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In a study of migration inthe Atlantic Coastal Plains Region, itwas dis-
covered that approximately thirty percent of the migrants from State Econ-
omic Areas (SEA's) inthe Coastal Plains remain within this low income re-
gion.” We were surprised with the magnitude of this percentage and decid-
edto examine factors which could account for intra-regional migration flows
within the Coastal Plains.

The Atlantic Coastal Plains Region includes the eastern plains of North

Carolina, South Carolina, and Georgia. It is a contiguous region whichre-
presents about one half of the land area of these states.

1. Theoretical Content of the Model

In exploring the literature on migration, we noticed that empirical ana-
lyses often employed gravity models or various modifications of gravity
models to explain interactions among pairs of regions. Gravity modelsare
built on the premises that distance is a hindrance to interactionbetween two
areas and that interactions increase directly with the sizes of the areas. An
early and frequently quoted study using gravity models ina demographic con-
text was by John Q. Stewart.“ Stewart borrowed from Newtonian physics to
formulate '"demographic forces' betweentwoareas as adirectfunctionof the
product of the populations of the areas and as an inverse function of the dis-
tance between the areas. He also included a constantof gravity in the num-
erator of his expression. Since Stewart's study in 1948, a hugh number of
gravity models have appeared in academic journals.” These models have
been used by Stauffer,4 Greenwood, 5 and Lc»wry6 to explain flows of per-
sons between states and cities. In the Stauffer article the importance of in-
tervening opportunities was incorporatedinto his model. Lowry and Green-
wood modified gravity models to include more variables; bothmodels include
ed unemployment and an income variable. Other gravity models measured
market potentials for industries. Another use for gravity models is to
measure the demand for air travel between specific cities. Two suchstud~
ies are relatively recent. 8 Only a few of the many studies involving gravity
models are cited in my paper.

Gravity models are used because of their empirical properties. These
models have met with much success inexplaining interactions between reg-
ions. The specific type of nonlinear form embodied in gravity models has
often yielded satisfactory results. Although the primary justification for
gravity models rests on their empirical performance, these models have a
useful theoretical property inthat regression coefficients obtained from these
models are elasticities. This is a result of a double logarithmictransfor-
mation which is usually taken on both sides ofa gravity equation to make the
equation linear in its parameters.

*The authors are, respectively, a graduate student in economics at Duke
University and an assistant professorof economics atthe University of North
Carolina. This research was partially supported by a Population Council
Fellowship and by the Economic Development Administration. Neither of
these agencies is responsible for the authors' conclusions.

83



84

While gravity models are useful for explaining migration flows between
points in space, other types of models are used to explain outflows and inf -
lows of migrants to areas without considering the origins or destinations of
the migrants. Studies using linear regression analysis (without gravity mo-
dels or logarithmic transformation) to explain flows of in-migrants or out-
migrants canbe found in studies by Idenand Richter, “and Persky and Kain.10

Since we wish to explain point-to-point flows of migrants, we will fol-
low the precedent of earlier studies and employ a gravity model. Of the
gravity models which we have examined, the one whichhasa form which we
believe would be most useful for our analysis was developed byIra Lowry. 1
Lowry modified his gravity model by adding variables for wage rates and
unemployment rates to the more standard gravity variables of distance and
labor force sizes, We did not want to include some variables which were
in the Greenwood™“ study because we have no a priori hypotheses regarding
the directions of the signs of the regression coefficients for these variables.
Greenwood included variables for years of schooling completed and a var-
iable to measure the relative degree of urbanization of the areas.

As in the Lowry model, we assume that migration flows can belargely
explained by ''push'' and ''pull" factorsincombinationwith gravitational for-
ces, in the demographic sense of the term. In defining the gravity function,
sizes of labor forces are used to partially explain interactions between the
areas. We expect that larger labor forces are conducive to more intense
interactions. As in most gravity models, we introduce a distance variable
as an impediment to areal interactions.

The push and pull factors inour model are unemployment and wage rates
at points of originand destination for migrants. We anticipate that populat-
ion would flow from areas with high unemployment rates to areas with low
unemployment rates. Similarly, we expectpeople to be repelledby low wage
rates and to be attracted by highwage rates. Theseunemployment and wage
data serve as proxies for relative economic opportunities within the region.

Our model can be expressed by the following equation:

M :f[_U_i, w5l
U. ! ..
J WJ DlJ
where:
Mij = total number of migrants from point i to point j between 1955 and
1960,
Uy Uj = average percentages of the labor force employedin i and jbetween
’ 1955 and 1960,
Wi, Wj = average annual wages and salaries paid per worker in pointsi and
j between 1955 and 1960,
L;, Lj = average sizes of the labor forces in points iand j between1955 and
1960,
Dij = distance in miles between points i and j.

In formulating the above equation as a regression model, we gave each
variable on the right side an exponent, multiplied the seven variables on the
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right, and took logarithms of both sides. The exponents, which are eleast-
cities due to the form of the model, can be estimated by regressionanalysis.
Since we believe that migration flows from points i to j would be impeded by
unemployment in j, high wages in i and the distance between i and j, we ex-
pect the regression coefficients for these variables to be negative. On the
other hand, we expect migrationfromi to j would be encouraged by unemploy-
ment in i, high wage rates in j, and by the sizes of the labor forces in both
regions, we anticipate that the regression coefficients for these variables will
be positive.

