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ABSTRACT 
 

 The principal aim of this research project is to develop a formal model-based approach 
for inferring migration flows in settings where such data are inadequate, incomplete, or 
unavailable by combining and borrowing information from several geographical areas, time 
periods, and data sources.  To accomplish this, the project will draw on work carried out in four 
areas:  indirect estimation methods in demography, spatial interaction modeling in geography, 
model-based approaches to analyses with missing data in statistics, and mathematical 
representations of regularities in the age profiles of migration rates. 
 
 The inferential methods developed by this project will be tested on known migration data 
drawn from the censuses of 1960, 1970, 1980, and 1990, and then they will be applied to the 
2003 American Community Survey Data on migration, the birthplace-specific population stock 
data collected by the censuses of 1900, 1910, 1920, and 1930, and data for five additional 
nations:  Canada, Italy, Brazil, Indonesia, and Mexico.  These latter data will be assembled and 
analyzed by national demographers in those countries. 
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THE INDIRECT ESTIMATION OF MIGRATION:  A PROPOSAL FOR A 
MULTINATIONAL STUDY 

 
1. INTRODUCTION{ TC "1. INTRODUCTION" \f C \l "1" } 
 

The principal aim of this proposed project is to develop a formal model-based approach 
for inferring interregional age-specific migration flows, in settings where such data are 
inadequate, incomplete, or unavailable, by combining and borrowing information from several 
geographical areas, time periods, and data sources.  The term “indirect estimation” is used in 
demography to describe inferential techniques that produce estimates of a certain variable on the 
basis of data that may only be indirectly related to its value.  With the future elimination of the 
“long form” questionnaire from U.S. decennial censuses and its replacement by a smaller 
continuous monthly sampling survey, students of U.S. territorial mobility at times will find it 
necessary to deal with inadequate, missing, or possibly inaccurate “small sample” data on 
migration by adopting such indirect methods of estimation. 
 
 The project will especially focus on formal methods for indirectly inferring migration 
flows in the absence of migration data—particularly from successive counts of birthplace-
specific population stocks.  The latter have in the past been used to infer patterns of mortality 
and, indeed, of net migration (e.g., Miller, 1994).  But no one has developed a workable method 
for using such population stock data to estimate indirectly directional (i.e., origin-destination-
specific) migration flows.  That is the goal of the research proposed here.  The results it will 
produce will be useful to at least three user communities:  (1) population researchers faced with 
the prospective loss of the detailed migration data formerly contained in the to-be-eliminated 
“long form” questionnaire of past U.S. decennial censuses and its replacement by a significantly 
smaller continuous monthly sampling survey called the American Community Survey (ACS), (2) 
historical demographers and geographers seeking to identify changing mobility patterns hidden 
in the increasingly available historical population censuses that lack a migration question, and (3) 
migration analysts studying mobility patterns in data poor developing countries.  To achieve this 
goal, this research project will draw on work carried out in four areas:  indirect estimation 
methods in demography, spatial interaction modeling in geography, model-based approaches to 
the analyses with missing data in statistics, and the mathematical/statistical representation of 
regularities in the age and spatial patterns of migration rates. 
 
 In carrying out its research mission, the project will rely heavily on the use of model 
migration schedules (Rogers and Castro, 1981; Rogers and Raymer, 1999) and of log-linear and 
logistic models of spatial interaction and migration (Rogers, Willekens, and Raymer, 2002; 
Rogers, Willekens, and Raymer, 2003).  These models will be used to impose some of the trends 
in the regularities in age structure and spatial structure, which have been exhibited by past 
migration patterns, on the initial estimates produced by the several “from-stocks-to-flows” 
methods of indirect estimation to be developed by the proposed research.  The project will test its 
methods of indirect estimation on the past U.S. decennial censuses that asked a migration 
question, and it then will apply them to the 2003 American Community Survey data on 
migration, the birthplace-specific population stock data for 1900, 1910, 1920, and 1930, 
provided by the historical censuses made available by the Historical Census Projects of the 
University of Minnesota (www.ipums.umn.edu), and data for two additional more developed 
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nations (Canada and Italy) and three less developed nations (Brazil, Indonesia, and Mexico).  
These data will be assembled and analyzed by national demographers who are familiar with the 
methods of multiregional demography. 
 
2. BACKGROUND AND SIGNIFICANCE{ TC "2. BACKGROUND AND 
SIGNIFICANCE" \f C \l "1" } 
 
2.1 Indirect Estimation of Migration Propensities{ TC "2.1 Indirect Estimation of 
Migration Propensities" \f C \l "2" } 
 
 In countries with well-developed data reporting systems, demographic estimation is 
based on data collected by censuses and vital registration systems.  Demographic estimation in 
countries with inadequate or inaccurate data reporting systems often must rely on methods that 
are “indirect.”  For instance, the use of the proportion of children dead among those ever borne 
by women aged 20-24 years to estimate the probability of dying before age 2 is an example of 
indirect estimation.  Such estimation techniques usually rely on parameterized “model” 
schedules—collections of age-specific rates that are based on patterns observed in various 
populations other than the one being studied—and select one of them on the basis of some data 
describing the observed population.  The justification for such an approach is that age profiles of 
observed schedules of rates vary within predetermined limits for most human populations.  Rates 
for one age group are highly correlated with those of other age groups, and expressions of such 
interrelationships are the basis of model schedule construction. 
 
 Although indirect estimation techniques have been applied fruitfully in studies of 
mortality and fertility, they have not been developed as systematically and formally for the 
analysis of migration.  For example, the UN manual on the subject is very explicit in its non-
coverage of migration: 
 

A further limitation of the Manual is that it deals mainly with the estimation of 
fertility and mortality in developing countries.  There are other demographic 
processes affecting the populations of these countries (migration for example) 
which are not treated here (United Nations, 1983, p. 1). 

 
 Unlike fertility and mortality, which involve single populations, migration links two 
populations:  the population of the origin region and that of the destination region.  This greatly 
complicates its estimation by indirect methods.  What this means in practical terms is that a focus 
on age patterns (as in the case of fertility and mortality) is not enough—one also must focus on 
spatial patterns.  And this is where the geographer’s particular contribution to migration analysis 
becomes evident.  Geographers have focused on the spatial patterns of migration for decades.  
Early efforts using gravity models (Isard, 1960) gave way to entropy maximizing models 
(Wilson, 1970), which in turn gave way to log-linear formulations of very general spatial 
interaction models (Willekens, 1983; Sen and Smith, 1995).  The imposition of observed 
regularities in both the age and spatial patterns of interregional migration to “discipline” 
inadequate data on territorial mobility holds great promise as a means for developing detailed 
age- and destination-specific migration flow data from inaccurate, partial, and even non-existent 
information on this most fundamental process underlying population redistribution. 
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2.2 The Indirect Estimation of Migration Structures{ TC "2.2 The Indirect Estimation of 
Migration Structures" \f C \l "2" } 
 
 The estimation of migration from aggregate and incomplete data generally has been 
carried out with a focus on net migration, which is approximated by the population change that 
cannot be attributed to natural increase.  Given data on population sizes at two points in time, 
and estimates of birth and death rates for the interval defined by these two points, net migration 
may be approximated by the difference between the observed population at the second point in 
time and the hypothetical projected population that would have resulted if only natural increase 
were added to the initial population.  Such methods are reviewed in, for example, United Nations 
(1967) and Bogue et al. (1982). 
 
