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An Analysis of Migration in Oklahoma

Francis McCamley*

Department of Agricultural Economics

"'\‘ The percentage change in population between 1950 and 1960 ranged

_/from 64.6 percent for Comanche county to —31.5 percent for Haskell
country. A large part of this variation is attributable to differences in
migration rates. Therefore, in order to understand the factors influencing
population changes, it is necessary to understand the factors influencing
migration.

There is currently considerable interest in attracting industry to the
state and promoting the economic development of the state. One of the
expected payoffs from the success of this effort is an increase in total
state personal income. An additional result is likely to be a smaller vol-
ume of migration from the state and, therefore, a larger population than
would otherwise exist. Thus the effect of industrialization programs upon

___per capita income depends not only on its effect on total income but
“also on its effect upon population. Any influence which affects either
Jpopulation levels or income may also affect both the demand for public
“and private services and the institutions which are needed to provide

‘these services. These changes need to be anticipated. Previous studies
~[5, 6] have been devoted to the estimation of the effects of changes in the
economic structure upon income and employment levels. This study is
designed to determine the effect of employment levels and other factors
upon migration.

Obijectives of the Study

The objectives of this study are:

1. To determine the factors most likely to influence migration in
Oklahoma,

2. To determine which of the previously existing models of migra-
tion seem most useful for analyzing Oklahoma migration,

3. To estimate the parameters of these models using data for va-

- rious regions of Oklahoma,
4. To determine the effect of adjacent regions upon migration, and
5. To determine the effect of migration inducing stimuli upon the

\various age groups in the population.

—
- *Assistant Professor

Research reported herein was conducted under Oklahoma Station Project No. 1424,
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Previous Studies

Thornthwaite [13] used census data to study internal migration in
the United States from 1850 to 1930. One of the statistics used to estimate

population movement was the birth-residence index of population move- .

ment. This statistic was computed for Oklahoma in 1930 (for example) (

by subtracting the number of persons born in Oklahoma but living out-{_

side of Oklahoma in 1930 from the number of persons born outside of

Oklahoma but living in Oklahoma in 1930. Aside from errors occurring (~ N
during the collection and processing of the basic census data, this statistic “—

provides a good measure of the migration component of the population
of the state at a particular census. It usually provides a rather poor meas-
ure of the total volume of migration that has occurred since migrants
who have died or returned to their state where born are not counted.
It provides a poor measure of the migration during any time period
since for each individual migrant the relevant time period began at
the time of his birth. For example, the Oklahoma index for native whites
in 1900 of 486 (see Table 1) probably resulted primarily from the mi-
gration of settlers into Oklahoma during the 1890’s, but the index value
of 890 in 1910 probably resulted from migration during both the 1890’s
and the decade after 1910.

. . . . ™

Thus a second statistic, the decennial change in the bzrth-reszdence( :
index, was used to estimate the volume of net migration during each\ )
i

decade. Some of these statistics for Oklahoma from 1890 to 1960 are
presented in Table 1. These two statistics are useful for examining past(
patterns of net migration because they are virtually the only such meas-
ures that can be obtained for each state in the nation. Some caution is

Table 1. Oklahoma Birth-Residence Indices of Population Movement,
1890 to 1960.

e

—

Native Whites Native Negroes Native Non-Whites

Year Index Change Index Change Index Change
(1000's)

1890 54 3
1900 486 432 30 27
1910 890 404 85 55
1920 852 —37 70 —15
1930 681 —171 56 —14 /
1940 233 —449 —26
1950 —215 —448 —23 —49 |
1960 —519 —303 —52 —30

/

Source: Native white data for 1930 and earlier census years were obtained from Plates I and II of |

[13]. Data for the change in birth-residence indices for native negroes were cbtained “__~

from Plate III of [131. Other data were computed from State of Birth data [20, 35, 371
compiled with decennial censuses.
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in order, however, since these statistics are sensitive to the deaths of
persons in the migrant streams. For example, by 1950 the persons born
outside of Oklahoma but living in Oklahoma were on the average much
_older than the persons born in Oklahoma but living elsewhere. As a
" result about one-third of the decrease in the native white birth residence
‘index between 1950 and 1960 can be attributed to deaths of past migrants
~/ rather than to out-migration.
‘ Thornthwaite also constructed estimates of the gross decennial inter-
change of population for each state during 1900 to 1910, the volumes
- and patterns of migration of various racial groups, net rural-to-urban
migration for selected areas, net migration estimates for the counties of
selected states, and vyear-to-year changes in population of Oklahoma
counties (estimated on the basis of school census data).

Tarver [12] estimated the net migration component of population
change from 1940 to 1950 for each of Oklahoma’s counties, and state
economic areas. The estimates for the state economic areas are presented
in Table 2. He and his associates have also made extensive projections of
the population of various areas of Oklahoma.

Previous investigators have employed several alternative models to
explain the volume and direction of migration. The models used include
“\Markov process models, gravity models, and prospective unemployment
models.

Table 2. Estimates of Net In-Migration 1940-1966 for the State Eco-
nomic Areas in Oklahoma.

State Economic Estimated Net Migration
Areda’ 1940-1950 1950-1960 1960-1966
1 —24,565 —20,838 —600
2 —27,898 —32,309 —5,500
3 —28,465 —12,471 —200
4 —58,627 —20,680 —15,000
5 —56,001 —38,371 —7,100
6 —74,433 —39,086 —6,200
7 —71,173 —30,091 —3,400
8 —55,694 —41,884 —700
9 —73,573 —41,665 —10,200
10 —18,577 —10,081 7,000
A 13,552 38,530 —10,200
B 38,066 41,049 2,100
C —19,113 —7.,241 18,000
| D —4,373 —3,298 4,800
'State Total —460,874 —218,436 —6,000°
Source: 1940-1950 data were compiled from [12].
/ 1950-1960 data were compiled from [15].
e’ 1960-1966 data were compiled from [16].

10klal}on1a‘.s State Economic Areas are shown in Figure 1.
2The individual estimates do not sum to the total due to rounding error.
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Figure 1. The State Economic Areas of Oklahoma.

