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Temporal Changes In Revealed Migration
Preferences
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Migration patterns in the United States are a result of many individ
ual decisions made by persons who may have considered many alterna
tives within the environment. Changes in migration patterns will occur
over time for a number of reasons. Changes may occur in the characteris
tics of specific places which are being considered by the migrants, e.g.,
the number of employment opportunities may go down in one place or
up in another place. Another determinant of migration patterns is the
particular decision-making rules used by migrants to choose among the
alternatives within the environment. Rushton has argued that these rules
of spatial behavior are place independent, i.e., they are unlikely to vary
significantly from one area to another unless a major cultural boundary
is crossed.^ In a more general sense, it might be argued that the rules of
spatial behavior are likely to change only if a major cultural change has
occurred in space or time and, therefore, they are hkely to change very
slowly for a particular area. Rushton has made a distinction between
the spatial patterns produced by behavior, which he called "behavior in
space," and the rules used by decision-makers to evaluate the spatial
opportunities, which he called "spatial behavior."^ The purpose of this
paper is to examine the proposition that, although migration behavior in
space may change considerably over time, the rules of spatial behavior
related to migration will change very little over time.

The temporal dimension, which is a major consideration of this research
problem, places some limitations on the availabihty of suitable data. The
United States Bureau of the Census has reported interstate migration
flows since the 1940 census.® Therefore, four sets of data are available at
the state level which can serve as the basic information for migration be
havior over a thirty year time period. The migration data form matrices
which have origin states as rows and destination states as columns. Each
element of the matrix contains the flow of migrants from origin state i to
destination state j. Other types of data at a more micro scale, e.g., flows
among urban neighborhoods, would be of interest because they are much
closer to the individual decision-making level, but such data are very
difficult to obtain for an extended time period. The state flow data are
recognized as being extremely gross, but they are thought to be sufficient
to answer three basic questions:
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1. Do the migration flows indicate that the distribution of migrants
from origin states to destination states has changed over time, i.e.,
has behavior in space changed over time?

2. Have there been any changes in the relationships which migration
behavior in space has with selected characteristics of states, i.e.,
population size and distance?

3. Has spatial behavior, i.e., the rules used by migrants to evaluate
spatial opportunities, changed over time?

The Distribution of Migrants from Origins to Destinations

If each row element in a particular flow matrix is divided by the row
sum, then the raw flow is converted to the probability of the origin state
i sending a migrant to destination state j during time period k. The varia
tion of each origin state's distribution of migrants to the destination
states can then be summarized using a simple entropy index: ̂

Hii = - I P«,.log2(Pij.) (1)

j=l

Hik = the entropy index of origin stat« i for time k

Pijk = the probability of origin state i sending a
migrant to destination j during time k

n = the number of states

The entropy index will have a minimum value of 0.0 when all the migrants
from an origin state go to the same destination state, and a maximum
value of 5.58, for n = 48, if each destination state receives 1/nth of the
origin states migrants. Where a migrant wiU go can easily be predicted
for the minimum entropy case because they always go to the same desti
nation. Where a migrant will go cannot be easily predicted for the mini
mum entropy case because every state is an equally likely destination.
A comparison of the entropy indices at the beginning and end of the
thirty year period indicates that every state had a higher index value in
1970 than it did in 1940 with the average state increasing from an index
value of 2.46 to 3.29 (Table I).
The set of entropy indices must be considered as measures of behavior

in space, rather than spatial behavior, since the behavior is relative to a
particular set of environmental units. The entropy indices suggest that
migration behavior in space has changed over time for each origin state.
They also indicate that the change was consistent among the states in at
least one respect—the states have aU moved toward a maximum entropy
situation, i.e., toward a more random distribution of migrants to destina
tion states. If this trend continues, it should become more and more
difficult to understand the migration process using methods that consider
only behavior in space, because the migration behavior relative to the
specific set of environmental units will appear to be random.
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TABLE I.^—Entropy indices for origin states for specific time periods

1940 1950 1960 1970

3.40 3.

2.96 3.

3.46 3.

3.44 3.

3.80 3.

3.96 3.

2.76 2.