 Methods of inferring gross (directional) migration streams have a much more limited 
history (see, e.g., Rogers, 1968; Rogers, 1975; Rogers and Willekens, 1986).  In the early years, 
methods of indirect estimation were geared to particular missing data problems.  Consequently, 
the methods had an ad-hoc character (as do many methods of indirect estimation in 
demography).  More recently, however, the indirect estimation of migration has relied on the use 
of models and on the theory of statistical inference to approximate the necessary parameters from 
available data.  Some models describe age patterns of migration, while others describe spatial 
interaction patterns.  Both categories of models are considered in a recent issue of Mathematical 
Population Studies (Vol. 7, Nov. 3, 1999). 
 
2.2.1 Models of the Age Patterns of Migration{ TC "2.2.1 Models of the Age Patterns of 
Migration" \f C \l "3" } 
 
 Recognizing that most human populations experience rates of age-specific fertility and 
mortality that exhibit remarkably persistent regularities, demographers have found it possible to 
summarize and codify such regularities by means of mathematical expressions called 
parameterized model schedules.  Although the development of model fertility and mortality 
schedules has received considerable attention in demographic studies, the use of model migration 
schedules until recently has played a more limited role.   
 
 Several studies of regularities in age patterns of migration (e.g., Rogers and Castro, 1981; 
Rogers and Watkins, 1987; Rogers and Little, 1994) discovered that the mathematical expression 
called the multiexponential function provides a remarkably good fit to a wide variety of 
empirical interregional migration schedules.  That goodness-of-fit has led a number of 
demographers and geographers to adopt it in various studies of migration all over the world.  The 
multiexponential model migration schedule has been fitted successfully, for example, to 
migration flows between local authorities in England (Bates and Bracken, 1982, 1987), 
Sweden’s regions (Holmberg, 1984), Canada’s metropolitan and nonmetropolitan areas (Liaw 
and Nagnur, 1985), Indonesia’s regions (United Nations, 1992), and the regions of Japan, Korea, 
and Thailand (Kawabe, 1990), and South Africa’s and Poland’s national patterns (Hofmeyr, 
1988; Potrykowska, 1988).  Most recently, Statistics Canada has adopted the multiexponential 
model migration schedule to produce its provincial population projections (George et al., 1994), 
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and doctoral dissertations have applied it to represent interregional migration flows in Mexico 
(Pimienta, 1999) and in Indonesia (Muhidin, 2002). 
 
2.2.2 Models of the Spatial Patterns of Migration{ TC "2.2.2 Models of the Spatial 
Patterns of Migration" \f C \l "3" } 
 
 Models that describe and predict the numbers of migrations between two regions by 
relating them to variables describing the characteristics of the origin, the destination, and the 
“friction” associated with their separation are often called gravity models (Fotheringham and 
Williams, 1983; Sen and Smith, 1995) even though their current formulations barely resemble 
the model’s original expression drawn from “social physics.” 
 
 The problem of estimating gravity models or, more accurately, spatial interaction models, 
has been approached from different perspectives over the past four decades.  First formulated as 
an analogy to Newton’s law of gravitation, the resulting purely mechanical approach was revised 
by Alan Wilson some 30 years ago in terms of entropy maximization theory (Wilson, 1970).  
This was followed by a behavioral micro-theoretical approach called random utility modeling 
(MacFadden, 1978).  And 20 years ago geographers recognized that models developed in the 
field of discrete multivariate analysis could be applied fruitfully to express spatial interaction 
patterns.  Foremost among these models has been the log-linear model, and a principal 
contributor to this recognition has been a consultant to this project, Professor Frans Willekens of 
the University of Groningen in the Netherlands (Willekens, 1980, 1982, 1983). 
 
 During the past three years this author, together with Willekens and Raymer, have 
outlined and tested a number of general linear models, of the loglinear and logistic variety, as 
representations of observed and hypothetical migration spatial structures  (Rogers, Willekens, 
and Raymer, 2001; Rogers, Willekens, and Raymer, 2002).  In this proposed research they will 
serve as “model” schedules for spatial patterns, just as the earlier work on parameterized models 
of migration rates have served as model schedules for migration age patterns. 
 
2.2.3 Estimates of Migration Made on the Basis of Inadequate Data on Migration{ TC "2.2.3
 Estimates of Migration Made on the Basis of Inadequate Data on Migration" \f C \l "3" } 
 
 Modern methods of multiregional population projection (Rogers, 1975 and 1995) require 
a migration data set that is quite detailed.  Frequently, such detailed data are not available and 
have to be “created” using indirect estimation methods.  This was the situation faced by the U.S. 
Census Bureau, and was the principal motivation for their efforts to create an adequate 
“synthetic” migration data set on the basis of inadequate data on migration—one which 
 

… combines annual geographic information on recent migration from tax return 
data, information on the relationship between 1-year and 5-year migration rates 
from CPS, and data on interaction between geographical and demographic 
dimensions contained in the 5-year interstate migration data for the 1980 census 
(Wetrogan and Long, 1990, p. 36). 
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 In combining the demographic and geographic detail of the decennial census counts, with 
the timeliness and frequency of the Current Population Survey (CPS) and matched Internal 
Revenue Service (IRS) tax returns, the Census Bureau followed the outlines of the “3-Face-
Problem” first outlined by Willekens et al. (1979); see also Willekens et al (1981) and Rees and 
Willekens (1986).  Conceptually, this formulation may be viewed as a cube in which the three 
axes represent demographic detail, geographic detail, and temporal detail, respectively.  Such a 
formulation leads naturally to the notion of a model-based approach to the indirect estimation of 
migration—one which was aptly captured by Constance Citro, a study director for the 
Committee on National Statistics of the NAS, who wrote: 
 

I define “model-based estimation” loosely, as the use of statistical methods to 
product “indirect estimates” for an area by combining data from several areas, 
time periods, or data sources to “borrow strength” and improve precision (Citro, 
1998, p. 40). 

