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ABSTRACT

TESTS OF AN EMPIRICAL INFLUENCE FUNCTION
F(R REGIONAL PROJECT IONS

by
Jean C, MacCarthy

Submitted to the Department of City and Regional

Planning on May 20, 1961, in partial fulfillment

of the requirements for the degree of Master in
City Planning,

Projections of regional productivity have not attempted
t0 consider the interactions between regions, The value and
validity of a method for predicting interregional productivity by use
of an income influence function has been examined within this study.

Within the limitations of the data used, it has been found to be of
no value,

TIIESIS SU?ERVIsmzo.oooooonoooooonooooooo

Dr. Aaron Fleisher
Lecturer in Department of
City and Regional Planning
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CHAPTER I

INTRODUCTION



INTRODUCT ION

Projections of regional prodﬁctivi‘oy aré uéually made by
extrapolating the latest national trend on the assunption that as
the nation goeth so doth the region. Somstimes, as an alternative
method, the trend of the region itself is determined. Missing from
both of these methods is any attempt to consider the interactions
between the regions,

The influence one region has on another would, on
intuitive grounds, be expected to decline as distance increases.
This distance effect has been verified for a variety of socio=
economic factors, such as: population migrationl; residential
propinquity of applicants for marriage licensesz; change of family
residénce3 s bus, railway, and airline passenger movemerrbsh; and

attendance by state at univers:i.tiesS .

'1 n

E. G. Ravenstein, "The laws of Migration®, Journal of the Royal
Statistical Society, 1885,
=

J. H. S. Bossard, "Residential Propinquity as a Factor in Marriage
Selection,Am@rican Journal of Sociology, XXXVIII, 1932; M. R. Davie
and R, J, Reeves, TPropinquity of Residence Before Marriage,"
American Journal of Sociology, XLIV, 19393 and R. H, Abrams,
MResldential Propinquity as a Factor in Marriage Selection,®
American Sociological Review, VIII, 19L3,
=

S. A. Stouffer, "Intervening Opportunities: A Theory Relating
Mobility and Distance," American Sociological Review, 1940,

b

G. K. Zipf, Human Behavior and the Principle of Least Effort,
(Cambridge: Addison-Wesley Press), 19L9.

5

John Q, Steward, "The Development of Social Fhysics," American
Journal of Physics, XVIII, No. 5, 1950,




Isard and Freutall have made this distance effect the basis
of a model for regional productivity projections., It is the purpose
of this study to verify the accuracy of this model against a
particular set of data = a large portion of which was obtained from

an investigation which used this same measure of influence for regiomal

population projections,

1
Walter Isard and Guy Freutal, "Regional and National Projections

and Their Interrelations,® Long-Range Economic Projection, National
Bureau of Economic Research, (Princeton: Princeton University Press),

195’-!-- ’




CHAPTER II

FORMULATION OF THE PRODUCTIVITY
PROJECTION MODEL



FCRMUIATION OF THE PRODUCTIVITY PROJECTION MODEL

Isard and Freutal defined productivity of a region using the
technique of the Council of Economic Advisors (CE&)]‘: productivity is
the product of the region's total labor force and average productivity
per worker> If the productivity of a region should increase or
decrease at the same rate as national productivity during a certain
period, then:

’ GNPy 4o
iGRPt o )\e iGRPt where =
GNPt
Wher e iGRP = iL iT;
iI‘ = number of workers in region i;

4T = average productivity per worker
in region i;

GNP = L T;

L = number of workers in the nation;

T = average productivity per worker
in the nation;

t = base year;

0 = forecast period; and
t+0 = forecast date.

If, however, the growth or decline of a region's productivity depended
also on the effect of productivity changes in surrounding regions, then
the authors suggested that a productivity projection for the region

should measure: the effect of external, as well as internal, changes.

1

Annual Economic Review, Council of Economic Advisors, (Washington, D.0.:
United States Government Printing Office), January 1950, p. 76,

2 - .

