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The Effects of Using Administrative Registers in
Economic Short Term Statistics: The Norwegian
Labour Force Survey as a Case Study

I. Thomsen' and L.-C. Zhang'

In the case of a single survey at one point in time, it is well known that combining
administrative registers with survey data often substantially improves the quality of estima-
tion. However, in short term statistics it is as important to measure changes over time as it
is to measure the overall level. Using data from the Norwegian Labour Force Surveys
(LFS) and administrative registers, we demonstrate in this article that the use of registers
has little or no additional effect on the accuracy of estimates of change based on the panel
part of the survey data, neither in terms of the sampling variance nor in the bias introduced
by nonresponse. The main reason is that the administrative register available is not sufficiently
up-to-date at the time of production. Indirectly, however, the use of registers can improve the
estimator of change through the rotation design of the surveys, since it allows us to deploy a
higher overlap proportion in the sample without seriously reducing the accuracy of the
level estimates. We believe that these findings are relevant to short term statistics in general,
especially when the registers suffer from delays.
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1. Introduction

Both administrative registers and survey data are common sources of official statistics.
It is well known that the use of administrative registers through techniques like ratio-
estimation, poststratification, raking and calibration may lead to substantial reduction in
the sampling variance of survey estimates as well as the bias introduced by nonresponse
(Bethlehem 1988; Djerf 1997; Thomsen and Holmgy 1998; Zhang 1999). Most studies
in this respect concentrate on a single survey at one point in time. However, in short
term statistics it is as important to measure changes over time as it is to measure the overall
level. In this article we shall examine in some detail the effects of the combined use
of rotating samples and administrative data.

In several countries, including Norway, a Register-Employment Status is available for
the entire population. These administrative registers are prepared independently of the
LFS, and can be linked through the personal ID-number to the LFS at the individual
level. In this case study we focus on the LFS-Employment Status as the survey variable,
and use the Register-Employment Status as the auxiliary variable. Both are illustrated in
Figure 1, where the solid lines connect the quarterly population Register-Employment
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Fig. 1. Register-Employment and LFS-Employment in Norway from 1995 to 1997

Rates, and the dotted ones the quarterly sample LFS-Employment Rates. There are
many reasons why the LFS is necessary in spite of the existence of the Employment
Registers, several of which can be seen in Figure 1. First of all there is a clear discrepancy
in the overall levels according to the two sources. This is largely due to the definition of
the Register-Employment, which is different from the ILO-definition commonly used
in the LFS Statistics. At the end of each calendar year, the Register undergoes a major
control which produces unpredictable outcomes. Throughout the year, the Employment
Register is updated based on reports from employers. Delay in the process is probably a
reason why the Register-Employment Rate is higher in the 4th than the 3rd quarter, which
counters the traditional wisdom of economy. At present, we are not able to determine the
general pattern of the variations, including such delays, in this self-governed reporting
process.

Using data from the Norwegian Labour Force Surveys (LFS) and administrative
registers, we demonstrate that poststratification of the sample according to information
from the registers substantially reduces the effect of the sampling variance of the totals
at each point in time. The bias due to nonresponse is substantially reduced. Concerning
the measurement of change over time, one must distinguish between the panel part of
the data and the rest. We find that there is little or no additional effect from using infor-
mation from administrative registers, when it comes to the accuracy of estimates of change
based on the panel data. The main reason is that the change measured by the registers
available at the time of production is of poor quality due to delays. Indirectly, however,
the use of registers has an effect on the measurement of change through the design of
the surveys. As the accuracy of the estimates at each point in time is increased by the
use of the registers, it allows the statistician to deploy a larger overlap proportion in
the sample, thereby reducing the sampling variance of the estimator of change over time.

In many countries no personal ID-number is available. In such cases the use of admin-
istrative information may have less effect than reported in the present study. Steel (1997)
presented some results from the UK. The survey information was linked to the adminis-
trative data by asking each person in the sample about his or her status in the register.
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Poststratification was then applied using this register status as poststratification variable.