 
This philosophy echoes the more “ad-hoc” approaches already being used by the Census Bureau 
(Wetrogan and Long, 1990) and may be formalized by a model-based methodology that draws 
on relatively recent advances in the statistical analysis of data with missing values.  A book that 
summarizes some of these advances prefaces its exposition with the following: 
 

This book aims to survey current methodology for handling missing-data 
problems and present a likelihood-based theory for analysis with missing data that 
systematizes these methods and provides a basis for future advances (Little and 
Rubin, 1987, p. vii). 

 
This is the model-based approach to indirect estimation of migration that will be adopted in this 
project.  
 
2.2.4 Estimates of Migration Made on the Basis of No Data on Migration Streams{ TC "2.2.4
 Estimates of Migration Made on the Basis of No Data on Migration Streams" \f C \l "3" } 
 
 When confronted with the absence of any data on migration streams, demographers have 
turned to residual methods of estimating net migration (e.g., Bogue et al., 1982).  Such methods 
attribute differences in population totals between two dates to natural increase and to net 
migration.  By subtracting the known or estimated contribution of the former, they obtain the 
latter as a residual.  The estimates produced by such techniques can be subject to considerable 
error in instances of differential rates of net undercounts between pairs of censuses.  And even in 
instances of similar undercount levels, residually estimated net migration totals accumulate may 
other possible errors (such as age misreporting) made in the estimation process. 
 
 Nevertheless, residual methods of estimating net migration continue to be used today, 
generally coupled with minor refinements in technique or data.  One such refinement has been 
popular when birthplace-specific population data are available (Eldridge and Kim, 1968).  Most 
recently this method has been applied by Miller (1994) to analyze historical data provided by the 
IPUMS project based at the University of Minnesota. 
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 Miller’s use of a birthplace-specific variant of the Census-Survival-Ratio residual method 
of estimating net migration can be extended to estimate gross directional migration (Rogers and 
Rabenau, 1971; Rogers, 1975, Ch. 6).  But difficulties arising out of the need to use a constant 
transition matrix over two successive unit time intervals first needs to be overcome.  We outline 
a possible strategy for accomplishing this in Section 4. 
 
3. PRELIMINARY STUDIES{ TC "3. PRELIMINARY STUDIES" \f C \l "1" } 
 
 The principal objective of the research project proposed here is to combine the use of 
generalized linear models to describe spatial patterns of migration with models and techniques 
for measuring migration and its age patterns in ways that could improve the quality of indirect 
estimates of migration flows.  This objective will be achieved by (1) adopting model schedules 
of migration that describe observed regularities in age structures and (2) log-linear (generalized 
linear) spatial interaction models that describe regularities in spatial structures.  Both sets of 
models will be used to impose regularities borrowed from other data onto the inadequate data 
being examined. 
 
3.1 Representing Age Patterns of Migration:  Model Schedules{ TC "3.1 Representing 
Age Patterns of Migration:  Model Schedules" \f C \l "2" } 
 
 Figure 1 illustrates a typical observed migration schedule (the round dots) and its 
graduation by a multiexponential model migration schedule (the superimposed smooth outline) 
defined as the sum of four components: 
  

1. A single negative exponential curve of the pre-labor force ages, with its descent 
parameter α1; 

2. A left-skewed unimodal curve of the labor force ages positioned in µ2 on the age 
axis and exhibiting parameters of ascent λ2 and descent α2; 

3. An almost bell-shaped curve of the post-labor force ages positioned at µ3 on the 
age axis and exhibiting parameters of ascent λ3 and descent α3; 

4. A constant curve Ao, the inclusion of which improves the fit of the mathematical 
expression to the observed schedule. 
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Figure 1. Observed and Predicted (11 Parameter Model Migration Schedule) U.S. Internal 
Migration from the Northeast to the South:  1955-1960 

 
 Estimates of the parameters of the model migration schedule are obtained using a 
nonlinear algorithm that searches for the “best” parameter values for the parameterized model 
migration schedule: 
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where S (x) denotes the conditional migration probability at age x.  Frequently the retirement 
peak is absent and the function then is defined by 7 parameters.  In yet other instances an upward 
slope at the oldest ages is evident, in which case a positive exponential curve is added, and the 
function then is defined by 9 parameters. 
 
 The linkage between age structure and the analysis of fertility, mortality, and migration 
processes is central to demographic study.  Mathematical representations of age patterns of rates 
or probabilities, called model schedules, have allowed demographers accurately to define such 
age-specific patterns with continuous functions described with relatively few parameters.  The 
corresponding mathematical representation of spatial patterns calls for a somewhat more 
complex statistical structure.  We believe that a powerful, yet conceptually simple, instrument for 
the study of aggregate migration spatial structures is offered by the family of generalized linear 
models, particularly the log-linear model.  Just as model schedules are used to make comparisons 
across time and place, the log-linear specification can be employed as a statistical model that is 
especially valuable for comparing interregional migration structures across time.  The parameters 
of the log-linear model can be used to not only gauge the relative emissiveness and attractiveness 
of specific regions, but also to identify the level of interaction between pairs of regions.  Because 
the parameters of the model are interpretable and can be used to characterize migration spatial 
structure, the log-linear model has the potential for standardizing and enhancing demographic 
analysis. 
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3.2 Representing Spatial Patterns of Migration:  Spatial Interaction Models{ TC "3.2
 Representing Spatial Patterns of Migration:  Spatial Interaction Models" \f C \l "2" } 

 
 The log-linear (generalized linear) model is a powerful instrument for the study of 
complex data structures.  Its use to express traditional models of spatial interaction enhances the 
opportunities for structural analysis.  Questions that the data are expected to help answer may be 
expressed in terms of the parameters of the model.  Furthermore, the model clarifies and 
simplifies the estimation of spatial interaction flows.  And when particular interaction effects 
cannot be derived from available data, they often may be calculated using other comparable data 
sets (usually historical data on such interaction effects).  In this way different data sets may be 
combined to develop best estimates of spatial interaction. 
 

The corpus of our previous work on generalized linear models that we propose to use in 
this study is described in our four published articles that deal mostly with log-linear and logistic 
models, both singly and together with “offsets” that impose a particular spatial structure on a set 
of observed migration flows.  The method we develop for the improved estimation of migration 
flows, from inadequate data, makes extensive use of the parameters of the models and their 
interpretation, an interpretation that relies heavily on the concept of odds: the ratio of two 
frequencies or counts.  Three published articles, with another forthcoming, describe the principal 
results of our past three years of effort.  Their titles are listed below. 
 

1.) “Modeling Interregional Migration Flows:  Continuity and Change,” 
Mathematical Population Studies, 9:231-263, 2001 (A. Rogers, F. Willekens, and 
J. Raymer). 

 
2.) “Describing Migration Spatial Structure,” Papers in Regional Science, 81:29-48, 

2002 (A. Rogers, F. Willekens, J. Little, and J. Raymer). 
 
