS AND HOURS SURVEY
REDESIGN
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ABSTRACT

The survey of Employment, Payrolls and Hours (SEPH) was designed in the carly eighties as a monthly rotating panel survey.
Its primary objectives were to provide monthly estimates of the total number of paid employees, average weckly camings, average
weekly hours, and other related variables, at the industry by province level. SEPH covered all industries, except agricuiture,
fishing and trapping, private household services, religious organizations, and military services. Recently, SEPH has been
undergoing a redesign because of the availability (monthly) of two of its key variables (total payrolls and total employment) from
an administrative data source, that is based on payroll deduction accounts. Sampling fractions range from 10% to 100%,
depending on the region. Starting in January 1995, these administrative variables have been available for the larger businesses
as well. A sub-sample of the administrative sample is selected and all variables of interest are collected for this sub-sample
through a survey. This sub-sample is used to model the coliected variables on the administrative variables. A two-phase
regression estimator is then used to construct estimates for domains of interest. The paper will focus on the sampling and
estimation procedures of the first stage of this redesign.

RESUME

L'enquéte sur 'emploi, la rénumération et les heures travaillées (EERH) a été congue au début des années quatre-vingts comme
une enquéte avec panel 3 rotation mensuclle. Ses objectifs premiers €taient de fournir des estimés mensucls du nombre
d’employés rénumérés, des revenus hebdomadaires moyens, des heures hebdomadaires moyennes, et d’autres variables reliées,
au niveau provincial et par industrie. L’EERH couvrait toutes les industries, 3 Pexception de 'agriculture, des chisses et péches,
des services domestiques, des organisations religicuses, et des services militaires. Récemment, "EERH a €té remaniée au profit
de la disponibilité (sur une base mensuelle) de deux de ses variables<ié (salaires totaux et emplois totaux) 3 partir d'une source
de données administratives, basée sur les montants de déductions salariales. Les fractions de sondage varient entre 10% et 100%
selon les régions. Depuis janvier 1995 ces variables administratives ont également €té disponibles pour les plus grandes
entreprises. Un sous-€chantillon de I’échantillon administratif est sélectionné et toutes les variables d’intérét sont observées pour
ce sous-<4chantillon 3 travers une enquéte. Ce sous-<£chantilion est utilisé pour relier les variables observées aux variables
administratives. Un estimateur de régression 3 deux phases est alors utilisé pour construire des estimés pour les domaines
d'intérét. Le compte-rendu se concentrera sur les procédures d'échantillonnage et d’estimation associées au premier degré du
remaniement.

*

1. INTRODUCTION

The Survey of Employment, Payrolls and Hours
(SEPH) is a monthly survey carricd out by Statistics
Canada. It collects data on: i) employment, ii) payrolls,
i) working hours, iv) overtime pay and hours, v)
summarized earnings and vi) categories of employment.
The primary objectives of the survey are to provide: i)
monthly estimates of the total number of paid employees,
ii) payrolls average weckly earnings, iii) average weekly
hours and other related variables at the three digit
Standard Industrial Classification (SIC) level for Canada,
and the provinces. SEPH was designed in the early 1980’s
as a stratified sample of establishments (Schiopu-Kratina
and Srinath, 1991). The survey covered all industries

except agriculture, fishing and trapping, private household
services, religious organizations and military services. The
frame of establishments was stratified in three dimensions,
Stratification contained an industrial component, a
geographical component and a size (based on number of
employees) component. As in many business surveys, the
highly skewed population made it necessary to stratify by
size. This resulted in strata of large self representing
establishments (take-all strata) and strata of smaller
cstablishments. The smaller sized strata were subject to
sampling (take-some strata). The sampling design was
designed to achieve a coefficient of variation (cv) of 3%
at the industry division by province level The estimation
procedure was based on survey weights.
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This sampling design was recently changed because of
the availability of administrative data from Revenue
Canada. All businesses in Canada submit payroll
deductions for income tax, unemployment insurance, and
Canada Pension to Revenue Canada Taxation for their
employees. These are submitted via payroll deduction
(PD) accounts on at least a monthly basis. There are two
types of PD accounts: PD7A and PD7TM. PD7A
accounts represent the once monthly remitters whose
average monthly remittances in the previous year were
less than $15,000. PD7TM remitters are accelerated
remitters whose average monthly remittances in the
previous year were $15,000 or greater. PD7TM remits
one to four times monthly depending on the type of
payroll employed (i.e., monthly payrolls, weekly, biweekly,
etc.) on an accelerated schedule. This availability of
administrative data can be used to advantage. In the past,
they were used as a source for updating the frame
(Dolson, 1994). Since 1993, two additional pieces of data
have become available on the PD forms (PD7A) for the
smaller enterprises. These two variables are total number
of employees and gross monthly payrolls. The availability
of this new source of data provided the stimulus for
SEPH’s redesign. As for sampling impact, this implied
that the number of directly surveyed establishments could
be reduced. Also, problems such as data processing,
frame processing, time lag, rotation, identified with the
previous survey were addressed.