The use of Markov models has usually been justified on the basis
of their simplicity, their ability to describe current behavior, and their
ability to indicate the consequences of the continuation of present trends
rather than on the basis of their causal validity. Their usefulness there-

fore depends partly upon their ability to predict future population. Their |
predictive ability depends in turn upon the stability of certain out- '

. . . . . . . . - . |
migration and in-migration rates. The historical migration data for the

state of Oklahoma suggest that these rates are not stable. Thus it seemed
more appropriate to use other models which do not require stable migra-
tion rates but which attempt to relate migration rates to labor market
conditions and to other social and economic variables. The models adopt-
ed for this study included gravity models and prospective unemployment
models.

Gravity Models

Some of the earliest models employed to analyze migration flows
were called gravity models inasmuch as they have the same form as the
formula used to represent the force of attraction between two particles.
This formula is:

where
f represents the force of attraction between the two particles,
G is a universal constant,
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m; and m, represent the masses of the particles, and
d represents the distance between the particles.
It has been argued [9] that the probability that any individual
would migrate from one region to a second region should be directly
“\proportional to the number of jobs available or to the volume of other
oopportunities available in the second region and inversely proportional
~to the difficulty of making the move. Population or the number of em-
. ployed persons in the second region is usually used as a proxy for the
 number of opportunities available; some function of the distance between
the regions is often used as a proxy for the difficulty of making the move.
The expected number of migrants should be equal to the probability
of any individual moving times the number of persons or workers in
the first region.

The Zipf Model

Thus the Zipf model [41], for example, has the form:

M =
ij a
@4
where

M;; equals the gross migration between regions i and j,
P; and P; equal the populations of regions i and j respectively,
S Dj; equals the distance between regions i and j, and

a and K are constants.

The Somermeijer Model

The Zipf model has the same major fault as the Markov model, that
is, it does not allow migration rates to change in response to economic
and other stimuli. However, Somermeijer [11] has shown that Zipf's
model can be partitioned in a way which allows the use of economic,
social, and other variables to explain the volume of migration from one
region to another region. His model has the form:

PiP

My = K2+ o, -] L

i j
- . (Dij‘)
/,where

Mi . equals the volume of migration from region i to region j,
Y, F; and F; are vectors of factors measuring various aspects of the

attractiveness of regions i and j, respectively,

An Analysis of Migration 7




C is a vector of parameters associated with (F;-F;), and the rest
of the symbols have the same meaning as in the Zipf model.
Adaing the equations for M > and M e gives the Zipf model. Thus
the added variables serve to distribute gross migration between the two
migration streams but do not affect the volume of gross migration be(
tween any two regions. Of course the incorporation of these factors may,
change the estimates obtained for a and k when this model is applied “-

to any sample data.

The Lowry Model N

The Somermeijer model is somewhat difficult to fit. Therefore,
Lowry [7] has formulated an alternative model. The conceptual form
of his model is given by:

M L, = K[h . Yi . Ei_Ll]
i-j Uj Wi Dij

where
L; and L; equal the number of persons in the non-agricultural labor
force in regions i and j,
U; and Uj; equal the unemployment rates existing in regions i and j e ™
W; and W equal the hourly manufacturing wage rates in regions i

i

and j, N
Dj; is the airline distance from region i to region j in miles, and M
K is a constant. -

Actually, Lowry’s conceptual form is somewhat misleading. The form
that is usually fitted is:

= +
log Mi—)j log K + ay log U, +a, log Uj + a, log Wj
a, log wi + ag log Li + ag log Lj + a, log Dij
where the as (i = 1, 2, ... 7) are unknown parameters. All other

symbols are defined above.

Data Available

Migration data of the origin and destination type are available for
fourteen areas of Oklahoma for the 1955 to 1960 period [36]. For the
purpose of fitting various forms of the models described above, data for!
Creek county (area C) was combined with the data for Tulsa and Osage (
counties (area A) and data for Canadian county (area D) was combined , \
with the data for Cleveland and Oklahoma counties (area B). These'
data are presented in Table 3.

8 Oklahoma Agricultural Experiment Station
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Table 3. Migration Between the Twelve Areas of Oklahoma, 1955-1960.

Gaining Losing Regions
Regions 1 2 3 4 5 6 7 8 9 10 A-C B+D
1 1429 213 2626 804 295 615 191 158 43 516 972
2 1501 569 741 1763 318 621 409 138 78 1584 2126
3 160 414 259 824 276 253 963 436 710 4721 762
4 1718 964 307 1641 592 2106 495 725 175 823 3685
5 885 2551 870 2169 1843 2090 1207 971 163 3911 5571
6 52 184 220 419 1549 973 639 690 68 808 1466
7 239 327 254 1965 1810 1205 345 1712 49 833 2338
8 207 517 770 538 574 1050 445 993 956 3800 1297
9 80 140 269 270 417 434 1061 1004 97 615 930
10 129 123 734 113 121 101 141 934 205 1373 346
A+4-C 264 1854 4873 989 3602 1672 1063 5500 1132 1420 3957
B+D 2211 3953 1192 7442 8651 3953 4385 2436 2831 318 5407

Scurce: [36].



Peach, Poole, and Tarver [10] have used school enrollment data to
estimate the 1955 population of each of Oklahoma’s seventy-seven coun-
ties. Their estimates were designed to be consistent with a Bureau of the
Census estimate of the state’s population in 1955 [18]. For the purpose
of this study the Peace, Poole, and Tarver county estimates were used‘/ “\\1
to obtain estimates for each of the twelve areas considered. These esti-
mates were in turn adjusted to conform to a more recent estimate of\\-/
the state’s populaion in 1955 [19]. The resulting estimates are presented N
in Table 4. o

Average wage rates vary among the twelve areas both because of
regional differences in the wage paid in particular industries and be-
cause of regional differences in the numbers of workers employed in
each industry. In order to partially correct for the difference in “industry
mix”, data from [38] were used to construct a set of 144 wage rates. A
set of twelve wage rates were constructed for each of the (twelve) areas.
One of these wage rates estimated the non-agricultural wage rate in that
region. The other eleven wage rates were designed to estimate the wage
that an average worker in that region could have received in each of
the other regions.

Table 4. Estimated 1955 Population for Twelve Areas of Oklahoma.

