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1. INTRODUCTION 

This paper describes innovative methods for measuring variability in the Office for 

National Statistics’ (ONS’) mid-year population estimates.  ONS uses the cohort 

component method to update the mid-year population estimates each year.  This involves 

a complex combination of data and statistical processes, combining sources including 

census, survey and administrative data and using a variety of estimation procedures.  

Estimates from these data sources have sampling and non-sampling errors, including 

capture and recording errors, coverage, timeliness and inter-censal drift issues.  

Comprehensive and quantifiable information on non-sampling error for many of these 

sources is not available.  The complexity of trying to estimate the uncertainty in the mid-

year estimates is also compounded by the fact that the data that we might use as 

comparators are used within the estimation process itself.  To overcome this, ONS has 

developed a simulation-based approach.  This focuses on the three components of the 

mid-year estimates that contribute most to uncertainty: the population base, which relies 

on the decennial census, and international and internal migration (For more background 

information, see ONS 2008-12 [1]). 

Uncertainty measures for 2002-10 were published by ONS as research statistics in 2012 

(see ONS 2012 [2]). We are currently working on the production of uncertainty measures 

for 2011-13. These will incorporate changes to reflect new methods that ONS has 

adopted for the production of mid-year estimates.  In addition, the 2011 census has 

allowed us to rebase the pre-2011 mid-year estimates and evaluate the approach taken to 

produce uncertainty measures. 

2. METHODS 

The methods to estimate uncertainty were developed by ONS in collaboration with 

academics at the Southampton University Statistical Science Research Institute. The 

uncertainty measures mirror the mid-year estimates in their basic structure. 

2.1. Creating the mid-year population estimates using the cohort component 

approach. 

ONS produces annual estimates of the resident population of England and Wales as at 30 

June each year.  The estimates are provided at a range of geographies down to local 

authority level.  The cohort component method is used to update these each year.  In 

brief, components of demographic change (natural change (births less deaths), net 

international migration and net internal migration) are added to the previous year’s aged-

on population base. Minor adjustments are also applied for example for armed forces 

personnel. In census year, the census population is used as the population base. Rather 

than ageing on the population by one year, the population is only aged on by the period 

of time between census and 30 June. Similarly the components only need to account for 
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change during this period rather than the whole year (for more background information, 

see ONS 2014 [3].  The further we move away from the decennial census, the greater the 

uncertainty in the estimate becomes.  The cohort component method is summarised in 

Figure 1. 

 

Figure 1 Summary of the cohort component method. 
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2.2. Measuring uncertainty in the mid-year population estimates. 

Our approach focuses on the three components of the mid-year estimates that contribute 

most to uncertainty:  

 The population base  

 Internal migration  

 International migration  

Figure 2 Summary of the process for measuring uncertainty 

 

 

 

 

 

 

 

 

 

The method assumes that there is no error in the births, deaths and minor change 

components.   

For the census, international and internal migration, we drew on the observed data and 

replicated mid-year estimation processes to generate 1,000 possible, alternative values 

for each local authority.  These simulations were recombined, mirroring the cohort 

component approach, to create 1,000 possible estimates for each local authority.  Using 

these we were able to derive, empirically, error distributions around the mid-year 
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estimate for each local authority.  The approach is summarised in Figure 2. The 

simulated estimates are rolled forward each year.  This ensures that the simulated 

distribution (across local authorities) for the composite includes the uncertainty from 

previous years and new uncertainty for the current year. 

3. RESULTS 

For the 2002-10 series, uncertainty measures for the 376 local authorities in England and 

Wales included: 

 lower and upper 95% bounds for the uncertainty range 

 the uncertainty measure as a percentage of the population,   

 the percentage contribution that the 2001 census, internal migration and 

international migration made to the overall measure of uncertainty for each local 

authority  

 an interactive map showing uncertainty levels for local authorities by year 

The uncertainty measure for a typical local authority through the last decade is illustrated 

in Figure 3.  This shows how uncertainty grew through the decade after census year.  

Uncertainty in our estimates is increasingly the result of the growing influence of internal 

and international migration.  Figure 4 demonstrates this for the local authority that is 

represented in Figure 3.   

Figure 3 Uncertainty range around the mid-year population estimate from 2002 for a 

local authority within England and Wales 
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Figure 4 The proportional contribution that census, international and internal migration 

make to overall uncertainty for a local authority over the decade 

 

4. CONCLUSIONS 

We have adapted the uncertainty measures to mirror methodological changes in the 

production of the mid-year estimates since 2011. The 2011 census results have provided 

a benchmark against which we have evaluated our approach. Similar methods could be 

used to measure uncertainty around other estimates that combine administrative and 

survey data.  
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