3.) “Capturing the Age and Spatial Structures of Migration,” Environment and 

Planning A, 34:341-359, 2002 (A. Rogers, F. Willekens, and J. Raymer). 
 
4.) “Imposing Age and Spatial Structures on Inadequate Migration Flow Data Sets,” 

Professional Geographer, 2003 (A. Rogers, F. Willekens, and J. Raymer). 
 
 In these four articles we outline our formal model-based approach to defining the spatial 
structure of a particular observed (or hypothetical) migration flow pattern.  We define migration 
spatial structure to be a particular description of a matrix of interregional migration flows—one 
that provides an analyst with the means to:  (1) reconstruct that matrix of flows, (2) identify the 
implied relative “push” at each origin and “pull” at each destination (called “emissiveness” and 
“attractiveness” respectively), and (3) express the origin-destination-specific levels of spatial 
interaction implied by that matrix.  Spatial interaction is here taken to reflect the degree of 
deviation exhibited by that matrix when compared to the corresponding matrix generated under 
the assumption of no spatial interaction, i.e., a situation in which origin-destination-specific 
migration flows, rates, or probabilities do not depend on regions of origin; the larger the 
deviation the stronger the degree of spatial interaction. 
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3.3 The Indirect Estimation of Migration{ TC "3.3 The Indirect Estimation of 
Migration" \f C \l "2" } 
 
 Methods of indirect estimation are generally composed of two parts:  (1) a mathematical 
representation of the process under study (e.g., model schedules), and (2) a method for using 
whatever limited data are available to identify one of the multitude of patterns describable by this 
mathematical representation that best fits the limited data. 
 
 In general, the mathematical representations take one of two distinct approaches to 
summarizing a demographic set of rates in terms of relatively few parameters:  functional 
(analytical) representations and relational representations.  Functional representations describe 
the observed age pattern of an entire schedule by a mathematical curve.  The Heligman-Pollard 
(1980) model mortality schedule and the Rogers-Castro (1981) model migration schedule are 
examples of this class of model schedules.  Relational representations, on the other hand, 
describe an observed age pattern by associating it with a “standard” pattern and capturing its 
deviations from the standard pattern with a few parameters.  The Brass (1974) model mortality 
schedule and Coale-Trussell (1974) model fertility schedule are members of this class of model 
schedules. 
 
 The limited (and possibly deficient) data are used to obtain an initial estimate, which is 
then modified by a selected mathematical representation (model schedule).  In this project we 
propose to use the Rogers-Castro model migration schedules to “discipline” initial estimates of 
age patterns and the loglinear (logit) models developed under the NSF project to do the same for 
spatial patterns.  The key, then, is for us to develop means for obtaining initial estimates of 
directional interregional migration streams from no migration data.   
 
4.  RESEARCH DESIGN AND METHODS{ TC "4.  RESEARCH DESIGN AND 
METHODS" \f C \l "1" } 
 
4.1 Data{ TC "4.1 Data" \f C \l "2" } 
 
 During the past several years, we have assembled, edited for consistency, and modeled 
the multiregional dynamics of the U.S. population over the period 1950 to 1990.  An important 
output of that effort is an accurate set of directional interregional (Northeast, Midwest, South, 
and West) age-specific migration schedules for both the native and the foreign-born populations:  
198 region-to-region schedules describing migration during each 5-year interval from 1950-55 to 
1985-90.  This data base will represent the “known” migration regime that is to be reconstructed 
(i.e., indirectly estimated) from no migration stream data.  Once tested on this data set, the 
methods will be applied, selectively, to the much larger data set of interstate migration. 
 
 The data base for the first three decades of the 20th century will draw on birthplace-
specific population stocks from the 1900, 1910, 1920, and 1930 censuses, for populations in the 
census-defined four-regions of the United States, provided by the IPUMS (Integrated Public Use 
Microdata Series) collection put together by the Department of History at the University of 
Minnesota (Ruggles and Menard, 1995; Ruggles and Sobek, 1997).  This data source has the 
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advantage of providing U.S. Census data from 1850 to 1990 with uniform codes across all of the 
samples.  Data will be assembled for:  (1) population stocks by age, nativity, region of residence, 
and region of U.S. birthplace; and (2) foreign-born immigration by age, region of residence, and 
region of origin. 
 
 This data base will form part of the migration regime that is to be reconstructed (i.e., 
indirectly estimated) from no migration stream data.  Age-specific model migration schedules, 
log-linear (logit) models, and historical evolutions (trends) in the spatial patterns of interregional 
migration between the four Census Regions of the U.S., all will be incorporated in the project’s 
effort to develop accurate indirect estimates of migration for the period 1900 to 1930.  Standard 
methods of indirect estimation for developing mortality and fertility data (United Nations, 1983) 
will be used where necessary to augment the available Vital Statistics data (Rogers and Raymer, 
1999). 
 
 The data setting will be that of no available data on migration.  In this case the indirect 
estimation of migration will need to be carried out using census data on birthplace-specific 
population stocks for one of more points in time.  In such a data setting we will first need to 
obtain an “initial estimate” of the migration regime—an estimate that we will then refine by 
imposing regularities, described in our earlier research on model migration schedules (e.g., 
Rogers and Castro, 1981, Rogers and Little, 1994) and the generalized linear models developed 
in our work over the past two years (e.g., Rogers, Willekens, and Raymer, 2002). 
 
 We also will apply our methods to the American Community Survey data for 2003 as 
soon as they become available.  These data will provide the “initial estimate” of the migration 
regime that will be compared with one that is indirectly inferred from population stock data 
provided by the 2003 ACS, as well as the earlier Census 2000.  Inasmuch as the ACS 
enumeration will ask respondents about their residence one year and not five years ago, we have 
analyzed the problem of reconciling and translating migration data collected over time intervals 
of differing widths.  Our preliminary findings are reported in the fifth paper resulting from the 
NSF project: 
 

5.) “Reconciling and Translating Migration Data Collected Over Time 
Intervals of Differing Widths,” a revised version of the paper presented at 
the May 2002 annual meeting of the Population Association of America 
and forthcoming in the journal Annals of Regional Science (A. Rogers and 
J. Raymer). 

 
 The key to our translation procedure is the use of a synthetic measure of the number of 
migrations per migrant first put forward by Long and Boertlein (1990). 
 