Isard and Freutal, op. cit., p. L7,




The projection model would then be written asz

- jORPre = A 3ORP, + X

where ;X = a measure of the effect of external changes
' of productivity on region i,

Isard and Freutal termed the measure proposed to account for
interregional economic relations the "potential of income" - a measure
analogous to Stewart's population potential,

On the basis of field studies, John Q. Stewart (in 1939)
suggested that a group of people exert influence on another group' in
direct proporbion to their size and in inverse proportion to their
separ:a.t.ion.1 He later referred to this population/distance ratio as
the "coefficient of inﬂuence"% Drawing an analogy to physical
concepts, Stewart and others referred to this influence ratio: as

‘Mpopulation potential®, Isard's and Freutal's concept of "income
potentialt « obtained by substitu*bing some. form of income for
population in Stewart's ratio - will be called an “income influence™

in this thesis> The sum of the influences on a particular region i

1
John Q, Stewart, “"Empirical Mathematical Rules Concerning the
Distribution and Equilibrium of Population", Geographical Review, XXXVII,
1947, American Geographical Society, p. L71.
2

John Q. Stewart, "A Measure of the Influence of a Population at a
Distance," Sociometry, V, 1942, p. 66. :

3Wh:i.le an analogy between a concept in one field with a concept in the

physical sciences is desirable to enlarge the knowledge and
applications of the former field, strict adherence to the analogy may
defeat this intent, The analogy tends to obliterate the fact that the
concept!s validity is not attached to the concept by the analogy, but
must be determined by testing, In this instance, the physical analogy
has also tended to obliterate the fact that this influence function was
a measure fitted to demographic statistics and did not proceed from =

a priori assumptions,



of the income of region i and the surrounding regions will be

considered as tgotal income influence" on region i; that is,

110 SETL il =1 1P

where :!.VT = tobtal income influence on region i at time T;

jYT = jincome of region j at time T; and

i:]D = distance between region i and region j.

Isard's and Freutal's definition of ;X dictated that this
measure be zero when the change in total income influence on region i
was proportionate to natiomal productivity growth, positive when it

was greater, and negative when it was less; that is,

ix = Q when )\e GRP
4ix> 0  when 4GRP +e> Ag 4GRP,

1X<0 | when t+9<)‘9 GRP o

The authors defined the following factor as their representation of ix:

Vi+o

Py 1'%

where iB = a positive measure of each region's resources;

1440
= relative income influence; and
1Y%
Y
US t+0
Pe - where Y = income of the United States.

Us't




This choice for jX exactly satisfied the required constraints; for if
a change in total income influence upon region i were the same as
national income growth, then

ivt-l-e

= ] and iz-o.
Py 5V |
0i't

If the change were greater than national income growth, then

ivt+e '
— > 1 and iz) 0.
oit ’
Tihen the nation's growth was greater than the change in total income
influence on region i, then
v

g0, ~ :
0 < —— < 1  and iz<o,

Py 1%

Isard and Freutal offered no other justification for this

choice of their representation of X. Obviously, their weighting of

3
the "modified relative income influence® [i.e., _ i't+0 _ N
— v
Po 1"y

regional proguctivity satisfied this factor's nesed for a dimension of
productivity, The authors! use of ivt +9 = total income influence
upon region i at the projected date ---is a serious weakness. A factor
within a projective model which itself needs projection is feasible
only if this factor is easily predicted; that is, if it increases or
decreases at an  unvarying rate, is not subject to sudden changes ==

is "stable" over time, Similarly, the use of the factor



ivt+e

= 1/} in the model is feasible only if the determination of iﬁ
Po 1V

from past behavior applies as well to its future behavior., Since the
modified relative income influence measure must account for the positive
or negative values of ;Z, ;B must also always be positive. But,
negative values are not entirely impossible, If the viewpoint were
generalized slightly and 32 were considered as a term in a linear
regression model, then ;P could assume negative values; but 32 ywould
then lose its economic interpretation, Thus, the workability of
Tsard's and Freutal'!s theoretical proposal for ;X depends upon a
determination of the stability over time of ;Vy and B, and the
validity of the model requires that ;P always be positive.

The theoretical projection model proposed by Isard and

1
Freutal would have the following form:

iv‘b+9

j0RPy . ™ A9 jORPy + 4B ~ 1| jGRP, .

Po 14,

7 :
Isard and Freutal did not present their projection model in the above
form, but instead in the following manmer:

.V

i't+8

0 0
iGRP-b,,,e = iGRP'b (1+p) (1+Z) + iﬁ (
| (140847,

where p = rate of national population change;
' z = rate of national productivity per worker change; and

P§ =rate of national income change.

Isard in his book Methods of Regional Analysis, the Boston City Planning
Board in their StafT Report Tincome rotentizal and Regional Productivity
Projections®, and Isard and Freutal in the above model defined the
variables p, z, and P} as the rate of national population change,
productivity change, and income change, respectively. This definition




In an attempt to verify the accuracy of this model, the modifj.ed relative
income influence factor ( 1Tb+0 — 1] will be evaluated, If

| Po 174
in +g Proves to be a stable quantity and if the modified relative income
influence factor has meaning, then iﬁ should be examined. If jVi.,q is
not predictable, or if the nlodified relative income influence factor has
no meaning, then serious doubt would arise as to the appropriateness of

this quantity for projecting regional productivity,

1(continued)
is dimensionally incorrect, however; for (l+p) must be dimensionless
because the number one has no dimension., The z and P! are subject to the
same criticism, It would seem that these authors intended p, z, and p!

to be defined as the fractional rate of national population, productivity,
and income change; and the p in the expression (1+p) to be tacitly multiplied
by one year. Now (1+P) is dimensionless. A similar multiplication is
necessary for z and p, e nsionless.

