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International migration
The challenge

Over 100m people arrived to the UK in 2019 of which we estimate about 0.5% stayed 
long-term (12 months or more). 

Our job is to find them, and count them

Why

International migration is one of the drivers of population change (with births and deaths). 
Population statistics inform so many areas of society; allocation of regional funding, 
vaccine delivery etc. etc. 

How…



Historic approach to estimating international 
migration

International Passenger 
Survey (IPS)

Estimates based on 
migrants’ intentions

Northern Ireland migration 
flows (NISRA)

Asylum seekers 
(Home Office)

Long-term International 
Migration (LTIM)

Adjustment for people 
changing their intentions



Impact of Covid-19 on Migration Statistics
March 2020

• International Passenger Survey suspended
• Transformation programme to build migration statistics with administrative data at the core accelerated

August 
2020

• Final Migration Statistics Quarterly Report published using IPS data collected up to March 2020

April 2021

• Official estimates of migration published. Model historic IPS data using administrative data. (Year ending June 
2020)

• Research on administrative based migration estimates (ABMEs) highlights potential for new sources to 
improve quality of migration estimates. 

November 
2021

• Next set of modelled migration estimates (Year ending December 2020)
• Continuing to publish estimates of non-UK born population using data from Annual Population Survey

May 2022

• Early insight from Census 2021 indicates inaccuracy of modelled estimates.
• Decision to suspend IPS-based model, and produce estimates predominantly based on administrative data 

(Year ending June 2021)



Impact of Covid-19 on Migration Statistics

April 2021

• Needed an alternative to measure international migration.
• Historic IPS data shows strong seasonal trends in international migration over time.
• Developed a state space model (SSM) where we projected the trends and seasonality of previous IPS data and 

adjusted it by the shift seen in the number of visas issued for non-EU citizens for the period up to YE June 2020.
• Included assumptions on EU nationals having different travel options during lockdowns. When airports were 

closed, there was an increase in travel via ferries and Eurotunnel and we hypothesised that motivated EU 
nationals would have used these transport routes to travel to and from the UK 

• Research on administrative based migration estimates (ABMEs) highlights potential for new sources to improve 
quality of migration estimates. 

November 
2021

• Next set of modelled migration estimates published up to Year ending December 2020.
• Continued to use the SSM approach for quarter 3 and quarter 4 2020.
• Turned off the adjustment which reflected EU nationals having different travel options as air 

travel resumed.
• Continued with modelled approach for non-EU nationals using the visa data.



Impact of Covid-19 on Migration Statistics

May 2022

• Early insight from 2021 Census indicates inaccuracy of modelled estimates.
• Decision to suspend IPS-based model, and produce estimates predominantly based on 

administrative data (Year ending June 2021).
• This uses different data sources and methods for each nationality group (EU, non-EU and British 

Nationals) using the strengths of each data source.
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Admin-based migration statistics – May 2022

EU = RAPID 
(DWP taxes 
and benefits)

Non-EU = Home 
Office visa data

British nationals = 
Previous (IPS-

based) Modelled 
estimates Immigration 

Emigration
Net Migration

EU, Non-EU and 
GB



Measuring migration of Non-EU Nationals
Data source: Home Office initial status analysis (ISA) system, known as the Exit Checks Dataset, which 
combines visa and travel information to link an individual's travel movements into and out of the country.

We consider this to be the best source of data, with the most complete coverage, for measuring non-EU 
migration.

Methods: Based on the “first arrival, last departure” approach for individuals travelling to or from the UK, 
along with their visa end date.

1. Identify travelers meeting definition of long-term migrant, identifying those on visas that last for at least 
12 months, filtering out those on long-term visit visas

2. Visa periods constructed by linking together consecutive or concurrent visas held - if there is a gap 
between visas, then a new visa period is started.



