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Abstract 
Censuses are an important source of international migration flow data. However, their use is limited since they 
indirectly reflect migration, capturing migrant transitions over long intervals rather than migration events, 
whilst also underestimating the number of infants and deaths. Censuses also neglect migration of those 
who are native-born when they only include questions on country of birth, and have sparse temporal 
availability. We propose a Bayesian hierarchical model to overcome these limitations and produce a set of 
robust annual migration flow estimates for South American countries. Our model translates five-year 
transition data from censuses into annual series, corrects biases that arise due to differences in 
measurement and census data quality across countries, and is grounded in migration theory to impute 
missing migration data between censuses. 
Keywords: Bayesian inference, census data, demographic accounting, international migration, migration flows, South 
America 

1 Introduction 
World population growth has decreased monotonically over the last six decades, with South 
American countries accounting for some of the steepest declines (UNDESA, 2022). Based on 
the United Nations (UN) estimates, between 1950 and 2021, the average annual growth rate in 
South America fell from 2.68% to 0.58% (UNDESA, 2022). This was driven by a drop in the re-
gional total fertility rate from 5.6 to 1.81 children per woman and a rise in average life expectancy 
at birth from 50 to 72.96 years (UNDESA, 2022). 

Under this scenario of declining fertility and population ageing, South American governments 
have acknowledged the importance of international migration as the main factor which attenuates 
population decline. South American governments have committed to the Montevideo Consensus 
on Population and Development (ECLAC, 2013a) and have continuously emphasised the import-
ance of international migration during the Regional Conferences on Population and Development 
in Latin America and the Caribbean (ECLAC, 2013b, 2015, 2019a, 2022). National governments 
have also promoted multilateral initiatives (e.g. the Southern Common Market—its Spanish acro-
nym is MERCOSUR, 2023), which have sought to stimulate migration as part of broader efforts to 
promote economic growth. 
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In this context, data on international migration flows are essential. They allow (1) assessing how 
national policies and multilateral initiatives impact migration; (2) measuring of the evolving mi-
gration diasporas and patterns between origins and destinations (Willekens, 2008, p. 119;  
Rogers et al., 2002, p. 32); (3) understanding to be gained regarding key driving factors and mo-
tivations influencing individual migration decisions (De Beer, 2008, p. 292–302; Bilsborrow et al., 
1997, p. 36–39); and (4) assessing the impacts of migration on national population size and struc-
ture (Willekens et al., 2016, p. 897). 

Relatively few studies have attempted to estimate migration flows for South America. Perhaps, 
the most important endeavour to date has been the International Migration Research in Latin 
America project (IMILA, by its Spanish acronym) led by the Economic Commission for Latin 
America and the Caribbean (ECLAC) of the UN (ECLAC, 2020; Moya, 1993). ECLAC routinely 
estimates migration flows for South American countries based on census data and focuses on es-
timating the number of migrants over five-year intervals (labelled as recent migrants, Vargas-Silva, 
2013, pp. 142–143). 

Three key limitations can be identified in the ECLAC estimates. First, they rely on a de-
terministic demographic accounting method to calculate migration flows, which involves 
building contingency tables of recent migrants without accounting for random variation 
across countries, time or data sources. This means that they do not provide measures of un-
certainty of their resulting estimates. Second, ECLAC exclusively uses country of birth as the 
basis for identifying origins, rather than country of previous residence, thereby neglecting 
native-born and return migration. Third, ECLAC only accounts for migrants from origin 
countries whose migrant stocks are more than 500 people, omitting small flows (ECLAC, 
2020). 

In addition to IMILA, migration estimates for South American countries were included in a set 
of global estimates produced by Abel and Cohen (2019), who reviewed six methods to gauge 
five-year bilateral migration flows for 200 countries based on census migration stock data.  
Abel (2018, p. 821) and Abel (2013) proposed a key method that produces estimates which 
rely on the assumption that the estimated flows are equal to the minimum number of transitions 
that match the difference in migrant stocks measured at two points in time. Azose and Raftery 
(2019, p. 116) used a pseudo-Bayesian method which relaxes the ‘minimum migration’ assump-
tion of Abel (2013, 2018) and included multiple types of migrants in their estimates (e.g. 
returnees). 

These estimates continue to comprise five-year migrant transition data. Unlike event data, 
which directly capture migrations, transition data capture migrants. Transitions reflect migration 
indirectly by comparing places of residence at two different points in time, undercounting migra-
tions (events, Willekens, 2008, p. 119). The longer the transition interval, the larger the under-
count (Rees et al., 2017, p. 4; Rees et al., 2000; Rowe et al., 2019). Thus, the five-year 
estimates of Abel and Cohen (2019) and Azose and Raftery (2019) exhibit smaller flows and lower 
variability than actual changes in flows captured by events data. Estimates that refer to shorter 
transition intervals, such as one year, should reduce the negative bias of using transition data to 
estimate flows. 

A common feature defining the limitations of previous studies is the use of census data. 
Censuses are a key source of migration data due to their completeness, reliability, and compar-
ability (Bryant & Zhang, 2018, p. 186; Juran & Snow, 2018; Rodríguez-Vignoli & Rowe, 
2018). However, using censuses to estimate annual migration flows leads to (1) using five-year 
data that result from the most common census question on previous residence, which usually re-
fers to five-year periods, and whose initial and final years do not necessarily match amongst cen-
suses for various countries; (2) measurement errors or biases that arise because a migrant is 
categorised as such if their previous residence is different from the census place, an indication 
that migration is captured indirectly; and, (3) missing data for the intercensal periods, for which 
census data are not available. 

This study overcomes the challenges that estimating migration flows raises by relying on five- 
year flow (transition) census data, rather than data on country of birth (or migrant stock data) 
that were the main data source in other studies. From a theoretical perspective, information on 
the place of residence enables the use of a fixed-interval measure that provides additional detail 
and more consistent measurements of migration (Newbold, 2001).  
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We develop a three-level Bayesian hierarchical model to estimate consistent and robust annual 
bilateral migration flows (see Figure 1) for the 10 largest South American countries, using five-year 
census transition data.1 The first level of our Bayesian hierarchical model translates five-year tran-
sition census data into one-year transition data. While the resulting one-year estimates may be sub-
ject to a translation error, they are valuable for three reasons. First, one-year estimates may reflect 
changes that cannot be captured in five-year data. For example, five-year estimates could not mir-
ror the pattern of those migrants who left Venezuela between 2015 and 2019 due to the 
Venezuelan socio-economic crisis but returned to their country in the context of COVID-19 in 
2020 (López et al., 2020). Second, one-year estimates can be more valuable than five-year data 
for assessing the short-term effects of changes to migration policies. A relatively recent example 
is a resettlement scheme that was created by the UK government for Hong Kong residents that gen-
erated unanticipated effects, but could only be analysed by data that referred to short periods (e.g. 
a year, see Graham-Harrison, 2020). Third, five-year migration flows are not comparable with 
other demographic and socio-economic data, which are usually reported annually (Kitsul & 
Philipov, 1980). 

The second level of our Bayesian hierarchical model (see Figure 1) is a measurement error 
sub-model which is similar to the data model in Raymer et al. (2013). In this sub-model, 
observed data are assumed to map onto the true but unobserved migration flows; that is, 
the true migration flows with some noise due to errors or biases. In this paper, our measure-
ment error sub-model corrects one-year flows that result from the first level of our model by 
standardising them to the most common census approach in South America (i.e. de facto ap-
proach) and by reducing the influence of biases due to the omission of infant migrants, 

Figure 1. Modelling framework to estimate annual bilateral migration flows from five-year transition data extracted 
from censuses. Translation factors are based on five-year migrant stocks and one-year number of foreign-born 
individuals whose first arrival to census places was at most four years prior to each census (i.e. x = 0, 1, 2, 3, 4). (a) A 
variable is defined independently for origins and destinations; (b) both variables at time t and lagged term are 
included in the model; (c) only the lagged term is included in the model; (d) natural logarithm transformation is used; 
(e) ratio is calculated as the value in origins over values in destinations. GDPPP (Gross Domestic Product per person). 
Source: Authors’ own work.  

1 This paper illustrates the potential to effectively predict annual migration flows from five-year transition data ex-
tracted from censuses, capturing corridor-specific variations. South America is the case study used for this purpose. We 
expect to expand our method with data from other regions. This work has already been undertaken under the FUME 
(Future Migration Scenarios for Europe) initiative, which is a project funded by the European Union Horizon 2020 
(Grant ID 870649), in which country-to-country migration flows between South America and Europe are estimated using 
our method.  
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migrant deaths, the migration of native-born populations, as well as differences in census data 
quality quantified from census availability, coverage and the use of a unique questionnaire. 