The factor él-i-p (1+z)° was utilized by the CEA in their projection
of the Gross National Product; that is,

GNP = LT

where L = number of workers in the nationg
T = average productivity per worker in the nation;

o . 0
and GNP, o= L(1+p) T(1+2),

The use of p was under the assumption that the labor force participation
would remain constant, Another assumption by the CEA was that the number
of hours worked would remain constant, Therefore, from the aboves

GNPy .9

) 0
= (1 1 = .
e, (1+p) (1+2) 2

Since py can 8180 be shown equal to (1"'9'), the two models are equivalent:

/. Qe = ‘Y-jz‘.r AT By DEFINITION
+ BY Y+AY

Q.1+ 9’ = -?— =
3. But Y+4Y a Yt*" Ce By Dermition
Y Te




CHAPTER III

DATA AND COMPUTATIONS



APPROACH TO THE DETERMINATION OF THE STABILITY OF 4V

An investigation of the stability of ;Vi requires the
determination of Vi at several time periods, As mentioned earlier, an
empirical test of the use of this income influence measure within
population projections was conducted by Gerald A. P. Carrothers .1
He considered personal income as the measure embracing all determinants
of population change and rail distanceé as the measure of friction
against human interactiony that is, persomal income/distance. He
gathered income and distance data for the United States for ten year
periods by which he computed the total income influence. This paper
shall utilize Carrothers! income influence data for the years 1920,
1930, 1940, and 1950; extend it through another ten year period; and
determine the stability of the measures over these time periods. The
use of this influence function within the projéction model in the forms
of relative income influence and modified relative income influence

also shall be investigated for stability,

DEFINITION OF INPUTS

An investigation of the total income influence on a
particular region requires defining the regions, type of incoms, and
distance to be utilized, Although regions ‘ought to be chosen to sult
the analysis proposed, income data availability limits the choice of

régions to states or functions of states., Income data collection also

1
Gerald A, P, Carrothers, Forecasting the Population of Open Areas,
doctoral dissertation, Massachusetts Institute of Technology, Cambridge,

Massachusetts, 1959,
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dictates that a particular kind of income be taken as the measure of
state income —- personal income of the residents, While the measure-—
ment:: of distance does not present a problem, the definition of it
does, Carrothers chose rail distances., The computations shall be
extended to 1959 using rail distance and airline distance,

The eastern half of the United States was chosen as the area
for investigation (Map &), This area contained twenty-three of the
thirty-one regions for which income influence data were available in
Carrothers! study (compare Maps A and D).

" The central points of each of these ’c.wentyl-'bhree regions
coincided as nearly as possible with the centers of gravity of
population, Since the gravity center of population would be expected
to be the gravity center of personal income of the residents, these
“centers® will be assumed applicable within this study (Table I and
Map A).

A problem immediately arose from this decision to consider
only two-thirds of the thirty-one regions, because the total income
influence, relative income influence, and modified relative income
influence measures had been computed upon the basis of the thirty-one
regions, Could the same total income influence values of thirty-
ons regions be used as the total income influence values of twenty~-
three regions? A computation was made of the total income influence
values of eacﬁ of the twenty-three regions for four different time
periods by subtracting the influence values of the eight zfegions not
included in this study (Table XVI), In order to determine if some
relation existed between the total income influence valuss of the

thirty=-ons regions and of the twenty-three regions upon each of these



11

twegxty-tbhree regions, thé two sets of values for the four time periods
were mapped, Since Carrothers had chosen to appraximate the average
distance between all points in one region and all points in another by
the measiz.ré of the shortest rail distance between the "centers®, the '
subsequent values of the total income influence measure would be
c§ncentrated at these "centers,” Lines connecting the l"cent'e‘rs"A of
equal valus would yield a graphic represen‘bation of the income influence
upon each region by the region itself and the surrounding régions.