{ |

Area Population Area Population :
1 94,103 7 165,784 | J
2 169,674 8 160,697 "
3 134,096 9 126,016
4 250,778 10 44,123
5 182,350 A-+4C 370,700
6 96,216 B+4+D 455,457

Table 5. Highway Distances Between the Twelve Areas of Oklahoma.

Areas Areas

-
N
(2]

4 5 6 7 8 9 10 A-+C B+4D

1 ___ 158 315 184 224 253 304 282 360 334 264 180

2 _— 170 143 104 161 211 171 262 193 121 86

3 —_ 276 119 153 229 94 190 82 61 178

4 ___ 162 131 141 214 225 261 216 98

5 o 80 148 81 170 120 61 69

6 —— 80 92 115 1386 108 75

7 ___ 153 129 189 182 125/

8 121 51 49 125

9 __ 135 164 180\
10 __ 72 174,
A+C ___ ms!
B-}-D >
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One to three towns were selected near the center of each region.
This resulted in one to nine (highway) distances which could be used
for each pair of areas. The distance actually used (see Table 5) was an
average of these distances.

Forms of the Gravity Model Actually Used

/ . .
- Three versions of the Lowry model and four versions of the Somer-
~ meijer model were fitted to the available data. These seven models can
_/ be regarded as specializations of the more general model:

By By Bg
PP W

“ = (B, “B, W,, + B8, W, D B S 5

i3 [ T E AR T & B, (W
P ii
1j

where
M._ . equals the number of migrants from area i to area j between

1955 and 1960,
Wy; equals the 1956 wage rate in area i (in thousands of dollars),
Wj; equals the 1956 predicted wage rate in area j for an ‘“average”
worker in area i (in thousands of dollars),
Y, P; and P; equals the estimated 1955 population (in ten thousands
of persons) in areas i and j, respectively,
d;; equals the highway distance (in hundreds of miles) between
areas i and j, and the
Bx's (k =0, 1, ... 6) are parameters.
B1 and B, were assumed to be equal to zero for the first version of
the Lowry model:

By B, , B

g P p W\
(a.y M, =-91 1 (i
R 85 \Wiyf -~
d
ij

The second version incorporated the additional assumption that

Bs equals By:

An Analysis of Migration 11




The third version restricted the model further by assuming that g
equals zero:

8
3 —
B,(P.P.) 7
(c.) Mij = Léj_' {
5 ( l
diy N

For all versions of the Somermeijer model B; and B, were assumed /
to be equal to one and B¢ was assumed to equal zero. In addition all —
but the fourth version involved the assumption that 85 equals one. Thus
the first version is:

PP,
= 11
(d.) Mij = (BO + Bl wii + BZ wij) dij .

The second version also incorporated the assumption that g; and
B2 are of equal magnitude but have opposite signs:

PiP, N
(e.) Mij = [BO + Bl (wii - wij)] -—J-dij . "
‘\\_/‘

The third version restricted the model still further by setting g; —.
and B equal to zero: ‘

S

B.P.P.

ij

(f.) M,. = Od .
ij ij

The fourth version involved only the assumptions that 8; and g,
equal one and B4 equals zero:

PP,

= .L]_..

(8:) M= By + By W, +8 Wiy Bs
ij

Estimation Procedures

All seven models were fitted using weighted least squares techni- (
ques. Each observation was weighted by a weight equal to the inverse |
of the square root of the losing region’s population (in tens of thou- ,
sands). Initial parameter estimates were obtained for models a, b, and L

o

¢ by subjecting the logarithms of the relevant variables to (unweighted)

12 Oklahoma Agricultural Experiment Station




multiple regression analysis. The estimates obtained for the seven models
fitted are presented in Table 6. Standard errors are presented in paren-
theses for some of the estimates.

Model a provides no support for the hypothesis that migrants move

. because of wages differentials. Model b and the Somermeijer models do

provide some support for this hypothesis.
Lowry’s results [7] tend to imply that economic conditions are more
important as attractive forces than as repulsive forces. The results pre-

sented here tend to support the opposite view. Beale [1] has claimed that

both roles are important. His analysis suggests that economic conditions
such as those prevailing in the SMSA’s considered by Lowry do act as
attractive forces and that the decline in employment in rural areas (ten
of the regions considered here are predominately rural) due to techno-
logical changes in agriculture and other factors can act as repulsive
forces.

Prospective Unemployment Models

Blanco [2, 3] has proposed a model that can be used to analyze net
migration. The model suggests that net migration from a region is due
to net movements of military personnel from the region or “prospective -

' unemployment” in that region. Blanco’s articles do not define “prospec-
' tive unemployment” very clearly but it seems clear that it is a function

of the natural increase in the population of labor force age and the

; change in employment.

The Basic Prospective Unemployment Model

The basic prospective unemployment model used in this study has
the form:

c _ - F. + B.E, + U,
Mi = BOPi + B:i.AMPi + BZALF:i. ; B3AEi + 64L 5 85 3 i

where

M;¢ equals net civilian migration into county i between 1950 and
1960,

P; equals the population of county i in 1950,

AMP; equals the net migration of military personnel into county i
between 1950 and 1960,

ALF; equals the natural increase in persons aged 15 to 64 in county
i between 1950 and 1960,

AE; equals the change in the number of persons employed in county
i between 1950 and 1960,

An Analysis of Migration 13
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Table 6. Estimates of the Parameters of the Gravity Models.