Measuring migration of Non-EU Nationals
3. Use arrival and last departure dates within visa period as approximation for length of stay in UK (short trips abroad 

over the course of an extended period of residence excluded)
4. If either first arrival or last departure information missing, visa start or end dates are used as a proxy
5. Previous visa period looked at to determine if this is a new long-term immigrant or one who has previously been in the 

country
6. If no presence identified in the country during 12 months preceding first arrival or previous visa period had a length of 

stay of less than 12 months then this pattern of travel is identified as a new long-term immigrant.



Measuring migration of EU Nationals
Data source: The Registration and Population Interactions Database (RAPID) created by DWP.

We consider this to be the best source of data, with the most complete coverage, for measuring EU 
migration.

• RAPID provides single coherent view of citizens' interactions across the range of earnings and benefits 
datasets within the UK. Anyone arriving in the UK who is allocated a NINo to work, 
claim benefits or apply for a student loan is captured.

• Records can be categorised as either long-term or short-term by looking for patterns of interactions 
with the tax and benefits system. 

• Looking for activity over an extended period (12 months or more) to indicate a long-term immigrant. 
And for activity to stop over an extended period (12 months or more) to indicate a long-term emigrant.

• As RAPID has known data coverage gaps we apply a series of adjustments to account for this.



Measuring migration of EU Nationals

• People's lives are complex, therefore we created four 
categories defining patterns of activity of long-term 
arrivals. 

• The first two categories most closely align with the UN 
definition of a long-term migrant whereby we are 
looking for sustained long-term interactions after 
arriving in the UK and these make up the largest 
proportion of long-term arrivals (over 90%).

• We have included two further categories that expand 
on this definition of long-term activity, to reflect the 
complexity of people's lives, although these groups 
only make up a small proportion of arrivals (less than 
10%).

Methods: Based on patterns of activity seen within the earnings and benefits data. Looking for activity 
after the self-reported date of arrival or registration date.
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Components of the estimate of EU migration

RAPID (16+) 
Tax year 
2020/21

C1-C4 arrivals
and

Departures

Example: Year ending June 2021 net migration estimate for EU nationals

Student 
Adjustment:  

proportion of 
students not 
working and 

students 
without long-
term activity

Adjustment for 
recent arrivals:

Those who have 
arrived but not yet 

registered
+

Those where there 
is not enough time 

for long-term activity

Adjustment for 
recent 

departures:
Using the proportion 

of the migrant 
population who 

depart in each year 
and applies this to 

the most recent year

+ + + +
SSM to model 

the period
April – June

+
Quarterly 

disaggregation 
of EU 

estimates



Measuring migration of British Nationals
Data source: The International Passenger Survey (IPS)

Remains the most challenging to estimate there is no requirement for these individuals to interact with 
administrative data sources to inform them when emigrating or subsequently returning. Therefore, we 
consider this to be the best source of data, with the most complete coverage, for measuring EU migration

• The IPS was reinstated in January 2021, and we use these data as our estimates for January 2021 onwards. 
However, to cover the period when the IPS was suspended (March to December 2020), we use the State Space 
Model time series analysis.

• This takes the available IPS and administrative data and uses the relationship between them to estimate the 
missing IPS data. We assume that the pattern of British nationals' immigration to the UK is equivalent to non-EU 
nationals' emigration from the UK (measured using visa data) and vice versa
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Net migration by Nationality, Year ending June 
2020 and Year ending June 2021
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The challenges of achieving our vision for 
transformed migration and population statistics

“To use the best information to produce more frequent, timely and 
inclusive statistics that are coherent and flexible to evolving user needs”

Reinforcing 
methods 
with new 
sources

Coherence Granularity Reason for 
Migration Timeliness



Reinforcing methods with new sources

• Comparing 2011 and 2021 Censuses 
to evaluate accuracy of sources to 
measure population change

• Rebasing population and migration 
statistics to 2021 Census

• Continue to evaluate new 
administrative sources



Coherence
• We have published a migration 

Statistics interactive dashboard to 
collate publications across the 
Government Statistical Service (GSS)

• Working with GSS partners to 
reconcile all statistics & outputs so 
that users have right data to answer 
specific questions

• Data linkage strategy so that linking is 
done once, for all to share, with 
evidence coming from the same 
place. 
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• Across the Office for National Statistics 
(ONS) we are working to produce timely 
population estimates at a national and local 
authority level. 

