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1. Introduction

Contemporarily, the need for high-quality forecasts of international migration is becoming
increasingly significant. Population movements are gaining in importance, given the
diminishing impact of natural change on population dynamics. This is especially vital in the
developed regions of the world, such as Europe, which are already facing zero or negative
natural population growth (e.g., van der Gaag and van Wissen, 1999; Kupiszewski, 2002b).
Moreover, the role of migration is not limited to demography, as it also affects many other
areas of social life, including economy, labour relations, politics, and culture. On the other
hand, in a globalising world, the migratory processes are becoming more and more dynamic
and complex (Kory$ and Okolski, 2004). In consequence, migration forecasts are associated
with a high level of uncertainty and usually bear very high ex-post errors (NRC, 2000).
Nevertheless, as noted by Dawid (1984: 278), “one of the major purposes of statistical
analysis is to make forecasts about the future [and] to offer suitable measures of uncertainty
associated with unknown events or quantities”. What follows, is a need for developing a
migration forecasting methodology that would address the mentioned issues and postulates.

In order to propose a new methodology for migration forecasting, a thorough overview and
critical analysis of the existing methods should be made beforehand, especially as there is a
wide variety of approaches in the prediction-making practice. Since international migration is
a very complex and multi-dimensional phenomenon, its modelling and forecasting involves
methods emerging from different disciplines of science: demography, geography, economics,
statistics, sociology, political science, or even advanced methods of theoretical physics.

The aim of the current paper is to provide a discussion of various methods, together with an
overview of particular theories of international migration and their possible role in setting the
forecast assumptions. The rationale of the study is thus to provide background information for
the development of an alternative methodology for migration predictions, with focus on the
probabilistic approach, which acknowledges the uncertainty issue in a coherent manner. The
paper is a continuation and an extension of the one of Bijak (2005), where the issues related to
uncertainty in migration predictions are discussed in a relatively more detail.

The structure of the current paper reflects the notion that socio-economic predictions can be
based either on general, well-grounded laws and theories, or on various descriptive models
designed to suit specific research questions. Therefore, the discussion firstly offers a brief
overview of selected migration theories, as well as a short evaluation of their applicability in
forecasting international population flows. Subsequently, a survey of particular models and
methods used in migration predictions up to date is presented, with a distinction between
deterministic and probabilistic ones, depending on the way the uncertainty issue is addressed.
The presented models and methods are finally compared and evaluated from the point of view
of their usefulness for the purpose of migration studies.



2. Explaining migration: a brief overview of selected theories

2.1. General Remarks

According to Chojnicki (1977), one of the approaches in socio-economic forecasting, referred
to as nomological, is to derive predictions about the future directly on the basis of theories or
laws governing the phenomena under study. However, such theories should be universal and
robust enough in order to be straightforwardly concretised in the forecasts. Nevertheless, even
if a direct application of the existing theories is not possible, they can provide suggestions for
the construction of more specific forecasting models. For these reasons, the current section
presents a selective discussion of theories that could be most relevant for that purpose,
followed by a brief assessment of their applicability in the macro-level prediction-making in
Section 3. The aim is therefore not to offer a comprehensive overview of migration theories,
but rather to indicate and evaluate approaches that can be potentially useful for the
construction of forecasting models.

A brief insight into the structure of the discussion, reflecting a distinction between
sociological, economic, geographical, and unifying (cross-disciplinary) theoretical
perspectives of human population flows is shown in Figure 1. It has to be noted that the
presented survey of migration theories is by no means complete, and that much more
comprehensive discussion is offered in Massey et al. (1993), Zlotnik (1998), and Jennissen
(2004: 31-57). For example, the distinction between theories explaining the initiation of
international migration, and the ones related to the perpetuation of population movements,
introduced by Massey et al. (1993), is not considered in the current study. Such a division
might be potentially useful, if a forecaster would make an attempt to distinguish migration
continuing under unchanging external circumstances, from the ones related to system shocks
(political or economic), the latter explained by the theories of initiation of population flows.

There is a clear distinction between internal and international migration. Although the current
study focuses on the latter, involving crossing the countries’ borders, many theories
attempting to explain population movements refer to internal migration. Nevertheless, they
are included in the discussion, because contemporarily, given the globalisation processes, the
complexity of migratory phenomena increases (Korys$ and Okolski, 2004), while the diversity
between the mechanisms driving internal and international migration becomes less and less
obvious. The Polish case study prepared by Korcelli (1994) suggests that in the present-day
world both types of population flows may become more and more substituting, and that
prospective migrants would migrate either internally or externally, making decisions on the
basis of a cost-benefit analysis. This hypothesis has been recently cautiously confirmed in a
study of Polish migration prepared by Kupiszewski (2005). However, in an analysis of 132
European regions from seven countries, prepared by Stillwell et al. (1999), very little



statistical evidence has been found for the existence of direct linkages between regional
international migration and interregional migration.

Generally speaking, in the contemporary Europe the differentiation between internal and
international migration seems to be rendered less relevant by the process of European
integration with respect to the freedom of movement of persons and labour force, which
directly applies to the four countries under study: Germany, Italy, Poland and Switzerland .
This notion has been supported by Janicki (2005: 13—-17), who also observed that in many
border regions within the European Union, international migration flows dominate over the
internal ones. This is despite the continuing presence of various socio-cultural barriers, which
remain in place even after the administrative ones are gradually being removed. On the other
hand, it may be also argued that especially in the situation of Poland and other Central
European countries after the EU accession in 2004, the freedom of movement intensifies
international migratory processes (see for example Kupiszewska, 2006), rather than the
internal ones. This line of reasoning is consistent with the suggestions presented before: given
the partial dissolution of institutional barriers, prospective migrants rationally choose their
destinations, and reveal their ‘true migration preferences’, rather than limit themselves to
what is available inland.

Figure 1. Selected migration theories offered by various disciplines of science

Theories of migration

Sociological Economic Geographical Unifying
I
Intervening Macro Micro Spatial Migration
opportunities ' ' interactions systems theory
(Stouffer, 1940) Classical Neo-classical (Kritz et al.,
(Lewis, 1940) (Sjaastad, 1962; Gravity theory 1992)
Push-pull factors Todaro, 1970; (Stewart, 1941;
(Lee, 1966) Neo-classical Borjas, 1980) Zipf, 1946; Isard, Multidisciplinary
(Harris and 1960; Lowry, 1966) approach plus
Migrant networks Todaro, 1970) Value-expectancy mobility
(Taylor, 1986) (DeJong and Entropy transition
Keynesian Fawcett, 1981) (Wilson, 1967) (Massey, 2002)
Transnational (Hart, 1975)
social spaces New economics Catastrophe
(Pries, 1999; Dual labour of migration theory and
Faist, 2000) market theory (Stark and bifurcations
(Piore, 1979) Bloom, 1984) (Wilson, 1981)
Cummulative causation ;"::;'ﬂ:ﬁgnr??:;ﬁ |
(Massey, 1990) and Taylor, 1989), Mobility
Institutional theory Wage differantials transition
(Massey et al., 1993) (Stark, 2003) (Zelinsky, 1971)

World systems theory
(Wallerstein, 1974)

Source: own elaboration, corroborating on Zlotnik (1998) and Kupiszewski (2002b)



Attempts to synthesize knowledge on spatial population movements in a form of a coherent
theory date back to the migration laws of Ravenstein (1885; 1889). He generalised
observations on internal migration in Great Britain and found that the intensity of the process
was influenced by several factors: distance, population size of the origin and destination
regions, absorption capacities of the latter, sex of migrants, etc. Although he found the rural-
urban flows to be dominant, he also acknowledged the presence of return migration.

In the 20th century, attempts to assign a theoretical framework to migratory phenomena have
been made by the representatives of various disciplines of science, including sociology,
economics, and human geography. The systematics of the theories presented in the current
section largely follows, with some modifications, the one proposed by Zlotnik (1998), and
adopted by Kupiszewski (2002b: 118—122).

2.2. Sociological theories

The sociological theories of migration date back to the intervening opportunities concept of
Stouffer (1940, 1960). In his approach, the number of migratory events is proportional to the
number of attracting opportunities (e.g., jobs) available for migrants at the destination, and
inversely proportional to the number of such opportunities existing closer to the place of
origin. It is worth stressing that this concept does not relate migration directly to spatial
distance (and can not be thus classified as a purely geographical theory), but to the interplay
between distance and opportunities available for prospective migrants in various locations.

The notion of opportunities gave grounds to the synthesising push-and-pull factors approach
of Lee (1966). His theory explains that migration is determined by the presence of attracting
(pull) factors at destination, and repelling (push) factors at origin. For international migration
these factors can be further divided into hard and soft ones (Oberg, 1996). The former group
includes dramatic circumstances like humanitarian crises, armed conflicts, environmental
catastrophes, etc., while the latter — less critical problems, such as poverty, social exclusion,
or unemployment. The dominance of particular factors determines to some extent the
characteristics of the migrating population: the favourable pull factors at destination tend to
attract migrants who are positively selected in terms of human capital or motivation. This is
not the case, when the unfavourable push factors at origin play a crucial role in instigating the
migration process.

Taylor (1986) noted that a very important pull factor is the presence of interpersonal migrant
networks in the receiving country, which are comprised of people sharing kinship, friendship
or origin (after: Massey et al., 1993: 448). Such networks of people interconnected by family
or acquaintance ties assist subsequent migrants in many aspects of everyday life. The main
role of networks is to diminish various costs (not only monetary, but also psychological, and
other) and risks associated with migration, and to facilitate the flow of migrants between the



origin and destination countries. Population flows are thus characterised by a large degree of
inertia: once started, they are difficult to control by the authorities of the receiving country,
and become more and more independent from the factors that originally caused them. The
network hypothesis has been verified for example for historical migratory outflows from
Europe in the period 1850-1914 by Hatton and Williamson (1998), who used foreign
population stocks as proxy variables for the size of particular networks.

More recently, the idea of networks has been generalised within the theory of transnational
social spaces (Pries, 1999; Faist, 2000), providing a meso-level analytical framework for
international migration studies'. The theory acknowledges the presence of various migration-
related cross-border linkages between individuals and groups. As defined by Faist (2000:
199), “transnational social spaces consist of combinations of social and symbolic ties, their
contents, positions in networks and organizations, and networks of organizations that can be
found in multiple states. These spaces denote dynamic processes, not static notions of ties and
positions”. Apart from the networks theory, the presented approach builds on the concept of
social capital, seen as the “resources that help people or groups to achieve their goals in ties
and the assets inherent in patterned social and symbolic ties that allow actors to cooperate in
networks and organizations, serving as a mechanism to integrate groups and symbolic
communities” (idem: 102).

The social capital, embodied in social and symbolic ties between individuals and groups, such
as the norms of reciprocity, solidarity, and mutual obligations, is a set of local assets. Hence,
it may not be easily transferable across borders, what provides justification for the relative
immobility of certain social groups, the explanation of which is lacking in the networks
theory. On the other hand, once migration starts, the social capital facilitates both the
adaptation to the host society, as well as the maintenance of ties with the country of origin.
The transnational social spaces that are formed in this way can be thus seen as bridges
between the source and destination countries of migrants (Faist, 2000: 195-241). The
transnational social spaces theory is sufficiently general to explain the phenomena of chain
migration, return migration, perpetuation of migratory processes, and the ‘saturation’ of
population flows at a certain level. However, despite the potential attractiveness of this
theory, its development is relatively recent, and it is still very far from a possible
operationalisation for a practical use in migration forecasting.

The important role of institutions in facilitating the migration process is acknowledged in the
institutional theory of migration sketched by Massey et al. (1993), concerning both regular
(e.g., active job recruitment, counselling), as well as irregular (e.g., human smuggling and
trafficking) aspects of population flows. This notion is complementary to the network theory,
extending the set of subjects facilitating migration to various institutions, from for-profit
entities and enterprises (legal or illegal), to humanitarian organisations, NGOs, etc. Also in

' 1 am very grateful to Iza Kory$ for highlighting the recent paradigm shift from ‘networks’ to ‘transnational
social spaces’ in an attempt to create a comprehensive sociological migration theory.



the light of this theory, the process of institutionalisation of migratory flows seems to be to
some extent self-perpetuating, independent from the initially-dominant migration factors, and
increasingly difficult to regulate (Massey et al., 1993: 451). With respect to the
acknowledgement of the importance of institutions, these observation can be also seen as
linked with the institutional theory in economics, thus de facto forming a hybrid of
sociological and economic perspectives.

Another example of a cross-cutting, interdisciplinary theoretical approach is the notion of
cumulative causation (Massey, 1990), corroborating on the economic theories of Veblen
(1898) and Myrdal (1957). The theoretical construction is based on the proposition that
migration is an evolutionary process that contributes to institutional and socio-economic
change both at origin and destination, through various feedback mechanisms. Examples of the
latter include the redistribution of income of households involved in migration, both in
absolute and relative terms, as well as the redistribution of land and capital. These processes
ultimately result in changes in the social hierarchy (Massey et al., 1993: 451-454). As one of
the consequences, due to the fact that return migrants usually possess more human capital
than the immobile population, the non-migrant group increasingly aspires to a privileged
position in the community.

