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INTRODUCTION 

The volume of immigration to highly developed nations has grown significantly over the last 

four decades. Today, about 60% of the world’s immigrant population resides in relatively 

developed regions while only 33% resides in less developed regions, and the remaining 7% live 

in the least of all developed regions (Lowell, 2007). According to Howe and Jackson (2006), net 

immigration accounts for roughly 40% of total population growth in the United States and about 

90% of total population growth in the EU-15 countries. And Coleman (2006) argued that a third 

demographic transition may be underway in Europe and the United States due to high levels of 

immigration and persistent below replacement level fertility. Moreover, it is highly likely that the 

current increasing pattern of immigration into the developed countries will continue in the 

foreseeable future (Coleman, 2006).  

The impact of international migration is not limited to demographics; it is felt throughout 

economies, cultures, and political systems around the world. Hence, the demand for reliable 

methods that can help us to understand the determinants of bilateral international migration flows 

is greater than ever before.  Nevertheless, there are far fewer studies on the topic than there are 

studies on, for example, the consequences of international migration, and this striking 

discrepancy is perhaps due to a paucity of data on cross-national migration streams (Mayda, 

2005; Vogler & Rotte, 2000).  

In addition to unavailability of data, it is very difficult to compare international migration 

data between countries for the following reasons. First and foremost, the threshold of duration of 

stay to be counted as a migrant varies from country to country. For example, Denmark defines 

immigrants as those who obtain residence permit or work permit of at least 3 months while 

Netherlands defines the duration as 6 months and United Kingdom requires at least 1 year 
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(Singleton, 1999; Lemaitre, 2005). Recognizing this problem, the United Nations (1998) 

recommends member countries define all entrants whose period of residence is at least one year 

regardless of the reason of admission for entry as long-term migrants and persons whose 

residence between three months and one year as short-term migrants. Nevertheless, it is not only 

extremely difficult to adapt or change national systems to meet the recommendation, but also 

there is little incentive for countries to commit to it (Lemaitre, 2005). Secondly, there are huge 

variations in migration data collection practice and methodologies across countries. In countries 

such as Belgium, Germany, and Sweden, migration statistics are generated from population 

registers while other countries, e.g. Australia, Canada, New Zealand, and United States, use 

residence permits to count the number of migrants, and U.K. maintains migrations data based on 

a survey. The different method of data collection makes a big difference in enumeration of 

migrants. For instance, foreign students may be recognized as migrants in the former countries 

whereas those are not considered as migrants unless they hold the so called green card in the 

latter countries. Figure 1 displays a conceptual framework for understanding the relationship 

between timing criteria and volume of migration flows (Raymer & Abel, 2008). It is clear that 

the length of timing is inversely associated with the volume of migration flows. The permanent 

criterion once widely used among former USSR countries reports the fewest number of 

migrations while the last country of residence, which is equivalent to no time criteria, explains 

large volume of migrants. 

[Figure 1 about here] 

These problems can lead to a large discrepancy in the number of migrants for same origin 

and destination country depending on which country reports. This problem is often referred as 

the “double-entry matrices (Kupiszewska & Nowok, 2005).” For instance, in 2002, Italy reported 
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that they received 291 migrants from Denmark whereas Denmark reported they sent 777 

migrants to Italy. Without a reliable method that helps judge which data is more accurate, it 

would not be possible to estimate international migration flows. Moreover, immigration policies 

based on these confusing statistics would be misleading.  

Recently, Raymer and Abel (2008) suggested a method for harmonization based on 

expert knowledge and series of regression models as shown in the figure 2. In essence, Raymer 

and Abel harmonize international migration flows reported by different countries by adjusting 

toward statistics from four Nordic countries (Denmark, Sweden, Finland, and Norway) which are 

empirically proven that they produce the most reliable international migration statistics in the 

world (Kupiszewska & Nowok, 2005). These countries maintain a system of cross validation of 

number of migrants among them. They are relied on the following key assumptions: 1) the 

residual net migration totals reported are correct; 2) immigration data are better than emigration 

data within each country; and 3) emigration data is better than no data. 

[Figure 2 about here] 

METHODS 

Data. The present analysis uses “International Migration Flows to and from Selected Countries: 

The 2008 Revision” from the United Nations Population Division. This document contains panel 

data on the flows of international migrants as recorded by 16 countries (Australia, Belgium, 

Croatia, Denmark, Finland, France, Germany, Hungary, Iceland, Italy, New Zealand, Norway, 

Spain, Sweden, the United Kingdom, and the United States). Various independent variables are 

taken from multiple sources: World Bank, IMF, United Nations, Freedom House, Penn World 

Tables, etc. We consider purchasing power parity (PPP) adjusted GDP per capita, unemployment 
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rate, potential support ratio (PSR), distances between two capital cities, land locked location, 

former colonial link, and official language to test neoclassical economic theory.  