3.19 3.

3.16 3.

3.09 3.

3.03 3.

3.65 3.

2.84 3.

2.70 3.

2.75 2.

2.76 3.

3.18 3.

2.98 3.

3.13 3.

3.15 3.

3.26 3.

4.23 4.

3.52 3.

3.23 3

2.94 3.

2.57 3.

66 3.77

72 3.92

59 3.67

41 3.53

90 4.03

73 3.97

62 2.82

90 3.33

86 2.96

85 2.84

18 3.28

06 3.26

31 3.78

56 3.74

55 3.64

65 3.47

30 3.06

35 3.51

.29 3.42

,48 3.60

,18 3.30

South Carolina

Georgia
Florida

Kentucky
Tennessee

Alabama

Mississippi
Arkansas

Louisiana

Oklahoma

Texas

Montana

Idaho

Wyoming
Colorado

New Mexico

Arizona

Utah

Nevada

Washington
Oregon
California

Average
Minimum

Maximum

1940 1950 1960 1970

2.33 2.87 3.52 3.66

2.14 2.44 3.02 3.11

2.67 3.56 3.65 3.83

2.75 3.08 3.48 3.48

3.03 3.30 3.83 3.76

2.62 2.82 3.39 3.64

2.21 2.67 3.36 3.61

3.12 3.18 3.56 3.50

2.33 2.71 2.84 3.09

2.85 2.82 3.27 3.27

1.75 2.28 2.79 2.78

2.92 3.19 3.33 3.68

2.82 3.05 3.25 3.48

3.77 4.04 4.04 4.12

2.86 3.96 3.62 3.99

2.76 3.24 3.22 3.69

2.91 3.51 3.63 3.98

2.11 3.16 3.09 3.14

2.11 2.67 2.61 2.74

1.73 2.97 2.60 3.02

2.46 3.00 3.16 3.29

0.00 0.00 0.00 0.00

5.58 5.58 5.58 5.58

Migration Behavior's Relationship to Selected
Characteristics of Destination States

Another way of understanding behavior in space is to express the be
havior's covariation with specific characteristics of the environmental
units. Although many variables that could covary with migration might
be considered, for the sake of simplicity, two variables known to be re
lated to migration flows were selected.® Regression models were cali
brated for the four time periods using the migration flows as the depen
dent variable and the population of the destination states and distance
between the origin and destination state as the independent variables.®
This gravity model type of analysis should indicate if migration behavior
in space has changed relative to these two simple characteristics of the
environment (Table II). It should be noted that, although the multiple
correlation coefficients for the four models are essentially the same (r
values ranging from 0.694 to 0.725), the relative importance of population
and distance as predictors of migration has changed over time. The rela
tive importance of the two independent variables was indexed by making
a ratio of their beta weights (Table II). Comparing these ratios over
time suggests that population is becoming a more important predictor of
migration behavior while distance is becoming less important. The above
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regression analyses supply additional evidence that migration behavior
in space has changed over time, but they cannot serve as evidence to de
termine if the rules of spatial behavior used by migrants have changed
over time.

Revealed Preferences and Spatial Behavior

One might consider migrants as consumers, who, after considering the
spatial opportunities available to them, select the most attractive loca
tion, and vote with their feet. If the spatial opportunities are classified
according to some relevant criteria, then the relative preferences of the
migrants for these classes of places will be revealed by the structure of
the aggregate voting. This type of methodology is referred to as revealed
preference analysis since preferences for locational types are revealed by
the behavior of the individual decision-makers.'' The relative size of a
destination state and the relative distance between origin and destination
states were selected as potentially relevant characteristics of spatial op
portunities that could be related to the migration decision.® Although
other characteristics might prove useful for a more complete understand
ing of the migration process, these two characteristics were selected so
that the analysis might be kept relatively simple and so the results of
the revealed preference analysis could be compared to the gravity model
results (Table II).