 Finally, our international team of collaborators will test our methods on the national data 
sets that they will supply.  These data sets, in general, will consist of birthplace-specific census 
counts of regional populations.  A typical example is offered by the census data that we have 
from Indonesia (supplied by our Indonesian collaborator, Dr. Salut Muhidin): 
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Table 1  The Indonesian Data Set 
 
Census Period conducted Region covered Enumeration method 
1971 Census Sept.-Oct. 1971 Almost entire 

Indonesia, excluding 
rural Irian Jaya and 
East Timor 

6-month absence 
criterion 
sample enumeration 
3.8% 

1980 Census Sept.-Oct. 1980 Entire Indonesia 6-month absence 
criterion 
sample enumeration 
5.8% 

1990 Census Sept.-Oct. 1990 Entire Indonesia 6-month absence 
criterion 
sample enumeration 
5.8% 

 
 In Brazil, birthplace information has been available since the 1950 census.  We shall use 
the 1980, 1991, and 2000 censuses and focus on interstate flows.  For our Italian case study we 
shall rely on the 1991 and 2001 censuses and focus on the flows between the 20 administrative 
regions.  For our Mexican case study we will use the 1990 and 2000 censuses and study the 
interstate flows.  And, finally, Canadian censuses are much like those of the United States, 
except that they are carried out every five years and ask both the one-year ago and five-years ago 
migration questions.  One or our two Canadian collaborators, Dr. Alain Belanger, is Statistics 
Canada’s coordinator for research and analysis and has promised us full access to censuses 
covering the 1986-1991, 1991-1996, and 1996-2001 periods, which he and Ledent will use to 
model interprovincial flows. 
 
4.2 Models{ TC "4.2 Models" \f C \l "2" } 
 
 To illustrate our proposed basic approach, a brief description of the probability models to 
be used is provided next.  Further details are set out in the four articles listed in Section 3.2 
above. 
 
4.2.1 Definitions{ TC "4.2.1 Definitions" \f C \l "3" } 
 
 Let Nij(x) denote the number of persons aged x to x+h (h is the length of age and time 
interval) who reside in region i at the first measurement (beginning of interval) and in j at the 
second measurement (end of interval), and let nij(x) be a realization of Nij(x), i.e., the number of 
migrants observed.  The total number of individuals recorded may be fixed, hence N++(x) = 
n++(x), where + denotes summation over the subscript.  The observed number nij(x) may be 
viewed as determined by three components:  (i) the number of persons of age x residing in region 
i at the beginning of the interval [ni+(x)], (ii) the proportion of that number that are migrants, i.e., 
 persons aged x in i at the beginning of the interval who reside outside of i at the end of the 

interval f x n x n xi ij i
j i

( ) ( ) / ( )= ∑








+

≠
, and (iii) the destination of migrants, i.e., the conditional 
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probability that a migrant (a person who lives outside of i at the end of the interval), resides in j 
[ ( ) ( ) / ( ) ( )]p x i n x f x n xj ij j i= +  with p x ij( ) ≥ 0and p x ijj∑ =( ) 1.  The second component in the 
above triple is often referred to as the generation component.  It is the number of migrants 
leaving region i divided by the total number of residents in i at the beginning of the interval.  The 
third component is known as the distribution component.  Note that the components are defined 
for transitions (migrants) and not for events (migrations).  The expected total number of migrants 
during a unit interval, E[Ni+(x)], is the parameter of the Poisson distribution, whereas the 
proportion migrants fi(x) is the parameter of a binomial distribution.  If numbers of migrants are 
used and the total number is not fixed, the Poisson distribution is appropriate.  If proportions are 
used, the binomial distribution will represent those who migrated and those who did not.  Finally, 
the probability pj(x∗i) that a migrant resides in one of several regions j, at the end of the interval, 
is the parameter of a multinomial distribution.  The expected number of persons of age x residing 
in i at the beginning of the interval and in j at the end of the interval may be written as the 
product of the expected number of persons aged x residing in i at the beginning of the interval, 
the generation component, and the distribution component, i.e., [ ]E N x f x p x ii i j+ ( ) ( ) ( ) .  In the 

demographic literature, the product f x p x ii j( ) ( ) is known as conditional multiregional 

survivorship proportion, S xij( ) , say (Rogers, 1995.) 
 
 When data are incomplete, the generation and distribution components must be obtained 
from the data that are available plus auxiliary (additional) information.  The generation 
component and the distribution component will be considered separately below. 
 
4.2.2 Modeling the Generation Component{ TC "4.2.2 Modeling the Generation 
Component" \f C \l "3" } 
 
 The generation component fi(x) focuses on the level of migration and the age structure of 
migrants.  A regression model is specified that links fi(x) to observed variables.  The model is a 
binary logit model or, equivalently, a logistic regression model.  The logit model may be written 
as a hierarchical model: 
 
 logit f x In x f x u u u x u xi i i i

R A
i
RA( ) [f ( ) / ( )] ( ) ( )− − = + + +1 , for all i and x. (2) 

 
The first parameter is the overall effect, which depends on the level of migration, the second is 
an effect associated with region i, the third is an effect associated with age x, and the last is the 
region-age interaction effect.  When data are incomplete, some parameters must be derived from 
auxiliary data, e.g., historical data on migration levels and patterns, or established empirical 
regularities exhibited elsewhere by such data, i.e., model migration schedules. 
 
 Suppose that, for a given period, the total number of migrants out of region i is known, 
but the age composition is not known.  Two solutions to this incomplete data problem may be 
distinguished.  The first solution assumes that age patterns exist for a past period.  Here, let fi

o(x) 
denote the generation component for a historical period.  The generation component for the 
current period may be predicted on the basis of the primary information on the total number of 



 

13 

migrants leaving i and the historical data.  The model then is:  logit [ ]f x f x u ui i
o

i
R( ) / ( ) = + , 

which may be written as logit fi(x) = logit fi
o(x) +u+ui

R, where logit fi
o(x) is a constant term, 

often, referred to as the offset.  The parameters u and ui
R are based on the primary data, while the 

other parameters are “borrowed” from the auxiliary  data, i.e., the parameters uA(x) and ui
RA(x) 

associated with the predicted generation component are the same as those associated with the 
historical matrix. 
 
 The second solution is to use model migration schedules.  In this case, fi

o(x) is the value 
of a generation component obtained by applying a model schedule.  Since the parameters u and 
ui

R do not depend on age x, they can be estimated separately from the age profile. 
 
