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The paucity of meaningful time-series data for small geographic reg
ions has frequently confined analysis to cross-section data at one point in
time; for example, an interest in the growth of SMSAs has led to the cross-

section analysis of the differences between SMSAs of various sizes. Yet we

all know that variation over space is not the equivalent of variation over time.
The Knoxville SMSA of 1980 may not, even under the most favorable circum
stances, look like the Atlanta SMSA of 1970. The purpose of this paper is to

recommend the use of pooled cross-section analysis and to illustrate its appl

ication to one dynamic component of regional growth--migration. In addition,
the problem of heteroscedastic disturbances is treated through the selective
application of weighted regression analysis.

THE BASIC MODEL

As a starting point, a simple single-equation model of migration has
been postulated. Symbolically, the model is

(Model I) INMIG = f (Char. Place, Char. Persons, u)

OUTMIG = g (Char. Place, Char. Persona, v)

where INMIG represents the annual rate of in-migration to a particular State
Economic Area (SEA) and OUTMIG represents the annual rate of out-mig-
ration from an SEA. "Char. Place" represents measures of the characterist

ics of the place, suchas the unemployment rate, while "Char. Persons" re
presents measures of the characteristics of the persons, such as median
years of schooling, u and v are random variables that represent the cumu
lated effects of omitted explanatory variables, measurement errors in IN

MIG and OUTMIG, and the basic random element in human behavior.

While one might choose to group the explanatory variables in some other
way, the distinction between "Char. Place" and "Char. Persons" is useful.
The economic theory and past empirical studies of migration^ suggest that a
particular Char. Place measure should be positively correlated with INMIG
while negatively correlated with OUTMIG, or vice versa. For example, a
high unemployment rate should both raise out-migration and lower in-mig-
ration. On the other hand, a particular Char. Persons measure should be

positively (or negatively) correlated with both OUTMIG and INMIG. For ex
ample, a high level of education should raise both out-migration andin-mig-
ration.

POOLED CROSS-SECTION ANALYSIS

While it appears appropriate to fit Model 1 separately to 19S0 and I960
census data forState Economic Areas in the Southeast, the frequent warning^
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that cross-sectionally estimated parameters are apt to over- or underesti
mate the sensitivity of a dependent variable (in this case, migration rates)
to change in socioeconomic conditions over time has suggested the modifi
cation of Model I to use pooled cross-section data. The revised model is

(Model 11) INMIG = f (Char. Place, Char. Persons, Pooled, u)

OUTMIG =g (Char. Place, Char. Persons, Pooled v)

where the Pooled variable is a shift factor which takes on the value 0 for ob

servations during 1950 and the value 1 for observations during I960.

The basic rationale of this procedure is shown in Figure 1.

Let the solid portions of lines A and B, respectively, represent the respon

siveness of out-migration rates to changes in an explanatory variable X as
estimated from separate sets of 1950 and I960 cross-section data. It would
then be very tempting to forecast out-migration rates over time along either
of these lines (A or B) and perhaps into the dashed portionof each. This pro

cedure, however, is incorrect since comparable time-series data would yield

a fitted curve such as C. It is line C, which shows less or more response in
OUTMIG to a change inX, that should be used as a guide to out-migration dyn
amics over time.

Since suitable time-series data are not available for small geographic

areas, our MODEL II, which utilizes pooled cross-section data'^, may be
thought of as a pseudo time-series analysis. It is an attempt to minimize the
over-or under-responsiveness of parameters estimated from individual cross

sections while effectively utilizing the abundant supply of explanatory vari
ables present in each cross section to explain signficant shifts over time.

WEIGHTED REGRESSION ANALYSIS.

Early in our attempts to fit and test bothModels I and II it became ap

parent the assumption of the Ordinary Least Squares (OLS) Regression Mo
del that u has a constant variance was not being met. The residual variation

about the fitted regression line varied systematically with State Economic
Area size measured in terms of population. A moment's thought will con
firm that this is just what one should expect when using sample data which
varies in sample size between observations. When the sample size varies
from a low of2,300 to a high of 64,000, as it did in our study area, ̂ one can
reasonably expect the smaller samples to containan intrinsically larger vari
ability simply because of sampling error, which is known to be reduced in

size as the sample size increases.