Analysis. Our analysis is organized in three steps. First, following Raymer and Abel (2008)’s 

lead, we harmonize the available international migration data among the 16 countries. We start 

with two matrices of international migration flows: one is reported by receiving countries (Table 

1a) and the other is reported by sending countries (Table 1b). Please note that these two matrices 

present the same direction of migration flows. It might be helpful to read the first table vertically 

while the second one horizontally. We selected year 2002 not only because most of the 16 

countries have inflows and outflows data in that year although the earliest data is available from 

1950, but also because Raymer and Abel used data collected from 2002 to 2005. Tables 1a and 

1b clearly illustrate the double entry matrice problem. When comparing the two matrices, the 

Nordic countries have relatively similar figures although those are not exactly same. Cells in 

light gray color represent missing flows, and ones in dark gray colors are structural zeros. 

[Table 1a about here] 

[Table 1b about here] 

To fill in the missing cells, we use a population-averaged generalized estimating equation 

(GEE) estimator, with which the user can add time-independent variables and can specify panels’ 

within-group correlation structure (Liang & Zeger, 1986; Pedersen et al., 2008; Hardin & Hilbe, 

2003). This is where our approach is different from Raymer and Abel. They estimated marginal 

totals by using OLS (Ordinary Least Square) model and similar sets of covariates as ours. They 

was able to use OLS based on the assumption that net migration, which is equivalent to marginal 

totals in the matrix, reported by national statistical offices are deemed correct. However, UN 

migration data are not only drawn from national censuses, but also from surveys such as UK 
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International Passenger Survey. Hence, unlike Raymer and Abel, we decided to fill the missing 

cells first and adjust the two matrices later.  

One of the key advantages of GEE over other methods is that we can gain efficiency in 

the estimation of parameters by including a hypothesized structure to the within-panel correlation 

(Hardin & Hilbe, 2003). Here, we chose to specify an autoregressive within-group correlation 

structure because there was a significant indication of its presence.
1
  Also, a negative binomial 

distribution of the dependent variable is assumed on the grounds that the dispersion of dependent 

variable is significantly greater than the mean (Walker, 2009). Table 2 presents descriptive 

statistics for variables used in the analysis and the table 3 reports the results of the estimation. 

Then, we get a predicted value for each missing cells. Note that we used coefficients from the 

inflow model for the cells in Table 1a, which are reported by receiving countries, and outflow 

model coefficients to Table 1b, missing cells reported by sending countries. We assume that the 

effect of each covariate is different for inflow and outflow. 

[Table 2 about here] 

[Table 3 about here] 

 Now we have complete sets of international migration flows among the 16 countries. The 

results are presented in Table 4a and Table 4b.  Please note that 4 countries, France, Spain, UK, 

and USA only provide inflow statistics, and their missing cells are concentrated on the bottom of 

the Table 4b. Also, Croatia and UK do not produce even the inflow data for most of the origin 

countries.  

[Table 4a about here] 

[Table 4b about here] 

                                                 
1
 We used XTSERIAL routine in Stata 10.1 to test the presence of within-group autocorrelation. The null hypothesis 

of the test is that there is no autocorrelation. Both in inflow and outflow models, the null hypothesis was rejected 

(p<0.0001). 



 7

Next step is to compute the adjustment factors for each country by following Raymer and 

Abel (2008). In essence, their proposed method is to compute the extent which available 

migration statistics are different from the four Nordic countries and to apply the result to each 

flow. The result is presented at that Table 5. For example, the immigration adjustment factor for 

Iceland is that sum of the numbers reported by the four countries is divided by the sum of the 

same flows reported by Iceland ([1076+37+292+419]/[1092+42+394+433]=0.930). The factor is 

applied to all subsequent inflows to Iceland, e.g. Belgium to Iceland reported by Iceland: 

34*0.930 = 32. Once all the immigration (inflow) and emigration (outflow) are adjusted for 

Iceland, it is deemed to be correct and fixed. Hence, the adjusted statistics are used for 

calculation of adjustment for the next country, Belgium in this case. The iterative process 

continues until the last country statistics are adjusted. 

[Table 5 about here] 

The adjusted migration matrix is presented at the Table 6. The first impression is that the 

final matrix is similar to the inflow matrix (Table 1a) mainly due to small sizes of adjustment 

factor. In Raymer and Abel’s study, adjustment factors for some countries such as Poland, 

Slovakia, and Romania exceeded 25 and they dropped those countries. And we think our UN 

migration data is relatively well performing. Nevertheless, we could not ascertain the order of 

quality of each country’s migration data. This iterative method is heavily relied on the 

assumption that a research or an expert knows the data quality. If the order of adding country to 

the four Nordic countries, e.g. adjusting Germany to the 4 country instead of Iceland, is changed, 

the outcome might differ substantially. 

[Table 6 about here] 
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 CONCLUSION 

We find the following: (1) by harmonizing inconsistencies in migration flows, we believe that 

we arrive at more accurate estimates of international migration flows, and (2) by using panel data 

analysis techniques, we correct for time independent origin-destination specific characteristics 

and improve model estimation to get more reliable estimate for missing flows. In this study, we 

attempted to extend and augment MIMOSA. Most of the previous efforts for harmonization were 

focused in European countries. However, we believe the harmonization of international 

migration statistics must be achieved at the global level. 
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