The factors listed above instigate a ‘migrant culture’, in which migration is perceived as an
activity with expected positive gains, what in turn contributes to changes in the human capital
distribution of the source regions. In such a way, the ‘brain drain’ of a sending country can
actually turn into the ‘brain gain’. This theoretical possibility has been further corroborated by
Stark and Wang (2001) within the microeconomic analytical framework. Their analysis
provides arguments that expected positive returns from migration are a source of externalities
in the form of an overall increase in the human capital in the region of origin. It is also worth
noting that the principle of cumulative causation is an important element of the transnational
social spaces theory (Faist, 2000: 129-132).

2.3. Macroeconomic theories

The economic theories of labour migration, as all economic theories in general, follow either
the macro- or micro-level perspective, and reflect a diversity of paradigms of theoretical
economics that either dominated, or co-existed in various periods. To begin with, the
neoclassical macroeconomic migration theory (Lewis, 1954; after: Massey et al., 1993: 433)
explains that given wage differentials between two capitalist economies, one characterised by
a surplus of labour (unemployment) and the other by a surplus of capital, migration and
capital movements occur. The flows of both production factors in opposite directions, and the
related convergence of wage levels, are a way of return to the economic equilibrium, where
the wage differential reflects only the costs of undertaking migration. It is worth noting that in



the whole neoclassical approach, migration is an disequilibrium phenomenon, which ceases as
soon as the equilibrium is reached (cf. Harris and Todaro, 1970: 129).

Nevertheless, the presented approach is very simplistic and does not explain for example the
phenomenon of return migration, or population flows in the absence of wage differentials, as
indicated by Stark (2003). Additionally, Jennissen (2004: 46) points out to the fact that there
exists an alternative Keynesian view on migration-induced labour market adjustments towards
the economic equilibrium, through the elimination of differences in unemployment, not in
wages (cf. Hart, 1975). What follows is the pro-cyclical nature of migration, as observed for
example for Canada by Milne (1993), who showed that net migration rates of particular
regions go along with the business cycle, although with a time lag.

A similar framework is explored in the neoclassical macroeconomic migration theory of
Harris and Todaro (1970). They formulated their conceptual model in terms of expected
income (wages), taking into account the probability that labour migrants from the
‘agricultural’ sector (4) in the ‘rural’ region 7, find jobs in the ‘manufacturing’ sector (M) of
the ‘urban’ economy (u), the latter characterised by minimum wages (W) and
unemployment. The equilibrium condition, to which the system should optimally converge, is
defined as (Harris and Todaro, 1970: 129):

dN Wy N X
1 n _ M M _p, A ,
(1) 7 v{

where N, is the total urban labour supply (original population and migrants), N,, is the number
of actually employed in the manufacturing sector, and N, — in the agricultural sector. Further,
X4=X4(N,) is the monotonously increasing and concave production function of the
agricultural sector, and P denotes the price of the agricultural output defined in terms of the
goods produced by the manufacturing sector (the terms of trade). The expected wages in the
urban region are equal to the minimum wages adjusted for the chances of being employed,
Wy Ny/N,. The function y(x) is such that y>>0 and y(@)=0 for some real number ¢, which
under (1) implies that migration stops, when the expected wage differential equals « (in
particular, & = 0 can be assumed).

Harris and Todaro additionally tested the impact of various policy instruments (among others,
minimum wages and migration restrictions) on the economic equilibrium. They found that in
the absence of full wage flexibility “either a limited wage-subsidy or a migration-restriction
policy will lead to a welfare improvement [at the destination]” (idem: 137). On the other
hand, the outcome of both of these policies will be sub-optimal from the point of view of the
economy as a whole system of the sending and receiving regions.

Apart from the purely neoclassical and Keynesian approaches, there have been many further
attempts to explore the economic motives of migrants and the nature of migratory processes.



The dual labour markets theory (Piore, 1979) is based on an observation that migration flows
are to a large extent determined by labour demand characteristics at the destination. This
notion puts forward that immigrant labour is necessary for the economies of the developed
countries. An important explanation is that wages are not only the price of labour, but also a
proxy measure of the employee’s position in the occupational and social hierarchy. If there
are labour shortages at the bottom of the hierarchy, the entrepreneurs would prefer to hire
immigrant workers without aspirations to a higher social status, than to raise wages in order to
attract local labour force. The latter option would require proportional wage increases in the
whole sector to preserve the whole job ladder, and would ultimately lead to a structural
inflation.

The dual labour markets theory justifies the segmentation of labour markets — the local
population moves to more attractive professions, while immigrants take up the ‘3D’ (dirty,
dangerous and difficult) jobs. On the top of that, this division is intensified by the very nature
of various occupations — the attractive ones are usually capital-intensive, while the 3D —
labour-intensive. Moreover, immigrant workforce is a more flexible production factor than
the local one, protected by various institutions (trade unions, regulations of work conditions,
etc.), which is another factor petrifying the labour market dualism. This also gives reasons for
the dominance of women and young people among migrants — they are more willing to accept
poorly-paid jobs in unfavourable conditions than other groups (Massey et al., 1993: 441—
443). Thus, the dual labour markets theory provides useful explanations for many features of
migratory phenomena, but nevertheless seems difficult to operationalise to suit macro-level
migration predictions.

In an attempt to generalise the macroeconomic perspective, the world systems theory
(Wallerstein, 1974) assumes that international migration is associated with the advances of
the capitalist system and global markets, not only in the world’s economic ‘core’, but also in
semi-peripheral and peripheral regions. A flow of goods and capital from the core to the
peripheries “in search of land, raw materials, labour, and new consumer markets” (Massey et
al., 1993: 445) is counterbalanced by the flow of labour in the opposite direction. There are
many driving forces behind this process. On one hand, there is an increasing demand for low-
skilled labour in the core regions, where the jobs in the manufacturing sector become less and
less desirable for the local population, following the shift towards the service-based economy.
On the other hand, the commercialisation of agricultural production in the peripheries caused
by the capital flows leads to an increased productivity and the resulting reduction of demand
for the local labour. These factors instigate migration of the surplus of agricultural workforce,
which is ‘uprooted’ from the peripheral regions in the search of either formal or informal job
opportunities in the low-paid segments of the manufacturing and services sectors in the core
(Zlotnik, 1998: 7-8).

The world systems theory also acknowledges the presence of many other links (not only
material, but also historical, cultural, linguistic, etc.) between the origin and destination
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countries, which influence migratory flows. These elements are the reason, why the whole
theory cannot be simply classified as ‘macroeconomic’, but rather offers another cross-cutting
perspective, combining economic and sociological explanations. As noted by Massey et al.
(1993: 448), in the world systems approach, “international migration ultimately has little to do
with wage rates or employment differentials between countries; it follows from the dynamics
of market creation and the structure of global economy”. Special attention is paid to the
asymmetrical relationships between the former colonies and their former metropolis, the latter
considered to have more favourable terms of trade. In that respect, Jennissen (2004: 53—-54)
noted that although this theory gives grounds to the philosophy of alter-globalisation
movement, its view on international trade can be seen as controversial, as free trade is
contemporarily thought to reduce income and employment disparities (and thus also
migration). Nonetheless, the world systems theory is articulated only verbally, not in formal
mathematical terms, and is too general in order to serve as a direct reference for migration
forecasting.

2.4. Microeconomic theories

The individual-level migration decisions are explained for example by the neoclassical
microeconomic theory of Sjaastad (1962), which treats migration as an investment in human
capital, and a result of a rational cost-benefit analysis. According to this theory, prospective
migrants choose the destinations that are maximising the net present value of their expected
future income, less various direct and indirect costs of migration. In a more comprehensive
framework, this can be formalised as (Massey et al., 1993: 435, referring to Borjas, 1990):

2) ER(0) = [[p, (1) p2()Y, (1) = p5 ()Y, (1)]-¢ "t = C(0).

In the above equation, ER(0) denotes the expected returns from migration at the moment 0, »
is the time horizon of the decision-making process, p; is the probability of not being deported
(p1<1 for irregular migrants), ¥, and Y, are earnings at the origin and destination, while p, and
p3 denote the respective probabilities of finding a job. Further, 7 is the discount rate, and C(0)
is the sum of all costs of migration, both economic and psychological (idem), although the
latter seem to be very difficult to operationalise and measure.

A generalisation of the micro-economic decision framework is the value-expectancy concept
of DelJong and Fawcett (1981; presented after: Faist, 2000: 36-37). The underlying formal
model defines the individual motivation to migrate (MM), being subject to maximisation, as:

3) MM=YP -E, .
The values of P; refer to the preferred outcomes of migration, and E; — to the ‘expectations’ of

their realisation through migration which are hold by a potential migrant, and thus can be
interpreted as subjective probabilities (sic/). The index i denotes the “values’ or ‘desires’ of an

11



individual, that is, various dimensions of the decision-making problem. The presented theory
is very comprehensive and may cover different aspects of human decisions in the migration
context (different values of i), not only limited to the economic ones (unemployment, wages),
but also potentially taking into account the social and psychological spheres of life. On the
other hand, Faist (idem) points out to the fact that the value-expectancy theory would be
difficult to apply for prediction-making, as people tend to rationalise their actions ex post
rather than to reason ex ante, as it is suggested by the formulation of (3). Moreover, many of
the dimensions of the migratory decision problem may be, again, hardly possible to measure.

The new economic theory of migration (Stark and Bloom, 1985; Stark, 1991) suggests that
migration-related decisions are made by households rather than by individuals. This finding
coincides with the observations that migratory processes are characterised by visible family
patterns, as noted both by economists (Mincer, 1978), and demographers (Castro and Rogers,
1983). From this point of view, diversified migration strategies of particular household
members are an instrument of risk management at the household level, rather than a simplistic
maximisation of the expected income. In this approach, wage differentials between origin at
destination countries are not a prerequisite for migration. One of the possible extensions of
this perspective is the life-cycle theoretical model of Dustmann (1997), who formulated a
stochastic framework for the analysis of migration and return migration under the condition of
uncertainty, with focus on precautionary savings of the individuals. Savings can be seen as
another element of risk management at the household level, related to remittances — monetary
transfers from migrants to their families in the country of origin.

Other theoretical examples explaining the presence of migratory flows in spite of the absence
of differences in income levels have been summarised by Stark (2003). He stresses an
important role of individual preferences (‘taste’) in favour of migration, as well as of the
difference in the purchasing power of savings generated by migrants between the regions of
origin and destination, which justifies the presence of return migration. Another very
important migration factor is the community context, which can be associated with the
relative deprivation concept (Stark and Taylor, 1989). This approach proposes that migration
is fuelled not by absolute, but by relative income differentials towards the reference group of
potential migrants. This notion provides a link between economy and psychology, the latter
with respect to the sense of resentment towards the reference group. The relative deprivation
RD of a household with income y is defined as (Stark and Taylor, 1989; after: Massey et al.,
1993: 439):

Jmax
(4) RD(y)= [Hfi-F)kz,

J
where F(y) denotes the cumulated income distribution in a given community, Vmax 1s the
maximum income observed in this group, and /() is a monotonously increasing function,
measuring the dissatisfaction with respect to the relative position of the household’s income
in the reference community.

12



Recently, Quinn (2006) extended the definition of relative deprivation to other durables, land
and housing, in addition to income. In his empirical analysis of migration within Mexico, as
well as from Mexico to the United States, the data supported a hypothesis about a combined
effect of absolute wage differentials and relative deprivation on migration flows. Such a
synthesising approach may provide a partial solution to the problem noticed by Massey et al.
(1993: 440), that the neoclassical and new economic theories of migration “lead to divergent
conclusions about the origins and nature of international migration™.

Further attempts to reconcile the two paradigms (neoclassical and ‘new economics’) may
potentially be aimed at combining the two levels of decision-making (individual or
household), their distinct goal functions (maximising income or minimising risk), or presence
of the social context (e.g., whether income is perceived in absolute terms, or in relation to the
income distribution in a reference group). Such a comprehensive micro-level model
explaining migratory decisions would have to be based on the multi-criteria programming
with many parameters and constraints. Problems of this type, although potentially very
complex, may either have relatively simple analytical solutions, or be solved using numerical
methods, and thus be able to provide useful input for practical forecasting applications.
Nevertheless, the issue of constructing a multi-level, multi-criteria micro-model of migration
remains far beyond the scope of a current study.