Residual Sum

~ ~ ~ ~ ~ ~ ~ of Squares
Model Bo B1 B Bs B Bs Bs (1,100°)
a (initial estimates) 7.645 740 1.067 1.246 —.280 3.315
(.119) (.110) (.104) (.248)
a 8.326 .635 1.161 1.032 —.232 2,885
b (initial estimates) 7.288 912 912 1.247 .068 3,746
(.061) (.061) (.105) (.138)
b 7.734 917 917 1.026 .402 3,217
¢ (initial estimates) 7.356 910 910 1.247 3,847
(.061) (.061) (.105)
c 11.832 .856 .856 1.047 3,484
d 9.141 —1.459 .056 1.000 1.000 1.000 2,999
(1.517) (.272) (.349)
e 4.523 —.916 916 1.000 1.000 1.000 3,217
(.163) (.213) (.213)
f 4.737 1.000 1.000 1.000 3,676
(1.6546)
g 9.562 —1.477 067 1.000 1.000 1.082 2,973
- //"\ T \

/ “\‘ /R




LF; equals the number of persons aged 15 to 64 in county i in 1950,
E,; equals the number of persons employed in county i in 1950,

and the gy’s (k =20, 1, 2, ... 5) are paramenters, and

Uj; is the error term associated with this model for the ith county.
. This model treats the change in employment during the decade as a
- predetermined variable. Some persons (see [4], for example) have criti-
' cized this assumption and claim that there is a “feedback” from migra-
tion to employment. Presumably this “feedback” could take one of two
forms. On the one hand, if migration changes the supply of local labor
and thereby changes the wage rate then employment could be affected.
On the other hand, in-migration could increase the demand for local
services and thereby increase employment. There is undoubtedly some
“feedback” effect. However, the existence of low average returns to labor
in agriculture, low wage rates, minimum wage laws, and the small size
of most of Oklahoma’s counties suggests that the “feedback” is probably
rather small in Oklahoma.

Blanco’s version and most other versions of this model do not in-
clude variables such as LF; and E;. Presumably this is due to the fact
that they assume migration during a period tends to achieve a sort of
balance between the labor force and employment at the end of the
period. However, it seems reasonable to believe that migration which
occurred in the first part of the decade may be more easily attributed
to conditions existing at the beginning of the decade than to those ex-
pected at the end.

Blanco and others have typically formulated their versions of this
model using variables expressed at rates per 1,000 population for each
county rather than using the absolute volumes for each county. The
economic model itself is unaffected by this difference. The estimates ob-
tained for the parameters would also be unaffected by this difference
if the assumptions made about the error terms are also changed in a
consistent manner.

Data Available

Survival ratios from [17] and 1950 populations of each of the various
age groups from [31, Table 41] were used to estimate the number of per-
sons in the 15 to 64 age group in 1950 and to estimate the natural in-
crease in this age group between 1950 and 1960. Employment data from
the 1950 and 1960 censuses [31, Table 43; 32, Table 85] were used to
estimate the change in employment for the same period and the number
of persons employed in 1950. The difference between estimated net total
migration and net civilian migration between 1950 and 1960 provided
an estimate of the military component of net migration during this
period.

An Analysis of Migration 15



Estimation Procedure

For the purpose of estimating the parameters of this model it was
assumed that the variance of the error term for each county is propor-
tional to the 1950 population for that county. Thus the estimates of the
parameters were obtained using weighted regression. Each county’s ob-
servation was weighted by the inverse of the square root of the popula-
tion of that county. The estimates obtained are presented in Table 7.

An Alternative Labor Force Definition

The choice of the age group 15 to 64 to represent the working force
age group was somewhat arbitrary. Therefore an alternative model was
fitted which used the age group 20 to 64 to represent the working force
age group. The estimates obtained for this model are also presented in
Table 7.

An Attempt to Use Additional Information

Tweeten [14] has suggested that the attitudes held by persons living
in depressed regions are different from those held by persons living in
developing regions. It seems reasonable to assume that these attitudes
could also influence migration. Of course it is not possible to directly
include these attitudes in the model. However, if these attitudes and
their effects are rather persistent then their effect upon migration dur-

Table 7. Estimates Obtained for the Parameters of the Prospective Un-
employment Model.

Residual
~ ~ - - ~ - Sum of
Bo  PB1 B2 Bs Ba B5  Sauares
Basic 454 769 —1.162 2.188 —1.088 521 1965
Model (.184) (.103) (.307) (.090) (.262) (.134)
Model with alt.
definition of labor 157 760 —1.179 2.124 —.683 448 1985
force age (.127)  (.104) (.304) (.092) (.228) (.168)
Zellner’s method 414 712 —1.147 2.147 —1.062 591
1950-1960 period (.181)  (.102) (.305) (.089) (.258) (.133)
Zellner’s method —.707 —.779 1.578 193 1.405
1940-1950 period (.271) (.413) (.149) (.429) (.275)
Adjacent county 453 766 —1.171 2.164 —1.084 516 © 1964
effects model (.185) (.105) (.313) (.095) (.264) (.137) (A=.0057)
Adjacent county .408 769 —1.114 2.207 —1.037 537 © 1944
effects model (.187)  (.104) (.302) (.089) (.264) (.135) (A=.0092)

16 Oklahoma Agricultural Experiment Station




ing the 1940 to 1950 period should be similar to, and thus probably cor-
related with, their effect upon imgration during the 1950 to 1960 period.

If the effects of these attitudes are substantially independent of the
variables already incorporated in the model, the residuals from the two
periods should be correlated. Finally, if all of the above conditions are
met and, in addition, the explanatory variables for the two periods are
reasonably uncorrelated then one would expect some gain in the effi-
ciency of estimation of the 1950-1960 period parameters as a result of
fitting the models for the two periods simultaneously.

A migration model for the 1940 to 1950 periods was constructed. It
is analogous to the 1950 to 1960 model except that military migration
was excluded. This variable was excluded only because it was not possible
to obtain estimates of net military migration for the 1940 to 1950 period.

Zellner’s method [40] was used to estimate the parameters of these
two models simultaneously. The estimates for the two periods are pre-
sented in Table 7. They are very similar to the estimates obtained inde-
pendently for that period. This is, of course, consistent with the fact
that the calculated correlation between the residuals for the two periods
was only about .17.

The Effect of Adjoining Counties

Up to this point it has been assumed that net migration into any
given county is influenced only by labor market conditions and other
conditions in the same county. However, a county is usually too small
to be a complete economic system or even to include the entire labor
market area relevant to its population or employers. Some people, there-
fore, live in one county and work in another county. Thus labor market
conditions in one county could influence net migration in adjoining
counties. An excess of jobs in one county could serve either to encourage
migration to that county from adjoining counties or to discourage mi-
gration to more distant locations.