In these circumstances, the use of the Weighted Least Squares (WLS)
Model is more appropriate. As a consequence of using the more appropri
ate WLS instead of the inappropriate OLS, (1) parameter estimates from the

use of our sample of data are different, (2) estimates of the standard errors

of the papameters are unbiased, and (3) as a result of (2), statistical tests
of parameter significance are valid. All of the empirical results reported
below were derived by using the WLS procedure where each observation of

only those variables sub ject to sampling error (i. e. , resulting from the 20
or 25 percent sample census enumeration procedure) has been weighted by
the P. where P- is the population of the Lth SEA.^^

DATA FOR STATE ECONOMIC AREAS IN THE INTERIOR SOUTHEAST

Our analysis has beenconfined to cross-section data from the 1950 and

I960 Census of Population for each of approximately 67 State Economic Areas
in the interior Southeastern United States (Figure 2). The Study area was





ORNL-DWG 72-3873

i

study area

FIGURE 2

The Interior Southeast as Defined for this Study



geographically restricted inthis manner to control by exclusion forwhat may
be rather unique migratory conditions present in the South Atlantic and Gulf

Coastal areas, as well as areas adjacent to major river systems (the Miss
issippi and Ohio Rivers in particular). It was our hope that holding some
factors constant in this fashion would permit the use of a less complicated
set of a relationships to explain geographic mobility while maintaininga sat
isfactory amount of explanatory power.

Measurements on some of the relevant variables were available direct

ly from the 1950andl960 Census of Population; other variables had to be con
structed from the census data directly available. Both sets are summarized
in Table 1. One should note that: (1) observations on all of these variables

we re available for each of the State Economic Areas in the Southeast for each

of the census years, 1950 and I960 (except where noted)"^; (2) much of this in
formation was originally from a 20 percent or 25 percent sample within the
census enumerationprocedures and, therefore, is subject to sampling error;
(3) the data reflect census definitions and may be different from the theoreti
cally best definitions; and (4) employment data and, therefore, ourmale skills

index data were as of place of residence, not place of work.

From the point of view of applying pooled cros s-section analysis to mig
ration; the need for comparably defined data from each cross-section limited

our analysis to eight age groups; beginning with age 20, and to total mig
rants rather than males and females separately. We could have studied whites

and nonwhites separately but chose not to do so at this stage of our analysis.
Furthermore, since annual migration rates were available from the 1950
Census of Population while five-year rates were available for I960 we were
forced to crudely annualize the I960 five-year rates. While we chose to an-
nualize by dividing by five, a smaller number (.e. g. , 3) might have been a

more appropriate divisor since persons leaving an SEA and then returning
within the five-year period are really migrants but do not get counted as

such. While the annualization procedure used does have some effect on the

regression results, the specific annualization process that should be used is

still to be determined, ̂

POOLED CROSS-SECTION RESULTS BY AGE

Best results to date include as explanatory variables: (1) the' difference

between local and national male unemployment rates, (2) population density,
(3) Armed Forces personnel as a percent of the population, (4) college stud

ents as apercent of the population, (5)an index ofmale skills, (6) nonwhites
as a percent of the population, (7) adjusted local minus national labor parti
cipation rates, and (8) the pooled variable. The reversal of signs between
in-migration and out-migrationanalyses implies that the unemployment and
population density variables are measures of "characteristics of place." All

remaining variables appear to be measures of "characteristics of persons."

The coefficients of the unemployment variable are negativefor in-mig-

ration and positive for out-migration as one would expecta priori. The size
and significance of its coefficient indicate that the unemployment variable is

much more important to out-migration than to in-migration. In both cases

the size of the coefficient declines with age, implying that younger persons,
respond much more strongly to a given difference between local and national

employment conditions.

The other "characteristics of place" measure, population density, is

more significant to in-migration than to out-migration. The signs of the coe
fficients indicate that a higher population density raises in-migration forall

age groups while reducing out-migration of the highly mobile 20 to 24 year
old group. What is probably being captured here is the rural to urban move

ment of the past decades.