%3

The method was found to result in ‘‘considerable overestimate of the number of ILO-
unemployed people,
reason stated was the respondents’ confusion about *‘the different social security benefits’’

that determine the register status.

L]

and almost no effect on the variance of the estimator. The main

2. Effects of Poststratification on the Variance of the Estimators

At present the Norwegian LFS uses a stratified sampling design. The strata are made up of
the 19 counties in Norway. Within each stratum a fixed number of families are selected
with equal probability. (The LFS-population consists of persons between 16 and 74 years
old, and the average family size in the Norwegian LFS is below 2.) The sampling fraction
varies somewhat from one stratum to another, giving smaller counties higher represen-
tation. For simplicity, we shall assume simple random sampling below when calculating
the variances of both the standard and the poststratified estimators. The absolute values
of the variance estimates are therefore not entirely accurate due to the varying within-
stratum sampling fraction, as well as the cluster effect of family. However, we believe
that this has very little effect on the conclusions we draw when we compare the methods
to each other.

In studying the combined use of rotating samples and the Register, we shall first
concentrate on the net LFS-panel between two successive quarters, i.e., the part of the
LFS-sample which has responded in both quarters. Denote by s, the net LFS-panel of
size ny. For anyone in s, let y, (for t = 1,2) be the LFS-Employment status in two
successive quarters, where y, = 1 for employment and y, = 2 otherwise. Classified
according to (y;,y,), the net LFS-panel forms a 2 X 2 contingency table, with cell counts
n; for i,j = 1,2, which corresponds to the number of people with LFS-Employment
status (y;,y,) = (i,)), i.e., E%jzl n; = ny. Let p; be the corresponding cell probability,
with szzl pij = 1. Denote by p; = (n;; + ny)/ng the simple sample mean estimator
of the LFS-Employment rate at t = 1, and p, = (n;; + n,;)/ng that at t = 2. The change
in LFS-Employment rate from t =1 to t = 2 is estimated by p, — p;, and the average
LFS-Employment rate for t = 1 and t = 2 by p = (p; + p»)/2. Under binomial assump-
tions, Var(p,) = p,(1 — p;)/ng for t = 1,2, and Cov(py,p,) = (p11 — p1p2)/ng. We have

Vary,(p) = {p(1 — p) — a/4}iny where p=(p,+p)/2 and o =py +pp
(D

where we have used subscript ssm to specify the case of simple sample mean; and
Vary,(py — p1) = (o — 8°)/ng  where a=py +pp; and 8 =py —pp (2)

Let x, (for r = 1,2) be the Register-Employment status in two successive quarters,
defined similarly to y,. According to the values of (x;,x,), the net LFS-panel can be divi-
ded into nonoverlapping subsamples, denoted by s¢ ;, for A = 1,..., H, i.e., the poststrata.
Within each poststratum, (xy,x,) is a constant, and can be used to identify the post-
stratum. In particular, dynamic poststratification according to the Register from both
quarters gives us poststrata (xy,x,) = (1, 1), (1,2), (2,1) and (2,2) whereas simple post-
stratification uses the Register from only one of the two quarters, giving us poststrata
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(x1,x5) = (1,—) and (2, —), or (x1,x) = (—, 1) and (—,2). The marginal proportion of
each poststratum is known for the population, and is denoted by ¢, for h=1,...,H.
Let (0),0,) be any parameter and its estimator within poststratum /. The poststratified
estimator of § = >, g,0}, is given by 6= S qhéh. Conditional on the actual sample sizes
of the poststrata, denoted by (ng, .. .,n9g) and ng; > 0, its variance is

Varpst(ém(),la ey nO,H) = Z Q%Varssm(éhlno,h) (3)
h

where we have used subscript pst for the case of poststratification, and Varssm(éhmo,h) is
the corresponding within-stratum variance such as those in (2) and (1). The unconditional
variance is obtained by averaging (3) over the distribution of (ng,...,nq ) (Holt and
Smith 1979). Expanding 1/n,,, around E[ng ;] gives us 1/E[n, ;] as the leading term of
E[1/ng ]. Due to the relatively large E[ny ;], the unconditional variance is almost identical
with the conditional one in the present case. It is thus instructive to observe that, given
ng., = hoq,, we have that