4.2.3 Modeling the Distribution Component{ TC "4.2.3Modeling the Distribution Component" 
\f C \l "3" } 
 
 The distribution component describes the distribution of migrants over the various 
regions of destination.  Spatial interaction models have traditionally been used to model the 
distribution component.  In the proposed research, spatial interaction is described by log-linear 
and other generalized linear models.  To illustrate the modeling approach adopted in the 
proposed research, consider the distribution component p x ij( ) , which is a probability.  It may 
be predicted by a multinomial logit model: 

 logit [ ]p x i p x i p x k u x i u x ij j k
OA

j
ODA( ) ln ( ) / ( ) ( ) ( )= = +  (3) 

Where uOA( x i ) is the (overall) effect conditional on origin i and age x, and uj
ODA(x i ) is a 

measure of the attractiveness of destination j relative to destination k, which is here treated as the 
reference destination.  The “attractiveness” of destination j depends on the origin region i, e.g., j 
may be more attractive to residents of region i than to residents of region k.  The origin-
destination interaction effect is captured by the parameter u x ij

ODA( ) .  It may be represented by 
a spatial interaction model.  When the destination probabilities (for all j) are not available for all 
regions of origin i, a historical distribution component may be used, if possible in combination 
with a transformation matrix that describes how migration regimes have changed over time.  The 
parameters of the logit model that cannot be obtained from the primary data are “borrowed” from 
the auxiliary data.  For example, suppose we know for each region a measure of “attractiveness” 
for each age, e.g., the number of immigrants by age (residents who reside in region j at the end of 
the interval and in another region at the beginning of the interval.)  The attractiveness may be 
captured by a parameter associated with j, but one which does not depend on i.  Let j

op x i( )  
denote a historical distribution component.  The model then becomes 
 

 log
( )

( )
ln

( / ( )

( ) / ( )
( ) ( )it

p x i
p x i

p x i p x i

p x i p x i
u x i u xj

j
o

j k

j
o

k
o

OA
j
DA= = +  (4) 

 
which may be written as 
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 logit p x i
p x i
p x ij

j

k
( ) ln

( )

( )
= = logit j

o OA
j
DAp x i u x i u x( ) ( ) ( )+ +  (5) 

 
where logit pj

o(xi) is the offset.  The probability that a person leaving i will reside in j at the end 
of the period depends on a factor associated with j and a historical origin-destination interaction 
component. 
 
 In the proposed research, the models for generation and distribution components will be 
used as instruments to combine (integrate) data from different sources with the aim of 
developing indirect but adequate predictions (estimates) of migration.  The offset provides a 
convenient way to combine various data and to identify and even quantify the contribution of 
each source to the final predictions. 
 
4.3 Indirect Estimation:  Inferring Migration Propensities from Population Stocks{ TC "4.3
 Indirect Estimation:  Inferring Migration Propensities from Population Stocks" \f C \l "2" 
} 
 

In the absence of any data on migration we will turn to birthplace-specific data on age-
specific population stocks.  Experiments with both single and two consecutive census 
distributions will be carried to obtain our initial estimate. 

 
 A single census distribution that is birthplace-specific (as well as age- and residence-
specific) offers in its very first age group an indicator of migration. These data provide our initial 
estimate of spatial interaction and of migration level, and will be expanded into age-specific 
levels and patterns.  Such a perspective is adopted in methods that indirectly estimate mortality, 
for example, where initial estimates of infant mortality levels are expanded into age-specific 
levels. 
 
 If two consecutive census distributions are available, we will first identify the age-
specific net migration rates implied by them and then decompose these, with the aid of model 
migration schedules and regression, into their respective in-and-out-migration rates. 
 
 Finally, an alternative initial estimate of age specific interregional migration levels and 
spatial patterns will be developed by using two consecutive census distributions to infer 
directional migration flows using the two-census method set out in Rogers and Rabenau (1971) 
and Rogers (1975).  The earlier assumption of a fixed migration regime over two consecutive 
time intervals will be relaxed by means of matrix transformation and log-linear models for 
representing past patterns of structural change (Rogers and Wilson, 1996, and Lin, 1999a ), and 
regularities in return versus non-return migration propensities will be incorporated in this 
estimation procedure as well.  As in the partial migration data case, the initial estimates will be 
improved by means of the imposition of structural regularities (observed, assumed, or projected) 
through the use of model migration schedules and log-linear and generalized linear models of 
spatial interaction. 
 
 Below we describe more fully the above three promising perspectives, which we believe 
will yield crude estimates of age- and origin-destination-specific migration flows from data on 
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spatially distributed survivors of region-specific birth cohorts.  The first method requires only a 
single census enumeration; the other two require two census distributions.  We begin by setting 
out the procedure that uses a regression model to link observed propensities of infant migration 
to the associated propensities of all other age groups.  We then turn to the procedure that 
decomposes residually estimated net migration flows into the underlying gross in- and out-
migration flows.  Finally, we consider the procedure that incorporates observed past regularities 
in the relative intensities of secondary (return and onward) versus primary migration streams to 
indirectly estimate migration flows. 
 
4.3.1 Estimates Based on Infant Migration Data{ TC "4.3.1 Estimates Based on Infant 
Migration Data" \f C \l "3" } 
 
 The first set of model mortality schedules published by the United Nations summarized 
the age-specific death rates of 158 life tables of national populations by using 
 

… regression equations which linked the probability of death in each five-year 
age interval with the corresponding probability in the previous age interval….  
Thus model schedules could be calculated by assigning alternative probabilities of 
infant death from very high to very low, and associating with each … the 
schedule of death probabilities in successive groups calculated from the 
corresponding regressions (Coale and Trussell, 1996, p. 475). 
 

 We have carried out exploratory efforts to adopt a similar perspective for estimating 
migration probabilities from data on infant migration.  Children who are, say, 0-4 years old at the 
time of the census and living in region j, having been born in region i, must have migrated during 
the immediately preceding 5-year interval.  Given their young age, and the fact that they were on 
average born 2-1/2 years ago, it is unlikely that they experienced more than one migration. 
Regression equations and model migration schedules can be used to expand these child-
migration levels and spatial patterns into age-specific levels and patterns. 
 
 To illustrate the method, consider the data presented in Figure 2 below, which shows a 
plot of the aggregate conditional survivorship proportion, Sij( )+ , against the corresponding first 

age-group component of that aggregate proportion, Sij( )−5 .  The former represents the fraction 

of persons of all ages who resided in region i at the start of the time interval and in region j at the 
end of it.  The latter is the first member of the set of age-group-specific proportions Sij x( ) , that 

in a suitably weighted linear combination comprise the former; it represents the fraction of all 
births born in region i during the past, say, 5 years, who survived to the census date to enter the 
0-4 years age group resident in region j at that date.  Consequently, it can be calculated by back-
casting to region i all i-born 0-4 year olds enumerated at the time of the census, no matter where 
they lived, and then deriving the fraction of that number who ended up in region j at the time of 
the census count.  (The Sij( )−5  measure is defined on pages 98-99 of Rogers, 1995.) 
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Figure 2 Aggregate Conditional Survivorships ))(( +ijS  as a Function of Infant Survivorships 