2.5. Geographical theories

In the tradition of human geography, the theories of migration are focused on the role of
distance in explaining spatial movements. Distance is viewed as a factor moderating the
spatial interactions between regions, which include population flows. For example, the
gravity theory of migration (Stewart, 1941; Zipf, 1946; Isard, 1960/1965), analogous to
Newton’s law of gravity, assume that migration between regions i and j, m;; is proportional to
the product of population sizes in the origin and destination regions (P; and P;), corresponding
to masses in the Newtonian model, and inversely proportional to the b-th power of distance
between the two regions, dj;, which is a discounting factor (Isard, 1960/1965: 350):

.l)j.Pj

®) m, =G
o dl//a

There have been various hypotheses concerning the values of the coefficient b that would
optimally model the numbers of spatial interactions. The Stewart’s (1941) proposition,
assuming b=2, defines (5) as the ‘demographic force’ in a full analogy to Newton’s law, while
the hypothesis of Zipf (1946) is based on the assumption of h=1 and on a logarithmic
transformation of the right-hand side of (5) (after: Isard, 1960/1965: 352—-356).

Isard (idem: 357-358) noted that in empirical research on spatial interactions, the notions of
mass and distance can be defined in many different ways. Instead of population sizes, such
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economic measures as employment or income can be used as masses, while distance can be
measured according to a different metric: either Euclidean (crow-fly), or taking into account
the structure of the existing transport network, time, or cost of transportation. Various mass
factors can be also considered jointly, like for example in the model of Lowry (1966), who
built a gravity model relating migration to unemployment rates, wage levels, numbers of
persons in civilian labour force (non-agriculture), as well as in the armed forces, both at the
origin and at the destination (after: Morrison, 1973: 132-133). Alecke at al. (2001) observed
that the notion of gravity is also used in many econometric models, where income (GDP)
differentials per capita are most commonly applies as masses, instead of population sizes.

In addition to the gravity framework, there have been several attempts to utilise more
advanced mathematical tools in order to find the patterns of spatial interactions. Wilson
(1967, 1970; after: Mazurkiewicz, 1986: 25-34) proposed that interactions between regions i
and j, including migration (m;;), maximise the entropy of the whole system of regions under
study:

(6) le mi; ln(ij) — makx.

The maximisation is constrained by the costs of such interactions (x;;), which are related to
covering the distance between i and j (X; m;; x;; = c).

In addition to the entropy concept, the same author also undertook an effort to describe spatial
interactions within the framework set by the catastrophe and bifurcation theory (Wilson,
1981), where the dynamic systems under study may undergo substantial qualitative changes
as a consequence of very small modifications of some of their parameters.

Another geographical theory, the one of the mobility transition (Zelinsky, 1971), attempts to
explain changes in spatial mobility by a hypothesis akin to the ‘demographic transition’
concept. According to Zelinsky (idem; after: Gawryszewski, 1989: 11-19), social
modernisation caused an increase and a continuous diversification of human mobility
patterns. During a transition from a pre-modern to a modern society, in the 18" and 19"
centuries, migratory movements were primarily undertaken towards the national borders, as
well as to other countries. Along with the industrialisation processes, migration from rural to
urban areas was on the rise — it began to decline only in the advanced societies in the second
half of the 20™ century. In these advanced societies, in turn, migration between and within
urban areas have been increasing, as have the short-term circulatory movements (commuting,
business trips, tourism, etc.). Recently, circulation have been absorbing more and more
mobility of other types, and has itself been substituted by an increasing role of
communication systems.

The mobility transition theory has been designed as a comprehensive framework describing

human mobility, although Kupiszewski (2002b: 122) noted that it ignores the phenomena of
suburbanisation and counter-urbanisation, characteristic for the advanced societies.
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Nevertheless, the hypothesis of substitution between spatial mobility and other means of
communication seems increasingly important in the contemporary world of Internet and
telecommuting. The whole theory, however, would be very difficult to apply directly to
migration forecasting, given the limited availability of data on various types of mobility and
communication.

2.6. Unifying perspectives

Apart from the discipline-specific theories of migration, there have been also several attempts
to propose a unified explanation for population flows. The migration systems theory (Kritz et
al., 1992; following the pioneering work by Mabogunje, 1970; after: Zlotnik, 1998: 12—13)
distinguishes migration systems comprised of various sending and receiving countries
characterised by similar migratory patterns. In such a dynamic system, migration is in a
continuous interplay with historical, economic, cultural and political linkages between the
countries, both on the micro and macro levels. The presence of feedback effects makes
population flows both a cause, as well as an outcome of the other interactions. Despite the
clear advantages of such a synthesising and multi-perspective approach, it is at the moment
too complex to be applied in practice, especially given the problems with availability and
quality of internationally-comparable migration statistics (Zlotnik, 1998).

Another attempt to create of a synthesising theoretical framework of international migration
has been recently undertaken by Massey (2002). His proposition combines economic,
political, sociological and psychological determinants with the notion of migration transition
(similar to the one proposed by Zelinsky, 1971), and with the role of duration-of-stay effects.
In general, Massey (2002) perceives international migration in the post-industrial countries as
an outcome of socio-economic development and integration processes. Nonetheless, at the
current stage of development, these ideas are far from constituting an all-inclusive theory of
migration, and seem hardly possible to be operationalised in practical applications.

15



3. From migration theories to model-based forecasting of
population flows

3.1. Use of theories in migration predictions

With respect to the evaluation of migration theories, Oberg and Wils (1992) observed that
each of the existing ones explains the actual phenomena only partially and therefore has a
limited use in the forecasting process. They stressed that the geographical theories are more
suitable for internal migration, as they do not include such elements as institutional barriers
(state borders, visa requirements, etc.), which are inherent in the case of international flows
(cf. Zolberg, 1989). Also Willekens (1994) noted that the existing theories of international
migration do not substantially differ from those of internal migration, although
contemporarily this may be less relevant due to the reasons discussed before, such as
globalisation and integration processes in Europe. In addition, the existing theories ignore
forced migration and migration policy factors, which are crucial for the actual magnitudes of
observed population flows. Also the economic theories do not adequately explain migration
during system shocks, like for example the socio-economic transformation in the post-
socialist Europe in the late 1980s and early 1990s.

According to Oberg and Wils (1992: 6-7), although all theories — geographical, economic and
sociological — are useful in explaining migration ex post, their forecasting potential is very
limited. These objections are shared by Kupiszewski (2002b: 122—124), who argues that the
existing theories of migration can be hardly used in a direct manner to forecast international
population flows. None of the theories is comprehensive and self-contained, while migration
is a too complex phenomenon to be explained by a single, narrow theory. In contrast, the
wide-ranging theories, as for example, the mobility transition theory of Zelinsky (1971), the
world systems theory of Wallerstein (1974), the migration systems theory of Kritz et al
(1992), as well as the unifying perspective of Massey (2002) are difficult to operationalise,
because they are not sufficiently formal in terms of the mathematical expressions applied. The
other theories, although potentially transformable into the forecast input through a range of
proxy variables, listed for example by Jennissen (2004: 57), can have a limited explanatory
capacity. Due to incompleteness and various deficiencies of macro-level statistics on
migration in Europe (cf. Kupiszewska and Nowok, 2005; Nowok et al., 2006), the reliability
of any empirical research aimed at verifying particular theories would be only partial and
could be easily questioned.

For the reasons mentioned above, the nomological forecasting of migration, based directly on
the laws or theories of population movements, is not an option, as the existing laws and
theories are not universal enough to allow for the practical application of this approach.
Therefore, migration forecasting should follow a model-based approach, rather than be based
on any particular theory. An exception may be the inclusion of selected push and pull factors
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as explanatory variables in forecasting models, which would partially refer to the theory of
Lee (1966), to the extent it is made possible by the data availability.

3.2. Migration forecasting methods and models: state of the art and typology

The nomological, theory-based, predictions of socio-economic phenomena are contrasted by
Chojnicki (1977) with the heuristic-model approach, contemporarily prevailing in the
forecasting practice. In order to reconstruct the events under study, and analyse their
consequences, various descriptive models® can be built. Unlike theories, which should be by
nature general and well-founded, models are hypothetical, relate to a particular reality, and are
characterised by a large degree of flexibility, although Chojnicki (idem) noted that in some
cases it may be difficult to distinguish between theories and models. In addition, there exist
heuristic methods, which are not model-based, yet can be applied in forecasting (e.g., surveys,
or the Delphi approach).

One group of methods used in preparing forecasts of international migration is based on
deterministic mathematical models, or other approaches and techniques, which do not
explicitly address the uncertainty of migratory phenomena’. It should be noted that the crucial
distinction between deterministic and probabilistic methods or models, applied in the current
study, is to some extent arbitrary, and can be related to the common practice in the existing
research, rather than to the potential of methods in addressing the uncertainty issues.

Unlike the deterministic methods and models, the stochastic (probabilistic) tools of migration
forecasting are rooted in the probability theory, and explicitly address, at least potentially, the
issue of uncertainty®. With respect to the typology of forecasting methods presented by
Chojnicki (1977), they are usually model-based, a few of them including additional heuristic
elements (e.g., qualitative research in the ethnosurvey). Although some of the models make
explicit reference to particular theories of migration, like for example econometric models to
economic theories, they do not attempt to construct a general theoretical framework of
population flows in probabilistic terms. It should be remarked that the stochastic models
discussed in this paper are presented in a relatively more detail than the deterministic ones, in
order to present possibilities of addressing the uncertainty issue in migration forecasting.

% “Model’ can be defined as “a system of postulates, data, and inferences presented as a mathematical description
of an entity or state of affairs” (the Merriam-Webster Online Dictionary; «www.m-w.com», accessed on 25
April 2006).

3 In the current study, ‘deterministic’ is thus understood as ‘not allowing for randomness or uncertainty’, in
contrast to the dictionary-based definition, describing ‘determinism’ as “a theory or doctrine that [...] social
phenomena are causally determined by preceding events or natural laws” (idem). Notably, determinism in the
latter interpretation may refer to stochastic explanations of the phenomena under study, provided that the ‘natural
laws’ involved contain an element of randomness, as, for example, in many areas of contemporary theoretical
physics. A discussion on uncertainty and (in-)determinism in migration forecasting is offered in Bijak (2005).

* The Merriam-Webster Online Dictionary explains the term ‘stochastic’ as “(1) involving a random variable; (2)
involving chance or probability”, both definitions being equally useful for the purpose of the present study
(«www.m-w.comy, accessed on 25 April 2006).
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As mentioned before, the theories of migration are too fragmented and too rough to be used
directly as a forecasting tool within the nomological approach. Therefore, the only option to
obtain plausible predictions of population flows is the use of models or other heuristic
methods. There are several such methods and models, both deterministic and probabilistic,
which can be potentially interlinked, with the outcome of simpler methods used as input in the
more general ones. An attempt to summarise the discussion about various models and
methods, and the possible relationships between them, is presented in Figure 2.

Figure 2. Typology of selected migration forecasting methods and models
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Source: own elaboration

In general, the distinction between deterministic and stochastic models follows the way they
are presented in Sections 4 and 5, with some remarks that need to be made. On one hand, as it
has been mentioned before, some of the deterministic macro-level demographic and demo-
economic models can acquire stochastic features, when they get probabilistic input. On the
other hand, stochastic forecasts can (and often are, as it is discussed further) be interpreted in
a deterministic fashion, disregarding the whole context of uncertainty and forecast errors.
Moreover, some methods use research techniques of different scientific disciplines in parallel.
An example is the ethnosurvey, the ultimate results of which rely both on the probabilistic
(survey-based) and deterministic (qualitative) analysis of migration flows. Furthermore, the
econometric and time series models can be prepared alternatively within the sampling-theory
or the Bayesian statistical paradigm.
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4. Deterministic methods and models used in migration predictions

4.1. Judgemental migration scenarios

Judgemental scenarios used in demographic forecasting describe possible future trajectories
of particular components of population change (fertility, mortality, and migration). They are
constructed on the basis of qualitative and quantitative argumentation about what is
considered to be the plausible development of the variables in question. The scenarios have to
be coherent with the underlying judgement and assumptions (‘the story’) behind them, and
show the demographic consequences of the latter using a ‘what-if” approach. Scenarios
usually serve as input for deterministic population projections, showing the outcome of
various variants of change in the demographic parameters: usually, the baseline, high, and low
ones.

Probably the first judgemental scenario of expected future migration flows set up in terms of
quantitative demography can be found in the “political arithmetick’ (sic/) study of Sir William
Petty (1682) concerning the future growth of the City of London. Although internal migration
from rural England to London is hidden in different assumptions regarding the future
demographic growth for both areas, population inflows to the Britain’s capital are explicitly
mentioned as the causes of the city’s expansion.

According to the knowledge of the author’, deterministic scenarios of international migration
are contemporarily used in the official population projections in a vast majority of developed
countries, at least in Europe. Apart from the national forecasters, judgemental scenarios of
population flows are also widely applied in the supra-national demographic projections
prepared by international organisations and agencies (for example, United Nations, 2005;
Eurostat, 2005°), as well as by individual researchers (e.g., Bijak ef al., 2006).