Vary, (P + p2)/2Ino} = Vanl(pr + p2)/2Ing) = (Z aih _,—f) / no
h

where P, is obtained from (1) within poststratum %, and p = >_,, g,p;,. Therefore, roughly
speaking, the more p,, differs from one poststratum to another, the greater reduction in the
variance of the level estimator can be achieved through poststratification. Meanwhile,

Varsg,(Py — Prlng) — Var,y(pa — pilng) = (Z andi — 52) /”0
N

where 6, is obtained from (2) within poststratum #, and 6 = >, ¢;,6. That is, the reduction
in variance of the estimator of change through poststratification is largely determined by
its ability to differentiate 6, from one poststratum to another. In particular, notice that,
given the size of the net panel, p is a function of p;; — py,, i.e., the difference between
the two diagonal cells; whereas 6 is the difference between the two off-diagonal cells.
The same interpretation applies to p;, and g, in each poststratum.

Table 1 shows the net LFS-panel between the third and fourth quarter in 1997. The
combined effects on the sampling variances of using panel data and poststratification
are estimated in Table 2, where we simply set g, at the observed ng ,/ny. It is seen that
poststratification according to the Register results in an approximately 50 percent reduc-

Table 1. The respondents in both the third and fourth quarters in 1997

Year 1997 Register-employment
Yes No
(3rd Quarter) (4th Quarter)
Register-employment LFS-employment Yes No Yes No
Yes Yes 10,913 203 200 89
No 155 353 15 73
No Yes 258 27 1,209 311

No 115 42 279 4,122
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Table 2. Combined effects on the sampling variances of survey design and poststratification.

(Al values x107°) Independent samples Panel data

Method of (_’_) (1’_)’ (2’_) (1v1)’ (1’2) (_’_) (17_)’ (_71)7 (1’1)7 (1’2)7
pOStStratiﬁcaﬁon (_’1)5 (_92) (251)» (272) (25_) (_’2) (2,1), (292)
Y\a\r(ﬁl) 1099 551 5.29 10.99 551 5.69 529
Var(p,) 11.08 544 5.32 11.08 591 544 532
Cov(py,pa) 0 0 0 9.27 394 3.80 3.58
Var(p; — p1) 22.07 10.95 10.61 3.54 354 353 344
Var(p) 552 274 2.65 10.15 4.83 4.68 4.44

tion in the variance of the level estimators. Similar effects have been reported in the lit-
erature (Djerf 1997; Zhang 1999). For the independent part of the sample it is seen that
poststratification has a substantial effect on all the sampling variances. However, it
appears that poststratification has practically no effect in addition to the use of panel on
the variance of the estimator of change. In particular, dynamic poststratification leads
only to relatively small improvement over simple poststratification, both for the level-
and the change-estimators. Notice that 6, = —0.004 in poststratum (1,1) and —0.005 in
poststratum (2,2), which together contain about 95 percent of the sample. Another intuitive
way of understanding the result is to observe that the correlation coefficient between
Register-Change, i.e., X, — X;, and LFS-Change, i.e., ¥, —Y;, was estimated to be
0.164 based on the net LFS-panel. In contrast, it is about 0.7 between X, and Y, i.e.,
Register- and LFS-Employment at the same t. We believe that this lack of corre-
lation is largely due to delays in the register available for poststratification at the time
of production.

