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Introduction
The Office for National Statistics (ONS) is exploring models for the future of population statistics. The UK does not have a population register or a set of coherent identifiers across administrative datasets held by government. The current population statistics system is underpinned by the decennial Census, which is expensive and is arguably becoming increasingly unwieldy as a source of data in a rapidly evolving society and with ever increasing demands for more timely, relevant statistics. The system is also highly reliant on a port-based survey to measure migrant flows to and from UK, with the result that the intercensal population size estimates tend to have an increasing element of bias. The ONS is therefore researching how it can transform its population statistics system within that context [1]. This paper outlines the current plans for this, and focuses on some of the methodological challenges underpinning the transformation.

Methods
Figure 1 shows the high level of view of transformation plans in the lead up to and immediately after the 2021 Census. The principle is to try to produce the best possible population statistics every year using all available sources, whilst moving away from reliance on large scale data collection activities like the Census. In 2022 and 2023, the quality of the statistical outputs will feed into the decisions around whether a large-scale data collection (not necessarily a census) will be required in 2031. 
[image: ]
Figure 1. Proposed Transformation of Population Statistics in England and Wales
This is an ambitious undertaking with many challenges. Research to date has established that population size estimates for local government areas can be derived from administrative sources alone, but the quality varies and is poorer at lower levels of disaggregation. Those quality problems are driven by administrative data lags, resulting in both under-coverage and significant over-coverage. From a methodological perspective, this is the largest challenge. ONS has extensive experience of dealing with under-coverage (in censuses), using a focused coverage survey and capture-recapture techniques [2]. Dependent interviewing, where a sample of administrative records are drawn and traced in the field, is in theory the best way of estimating over-coverage. However, due to ethical concerns, only dependent sampling (where you can sample but not use data in the field) is being considered. 
Thus, ONS is currently exploring the options for estimating population size using one or both approaches in combination with administrative data sources. Solutions include restricting the administrative data so it presents only an undercoverage problem, or being looser and only having over-coverage to estimate. Both options will likely require some form of survey data collection, the design of which is also being developed. 
This paper will provide an update on work to date on this, providing results showing the relative quality in terms of bias and accuracy. The work is drawing on international experience and developments in other National Statistical Institutes. For example, CSO Ireland are exploring trimmed Dual System Estimation, Statistics New Zealand have developed a Bayesian approach which can deal with under and over-coverage [3], and ISTAT have implemented a two-stage survey approach which estimates both under and over-coverage.
Population size estimation is not the only methodological challenge. Once the size can be well estimated, other population statistics outputs are required by users. These are currently served within the existing system by the Census and ongoing social surveys. ONS are exploring whether the 2021 Census can be rolled forward by integrating administrative, survey and other data to provide essentially a yearly modelled database. This would use some existing methodologies such as small are Structure Preserving Estimation (SPREE) [4], Imputation, calibration and other modelling techniques. The key question is whether such modelled outputs would be better than the bias that accumulates in Census outputs over time due to population change. This research will give hints as to whether large scale data collections might be required in the future to benchmark or calibrate such outputs.

Conclusions
The methodological challenges of transforming population statistics should not be underestimated. ONS is devoting significant resources to exploring what might be possible, and this paper only touches the surface of those that need and are being addressed. For instance, other methodological challenges not covered here include data linkage, disclosure control, uncertainty measurement and the output definitions. Research is continuing apace, and this paper will be updated nearer to the conference to reflect the latest thinking and results.
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