With respect to the construction of scenarios, Kupiszewski (1998) pointed out that in some
cases they can take into account analogies of the projected migration flows to the ones that
have already occurred in the past in other countries, under similar conditions. An example is
the enlargement of the European Union in 2004. An analysis of similarities to the previous
extensions of the then-EEC (to include Ireland in 1973, Greece in 1981, Portugal and Spain in
1986) would allow for assuming a reasonable scenario, in which the post-accession increase
of migration from Central to Western Europe will likely be temporary and rather moderate in
size. The analysis may be performed within the formal framework of econometric modelling.

> The mentioned issues have been discussed for example during the “Meeting of the Working Group on
Population Projections” in Eurostat (Luxembourg, 15-16 July 2004), and the “Joint Eurostat — UN ECE Work
Session on Demographic Projections” (Vienna, 21-23 September 2005), in both of which the author
participated.

® In Eurostat (2005), the methodology differed for the ‘old’ 15 EU member states and for the 12 accession and
candidate countries as of 2004. For the latter, the projections were purely based on judgemental scenarios, while
for the former they involved averaging of forecasts yielded using three methods: extrapolation of trends,
econometric analysis of migration determinants, as well as national forecasts (Lanzieri, 2004).
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An example of a scenario-based study dealing with the forecast of the East-West migration in
Europe after the EU enlargement is the research of Layard et al. (1992), who extrapolated
earlier empirical findings concerning migration from Southern to Northern Europe in the
1950s and 1960s, as well as from Mexico to the United States in the 1970s and 1980s. Their
estimate of a gross inflow of Central and Eastern Europeans to the West over 15 years totalled
less than 3 percent of the population of the sending countries (Layard et al., 1992; after:
Alvarez-Plata et al., 2003: 11).

A similarly straightforward calculation has been made by Franzmeyer and Briicker (1997),
who built a gravity model of net migration between ten Central and Eastern European
countries, 7, and the ‘old” European Union, EU-15. The model was based exclusively on the
difference of the GDP per capita (PPP-adjusted), Yi/Yru.1s, and it was calibrated on the basis
of the earlier empirical findings of Barro and Sala-i-Martin (1995). The key assumption was
made on the elasticity of migration on income differentials, so that an income gap of 10
percent was presumed to drive between 0.08 and 0.16 percent of the population of the worse-
off country out of the place of origin. This supposition is the main reason for extremely high
migration forecasts yielded by the model: population flows from Central and Eastern Europe
to the EU-15 have been estimated as 590—1,180 thousand persons a year, depending on the
pace of income convergence.

The example of the study of Franzmeyer and Briicker (1997) shows that the judgemental
scenarios should not only be consistent with the underlying ‘stories’, but also controlled with
respect to the results they produce. Neither reasonable assumptions, nor the use of a particular
theory (here: gravity with respect to income differentials) alone do not guarantee that the
outcome will be plausible from a demographic point of view'.

4.2. The Delphi method and surveys among experts

Expert judgement used in setting the scenarios can be either made by the authors of forecasts
themselves, or derived from a survey carried out among a larger group of specialist from
various countries and fields of expertise. The latter approach may include obtaining migration
scenarios using a Delphi method, designed to “elicit and refine group judgement” in an
anonymous and interactive communication process among experts in the field (Dalkey, 1969:
v). The exchange of knowledge is made in subsequent rounds, between which all feedbacks
from the participants are controlled, and the final output is formed from the aggregation of all
individual opinions. A migration forecasting example is the study of Drbohlav (1996), who
used a two-round Delphi method on a sample of 70 experts in the first round and 39 in the
second one, and obtained rough estimates of the magnitude and timing of the expected East-
West migration flows in Europe, as well as the envisaged directions of migration policy
changes in the future. Another migration-related Delphi research has been conducted in 1991

7 This issue is also discussed in Section 6.
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in Russia by V. Tichonov. The study produced an estimate of emigration from the former
USSR in the period 1992-1997, whereby about half of 30 experts envisaged between 2 and 4
million emigrants (Vishnevsky and Zayonchkovskaya, 1994; after: Willekens, 1994: 28)°.

Also Bauer and Zimmermann (1999) made an attempt to gather information on future
migration flows from Central to Western Europe from a survey conducted among experts, and
use it as a supplementary source of information for their econometric model. Despite the very
low response rate (20 questionnaires received out of 446 sent), the authors found the results
consistent with the IOM (1998) survey aimed at estimating the ‘migration potential’, which is
briefly discussed in the next subsection.

4.3. ‘Migration potential’ assessment surveys

Other survey-based studies that are used to assess the future international migration flows are
the analyses of ‘migration potential’. Examples of such research with respect to the East-West
flows in Europe are presented in the reports of Fassmann and Hintermann (1997), and of
C. Wallace (IOM, 1998). Such studies are typically based on questionnaires filled in by a
representative random sample of respondents, who are asked questions on whether they
consider undertaking migration, from what reasons, under which circumstances, etc.

Results of the surveys are usually presented in a manner that does not address the issue of
uncertainty. In fact, although the authors of such studies usually do not refer to their outcomes
as forecasts per se, the results they present are often interpreted in this way by the users. For
example, in summary studies dealing with the expected future migration flows, the survey-
based estimates are often treated on similar footing with other forecasts. Moreover, in some of
such studies the differentiation between ‘migration potential’ and the actual forecast is not
made explicit. Importantly, this concerns several analyses prepared specifically for the policy-
makers, as the research of Alvarez-Plata et al. (2003), or the Dutch CPB (2004) report.

Fassmann and Hintermann (1997) surveyed 4,392 persons in the Czech Republic, Hungary,
Poland and the Slovak Republic. Depending on a country, they identified between 17 and 30
percent of respondents, expressing an overall willingness to leave their country, as a ‘general
migration potential’, between 6 and 18 percent as the ‘probable potential’, concerning people
who started to gather information about the possible destination, and between 1 and 2 percent
as the ‘real potential’ — those, who have actually undertaken any particular steps to move. The
preferred destinations of prospective migration were Germany and Austria, which is not
surprising in the light of their geographic proximity to the countries under study, and of the

¥ Apparently, the majority of population flows concerning the ex-USSR in the period 1992—-1998 proved to be
internal migration, and migration between the former republics. For example, in Russia alone, over 20.5 million
people migrated internally in that period, 5.5 million immigrated from abroad, and 2.6 million emigrated
(Wegren and Cooper Drury, 2001: 16, 39). It is, however, worth noting that the two latter figures relate to a large
extent to the population exchange with the other republics of the former Soviet Union (idem).
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presence of strong migrant networks. Notably, only the ‘real potential’ category corresponds
to the magnitudes of migrants that can be seen as plausible from the demographic point of
view, whereas two other ones reflect rather ‘wishful thinking’ of the respondents. An
additional problem of the study of Fassmann and Hintermann is a too small sample size with
respect to the disaggregation of the results jointly by sex, age groups, regions, motives,
education levels, etc.

In the Wallace’s study (IOM, 1998), between 1,000 and 1,200 respondents in each of the
eleven selected Central and Eastern European countries were asked six multiple-choice
questions. In particular, the survey aimed at identifying, whether the respondents were going
to migrate, for how long, why (or why not), do they have relatives or friends abroad, and have
they already taken any preparatory steps. Depending on the type of migration potential
distinguished by the author, the country-specific propensity to migrate ranged between 7 and
26 percent for permanent emigration, between 18 and 57 percent for long-term temporary
labour migration, and between 13 and 68 percent for short-term labour migration (idem: 11).
The preferred destinations were: the U.S.A. for permanent emigration, and Germany and
Austria for labour migration.

The magnitude of the ‘migration potential’ assessment shows that the IOM (1998) survey
identified dissatisfaction of the respondents with the state of affairs in a given country, rather
than real migration perspectives. This conclusion can be supported by a fact that the highest
percentages of ‘potential migrants’ have been found in Croatia and the then-Federal Republic
of Yugoslavia, at that time both coping with a tense political situation. Very high estimates
have been also obtained for Romania, the country to become, upon its accession to the
European Union, the poorest EU Member State in terms of GDP per capita.

The IOM (1998) survey also contains some unexpected findings. For example, in Poland as
many as 29 percent respondents identified ‘ethnic tensions’ as an important push factor out of
the country (idem: 48). In an almost ethnically homogenous country this is a very surprising
outcome, which likely indicates some problems with the execution of the survey, or with the
translation of a questionnaire in such a multi-country study’.

All the problems mentioned above support the conclusion that the results of the survey should
be interpreted with caution. Another, general problem relates to the uncertainty issue:
although the sample-based surveys as such have potential in addressing it in a statistical
manner, this possibility is not addressed in the ‘migration potential’ assessment studies
presented above.

? Credits go to Iza Kory$ for drawing my attention to this curiosity.
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4.4. Macro-level mathematical models in demography

With respect to mathematical models of migration, Kupiszewski (2002b: 16—17) noted that
they predominantly stem from two different disciplines: demography and human geography.
The former approach focuses predominantly on population distributions by sex and age, as
well as on the impact of migration on the overall demographic dynamics and vice versa, while
the latter — on spatial outcomes of the redistribution of migrants. Although both
methodologies apply mathematical tools to model and forecast migratory flows within their
framework, the classical demographic models of population dynamics use multi-dimensional
linear algebra and calculus in a deterministic fashion. In turn, many geographical models are
based on the Markov chains, thus using a stochastic approach, and as such are discussed in the
next section.

Another important distinction is the one between macro-level (aggregate) and micro-level
models'’. In general, the macro-level demographic models of population change stem from
the cohort-component approach, pioneered by Bernardelli (1941) and Leslie (1945) (after:
Jozwiak, 1992: 20). The cohort-component model is usually employed to forecast population
size and age structure on the basis of judgementally-assumed scenarios of change in the
particular components of demographic dynamics (originally, births and deaths) concerning
the region under study. On their basis, the survivorship of particular birth cohorts is calculated
in order to yield population size and age structure in subsequent projection steps'".

Despite the continuous development of a cohort-component model, population forecasts until
the 1970s either ignored the migration component or treated it simplistically. According to
Rogers (1975: 1-2), more sophisticated methods in the mathematical studies of populations,
including net migration, have been for the first time presented comprehensively in the report
of the United Nations (1970)'%. Since then, migration has been incorporated in an increasingly
larger number of official population projections or forecasts. A survey on the methodology of
such studies carried out in 30 developed countries in the early 1990s (Keilman and Cruijsen,
1992) showed that in a vast majority of cases, deterministic scenarios of all components of
demographic change have been used as input. For international migration, Cruijsen and
Keilman (1992: 20-22) found that at that time six countries did not include the migratory
component in the projection models. Among the remaining ones, only Belgium used a
regression model to extrapolate migration, while the other relied on assumptions on political

' A detailed overview of selected micro- and macro-level models of migration, with special focus on the latter
(the Poisson regression, gravity models, and spatial interactions), is offered in Stillwell and Congdon (1991).

" The single-region mathematical demography, including the cohort-component approach, is presented in details
for example in Keyfitz (1968), Rogers (1975: 7-55), and Jozwiak (1992: 21-50).

"2 Paradysz (2004: 130) noted that an earlier study addressing the same problem in a comprehensive manner was
the one of Koréak-Cepurkivs’kij (1970), which, however, was published only posthumously, as the author has
been persecuted under the Stalinist regime, and spend 18 years in a Gulag forced labour camp (cf. the interview
with A. ViSnevskij in the Demoscope weekly 197-198, 4-17 April 2005; «www.demoscope.ru/weekly/2005/
0197/analit01.php», accessed on 25 August 2006).

23



plans or targets, ‘visual’ interpolation of curves, or simply assumed constancy of migration
rates throughout the forecast horizon.

Kupiszewski (2002b: 39—49) noted that the basic cohort-component model has ultimately
evolved to include migration, following various methodological approaches. In the migrant
pool method, applied for example in the 1970s and 1980s in the works of the U.S. Bureau of
the Census, the numbers of migrants from all regions under study are projected, merged, and
subsequently distributed among the receiving regions using an allocation algorithm. The
population accounting models (Rees and Wilson, 1973; Rees and Willekens, 1986) are based
on the rates of transitions or movements of people between different regions. In this approach,
the balance of changes in population size on one hand, and births, deaths, in- and out-
migrations on the other, needs hold, both on an aggregate level, as well as for each age group
specifically. In turn, the multi-regional model (Rogers, 1975) is a generalisation of the cohort-
component approach, based on the concept of a multi-dimensional life table, and treating
jointly population of a system of regions, between which migration can occur. The projected
numbers of migrants in particular age groups are thus an outcome of an analysis of
demographic interdependencies involving all components of demographic change, including
initial assumptions on migration propensities. The multi-regional approach is in turn
generalised in the multi-state models (Rogers, 1980), where regions can be substituted by any
other ‘states’ that an individual can ‘occupy’, e.g., marital status, economic activity,
educational level, etc'’. Examples of further extensions include non-linear multidimensional
models, like the exponential LIPRO (LIfestyle PROjection) model developed by van Imhoff
(1990), and van Imhoff and Keilman (1991).

