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 I.  Introduction 

1. In this paper, two important points are made. First, accurate and consistent migration 

data requires communication between national statistical offices. In our experience, the best 

international migration data in the world come from the Nordic population registers. What 

is unique about these registers is that, not only do Denmark, Finland, Iceland, Norway and 

Sweden all have excellent and well-developed population registers; they exchange 

information on international migrants. They do this by notifying the sending country when 

someone from another Nordic country has registered on their system. Therefore, a person 

can only be included on one population register at a time. All other national statistical 

offices in the world rely on their own systems and measures to track migration flows from 

and to their country, resulting in inconsistencies and inaccuracies for the user community. 

2. Second, until national statistical offices exchange information on migrants, statistical 

models are required to reconcile the different reported figures on migration and to estimate 

the missing data. Since 2007, we have learned a lot about modelling migration flows in 

Europe by working on two international and interdisciplinary research projects. The first 

project, MIgration MOdelling for Statistical Analyses (MIMOSA), was funded by Eurostat 

from January 2007 to December 2009. The second project, Integrated Modelling of 

European Migration (IMEM), was funded by New Opportunities for Research Funding 
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Demographic Institute), Peter WF Smith (University of Southampton), Rob van der Erf (Netherlands 

Interdisciplinary Demographic Institute), and Arkadiusz Wiśniowski (University of Southampton). 
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Agency Co-operation in Europe (NORFACE) from November 2009 to April 2012. The 

IMEM project extended the MIMOSA project greatly by modelling the measurement 

aspects of data, incorporating expert information, and including measures of uncertainty. 

3. The remainder of the paper is structured as follows. In Section II, we share our 

experiences from the recently completed IMEM project, where flows amongst the 31 

countries in the European Union (EU) and Economic and Free Trade Association (EFTA) 

were modelled by age and sex from 2002 to 2008. The synthetic data base with its measures 

of uncertainty can be used to compare against reported figures or to fill in missing data. In 

Section III, we discuss the importance and difficulty of including expert judgements to 

inform on the measurement effects of different data collection systems. In Section IV, we 

present a selection of results to illustrate the type of estimates and information the IMEM 

model produces. Finally, in Section V, we discuss the usefulness of an integrated migration 

estimation system in conjunction with national reports on migration flows.  

 II. The IMEM Project 

 A. Conceptual Framework 

4. The IMEM approach to harmonizing and estimating migration flows differs from 

previous attempts (Cohen et al. 2008; Raymer 2008; Abel 2010; De Beer et al. 2010; 

Raymer et al. 2011) by the emphasis on modelling the measurement aspects of the reported 

statistics and by providing measures of uncertainty for all flows and parameters in the 

model. There are two important advantages of the IMEM approach in the context of 

estimating international migration flows. First, the methodology (Bayesian) offers a 

coherent and probabilistic mechanism for describing various sources of uncertainty 

contained in the various levels of modelling. These include the migration processes, 

models, model parameters and a priori information. Second, the methodology provides a 

formal mechanism for the inclusion of expert judgment to supplement the deficient 

migration data. 

5. The conceptual framework of the model we developed for estimating international 

migration flows is presented in Figure 1. The interest is in estimating a set of unobserved 

true flows of migration based on four pieces of information: flows reported by the sending 

country, flows reported by the receiving country, covariate information and expert 

judgments. The reported data are harmonized via two measurement models: one for sending 

country data and one for receiving country data. These models distort the true flows by 

taking into account duration definitions used in various countries, relative accuracy of the 

data collection mechanisms, the overall undercount of migration and coverage. A migration 

model based on theory is used to augment the measurement model and to estimate the 

missing flow data. For full details on the IMEM model specification and elicitation of 

expert judgements, refer to Raymer et al. (2012) and Wiśniowski et al. (2012), respectively. 

 B. Data 

6. The migration flow data used in the IMEM project came primarily from the Eurostat 

database, which relies on the annual Joint Questionnaire on Migration Statistics sent to all 

national statistical agencies in the European Union. The migration data represent reported 

flows amongst the 31 countries in the EU and EFTA, and to and from the rest of world, 

from 2002 to 2008. In Table 1, these countries are listed, along with their population sizes 

in 2008 and categories of accuracy, duration and undercount. 
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Figure 1  

Conceptual framework for modelling migration flows 
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 C. Model for Migration Measurement 

7. In our model, we estimate harmonised flows of migration from country i to country j 

in year t. It includes migration flows to and from the rest of world. In terms of 

measurement, harmonised flows are consistent with the United Nations (1998, p. 18) 

recommendation for long-term international migration, i.e., a long-term migrant is `a 

person who moves to a country other than that of his or her usual residence for a period of 

at least a year (12 months), so that the country of destination effectively becomes his or her 

new country of usual residence'. 