The goal of the revealed preference analysis is to identify the relative
preferences that migrants have for types of locations rather than their
preferences for specific locations. A total of 36 locational types were de
fined using the following procedure. A six by six matrix was formed
which classified destination states according to relative population size
along the vertical axis and according to relative distance from origin
states along the horizontal axis (Fig. 1). The rank order of population
and distance were used, rather than actual population and distance, be
cause actual population sizes have changed considerably over the 30 year
time period. If the locational types were defined in terms of actual popu
lation size, it would be very difficult to make them directly comparable
for the four time periods. Each cell in the matrix represents eight levels
(ranks) of population size and eight levels (ranks) of distance and,

TABLE II.—^Regressions of migration with population and distance for the
four periods

Time Population Distance Ratio of the Multiple
Period b beta b beta beta weightsa R

1940 0.699 0.338 -1.663 -0.592 0.571 0.718

1950 0.685 0.371 -1.355 -0.546 0.679 0.694

1960 0.747 0.432 -1.254 -0.543 0.796 0.725

1970 0.727 0.437 -1.191 -0.536 0.815 0.719

aRatios are the absolute values of the population beta weight divided by the distance beta
weight.
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LOCATIONAL TYPES FOR THE

REVEALED MIGRATION PREFERENCES

RANKED

POPULATION

CLASSES

31 32 33 34 35 36

25 26 27 28 29 30

19 20 21 22 23 24

13 U 15 16 17 18

7 8 9 10 11 12

1 2 3 4 5 6

RANKED DISTANCE CLASSES

Fig. 1. The 36 locational types defined by the rank order of population and dis
tance. Each locational type is related to 64 individual migration flows,
e.g., locational type 14 is related to the flows to destination states ranked
17th to 24th in population size from origin states that are the 9th to 16th
distance rank from each of them.

therefore, each cell is related to 64 individual migration flows. For exam
ple, locational type one represents the migration flows to the eight small
est states from the eight states that are the shortest distances from them,
and locational type 36 represents the migration flows to the eight largest
states from the eight states that are the longest distances from them.
The total number of migrants associated with each locational type were
calcTilated from the flow matrices for each time period and used to de
velop preference scales. The degree to which one locational type was
selected (preferred) over another by the migrants was computed using
Rushton's paired comparison procedure and a preference index was com
puted from these dissimilarity estimates, for each time period, using
multidimensional scaling.^

The preference indices for the four time periods were plotted in their
respective classification spaces, and lines of equal preference were drawn
to illustrate the trade-offs being made between relative population size
and relative distance, i.e., all the locations along the length of a line are
equally preferred (Fig. 2). The configurations of isolines seem to be very
similar for the four time periods. The most preferred locational types
were always in the upper left corner of the classification space, indicating
that larger and closer locations were consistently preferred by the mi
grants. The least preferred location types were always in the lower right
comer of the classification space, indicating that smaller and far away
locations were consistently the migrant's least preferred choices. An in
teresting contrast among the spaces is that the isolines for the earlier
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time periods tend to be more vertical for choices made for the smaller
distances. This indicates an increasing propensity for migrants to sub
stitute states with larger populations at a farther distance, for states with
smaller populations at a shorter distance. This change in the trade-offs
between population and distance was examined more closely by subtract
ing the 1940 index values from the 1970 index values and plotting the
differences in a classification space (Fig. 3). Location types relating to
smaller populations and intermediate distances appear to he less preferred
over time and locational types related to the next to the highest popula
tion category and farther distances appear to he more preferred over time.

REVEALED MIGRATION PREFERENCES

Fig. 2. The revealed migration preference spaces based on the 1940, 1950, 1960,
and 1970 data. The indifference curves are lines of equal migration
preference.
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Since the revealed preference spaces for the four time periods appear
to be very similar and, at the same time, show a noticeable difference, an
attempt was made to statistically isolate the basic pattern in the spaces
from the changes, so their relative importance might be assessed. A can
onical trend surface was performed using the locational type's index
values for the four time periods as the criterion matrix and the hnear
and quadratic spatial coordinates of the locational types in the classifi
cation spaces as the predictor matrix.^"