Attempts to synthesise the multi-regional and population-accounting approaches are presented
in details by Kupiszewska and Kupiszewski (2005), who themselves constructed the multi-
level model MULTIPOLES (MULTIstate POpulation model for multi-LEvel Systems). The
model treats migration on three different geographic levels (between regions, between the
countries under study, and the population exchange with the rest of the world). Models like
the MULTIPOLES offer an internally-coherent possibility of an analysis and forecasting of
migratory phenomena on a very detailed level of disaggregation (by regions, sex and age),
taking into account other demographic features of the population under study.

The deterministic nature of the presented mathematical models of population dynamics stems
from their algebraic formulation, as well as from the dominant forecasting practice in
demography. As it has been noted at the beginning of this section, the cohort-component or
multi-regional models are until now usually fed with judgemental scenarios of particular
components of demographic change, including migration. However, there exist probabilistic
exceptions to this tendency, which are presented in Section 5'*.

13 For a mathematical discussion of multi-regional and multi-state models, see Jozwiak (1992: 51-94, 95-111).
'* A discussion on the stochastic versions of population dynamics models is also offered by Jozwiak (idem: 113—
121).
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4.5. Demo-economic modelling attempts

In addition to purely demographic forecasts, several authors made efforts to create models
that would combine population and economic aspects of social development. From the point
of view of migration forecasting, an interesting example is the recent study of Fachin and
Venanzoni (2002). Their model for Italy, the IDEM (Integrated Demographic and Economic
Model), combines a multi-regional cohort-component model of population dynamics with an
economic input-output analysis (the Leontieff’s table).

Migration between regions is one of key intermediary modules in IDEM, linking demography
with economic aspects: labour supply and productivity. As the analysis is limited to a single
country, the focus is on internal rather than international migration. In fact, the latter type of
flows is treated very simplistically, as constant yearly inflows (in terms of numbers) and
outflows (in terms of rates). In this way, international migration is exogenous, as are two
other components of demographic change — mortality and fertility. Nonetheless, one can
easily imagine an extension of the model to a multi-national economic system, where
migration between particular countries would also play an important role.

In the IDEM, migration is modelled and forecasted in terms of origin-and-destination-specific
rates, disaggregated by age according to the patterns observed in particular regions. The rates,
as well as other exogenous and intermediary variables, are estimated and predicted using
econometric models (in the case of migration, the logit regression). Nevertheless, despite of
the stochastic character of the forecasting tools for particular model components, the very
nature of the whole construction of the IDEM is algebraic and deterministic, similarly as in
the case of macro-level models of mathematical demography.

As regards the possibilities of future research on possible ways to introduce a stochastic
framework in the demo-economic, as well as in the multi-regional or multi-state demographic
models, it is definitely worth considering to refer to over 50 years of experience of the theory
of econometrics. Systems of linear or non-linear equations, as involved in the deterministic
models presented above, can be made probabilistic in a relatively simple manner, following
several methodological options widely used by econometricians. There have been a variety of
research paradigms in econometrics over the last half of the century, changing from the
simultaneous equations models, through the ‘atheoretical’ vector autoregression (VAR)
models, to the structural modelling within the latter, involving, among other issues, the ‘from
general to specific approach’ and the analysis of cointegration'”. These developments offer
very interesting paths of potential methodological advancements of the demographic and
demo-economic forecasting in the future.

15 See for example the discussion in Charemza and Deadman (1992/1997: 13-22, 151-166).
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5. Probabilistic migration forecasts: assessing uncertainty

5.1. Markovian and related models of aggregate population flows

As noted in the previous subsection, one important group of stochastic models of migration
stems from the tradition of human geography, with focus on spatial redistribution of
population through migration. In particular, there are numerous examples of models applying
the Markov chains, originally due to A. Markov (1906)'°. The basic assumption of a Markov
chain — a stochastic process X;, which in a given discrete moment of time 7€ {0, 1, ...} can be

in any of m states, x, €{1, ..., m} — is the Markov property in its simplest form:

(7) X = x| X1 = X1, ..y Xo = x0) = p(Xi = X | Xi1 = Xx11).

The Markov property assumes that the process X; ‘lacks memory’ from its past, so that the
probability of being in a state x;, in the moment ¢ depends only on the state that was occupied
in the preceding period, #~1. This allows for formulating a transition matrix P¢ = [pj; Jmxm
where p; ;= p(X; = j|X,-1 = i). If all p;;, are time-invariant (i.e. for every ¢, P = P), the Markov
chain is called homogenous. In such cases, given the probability distribution of the process
over the space of states (in migration studies: of regions) at the time ¢, x,, the model for use in
forecasting the future distribution of population n periods ahead, X+n, can be written as:

(8) Xen = X¢ P

In general, the pioneering works in the applications of Markov chains to modelling social
mobility'” are due to Prais (1955) for movements of people between income classes, as well
as Blumen et al. (1955) for changes of jobs. Also in migration studies, population flows
between regions (states of a Markov chain) have been modelled in various ways, originating
from chains with homogenous transition matrices. Specifically for inter-regional migration,
the early examples are the studies of Rogers (1966), Brown (1970), and Joseph (1975). The
pioneering work of Blumen et al. (1955) is also important, for it includes the notion of
heterogeneity of the population under study. The population is divided into ‘movers’ and
‘stayers’, only the former ones changing the states they belong to. This approach has been
later generalised in a model with different transition matrices for various subpopulations
(Goodman, 1961). The population heterogeneity has been also formally examined by
Spilerman (1972), who applied a regression analysis based on several exogenous variables
within the Markov chain framework.

16 See, for example: ‘Markov chain’ and ‘Markov process’ in the Springer online Encyclopaedia of Mathematics
(«eom.springer.de/M/m062350.htm», «eom.springer.de/M/mm062490.htm», accessed on 25 August 20006), as
well as the review of probabilistic literature of the Kolmogorov Library («www.kolmogorov.pms.ru/uspensky-
predvarenie.html», accessed on 25 August 2006), albeit the latter quoting the 1907 edition of the seminal work
of Markov (1906).

"7 The overview is presented after Kupiszewski (2002b: 28-34).
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The homogeneity of a Markov chain and the related stationarity of the process, meaning in
particular that the conditional distribution of x; given X, stabilises as ¢ increases to infinity, is
desired from a mathematical point of view, although rarely observed in real-life migration
modelling problems (cf. Huff and Clark, 1978). On the other hand, Brown (1970: 401) noted
that certain properties of Markov chains, like mean times of passage between states, time of
recurrence to a given state, or stationary distributions of a chain, are very useful for
interpreting the properties of the system under study. For these reasons, there have been many
attempts to retain certain assumptions of the model and lift some other ones, leading for
instance to migration models using heterogeneous Markov chains with non-stationary
transition matrices. An application of this approach can be found for example in models
characterised by the ‘cumulative inertia’ property (McGinnis et al., 1963). This notion links
the transition probabilities with the duration of stay in particular states, assuming that the
longer the stochastic process is in a given state (a person does not migrate), the less likely it
will move to another state (region) in the future.

Characteristics of the ‘cumulative inertia’ and ‘mover-stayer’ approaches are combined in the
semi-Markov processes proposed by Ginsberg (1971). These models are a generalization of
Markov chains, and relate the probability of leaving a state to the time previously spent in it,
as well as to the state entered next (destination). Although for such processes the Markov
property does not hold, according to Ginsberg (idem), including duration-of-stay effects is a
more suitable premise for modelling social processes than the Markovian ‘lack of memory’.

Further to semi-Markov extensions, an attempt to construct a stochastic demo-economic
model for forecasting interregional migration, has been made by Plane and Rogerson (1985).
They combined a Markov chain with an economic gravity model (cf. Section 2), in which
changes in the spatial distribution of economic opportunities modify the spatial distribution of
the population. Their basic model has the following form:

-1 t =1\y

9 r o=
v T ATy
£
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where p';; is the probability of migration from i to j in the period (¢, #+1), while 4’ is the
‘attractiveness’ of the j-th region (Plane and Rogerson, 1985; after Rogerson, 1984: 115). 4,
was defined here as A'/=(AE" ' +s"", E)/(U"'+s""; E'), with E; and U, respectively denoting
employment and unemployment in the j-th region at the time ¢, and s'; being a rate, at which
employees separate from their jobs in the period (z, #+1). Alternatively to (9), Rogerson
(1984) formulated a logit model, additionally including the job application and competition
process, through the region-specific rates of the numbers of job searchers to job vacancies.

Recently, Constant and Zimmermann (2003) combined a Markov chain model for the moves
of migrants between Germany and their countries of origin, with an estimation of transition
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probabilities using logit models on the basis of micro-level data. For that particular example
the authors found that “a Markov chain is an appropriate representation of the structure of the
behavioral process of repeat migrants” (idem: 22).

With respect to the practical applicability of Markovian and related models in migration
studies, Kupiszewski (2002b: 34-35) noted that they form a very general and elegant tool for
modelling any transitions involving human populations, including the migratory ones.
Moreover, Lindsay and Barr (1972) have presented a study, in which the use of Markov
chains for modelling migration proved to be more realistic than the random Monte Carlo
simulations based on dynamic transition probabilities, which would change over time
according to pre-defined deterministic patterns. In these Monte Carlo simulations, the
probabilities were derived using the gravity model, additionally acknowledging the presence
of various barriers between the regions.

Despite their advantages, Markovian models are contemporarily of a rather marginal use in
geographical studies, regardless of their relative popularity in the 1960s and 1970s. There are
several reasons for that. Firstly, the assumption that a stochastic process lacks memory longer
than from the preceding period is strong, and sometimes very far from the reality of migratory
phenomena, for example with respect to return migration. Secondly, the ‘ideal’ properties of
Markov chains, like the homogeneity of populations under study and stationarity of the
stochastic process, are also rather artificial in the real-world modelling. Moreover, the above-
listed attempts to overcome these problems, although very well-designed from a mathematical
point of view, require very detailed empirical data, that are usually not available
(Kupiszewski, 2002b: 34-35).

5.2. Micro-level methods: event-history analysis and ethnosurvey

In the micro-level event-history analysis, migration can be one of many possible demographic
events that may happen to an individual. In the event-history modelling, people can move not
only between geographic regions, but also between other socio-economic and demographic
‘states’, like the marital status, type of economic activity, level of education, etc., where the
moves are modelled on the basis of estimated transition probabilities. The methodology is
thus a natural analytical framework for use in multi-state demographic models (Rogers,
1980).

In human geography, the origins of the event-history approach date back to the studies of
migration and residential histories. For example, Ginsberg (1978) used a probabilistic
framework (a semi-Markov process mentioned in the previous subsection) to analyse
residence histories of individuals, with focus on times between particular moves. In
demography, the event-history framework in its wider sense, encompassing many possible
aspects of human life, had numerous practical applications up to date. Among the first ones,
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there was a study of interrelations between migration, family formation and stage of career in
the individual’s life course (Courgeau, 1985)'®.

The event-history models can be formulated for either continuous or discrete time. In the
former case, following Courgeau (1995: 23), let the duration of stay of an individual a be
denoted by T;“, where k-1 is the number of migrations undertaken previously by that person.
Further, let the respective region of residence be described by a random variable [;°.
Additionally, let various characteristics of the individual a, x;“(f), as well as sets of
information this person has about the destination region j, y;“(f), be given. The equation
linking the instantaneous migration rate m;;(f) of the individual a with the remaining
quantities has the form:

P <twdt Iy = | Ty 240,10 = i,x7(2), 5(7)
1m - .

(10) ] (2] (), 55(1) = lim dr

In an analogous model with discrete time, the probabilities of migration (transition) p;;;
would be modelled instead of instantaneous rates, which are in fact also probabilities,
although specifically defined.

Courgeau (idem) observed that (10) is “a multivariate model for failure-time data with
competing risks”, which may take into account not only variables related to migration as such,
as duration of stay, sequence of migrations, or preferences of regions, but also different
personal characteristics of migrants (sex, age, etc.). Additionally, other important events from
the individual biographies, related for example to family formation, childbearing, changes in
education level, as well as to employment status, can be considered in the model, provided
that appropriate data are available.

The instantaneous probabilities of migration between particular regions, given in (10), can be
estimated for example from representative retrospective surveys. Especially in the case of
international migration, these rates should be ideally calculated on the basis of large
comparable cross-country studies, which are nevertheless very costly and thus performed very
seldom'®. An alternative approach to prepare forecasts of migration on the basis of an event-
history model are Monte Carlo micro-simulations, which are comprehensively presented for
example by van Imhoff and Post (1998). As noted by Courgeau (1995: 24), the micro-

'8 Methodology, and an overview of possible demographic applications of the event-history analysis is provided
in Courgeau and Leliévre (1992), while a detailed analysis of migration dynamics is discussed in the life-course
context by Mulder (1993).

