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1. INTRODUCTION 

The 2001 and 2011 UK Censuses used Dual System Estimation (DSE) as part of the 

methodology for estimating coverage, which in turn provided the total population 

estimates. The role of DSE was to estimate the non-response in the post-enumeration 

survey (called the Census Coverage Survey), which was undertaken shortly after the 

census. A ratio estimator was then applied to the adjusted survey estimates, with the 

census counts as the auxiliary, to estimate the total population.  

 

It is well known that the application of DSE to human populations is problematic, as the 

assumptions underpinning the method are often violated. For instance, violation of the 

assumptions of independence, homogenous capture probabilities and linkage error all 

lead to biases. In the 2001 and 2011 Censuses a number of adjustments were required to 

mitigate against some of these biases. This has always been an issue for countries that 

used DSE in their coverage studies.  

 

This paper considers an alternative weighting class approach. The key attractions of such 

an approach are that high quality individual level linkage is no longer required as it is 

replaced with linkage to the address sampling frame, and the estimator is less susceptible 

to over-coverage in the source used to estimate the weights (in this case the census). This 

type of approach may therefore be suitable for use with administrative records, which 

may have much higher over-coverage. Of course, the approach does have its flaws much 

like the DSE. The key issue is that it makes no adjustment for persons missed in 

addresses captured by the survey - in the UK this is about 2 to 3 per cent in a coverage 

survey. This paper presents some simulation studies comparing the two estimation 

methods, and summarises the advantages and disadvantages of both. 

2. METHODS 

2.1. Dual System Estimation 

Given a census and corresponding Census Coverage Survey (which is carried out in a 

sample of postcodes), we have the following: 

 

Xij
a , the count of persons in age-sex group a in household j in postcode i. The survey 

observes this quantity to be zij
a, and the census observes this quantity to be xij

a . 

Xi
a, the count of persons in age-sex group a in postcode i, observed in the census as xi

a 
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Define 𝐻𝑖 to be the households included in the sample, S, in postcode i. Of these, 𝑅𝑖 are 

responding households. 

We can use the census to correct for non-response in the survey using a Dual System 

Estimator (DSE) as was used in the 2011 Census, the non-response weight being 

estimated as 

ŵa =  
∑ Xi

a
i∈S

∑ Mi
a

i∈S
  (1) 

 

where Mi
a is the count of matched persons between the survey and the census from 

matching at individual level. The population totals can then be estimated by     
 

T̂DSE
a = ∑ ŵazi

a
i∈S   (2) 

 

The DSE is well known to be susceptible to biases when: 

 the census is inflated with over-coverage such as duplicates, as x is too large; 

 there is matching error; 

 there is a correlation between the probabilities of response in the census and CCS. 

 

2.2. Weighting Class Estimation 

An alternative is to consider a weighting class adjustment (see Lohr, 1999). In the census 

context, this requires us to partition the auxiliary data (the census) into classes, and also 

to link the census at household level to the CCS so that we know which households 

responded to the CCS and which did not. This is done at household level as we have 

information from the survey about which households responded and which did not. The 

linkage at household level will be crucial, as will the information about responding and 

non-responding households. The weighting-classes themselves are formed using the data 

from the census, and can be at household level or individual level.  

Given that we have the age-sex group of the individuals on the census, and they can be 

associated with the households, an alternative is to form classes by age and sex, using the 

census to work out the totals by age and sex and also the number by age and sex in 

responding households. Therefore the weighting-classes are defined by a, and the 

response probability is 

φ̂a =
∑ ∑ wijxij

a
j∈R i

∑ ∑ wijj∈S i xij
a =

∑ Xi
a

i∈R

∑ Xi
a

i∈S
  (3) 

where wij is the sampling weight for household j in postcode i. The response probability  

is the total number of people in an age-sex group on the census in households that 

responded out of the  total number of people in an age-sex group on the census.  

 

As the weighting-class is defined at person level, the weights for household j in postcode 

i are unchanged, and effectively we have now constructed weights at individual level. 

For simplicity, however, the population totals can then be estimated by 
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T̂WC
a =

∑ wizi
a

i∈S

�̂�𝑎
   (4) 

 

 

2.3. Simulation Study 

Simulations to explore the performance of the weighting class estimator versus the DSE 

were undertaken. The basis for the simulations is described in ONS (2013). A scenario 

where the within household coverage in the CCS was perfect was included. A perfect 

response PCS simulation provided a benchmark. A single area was used for the study, 

which was a rural area with approximately 10 per cent survey non-response overall. 200 

simulation replicates were used. 

3. RESULTS 

Table 1 shows the relative bias at the total population level for the simulations. Both 

scenarios are shown together. It shows that compared to the baseline simulation with no 

non-response adjustment, both the DSE and weighting class estimator have a lower bias. 

As expected, the DSE performs best as its assumptions have been simulated to be met. 

However, the weighting class method is comparable to the DSE when the effect of within 

household non-response is removed. 

 

Table 1 – Relative bias for total population estimates 

 Scenario 

Method Base Base, no within hh NR 

Perfect 0.01% 0.01% 

No NR adjustment -10.46% -7.83% 

Age-sex weighting class  -2.59% 0.28% 

DSE with over-count correction 0.16% 0.17% 

 

4. CONCLUSIONS 

It is clear that the weighting class approach proposed in this paper is a plausible method 

for making non-response adjustments to the CCS. In particular, it does not require 

matching at individual level unlike a dual-system estimate. However, the price paid is 

that it cannot make adjustments for persons who are missed from the survey even when 

their household responds. Similarly to DSE, it also makes assumptions of uncorrelated 

response and high quality matching which leads to bias when (inevitably) these 

assumptions are not met. 

 

Whilst much is understood about DSE in a census context, and there are already some 

methods available to help account for some of the biases when it is applied in practice, 

the weighting class approach is less well understood. Further studies are required before 

any decisions are made about which estimator should be adopted for the estimation of the 

population. 
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The consideration of alternatives to a DSE is also relevant for considering the use of 

administrative sources for population estimation as a replacement for a census. In this 

context highly accurate matching may not be possible due to privacy constraints. 

Methods that rely less on accurate matching therefore become much more attractive. 

Work is underway to explore the differences in performance in this context as part of the 

research exploring alternatives to a traditional census. 
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