8. As can be seen in Figure 1, we incorporate several aspects of measurement into our 

model for both emigration and immigration. These include the duration of stay used to 

qualify migration, undercount, coverage and accuracy. For duration of stay, we include the 

following categories: no time limit, three months, six months, twelve months and 

permanent with constraints to ensure that the flows from less restrictive durations (e.g., 

three months) were greater than the flows from more restrictive durations (e.g., six months).  

9. It is well acknowledged that official statistics on migration flows suffer from 

underreporting (see, e.g., Bilsborrow et al. 1997; Poulain et al. 2006; Kupiszewska and 

Nowok 2008). The undercount particularly affects registers which are based on self-

declarations. People may not register or deregister for various reasons, and there may be no 

requirement to do so. This undercount is deemed to be more severe in the case of 

emigrants, who usually have fewer incentives to deregister from the system than 

immigrants who, after registration, may gain access to certain benefits, such as health 

insurance, education, pension schemes or social benefits. We assume that there is a certain 

level of undercount of both immigration and emigration in all countries. Furthermore, the 

data collection systems in the countries under study can be divided into two general groups: 

“low” and “high” undercount.  
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Table 1 

European Union and European Free Trade Association countries: Population sizes  

(in thousands) and measurement aspects of migration data, 2008  

  

Population 

   Country Country (thousands) 

 

Duration 

code name 2008 Accuracy Receiving Sending Undercount 

AT Austria 8,337 2 2 2 1 

BE Belgium 10,667 -- -- -- -- 

BG Bulgaria 7,623 3 4 4 2 

CH Switzerland 7,648 -- -- -- -- 

CY Cyprus 793 3 0 0 1 

CZ Czech Republic 10,424 3 2 4 2 

DE Germany 82,110 2 1 1 1 

DK Denmark 5,494 1 3 3 1 

EE Estonia 1,341 3 4 4 2 

ES Spain 45,556 2.3 1 1 1.2 

FI Finland 5,313 1 0 0 1 

FR France 64,167 -- -- -- -- 

GR Greece 11,237 -- -- -- -- 

HU Hungary 10,038 -- -- -- -- 

IE Ireland 4,426 3 0 0 1 

IS Iceland 317 1 3 3 1 

IT Italy 59,832 3 1 0 1 

LI Liechtenstein 35 -- -- -- -- 

LT Lithuania 3,358 3 0 3 2 

LU Luxembourg 489 3 1 1 1 

LV Latvia 2,266 3 0 3 2 

MT Malta 412 -- -- -- -- 

NL Netherlands 16,446 2 3 0 1 

NO Norway 4,768 1 3 3 1 

PL Poland 38,126 3 4 4 2 

PT Portugal 10,622 -- -- -- -- 

RO Romania 21,514 3 4 4 2 

SE Sweden 9,220 1 0 0 1 

SI Slovenia 2,021 3 4 2 2 

SK Slovakia 5,407 3 4 4 2 

UK United Kingdom 61,179 3 0 0 1 

  Notes: (i) Accuracy based on migration data system: 1 = Nordic register, 2 = Other good register, 3 = 

less reliable register or survey, --- no country of origin / destination data available; (ii) Durations are: 

1 = no time limit, 2 = three months, 3 = six months, 0 = twelve months, 4 = permanent; (iii) 

Undercount: 1 = low, 2 = high. 

 

10. Different levels of coverage are captured in our model through country-specific 

random effects. We assume two coverage types: standard and excellent. Moreover, we 

assume that the coverage is same when measuring immigration and emigration, apart from 

the registers in Italy, Romania and Spain, which have large discrepancies between their 

measurement processes of emigration and immigration. For instance, in Romania, the 

reported immigration figures only includes foreigners, while the reported emigration only 

includes nationals. 
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11. Finally, accuracy depends on whether the data are captured by sending or receiving 

countries and the type of collection system. The number of parameters required to capture 

differences in accuracy depends on our typology of collection systems, and their relative 

ability to capture migration flows, regardless of duration, undercount and coverage. As 

shown in the fourth column of Table 1, we distinguish three types of data collection 

systems for migration flows: (i) registers in the Nordic countries which exchange the 

migration information, (ii) other good register-based systems and (iii) less reliable register-

based or survey systems. The countries not reporting any migration data by country of 

origin or destination are Belgium, France, Greece, Hungary, Lichtenstein, Malta, Portugal 

and Switzerland. 