Data Used In Interior•Southeast Migration Analysis

(1) Total Population
(2) Males 14 Years Old and Over

(3) Male Inmates of Institutions
* (4) Males in Civilian Labor Force
* (5) Unemployed Males
* (6) Armed Forces

* (7) Median Years of School Completed—Persons 25 Years Old and Over
* (8) Median Family Income (for 1949 and 1958, respectively)
* (9) Percent of State's Population Born in State
**(10) Percent of Persons 25 Years Old and Over With Some College

Training

(11) Land Area
(12) Percent of Population Classified as Nonwhite
(13) Percent of Population Residing in Urban Areas
*(14) College Students—for 1950, Number Enrolled Aged 18-29

— for 1960, Number Enrolled Aged 18-34
(15) Mean January Temperature
*(16) Male Employment by Occupation
**(17) Male Skills Index—See Text
*(18) 1950 Annual In-migration Rate—By Age
*(19) 1950 Annual Out-migration Rate-By Age
*(20) 1960 Five Year In-migration Rate—By Age
*(21) 1960 Five Year Out-migration Rate—By Age

**(22) 1960 Annual In-migration Rate = (20)
5

''(23) 1960 Annual Out-migration Rate '

**(24) Male Unemployment Rate = (5) X 100
(4)

**(25) Male Labor Participation Rate » (4) X 100
(2)-(3)

(26) Population Density » (1)
(11)

Based on a 20% (1950) or 25% (1960) sample within the census
enumeration procedure.

** Indirectly based on a 20% or 25% sample.
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The geographic mobility of at least two groups, Armed Forces personnel
and college students, is not likely to be in response to economic conditions.

Since the relative presence of these two groups varies between State Econ-

onomic Areas and over time, we have attempted to standardize for their pre
sence by including an Armed Forces variable and a college students variable.
Both variables enter both in- and out-migration functions with sizable and

significant positive coefficients, implying that the presence of college stud
ents or Armed Forces per sonnel substantially raisesboth in and out-migrat
ion rates. In addition, the influence of these variables as measured by the
size and significance of their coefficients is practically invariant to the addi
tion or deletion of other variables.

Since there has been so much discussion of how education raises mo

bility, we have examined three alternative measures of education: (1) med

ian years of school completed by those 25 years old and over, (2) percent of

the population 25 years old and over with some college, and (3) an index of
male skills. The Male Skills Index gave the best results in the sense that

all of its coefficients were sizable and significantly different from zero. The

index is an attempt to measure the variation in average skill level of em
ployed males and is defined to be

Male Skills Index jj. =

^  W E
i=l it ijt

where represents male employment in occupation_i in State Economic

Area j at time_^, and is the national median real, income of employed male

civilians in occupation_^ at time_t. Perhaps because the sample was confined
to the Southeast, the Index of Male Skills seems to have its greatest impact

on out-migration.

While differences in propensities to migrate are frequently found in the
raw data on white and nonwhite movers, after standardization for education,

age, etc. , most of the differences tend to disappear. However, the percent
nonwhite variable was included to see if any residual differences could be
found. Generally, no racial differences in propensity to move could be found;

the magnitude of all coefficients was very small and generally not significant
ly different from zero.

From an early stage of the analysis, the Male Labor Participation Rate
(MLPR) has beenincluded as an additional measure of labor market tightness,

especially of chronically depressed conditions. But the high correlation of
MLPR with the unemployment and skills variables made its impact uncertain,
the belief that the MLPR variable had something important to contribute, an

adjusted MLPR variable has been defined^^, in an attempt to purge the MLPR
variable of the influence of unemployment and skills variables already in
cluded in the analysis. The adjusted MLPR variable has been kept in our
analysis because its inclusion (1) substantially improves and clarifies the in
terpretation of the unemployment variable in both in-and out-migration re
lationships and (2) contributes directly and significantly to the explanation of
out-migration. Its interpretation as a "characteristic of persons "variable,

however, is not completely clear.

The Pooled variable was included to capture any time trend that re-



mained after including all previously mentioned variables. Somewhat sur

prisingly, all coefficients were significantly different from zero and negative.

The negative sign Implies that after adjusting for changes in all of the vari
ables considered, there has been a decline over time in the propensity to
migrate. The size of the decline, however, has been small.

CONCLUSIONS

While the pooled cross-section procedure illustrated in this paper is
not without problems (especially those caused by changing definitions over
time), there may be much truth in the fo recast of L. R. Klein'^ that the spread
of econometric methods to regions that have a weak data base is likely to de
pend on the use of time sequences of cross-sections to fill in some irrepar
able time-series gaps.
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