The third level of our Bayesian hierarchical model in Figure 1 is a theory-driven migration sub- 
model; analogous to the migration model in Raymer et al. (2013). This sub-model imputes missing 
migration flows for years during intercensal periods, i.e. when census data are unavailable. The 
third level of our proposed method corresponds to an Autoregressive Distributed Lag (ADL) sub- 
model with repeated measures that uses variables highly correlated with migration. 

The resulting estimates from our three-level Bayesian hierarchical model are of the true (unob-
served) international migration flows amongst countries, in which a migrant is tacitly defined as a 
person whose country of residence at the date of the (given) census differs from their place of resi-
dence at least one year before arriving at the census place. Following Raymer et al. (2013), the term 
‘true flows’ is used in reference to the latent (unobserved) flows, and for which measures of uncer-
tainty are computed. 

The remainder of this paper is organised into five sections. In Section 2, we present the input 
data and the challenges that using census data imply, that is, the five-year/one-year problem, 
census-specific biases and a lack of information in the intercensal period. In Section 3, we specify 
the three-level Bayesian hierarchical model, which seeks to tackle the challenges identified in 
Section 2. Section 4 presents the results of our model. In Section 5, we describe the estimated an-
nual bilateral migration flows and compare them against other estimates. Section 6 provides a 
summary of the work and reflections on this paper’s contribution to the field of migration studies. 

2 Background 
2.1 Data 
We consider a migration system composed of 10 destinations j and 18 origins i. Destinations refer 
to Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay, and Venezuela. 
Our selection of destinations was limited by the availability of micro-census data. We selected 
countries with (1) the biggest population sizes; (2) the largest number of native-born living abroad; 
and (3) the highest number of foreign-born individuals living in their territories. According to  
UNDESA (2022), the total population of the chosen destinations covers more than 90% of the to-
tal South American inhabitants. Additionally, the selected countries represented 96% of the South 
American international migrant stocks (UNDESA, 2020c) and hosted 98.2% of the international 
migrants who lived in the region in 2020 (UNDESA, 2020a).2 

Origins consist of all the destinations plus territories which have had intensive migration ex-
change with South America, that is, North America (which embodies the USA and Canada) and 
Spain. Flows from these origins were considered independently of their respective continents 
and were prioritised over other potential countries since North America and Spain (1) have 
long-established histories of migrant exchange with South American countries and (2) remain 
as significant arriving territories for South American migrants (De Haas et al., 2022). 
According to UNDESA (2020c), North America has been the main destination of South 
American migrant stocks outside South America since 1990. Indeed, the FEM & IOM (2022,  
2023) prioritise the analysis of migration from and to the USA and Canada over other territories 
in the Americas. In the case of Spain, UNDESA (2020c) shows that Spain has been the main origin 
of migrant stocks to South America since 2010. The National Institute of Statistics of Spain 
(Instituto Nacional de Estadística, 2023) confirms this, and identifies South America as a major 
contributor to the country’s international pool of migrants, and especially Colombia, Ecuador, 
Peru, and Venezuela. 

We grouped all other origin countries or the rest of the world into continents: America, Africa, 
Asia, Europe, and Oceania, and assumed a closed population system (Carmichael, 2016, p. 21). 
Migrants from the rest of the world to South America represented 29.6% of the total recent 

2 For the rest of the paper, the term South America refers to the set of the 10 chosen countries. Guyana, Suriname, 
dependent territories (i.e. the Falkland Islands–UK, South Georgia and South Sandwich Islands–UK) and internal terri-
tories (i.e. French Guiana–France) were excluded from the analysis because of two reasons. First, their census data either 
lacked the question of place of residence and/or the labels of origins were not available or accessible at the moment of the 
extraction of the data. This, in turn, made it impossible to identify the origins of migration flows. Second, flows from and 
to these territories can be considered to be negligible. This appreciation is based on their share of stocks (UNDESA, 
2020b).  
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migrants reported in the census data in our destination countries. We do not consider migration 
amongst the rest of the world’s continents. 

Migration flow data can be seen as two-level hierarchical data. We have migration corridors on 
the top level (level 2). A migration corridor comprises an origin i and a destination j, where i ≠ j. In 
total, there are 170 migration corridors ((18 − 1) × 10).3 We have repeated measures per each mi-
gration corridor in the bottom level (i.e. level 1) of the two-level flow data structure. We drew on 
census micro-data of the destinations covering the period from 1986 to 2018 (33 years), from 28 
censuses (see Table 1). Data availability constrained the analysis to this time frame, and yielded a 
data set of 5, 610 entries (i.e. 170 corridors×33 years). See Table 1 and Supplementary Material 
(SM) A for details about the data. The data were extracted using Redatam7 (ECLAC, 2019b) and 
Redatam+SP (ECLAC, 2019c).4 

We identify migrants by comparing their country of residence at the census date as well as that 
five years prior to the census (so-called transition flows), and captured origins and destinations as 
well as different types of migrants (e.g. returnees, see Villa, 1991, p. 25). With these data, migrants 
can be identified regardless of their country of birth (Vargas-Silva, 2013, pp. 142–143). 
Information on their usual place of residence, when available (see Table 1), was used to remove 
non-usual residents, e.g. visitor population. Additionally, information on countries of birth and 
years of arrival was used to translate five- into one-year transition data (as detailed in Section 2.2). 

2.2 Translating from five- to one-year transition data 
Census data are a key source of migration data because of their completeness, reliability and com-
parability (Bryant & Zhang, 2018, p. 186; Juran & Snow, 2018; Rodríguez-Vignoli & Rowe, 
2018). Nonetheless, most censuses only provide information on recent migrants, i.e. the number 
of people whose place of residence at the census date was different from their residence five years 
prior to the census. As mentioned in Section 1, it is more convenient to work with one-year data 
than five-year flows due to the higher value of the former. 

It follows that converting five- into one-year flows not only improves the usefulness of the census- 
based estimates but also enables the differences between five- and one-year data to be quantified; 
thereby providing a better understanding of migration and the effects of how these demographic 

Table 1. Year and type of censuses in South America 

Country Decade  

1990s Type of census 2000s Type of census 2010s Type of census  

Argentina  1991 De facto  2001 De facto  2010 De facto 

Bolivia  1992 De facto  2001 De facto  2012 De facto 

Brazil  1991 De jure  2000 De jure  2010 De jure 

Chile  1992 De facto  2002 De facto  2017 De facto 

Colombia  1993 De jure  2005 De jure  2018 De jure 

Ecuador  1990 De facto  2001 De facto  2010 De facto 

Paraguay  1992 De facto  2002 De facto  – – 

Peru  1993 De facto1  2007 De facto  2017 De facto 

Uruguay  1996 De facto  – –  2011 De jure 

Venezuela  1990 De jure  2001 De jure  2011 De jure 

1 Despite that this census is de facto, neither the census questionnaire nor the database contain a question regarding usual 
residences, impeding the identification of usual residents. Source: Authors’ own work.  

3 Destinations, census places, census countries, and receiving countries are used interchangeably in this document. 
Additionally, origins and sending countries are equivalent in this study. 

4 Redatam7 is software which enables the extraction of data from censuses, national household surveys, and admin-
istrative records of Latin America and the Caribbean countries (ECLAC, 2019b). Redatam+SP is the online version of 
Redatam7 (ECLAC, 2019c).  
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events are reflected and measured in migrant data (Nowok, 2010; Nowok & Willekens, 2011). 
However, translating from five-year to one-year interval data is a challenging task. This is because 
dissimilarities between the interval data are driven by various factors (Kitsul & Philipov, 1980;  
Rees, 1977; Rogers et al., 2010; Rogers, Raymer & Newbold, 2003), with return and onward migra-
tion being the key sources of differences (Dyrting, 2018; Rogerson, 1990). 

SM B shows the proportion of first-time movers, returnees, and onward migrants estimated by using 
data extracted from censuses for which both five- and one-year information is available: Brazil 1991, 
Brazil 2000, Brazil 2010, Colombia 2005, Colombia 2018, Uruguay 2011. First-time movers are mi-
grants whose country of birth and residence one or five years prior to the (given) census were the same, 
but different from the given census (and residence) country. Returnees are migrants whose country of 
birth differed from their residence country one or five years before the census, but was the same as the 
census country at the census date. Finally, onward migrants are migrants whose country of birth and 
residence one or five years prior to the census and census place at the census date were all dissimilar. 

