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A Comparison of IPUMS Microdata and Census Aggregated Data with 

special reference to Native and Migrant Fertility in Greece 

Georgia Verropoulou, Christos Bagavos and Cleon Tsimbos 

 

Abstract  This paper analyses native and migrant fertility differentials in Greece on the basis of the 

number of children ever born alive reported at the 2001 population census, using two data sources, the 

complete aggregate Greek census records and the IPUMS micro-census dataset. Cohort fertility 

measures for Greek, Albanian and Bulgarian female citizens born over 1950-1969 are estimated while 

multinomial regression models are applied to IPUMS micro-data to explore the association of 

education and employment with fertility.  

Albanian women have the highest fertility, followed by the native and Bulgarian women. Among 

Greek females, higher educational attainment and employment reduce chances of having one or two 

children. Τhis pattern, however, does not hold for immigrant women where education has a strong 

significant effect in the opposite direction. Nevertheless, such differentiations disappear when three or 

more children are considered; in this case, more schooling and employment have negative effects both 

among natives and immigrants. The findings also suggest that when dealing with relatively large 

population groups the results obtained from both data sources are fairly similar. However, when 

studying trends or differentials for population sub-groups where sample sizes are small, the estimates 

derived from IPUMS should be treated with caution.  
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1 .  INTRODUCTION 

The decennial census statistics in Greece are the most complete source of information on the socio-

demographic, economic and housing characteristics of the population at a nation-wide scale. Since the 

Second World War 6 censuses were carried out (starting in 1951) providing valuable material at 

various levels of detail and accuracy. The 1961-2001 enumerations are more complete and reliable as 

they were conducted after the reorganization of the National Statistical Service of Greece (1956). The 

census results are published by the National Statistical Service of Greece (NSSG) in special issues 

with the exception of the last census (2001) for which the statistical information is accessible online 

freely to researchers (www.statisticics.gr). The censuses in Greece, as in many other countries, contain 

an enormous amount of information and the published material is presented in aggregate tables 

according to the international recommendations proposed by the United Nations and the EUROSTAT. 

The more recent censuses provide data in greater detail compared to previous enumerations but, of 

course, the available tabulations cannot cover all research needs. In 2004 the Minnesota Population 

Center expanded its ambitious IMPUMS-International project to 16 European countries including 

Greece. The IPUMS micro-census datasets, available since December 2006, provide comparable and 

harmonized information on a wide range of variables based on reliable samples of the national 
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records; the web dissemination and data extraction system are free to researchers on the grounds that 

the users agree to specified rules regarding the confidentiality of the statistical information 

(https://international.ipums.org). As the IPUMS data provide information at individual level, IPUMS-

International becomes an invaluable tool and gives researchers the opportunity to explore variables of 

interest and to perform complicated analysis by applying advanced multivariate statistical techniques. 

Since the early 1990s immigration has been an important element of the demographic changes in 

Greece affecting the growth as well as the structure of the population. Examination of recent 

population trends has shown that net-immigration is almost the sole agent of population growth in the 

country, as the fertility rates of the Greek population have been below replacement level for a long 

time (Billari, 2005; Tsimbos, 2006). Detailed analyses of the levels and patterns of childbearing by 

citizenship reveal that migrants, and particularly Albanians, have higher fertility than the Greek 

population (Bagavos et al., 2006; 2007; Tsimbos, 2008; Tsimbos et al., 2008a; 2008b; Verropoulou et 

al., 2007; Verropoulou, 2009). Obviously, the study of the fertility behavior of the native and the 

migrant populations is an issue of great importance, at least from the demographic standpoint, since 

immigration affects the growth of the population not only directly through migration intakes but also, 

in the long run, indirectly through migrant births. 

In this context the aim of this study is twofold. First, to compare estimates based on both IPUMS and 

complete Greek census data to portray levels, trends and differentials between immigrant and native 

women living in Greece. Second, to demonstrate the importance of the IPUMS micro-census data in 

using advanced statistical techniques to estimate associations of selected socio-economic factors with 

native and migrant fertility in Greece. The strengths and the weaknesses of each data source are also 

discussed. 

 

The paper is organised as follows. Section 2 deals with the data and the statistical procedures used. In 

section 3, we analyse differentials among native and foreign women with particular reference to the 

two most numerous ethnic groups, Albanians and Bulgarians. In addition we apply multivariate 

regression models exclusively to IPUMS micro-census data to estimate the effects of education and 

employment on the fertility of women born between 1950 and 1969 and to discern differentiations 

between the native population and immigrants from Albania and Bulgaria. Finally, in section 4 we 

summarise the results of the analysis and we comment on the differences in the estimates obtained 

from these two data sources. 