 D. Elicitation of Expert-Based Prior Distributions 

12. Since it would be impossible to find experts with knowledge about all the 992 flows 

within our system over time, we sought information on the effects of measurement from 11 

experts by means of a Delphi survey. The experts were recruited amongst specialists in 

European migration data (rather than migration per se) and, in terms of background, 

represented official statistics, as well as academia. This largely conforms to some of the key 

principles of the Delphi method, such as the required domain knowledge of the experts, 

heterogeneity of the panel, and the ideal number of panellists between five and twenty. 

Subsequently, mixtures of expert responses from a second round of questionnaires were 

used to inform the prior distributions for the duration and accuracy parameters. 

 E. Migration Model 

13. The true flows of migration are modelled by using a set of covariates (see Figure 1). 

Here, we started with Jennissen (2004), Abel (2010) and Raymer et al. (2011b) to gather a 

set of variables based on migration theories and empirical evidence. These included mid-

year population totals in sending and receiving countries, indicators for contiguity, Gross 

National Income per capita in sending and receiving countries, international trade between 

origin and destination countries, indicators for EU/EFTA membership status between 2002 

and 2008, migrant stocks by country of birth based on population censuses taken around the 

year 2000, indicator for the effect of opening the labour markets by the United Kingdom 

and Ireland to the citizens of Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, 

Slovakia and Slovenia in 2004, indicator for language family, indicator for time, and flow-

specific random effects.  

 III. Importance and difficulty of including expert judgements  

14. In situations where data are inconsistent and weak, the inclusion of expert 

judgements is essential for improving the estimation and for reflecting uncertainty. In our 

research, we sought to provide the best possible estimates and measures of uncertainty by 

including expert judgements as an input in the statistical model. After two rounds of the 

Delphi survey, we found that experts often disagreed on the effects of various measurement 

aspects, especially on undercount of emigration and immigration (see Figures 2 and 3) and 

accuracy (not shown). We also found that the feedback from the first round did not lead to 

any significant changes in the opinions from the second round. This uncertainty is reflected 

in our estimates and represents an important assessment of the quality of the data collection 

systems across Europe.  
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Figure 2 

Expert answers for undercount of emigrants, Round 1 (left) and Round 2 (right) 

 
 

Figure 3 

Expert answers for undercount of immigrants, Round 1 (left) and Round 2 (right) 

 

 
 

15. Admittedly, the weakest part of our model is the inclusion of expert judgements. We 

simply do not know enough about the effects different measurements of migration have on 

the sizes and characteristics of the flows. Also, in the EU/EFTA context, we do not know 

how flows within the system differ from flows from and to areas outside the system. We 

believe that the flows from and to the rest of the world are better captured because of the 

tighter regulations associated with the flow but we are unsure. More detailed data would 

help.  

 IV. Results 

16. One thing that is clear from both the MIMOSA and IMEM estimates is that the 

official population totals for EU/EFTA countries are likely to be too high, as shown in 

Figure 4. Our median results show, for example, that in 2008 the overall gain in migration 

from the rest of world is around 800 thousand persons. The corresponding figure resulting 

from adding up the published Eurostat data for the 31 countries under study is around 1.5 

million. Eurostat's official figure, however, is likely to be overstated because it additionally 

includes net migrants from within the EU and EFTA system. Thus, there is a double-

counting of migrants in official population totals caused by the different duration of 

migration measures used and the general underreporting of emigration found in the official 

statistics. Our approach models the full matrix which ensures a zero net migration within 

the EU and EFTA system.  
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Figure 4 

Net migration for EU/EFTA countries, 2002-2008: IMEM, MIMOSA and Eurostat 

figures 
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17. In Table 2, we present a subset of the 2008 median estimates that include flows 

between countries with population sizes larger than 20 million. The corresponding median 

estimates for 2002-2008 are presented graphically in Figure 5. For each flow, the scale on 

the vertical axis ranges from zero to double the 2008 origin-destination median estimates 

presented in Table 2. For example, consider the Poland to United Kingdom flow. For 2008, 

the posterior median was estimated to be 83,000. We see from the patterns in Figure 5 that 

the levels increased considerably after 2004, and they resemble the United Kingdom's 

reported statistics but not Poland's. For some flows, we only have the receiving country's 

report (e.g., France to the United Kingdom), while in other cases, we only have the sending 

country's report (e.g., United Kingdom to France). 