2. The Regression Model

We use SEA's as our basicunitfor statistical analysis. Within the Coast-
al Plains these are 24 SEA's and, consequently, 552 different pairs of sub-
regions betwwen which people can move. We examine a random sample of
150 inter-SEA moves, but omit pairs of SEA's which have zero migration
flows. This exclusion was necessary because the specification of the model
uses logarithms. Migration data were obtained from the 1960 Census.
Data on unemployment, wages, and the labor force were estimated for the
Coastal Plains by George Iden and Charles Richter. Distances were com-
puted by noting the longitudes and latitudes of a central point in each SEA,
changing the horizontal and vertical distances between these points to miles,
and using the Pythagorean Theorem.

In testing our model, we put the variables in the form specified above.
The following regression result was obtained:

log Mij =-7.505 + 0.751 log U, + 0.811l log U; - 0.285 log W; + 0.300 log W.

2.61) b2.63) (-1. 49) (1. 58) )
+1.212 log L; + 1.099 log L. - 1. 984 log Dij
(8. 51) (9.27) (-17.8)
=74

(t-ratios are in parentheses)

With the exception of the regression coefficient for the unemployment
variable at the point of destination, all the coefficients are significantly dif -
ferent from zero in the anticipated directions at the .10 level of .significance
(U;» Ly, Lj, and Dj; are significant at the .01 level). About seventy-four
percent of the variation in internal migration is explained by the variables
used in the model.

Only the coefficient for the variable representing unemployment at the
point of destination yielded an unanticipated result. It has the wrong signand
is significantly different form zero at the .01 level of significance. Although
we still believe that unemployment discourages potential migrants from en-
tering an area, the places to which people typically migrate (the cities) do
have high unemployment rates. Our data show that the average unemploy-
ment rate in the urban SEA's is 4,35 percent of the labor force verse 3.72
percent in the rural areas. Unfortunately, the rates of underemployment
which tend to be high in rural areas are not included in unemployment stat-
istics. Clearly, people do not migrate to cities because these areas have
high unemployment rates. Instead, they probably go to areas with increas-
ing job opportunities, but partially because these areas are growing, they at-
tract unskilled, jobless people who have difficulties finding jobs anywhere.
Thus they raise the unemployment rate.
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Expect for the above-mentioned problem, the statistical and theoretical
results of the model are favorable. The following zero order correlation
matrix indicated that there is no multi-collinearity problem among pairs of
regressors:

M U, U w, W, L L
Ui .10
Uj -.02 -.12
Wy -.08 .06 -.03
W .04 -.07 .13 -.01
L .27 ~.04 -.09 -.35 ~.06
L; .29 -.02 .05 -.04 -.30 .03
Di -.65 .04 .16 -.18 -.13 .16 .14

In regression models such as ours where t-tests or normal tests are
made on regression coefficients, it is important thatthe residuals from the
regression be normally distributed. If this assumption is violated, the tests

are not valid. Since our model is non-linear and non-linear models often
have residuals which are not normally distributed, we believe that it is im-

portant that we test the residual for normality. It is also important that
we examine the residuals for serial correlation. Serial correlation could in-
dicate thatthe formofa non-linear model which we specified is wrong. For-
tunately, the residuals in our model appear to be well behaved.

The residuals easily passed normality tests using a chi-square test and
a Kolmogorov-Smirnov test. For both tests we dividedthe standard normal
distribution into tenclass intervals of equalareas. We then counted the num-
ber of residuals (in standard deviation units) in each class. After calculat-
ions based on the differences between the expected and observed number of
observations in each class, we calculated a chi-square statistic and a Kol-
mogorov-Smirnov statistic. When testing the hypothesis that the distribution
of the residuals is normal, both statistics failed to discredit the hypothesis
at commonly used levels of significance (0.10 to 0. 01).

Another examination of the residuals entailed a count of the number of
sign changes in the residuals after they were ordered by increasing magni-
tudes of actual values of the dependent variable. There were 75 sign changes
out of 149 possible. Although this counting procedure does not constitue a
rigorous statistical test, if the number of sign changes were considerably dif-
ferent from one-half of 149, we would suspect a mis-specificationinthe fun-
ctional form of our equation.

3. Conclusions

While our model is similar in form to one of Lowry's migration models,
it is interesting to note that he used a different specification toimprove his
statistical results. When he used a specification like the one inthis paper,
all of his regression coefficients had the correct signs, but neither the coe-
fficients for the wage variables, nor the unemployment at the point of origin
were significant. He modified his model to break the labor force into the
civilian and military parts and found that this yielded plausible results. This
modification of the labor force variable is not necessary in our model since
military movements probably represent relatively few of the moves between
the SEA's of the region.
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In our paper we show thata model usedby Ira Lowry to explain migration
flows between SMSA's is capable of being extended to explainmigrationflows
between subregions of a low income area. Both the gravity variables (labor
force sizes and distance) and economic variables (wage rates and unemploy-
ment at the point of origin) can be used to explainvariations in point to point
migrationflows in the Coastal Plains Region. Only the variable for unemploy-
ment at the point of destination of migrants behaved in anunanticipated man-
ner, but a posterior analysis of the sign of this variable's regression coeff-
icient indicates that perhaps this sign should nothave surprisedus. We bel-
ieve that a model with gravity variables and economic variables is capable of
explaining population movements within region as well as migration between
SMSA's.
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