MIGRATION TO AND FROM STATE ECONOMIC AREAS
IN THE INTERIOR SOUTHEAST: AN EXPERIMENT
USING POOLED CROSS-SECTION DATAG®*

Richard J. Olsen

ORNL-NSF Environmental Program
and
University of Tennessee (on leave)

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 notthe equivalent of variation over time.
The Knoxville SMSA of 1980 may not, even under the mostfavorable circum-
stances, look like the Atlanta SMSA of 1970. The purpose of this paper isto
recommend the use of pooledcross-sectionanalysis andto illustrate its appl-
ication to one dynamic component of regional growth--migration. In addition,
the problem of heteroscedastic disturbances istreated 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. Persons, v)

where INMIG represents theannual 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 migra\tion2 suggestthat 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 levelof education should raise bothout-migration andin-mig-
ration.

POOLED CROSS-SECTION ANALYSIS

While it appears appropriate to fit Model I separately to 1950 and 1960
census data for State Economic Areas in the Southeast, the frequent warning
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that cross-sectionally estimated parameters are apt toover- 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 II) 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 thevalue O for ob-
servations during 1950 and the value 1 for observations during 1960.

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 1960 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 intothe 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 lessor more response in
OUTMIG to a change in X, that should beusedas a guide to out-migration dyn-
amics over time.

Since suitable time-series dataarenot available for small geographic
areas, our MODEL II, which utilizes pooled cross-section data4, may be
thought of as a pseudo time-series analysis. Itis anattempt 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 both Models I and II it became ap-
parent the assumption of the Ordinary Least Squares (OLS) Regression Mo-
del that u hasa 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 of 2,300 to a highof 64,000, as it didin our study area, 5 one can
reasonably expect the smaller samples to containanintrinsically 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, (l) parameter estimates from the
use of our sample of data are different, (2) estimates of the standarderrors
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 subject to sampling error (i.e., resulting from the 20
or 25 percent sample census enumeration procedure) has been weighted by
the lPi7§if P.l where P, is the population of the i th SEA.

DATA FOR STATE ECONOMIC AREAS IN THE INTERIOR SOUTHEAST

Our analysis has beenconfined to cross-sectiondata fromthe 1950 and
1960 Census of Population for each of approximately 67 State Economic Areas
in the interior Southeastern United States (Figure 2). The Study area was
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geographically restricted inthis manner to control by exclusion for what 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 onsome of the relevantvariables were available direct-
ly from the 1950and1960 Census of Population; other variables had to be con-
structed from the census data directlyavailable. Both sets are summarized
in Table 1. One should note that: (1) observations on all ofthese variables
were available for each of the State Economic Areas in the Southeast for each
of the census years, 1950 and 1960 (except where noted)7; (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, our male skills
index data were as of place of residence, not place of work.

From the pointof view ofapplying pooled cross-sectionanalysis 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 thanmales and females separately. We could have studied whites
and nonwhites separately but chose not todo so at this stage of our analysis.
Furthermore, since annual migration rates were available from the 1950
Census of Populationwhile five-year rates were available for 1960 °, we were
forced to crudely annualize the 1960 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 specificannualization 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 a percent of the population, (5)an index of male 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
populationdensity 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 negative for 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-migrationthan 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 hereis the rural tourban move-
ment of the past decades.



Table I

Data Used In Interior.Southeast Migration Analysis

(1) Total Population
(2) Males 14 Years 0ld 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 0ld 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 0ld 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 = (21)
5
*%(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.



Table II

Estimated In-Migration Functions for the Interior Southeast

Using Pooled 1950 and 1960 Cross-Section Data

Adjusted
Index  [percent of | Local Minus
Dependent Local Minus Population | Percent Armed |Percent College | of Male [Population | National
variable National Male Density Forces Are Students Are skills at is | Male Labor Overall F Value
(Age Group) kconstant. Rate |(00's/sq.mi.) |of Populat of lat in 1000's Part, Rate | Pooled IDegrees of Freedom)
IN-MIGRATION .340 -.172 .047 .780 929 .3 .00058 -.0414 - 9.3
RATE (20-24) (2.978) %0+ (5.664) **¢ (12.47) (6.77) %0 (2.533) %0 (.659) (.835) (15.246) (8,119)
INNMIG (25-29) 333 -.075 031 .399 .503 & .00013 -.0450 321 50.6
(1.346) (3.927) 00+ (6.598) +2+ (3.799)000  [(3.773)000 (.150) (.941) (13.443) (8,119)
INMIG (30-34) .229 -.044 .020 .273 .23 X .00093 -.0463 -.229 36.1
(.966) (3.033) 000 (5.570) #+» (21524 |(4.136) %00 (1.349) [ (1.192)  |(11.796) (8,119)
INMIG (35-39) 181 -.077 .015 .199 .15 .34 00046 -.0374 -.172 3.1
(2.249) % (3.039)0e¢ (5.366) *2+ (1.407) (4.588) *e* (.878) 1.271)  [(11.706) ** (8,119)
INMIG (40-44) 149 -.064 .010 147 .33 00048 -.0267 -.153 415
(2.293)%¢ (2.427)0¢ (4.892) %0+ (6.798) *** (1.179) | (1.267)  [(12.970)*** (7,120
INMIG (45-54) s | -.054 .007 .080 .26 .00053 -.008 -a23 43.1
(2.513) %0 (2.155) %% (3.418) 000 (6.789)%%+ | (1.679)* | (1.944)% | (13.448) %+ (7,120
INMIG (55-64) .088 -.025 .008 .076 .21 00046 -.0448 -.107 38.0
(1.275) (2.671) %0 (3.509) *e+ (6.067) 242 (1.559) | (2.961)%** | (12.618) %2 (7,120)
INMIG (65 + over)| .062 -.018 .o1. 045 .24 .00055 -.0286 -.097 R
: (.890) (4.309) #e+ (2.127) % (6.803) %%+ | (1.888)* | (1.9171)* | (11.553)%e¢ (7,120)