In general, differences in the numbers of first-time movers and onward migrants for one- and five- 
year intervals were small, with the latter larger than the foremost. Out of the total number of mi-
grants registered in the Brazilian, Colombian and Uruguayan censuses, the percentage of first-time 
movers captured via the question on residence one year prior to a census was 34.4%, close to the 
37.1% of first-move five-year migrants. Onward one- and five-year migrants’ shares were 5.95%

and 6.89% in the censuses, respectively. In contrast, the divergences in numbers of five- and one-year 
returnees tended to be larger. Returnees represented 61.6% of the one-year migrants and 58% of the 
five-year movers. For some specific origins, the differences were larger. As an illustration, the 1990 
Brazilian census shows that returnees from Ecuador to Brazil between 1986 and 1990 were more 
than five times greater than returnees between 1989 and 1990 from the same origin. 

Rogers et al. (2010) assessed the influence of age profiles who, conditional on survivorship, 
shaped differences in five- and one-year migration data. They showed, for example, that five-year 
migration age schedules displayed a consistent and rapid decline in the propensity of migration at 
around age 10. By contrast, one-year migration age schedules exhibited a more gradual fall during 
the 20s. These disparities may respond to the different motives that individuals have to migrate to 
their destinations. It is likely that a five-year migrant had moved between countries due to a family 
reunion, whereas a one-year migrant had changed his/her country of residence due to work. These 
differences are not reflected in South American data. For instance, the 2010 Brazilian census shows 
that there was not much disparity in the ages of five- and one-year migrants, although the counts of 
migrants did vary depending on the transition interval. This suggests that the motives captured by 
both one-year and five-year migrants in South America may not differ as much as in other regions. 

Discrepancies between five- and one-year migration can also be seen spatially (Kitsul & Philipov, 
1980; Rogers et al., 2010; Rogers, Raymer & Newbold, 2003). In the case of South American coun-
tries, the origins that contribute the largest and the smallest number of migrants to destinations are 
similar for the five- and one-year intervals. For example, the 2018 Colombian census shows that the 
first four origins with the highest number of migrants residing outside Colombia one or five years 
prior to the respective census date were, in order, Venezuela, the USA, Spain, and Ecuador. In 
the one- and five-year flows, the share of migrants was approximately 87% from Venezuela, 
2.2% from the USA, and 1.8% from Spain. In the case of Ecuador, the percentage changed from 
1.4% in the five-year flows to 1.01% in the one-year flows. From the fifth main origin, the rank 
of other sending countries and/or their size do vary. While five-year migrants showed -in order- 
Argentina, Chile, Mexico, Brazil, and Panama as the next five important sending countries, the or-
der of one-year migrants’ origins was: Chile, Argentina, Mexico, Brazil, and Panama. 

All previous studies have established and exploited the relationship that exists between five- and 
one-year data to translate five-year data into one-year estimates. We could not establish this relation-
ship for all South American countries. Indeed, this was only possible for six out of 28 South American 
censuses, because not all censuses contain questions about residence for both five and one year prior 
to a census date. We, therefore, implemented a different approach, explained in Section 3.1. 

2.3 Migration measurement errors in censuses 
The fact that censuses do not measure migration directly, i.e. by counting events, results in multiple 
measurement errors. We use the concept of error in this paper to refer to the (unknown) differences  
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that exist between the (non-corrected) one-year flows and true (unobserved) flows. Errors include 
not only systematic biases but also random terms (Buonaccorsi, 2010; Gustafson, 2003). 

A first source of error in census-based estimates arises from differences in migrant counts 
based on de jure and de facto censuses. De jure censuses count legal residents, and may imply 
the capturing of individuals who are not present on census day as well as the exclusion of un-
authorised migrants (Swanson & Tayman, 2011, p. 7). In contrast, de facto censuses count 
every person present on census day, which may result in not enumerating usual residents 
who are absent from their country of residence (Siegel & Swanson, 2004, p. 49), and may 
also include non-resident population such as visitor population, seasonal population, and day-
time population (Swanson & Tayman, 2011). In practice, the latter is less problematic as de 
facto censuses usually contain a question on the actual country of usual residence. Table 1 re-
veals predominantly de facto censuses in our sample of South American countries (18 de facto 
censuses vs. 10 de jure censuses). 

Existing literature on measuring the effects of de facto and de jure census approaches on migra-
tion has focused on three aspects: (1) subnational populations (Swanson & Tayman, 2012, 
pp. 105–114, 313–330), (2) specific groups of migrants (e.g. foreign-born, Judson & Swanson, 
2011); and, (3) the effect of only one of the two approaches on population estimates (Rayer, 
2015; Swanson & Tayman, 2011). In our study, we measure the effects of the difference between 
the de jure and de facto approaches at a national level. 

A second source of error is the omission of infant and non-surviving migrants. Rees et al. 
(2000, p. 208) define infant migrants as those individuals who were born in a different country 
than the census place and have migrated there within the transition interval of interest. Since the 
question about residence five years prior to each census was used to capture migrants in this 
study, infant migrants refer to children under five years old. Typically, infant migrants are esti-
mated based on one-year interval data (Bell et al., 1999; Raymer & Rogers, 2007; Rees et al., 
2000). However, such data are not available for all South American countries. To take into ac-
count infant migrants, we assumed that migrant stocks of persons aged 0–4 were equal to the 
migration flow in the same age group, i.e. infant migrants were all children aged 0–4 whose 
country of birth differed from the census place (Rogers & Jordan, 2004, p. 42; Rogers, 
Raymer & Willekens, 2003, p. 56). We thus imply and assume that all children aged 0–4 
have migrated only once during their lifetime. 

As previously stated, transition census data also neglect non-surviving migrants, i.e. individu-
als who were alive and migrated to a census place during the transition interval of interest but 
died before the census date (Hinde, 2014; Rees, 1977, p. 251). Non-surviving migrants have 
been incorporated into our flows estimates by using data on deaths from different sources 
(e.g. population registers), and demographic accounting methods to control for deaths in migra-
tion flows (e.g. Abel & Cohen, 2019; Azose & Raftery, 2019; White & Van der Knaap, 1985). 
We correct flows for non-surviving migrants by using annual data on migrant deaths deduced 
from the Demographic Books 1986–2018 published by the UN Demographic Yearbook 
System (UNSD, 2020). The total number of migrant deaths in census country j from origin i 
at year t, denoted by d(1)

ijt , is equal to the total deaths D(1)
jt in the destination j and year t times 

the proportion resulting from the number of migration flows per origin, z(1)
ijt divided by the total 

population P(1)
jt , that is: 

d(1)
ijt = D(1)

jt ·
z(1)

ijt

P(1)
jt

. (1) 

The superscript ‘(1)’ indicates that these values are annual information. Notice that we assumed 
that the mortality rate of migrants arriving from origin i is the same in all age groups, given that 
we do not disaggregate flows by age. The resulting data on both infant migrants and migrant 
deaths has been standardised by dividing by two standard deviations (SD). Following Gelman 
(2008, p. 2871), these variables are first logged and then standardised to put them on a common 
scale and to enable the interpretation of the coefficients as low or high values. 

For the 1990 Venezuelan and 2010 Argentinian censuses, the origins of recent migrants cannot 
be specified. Instead, we used the country of birth as their origins as in ECLAC (2020). This implies  
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that, for these two censuses, only foreign-born recent migrants could be identified, but not the 
native-born. For the rest of the South American censuses, the number of both foreign-born and 
native-born recent migrants could be established. 

Migration flow estimates can also be biased due to differences in census data quality (Jensen, 
2013, p. 11–12). We assessed the quality of census data based on the UN recommendations on 
availability, coverage, and the use of a unique questionnaire (UNDESA, 1998, 2008, 2017). 
Details of the criteria and assessment method are reported in SM C. Data quality was evaluated 
for each country. Bolivia, Ecuador, and Venezuela were classified as having very good census 
data quality. Argentina, Brazil, Chile, and Peru were categorised with good quality, whereas 
Colombia, Paraguay, and Uruguay were assessed as being fair quality. Following previous re-
search (Del Fava et al., 2020; Kupiszewska & Wiśniowski, 2009; Raymer et al., 2013;  
Wiśniowski et al., 2016), we used census quality as a classification parameter in the model that 
determines the accuracy of the data (see Section 3.2). 