' One well-known example is the Fertility and Family Survey (FFS), carried out in the 1990s in 20 European
countries under the auspices of the Population Activities Unit (PAU) of the UN Economic Commission for
Europe, following a common research design. Migration-related questions have been included in one of the
optional modules of the original FFS. According to the author’s knowledge, up till the time of writing of this
study, the FFS has been repeated only once in a handful of originally-participating countries. Although the PAU
also conducts another European-wide survey on Generations and Gender, the latter does not include any
information about migration. More detailed information is available on the PAU website: «www.unece.org/pau»
(accessed on 9 August 2006).
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simulation methods in migration forecasting, allowing “to obtain an estimation of future
regional population, under certain hypotheses”, date back to the pioneering work of
Hégerstrand (1957). The hypotheses predominantly concern probabilities of making a
migratory move within a given time after the previous one, and can be extended to include the
impact of other socio-demographic characteristics. On the basis of such probabilities, the
migratory behaviour of each individual from a population under study can be simulated using
the Monte Carlo method. The individual-level trajectories can be subsequently aggregated in
order to yield the required migration forecast. An important element assumed here, not always
realistically, is the population homogeneity (Courgeau, 1995: 24).

Another micro-level research framework designed specifically for studying international
migration is an ethnosurvey (Massey, 1987), combining the features of a quantitative survey
with ethnographic methods. As traditional analytical techniques do not properly deal with
undocumented migration, circular movements, and dynamic character of migratory processes,
there was a need for a research design that would allow to capture these phenomena. The
qualitative part of the ethnosurvey methodology involves semi-structured interviews,
participant observations and case studies, while the quantitative one — gathering data on
individuals, their life-event histories, as well as on households and communities, by the means
of parallel sampling in the origin and destination areas. The main drawbacks of the
ethnosurvey approach are: (1) it is cost- and labour-consuming, and (2) it is very difficult to
obtain representative results from the samples used (idem: 1515).

Among other applications, the results of an ethnosurvey can be directly used to predict
international migration flows. For example, Massey and Zenteno (1999) prepared a forecast
of a Mexican migration to the United States, using a system of the following dynamic
equations for the probability of immigration of an individual i in the year ¢, p(Mig;,), as well as
for the probability of return, p(Ret;;), depending on the personal characteristics (idem: 5330):

(11a) p(Migy,) = f(Age; ., Sex;, Itrips;, 1, lexp;, 1, Ctrips, ;, Cexp, ),
(11b) P(Rety) = flAgeis, Sex;, Itrips;,, lexpi 1, Ctrips,_ 1, Cexp.p).

In the above equations, the variables Age and Sex are self-explanatory, Itrips;, denotes the
number of migratory moves made by the i-th person in the year ¢, while Ctrips, — the number
of such moves made by the other members of the community of origin. Further, lexp;, and
Cexp, depict the migratory experience, measured by the number of moves, cumulated
respectively by the i-th person, and by other community members in the year 7. The
probabilities (11a) and (11b) can be estimated within the event-history framework using a
logistic regression, in order to obtain the rates of out- and return migration. Notably, although
the quantitative part of an ethnosurvey is defined in probabilistic terms, there are also
qualitative components of the research, not discussed in the current study, which make the
whole methodology de facto a stochastic-descriptive (hence, deterministic) hybrid.
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5.3. Selected attempts to bridge the micro and macro perspectives

With respect to the general discussion on combining the advantages of micro- and macro-
level approaches in population modelling, Courgeau (2003) observed that both methodologies
are complementary. In a comprehensive multi-level research framework, both individual and
aggregate characteristics should be introduced into the model, as it has been applied for
example in a study of inter-regional migration in Norway presented by Courgeau and
Baccaini (1998). In such a way, the macro-level variables provide an exogenous context for
the analysis of individual biographies within the event-history approach. Interestingly,
Courgeau (2003: 81-82) sees large methodological potential in applying the Bayesian
paradigm and subjective probability in multi-level studies, involving hierarchical Bayesian
modelling.

Another framework for migration modelling and forecasting, using the tools of theoretical
physics has been proposed by Weidlich and Haag (1988) within an approach labelled as
‘sociodynamics’. The authors developed a model that aimed at linking micro-level migratory
decisions of the individuals with their macro-level outcomes for inter-regional population
flows. On the micro level, migratory processes are described in terms of dynamic utility and
mobility functions, applying the master equation method used in statistical physics.

Master equations are first-order differential equations defined for probability distributions of
the process over a vector of N states, n = [n;]1xy. In migration studies, they refer to the
population distribution over the space of N regions, with n; denoting the number of people in
the i-th one. The probabilities are related to the rates of transition from one state (region) to
another, wj;, according to the formula (Weidlich and Haag, idem: 9-10, 23):

dpln,t) _

(12) »

D w1 p P )= w(n,1)- p(n, 1),

i*j i*j

where n' 7 depicts the state of the process after a single move of one person from the i-th
state (region) to the j-th one, n'?) = [n1, ..., (mi=1), ..., (n;+1), ..., ny] B

On a macro level, the transition rates wj; are derived using a regression analysis with several
socio-economic and geographic (distance) explanatory variables, which constitute the
background of migration processes. In Weidlich and Haag (idem), the model was tested on the
examples of selected European countries: West Germany, France, Italy, and Sweden, as well
as of Israel and Canada. Nevertheless, despite the potential usefulness of the model, and the
level of detail and mathematical precision of a dynamic analysis it offers, its complexity
rendered it hardly exploited in practical applications up to date.

At the time of writing of this paper, several leading European demographic research institutes

are making a joint effort in order to develop a unified framework for demographic predictions
within the EU-sponsored project ‘Bridging the micro-macro gap in population forecasting’
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(MicMac). The analysis aims at producing a forecasting model that would “offer a bridge
between aggregate projections of cohorts [...] and projection of the life courses of individual
cohort members [...]” (van der Gaag et al., 2005: 3). The outcome would combine the
features of multi-regional models with the event-history analysis, paying special attention to
the uncertainty issue. Unfortunately for migration predictions, this component of population
change is treated in MicMac much less comprehensively than mortality and fertility.
Nevertheless, such a micro-macro approach has no doubt considerable potential also for
modelling and forecasting of population flows’.

5.4. Econometric forecasts of international migration

Econometric models are a natural tool not only to predict migration, but also to verify
particular economic theories (cf. Section 2) on the basis of empirical data. The recent boom of
using econometric models to forecast international migration in Europe dates back to the
1990s, and focuses almost universally on population flows from Central and Eastern
European countries to the West after the expected enlargement of the European Union. Many
such studies have been published in Austria and Germany, both located very close to the
potential sending countries, and already accommodating large groups of immigrants from
Central and Eastern Europe. Due to a multitude of such research, the current subsection
presents only a handful of models in more detail, focusing on different methodological
approaches to econometric modelling of migration, and, in most cases, explicitly referring to
the European circumstances” .

To start with, a very simple model has been proposed by Fertig and Schmidt (2000), who
estimated immigration rates to Germany, m, from the four EU candidate countries at the time
of preparing the study (the Czech Republic, Estonia, Hungary, and Poland). Their model
covers the country-specific, time-specific, and cross-sectional effects, in addition to the
overall mean migration rate, and can be written in a simple form:

(13) mpy=ut+t&tetép

Denoting the country of origin by i, the model (13) assumes that & ~ N(0, o),
&:~N(0, 0;/), and & is a Gaussian autoregressive process AR(1). The forecast produced on
its basis yielded that in the period 1998-2017 the average annual population inflow to
Germany would range between 15 and 57 thousand immigrants a year (idem: 37).

The idea of Fertig and Schmidt (2000) has been further corroborated, among others, by
Dustmann et al. (2003), who also forecasted European migration after the EU enlargement. In

2 A brief description of the project, its rationale, basic assumptions, and methodology are offered for example
by van der Gaag et al. (2005). More details can be found on the project’s website: «www.micmac-
projections.org» (accessed on 30 April 2006).

! More complete and detailed literature surveys of existing econometric forecasts are presented for example in
Alvarez-Plata et al. (2003), in a report of the CPB (2004), as well as in Briicker and Siliverstovs (2005).
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the latter study, the error term was decomposed into origin-specific, destination-specific,
time-specific, and various cross-sectional components, additionally involving relative income
per capita, and dummies for particular countries. Their approach also produced rather
moderate forecasts of post-EU-enlargement migration flows.

In a more comprehensive modelling framework, Sinn ef al. (2001) prepared the forecast of
foreign population stocks in Germany (B), considering five largest EU candidate countries of
that time: Poland, Romania, the Czech Republic, Hungary and the Slovak Republic. In the
analysis, a partial adjustments model has been applied:

(14) Bi=Alawv+a YVi+ o G+ s EU,+ au FR,+ (1/A—1+ as) B, 1] + &,

where A satisfies the long-term relationship: B, = B, + 4 (B,* — B; 1), and B,* 1S an
equilibrium trajectory of the foreign population stocks under study, B, = ay + o YV, +
+ o G+ o5 EU; + a4 FR; + a5 B:1. A reference in Bt* to the number of migrants in the
preceding period, B, reflects the ‘migrant network’ hypothesis (idem: 89, cf. Section 2).
The other predictors used in the model are: YV — fraction of PPP-adjusted GDP per capita in
the sending country to the German one, G — the output gap in Germany, EU — a dummy
variable regarding the EU membership, and FR — a dummy related to the freedom of
movement of the labour force. The model has been in part estimated on the basis of empirical
data, and in part (parameters a3 and a4) calibrated using the historical information on German
population stocks originating from Greece, Italy, Portugal, Spain, and Turkey. As a result, the
forecast yields that by 2015 the B; would increase from the initial 459 thousand to 3.2—4.1
million people (idem: 18-21).

Another forecast of post-enlargement migration to the EU-15 from ten countries of Central
and Eastern Europe has been prepared by Alvarez-Plata ef al. (2003). Their study explains the
share of migrants from country i residing in country j, expressed as a percentage of the total
population of the latter (ms, ;). The dependent variable has been modelled as:

(15)  msyje= o+ (1= &) msyjr + i In(wiwir) + B In(wi) + s In(eir) + B In(eyo) +
+ fBs In(Py) + v Zij + v,

where u;j; = 4;; + vij, and v;;, denotes the Gaussian white noise. The remaining explanatory
variables are: w — real income levels, e — employment rates, P — population sizes, and Z —
dummy variables denoting geographic and cultural proximity of particular countries.
Additionally, the forecast assumed a long-term convergence of economic explanatory
variables (in particular, w), which concern ten Central and Eastern European countries, to the
average EU-15 levels. As a result, net migration from the countries under study was
forecasted to decline exponentially from 367 thousand persons a year, shortly after the
introducing the freedom of labour force movement in the enlarged EU, to below zero by 2030
(idem: 60). It is worth noting that in model (15) the population size is exogenous, taken from
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the predictions of the World Bank, and hence is not internally consistent with the forecasted
migration numbers.

The features of several types of the models presented above, (13), (14), and (15), have been
combined in the study of Briicker and Siliverstovs (2005), who made an attempt to explain the
share of migrant stocks from the country i in the country j, expressed as a percentage of the
total population of the latter (thus, defined as in Alvarez-Plata et al., 2003). In addition to
including exogenous variables (real income levels and fractions, employment rates, etc.), the
model has been prepared using the partial adjustments framework, where destination-specific
shares of immigrants change stepwise towards their long-term equilibrium levels, and the
error term is decomposed into the country-specific effect and the white noise. Their study also
examines the impact of heterogeneity across countries on the estimation of migration models,
as well as on the forecasts obtained.

Similar models, although with slightly varying sets of explanatory variables, have been
proposed also by other authors. In addition to income (or GDP) per capita differences
between the sending and receiving countries, present in virtually all models, Hatton and
Williamson (1998) added a share of employment in agriculture, a birth rate of a sending
country (lagged 20 years), migrant stock at the destination, and country-specific dummies. In
their model, the dependent variables were emigration rates related to the population of the
source country. Orlowski (2000) added population size and unemployment rates of the
destination region, as well as geographic distance, in order to explain emigration rates. Boeri
and Briicker (2001) found a significant effect of such variables as: employment rates,
institutional restrictions to migrate, presence of migrant networks, cultural (language)
proximity, as well as of standard of living, on the stocks of Central and Eastern European
migrants residing in the ‘old’ EU-15 countries. Alecke ef al. (2001) used unemployment rates
in both the sending and receiving countries, alongside with country-specific dummies, in
order to model the origin-destination emigration rates. Several models involving various
macroeconomic determinants of country-specific net international migration rates in Europe
have been also tested by Jennissen (2004).

Another option of econometric migration forecasting is based on generalised linear models
(GLM). Willekens and Baydar (1986) suggested that in such models, there is a need to
separate effects that are specific to the regions of origin, destination and their interactions, as
well as the effects of the ‘environment’ (exogenous socio-economic, political, cultural, and
other variables). They observed that overall migration can be decomposed into the /eve! effect
concerning the number of migrants, the generation effect related to the shares of particular
sending areas in all outmigrations, and the distribution effect concerning the share of these
outmigrations among all possible destinations. Letting N; for the total number of migrants, w;,
for the probability that a migration originates from region i in the year ¢, and p;;, for the
probability that a migration originating from i ends in j during ¢, the model for migration from
i toj in time ¢ (m;;,) can be thus written as (idem: 207):
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(16a) i i = N, Wip Pijgo

or, for a system of regions, in a matrix notation (with M&[m; ). x », diagonal We=[wily x ns
and Pt:[pi,j,t]n X n):

(16b) M, =N, W,-P,.