These administrative data will soon become available
for all enterprises. Future stages of the SEPH redesign
are to use these data. Better and more timely estimates,
reduction of the cost of the survey, and reduction of
response burden will be possible. The progressive
provision of administrative data has led to a corresponding
redesign of SEPH in three stages. Stage one has been
operational since reference month March 1994. This first
stage uses the new administrative variables for the smaller
enterprises. Payments for these enterprises are remitted
to Revenue Canada once a month using PD7A forms.
Stage two will expand the use of the administrative
variables: medium sized enterprises and some large
enterprises with simple structures will be included. In this
stage, most of the enterprises with 300 or more employees
will be surveyed with certainty. Finally, in stage three,
procedures will be developed to maximize the use of the
administrative data for the enterprises. The largest
enterprises will be surveyed directly. Procedures
associated with these last two stages of the redesign can
be found in Hidiroglou et al. (1995). In this paper we
focus only on the sampling and estimation aspects of stage
one of this redesign.

2. SAMPLING DESIGN

The frame for sampling the establishments (Cuthill,
1989) 1s known as the Business Register (BR).
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Enterprises on the BR are linked to payroll deduction
(PD) accounts, and to establishments. PD accounts are
the main source for updating the BR with births and
deaths. The portion of the BR linked to PD7A accounts,
with the additional two variables, will be called the
ADMINISTRATIVE portion. The portion without these
variables will be called the ESTABLISHMENT portion.
The ESTABLISHMENT portion is made up of the larger
enterprises. These enterprises are surveyed monthly using
a design similar to the old survey (Schiopu-Kratina and
Srinath, 1991).

The monthly sample based on the
ADMINISTRATIVE portion for SEPH is drawn in two
phases. The first phase is a sample of payroll PD7A
accounts drawn from the ADMINISTRATIVE frame
from Revenue Canada. Once this first phase sample of
payroll accounts has been drawnm, it is matched to
enterprises on the Business Register at Statistics Canada.
From this match, each enterprise will be linked either to
one sampled payroll deduction account or to more than
one sampled payroll deduction account. Only one payroll
deduction account per linked enterprise is kept in the first
phase sample. The second phase sample is then drawn
from this list of uniquely linked payroll deduction
accounts.

2.1 The First Phase Sample

The first pbase sample is designed as a panel
Although deaths are deleted and births added, no sample
rotation takes place. The sampling of the PD accounts
(currently 10% of the frame in the largest provinces,
100% in the two territories, 20% elsewhere) is simple
systematic. This sample consists of all PD account
numbers baving a prespecified check digit. For each
reference month m, it is first selected before data
collection for formation of the frame for the selection of
the subsample. The sampling of the ADMINISTRATIVE
portion frame will be called first-phase sampling. The
sampled units are manually selected from the PD7 forms
received from employers concerning month m. Data are
captured for total employment and total payrolls.
However, because the full range of SEPH variables is not
available from this source, a subsample (the second-phase
sample) is selected from those accounts on the frame.
This selection occurs before the reference month that is
potentially alive and classified for both industry and
province. All SEPH variables are collected with this
sample, including total employees and total payrolls for
the month.

22 The Second Phase Sample

The first phase sample does not contain the full range
of SEPH variables. A subsample (currently 2,500 PD
accounts) is contacted each month to collect data for: the
estimation of total hours and the allocation of hours,
earnings and employment to categories of employees






(paid by the hour, salaried, and other). This subsample is
selected from those accounts present in the first phase
sample before the reference month. The sampling for this
subsample is as follows. A subsample (currently 7,500) of
PD accounts is selected from the first-phase sample using
a set of constant sampling fractions. Note that the first
phase sample is stratified by using province and industry
to define 125 strata. There is no stratification by
employment size group. Rotation and updates for births
and deaths take place every month with each sampled unit
being kept in the sample for at least four occasions. The
subsample (currently 7,500 units) is split into three
portions of equal size (currently 2,500 units), each
representative of industry and province. One portion is
surveyed each month and each portion is resurveyed
quarterly.

For estimation purposes, sets of strata are regrouped.
These groupings are labelled model groups in which the
data are adequately homogencous with respect to the
parameters in the model being used in estimation. Given
the resulting sample allocation, expected coefficients of
variation of estimated total hours were computed at the
model group level. N-Proportional allocation was used to
allocate the sample for each model group to the strata.