))5(( −ijS for 1960-1990:  Observations with and without Retirement Peaks 
 
 Returning to the scatter plot in Figure 2, notice that a straight line offers a good 
approximation of the relationship between the infant migration level ( Sij( )−5 ) between regions i 

and j and the corresponding level across all ages.  Note that separate regression equations needed 
to be estimated for migration schedules with and without a retirement peak; similar strong linear 
associations also obtain for each age group.  The latter observation is reflected by the illustration 
in Figure 3 of the typical age profiles that are produced by the regression equations, in this 
instance, of the predicted migration streams from the West to the Midwest. 
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Figure 3  Predicted )(xSij  from W to MW, 1900-1950 
 
  Figure 4 demonstrates how the two regression equations, fitted to the 48 interregional 
migration streams enumerated by the 1960, 1970, 1980, and 1990 censuses, perform when 
applied to the infant migration propensities found in the IPUMS census files for 1900, 1910, 
1920, and 1940.  (The corresponding 1930 IPUMS files are to be released in 2004.)  The 
aggregate interregional migration levels that they “predict” existed during the first half of the 
20th century and were significantly lower than those prevailing during the second half, a finding 
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that accords with what has been reported in the scholarly literature on the population history of 
the United States (Haines and Steckel, 2000). 
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Figure 4  Historical Regional Survivorships ( )(xSij ) from 1900-1990 
 
 Of interest to this proposed study are preliminary efforts to test this method on data for 
one of the developing countries to be included in our study:  Indonesia.  Dr. Salut Muhidin has 
fitted the above regression model with a second independent variable, iKj(+)%, the total 
percentage of i-born persons living in region j.  His results, set out below, suggest that the 
method can be applied successfully to less developed countries. 
 
Table 2  Regression Equations for the Indonesian Case Study 
 

 Variable 1971 1980 1990 All 
Intercept 0.00010 0.00048  -0.00051 0.00009  
 (0.00061) (0.00060) (0.00026) (0.00030) 
ij(-5) 2.24266  1.67077  2.98059 2.30077 
 (0.41265) (0.78687) (0.28256) (0.25428) 
iKj(+) 0.02613 0.03984 -0.06675 -0.01249 
 (0.09537) (0.13021) (0.03858) (0.04350) 
R squared 0.91707 0.86123 0.98165 0.90635 
Source:  Calculated by Dr. Salut Muhidin 
Notes: For the analysis, Indonesia was divided into four main regions:  (1) Sumatra, (2) Java-Bali, (3) Central Indonesia, 
and (4) Eastern Indonesia.  Period 1971 refers to migration that occurred during 1966-1971, whereas period 1980 and 
period 1990 refer to migrations that occurred during 1975-1980 and 1985-1990, respectively. 
 
4.3.2 Estimates Based on Residually Estimated Net Migration Data{ TC "4.3.2 Estimates 
Based on Residually Estimated Net Migration Data" \f C \l "1" } 
 
 Imagine that the standard residual method has produced a schedule of age-specific net 
migration rates for each region in a multiregional system.  Underlying these regional net 
migration rate schedules are the corresponding in- and out-migration schedules.  Each schedule 
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has both a particular level and an age profile.  These may be described by means of a 
multiparameter model migration schedule (Rogers and Castro, 1981).  The corresponding net 
migration rate schedule then results as a function of these parameters.  Castro (1985) offers a 
particularly appealing solution (Castro, 1985).  Consider the regression model: 
 n x c GIR i(x GOR o xj( ) $ ) $ ( )= + +  (6) 
where nj(x) is the residually estimated age-specific net migration rate schedule for region j; i(x) 
and o(x) are the standardized (to unit area under the curve) age-specific in- and out-migration 
model migration schedules; and c, GÎR, and GÔR are linear regression coefficients, with c being 
the intercept term and the other two being the estimated in- and out-migration levels.  Thus, 
given the residually estimated net migration rates, and a pair of assumed in- and out-migration 
model migration schedules (as defined by several parameters), we can estimate the two 
associated migration levels. 
 
 Castro (1985) illustrates his proposed procedure with a two-region migration rate data set 
for Sweden in 1974:  Stockholm and The Rest of Sweden.  These data are presented in Figure 5 
below.  Given the histograms for Stockholm's in- and out-migration rates, he derives the 
corresponding net migration rates.  Then he makes the critical assumption; namely, that the in-
migration rate age profile, i(x), may be defined by a "standard" model migration schedule with 
five parameters, and that the same procedure may be adopted to describe the out-migration rate 
age profile, o(x).  With these input data, he fits the regression equation in Equation 6 to obtain 
the following estimates:  c = -0.0007, GÎR = 1.071, and GÔR = 1.186 and an R-squared of 0.86.  
By way of comparison, the observed values for GÎR and GÔR were 1.127 and 1.290. 
 
 

 
  Source:  Castro (1985) 

 Figure 5 Age-specific In-, Out-, and Net Migration Rates:  Observed Histograms and 
Model Migration Schedule Fits (Stockholm, Sweden, 1974). 

 
 The obvious question that comes to mind is how to assume an appropriate pair of 
standard schedules.  This is a topic for our proposed research project.  Clearly the observed net 
migration rate age profile is an important starting point.  Historical in-migration and out-
migration rate schedules could be helpful, if available.  The introduction of covariates also could 
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be useful.  Finally, birthplace-specific population stock data, if available, would allow us to 
combine the infant migration estimation procedure discussed earlier with this one.  The former 
procedure, for example, would give us estimates of migration levels that, in turn, could be used 
to estimate GIR and GOR.  And it would supply us with an estimate of o(x), that then would 
allow us to obtain corresponding values for i(x). 
 
4.3.3 Estimates Based on Return and Nonreturn Migration Propensities{ TC "4.3.3
 Estimates Based on Return and Nonreturn Migration Propensities" \f C \l "3" } 
 
 Most techniques of indirect estimation draw on models that describe the dynamics of the 
process under examination and then use model schedules to impose age profile regularities on 
the variables in such a process.  For example, age distributions from successive censuses of a 
"closed" population provide a basis for obtaining initial estimates of intercensal mortality.  By 
associating those who survive to be enumerated at the second census with those who were alive 
at the first, one obtains age-specific intercensal survivorship proportions, which then can be 
"smoothed" with the aid of model mortality schedules.  To obtain such proportions disaggregated 
by origin and destination, however, requires more data.  
 
 Imagine a table that sets out a time series of regional population age distributions that are 
birthplace-specific.  Let the rows of the table distinguish consecutive age groups and the columns 
identify regions, and let panels defining column sets identify two consecutive moments in time.  
What is the spatial survivorship regime, S~ (x), that is reflected by these data? 