3. Effects of Poststratification on the Bias Caused by Nonresponse

We refer to the part of the LFS-sample which overlaps in two successive quarters as
the gross LFS-panel, denoted by s of size n. Given nonresponse, s, C s and ny < n. The
difference between s, and s are persons who did not respond in either one or both of these
two quarters. Let 6 be the population mean of LFS-Employment which is unknown, and
9(so) the corresponding sample mean based on the net LFS-panel, and f(s) that derived
from the gross LFS-panel which is not observed. We have the identity @(so) —0=
{9(s0) — 9(s)} + {9(s) — 6}. The difference between @(s) and 0 arises from sampling,
whereas that between 9(50) and 9(s) is due to nonresponse. The effect of poststratification
on (s) — 0 is well known. To study the effect of poststratification on reducing the bias
caused by nonresponse, we shall concentrate on 9(30) - 9(s).

Since the Register-Employment status is available for the gross LFS-panel as well, it
seems natural first to examine the difference between the net and gross LFS-panel regard-
ing the variable Register-Employment. Based on each LFS-panel, we calculated the (sam-
ple) Average Quarterly Register-Employment Rate, i.e., the mean Register-Employment
Rate of the two quarters involved, and (sample) Change in Quarterly Register-Employ-
ment Rate. The difference between the corresponding 9(s0) and 9(s) then provides an esti-
mate of the bias caused by nonresponse conditional on s. The two estimates are given in
Figure 2, i.e., solid 9(s) and dotted @(so). Nonresponse here is clearly nonignorable (Rubin
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Average quarterly register-employment rate 1995 - 1997
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Fig. 2. Register-employment rate in the Norwegian LFS from 1995 to 1997

1976) in the sense that its distribution depends on the object variable Register-Employ-
ment. As a consequence the Register-Employment rate differs from the respondents to
the nonrespondents — it is lower among the nonrespondents. The bias of the net estimator
of Change, on the other hand, was much smaller. Let X, — X; be Register-Change. The
approximate agreement between the net Register-Change and the gross one implies that
the latter can be reconstructed out of the former, by proportionally allocating the non-
respondents according to observed frequency of Register-Change in the net panel. In other
words, nonresponse is approximately independent of Register-Change. Thus, nonresponse
seems to depend on Register-Employment, i.e., (X;, X,), almost entirely through the mean
Register-Employment, i.e., (X, + X;)/2, since (i) (X, — X;, X, + X)) is a one-to-one trans-
formation of (X;,X,), and (ii) Cov(X, — X1, X; + X;) = Var(X,) — Var(X;) = 0.

Fay (1986) and Little and Rubin (1987) discussed general approaches to estimation
in the presence of nonignorable nonresponse. We have applied the following chained
logistic regression model, which was motivated by the particular dependence structure
(of nonresponse on Register-Employment) observed above. Examples of similar chained
logistic regression models based on the factorizations of the joint probability of
(X1,X5, Ry, R,), where R, = 1 denotes response at f and R, = 0 nonresponse, can be found
in Bjgrnstad and Sommervoll (1993). Let logit(n) denote the logistic transformation of
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1, i.e., logit(n) = log(n) — log(1 — 7), and
logit P[X; = 1] =6
logit P[X; = 1|x;] = B, + B3x;
logit P[R; = 1|(x1,x2)] = B4 + Bs5(x; +x2)
logit P[R; = 1|(xy,x2, )] = Bs + B7(x1 + x2) + Bgr

We assume, through the factorization of P[R|, R,|(x,x;)] into P[R;|x; + x,]P[R,|(x;+
X, r)], that (R, R,) is independent of (X;, X,) given (x; + x,). Having fitted the model
to the net LFS-panel, using the EM algorithm, we constructed the imputed (gross)
panel, denoted by s*, conditional on the observed net panel, by evaluating the expectations
at the estimated parameter values. Based on s*, we obtain 9(s*) as if s* had been observed.
This gives us the third (dashed) series of estimates in Figure 2. We notice that the
Change estimates based on the imputed panels coincide with those based on the net
ones, now that the model assumes nonresponse to be independent of X, — X;. Meanwhile,
the model has resulted into much reduction in the bias of the level estimator. The dis-
crepancy between the imputed panels and gross ones nevertheless shows that there
were things which remained unexplained by the model. This could be the case if the
nonrespondents form subgroups with different nonresponse patterns. For instance, people
might refuse to participate for reasons which have nothing to do with their employment
status.