The results indicate that two significant spatial patterns exist within
the set of classification spaces, i.e., there are two significant canonical
correlation coefficients (0.97 and 0.85 in Table III). The first canonical
variable reflected the overall similarity of the distribution of the revealed
preference index values in the 4 classification spaces. The canonical load
ings range from 0.97 for the 1940 data to 0.99 for the 1970 data. The
canonical scores for the first canonical variable were plotted in a classifi
cation space (Fig. 4). Their distribution within the classification space,
which was very similar to the configurations for the four time periods,
confirmed the contention that the first canonical variable represents the
basic similarity of the original revealed preference spaces. The second
canonical variable reflected the changes that have occurred over time
with canonical loadings ranging from —0.22 for the 1940 data to 0.16 for
the 1970 data. The canonical scores for the second canonical variable

were also plotted in a classification space and their distribution, which
is similar to the distribution of the differences between the 1970 and 1940

revealed preference index values (Fig. 3), support the contention that
the second canonical variable represents the basic changes in the revealed

REVEALED MIGRATION PREFERENCE

RANKED DISTANCE CLASSES

1970 minot 1940

Fig. 3. Changes in the revealed migration preference spaces between 1940 and
1970. The isolines are lines of equal change in migration preference.
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TABLE III.—Simimary of the canonical trend surface results using the locational
type's revealed preference index values as the criterion matrix and the linear
and quadratic spatial coordinates of the locational types as the predictor matrix

Canonical Loadings
Canonical for Time Periods

Variable 1940 1950 1960 1970

1  0.97 0.97 0.98 0.99

2  -0.22 0.11 0.07 0.16

Sum of

Squared Canonical Chi-
Loadings Correlation Square

0.0001

0.0001

FIRST CANONICAL VARIABLE

9-16 17-24 25-32 33-40

SECOND CANONICAL VARIABLE

RANKED DISTANCE CLASSES

Fig. 4. Isoline plots of the statistically significant canonical variable scores from
the canonical trend surface analysis of the four revealed preference spaces.
The first canonical variable relates to the overall similarity of the four
spaces and the second canonical variable relates to changes in the four
spaces which have occurred over time.
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preference spaces that have occurred over time (Fig. 4). Although the
chi-square tests indicate that neither of the canonical correlations is likely
to have occurred by chance, the sum of the squared canonical loadings
indicate that the basic similarity of the four revealed preference spaces
accounts for much more of the total variance within the 4 spaces than
is accounted for by changes occurring over time (95.5% as opposed to
2.25%).

Conclusions

Migration behavior in space appears to have changed over time for the
interstate flows within the United States. The entropy indices for the
flows indicate that every state has a more uniform distribution of mi
grants to destination states in 1970 than it did in 1940. Changes in the
migration flows might be explained in terms of changes in the environ
mental units or in terms of changes in the decision-making process of the
migrants. If the perceived characteristics of the states remain exactly
the same and the decision-making rules used by the migrants change,
then the migration flows would change over time. If the perceived char
acteristics of the states change over time and the decision-making rules
used by the migrants remain exactly the same, then the migration flows
would also change over time. However, if the rules of spatial behavior
being used by migrants are known, then migration flows can not only be
predicted for a given environment, but can also be predicted for a chang
ing environment. Gravity model cahbrations indicate that the functional
relationships between migration flows from origin states and the popula
tion sizes and distances of destination states have changed over time
(Table II). The changes in the gravity model calibrations, however, do
not necessarily reflect a change in the decision-making process of the mi
grants. They may merely relate to changes that have occurred within
the environment."

The revealed preference analyses, since they are not a function of spe
cific environmental imits, give a better indication of the changes which
have occurred in the decision-making process of the migrants. These
analyses indicate that the decision-making rules related to trade-offs be
tween relative population size and relative distances are very similar over
time. Although some statistically significant temporal changes were
found in the migrant's relative trade-offs of population size and distance,
they were minor compared to the overall similarity of the revealed prefer
ences (Table III). Since migration decisions are such a complex process
and only two of the many variables related to migration were considered,
a complete understanding of migration behavior in space and spatial be
havior will require further analysis. These results, however, do support
the contention that the rules of spatial behavior, since they are indepen
dent of a particular environmental system, remain relatively constant
over time. A better understanding of migration behavior requires a more
complete understanding of these rules.
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