The formal description of the sampling process is as
follows. The population of wunits in the
ADMINISTRATIVE universe will be denoted as U. This
universe is then divided into R regions, denoted as U,,
r = 1,.,R. Let the number of units in the rth region be
N.. A first-phase sample of n,, units is then selected from
the N, population units using Bernoulli sampling. The
first-phase sample, resulting in each region r is denoted as
5.~ The union of the first-phase sample s, over all
regions will be denoted as s, where

R
o= s

Each first-phase sample s ,, is split into A, strata, s,,,, and

'lr
SiyPs U Sieh
Asl
The resulting sample sizes in each of these first-phase
strata (regions) s, is n,, (note that n,, is a random
variable);

”lr

n,=Xn,.
A=1

A second-phase sample s,, of sizes n,,, is then drawn
from each of the stratified first-phase samples
Si h=1, . Hy

3. ESTIMATION

The estimation process uses auxiliary data for each of the
two phases. For the first-phase sample known counts,
available for partitions of the population, are used to adjust
the first-phase weights. This results in poststratified
estimation. For the second-phase sample, a model assisted
approach is used for the estimation of totals for variables
collected. Using total hours as an example, a model
involving linear regression is estimated across groups of
strata (model groups) using the subsample data. Total
employees and total payrolls for the month are the
independent variables, while total hours and summarized
earnings are the dependent variables. Ratios of total hours
by category of employee to total hours are also estimated.
Using total employees and total payrolls reported on the
administrative source as the auxiliary variables, parameter
values from the regression are used to predict total hours
for each unit in the model group in the first-phase sample.
Finally, the ratios are used to prorate the total into
categories of employees. More notation is required to
describe the estimation process.

The estimation process can be viewed as a two-phase
regression procedure with stratification being applied at the
two levels of sampling: namely, the universe U is stratified
into regions U, and within each region r, the first-phase
sample s,, is further stratified into strata 5,,. The notation
will be an extension of the one presented in Chapter 9 of
Sarndal, Swensson, and Wretman (1992).

3.1 Phase One Estimation
Denote the vector of auxiliary information for units in the

These auxiliary data are available for
each sampled unit in phase 1. The first phase sample s

universe U as x,,.

1
is broken out into P, size groups S, P =1 ..., P. The
corresponding population U is broken out into the same size
groups (poststratification groups) Ul", 2=, P, . Bach
poststratification group is of known size Nr.' Let the
portion of the first-phase sample s, where

R
sl 3 U slr
r=1
that belongs to U, be 5, . The realized sample size will

be denoted as no,s where

PI
i =X Ry -
=1

The first-phase inclusion probabilities, within each region,
will be denoted as 7, (n, /N_for SEPH ) for k€5 .
The poststratified auxiliary information can be represented






by the vector “'nu = (0,..,1,..,0), a "P," dimensional
vector. The ﬁrst-phase poststrallﬁed weights for kEs
arcgwcnby W, A /N where N =¥, w, and
s hi7, Denote the voctor of auxﬂm‘y mfgrmanon

for units in the second-phase sample s, as x,,  (payrolis,
employment). The full vector of x-variables observed is
therefore x, , = (x', ©%54)- The estimator of total

X, (d) = ):U k.4 for  domain U, using the
ADMINISTRATIVE data U, is X, (d) = I, %, x,, ,(d)
where the components of x,, , (d) are zero if k&s, and
x,, , otherwise.
3.2 Phase Two Estimation

The second-phase inclusion probabilities, given s,, are
represented as 7, (for SEPH this is n, , /n,) for
kes .. Data collected by the second-phase sample will
be dcnoled as y;; and X, ;. The sample s, is partitioned
into groups where the regression between y , ¢ and x ¢ is
good. Each group Uh =1, ..., P, , is called a model
group. For SEPH, k ¢ s,, model groups are sets of SIC3
by province combinations. The regression is carried out
within each of these model groups, by regressing the
independent variable y, . (summarized earnings, or hours)
on x , ¢ (payrolls, employment). The following picture is
a representation of the interaction between the sampling and
estimation processes:

i
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The estimator of total Y(d)= EU ¥, for domain U, , will
be denoted as Y (d). The following steps are used for
estimating the total Y (d).

1. Compute overall weights reflecting the sampling at
cach phase mow fise muxiliary data at phase one

=i g 6

where i \

,,\ and N = ¥, w,, is the first-
phase poststratlﬁcatxon blow up. .’v‘vnh the overall

sampling weighl Leing

2. For each model group p,, regress y; y (With phase 2)
on X, , Where k‘—"zp, obtaining the estimated
regression vector for model group p, as

-l = 5
> Wi Xk YiE

5
» 0:

P 7
W, X x,
73 k,
2 2k, E E

Oy

B =

3.2)

where ci is a scaling factor for each observation k¢ $2p,°
Predict y, for phase one units belonging to model group p,

as: ¥,

predicted value y, , a domain value y, , (d):

Sl | é!za for kes, . Assign to each

i\ - Yia if keU,
Fr.4(d) { 0 otherwise

This can also be viewed as assigning to each k € 2,

a domain value xzu(d)

where
A o g if kelU,
%1409 { 0 otherwise
resulting in 3, ,(d) =Xy 4(d) B,, for kes,, (part of

phase one sample belonging to model group p,).