2.4 Migration flows in the intercensal periods 
UNDESA (1998, 2008, 2017) recommends carrying out censuses every 10 years to balance the 
need for census data and the complex logistics involved in collecting them. This gap leads to miss-
ing data in the intercensal periods. Figure 2 shows the years for which information on migration in 
census data is not available for our South American countries. The percentages of missing annual 
data vary between 54.5% and 69.7%. Given this, the imputation of missing data is necessary, and 
we do so by using a theory-driven migration sub-model (see Section 3.3) that corresponded to an 
ADL specification with repeated measures that use variables highly correlated with migration. 

3 Methods 
3.1 Translating five-year intervals into a one-year interval sub-model 
The first level of our hierarchical model translates five-year census data into one-year transition 
data. To achieve this, we followed a similar approach to the method proposed by Rogers, 

Figure 2. Five-year periods to which the South American census questions on residence five years prior to each 
census refer. Source: Authors’ own work.   
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Raymer and Newbold (2003, p. 593), which converted data on interregional migration flows for 
the USA and Canada. Rogers, Raymer and Newbold (2003) assumed that five-year 
interval migrants z(5)

ijt from origin i registered in destination j in year t equate to one-year interval 
migrants z(1)

ijt multiplied by an inflation factor (aka re-scaling factor), f (·): 

z(5)
ijt = z(1)

ijt · f (·). (2) 

Unlike Rogers, Raymer and Newbold (2003), we do not have observed data on flows for z(1)
ijt or for 

building a re-scaling factor f (·). Instead, South American censuses provide observed five-year flows 
z(5)

ijt and observed stocks of migrants Sijt born in country i and living in destination (census country) 
j. Resultantly, we assumed an analogous re-scaling (or translation) factor g(x), the expected value of 
which is based on the ratio of the observed total number of five-year foreign-born migrants registered 
at the census place S(5)

ijt and the number of foreign-born individuals S(1)
ijt−x, whose first arrival to j was at 

most four years prior to each census (i.e. at time t − x where x = 0, 1, 2, 3, 4). From a theoretical 
perspective, and following Bengochea and Saucedo (2018, p. 55), the year of the arrival of foreigners 
enables knowing the entries of migrants, and is a good proxy for migration flows. As presented in  
Equation 3, we defined that our translation factor g(x) follows a Normal distribution truncated to 
negative values, and its corresponding precision is defined as τg = 1

σ2
g
, where σ2

g ∼ Γ(10, 2). 

g(x) ∼ Normal+
S(5)

ijt

S(1)
ijt−x

, τg

 

for x = 0, 1, 2, 3, 4. (3) 

We assumed that our observed five-year flows z(5)
ijt follow a Poisson distribution with an expected and 

unobserved value μ(5)
ijt (see Equation 4). The Poisson distribution allows estimating (1) non-negative 

figures and (2) right-skewed values with high-density mass for small counts but very low flows at the 
positive end of the distribution. 

z(5)
ijt ∼ Poisson μ(5)

ijt

 

z(5)
ijt ∼ Poisson μ(1)

ijt−x · g(x)
 

for x = 0, 1, 2, 3, 4.
(4) 

The expression μ(5)
ijt is the expected value of the observed five-year flows z(5)

ijt . The term μ(1)
ijt−x —or μ(1)

ijt 

as referred to in the rest of this paper—alludes to the translated and uncorrected flows, which are es-
timated and are the input for our measurement error sub-model (see Section 3.2). The term μ(1)

ijt−x is the 

expected value of the unobserved z(1)
ijt and reflects the fact that the translated flows come from time- 

specific means instead of a common mean. The expression g(x) is our translation factor based on mi-
grant stocks, in which x is the number of years since the migration occurred. For g(x), data on stocks 
were used and extracted from South American censuses, which ask foreign-born individuals for their 
year of arrival in the country of destination. For countries that do not have data on migrant stocks or 
years of arrival, we followed Newell (1988, p. 150). That is, we assumed the ratios of counter flow. 
For example, suppose that the census of Argentina does not have data on the year of arrival for mi-
grants whose country of birth is Bolivia. In such an instance, the same translation factor as for the 
Bolivia–Argentina flow was used for the Argentina–Bolivia flow. SM D illustrates our derivation 
of translation factors with synthetic data. 

3.2 Measurement error sub-model 
This section presents the second level of our Bayesian hierarchical model. This level corresponds to 
a measurement error sub-model, and is analogous to the one proposed by Raymer et al. (2013). 
Our measurement error sub-model corrects for discrepancies in censuses in measuring migration 
(Section 2.3) by standardising values to the most common census approach used in South America  
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(i.e. de facto perspective), and removes biases due to the omission of infant migrants, migrant 
deaths, and flows of native-born, as well as quantifying differences in census data quality. 

We assumed a lognormal sub-model for the expected one-year interval counts of migrants, μ(1)
ijt 

(Equation 5), to estimate the true (unobserved) migration flows yijt from origin i to destination j in 
a given year t. The lognormal distribution ensures non-negative migration flow estimates and al-
lows the overdispersion in the variance of the estimated migrant counts (Willekens, 2008, p. 124). 
The relationship between one-year interval migration flows and true flows is then 

ln μ(1)
ijt

 
∼ Normal ln (yijt) + θX1jt + ωX2ijt + κX3ijt + νX4jt, τβq(j)

 
. (5) 

We assumed that the expected value of the log-transformed translated flows (ln(μ(1)
ijt )) corresponds 

to the log-transformed true migration flows yijt, corrected for errors or biases, as explained in 
Section 2.3. That is, yijt refers to one-year translated migration flows inferred from de facto 
data, and corrected for the omission of infant migrants, migrant deaths, or native-born flows; rep-
resented by the other additive components in Equation 5. We seek to estimate yijt, and provide cor-
responding measures of uncertainty for them. 

Variable X1jt = 1 when a census in the destination assumes a de jure approach; X1jt = 0 other-
wise. X2ijt and X3ijt represent the standardised log-transformed annual counts of infant and 
non-surviving migrants, respectively. X4jt = 1 when the values observed in the census neglect 
native-born population flows (i.e. in the 1990 Venezuelan and the 2010 Argentinian censuses); 
X4jt = 0 otherwise. The term τβq(j)

, where q(j) = 1, 2, 3, refers to the precision of the errors of 
each data quality group (very good quality, good, and fair quality, respectively). 

SM E presents assumptions made on prior distributions for each parameter in Equation 5 and 
discusses how they were defined. Since there is no ‘gold standard’ benchmark data used in the sub- 
model, we ensured the parameters’ identification and convergence by truncating some of them. 
The truncation was based on the belief that certain biases can produce that translated flows μ(1)

ijt 
are smaller than the true flows yijt. For example, translated flows were expected to neglect infant 
migrants and, therefore, were smaller than the true flows. Consequently, the truncation, for ex-
ample, for ω, was placed in the positive numbers of the distribution. 

3.3 Theory-driven migration sub-model 
As stated in Section 2.4, censuses capture data on migration over a fixed interval from a specific 
point in the past to the census date. Therefore, data gaps exist between census years. To create 
a complete time series of data points, the third level of our Bayesian hierarchical model (see  
Figure 1) imputes missing data. In so doing, we employed a theory-driven migration sub-model 
that corresponded to an ADL model with repeated measures of order 1 that uses variables highly 
correlated with migration. This sub-model is analogous to the migration model in Raymer et al. 
(2013). SM F.1 indicates the data sources. We specify our migration sub-model as: 

ln (yijt) ∼ Normal(u0ij + u1ijyijt−1 + α1Bijt + α2 ln (Pjt−1) + α3 ln (Pit−1)

+ α4 ln (Sijt−1) + α5 ln (Sjit−1) + α6 ln (Imijt)

+ α7 ln (Exjit) + α8 ln
Git

Gjt

 

+ α9 ln
Git−1

Gjt−1

 

+ α10 ln
Uit

Ujt

 

+ α11 ln
Uit−1

Ujt−1

 

+ α12Ejt + α13Eit + α14 ln
LEit

LEjt

 

+ α15PSVjt + α16PSVjt−1 + α17PSVit + α18PSVit−1

+ α19Lijt, τy),

(6)  
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where yijt refers to the true migration flows as in Equation 5, and τy is the precision of it, for which 
τy = 1

σ2
y
, where σy ∼ Γ(3, 2). The terms u0ij ∼ Normal(0, 12) and u1ij ∼ Normal(0, 12) reproduce a 

two-level data structure that enables corridor-specific intercepts and autoregressive terms, respect-
ively. As a supra level or at level 2, we have 170 corridors, which correspond to the number of all 
origin-destination pairs ij where i ≠ j. For each corridor, we had repeated measures, i.e. the true 
flows were estimated across 33 years from 1987 to 2018 with 1986 being the baseline year, that 
is, t = 0, 1, 2, 3, . . . , 32. In total, we had 5,610 observations in our level 1: 33 years ×170 corridors. 