From these "iso#irifluence" lines, an estimation could be made of the
total income iﬁfiueme of either the thirty-one re‘gions or the twenty=-
three i‘egions on any point in this eastern section of the United States.
A comparison of these two sets of maps (Maps E through H and J through N)
disclosed ‘bhat the values of total income influence for twenty-three
regions produced a pattern which was quite similar to the pattern for
the values of total income influence for thirty=-one regions.; but, more
important, the pattern for the twenty-three regions varied 6ver the
time periods in the same manner as the pattern for the thirty-one
regions, This similarity in patterns suggested a determination of the
ration of the total income influence of the thirty-one regions and of
the twenty~three regions, This computation (Tabls XXIII) showed that
the ratios weie quite similar both for all regions within each time
period and for each region over the four time periods. The ratios for
each region over the thirty year period differed by such a small
increment, that each region's rad',:i.a_~ of total income influence of thirty-
one regions to total influence of twenty-three regions was assumed
co'nstént over this period (Constant column in Table XXIII). And,

since these constant values ranged between 1,01l and 1.20, the



2

agsumption was made to consider the arithmatic average of these values
(1.13) as the figure representing the error within each region's total
income influence values by the utilization of total income influence of
thirty-one regions as total income influence of twenty-three regions,
Since the exact values of the income influence are not as important
within this investigation as the comparison between the values and
because the ratio of the total income influence of the thirty-ore
regions and the twenty-three regions was the same for each of the
twenty~three regions over the thirty year period, total income
influence of the thirty-one regions will be assumed equivalent to total

income influence of the twenty-three regions,

An appropriate extension of the income influenée_data would
have been from 1950 - 1960, However, the inability to cbtain 1960
state personal income data necessitated the use of 1959 data., The
difference between this 1959 average and the 1960 Census figure was
not anticipated to be too great, since the latter would have been
collected only three months after the former had been determined., A
more significant problem involved the decision by the Census Bureau in
1955 to revise the type of income collected for states. Previous to
this time, state income data was tabulated according to income payments
to individuals, In 1956 a complete restudy of state income from 1929 -

1955 was published in the form of "“personal incomsét- a form which

L

Personal Income %gmstates Since 1929, A Supplement to the Survey of
Current Business, United otates Department of Commerce, Office of Business
Economics, 1956, p. 10,




contained nonmonetary income_ and other forms of personal income not
counted within income payments to individuals. Since the latter was
not collected after 1955, a choice had to be made between a
recompu’bation of Carrothers! data utilizing 1930, 1940, and 1950 values
of personal income or én acceptance of the discrepancy anticipated by
a comparison of dissimilar measures,

An investigation was conducted of the ratio of personal
income to income payments to individuals within five regions and the
United States for 1930, 19L0, ‘and 1950, 'fhese results (Table IX)
showed such a small increment of difference between tﬁe values for each
region and the United States over the time periods and within each ten
year period, and such a small variation from unity, that the decision
was made to consider personal income for 1959 as a measure of state
income equiv&lent to income payments to individuals, Moreover, the
Census Bureau stated that since the small percentage of difference
between these two values would itself vary from state to state, it could
be considered neglig:!fole:.L -

The total income influence function includes not only a
measure of the.effect of the surroﬁnding regions upon a particular
region, but also a measure of the influence of the income within the
region itself; that is, the "self-influence, Carrothers chose to
determine this by forming concentric rings fifty miles in width
emanating from tﬁe "center" of each region (Map A) and computing a

separate total income inflﬁence for each region; that is

lPersonal Incoms By States Since 1929, op. cit., p. 59.
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g=] isd

where v = self-influence of region ij

s = income of each ring s in region i;

isd = distance from the "center't of region i
to the center of each ring s; and
m = number of fifty mile wide rings emanating

from the "center" of the region.

Carrothers assumed a uniform distribution of income within the whole
region and computed the total income of each ring as the product of
the popu]atiop of the counties in the ring and the per capita personal‘
income for the region, The distance from the center of each ring to
the "center" of the region was taken to represent the average distance
from the "center® to all points in the ring.

‘Define 44D such that:

it

33D =
1'%

where 41 = total income of region i and

4V = self-influence of region i,

A computation of this measure jiD for each region over the four time
periods disclosed that the four values were nearly constant (Table XIV).
. Thus, 44D for each region could be considered as an equivalent stable
value over the thirty year period, This then defines an equivalent
distance for the purpose of computing the self-influence measure. The
assumption was made to utilize each region's 1950 value of ;4D as the

equivalent distance faé’dor for the 1959 determination of the region's
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influence upon itself, since the 1950 measure would be expected to be
more closely analogous to 1959 than the 1920, 1930, or 1940. figures,
or an average of these values, The self=influence of each region for
1959 wasg then computed as the quotient of the region's total 1959
personal income and its computed value of 44D (Table XV).