3. The estimator of total for a given domain U, is obtained

as
. R H,
Yo (d) = '}:”):1 E‘m‘wu Fra (3.3)

with W, = w, 8,, S, is the part of the sample s,
(first-phase) belonging to region r, stratum h, and
domain U, (which may be equal to h).

We now go on to write f'm(d) as the sum of the
product of the overall sampling weight w, and factors that
incorporate the auxiliary information. These factors will be
labeled as g-factors. Now,

R Bl' ’1

iy = LT LT, Wur, 8, ]
&
= Eﬂ [2 ik B Xaus B, ] (3.4)
x H,,
where Sm,,'l,z,,=.s',,Mﬁ.sP2 Sl’zler‘thl‘Jl Sirapa and
gu = N;,/ﬁu, for keUP‘. Therefore, Yy, (d) can be
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expressed as the sum of its model group components

4 h », .
Y.mv,,: (d), that is, Y (d) "’51 ?m_h (d) with

}-’m,’(d) = E’h Xgl’z‘wu x;l.A (3.5

Thc g-factored vcmon for. Yo !:(d) is given by
Yorn p(d) = E Wy 84 gu(d)yu where the g-factor

arising from the sccond-phasc of sampling is

82:(d) = (zﬁ"“au "u,A)/
o Sl X3
2‘: 1k Zl,: LE LE (3.6)
22 ol ol

and keU, (the domain of interest). Hence, for

each domain U,, there will be n,, different g-factors for
phase 2, in stratum s,,. These g-factors share the same

(Z,W W, 214 X )’ value, but differ in the

for hz.s'z’2

2kA

-1
/
X W, e 1Y x“"’] T e, Hence, the
L. 2 3
Oz O
estimator of total for a domain U, can be written as
- ’,
Yern(d) =p,E| E‘nw' 81t 82,(d) Y p
3.7

2 ): w;(d) Yk
Pz"

where the domain dependent g-factors from phase 2 are

given by (3.6) and W, (d) = w; g, 8y (d)
ke sz’ﬂszh. The estimated variance across all strata is

for

v [Psnd)] = > E v [Pom w@)-

Here, v [f’m ,,,(d)] is
r=1 =] ;
the variance estimate at the stratum level. It is given by:

1-
o @] = N?—,{H @1

r

n, -
(1-8,) S, @) + '1‘-»-

@) - 1y (d))
1 flrhz @;,(d) ey, 5 - ge,, (@)
n).rb-l

..
= Nr D

anh

(3.8)
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' J2rk 9
Nr Pira

where f, =
/
ut " Yees fagx E&ﬂ for k“’.,h;

Ezz,*(d) - L Eﬁn gu(d) €y r:
n!rh

PR BN e ) M

> LY "1,‘1 i - n,, )

- h 1 :
t(d)=g,,¢€ (d); ¢t ) 5 t,(d);
£ RNk CE 30D IIM 5, Ok
eur(d) = () - 5, (d) for keU, ;
i}uds - = 2;2" W;yk.;(d)l

AL
#,
(d) EE) Wy t.“ ; and
f a 2

u,_,. (d) = - ):,m (f (d) -1, (D).
Remark 3.1: ¥, (d) is a pure synthetic estimator. No

correction involving the regression residuals were involved.
Such an estimator is unbiased only if the model group
relationships hold within each domain as well. An
approximately unbiased version, conditional on the realized
domain sample size, was given by Sirndal and Hidiroglou
(1989). The form of this estimator in the SEPH context
would be:

Yyns@) =
R Hl’ n e.
o, Ird —‘ 2k E
rx z’nbaw“y‘-" +(ﬁ § E‘nu Wie 81z
r=lk=l trd Wl
&,
where A, =X, 1/my, s, = .L.Jl S,aq- It should be

remarked that ¥,,,(d) can *blow up® if 1< 4, <<n, ,.
Sarndal and Hidiroglou (1989) have provided a way to

account for this. Note that if A, =0, we use the ¥pp, (d)

estimator.

4. CONCLUSION

The sampling and estimation methodology for stage one of
the SEPH redesign has been discussed. This methodology
has been operational since March 1994. It has significantly
reduced response burden, as well as operational costs.
Furthermore, many systems modules have been updated as
a result of this redesign, yiclding improvements to the
overall processing of this survey. The next two stages will
complete the full redesign for SEPH.
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