The regression coefficients α1, . . . , α19 are regression coefficients of our predictors, and include 
geographical, demographic, socio-economic, political, and cultural factors. The geographical fac-
tor is the contiguity between pairs of countries (or belonging to the same continent for grouped 
origins) Bijt. Contiguity is considered to be a proxy for ‘distance’ between countries, which is 
one of the key terms in the gravity models (Bertoli & Moraga, 2017, p. 72; Sen & Smith, 
1995). Given that gravity models are sensitive to the assumed measure of distance (Alimi et al., 
2015), contiguity was used as a variable to reflect the fact that intraregional flows represent a large 
proportion of the South American flows that occur between border cities/towns (Pagnotta, 2014). 
In addition, we wanted to avoid highly sensitive outcomes resulting from the adoption of a specific 
distance measure (Alimi et al., 2015). For example, if distances between capital cities in South 
America were taken into account, then flows from Brazil/Chile to Venezuela may be affected. 
The distance between Brasilia (Brazil) and Caracas (Venezuela) is greater than the distance be-
tween Brasilia and Santiago de Chile (Chile, see Mayer & Zignago, 2011). Nonetheless, Brazil, 
and Chile have higher intensities of migration. Whilst Brazil and Chile do not have a border in 
common, Brazil, and Venezuela share a border of 2,199 km (Mangabeira & Montilla, 1928;  
Pereira Leal & Sanojo, 1859). 

Demographic factors include the lagged terms of population size at origins Pit−1 and destina-
tions Pjt−1, bilateral migrant stocks Sijt−1 born in i and living in j, and migrant stocks Sjit−1 born 
in j and living in i. The size of the population at the origins captures the population at risk of mi-
gration (Hinde, 2014, p. 193), while the size of the population at the destinations captures the 
combined effect of increased emigration and return flows leading to high gross migration (Kim 
& Cohen, 2010, p. 902; Newell, 1988, p. 84). Migrant stocks served as a proxy for migrant net-
works in destinations and a source of migrants returning from their origins (Mayda, 2010, 
p. 1253). We used lagged terms for variables related to populations to reduce endogeneity 
(Abdallah et al., 2015; Arestis et al., 2007). 

Socio-economic factors are represented by imports Imijt and exports Exjit at census countries j; 
the log ratio of the Gross Domestic Product per person (GDPPP) at sending countries Git over 
GDPPP in receiving countries Gjt, and its lagged term; the log ratios of the unemployment rate 
at origins Uit over the same rate at destinations Ujt, and the immediately previous value; mean 
years of schooling at sending Eit and receiving countries Ejt; the log ratio of life expectancy at ori-
gins LEit over destinations LEjt (for rationale see, e.g. Hatzigeorgiou, 2010, p. 13; Girma & Yu, 
2002, pp. 123–124; Ortega & Peri, 2013, pp. 59–62; and Mayda, 2010, pp. 1268–1270). We used 
ratios of GDPPP, unemployment rates and life expectancy to capture the assessment that migrants 
undertake when comparing their conditions in their origins and destinations. We also included 
lagged terms of predictors associated with GDPPP and mean years of schooling to account for de-
layed effect of the changes in these covariates. 

Political factors include the Political Stability and Absence of Violence (PSV) Index for origins 
PSVit and destinations PSVjt. Hatton (2009), Melander and Öberg (2006, pp. 145–146) and  
Neumayer (2005, pp. 394–396) show evidence of increased violence being linked to higher emi-
gration. By contrast, inflows, e.g. of displaced persons, tend to increase in countries recording pol-
itical stability and low levels of violence. We also added the lagged term of these variables to 
consider the deferred effect of violence on migration. 

To measure the influence of cultural factors, we included a binary variable Lijt, which captures 
whether the origin and destination countries share their respective first official language (Adserà & 
Pytliková, 2015, pp. 71–72; Ginsburgh & Weber, 2016, p. 343; Özden & Schiff, 2007, p. 42). 

Continuous predictors are standardised by centring and dividing by two SDs as suggested by  
Gelman (2008). For continents or grouped origins, we used the sum of the population in sending 
countries i and receiving countries j, migrant stocks born in i and living in j, migrant stocks born in  
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j and living in i, imports and exports. For the rest of the continuous variables, we used their mean. 
We imputed missing information on predictors, given that the migration sub-model required com-
plete information (see SM F.2). The prior for αp ∼ Normal(0, 0.5) where p = 1, . . . , 19. Terms 
u0ij ∼ Normal(0, 12) and u1ij ∼ Normal(0, 12) (see SM G for sensitivity analysis to the assumed 
prior distributions). 

Unlike other studies such as Sorichetta et al. (2016), we decided to use a wide range of variables 
to impute our true migration flows. We have employed non-time-sensitive (e.g. population sizes) 
and time-sensitive variables (e.g. income) to impute our migration flows. While the first group re-
duces the uncertainty of estimating flows (Azose & Raftery, 2015), the second set of covariates can 
quantify abrupt changes (Bijak et al., 2019; Kim & Cohen, 2010). Similar to this study, existing 
research has used a similar, or wider set of factors to model migration flows (e.g. Abel, 2010;  
Jennissen, 2004; Raymer et al., 2013), since migration is a complex and volatile process. SM G 
assesses the number of covariates in the theory-driven Autoregressive Distributed lag model. 

4 Model results 
This section presents the results of our three-level Bayesian model, the parts of which were fitted 
jointly in order to tackle and address the problems of the census-based estimates described in 
Sections 2.2, 2.3, and 2.4. The posterior characteristics of the parameters of the proposed hier-
archical model were obtained by using MCMC implemented in JAGS software, which is a cross- 
platform program for Bayesian analysis (Plummer, 2003). JAGS code and data on the estimated 
true migration flows can be found in Aparicio-Castro et al. (2023). Convergence was assessed visu-
ally and numerically, using the diagnostics available in the package coda (Plummer et al., 2006,  
2020). Further in this section, we discuss the results of all three sub-models. 

4.1 Translating from five- to one-year migration sub-model results 
Figure 3 compares the natural logarithmic transformation of country-to-country one-year ob-
served migration flows zijt obtained from censuses which provide one-year flows (i.e. the 1991 

(a) (b) (c)

Figure 3. Comparison between the natural logarithmic transformation of one-year observed migration flows zijt 
obtained from censuses which provide one-year flows (i.e. the 1991 Brazilian, 2000 Brazilian, 2010 Brazilian, 2005 
Colombian, 2018 Colombian and 2011 Uruguayan censuses), and the natural logarithmic transformation of the 
one-year migration flows calculated based on (a) a naive translation (i.e. assuming that z(1)

ijt = z(5)
ijt /5), (b) the 

translation approximation proposed by A&R (Azose & Raftery, 2019, i.e. assuming a Long–Boertlein index equal to 
1.5), and (c) the mean resulted from implementing our proposed translation. Source: Authors’ own work.   
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Brazilian, 2000 Brazilian, 2010 Brazilian, 2005 Colombian, 2018 Colombian, 2011 Uruguayan 
censuses), and the natural logarithmic transformation of the one-year migration flows calculated 
based on three methods. In Figure 3a, we show the migration flows resulting from a naive trans-
lation, i.e. assuming that five-year migration data are five times higher than annual data 
(z(1)

ijt = z(5)
ijt /5). Figure 3b depicts the migration flows obtained from assuming a Long–Boertlein in-

dex equal to 1.5 as in A&R (or Azose & Raftery, 2019, see Supporting Information in pp. 9–10) to 
account for the difference between one- and five-year transitions. Figure 3c displays the translated 
flows calculated from our proposed method. 

Following Abel and Cohen (2019), the comparison of the logarithmic transformation enables 
exploration of whether the patterns of each pair of sets of estimates are similar to the trend of 
the observed flows. If the translated flows coincided exactly with the observed flows, then all 
values would fall on the 45-degree lines in Figure 3a, b, and c. Overall, the trend of the one-year 
ratios based on the year of the arrival of foreigners follows the pattern of the observed one-year 
migration flows obtained from the censuses, which have five- and one-year data (Brazil 1991, 
Brazil 2000, Brazil 2010, Colombia 2005, Colombia 2018 and Uruguay 2011). However, the 
correlation coefficient for our proposed translation is the lowest Pearson coefficient (ρ3 = 0.93). 
Despite ρ3 being the smallest coefficient, it still shows a strong correlation with the observed 
data. 