 

 

2 .  DATA AND METHODS 

 

The analysis is based on the reported numbers of children ever born alive by women at the time of the 

2001 census. This question was addressed to all women aged 15 or higher and it was received without 
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hesitancy by the respondents. To achieve our purposes, two sets of statistical information are used; the 

first one concerns special tabulations made available by the National Statistical Service of Greece 

based on the complete census counts; the second one, is based on material extracted from the IPUMS 

datasets. The data are cross-classified by year of birth, citizenship of mother, country of birth of 

mother and number of children ever born alive. Table 1 summarizes the variables and the codes used 

from both sources. The following target sub-groups are studied: (a) Greek women born in Greece 

during 1950-1969, (b) Albanian women born in Albania during 1950-1969, and (c) Bulgarian women 

born in Bulgaria in that period.  

 

 

Table 1 Selected variables from 2001 Census and IPUMS data: 1950-1969 birth cohorts 

 

IPUMS data 2001 Census data 

Description of 

variables 

Codes and variables 

retained 

Description of 

variables 

Codes and variables 

retained 

    

    

Year of birth 1950-1969 Year of birth 1950-1969 

    

    

Number of children 0-12 Number of children 0-18 

    

    

 43060 - Greece  656 - Greece 

Country of citizenship 43010 - Albania Country of citizenship 612 - Albania 

 43020 - Bulgaria  631 - Bulgaria 

    

    

 43060 - Greece  656 - Greece 

Country of birth 43010 - Albania Country of birth 612 - Albania 

 43020 - Bulgaria  631 - Bulgaria 

    

    

 
1 for Native-born,  

(1 for Greek women) 

 1- Greek, 

(1 for Greek women) 

 

Nativity status 

2 for Foreign-born, 

(2 for Albanian 

women) 

Indicator of 

citizenship 

2-Double, 3-Foreign 

(2 - Albanian and 3 - 

Albanian for 

Albanian women) 

 

 
2 for Foreign-born 

(2 for Bulgarian 

women) 

 2-Double, 3-Foreign 

(2 - Bulgarian and 3 - 

Bulgarian for 

Bulgarian women) 

 
Note: Target sub-groups: Greek women born in Greece by year of birth and number of children ever born, 

Albanian women born in Albania by year of birth and number of children ever born, Bulgarian women born in 

Bulgaria by year of birth and number of children ever born 
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Demographic measures 

In the absence of vital registration records by citizenship up to the early 2000s, the 2001 census data 

are the only source of information on the reproductive behaviour of the populations under 

investigation. The retrospective statistical information on the reported number of children ever born 

enables a cohort analysis of fertility for native and migrant women in Greece. For each cohort we 

observe differences in the proportions childless and in fertility levels across national groups. In 

addition, differences between successive cohorts are examined. The birth cohort of a woman reflects 

her age at the time of the census which is an important confounder as younger women are unlikely to 

have completed their reproductive lives. The vast majority of immigrants arrived in Greece in the 

1990s (Baldwin-Edwards, 2004; Tsimbos, 2006); hence, only first generation migrants are examined. 

For each population sub-group, cohort fertility rates are estimated using separately the complete 

census counts and the IPUMS data in order to investigate the degree of diversity in the results. 

 

Multinomial regression analysis 

The multivariate analysis is based solely on IPUMS micro-census data. The sample includes 120375 

Greek, 4524 Albanian and 862 Bulgarian women born over the period 1950-1969 with non-missing 

information in the variables of interest.  A detailed description of the sample is presented in Table 2. 

 

Dependent Variable 

As dependent variable the total number of children ever born alive was used. Since proportions having 

four children or more are very low (only about 4%), a four category variant of that variable was 

adopted, denoting whether a woman is childless, has only one child, two children or more than two. 

 

Independent Variables 

In the model, the year of birth of women (cohort) and their age at marriage are controlled for. Birth 

cohort is included as a confounder; apart from the age effects, it encompasses generation effects in the 

sense that women born in the course of the second half of the 20
th
 century progressively changed 

attitudes towards education, employment and childbearing in the countries of south-eastern Europe. 