• Both the RAPID and data from the HO contain 
information on the age and sex of those in the 
data.

• Estimates at Local Authority level are more 
complex and requires a combination of data 
sources.

Producing granular estimates



• Research into use of visa data to provide 
breakdowns of those coming to work, 
study or for other reasons

• Improve inclusivity of migration statistics 
by developing methods for irregular 
migration

Reason for Migration



Improving the timeliness of our estimates

• Current administrative data sources available allow estimates 
to be published 6 months after the reference date

• Exploring nowcasting techniques using signal data to meet 
ambition for timelier estimates  



Using machine learning to improve the timeliness 
of migration statistics
• Provisional classification of international migrants as long-term 

(LTIM) or short-term (STIM) before data-driven classification 
rules can be applied

• More timely predictions of LTIMs (both immigrants and emigrants)
• Capturing changes in migration behaviour in LTIM classification by re-

training models over time with known outcomes
• Potential classification of more complex migration events e.g. UK return 

migration, circular migration



Supervised Machine Learning

We are treating LTIM classification 
as a binary classification problem 
and exploring three alternative 
algorithms:

• Logistic regression
• Random forest
• Gradient-boosted trees



Classifications of long-term migration

ID Visa start 
date

Visa end 
date

Arrival 
date

Departure 
date

LTIM

1 1/1/21 1/5/22 5/1/21 1/5/22 TRUE

2 2/2/21 4/2/21 2/2/21 4/2/21 FALSE

3 3/2/22 12/12/22 4/2/22 ?

4 4/5/22 5/9/24 4/5/22 ?

ID Visa start 
date

Visa end 
date

Arrival 
date

Departure 
date

LTIM Predicted 
LTIM

1 1/1/21 1/5/22 5/1/21 1/5/22 TRUE

2 2/2/21 4/2/21 2/2/21 4/2/21 FALSE

3 3/2/22 12/12/22 4/2/22 ? FALSE

4 4/5/22 5/9/24 4/5/22 ? TRUE
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Classify migrants in exit checks data as long-term or short-term before they’ve been in the 
data long enough to confirm



Limitations of Machine Learning
• The predictions and associated LTIM counts would be 

provisional

• The predictions could not be used for individual-level decisions, 
only interpreted in aggregate as a predicted totals of provisional 
LTIMs

• The accuracy of predictions will likely vary over the life of a 
cohort i.e. we expect predictions to be least accurate when a 
migrant has just immigrated or emigrated, and to become more 
accurate over time until rules can be applied.



Lessons learned during the development of 
Machine Learning
• Understanding of the data is essential. 

• Supervised learning models also require a good level of expertise to 
structure appropriately.

• The need of testing different algorithms and samples.

• We may need a suite of models, rather than just one model, to train and 
predict on different sub-populations. 



Next steps in the development of Machine 
Learning
• Feature engineering

• Detailed analysis of the performance

• Consideration of extensions to supervised machine learning that incorporate aspects of 
survival analysis

• Assessment of the need to retrain models over time

• Development of a proof of concept model for emigration



Conclusions
• Made huge progress in our journey to use administrative data to estimate 

international migration.

• Still have some data gaps
• estimating migration of British Nationals using administrative data.
• reason for migration for EU nationals where visa’s are not required.

• Lots of exciting work going on with our next set of official estimates due to 
be published on 24 November 2022.



Thank you!
Contact information
• Laura.Cheatham@ons.gov.uk
• Mingqing.Wu@ons.gov.uk
• Pop.info@ons.gov.uk
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