We now turn to LFS-Employment which is only observed in the net LES-panel. Based
on each net panel, we calculated the sample mean estimator. To apply the dynamic post-
stratification, we simply used n,/n as the marginal proportion of the poststrata. These
have been given in Figure 3, i.e., solid for dynamic poststratification and dotted for
net sample mean, which display a similar pattern as that between f(s) and 9(s0) in the
case of Register-Employment. In particular, the close agreement between LFS-Change
(Y, — Y;) based on the dynamic poststratification and the net panel implies that the latter
can be reconstructed from the former, by proportionally allocating the nonrespon-
dents within each poststratum according to the observed frequency of Y, — Y; within
the same poststratum. In other words, nonresponse is independent of LFS-Change condi-
tional on Register-Employment. To see whether this independence also holds marginally,
we applied the nonignorable nonresponse model above to the data, after having replaced
(X1,X,) with (Yy,Y,). That is, we assume that (R;,R,) does not depend on Y, — Y;,
irrespective of (X;,X,). This gives us the third (dashed) series of estimates in Figure 3.
We notice that the LFS-Change estimates based on the imputed panels largely coincide
with those based on the net panel directly, which seems to suggest that nonresponse is
independent of LFS-Change also marginally. On the other hand, the dynamic poststratifi-
cation had about the same effects on the level estimator as the nonignorable nonresponse
model, despite the fact that poststratification rests on the assumption that nonresponse
is ignorable within each poststratum. For reasons suggested earlier, we do not expect
the nonresponse model to be able to fully adjust the bias in the level estimator. Neither,
therefore, is the poststratified estimator unbiased.
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Average estimated quarterly LFS-employment rate 1995 - 1997
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Fig. 3. LFS-employment rate in the Norwegian LFS from 1995 to 1997

4. Further Work

This study has been part of a more comprehensive evaluation of the total survey design
of the Norwegian LFS. Three questions concerning the sampling strategy are of particu-
lar importance in this connection: (i) Is the sample size adequate? (ii) How should the
sample be selected? (iii) How should the existing administrative registers be used in
order to support the sample? These questions are interrelated, but we shall discuss them
separately here.

Concerning the size of the sample it is worth noticing the results shown in Figure 4.
Here it is seen that the estimate of the Employment Rate is lower using poststratification.
This decrease is approximately three times the standard error of the estimate. This rela-
tively dramatic difference immediately raises the question whether the sample size is
too large. However, the Labour Force Surveys are multipurpose. An evaluation of the ade-
quate sample size should include a discussion about which economic indicators are the
most important ones produced from the surveys. Furthermore, it should be stated what
accuracy, including accuracy of changes, one is aiming at. As can be seen from the
study, the accuracy of changes is not affected by the use of poststratification based on
the panel part of the survey date.
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Fig. 4. LFS-employment rate in the Norwegian LFS from 1995 to 1997

At present the sample of families is selected from the Central Address Register (CAR),
which is essentially a register of families. The main reason for this is the costs asso-
ciated with interview. However, it is possible to select individuals from the Central Popu-
lation Register (CPR) and link them to the CAR to obtain more accurate addresses.
Moreover, the CPR also contains information about sex and age of each individual, and
therefore the “‘structure’” of the family. A question of interest is whether this information
can be used to form homogeneous strata. It is well known that young and old people
change status on the labour market more often than the rest of the population. It is there-
fore natural to study the feasibility of stratifying the families before selection and
overrepresenting families with young and old individuals.

Finally, concerning the use of other registers for poststratification, there are a
number of possibilities open. In our opinion it is of particular interest to include the
register of unemployed individuals, which must be merged with the register at present
used for poststratification. After any inconsistencies between the two registers have
been identified and decided upon, the new register would form a better basis for
poststratification.
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