Age at marriage is included as, for all three populations under investigation, births occur 

predominantly within marriage. 
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Table 2 Frequencies of Greek, Albanian and Bulgarian women by number of children ever born, 

educational attainment and employment status: 1950-1969 birth cohorts 

 

Predictors Greece Albania Bulgaria 

    

Childless women    

Years in education    

At the most primary education (0-6 years) 4,024 114 58 

Any secondary education (7-12 years) 6,923 201 95 

Any post-secondary education (13+ yrs) 6,849 70 32 

Employment    

never-employed 6,562 152 55 

ever-employed 11,234 233 130 

N (Sample Size) 17,796 385 185 

Women with 1 child    

Years in education    

At the most primary education (0-6 years) 4,545 123 20 

Any secondary education (7-12 years) 8,714 424 98 

Any post-secondary education (13+ yrs) 6,129 135 52 

Employment    

never-employed 8,046 303 50 

ever-employed 11,342 379 120 

N (Sample Size) 19,388 682 170 

Women with 2 children    

Years in education    

At the most primary education (0-6 years) 21,810 465 81 

Any secondary education (7-12 years) 25,866 1,497 205 

Any post-secondary education (13+ yrs) 12,688 339 88 

Employment    

never-employed 28,873 1,047 71 

ever-employed 31,491 1,254 303 

N (Sample Size) 60,364 2,301 374 

Women with 3 children or more    

Years in education    

At the most primary education (0-6 years) 12,754 407 56 

Any secondary education (7-12 years) 7,425 640 66 

Any post-secondary education (13+ yrs) 2,648 109 11 

Employment    

never-employed 12,250 601 38 

ever-employed 10,577 555 95 

N (Sample Size) 22,827 1,156 133 

Total Sample Size 120,375 4,524 862 
Source: IPUMS data (https://international.ipums.org/international) 

 

The variables, for which associations with childbearing are examined, are educational attainment and 

employment. With respect to education, we use an ordinal variable, distinguishing between persons 

who have at the most completed primary education (includes illiterate women and those who have 

attended six years of schooling), those who have at the most completed secondary education (7-12 

years) and those who have obtained any post-secondary qualification. Employment is a categorical 

variable. As women born in the period 1950-69 were roughly aged between 30 and 49 in 2000, we 
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consider persons in very different stages of their life cycle. Hence, the sample was divided into only 

two categories. The first category refers to “ever employed” women and includes retired persons, 

currently unemployed (who have work experience and are in search of employment) and the currently 

employed. The second category includes only “never employed” women (non-economically active 

population), mainly comprising housewives, and it is considered as the reference category. 

 

Statistical analysis 

The analysis was carried out using multinomial logistic regression techniques as the dependent 

variable has four categories. Use of ordinal regression, which might have been appropriate given that 

the dependent variable is ordered, was rejected on the grounds that the relevant diagnostics (test of 

parallel lines) failed (Chan, 2005). The goodness of fit of the models was evaluated on the basis of 

Pearson’s Chi-square and of the Deviance tests. The analysis was carried out using STATA 9.2 

 

3 .  RESULTS 

3.1 Aggregate figures 

Table 3 shows the 2001 IPUMS and Census numbers of women born between 1950 and 1969, 

classified in five-year cohort groups, and their relative distribution by ethnic group. IPUMS proposes 

the use of equal weights (=10) for all Greek micro-data. Taking this into account, the IPUMS weighted 

data would then total 1,280,670 Greek, 49,560 Albanian and 9,380 Bulgarian women. Compared to 

the census enumeration, these figures show an undercount of 5%, 8% and 10% for the Greek, 

Albanian and Bulgarian women, respectively. As IPUMS are sample data, the smaller the population 

sub-groups under investigation the greater the risk of detecting large differences in comparison to the 

census. Hence, it seems that there is a need for computing appropriate weights. This becomes more 

obvious when considering the individual five-year cohorts; in the case of Greek women, the 

differences range from 3% to 6%, for Albanians from 7% to 9% and for Bulgarians from 6% to 19%. 