State and national variables undoubtedly affect Oklahoma migra-
tion but there is very little that can be done with cross section data about
estimating these effects since these effects are presumably the same for
each county. Thus, it is simply necessary, when applying the results to
different time periods, to make a priori adjustments in the coefficients
to account for changes in state and national variables. It should be pos-
sible to determine the effect of conditions in adjoining counties. There-
fore, the model was extended by adding an additional set of six addition-
al explanatory variables. Each of the additional variables was analogous
to one of the original variables and was constructed by summing the
values taken by the analogous “in-county” variable in each of the adjoin-

An Analysis of Migration 17



ing counties. The needed data for counties of bordering states was ob-
tained from Tables 41 and 43 of [21, 23, 25, 27, 29, 33] and Table 85 of
[22, 24, 26, 28, 30, 34]. In order to compensate for the fact that not all
counties share borders with the same number of counties this sum was
then divided by the number of adjoining counties. It seemed reasonable
to assume that the parameters associated with included “adjoining coun-
ty” variables are proportional to the parameters associated with the cor-
responding “same county” variables.
Thus this model has the form

C
M, = B.P. + .+ -~ A
1 BO i SlAMPl BZALFi -+ 53AEi + BALFi BSEi -+ n

i

[ (B,P, + B AMP, + B.ALF, +
ng— 0’3 1 p 82 § saAEj + BALFj + BSEj)] + Ui
1

where: \ is the proportionality parameter,

A, is the set of indices of counties surrounding county i, and

n; is the number of counties surrounding county i. (All other para-

meters have been defined previously.)

Two versions of this extended model were fitted. The first version
has been discussed above. The second version is the same as the first
except that the average population of adjoining counties and the average
military migration into adjoining counties were deleted from the model.

Estimates of the seven parameters (8, k = 1, 2, ... 6 and A the
proportionality parameter) of these models are presented in Table 7.
Surprisingly, these estimates provide very little support for the inclusion
of variables from adjoining counties. The “same county” variables domi-
nated the “adjoining county” variables and thus the estimated effect of
adjoining counties variables as reflected by the estimate of proportional-
ity coefficient A is less than one percent of the “effect” of the “same
county” variables in both cases. The estimated values of the other para-
meters are virtually identical with those obtained using the original
model.

The method employed above is probably lacking in intuitive appeal.
A more appealing but virtually powerless test was also employed. The
“predicted” migration for the state of Oklahoma during 1950-60 was
compared with the actual migration. This sort of test is intuitively ap-
pealing but its nature is such that it is virtually useless. The “state”
equation is equal to the sum of the equations for the seventy-seven coun-
ties. If unweighted regression had been applied to the data for the coun-

ties and if an intercept term had been included in the model, this pro- |

cedure would only test the accuracy of the data construction and the
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computational accuracy. The intercept was excluded on a priori grounds
since it did not seem reasonable to assume that every county, regardless
of size and population, would, all other things being equal, lose or gain
the same number of persons simply because it is a county. The effects
of weighting and omission are hard to assess but probably are small.

As might be expected, the “predicted” migration is very close to the
“actual” migration. “Actual” migration was -220,729; the prediction was
-220,698. If this prediction had been independent of the data used to
estimate the parameters, the expected standard error would have been
about 11,000.

Analysis of the Migration of the Various Age Groups

Since the various age groups would be expected to react differently
to various migration stimuli, two approaches to the estimation of the
impact of these stimuli were employed in this study.

Decomposition of the Prospective Unemployment Model by Age
Groups—

One approach involved the division of the total effect of each of
several stimuli among the various age groups in the population. This
is the simplest of the two approaches and is guaranteed to produce esti-
mates which are consistent with (i.e. could be aggregated to get) the
initial model adopted. The model used was

M, =P8

.+ A8 .
5 180Y0; + Ami(sl + 1)\(lj + (ALF, B, ISe)YZJ

+ (LFiﬁs4 + EiBS)v3J. + Uij

where: Mjy; is the volume of total net migration of the jth population
group into the ith county between 1950 and 1960 (this data was
obtained from [39]),
the v;’s (i=1, ... 4) are parameters (percentages) to be estimated,
and
Uy is the error term for the jth age group in the ith county. (All
other variables have been defined previously.)

The coefficient of AMP; involves 3, -I- 1 rather than B, since the migra-
tion variable in this model is a measure of net total migration whereas
the migration variable in the initial model was a measure of net civilian
migration. Essentially this model groups the effects of the six variables
used in the inital model into four effects: (a) the initial population “ef-
fect”, (b) the military migration “effect”, (c) the “effect” of a change
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in the volume of “prospective unemployment”, and (d) the “effect of
the volume of initial “unemployment”.

The estimates of the y’s are presented in Table 8. The estimated
standard errors are presented (in parenthesis) for the first age group.
The estimated standard errors for any other groups can easily be inferred
from this information and the residual sums of squares. The printed
standard errors for all of the parameters and especially for the v,’s and
vs's would be expected to be too small due to the method of constructing
the regressions associated with these parameters.

The persons in the first three age groups (those under 15 in 1960)
presumably migrated because their parents did. The next two age groups
are transitional groups. They were too young in 1950 to independently
move in response to labor market conditions existing in 1950. However,
by the end of the decade many of these persons had or would soon be-
come old enough to enter the labor force. Thus they tended to move
away from places with high employment rates in 1950 to places with
high “prospective” employment rates in 1960.

As expected the migration of military personnel affected those of
service age during the decade (those who were between the ages of 18
and 35 at sometime during the decade) and those young enough to be
dependent (younger than 35 at sometime during the decade). Older age
groups were essentially not affected at all by military migration.

Table 8. Estimates Obtained for the Parameters of the Decomposed
Prospective Unemployment Model.