 
 If one assumes a constant transition regime over two consecutive time intervals, then 
simple matrix inversion produces the necessary migration information (Rogers, 1975, p. 174):  
S x K x K xt t
~ ~

( )
~

( )( ) ( )[ ( )]= ++ −1 11 where K xt
~

( )( )  is a matrix with elements jKi
(t)(x) that denote the 

number of persons living in region i, aged x, at time t, who were born in region j.  But the 
estimates may be seriously biased if migration patterns have changed over time.  However, 
introducing transformation matrices defined by historical data (Rogers and Wilson, 1996; Lin, 
1999a) allows one to relax the assumption of a constant transition regime and to solve the 
equations under the assumption that past changes in consecutive migration regimes will continue 
into the future.  We wish, first, to establish such transformation matrices, basing them on 
historical data and, second, to apply them to produce improved indirect estimates of changing 
migration regimes.  Model migration schedules will be used to smooth both the input and the 
output data, and following the suggestion of Lin (1999a) we will drop the use of transformation 
matrices and adopt instead the formally equivalent but analytically more useful statistical log-
linear model. 
 
 A case for an alternative procedure has been proposed to me by Jacques Ledent (a 
consultant to this project).  Drawing on work carried out over 20 years ago at IIASA, he argues 
for a procedure that, instead of assuming a constant Markovian transition regime over two 
consecutive time intervals, disaggregates the transition regime into two different groups of 
migrants:  those making a primary migration and those making a secondary (return and onward) 
migration.  Drawing on regularities exhibited by these two classes of migrants in the past, he 
suggests that such regularities might lead to an improved indirect estimation procedure—one 
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which would relax the Markovian assumption that only the current region of residence matters, 
and not any earlier residence, such as birthplace.  We will explore the effectiveness of such a 
procedure as well.  Finally, it might well be the case that net migration estimates of "local-borns" 
and "non-local-borns" could help identify the birthplace-specific flows. 
 
4.4 Assessing and Improving the Indirect Estimates of Migration{ TC "4.4
 Assessing and Improving the Indirect Estimates of Migration" \f C \l "2" } 
 
 Our indirect estimation procedure begins by developing an initial estimate of the matrix 
of age-specific interregional migration flows or proportions.  Such an initial estimate may be 
obtained by applying one of the above three procedures for inferring migration flows from 
population stocks or, as in the case of the ACS data, from an initial estimate provided by a 
continuing survey.  Given the initial estimate, the procedure then seeks to determine whether it is 
a “reasonable” one and, if not, how it should be “adjusted.”  The adjustment imposes certain 
empirical regularities with respect to age and spatial interaction patterns and obtains an improved 
estimate, which is then assessed in several ways: 
 
1. First, by analyzing the quality of the fit provided by the statistical models themselves 

(e.g., with the log-likelihood ratio), 
2. Second, by the fit of various indices, calculated with the use of the indirect estimates, to 

past, current, and expected trends (e.g., trends in model parameters, in multiregional 
indices such as expectation of life spent in different regions, and in locational preference 
indices), 

3. Third, by the judgment of “expert opinion,” and 
4. Fourth, by the accuracy with which historical population dynamics and stocks are 

reconstructed with the aid of the indirect estimates. 
 
 In this activity, assessments of alternative indirect estimates are carried out in much the 
same way as are assessments of alternative population forecasts.  In both endeavors the results 
cannot be compared to the corresponding “true” numbers, and one therefore instead has to assess 
the quality of the procedures used to produce the numbers and the “reasonableness” of the 
results.  The assessment suggests further improvements, and the procedure is repeated until a 
satisfactory solution is found. 
 
 Conformance with past trends exhibited by various variables, expert opinion, and 
expected multiregional population projections can be important indicators of reasonable indirect 
estimates.  The latter two are straightforward and need no explanation.  We illustrate the first 
approach by drawing on an analysis of changes in the interstate migration patterns of the U.S. 
elderly population during the period 1965-1990 (Lin, 1999b). 
 
 Lin examines temporal changes in U.S. elderly interstate migration patterns by fitting a 
log-linear model to the data that permits comparisons of propensities of moving to southern 
destinations, while controlling population sizes for origins, destinations, and sample years.  His 
triply-constrained saturated spatial interaction model (origin, destination, time period) fits the 
data exactly, and includes a number of covariates:  distance between each origin and destination, 
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contiguity, and the ratio of origin-destination heating-degree days.  In a second model he also 
adds dummy variables to identify particular origin regions. 
 
 Lin finds that the propensity to move from a cold region to warm regions has declined 
since 1980, and that elderly migrants from the major sending regions in the North have begun to 
lose their ties to the southern “magnet” destinations of Florida, Arizona, and California. 
 
 Now consider a hypothetical situation in which, say, CPS migration data for the interval 
1980-1985 are fitted with the same model, yielding findings that contradict those obtained by 
Lin.  Do we believe Lin’s findings regarding trends or the CPS model fit?  Expert opinion could 
help here.  So could comparisons of projections of population distributions made using the CPS 
migration regime versus, say, a census-based migration regime that takes on the average of the 
preceding and succeeding census enumerations. 
 
5. CONCLUSION{ TC "5. CONCLUSION" \f C \l "1" } 
 
 Although much of the research in this project will focus on the U.S. data over the 20th 
century, an important element of the project will be its multinational component.  This 
component will include the contributions of several foreign scholars.  Professor Frans Willekens 
of Groningen University will be a consultant on models and methods.  Professor Jacques Ledent 
of the University of Quebec and Dr. Alain Belanger of Statistics Canada will carry out the 
Canadian case study.  Professor Alberto Bonaguidi of the University of Pisa, Professor Claudio 
Machado of the Catholic University of Minas Gerais, and Virgilio Partida of Mexico’s National 
Population Council (CONAPO) will produce the Italian, Brazilian, and Mexican case studies, 
respectively.  And Dr. Salut Muhidin of Brown University will develop the Indonesian case 
study.   
 
 The project’s research in the indirect estimation of migration eventually will contribute to 
a set of longer term goals involving the reconstruction of the historical demography of the 
immigration, internal migration, and redistribution of the U.S. native-born and foreign-born 
populations during the 20th century.  Initial efforts, supported by an NICHD grant, during 1996-
2000, have carried out some of this reconstruction for the 1950-1990 period (Rogers, Little, and 
Raymer, 1999).  A planned extension of this work to 1900 is currently held back because of the 
absence of data on migration in the pre-1940 decennial censuses. 
 
 This research will advance the state of the art of what today is a relatively neglected 
topic:  the indirect estimation of migration.  With the passing of the “long form” in decennial 
censuses, demographers and geographers interested in the analysis of territorial mobility will 
need to find tools that enhance, and in some instances “create” migration flow data.  Our aim is 
to develop a model-based approach that does just that.  The expected results will formalize 
mathematically what agencies are already experimenting with in an “ad hod” manner (Wetrogan 
and Long, 1990).  And they also will be useful to historical demographers studying U.S. 
migration in pre-1940 decades, as well as to population specialists who work in data-poor less 
developed nations of the world. 
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