In all cases, IPUMS data tend to underestimate census counts, apart from the 1960-64 cohort of 

Bulgarian women. However, when considering relative distributions or summary measures (see next 

section) differentiation between census and IPUMS data is small, with the exception of the indices for 

the Bulgarian cohorts born over 1955-59 and 1960-64 for which differences may be attributable 

mainly to the very small number of observations included in the sample.  
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Table 3 Women by citizenship and year of birth from 2001Census and IPUMS data: 1950-1969  

birth cohorts 

 

 IPUMS data 2001 Census data 

 Greece Albania Bulgaria Greece Albania Bulgaria 

       

a) Absolute numbers    

       

1950-54 30,656 710 220 317,234 7,753 2,507 

1955-59 32,553 1,101 220 336,405 11,846 2,710 

1960-64 31,831 1,443 265 336,663 15,849 2,486 

1965-69 33,027 1,702 233 352,211 18,342 2,678 

       

1950-1969 128,067 4,956 938 1,342,513 53,79 10,381 

       

b) Percentages    

       

1950-54 23.9 14.3 23.5 23.6 14.4 24.2 

1955-59 25.4 22.2 23.5 25.1 22.0 26.1 

1960-64 24.9 29.1 28.2 25.1 29.5 23.9 

1965-69 25.8 34.4 24.8 26.2 34.1 25.8 

          

Total 100.0 100.0 100.0 100.0 100.0 100.0 

Source: 2001 population census and IPUMS data (https://international.ipums.org/international) 

 

3.2 Cohort native and migrant fertility rates 

The analysis reveals noticeable differences in cohort fertility among the nationality groups under study 

(Figure 1). For all cohorts, Albanian women experience the highest fertility while Bulgarians have the 

lowest and native women are somewhere in between. For instance, the analysis based on census data 

shows that Albanians born in Albania between 1950-1954 have on average 2.45 children per woman 

compared to only 1.93 for Greek and to 1.67 for Bulgarian mothers. The respective figures based on 

IPUMS data are 2.52, 1.95 and 1.65 children per woman born over 1950-1954. Results from both 

sources are fairly consistent. The only exception is Bulgarian women born in the period 1955-1959, 

whose fertility is estimated at 1.64 children per woman by the census data while it is 1.81 children per 

woman according to the IPUMS estimates.  
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Figure 1 Cohort fertility by citizenship based on 2001Census and IPUMS data: 1950-1969 

birth cohort groups 
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Source: Calculations based on the 2001 population census of Greece and the IPUMS micro-data 

(https://international.ipums.org/international) 

 

 

Cohort fertility for all citizenships seems to follow a declining trend over time; this is partly related to 

younger women not having completed their fertility. Comparing the same cohort across citizenships 

reveals differentials in fertility levels the magnitude of which change over successive generations. For 

instance, childbearing levels of Albanian women born in the early years of the 1950s exceed that of 
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Greeks by 27% and 29% according to census or IPUMS estimates respectively; that difference 

decreases to 11% and 9% for those born ten years latter. Similar trends can be observed with respect to 

disparities between Albanian and Bulgarian women. These developments are no doubt related to a 

rather sharp reduction in the cohort fertility of Albanian women born in the 1950s and to changing 

patterns of entry into motherhood and of parity-specific childbearing among the younger cohorts. 

Comparing proportions of women still childless for the different ethnic groups, it is evident that 

Albanian women exhibit the lowest percentage irrespectively of birth cohort while Bulgarian the 

highest (Figure 2). For instance, according to the census data, about 7 percent of Albanians born in the 

first half of the 1950s remained childless compared to more than double that proportion for Bulgarian 

women. The respective share of Greek women is somewhere in the middle (less than 12 percent). This 

ethnic diversity in the proportions of childlessness is confirmed in both datasets. However, proportions 

based on the IPUMS data are at slightly lower levels compared to those from census data, with the 

exception of Bulgarians born in the late 1960s.   

 

With respect to trends for each nationality the figures indicate an increasing tendency to remain 

childless for Bulgarian and Greek women born after 1955, which can not be attributed solely to a 

delay in family formation for the youngest cohorts. The proportions are particularly high for women 

born in the second half of the 1960s; for instance, of the Bulgarian women born in that period, nearly 

one out of three were still childless, whereas the respective figure for Greek women is about one out of 

four. Proportions childless for Albanian women, on the other hand, are lower. 
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Figure 2 Percentage of childless women by citizenship based on 2001Census and IPUMS data: 

1950-1969 birth cohort groups 
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Source: Calculations based on the 2001 population census of Greece and the IPUMS micro-data 

(https://international.ipums.org/international) 
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3.3 Multinomial regression results 

The models presented in Table 4 show Relative Risk Ratios (RRRs) comparing women with one child 

only, with two children and with three or more children to childless women (reference category). 