For the elements of W; and Py, additional explanatory analysis can be performed. Willekens
and Baydar (idem: 225) suggested decomposing the logits of w;, and p;;, into parts related to
regions, time, and their interrelations, possibly applying certain restrictions on the variables
under study.

Another general category is formed by the simultaneous-equations econometric models of
migration, the examples of which, however, are less numerous than of single-equation
models. Already in the 1960s, Okun (1968) modelled interrelations between inter-state
migration in the U.S.A. and the inequality of income levels per capita among the states. Later,
Greenwood (1973) presented a complex model with seven equations and seven endogenous
(jointly dependent) variables: the civilian labour force (CLF) out-migration (OM) and in-
migration (/M), income change (Alnc), employment change (AEmp), unemployment change
(AUnemp), as well as CLF change (ACLF) and natural increase (Natlnc). Equations for the
two latter variables are identities (ACLF = AEmp + AUnemp; Natlnc = ACLF + IM — OM),
while the remaining ones are structural, involving several exogenous variables (proxies of age
and education structures, government expenditures, and several dummies), as well as the
stochastic component (Greenwood, 1973: 92-95). The simultaneous-equations models can be
potentially very useful for forecasting migration within larger supra-national systems, yet the
weak international comparability of migration data forms a clear practical limitation in that
respect.

5.5. Stochastic forecasts of migration time series

In addition to econometric models involving additional explanatory variables, and thus
modelling conditional distributions, another important group of migration forecasting
approaches is based on the analysis and extrapolation of time series. The most common
methodology, originally due to Box and Jenkins (1976), applies autoregressive integrated
moving average (ARIMA) models, predominantly within the framework of the sampling-
theory statistics. In general terms, the ARIMA(p,d,q) model can be formulated as (e.g.,
Greene, 2000: 776-777):

(17) (1—i¢jLiJ[(l—L)dxl]:c+(l—zq:l9/l/]8,,

i=1 Jj=1
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where x; is the variable under study, & is the error term (usually assumed to be a Gaussian
white noise), L denotes the lag operator (kat =x4), and (1 — L)dxt is the d-th difference of x.,.

There are several examples of migration studies based on ARIMA models with various
parameters p, d, and q. For instance, the forecast of Dutch migration prepared by de Beer
(1997) uses an AR(1) autoregressive process x;, = ¢ + ¢ x,; + &, for the total volume of
emigration and immigration (x;). In the same study, a moving average process MA(1), x,=c +
+ & — 6 &1, has been found best fitting the data in the case of net migration. In a population
forecast prepared for Finland, Alho (1998) applied ARIMA(0,1,1) models x;,=c +x.; + &— 6
&-1 for logarithms of immigration, as well as for emigration volumes. Keilman et al. (2001)
prepared a Norwegian forecast using an ARMA(1,1) model for the logarithm of immigration:
xx=c+ ¢gx.1+&— 60 &, and an ARIMA(0,1,0) model, that is a random walk with drift:
X, =c + x.1 + &, for the logarithm of emigration. Further to the presented studies, the most
important classes of stochastic models for forecasting demographic rates (random walks,
linear stationary processes, and ARIMA) are also discussed in Alho and Spencer (2005: 198—
225), together with the possibilities of their extension by allowing for example for
heteroskedasticity of the error term, &;.

The time series models presented above have their multivariate generalisations, allowing for
including other variables in addition to the key one under study (migration). The time series
models presented above have their multivariate generalisations, allowing for including other
variables in addition to the key one under study (migration). An example of this approach is
the vector autoregressive (VAR) modelling, originally due to Litterman (1979) and Sims
(1980) (after: Greene, 2000: 741), which has been used in the forecast of migration between
Australia and New Zealand prepared by Gorbey et al. (1999). Their VAR(4) model, based on
quarterly data, has the form:

(18) X¢=Co+ (Cy L+ Cy L*+ C3 L*+ C4 L) X, + &

where C; are the matrices of cross-variable coefficients, L denotes the lag operator, and & is a
multi-dimensional Gaussian white noise. The choice of variables in the VAR models has been
based on the formal tests of the unit root, and the Granger-Sims tests of causality (idem: 78—
84), which yielded the following sets of interdependent variables, Xt, applied in the forecasts:

(18a) X¢=[NMR,, YRCGOQ)]

(18b) X¢= [NMR,, YRGO,, AUGQ,] ,

(18¢) X¢= [D4NMR,, YRCGQ,, ZUGQ,] ,
(18d) X¢= [NMR,, YRGQ,, UDIFQ,, ERGQO,] .

In (18a)—(18d), the following abbreviations of particular variables are used: NMR — net
migration rate, D4NMR — yearly difference of NMR, YRGQ — growth of the real GDP ratio for
the two countries, YRCGQ — growth of the real GDP ratio per capita, UDIFQ — differences in
unemployment rates, AUGQ and ZUGQ — country-specific unemployment growth indices for
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Australia and New Zealand, and ERGQ — growth of the earnings ratio for the two countries.
Although Gorbey et al. (idem) observed that migration between Australia and New Zealand is
largely visa-free and resembles internal population flows, the same modelling framework can
be also tested for typical international migration. The possible modifications include
adjustments taking into consideration exogenous, not modelled, variables related to migration
policies and to the freedom of movement of persons.

Apart from migration models based on the analysis and extrapolation of time series, there is
an example of a forecasting framework that makes an attempt to partially depart from the
sampling-theory statistical paradigm. Lutz et al. (1996, 1998, 2000, 2004) developed a
concept of ‘expert-based probabilistic population projections’, in which subjective expert
judgement is applied to prepare stochastic forecasts. In general, let v, denote the phenomenon
under study, for example international migration rates. Within the expert-based framework,
the forecasting model has the form », =7, +¢&,, where 7, is the average trajectory of the

process, assumed a priori by specialists in the field, and & follows a stochastic process, e.g.,
AR(p) or MA(q).

Lutz et al. (2004) applied & ~ MA(30) for yearly data, assuming additionally that the standard
deviation of &, o(g), is equal to a pre-defined value o (), also pre-set on the basis of
subjective expert opinion. For international migration forecasts, the authors assumed that the

average of the process is time-invariant (7, =7 ), while o' (&) was calculated in such a way

that 80 percent of the density of the probability distribution of v, was concentrated between
zero and the judgementally-chosen value vi,,. As subjectivity is explicitly expressed in the
‘expert-based’ forecasting approach, it can be seen as a hybrid between the sampling-theory
and Bayesian methods. Notably, a partial Bayesian interpretation of ‘expert-based
probabilistic population projections’, has been given by Tuljapurkar (1997: 760), in terms of
attaching “a priori probabilities to each static or dynamic scenario” in the forecasts presented
by Lutz et al. (1997).

The features of various approaches to probabilistic population forecasting have been also
synthesised within the framework of the EU-financed research project ‘Uncertain Population
of Europe’ (UPE) (Alho et al., 2005). The UPE predictions combine the cohort-component
model of population dynamics with probabilistic forecasts of fertility, mortality, and
migration, based on the analysis of time series, historical forecast errors, and on expert
opinion. The results have been calculated on the basis of 3,000 simulations.

One specific innovation of the UPE Project is a comprehensive empirical analysis of
correlations between forecast errors for various components of population change (including
international migration), as well as between the countries under study (Alho et al., 2005: 2).
With respect to migration, the balance of flows for particular countries was modelled using
linear trends, random walk models, or autoregressive models, with dummy variables for some

37



country-specific years. Among the mentioned models, the AR(1) has been ultimately chosen
for forecasting net migration among the 18 countries of the European Economic Area
(Keilman and Pham, 2004)*.

5.6. Bayesian models and forecasts of population flows

The existing examples of using Bayesian methods to model and forecast international
migration are scarce. Therefore, the current overview applies a somewhat broader perspective,
including additionally selected models of non-migratory population flows.

To begin with, Gorbey et al. (1999) estimated their VAR(4) models of migration between
Australia and New Zealand defined in (18) also within the Bayesian framework. The
coefficients of the models have been assumed to follow Minnesota priors. For the parameters
on the first lags of the same, i-th variable, normal distributions N(1, 0:.:1°) have been assumed
a priori. In all other cases, for interrelations between the i-th variable and the 4-th lag of the j-
th variable, that is for k> 1 or £ =1 and i # j, normal prior distributions N(0, o; J,kz) have been
used. In this way, the time series of each variable is a priori believed to be most likely
generated independently by a random walk process. For the specific variances of the Gaussian
priors, it has been assumed that o;;x = y g(k) f(i,)) si/s;, with y= 0.4, g(k) = K fii) =1, fi))
<1 for i #J, and s; denoting a standard error in the autoregressive model for the i-th variable.

The ex-post comparison of various sampling-theory and Bayesian models yielded that the
best-performing ones were the ones given by (18b), with X, comprised of net migration rates,
growth of the real GDP ratio for the two countries, and quarterly unemployment growth in
Australia. Among them, the Bayesian model produced slightly greater ex-post forecast errors
than the corresponding traditional VAR, one possible explanation being the likely
disagreement between the prior distributions and the data sample.

Nevertheless, from a strictly Bayesian point of view, there is one problem with the coherence
of such approach. As the s; values are estimated from the same sample as the model itself, the
priors are data-based. Therefore, the presented approach is not fully Bayesian, as in that case
the prior distributions should be specified independently from the observations™.

The research of Briicker and Siliverstovs (2005), mentioned earlier in this section, also
compares the results of estimation of migration models in the sampling-theory and Bayesian
approaches. In their comparison of various estimation methods, the hierarchical Bayes
estimator (likely the mean from the appropriate posterior distribution), as well as the
sampling-theory fixed-effects estimator, performed best in terms of ex-post prediction errors.
The problem is, however, that the authors consider the Bayesian framework merely as an

2 More information is available from the project’s website: «www.stat.fi/tup/euupe» (accessed on 5 May 2006).
1 am very grateful to Prof. Jacek Osiewalski for drawing my attention to this problem.
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alternative methodology of estimation. The study lacks both the discussion of the prior
distributions used, as well as the a posteriori uncertainty assessment, which elements are both
inherent in any Bayesian analysis.

In addition to the studies of ‘pure’ migratory movements, examples of Bayesian gravity
models based on the Poisson regression, applied to forecasting other types of population
flows, have been offered by Congdon (2000, 2001)**. It should be noted, that although his
studies focus on the flows of patients to hospitals, the models are sufficiently general to cover
other types of spatial movements in a similar manner. The common assumption is that the
number of patients coming to the hospital j from the region i follows a Poisson distribution
with a mean g, for which various alternative models can be built, as for example (Congdon,
2001: 297-298):

(193) ln(,u,-J) =k+ [o4)) ll'l(Pl) + 511’1(R,J) + éjl El,j + 52 EzJ + ¢S,'}j, or:
(19b) ln(y,-,j) =k+ (24)) ll’l(P,) + o YA]VI + Agedi + é; ln(RiJ) + é:] El,j + é:z Ez,j + ¢Si!]'.

The basic set of explanatory variables is comprised of P; — population size of the i-th region,
and R;; — a proxy of the medical services supply, calculated as the number of beds in the
Jj-th hospital, B;, weighted by an average distance (crow-fly or car-time), from the i-th region
to the j-th hospital, d;;. The further exogenous predictors are: YAN; — an index of demand for
the health-care services, Aged; — a fraction of population aged 65 years or more, £, E>j —
dummy variables for two selected hospitals, and S;; — a dummy indicator, whether the j-th
hospital is located in the i-th region. The prior distributions are assumed to be Gaussian,
diffuse for the constant, k¥ ~ N(1, 100, and carrying more information in the case of the

remaining parameters: ;, £, 0 ~ N(1, \/EZ), y~N(2, mz), and &, &, ¢~ N(O, \/EZ). The
model (19b), in its variant based on car-time distance, has been found fitting the data best.

It is worth noting that the scarcity of Bayesian forecasts of international population
movements resembles the situation in the other fields of demographic analysis. The rare
existing examples include forecasts of fertility (Tuljapurkar and Boe, 1999), mortality (Girosi
and King, 2005), or the whole population size in the case of limited information, as in the
study of the Iraqi Kurdish population by Daponte et al. (1999). Population change has also
been analysed in the Bayesian framework by Bernardo and Mufioz (1993), and Clark (2003),
the latter from an ecological perspective, not limiting the analysis to the human species.