Age of

Group in Sums of Squares

i 1960 Lo5 b'EY Vo p'eY Total Residual
1 0-4 151 056 021 137 176 123

(.046) (.013) (.006) (.041)

2 5-9 293 31 .086 265 797 175
3 10-14 266 .042 .106 251 1029 79
4 15-19 —.652 .080 .058 —.568 1874 151
5 20-24 —1.082 286 109 —.948 6471 382
6 25-29 250 .128 .188 243 3477 150
7 30-34 1.096 172 155 992 2106 298
8 35-39 ~ 446 .082 -~ .085 410 657 71
9 40-44 132 .031 .054 125 290 35
10 45-49 014 .001 041 017 187 19
1 50-54 .010 .002 031 .013 109 15
12 55-59 .015 .000 .022 016 55 10
13 60-64 .035 .000 014 .031 24 12
14 65-69 .022 —.003 .010 .018 23 17
15 70-74 .010 —.003 .008 .007 13 7
16 754 —.005 —.005 .013 —.006 25 10
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An Alternative Age Group Model —

The alternative approch is embodied in the following model:

AMP E, + AE
M,. =P

1 1
+ . + a Py
i3 = Pyy [ogy + oy MAG, © %2j LF, + aLE,

By
+ a3j LFi] + Ui_-]

where: Py is the intial population (population in 1950 or births in the
decade) in the jth age group in the ith county,

MAG,; is the initial population aged 10 to 34 in 1950,

oy (i=1,...4) are parameters of the model for the jth age group.

(All other variables have been defined above.)
This model involves the assumption that the percentage rather than the
total number of an age group that migrates is dependent upon the va-
rious factors represented in the migration model.

All of the explanatory variables in this model except perhaps for
the third one were defined in a fairly natural way. The third variable
represents the “prospective” employment ratio for 1960. Since E; and LF;
are already present in the fourth variable, the third one could reason-
ably have been:

AE,
i

P
1ij
ALF,

The estimates obtained with the model used are undoubtedly different
than those that would have been obtained with alternative specifications
of the third explanatory variable. Note that this sensitivity to specifica-
tion was also present in the preceeding model, but since the preceeding
model was linear in the variables AE;, E;, LF;, and ALF; the effect upon
the estimates of an analogous change in the third variable can be deter-
mined from the estimates already obtained.

The results (see Table 9) obtained with the model are fairly con-
sistent with those obtained from the other approach. Again the migration
of persons in the first three age groups was probably due to the migration
of their parents and thus the estimates for these age groups are not di-
rectly meaningful. The next few groups are transitional groups and once
again appear to react differently to labor market conditions in 1950 than
did older age groups. Again those under 35 at some time during the
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decade were most strongly affected by the migration of military person-
nel, whereas older groups were less affected and tended to offset to a

small degree the effect of military migration.

7/ )
N
Table 9. Estimates Obtained for the Parameters of the Alternative Age /
Group Model. N
Age of Mean Residual
Group in  Migration ~ ~ ~ ~ Sum of
i 1960 Rate Op; o Qa; Ogj Squares
1 0.4 —.011 —.352 .388 —.011 631 121
(.008) (.099) (.089) (.079) (.241)
2 5-9 —.002 —.409 543 .820 —.174 228
(.018) (.126) (.091) (.109) (.308)
3 10-14 —.102 —.418 .236 1.054 —.410 127
(.020) (.104) (.097) (.084) (.250)
4 15-19 —.143 769 .688 2.051 —3.563 335
(.031) (.192) (.186) (.158) (.463)
P
5 20-24 —27 1.309 2.905 3.982 —6.449 1197 {
(.065) (.401) (.411) (.338) (.962) ‘:‘
) 25-29 —.271 —1.157 1.195 2.730 —771 120 N
(.047) (.119) (.115) (.104) (.282) Yo
7 30-34 —.186 —2.313 1.699 867 3.132 371 N
(.040) (.185) (.203) (.177) (.439)
8 35-39 —.096 —1.083 .822 .780 1.005 123
(.023) (.136) (.128) (.113) (.325)
9 40-44 —.068 —.348 292 940 —.427 41
(.017) (.097) (.084) (.075) (.229)
10 45-49 —.056 .023 —.033 932 —1.046 17
(.014) (.062) (.056) (.047) (.146)
11 50-54 —.047 047 —.026 740 —.881 13
(.011) (.057) (.054) (.044) (.135)
12 55-59 —.031 .080 —.057 .608 —.784 9
(.009) (.054) (.054) (.041) (.127)
13 60-64 —.004 .082 —.077 394 —.532 12
(.007) (.070) (.073) (.054) (.165)
14 65-69 .007 167 —.166 362 —.632 16 R
(.008) (.089) (.089) (.071) (.210) !
15 70-74 .022 121 —.114 366 -—.515 7 “\‘
(.007) (.067) (.071) (.055) (.159) y
16 75+ 000 031 —058 280  —.304 10
(.004) (.035) (.038) (.030) (.082)

22 Oklahoma Agricultural Experiment Station




Comparison With the Results of Migration Studies of
Metropolitan Areas

Mazek [8] conducted an analysis of the 1955-1960 migration of labor-
ers in the nation’s SMSA’s. His variables were defined in terms of rates
per person. The population base (or numerator) for these rates was the
population that would have existed in 1960 if there had been no migra-
tion. The prospective unemployment rate was the primary explanatory
variable.

His findings indicated that a prospective unemployment rate (for
1960) of about 12.7 percent would have been needed to discourage net
white in-migration into the SMSA’s considered. For non-whites a rate
of 4.3 percent would have been required. In 1960 the actual (national)
urban unemployment rate was about 11.7 percent.

The variables used in this study were defined somewhat differently.
If the results of this study are adjusted to conform to Mazek’s definitions
they would indicate that a prospective unemployment rate (for 1960)
of about 3.6 percent would have been required to prevent net out-migra-
tion of labor force age persons from Oklahoma. A prospective unemploy-
ment rate of about 4.7 percent would have been required to prevent net
out-migration of the non-military population during the decade. Okla-
homa’s actual unemployment rate in 1960 was 4.4 percent.

The differences in these two results undoubtedly stem, in part, from
differences in methodology and formulation. However, some of the differ-
ences can also be attributed to differences in the nature of the regions
studied and to differences in the structure of labor markets and wage
rates, and so forth prevailing in the regions considered. It would seem to
be irrational to leave a region with a 4 to 5 percent unemployment rate
to go to a region with a 10 to 12 percent unemployment rate except for
the fact that wage rates are also higher.