Frequencies for these variables are presented in Table 3. Contrasting those who have a child to those 

who do not, we observe that patterns differ between native and immigrant women. For Greek women, 

higher educational attainment is related to significantly lower chances of having a first child. In 

particular, women with secondary education have about 10% lower chances of having a child 

compared to those with fewer qualifications; chances for women with post-secondary education are 

reduced by 60%. By contrast, more educational qualifications among Albanian and Bulgarian women 

are related to substantially higher chances of having a child. For the Albanians, the relative risk is 

about 80% higher for women with more that 6 years of schooling while for the Bulgarians the RRRs 

are 160% and 270% higher for women with 7-12 and 13 or more years in education, respectively. The 

findings also indicate that past or current employment reduces by 20% chances of having a child for 

native women but it is not significant for migrants. 

Having two children compared to having none also shows similar patterns; higher educational 

attainment and employment reduce chances very significantly for Greek women.  However, the 

opposite holds among Albanian and Bulgarian women; more years in education correspond to higher 

chances of having two children. Employment for Bulgarian women only is also associated with 

increased chances (119%) of having two children. Nevertheless, such differentiations disappear when 

having three or more children is considered. More schooling and employment have a negative effect 

both among natives and immigrants though more pronounced for Greek women.  
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Table 4 Relative Risk Ratios (RRR) based on Multinomial Logistic Regression, comparing women 

born over 1950-1969 with 1, 2 and 3 or more children to those who are childless 

 

Predictors Greece Albania Bulgaria 

    

Reference category: Childless women    

Women with 1 child    

Years in education    

Ref cat: At the most primary education  1.000 1.000 1.000 

Any secondary education (7-12 years) 0.903*** 1.841*** 2.590*** 

Any post-secondary education (13+ yrs) 0.401*** 1.748** 3.669*** 

Employment    

Ref cat: Never employed 1.000 1.000 1.000 

Ever-employed 0.807*** 1.050 1.380 

    

Women with 2 children    

Years in education    

Ref cat: At the most primary education 1.000 1.000 1.000 

Any secondary education (7-12 years) 0.728*** 1.776*** 1.427 

Any post-secondary education (13+ yrs) 0.304*** 1.198 1.638* 

Employment    

Ref cat: Never employed 1.000 1.000 1.000 

Ever-employed 0.686*** 0.908 2.194*** 

    

Women with 3 children or more    

Years in education    

Ref cat: At the most primary education 1.000 1.000 1.000 

Any secondary education (7-12 years) 0.385*** 0.906 0.658*** 

Any post-secondary education (13+ yrs) 0.134*** 0.396*** 0.306*** 

Employment    

Ref cat: Never employed 1.000 1.000 1.000 

Ever-employed 0.632*** 0.669*** 1.255 

    

N (Sample Size) 120375 4524 862 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Calculations based on the IPUMS data (https://international.ipums.org/international)  
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4 .  DISCUSSION AND CONCLUSION 

In this article we analyse native and migrant fertility differentials in Greece on the basis of the number 

of children ever born alive reported at the 2001 population census. The first part of the study deals 

with estimating cohort fertility measures for Greek, Albanian and Bulgarian female citizens born over 

1950-69, using two sources of data, the complete Greek census records and the IPUMS dataset. The 

analysis reveals that overall, Albanian women have the highest fertility, followed by the native and 

Bulgarian women. The findings also suggest that when dealing with relatively large population groups 

the results obtained from both sources are fairly similar. However, when studying trends or 

differentials for population sub-groups where sample sizes are very small, the results should be treated 

with caution. This could be, for instance, the case regarding the inconsistencies found between census 

and IPUMS data for certain cohorts of Bulgarian women.  

In the second part of our study we apply multinomial regression models to IPUMS micro-census data 

to estimate the association of education and employment with the fertility outcomes of the three ethnic 

groups under investigation. Effects for Greek women are in the expected direction but there are some 

differentiations regarding the other ethnic groups. The statistically non-significant or unusually large 

coefficients estimated for ever-employed Bulgarian women are probably attributable to the very small 

frequencies resulting from breaking down small populations to many sub-groups when considering 

multivariate situations with several explanatory variables. 

The above remarks, however, do not by any means diminish the value of the IPUMS micro-data series 

which is proved an extremely useful tool for performing extensive and detailed research spanning over 

different periods, across countries and within nations. On the contrary, IPUMS census micro-data offer 

for the first time unique opportunities to researchers for manipulating big datasets, previously 

unavailable, and applying modern statistical techniques; evaluation and interpretation of the results, 

however, should be cautious. 
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