In addition to correlation coefficients, we computed the difference between the input data and 
the resulting flows using the naive, Azose and Raftery (2019), and our proposed translation. On 
average, flows obtained from the naive translation show 53 fewer migrants (SD = 13, 685) than 
the observed values. Migration flows gauged by adopting Azose & Raftery’s (2019) assumption re-
sulted in a mean difference of 2, 026 fewer migrants (SD = 17, 197) than the input data. The mean 
of our translated flows shows, on average, 2, 079 more migrants (SD = 16, 779) than censuses that 
provide one- and five-year flows. Our calculated 95% Credible Intervals (or CIs95%) captured 73% of 
the 330 observed census values we use for the current assessment of our proposed translation. We 
obtained a mean precision τg = 1.89 (SD = 0.65) with CIs95%(1.04, 3.49) that reached convergence. 
SM G presents the sensitivity analysis to the assumed prior distributions. 

Generally, this paper’s approach is more accurate when it comes to predicting extreme values. 
This is beneficial as it prevents the smoothing out of sudden changes caused by unforeseen events, 
such as the political and economic crises that may lead to migration. This information is useful for 
those who use estimates of migration flows, for example, it may enable policy makers to make 
more informed decisions. As an example, the proposed method could more accurately estimate 
the flow of people from Venezuela to Colombia (as seen by the yellow triangles in Figure 3c) 
and provide a better indication of the impact of migrants on Colombian territory (ICG, 2022). 

The greatest disparities are seen in the data from earlier censuses, such as the number of mi-
grants from Canada recorded in the 1991 Brazilian census (the two outermost circles on the left 
side of the 45-degree line in Figure 3c). These data are likely to be of lower quality than more recent 
censuses, as census data collection processes have improved over time. 

The response rate for questions regarding the year of first arrival was a factor in determining the 
quality of the translation method. Countries that provide five- and one-year migration flows have 
higher response rates. All Brazilian censuses had a perfect response rate of 100%. The Colombian 
census response rate improved from 91% in 2005 to 95.5% in 2018, while the 2011 Uruguayan 
census had a response rate of 98%. Nevertheless, the average response rate among the 28 South 
American censuses during the study period was 79.4% (SD = 17.4%). 

Despite the discrepancies between the observed and the resulting mean estimated one-year mi-
gration flows, the proposed method is an improvement over existing methods for three reasons. 
First, it maximises the utility of one of the most reliable and common data available worldwide, 
transition census data, by converting five-year flows into annual values. This reduces the effect 
of long time intervals in transition data on the estimation of migration flows (Kupiszewska & 
Wiśniowski, 2009; Weeks, 2016). Second, the proposed method can capture country-specific fluc-
tuations in flows within each five-year period rather than averaging them. This allows for the cap-
ture of extreme flows, such as those moving from Venezuela to Colombia during the 2013–2018 
period, and provides measures of uncertainty. Third, the proposed translation method is based on 
the dynamics of international migration rather than internal migration, as in Azose and Raftery 
(2019), Rogers, Raymer and Newbold (2003), and Newbold (2001).  
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4.2 Measurement error sub-model results 
Table 2 presents the results of the measurement error sub-model. The posterior of θ indicates that 
censuses that assume the de facto concept registers, on average, −(exp( − 0.56) − 1) × 100% = 
43.0% smaller flows than censuses that adopt the de jure notion. This means that the true flows 
are smaller than the translated flows, and implies that the de jure population in the South 
American countries is larger than the de facto population. In terms of migration, this suggests 
that the number of legal South American residents is greater than the actual number of dwellers 
in these countries, confirming that emigration from the region is very common. Furthermore, 
the result of θ signals that unauthorised migrants do not constitute a large proportion of South 
American flows, which could be an outcome of multilateral agreements (e.g. MERCOSUR) which 
enable free movement and the possibility of residing and working in countries of the region that 
are different from individual’s own nationality (Weeks, 2016). 

Our results suggest that the concept used to conduct a census does have an impact on the estimation 
of migrants in South America. This is in contrast to Siegel and Swanson (2004), who argued that the 
differences between de jure and de facto concepts are insignificant at the national level. This could be 
because most South American censuses use the de facto notion, which is different from the de jure 
view that is more common in developed countries (Swanson & Tayman, 2012; UNDESA, 2007). 

The parameter ω suggests that the log-transformed annual flows derived from the reported five- 
year flows (see Section 2.2) are −(1.20−0.003 − 1) · 100% = 0.05% smaller than the true flows for 
every 20% · 2SD increase in the number of infant migrants. Likewise, the parameter κ expresses 
that the log-transformed and translated annual flows are −(1.20−0.002 − 1) · 100% = 0.03% smaller 
than the true flows per 20% · 2SD increase in the number of migrant deaths. These results reveal that 
the error in the one-year flows estimated in Section 2.2 due to the omission of infant migrants is of 
the same magnitude (i.e. marginal) as the error arising from neglecting migrant deaths. The differ-
ence between the parameters related to infant migrants was expected to be larger because infant mi-
grants represent 7.2% (SD = 6.6%) of the total flows (that is, children under five years of age + 
migrant deaths + estimated one-year flows). In contrast, a small bias for non-surviving migrants 
was foreseen since the percentage of migrant deaths out of the total flows is 0.5% (SD = 0.2%). 

The parameter ν suggests that estimates based on country of birth, which only accounts for 
foreign-born migrants, are −(exp( − 0.94) − 1) × 100% = 60.9% lower than flows based on resi-
dence or true flows, in which both foreign-born and native-born migrants can be distinguished. 
This outcome was anticipated since native-born migrants constitute a significant share of the ob-
served flows—around 55% of the total migrants registered in South American censuses. 

The higher the posterior means of τ in Equation 5, the more precise the true flows are (that is, 
they have high accuracy). As expected, the mean posterior precision of censuses classified as having 
very good data quality (τβ1

) was the highest. However, censuses determined to have good quality 
data (τβ2

) resulted in smaller mean precision than censuses classified with fair quality data (τβ3
), 

although the 95% CIs overlap. This could be due to aspects that this paper did not consider in 
the data quality assessment detailed in SM C, or because the difference in the evaluation of the cen-
sus quality of ‘good’ and ‘fair’ is negligible. 

Table 2. Measurement error sub-model parameters using census data 

Parameter Mean SD q2.5% Median q97.5% psrf1 ESS2 MCSE3  

θ (de jure) −0.56 0.16 −0.87 −0.56 −0.25 1.00 3265.30 0.00 

ω (infants) −0.003 0.003 −0.010 −0.002 −0.0001 1.00 5580.44 0.00 

κ (deaths) −0.002 0.002 −0.006 −0.001 −0.00004 1.00 6000.00 0.00 

ν (native-born migrants) 0.94 0.13 0.69 0.94 1.19 1.00 6000.00 0.00 

τβ1 
(very good quality) 5.96 1.12 4.26 5.80 8.54 1.00 3041.12 0.02 

τβ2 
(good quality) 3.54 0.39 2.86 3.51 4.38 1.00 3227.84 0.01 

τβ3 
(fair quality) 3.83 0.47 3.02 3.78 4.90 1.00 4090.25 0.01 

1 Potential scale reduction factor. 2 Effective Sample Size. 3 Monte Carlo standard Error defined as MCSE = SD����
ESS
√ in  

Kruschke (2014, p. 187). Source: Authors’ own work.   
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4.3 Migration sub-model results 
Figure 4 reports the posterior characteristics of migration sub-model parameters and SM G displays 
the results of our sensitivity analysis to the assumed prior distributions. In absolute terms, the most 
important predictors are contiguity (|α1| = 3.68), language (|α19| = 3.31), population in origins 
(|α3| = 1.65), migrants stocks born in i living in j (|α4| = 1.35) and GDPPP ratio at time t 
(|α8| = 1.31). The effect of contiguity is consistent with the findings in Pagnotta (2014) related to 
the importance of adjoining cities/towns in intraregional flows. Similarly, and as Adserà and 
Pytliková (2015), Ginsburgh and Weber (2016), and Özden and Schiff (2007) indicate, cultural fac-
tors, such as sharing a common language, play a significant role in South American migration. 