NOTE: Student t values are in parentheses below coefficients.

significantly different from zero with probability .90.

significantly different from zero with probability .95.

significantly different from zero with probability .99.

€L



74

66" A3TTTqRQOId Y3TA 0192z WO} IUBIBZFTP ATIURDTITUBTS

56" AaTTTqeqord yatA 019z WOI USRI TP ATIUEDTITUTS

106" A3TTTqRqod Y3TA 019z WOI} IUBIB}FTP ATIUEDTTUBTS

©$3UBTOT33905 MOTIq SPSAYIUSIR UT BIP SINTPA 3 IUIPNIS  :ILON

(0z1'¢) (6£s°en)| (55571 vz v «(605°8) (so1° 1) (9zp° 1) we (98572
vose 680"~ 810"~ 82000° 28 610" £00° 6€0° £80° 190 + 59
oz’ ) sesle007sD|  (zBETD) (geet) +(890°6) va(895°2) (z9c*) (oL e
s oy 801"~ 810"~ 80000° w v0* 200" ¥90° 01" ¥9-55
(oz1*e) (80S° €T wa(T8Y°Z)|  (08BY") «(08L78) sea(06276) (168°) ses(vp9°E
PR3 ST 820"~ »1000° € 20" 200" €o" 9Tt vs-sp
ozt 1) (950721 waa(vB6°2)|  (899°) (86€°p) (690" 1) (228°€)
st 38 5507 L1000" otT" v00° £60° [
(611'8) vee(Z€0°ZT)  weslzoL D) le6ET) (et (t6L°5) (¥19° 1) (161°6)
st o1 190" L1000° 8L0" st 900" 680" 8 3
(611°8) 207zt eesl€T6°0)[  (pT D) eenl6EL72) (€96°) (STE" ¥
8vy 561 ozt~ 29000° zez” 500" 58 vetr: ve-0t
(611°8) cae (BPT76N  aea(6pRE)|  (T9E°T) cesl62876) ves(565°0T) (520°) (8Ly°y
9768 ofz” vozi- 0z100° [ €9° 2000° 292" zsz" 6z-52
(611'8) senlELT6 2(858°9)| 4 (L9L°T) | wea(9TE72) (198°) (8€9°) (687 T) (vo8°8
962 9Te" - 9L~ §1200° 921 vot"- 950" zz0°- 900" et vz-0z
(Wopaai3 jo £9916aq)  Po100d | 93§ 334 | S3TUM-UON |5,0007 UT 3e{ndod jo 3eTndog 30| (“TuB5/5,001 | 93ew RS dnors abv
anten 4 11e1980 F0qe1 arew | st eyl STITKs 21y sjuapnis 21y sao104 Kavsuaq a1en TeuoTieN NOLLVMOIH-100
teuoraen | uotaerndod | srew jo [@bar10) ussiad powiy uscisd|  uotriendod snuth Teson
snutk 19201 | 3o 3uaszad | xepur
Poasnlov

®3eQ UOTID5-SS0ID 096T PUR 0G6T PaTood Butsn
3SPAYINOS I0TISIUI dY3 I0J SUOTIOUNJ UOTIRIBTW-IN0 POIRWTISH

III 319eL



75

The geographic mobility of atleast two groups, Armed Forees 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 fortheir pre-
sence byincludinganArmed Forces variable and a college students variable.l0
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 personnel substantially raises both inand out-migrat-
ion rates. In addition, the influence of these variables as measured by the
size and significance oftheir 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

10
I w E
i=1 it ijt
Male Skills Index it =
J
10
z E..
ijt
i=1 J

where Eijt represents male employment in occupation i in State Economic
Area jat time t, and W, is the national median realincome of employed male

civilians in occupation i at time t. Perhaps becausethe sample was confined
to the Southeast, the Index of Male Skills seems to have its greatest impact
on out=migration.

While differences inpropensities tomigrate 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 racialdifferences inpropensity to move could be found;
the magnitude of all coefficients was very small and generally not significant-
ly different from zero.

From anearly stage of theanalysis, the Male LaborParticipation Rate
(MLPR) has beenincluded as anadditional measure oflabor 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 definedl2 in anattempt 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-
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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 inthe forecastof L. R. Klein4 that the spread
of econometric methods to regions that have a weakdata 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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