Interestingly, according to Alho (1999: 1), one of the first attempts to formulate the
population prediction problem in probabilistic terms instead of producing the baseline-high-
low intervals has been made by Tornqvist (1949) within the Bayesian framework. More

* A summary of various probability models that can be used for migration forecasts is offered in Willekens
(2005), who argues for using Poisson regression for counts of migrants, logit or logistic models for proportions
of migrants in a given population, and Poisson models with offset for occurrence-exposure rates. The discussion
further distinguishes models for state occupancies, transition probabilities, and transition rates.
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contemporarily, a complex Bayesian analysis of demographic change using a cohort approach
has been proposed by Nakamura (1986), while the application of Bayesian inference in the
studies on the Lexis diagram has been shown by Berzuini et al. (1993). The latter concept has
been recently extended in a form of a specialised software ‘BAMP’ designed for the age-
period-cohort modelling and forecasting (Schmid and Knorr-Held, 2001). Some other
examples of Bayesian models that can be used in demography and related fields are given by
Courgeau (2004), and include multi-level or hierarchical models (Draper, 1995; Goldstein,
2003), as well as survival models (Ibrahim et al., 2001; Gustafson et al., 2003).
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6. Evaluation of existing migration forecasting methods and models
6.1. Problems with the use of survey results as migration forecasts

Subsequent parts of this section are devoted to the advantages and drawbacks of various
methods and models presented before, also with respect to the way they deal with the
uncertainty issue. The relatively largest number of problems with the interpretation of the
results considers survey studies used to predict population flows. As noted by Kupiszewski
(2002a: 633-637), the categories used in such analyses are defined very vaguely. For
example, the commonly-used ‘migration potential’ can be defined differently in various
studies, depending on what is asked in the questionnaire. In this way, the formulation of
questions may heavily influence the results of a survey. There are no doubt different numbers
of ‘potential migrants’ giving a positive answer to the question, whether they intend to
migrate any time in the future, or whether they have already actively searched for any real
possibilities of settling abroad.

Moreover, the migration intentions declared by the respondents can not be directly
transformed into the actual behaviour, i.e. into the magnitude of population flows in the
future. In that respect, either the declared intentions can reflect ‘wishful thinking’ rather than
reality, or additional factors may get involved in the decision-making process between the
moment of the survey and the expected time of migration. The problem is thus not with
survey-based research as such, but with interpreting its results as migration forecasts,
irrespective of clear disclaimers and warnings provided by the authors of such studies (e.g.,
IOM, 1998: 11). On the top of that, due to high costs of conducting a survey, the sample sizes
are usually to small to allow for obtaining significant results involving breakdowns by sex,
age groups, regions, motives, etc.

6.2. Deterministic character of most of the existing predictions

As noted in Section 4, most of the practical applications of the cohort-component and multi-
regional demographic models are based on judgemental scenarios of particular components of
demographic change, including migratory flows. Although the input for the demographic
models could easily consist of stochastic forecasts of these variables, a majority of
demographic applications stick to the multi-variant projections, where uncertainty is not
properly quantifiable. The exceptions are based on the event-history analysis, in which micro-
level simulations are used to estimate probabilities of transition between particular states, thus
operating within a probabilistic framework (Section 5). Also many geographic models,
despite being based on stochastic processes (notably, Markov chains), and thus having large
potential of simulation-based uncertainty assessment, do not seem widely explored in this
context up to date.
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Moreover, the judgemental scenarios that often form the input to the models of population
dynamics often assume the constancy of migratory flows starting from a given period of time.
Although such an approach is understandable, as given the lack of specific knowledge of the
researcher about the more distant future, the constancy assumption seems to be the neutral
option, it is also likely to generate very high ex-post forecast errors. Nevertheless, as
international migration will most probably continue to be a dynamic process, this approach
cannot be expected to produce reasonable results in the long term.

To address the problems listed above, an appropriate option would be to involve forecasts
based on econometric or time series models, applying either the sampling-theory or Bayesian
framework, but nevertheless bearing in mind several reservations. For example, although the
analysis of uncertainty is embodied in the very nature of econometric models, many studies
devoted to migration forecasting do not pay proper attention to this issue. In the discussion of
the results, the presentation of forecast errors in terms of prediction intervals is often missing
(e.g., in Orlowski, 2000; Boeri and Briicker, 2001; Sinn et al., 2001; Alvarez-Plata et al.,
2003; Briicker and Siliverstovs, 2005). In most cases, this is replaced by a scenario analysis,
based on different assumptions on the GDP growth and convergence. An exception is the
study of Fertig and Schmidt (2000), who based their high-migration variant on the mean
forecast plus one standard deviation. In contrast to the practice in econometric forecasting of
migration, uncertainty is explicitly addressed in the predictions based on the pure time series
models (e.g., de Beer, 1997; Alho, 1998; Keilman et al., 2001; Lutz et al., 2004; Alho et al.,
2005).

All remarks made with respect to the sampling-theory econometric and stochastic forecasting
models remain in force for their Bayesian equivalents. The latter address the issue of
uncertainty in a form of whole predictive distributions, from which the credible intervals can
be derived, in order to assess the uncertainty span. In addition, the Bayesian inference allows
for a formal incorporation of expert judgement into the model, with respect to the
characteristics of the processes and interactions between variables. This is possible through
assuming appropriate informative prior distributions of the model parameters. The expert
opinion can be obtained for example from surveys among experts or Delphi studies, similar to
the ones presented in Section 4, or subjectively assumed by the forecaster.

6.3. Specification problems in econometric models of migration

Despite the clear advantage of econometric studies in the context of uncertainty, they are
often being criticised for the shortcomings of model specification, especially with respect to
demographic variables and country-specific effects, which are missing in most of them (Fertig
and Schmidt, 2000; Alecke et al., 2001). Limiting the possible explanations of population
flows to the economic aspects is also challenged by Kupiszewski (2001), as often leading to
very high forecast errors. Ideally, the forecasting model should control at least the basic
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demographic characteristics, as the populations size and age structure. In that respect,
Kupiszewski (2002a: 637-641) argues that if crude numbers of migrants are forecasted
instead of the occurrence-exposure rates and there are no demographic constraints on
migration, this may lead to extreme results, like the ones obtained in the judgemental
scenarios of Franzmeyer and Briicker (1997).

To avoid extremities, a reasonable level of control of the limiting factors should be exerted,
depending on various dimensions (demographic, social, economic, environmental, and
cultural) of the forecasting context, as well as on the scale of the predictions (Cohen, 1998).
Examples of applications of models successfully taking into account various constraints of the
socio-demographic setting include for example Massey and Zenteno (1999). A possible
analysis of the impact of the age composition of the population on migration may follow for
example the hypothesis of Plane (1993), who asserted that age-specific internal mobility rates
of young people generations (especially aged 20-24 years) are visibly lower in the ‘baby-
boom’ generations than in the other (‘baby-bust’) ones. However, such hypotheses still need
to be carefully verified on the basis of empirical data, before being applied in the migration
forecasting practice.

When migration rates or shares of migrants in the total population are forecasted within a
model which uses population size as one of the explanatory variables, as for example in
Alvarez-Plata et al. (2003), the movements of people occur de facto outside the model. In a
coherent framework, migration flows would increase the population of the destination country
and diminish in the source country by the same number, changing also the denominators of
migration rates or shares of migrants between subsequent forecast periods. Otherwise, treating
population size as exogenous is another source of bias, as in the study of Alvarez-Plata et al.
(idem), who used the population stocks projected by the World Bank as predictors. The
consequences of this omission can be very serious especially for regions with rapid
population growth or decline.

A way to overcome the incoherence caused by population moves in such models is to
examine the forecasted rates or shares in a broader model of demographic dynamics. In such a
way, the rates or shares would be transformed into numbers of migrants according to the
changes of the population size predicted within the same model. For this purpose, a multi-
regional framework of Rogers (1975) can be used, or its extensions, like the exponential
LIPRO model (van Imhoff, 1990; van Imhoff and Keilman, 1991), the MUDEA (MUlti-level
DEmographic Analysis) model (Willekens, 1995), which combines the features of the
population accounting and the multi-regional methodologies, or the generalised multi-level
MULTIPOLES approach (Kupiszewska and Kupiszewski, 2005). Another possibility is to use
a statistically-coherent framework proposed within the framework of the ‘Uncertain
Population of Europe’ project (Alho et al., 2005), taking into account interrelations of
migratory processes between the countries and regions under study.
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6.4. Implications for migration studies

In an attempt to create a complex conceptual model for analysing and forecasting
international migration, Salt and Singleton (1995) suggested that population flows should
ideally be predicted separately for different categories of migrants. Van der Gaag and van
Wissen (1999) successfully tested this idea on several models for immigration into five EU
countries, distinguishing nationals, EU-foreigners and non-EU-foreigners, as well as
examining several migration motives (economic migration, asylum-seeking, elderly
migration).

With respect to various methodological options of stochastic modelling and forecasting of
demographic phenomena, Lee (1998) suggested that the choice of a ‘proper’ method should
depend on the availability of good-quality data sets. Longer series of observations enable
using the time series approach, while for shorter samples or less reliable data, the expert-
based probabilistic scenarios are recommended. In order to synthesise these methodologies,
Tuljapurkar et al. (2004) suggested that the new directions in demographic forecasting should
include hybrid models, combining time series and the expert-based scenarios.

As a consequence of the argumentation presented above, the methodology of migration
forecasting should predominantly focus on applying econometric and time series models. The
deterministic methods are not recommended due to their disregard for the uncertainty issue, as
for example in the case of judgemental scenarios. In turn, the survey-based approach does not
qualify as a proper forecasting method in the light of the discussion offered before.
Nevertheless, a survey among experts or a Delphi study concerning either the parameters of a
forecasting model, or migratory flows and their uncertainty assessment (advocated for
example by Lutz ef al, 1996, 2004) could potentially be an interesting extension of the
analysis.

A detailed discussion of the ways of incorporating judgement in migration forecasts,
including insights into the Bayesian approach, has been provided by Willekens (1994), whose
remarks may serve as a point of reference for an expert opinion-based study. Although such
possibilities are generally very broad, they are clearly worth addressing in separate research.
On the other hand, the remaining probabilistic methods and models (Markov chains, the
event-history analysis, or the ‘sociodynamic’ approach) are complex and require much more
detailed statistical information than there usually is available for international population
flows in Europe. An investigation into some of these options, although very promising, like in
the case of the event-history approach bridged with macro-level studies of demographic
dynamics, would require a separate, very extensive (and expensive) research project.

In general, there is still a large potential of applying alternative forecasting methods, which

have not been used in migration context up to date. A full account of methodological
possibilities, provided by Armstrong and Green (2005), is illustrated in Figure 3, together
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with the indication of the position of methods already used in migration forecasting. And thus,
the ‘intentions/expectations’ analysis covers ‘migration potential’ assessment surveys.
Judgemental migration scenarios can be classified either as ‘unaided judgement’, or
‘quantitative analogies’, depending on whether or not the forecasts are supported by formal
methods, and use available information on analogous situations from the past, respectively
from other countries. Among the judgement-based methods in migration studies, there are
also examples of the use of the Delphi approach, as indicated in Section 4. The same applies
to the judgemental decomposition of migration into various groups of migrants, which are
further analysed using formal methods based on available statistics, as for example in the
study of van der Gaag and van Wissen (1999).

Figure 3. Migration forecasting methods in the general methodological framework
Judgemental LCEINMELER Statistical

Others | Self Sl Univariate | Multivariate
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' v based | based
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analogies || theory | |position  bootstraping | systems |

Notes: Grey shading denotes types of methods used in migration forecasting, straight lines — the relationships
between various methods, while dotted lines — possible relationships.
Source: Armstrong and Green (2005), own elaboration (migration forecasting methods)

At the same time, the vast majority of the existing studies of migration either fall into the
class of ‘causal models’, involving econometric analyses, or ‘extrapolation models’, including
deterministic demographic and demo-economic forecasts, and predictions based on stochastic
processes: Markov chains and time series analysis. ‘Extrapolation’ also covers the micro-
macro bridging perspectives, as well as the outcomes of event-history studies or the
quantitative parts of ethnosurveys. As a consequence, this category refers to a very broad
group of methods, covering deterministic and probabilistic approaches alike, according to
their potential of addressing the uncertainty issue in a coherent quantitative manner.
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Specifically in the probabilistic approach, further paths of methodological developments
could possibly include the investigation of data mining techniques based on various sources
(‘letting the data speak for themselves’), stochastic versions of neural networks, and rule-
based forecasting, or generalised versions of expert systems, devised in a way addressing the
uncertainty issue. As noted by Armstrong and Green (2005), in the rule-based forecasting,
“expert domain knowledge and statistical techniques are combined using an expert system to
extrapolate time series. Most series features are identified by automated analysis, but experts
identify some factors. In particular they identify the causal forces acting on trends”. The latter
approach seems thus especially promising in the context of such a multi-dimensional
phenomenon as international migration, where the judgemental element is very important.
Again, all the mentioned options require conducting detailed research in the future, dedicated
particularly to the examination of the applicability of specific methods in international
migration forecasting.
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