Implications of the Findings

Two different types of models have been used to study migration. Of
the two, the prospective unemployment model seems more useful. This
judgment is based upon several considerations. First, the prospective un-
employment model is linear. This means that it is much easier to formu-
late, estimate, and use. Second, the data needed for this model are avail-
able on a county basis. This means that greater flexibility was available
(even though it was not used) in establishing regions to use in estimating
the parameters of the model. It also means that more flexibility is avail-
able (even though it may not be used) in establishing regions to use
when applying the results. This second consideration is made more im-
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portant by the fact that the basic migration data needed for gravity
models is usually collected for regions which are relatively homogeneous
internally. Many of the regions to which the results might be applied
have been constructed on the basis of criteria other than internal homo-
genity. More attention must thus be paid to the formulation of the
gravity model if the results are to be transferable. Third, the data needed
for the prospective unemployment model are probably more accurately
and uniformly collected since they come from the same agency. For these
reasons most of the implications of this study will be based upon results
from the prospective unemployment model.

Conditional Predictions of Net Migration and Population

One potential use for the prospective unemployment model present-
ed in this section would be for the computation of conditional predic-
tions of net migration and total population. The predictions would be
conditional predictions since the population figures are usually released
by the census prior to the release of the census employment figures need-
ed to predict migration and therefore population. The result is that if
one is merely interested in an estimate of total population, then other
procedures which use school census data, periodic reports of the State
Employment Security Commission, or other proxies for population may
be more appealing.

On the other hand, there are some situations for which conditional
predictions or simulations can be useful. If one is interested in programs
which are aimed directly at increasing employment levels or which pro-
duce changes in employment as side effects, then conditional predictions
may be useful.

In this section the conditions prevailing in 1960 are combined with
alternative estimates or guesses about 1970 to produce conditional pre-
dictions of migration and employment. This period was chosen for sev-
eral reasons. First, the 1960 census is the last census for which population
and employment figures are completely available. Second, the initial
population and its distribution by age groups is probably more important
than is sometimes thought. Thus it seemed appropriate to use a period
whose initial conditions are more familiar. Lastly, the use of this period
will facilitate the evaluation of this model. The final census results for
1970 will be available in a few years. If the implications of this model
for alternative 1970 employment levels are set forth explicitly here, then
any deficiencies of the model will be more obvious when the final census
results are obtained.

Since the 1970 census figures for the state of Oklahoma have not
yet been published in final form, it was necessary to make some assump-
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tions about the level of employment and about the volume of net military
migration during the period. Net military migration is not likely to
have a very great total impact. Therefore, a figure of 2,500 was assumed
for Oklahoma. The crucial variable is the change in the level of employ-
"~ ment. It was assumed that employment has increased by 120 to 140 thou-
sand. The second column of Table 10 gives the conditional net migration
predictions for increases in employment ranging from 100,000 to 150,000
under the assumption that the structural coefficients have not changed.

The assumption of unchanged structural coefficients is undoubtedly
unrealistic. It seems more reasonable to assume that changes in labor
market conditions outside of the state may influence certain of these co-
efficients. An alternative form of the model which allows changes in the
coefficients is given by:

C
AE, AE
L . {AMPi— mus]+ . [ALF _ALFUS}+ 83[_1_1)_“_5_]
P, 177, T e, 277, T E, P
LF E U,
q_i ___us 1 _ _us _i
+ Bt.[pi p 1+ 8 —5 1 B,

 where: o is the intercept parameter,
AMP,, equals the gain in U. S. population attributable to move-
ment and deaths of armed forces personnel between 1950 and 1960,
ALF,; equals the natural increase in persons aged 15 to 64 in the
U. S. between 1950 and 1960,
AE, equals the change in the number of persons employed in the
U. S. between 1950 and 1960,
LF,s equals the number of persons aged 15 to 64 in the U. S. in
1950,

E,; equals the number of persons employed in the U. S. in 1950, and

P, equals the U. S. population in 1950. (All other variables have

been defined above.)

This version differs from the original version in two ways. One
trivial difference is that the variables included are expressed as rates per
1,000 of initial population. The second difference is that the explanatory
variables are expressed as differences between the rate in Oklahoma and
the national rate. If this model had been fitted using the same assump-
tions about the distribution of the error terms as before the estimates of
all of the parameters except o would be the same as reported above since
the national rates are constants for any time period. The estimate of «
would have been .00954.
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Table 10. Net Civilian Migration Predictions for Alternative Assump-
tions About the 1960-1970 Increase in State and National

Employment.
Increase in Predicted
State Migration for
Employment Unchanged Increase in National Employment (Millions)
(1,000's) Parameters 11.5 12.0 12.5 13.0 13.5
100 —31,300 —78,600 —92,800 —107,100 —121,300 —135,000
110 —9,400 —56,800 —71,000 —85,200 —99,400 —113,600
120 12,400 —34,900 —49,100 —63,300 —77,500 —91,700
130 34,300 —13,000 —27,200 —41,400 —55,600 —69,900
140 56,200 8,900 —5,300 —19,500 —33,700 —47,900
150 78,100 30,800 16,600 2,400 —11,900 —26,100

Since the national variables are different for the 1960-1970 decade
than for the 1950-1960 decade accounting for the changes in these vari-
ables would produce different estimates of migration. The national in-
crease in employment is also not yet accurately known but should be
about 11.5 to 12.5 million. The last five columns of Table 10 give the
predictions for various combinations of increases in national and state
employment. These predictions are point predictions. The standard error
relevant for forming confidence intervals around these predictions ranges
from about 20,000 to 25,000 persons. The large size of this standard error
is principally due to the fact that the expected increase in employment
is nearly 100,000 larger than for the 1950-1960 decade.

As indicated by the table, the predicted in-migration increases by
about 21,900 for each 10,000 increase in state employment and decreases
about 14,200 for each 500 thousand increase in national employment.

If the estimated model is combined with some guess about the birth
Tate structure prevailing between 1960 and 1970, conditional predictions
of the 1970 population could be obtained. In order to demonstrate the
effect of birth rates and changes in employment levels upon population
nine estimates of 1970 population were made by combining three alter-
native birth rate assumptions with three alternative levels of employment
in 1970. The national change in employment was assumed to be 12.5
million. The results are presented in Table 11. This table provides the
basis for making at least three observations. First, one can observe that
the population would be expected to increase by about 26,200 for each
10,000 increase in employment and by about 54,200 for each 10 percent
increase in the birth rate. Second, by comparing Tables 10 and 11, one
can also note that during the 1960-1970 period the migration component
of population change was probably less important than during the 1950-
1960 period. Third, it appears that the model has overestimated the
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Table 11. Oklahoma Population Predictions for 1970.