18. In Figure 6, we present the posterior characteristics and densities of the 2006 flows 

from Finland to Denmark, from Denmark to The Netherlands, from the Czech Republic to 

Ireland and from France to Hungary. For the Denmark to The Netherlands flow, both 

countries provided data, resulting in a posterior that is comparatively tight (third quartile to 

median ratio is 1.1). For the flow from France to Hungary, on the other hand, neither 

country provided data. Here, the posterior distribution is based primarily on the migration 

model. This flow is characterized by a relatively large amount of uncertainty and a heavy 

right tail. The flow from Finland to Denmark is characterized by relatively high precision, 

which results from the fact that these countries exchange their data on migrations. The last 

presented flow, from the Czech Republic to Ireland, is more uncertain. Despite having both 

pieces of information about this flow, the Irish data are inferred to be inaccurate due to the 

sampling error of the data source. 

19. As another illustration, consider the 2006 flow from Poland to Germany presented in 

the top panel of Figure 7. The posterior true flow from Poland to Germany has a median of 

112 thousand people with an interquartile range of 100 thousand to 124 thousand. Here, the 

reported data differ considerably from our estimated true flows. This is a consequence of 

Poland and Germany's duration of stay criteria used to qualify migrants. Poland uses a 

permanent duration, which results in a relatively small number of emigrants recorded 

(around 15 thousand). In the German data collection system, no time limit duration is 

applied for incoming flows resulting in a relatively large number of immigrants (164 

thousand). 
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Table 2 

Median estimates of selected origin-destination flows in 2008 

 
 

Figure 5 

Median estimates of selected true flows (solid), reported emigration (cross) and 

immigration (circle), 2002-2008 

 
 

Figure 6 

Median estimates of selected true flows (solid), reported emigration (cross) and 

immigration (circle), 2002-2008 
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20. In the bottom panel of Figure 7, the posterior density of the 2006 migration flow 

from Finland to Sweden is presented. The mean is around 3600 migrants with interquartile 

range of 3400 to 3800. We also observe that the data reported by both sending and 

receiving countries are very close to each other (around 3000). Both reported flows lie in a 

tail of the posterior density and they are considerably lower than the mean or median of the 

posterior true flow. This is due to our inclusion of expert information on the undercount of 

immigration and emigration and a very high precision of the estimate (note, the Nordic 

countries exchange information about the migration statistics). In De Beer et al. (2010) and 

Raymer et al. (2011b), Sweden's immigration data represented the benchmark and was 

assumed to be measured without error or undercount. In our model, the subjective expert 

assessment of the immigration undercount by means of prior distributions is incorporated. 

This leads to higher median flows than reported by the receiving countries, including the 

Nordic countries. 

Figure 7 

Estimated Poland to Germany (top) and Finland to Sweden (bottom) flows, 2006 

 

 

 V. Usefulness of an Integrated Migration Estimation System 

21. There are four main contributions of this research. First, we have created a 

methodology for estimating international migration flows that directly accounts for the 

main differences found in the measurement aspects of the reported data. Different 

measurements of migration flows can result in very different patterns, as we have seen with 

figures reported by Germany and Poland. However, before this study, little was known 

about the effects of measurement and error, and no one had attempted to model the 

differences by considering the main aspects of duration, undercount, coverage and 
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accuracy. We have done so by including expert-based prior distributions in our model. 

Second, we have combined the measurement model with a migration model. This allowed 

us to bring together the reported data, covariate information and expert judgments. The 

estimated flows are consistent with the United Nations recommendation for the 

measurement of international migration. Third, our estimated flows can include measures of 

uncertainty, such as posterior predictive intervals, which can be used to assess the quality of 

the reported flows. When combining data from different sources and missing data, it is 

important to be clear about the accuracy of the estimated figures. Finally, we have produced 

a consistent and complete set of estimates that can be used by the wider community. This 

work is especially relevant considering the expansions of the European Union in 2004 and 

2007. Our results can be used to inform policy and to improve the evidence base. For 

example, our estimated net migration totals, in comparison to those published by Eurostat, 

suggest that the official population totals for the whole of the EU and EFTA are likely to be 

about one million too high on average for the years 2002-2008. 

22. To conclude, we believe a consistent cross-national framework is required for 

producing reliable statistics on international migration flows. The framework could provide 

the basis for countries working together and sharing information on population movements. 

It could also be used to incorporate inconsistent or incomplete data obtained under different 

collection systems. Over the past several years, we have developed a prototype for such a 

framework for Europe; one that is flexible, adaptable and accounts for uncertainty in the 

data, model parameters and expert judgements. In the short term it is unrealistic to expect 

all countries to share information on migrants, since the procedures and methodology for 

doing so would take time to organise and develop, so statistical modelling should be 

adopted to harmonise and estimate the flow data. Our view is that this should be organised 

by an independent organisation with inputs received directly from national statistical 

offices. As national statistical offices communicate more effectively, the accuracy of the 

estimates will improve. However, it is likely that statistical models will still be required to 

capture some features of the migration measurement processes, such as accuracy of the 

collection system or undercount. 
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