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Abstract

Measuring change over time is a central problem for many users
of social, economic and demographic data and is of interest in many
areas of economics and social sciences. Smith et al. (2003) recognised
that assessing change is one of the most important challenges in survey
statistics. The primary interest of many users is often in changes or
trends from one time period to another. We propose a multivariate
linear regression approach to estimate the variance of change.

A common problem is to compare two cross-sectional estimates for
the same study variable taken on two different waves or occasions,
and to judge whether the observed change is statistically significant.
Assessing the significance of a change plays an important part in pre-
liminary exploratory data analysis which helps to model a trend or a
change.

Suppose, we wish to estimate the absolute change ∆ = τ2 − τ1
between two population totals τ1 =

∑
i∈U

yi1 and τ2 =
∑

i∈U
yi2 at

wave 1 and wave 2 respectively. The quantities yi1 and yi2 are respec-
tively the value of the variable of interest measure at wave 1 and 2.
Suppose that ∆ is estimated by ∆̂ = τ̂2 − τ̂1, where τ̂1 and τ̂2 are the
Horvitz-Thompson estimates. A primary interest is to test if an ob-
served change is due to an actual change in the population or simply
due to sampling errors. The variance of the change ∆̂ is given by

var(∆̂) = var(τ̂1) + var(τ̂2)− 2× cor(τ̂1, τ̂2)
√
var(τ̂1)var(τ̂2)

Standard estimators can be used to estimate the variances var(τ̂1)
and var(τ̂2) . The correlation cor(τ̂1, τ̂2) is the most difficult part to
estimate.

The estimation of the correlation would be relatively straightfor-
ward if τ̂1 and τ̂2 were based upon the same sample, or if the sample
remained the same from one wave to the next. Unfortunately, sam-
ples at different waves are usually not completely overlapping sets of
units, because repeated surveys use rotating samples which consist in
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selecting new units at wave 2 to replace old units that have been in the
sample for a specified number of waves. Therefore, yi1 is known and
yi2 is unknown for the units being replaced, on the other hands, yi1 is
unknown and yi2 is known for the new units. For most of the units
sampled at both waves, yi1 and yi2 are known.

Several methods can be used to estimate the variance (e.g. Kish
1965; Tam 1984, Holmes & Skinner 2000, Berger 2004). We propose
to use a multivariate linear regression approach to estimate the corre-
lation. Consider the multivariate model(

y̆i1

y̆i2

)
=

(
β1

1zi1 + β1
2zi2 + β1

12zi1zi2

β2
1zi1 + β2

2zi2 + β2
12zi1zi2

)
+

(
ε1
ε2

)
Where y̆i1 = yi1/πi1 and y̆i2 = yi2/πi2. The quantities πi1 and πi2 are
respectively the inclusion probabilities for wave 1 and 2. The quantities
zik = 1 if i ∈ wave k sample and zij = 0 otherwise. The 2 × 1 vec-

tor residuals (ε1, ε2)
′

can be assumed random with a bivariate normal
distribution N(0,Σ) where Σ is the 2 × 2 residual covariance matrix.
Note that this model includes interactions between the variable zi1 and
zi2. We will show that these interactions capture the rotation of the
repeated survey.

Finally, the estimator proposed for the correlation will be based
upon the residuals covariance matrix Σ. Let Σ̂ be the estimator of Σ.
The proposed estimator for the correlation between τ̂1 and τ̂2 is given
by

ˆcor(τ̂1, τ̂2) =
Σ̂1,2√

Σ̂1,1Σ̂2,2

where Σ̂k,` is the component (k, `) of the matrix Σ̂.
We will show why the multivariate linear regression model is suit-

able for estimating the correlation, and how our result could be ex-
tended to include stratification.
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