Change in Birth Rate Structure (As a
State Percentage of the 1960
Employment Birth Rate Structure
(1,000's) 90% 100% 110%
120 2515 2568 2622
130 2540 2595 2649
140 2566 2621 2676

1970 population. As noted above the employment data needed are not
yet available from the 1970 census. However, data from other sources
tend to indicate an increase in Oklahoma employment of about 120
thousand during the 1960-1970 period. If the 1960 birth rates are assum-
ed relevant, then a estimated popultion of 2,568 thousand results. This
is about 70 thousand persons greater than the preliminary census figure.

The previous sections have outlined some of the implications of
changes in employment upon migration and changes in population. For
this purpose the starting point was assumed to be the 1960 state popula-
tion. Combining different initial populations with the assumed employ-
ment changes would have produced different findings. In fact, one could
turn the problem around a bit and ask whether there is some population
distribution that would remain unchanged if faced with a given initial
employment and a given change in employment. It would be tempting
to think of such a population as a long run equilibrium population, but
it would be more appropriate to think of this as a temporary equilibrium.

Estimates of this temporary equilibrium were obtained for several
hypothetical employment situations. They are presented in Table 12.

Several observations can be made about these results. First, they must
be interpreted with a great deal of caution. They are rather sensitive to
birth rates and to migration parameters for the younger age groups. The
estimates of these rates and parameters are less reliable than the para-
meters for older age gorups. As a result the actual equilibrium for the
employment levels hypothesized could be quite different from the esti-
mates obtained here. Secondly, even if the estimates of equilibrium pop-
ulation are reasonably accurate this equilibrium may not be a stable one.
That is, if the initial population distribution differs from the equili-
brium distribution, then the population distribution at the end of the
decade may be even further from the equilibrium than the initial distri-
bution. Thirdly, even if the population at the end of the decade is closer
to the equilibrium population, the amount of the adjustment may be
small relative to the adjustment that would be required to reach the
equilibrium population.
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Table 12. Equilibrium Population and Migration Per 1,000 of Initial

Employment
Large Increase in National Employment  Small Increase in National Employment
No Increase in 5% Increase in No Increase in 5% Increase in
Age State Employment State Employment State Employment  State Employment
Group Migra- Popula- Migra- Popula- Migra- Popula-  Migra- Popula-
tion tion tion tion tion tion tion tion
0-4 20 243 —21 512 —40 632 —112 1098
5-9 32 254 —60 390 —101 451 —262 686
10-14 14 254 —B86 421 —131 496 —304 786
15-19 —135 118 —12 374 42 490 255 936
20-24 —220 33 —15 402 77 568 433 1209
25-29 —9 107 —132 238 —187 298 —400 527
30-34 147 179 —154 243 —290 272 —814 383
35-39 50 155 —84 152 —144 150 —377 144
40-44 6 181 —44 194 —66 200 —153 223
45-49 —9 140 —26 120 —35 110 —65 74
50-54 —6 164 —20 164 —26 163 —49 163
55-59 —2 126 —13 97 —18 84 —37 33
60-64 4 149 —b 138 —11 134 —30 115
65-69 4 108 —2 78 —5 65 —15 13
70-74 3 116 1 106 1 102 —3 85
75+ —1 _]ﬂ —1 134 —1 119 —2 64
Total —102 2493 —675 3763 —935 4333 —1935 6539

Implications for Industrialization Programs

A

N

Population is one of the variables in the per capita income identity. -

Therefore, it is appropriate to examine the implications of this study
for industrialization programs and other programs which are designed
to increase employment in Oklahoma.

The length of period upon which this study was based in ten years.
Thus the study provides no information about the short run effect of
increases in employment upon population. The results of this study do
suggest that in the intermediate run (five to ten years) an increase in
employment by 1,000 jobs would tend to cause an increase in the popu-
lation of about 2,620 persons. This suggests that in the intermediate run
increasing the level of employment may tend to decrease the population/
employment ratio slightly as compared to the 1960 ratio of 2.96.

The long run ratio has been estimated at 2.49 if national employ-
ment continues to increase rapidly and at 4.33 if it increases less rapidly.
If 2,49 is the relevant long run ratio then increasing employment in
Oklahoma would have favorable effects but only as long as the actual
population to employment ratio exceeds 2.62. On the other hand, if
4.33 is the relevant long run ratio then it would appear that increasing
employment can lower the ratio only temporarily. It is tempting to
qualify these conclusions by noting that the accuracy of the long run
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estimates is probably low and that even if they were very accurate one
can not be sure which ratio is applicable. However, a more relevant qual-
ification is in order.

The accuracy of these estimates is made less relevant by the fact that

. the adjustment to either of these ratios would be very slow even if they

are correct. For example, if there had been no increase in Oklahoma em-
~ ployment and a rapid increase in national employment during the 1960
. to 1970 period the population to employment ratio would have made
 an adjustment equal to about 20 percent of the difference between 1960
ratio of 2.96 and the estimated ratio of 2.49. Adjustment in the opposite
direction would have been much slower. If there had been no increase
in Oklahoma employment and a more moderate increase in national
employment then the ratio would have made an adjustment equal to
only about 2 percent of the difference between the 1960 ratio and 4.33.
This suggests that there is very little need to be unduly concerned about
the endpoints of the range in long run ratjo estimates. Instead one could
expect that the relevant range for the foreseeable future is from about 2.7
to 3.05 for the state of Oklahoma.

The preceding discussion suggests that industrialization programs
and other such programs can have relatively little influence upon popu-

~ lation to employment ratios. It also sugegsts that indiscriminately pur-

suing these programs will lead to little or no improvement in per capita
' incomes. These conclusions are based, at least implicitly, on the assump-
tion that total personal income is a linear homogeneous function of em-
ployment. Fortunately, this need not always be the case. Thus it may
be possible to increase per capita income by increasing employment in
Oklahoma, but it appears that this increase, if it occurs, must result pri-
marily from an increase in the personal income per employee.
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