In the case of migrant stocks, our results show the existence of a negative effect of migrant stocks 
on flows, a finding which is in line with the downward trend of the inverse U-shaped relationship 
between flows and stocks described by Bauer et al. (2009) for the Mexican–USA migration. 
According to Bauer et al. (2009), the initial positive relationship between flows and stocks is 
due to the fact that migrant stocks attract more migrants. However, when the concentration of 
individuals with similar skills and backgrounds reaches a certain point, it has a negative effect 
on wages and, consequently, on the number of migrants whose main motivation is their destin-
ation income. 

Surprisingly, the population in origins obtained a higher effect than other factors (e.g. migrant 
stocks). This could be seen as evidence of the aspirations-capabilities framework of De Haas 
(2021). According to De Haas (2021) and the empirical evidence of Clemens (2014), the realisa-
tion of a migration is based on the aspirations and capabilities of an individual to undertake an 
international movement. If a country of origin has a large population and, thus, a high number 
of potential migrants, migration flows may increase if the country’s overall income rises sufficient-
ly to allow their residents to afford an international movement (i.e. the number of potential mi-
grants could be translated into actual migrants). In the case of South America, the effect of the 
population of origin may be amplified by the fact that South American income has increased 
over at least the last couple of decades (OECD, CAF, ECLAC & European Commission, 2019). 

Figure 4. Posterior means (circle) and medians (cross mark) of migration sub-model parameters with 60% (darker 
segments) and 95% (lighter outer lines) Credible Intervals; i = origins and j = destinations. Source: Authors’ own 
work.   
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Associated with the population in origins, the GDPPP ratio parameter signs a positive result, 
corroborating the suggestions that individuals have to acquire the resources needed to migrate. 
Following Ortega and Peri (2013), Cornia (2011), Mayda (2010), and Girma and Yu (2002), 
and the fact that OECD, CAF, ECLAC & European Commission (2019) has indicated that 
South American income is likely to continue to rise, it would not be surprising if the region in-
creases its importance as an origin of migrants for other areas, for example, Europe. 

In absolute terms, the mean years of schooling at the destinations (|α12| = 0.21) had the weakest 
association with the estimated true migrant flows. This variable was included in the migration sub- 
model to reflect whether migrants’ value human capital investment and the subsequent return that 
they can acquire from migrating to, and arriving in a specific receiving country as Dustmann and 
Glitz (2011) suggest. This study’s results show that certain forms of migration that focus more on 
acquiring new skills are not determinant in intraregional South American flows. Our results also 
suggest that quality of life (seen in |α14| = 0.44) may not differ much between sending and receiving 
countries, not affecting migration heavily in South America. 

5 The estimated true migration flows 
5.1 Description of results 
Figure 5 displays a set of posterior means and 95% CIs for the natural logarithmic transformation 
of the estimated true corridor-specific migration flows among the South American countries in our 
sample. SM H presents the natural logarithmic transformation of the estimated true migration 
flows from the rest of the world to South America. 

The mean total number of migrants to South America was determined by adding up the resulting 
estimates of this research for all migration corridors for all years, and equates to 9.4 million people 
with CI60%(5.6, 16.2). To identify the main historical destinations in the region, the total number 
of migrants to each destination was divided by the total number of migrants across all South 
American countries during the 1986–2018 period. Brazil, Colombia, and Chile recorded the high-
est proportions: 32.8%, 16.6%, and 12.1%, respectively. In contrast, Ecuador, Uruguay, and 
Bolivia had the smallest inflows; 2.9%, 3.0%, and 3.4%, correspondingly. 

This paper also identifies the primary historical origins of South American migrants by dividing 
the total number of movers from a given sending country by the total number of migrants in all of 

Figure 5. Natural logarithmic transformation of the translated one-year flows (black solid line) and estimated 
one-year (true) migration flows (blue solid line) with 60% and 95% Credible Intervals (CIs) amongst South American 
countries, i.e. Argentina (AR), Bolivia (BO), Brazil (BR), Chile (CL), Colombia (CO), Ecuador (EC), Paraguay (PY), Peru 
(PE), Uruguay (UY) and Venezuela (VE), from 1986 to 2018. Source: Authors’ own work.   

16                                                                                                                                    Aparicio-Castro et al. 
D

ow
nloaded from

 https://academ
ic.oup.com

/jrsssa/advance-article/doi/10.1093/jrsssa/qnad127/7420535 by guest on 26 D
ecem

ber 2023

http://academic.oup.com/JRSSSA/article-lookup/doi/10.1093/jrsssa/qnad127#supplementary-data


South America from 1986 to 2018. Analysis of the data reveals that the countries of origin were 
Venezuela (12.4%), Argentina (12.0%), and Colombia (8.1%). Europe was the region outside of 
South America with the highest number of migrants, with 1.2 million people, which is 13.0% of 
the total South American immigration. In contrast, Oceania, Canada, Uruguay, and Africa had 
the lowest number of migrants, each contributing less than 1.0% of total flows. 

The resulting estimates show considerable variation in the main migration routes in the region 
throughout the years of analysis. From 1986 to 1999, the estimated average number of migrants 
was 2.8 million, with 12.9% of them travelling between Colombia and Venezuela. The third lar-
gest number of migrants was from Europe to Brazil; 6.0% of the total. From 2000 to 2009, the 
estimated mean was 2.7 million, with more than 10% of the inflows coming from Venezuela to 
Colombia. Additionally, migrants from Europe and Asia to Brazil accounted for 5.1% and 
2.9%, respectively. From 2010 to 2018, the estimated number of migrants was 3.9 million, 
with the highest proportions of total flows from the region being from Venezuela to Colombia 
(23.1%) and from Europe to Brazil (21.0%). 

5.2 Comparative analysis 
Conducting a comparative analysis of the resulting true migration flows was challenging because 
there is no set of gold standard estimates for South America that could be used. Therefore, this 
paper compared the resulting synthetic data with three sets of existing migration flows. The first 
set of flows was calculated by Abel and Cohen (2019), and who indicated that one of the methods 
that produces consistent estimates is the Demographic Account Minimisation closed method 
(DAMC). The second set of calculations is that gauged by Azose and Raftery (2019), who imple-
mented the Demographic Account Pseudo Bayesian closed method (DAPBC). This method relaxes 
the assumption of ‘minimum migration’ of the DAMC estimates. According to Abel and Cohen 
(2019), both the DAPBC and DAMC methods produce consistent estimates. Finally, the last set 
of values used in this comparative analysis corresponds to the recent migrants reported by  
ECLAC (2020); referred to as IMILA values. 

We assess the correlation between our true migration flows and the DAMC, DAPBC, and 
IMILA estimates were assessed by computing Pearson correlation coefficients (see Figure 6). 
This paper compared counts and their natural logarithmic transformation, and proportions, as 
suggested by Abel and Cohen (2019). Five censuses were the focus of this comparison: the 
2010 Argentinian census, the 2000 and 2010 Brazilian censuses, the 2005 Colombian census, 
and the 2010 Ecuadorian census (see Figure 6). These censuses were chosen because the estimates 
from DAMC, DAPBC, and IMILA are based on five-year intervals, and they are a suitable tem-
poral match for the observed data. Only country-to-country flows were compared, and excluded 
grouped origins (i.e. America, Africa, Asia, Europe, and Oceania) as they might encompass differ-
ent countries. 

The comparative analysis assessed the temporal and spatial consistency that exists between the 
resulting estimates of this research and the DAMC, DAPBC, and IMILA values. Perfect pairwise 
correlations were not sought because DAMC, DAPBC, and IMILA estimates refer to five-year in-
tervals, and are based on migrant stock data. In contrast, the resulting true flows are annual values 
and drew on the number of recent migrants. The Pearson coefficient was highest when comparing 
the true number of migration flows and the DAPBC values, while the smallest number was the re-
sult of contrasting the resulting estimates of this research and IMILA. Figure 6 also reveals that the 
correlation coefficients obtained by comparing the natural logarithmic transformations of the re-
sulting true flows and the values of DAMC, DAPBC, and IMILA were higher than those resulting 
from the analysis of the relationship between sets of counts. 

We also compute the proportion of bilateral flows over the total number of migrants. The result-
ing Pearson coefficients indicated that the proportions based on true flows and those derived from 
DAMC, DAPBC, and IMILA values had a stronger linear relationship than the correlation with 
the respective counts and logarithmic transformations. IMILA values were higher than those ob-
tained from the resulting true flows, with the largest discrepancy being for the flows from 
Colombia to Ecuador in the 2005–2010 period. The proportions calculated based on the resulting 
true flows matched the DAPBC-based proportions in origin-destination-specific migration flows 
more closely than the other values.  
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Overall, our migration estimates were more consistent with the DAPBC values than those gen-
erated using either the DAMC or IMILA techniques. This implies that both sets of values also pro-
duce similar spatial patterns, and encompass all counts and most of the log-transformed values. It 
is reasonable that the resulting flows were more similar to the DAPBC results than the DAMC es-
timates since the first set of values did not include the assumption of ‘minimum migration’. This 
assumption required that flows correspond to variations in migrant stocks, and meant that flow 
estimates were strongly connected to foreign-born migration, and disregarded the effect of native- 
born movements. 

In addition, we notice that a high degree of consistency between pairs of sets occurs as the qual-
ity of the census is better. The four sets of estimates showed a similar number of migrants for most 
of the inflows to Ecuador when the census data was classified as very good. However, the estimates 
of the various methods varied significantly when the quality of the data was poor. The inflows to 

Figure 6. Comparison between the number of estimated true flows, the natural logarithmic transformation of true 
flows and the proportions of the estimated true migration flows, and the Demographic Account Minimisation closed 
method, Demographic Account Pseudo Bayesian closed method and International Migration Research in Latin 
America project estimates for five selected censuses: the 2010 Argentinian, 2000 and 2010 Brazilian, 2005 
Colombian and 2010 Ecuadorian censuses. Source: Authors’ own work.   
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Argentina and Colombia had the most significant discrepancies, and their census migration data 
were classified as ‘good’ and ‘fair’, respectively. 

5.3 Sensitivity analysis 
A sensitivity analysis was conducted to determine how the true flows vary when certain input data 
were removed. SM I presents the detailed results of the study. Three validation models were cre-
ated by partially removing input data and then this paper compared the resulting values with the 
estimates of the original model that were generated using the full data set. The first validation mod-
el excluded data from the 1991 Brazilian, the 1990 Ecuadorian, and the 1990 Venezuelan cen-
suses, which provided most of the information before 1990. The second model excluded data 
from the 2002 Argentinian, the 2001 Bolivian, and the 2002 Paraguayan censuses. The third 
and final validation model excluded data from all censuses after 2015, such as the 2017 
Chilean, the 2018 Colombian, and the 2017 Peruvian censuses. 

In general, the removal of data from censuses that provide the majority of information before 
1990 had the greatest impact on the estimates for Brazil, for which the original model outcomes 
were moderately larger than those produced by the validation model. This is reasonable, as the 
1991 Brazilian information corresponds to a destination with one of the highest flows in South 
America. Although the CIs95% encompassed the values in the validation model, the changes in 
the means may have been due to the fact that the covariates in the theory-driven sub-model 
were unable to account for large flows and all the abrupt changes in them. 

In the second validation model, the estimates from Argentina and other countries were slightly 
impacted by the partial removal of the data. The mean estimates of the original model and their 
95% confidence intervals were higher than the values obtained by this validation model. It was an-
ticipated that the removal of data from one of the Paraguayan censuses would have a more signifi-
cant effect on its estimates since Paraguay only had two censuses in 1986 and 2018 compared to 
the other countries which had three censuses. Nevertheless, the theory-driven migration sub- 
model could more accurately impute data in the Paraguayan case, which suggests that small flows 
can be better accounted for. Lastly, the third validation model mainly affected the estimates for 
Colombia, which were moderately affected by the partial removal of data from the censuses after 
2015. 

6 Concluding remarks 
6.1 Contributions 
In this article, we proposed and implemented a novel method, which refers to a bespoke model to 
estimate complete, reliable, comparable, and consistent annual bilateral migration flows for South 
American countries from 1986 to 2018 (i.e. a 33-year period) with measures of uncertainty. The 
proposed method makes six substantive contributions to research on migration flow estimation. 

To begin with, the proposed method transformed five-year census data into one-year transition 
data, maximising the utility of censuses, the most commonly available source of migration data. 
This paper expanded the utility of migration estimates derived from censuses by converting five- 
year into annual information. Annual migration flows can evidence short-term changes which can-
not be captured in five-year data. Annual migration flows can also facilitate monitoring short-term 
changes due to migration policy shifts. They can also enable integration with other annually re-
corded demographic and socio-economic data; and comparability with data recorded over non- 
overlapping five-year periods. 

An additional advantage of the proposed method is the possibility of incorporating 
origin-destination-specific variation. The proposed method thus offers the potential to generate 
annual migration estimates for other geographical settings outside South America, dealing with 
challenges that European or US data may not have due to their data having benefited from the rela-
tive enforcement of the harmonisation of migration statistics taking place after the implementa-
tion of, e.g. Regulation No. 862/2007. 

Moreover, the proposed method corrected differences between censuses and inadequacies in 
census data to consider cross-national differences in how migration data is collected. 
Specifically, it measured and corrected differences in de jure and de facto measurement, as well 
as the omission of infant and non-surviving migrant populations, and decomposed and  
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incorporated the overall migration flows of foreign-born and native-born migrants. In addition, 
the proposed method enabled the quantification of the omission of native-born migrants, who 
are often excluded from migrant count estimates. This is a relevant contribution because native- 
born migrants comprise a large share of the total flows for specific migration corridors in South 
America. 

To identify any systematic bias or errors in censuses, an understanding of the available data on 
migration and their sources is required. Much existent literature in migration studies has focused 
on assessing quality and sources of data on migration for countries such as those belonging to the 
EU-27, EFTA, and the UK (e.g. Disney et al., 2015; Lemaitre, 2005; Mooyaart et al., 2021;  
Nowok & Kupiszewska, 2005). This paper systematically reviewed South American censuses 
and developed a method for quantitatively evaluating census data quality used to measure migra-
tion. Previous efforts to do so for South America have mainly been qualitative (e.g. Tacla Chamy, 
2006). Including data quality metrics in the migration model specification proved especially rele-
vant when comparing the resulting true migration flows to existing estimates (Abel & Cohen, 
2019; Azose & Raftery, 2019; ECLAC, 2020). 

Finally, the proposed method included a theory-driven migration sub-model to impute missing 
migration flows, and consistently filled data gaps between censuses. This study is the first analysis 
to integrate this type of imputation with the transformation of five-year migration flows into one- 
year interval data and the correction of estimates for different biases in a coherent methodological 
framework for South America. This integration included the quantification of uncertainty and im-
proved existing calculations based on migrant stock data. 

Alongside the proposed method, the resulting estimates contribute to addressing an existing gap 
of complete, reliable, comparable, and consistent annual bilateral migration flows for South 
America. Focusing on the 10 biggest South American countries and since information on migra-
tion is usually incomplete and incomparable, the resulting estimates are useful for global partner-
ships, governmental, non-governmental, and intergovernmental organisations (e.g. the UN and 
their dependencies like the Commission for Latin America and the Caribbean—ECLAC, and/or 
the United Nations Department of Economic and Social Affairs—UNDESA) as well as academic 
and research institutions. Specifically, the resulting estimates help in the study of migration itself as 
well as the generation of other estimates, e.g. reconstructing populations, for the 10 biggest South 
American countries, and account for rapid changes and measures pertaining of the uncertainty of 
migration flows that other analysis has lacked (e.g. in IMILA values). This is not a minor contri-
bution, taking into account that UNDESA (2022) has acknowledged the lack of reliable annual 
demographic data for more than 75% of the countries worldwide. 

6.2 Limitations and future work 
We highlight critical and major areas for future improvement. First, the resulting migration esti-
mates could benefit from assuming prior distributions based on eliciting expert opinion on model 
parameters and selecting predictors. These could improve the estimation of flows of specific cor-
ridors whose censuses have fair-quality data. Expert opinion has been used successfully to estimate 
European migration flows (e.g. in Raymer et al., 2013; Wiśniowski et al., 2013). Yet, surveying 
experts remains challenging because collecting their opinion requires additional resources and ac-
cess to experts with relevant knowledge. 

Second, future work could combine census migration data with other sources, such as admin-
istrative and new forms of data, e.g. derived from social media, to compensate for the limitations 
of census data (e.g. biases due to the omission of infant migrants and migrant deaths). This would 
help better understand the relationship between the definitions of migration used in different sour-
ces. Finally, the uncertainty of imputing predictors in the migration model could be incorporated 
into the resulting migration flows. 
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