The sum of each region's self-influence together with the
income influence of the other twenty-two regions upon the region vields
the total income influence upon each region.‘. The value of each income
:i_.nflﬁence measure of the surrounding regions is determined as the
quotient of the region's income and the digtance betyeen the "cen‘ber‘*‘
of the particular region and each surrounding region, The 1959 income
data for the regions composed of entire states were easi:_ly obtaingd,
for the data were available in this form. Regions 1 = 5, however,
were composed of parts aof states and necess:!.tated a separate _
determination of the income for ea&h region. Carrothers! method for
obtaining the income for these regions vwil'l. be followed within this:

' investigation for comparétive purposes, Region 1 is composed of
several counties of Connecticut, New York, Pennsylvania, and Virginiaj
the District of Columbia; and the entire states of New Jersey, Delaware,
and Maryland (Table I). Carrothers assumed a uniform distribution of
income and determined the income of the counties as the product of the
counties! population (Table IV) and the per capita personal income of
the respective states (Table VI), Since the counties in Pennsylvania,
were more closely associated with the New Jersey area than with the
rest of Pennsylvania, New Jersey per capita personal income was used
for the five Pennsylvania counties, Similarly, District of Columbia's
per capita income was used as the measure of personal income within the Vir-

ginia areas, For the counties in New York, per capita personal income of the
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state was used, The sum of the resulting incomes of the several parts
of states within this region together with the ’ootallpersonal income of
the District of Columbia, New Jersey, Delaware, and Maryland yielded
total personal income of Region 1 (Teble VI), The total income of
Regions 2 - 5 were determihed as residues of the total states! incomes.
Region 2's income was determined as the sum of the incomes of the
entire states of Rhode Isiand, Massachusetts, Vermont, New Hampshire,
and Maine togethér with the difference between the Connecticubt total
personal income and that part contained in Region 1 (Table VI), The
incomes of Regions 3, L, and 5 were composed of the residues of

New York's , Pernsylvaniats, and Virginia's total personal income,
respectively (Table VI),

Distances used in this investigation are the same as those
used by Carrothers and are listed in Table XI. TUtilizing these values,
the 1959 total income influence could now be determined for each of
the twenty~three regions as the sum of the self-influence measure of
the région itself and the individual values of the income influence
of the surrounding regions (Table XVIII). The individual influence
values between regions together with the self-influence measures are
available in Table XXVIII, The values of the 1959 total income
influence upon each region were mapped in the same manner as the total
income influence values for 1920, 1930, 1940, and 1950 were mapped
(ap I).

The ratio of the total income influence upon each region at

the end and the beginning of each ten year period for the years
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1920 ~ 1930, 1930 - 1940, 1940 = 1950, and 1950 - 1959 was tabulated
in Table XXIV, The ratio of United States! personal income at the

end and the beginning of these same ten year periods was obtained from
Carrothers' material for 1920 = 1950 and computed for 1959 (Table X).
Unity subtracted from the values of the quutient of this ratio of
national income and the relative income influence measures for each
region (Table JCCVI).yielded values for the factor 42 (Table XXVII) --
'Isard's and Freutal's measure of the effect of the external changes of

productivity upon region i,



CHAPTER IV

FINDINGS AND CONCLUSIONS
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INVESTIGATION OF in

As stated in Chapter I, the workability of Isard's and
Freutalt's productivity projection model depends upon a determination
of the predictability of ;Vi.q, for a factor within a projective ﬁodel
which itself needs projecting is feasible only if this factor is
easily predicted, Before this investigation is atiempted, it seems
relsvant to examine ;Vy itself to determine what it means, what its
errors are, and how these errors are determined,

The accuracy of the total income influence upon a region i,

1V -:EE: 5It s depends upon the errors involved in the estimate
T
of income data and Qistance data, The érror in the compilation of
personal income is unknown, The Department of Commerce stated that
tihe many source materials and procedures utilized in the State income
estimate are not of such a nature as to permit calculations of errortl
and that “the user must study the estimates and then decide for himself
whether they are sufficiently reliable for the purpose he has in mind.w2
The errors involved in the distance estimate are threefold: the
measurement of distance, differences in definition of distance, and
appraximations in computing distance, While the error in measurement

can be assumed to be small, the errors involved in definition and

computation will be investigated to determine their size and influence

s

Personal Income By States Since 1929, op. cit., p. 67.
2

Ibid,
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upon the value of the total income influence measure,

The distance measure within the total income influence factor
was defined as the shortest rail distance between the "cemters™ of the
regions, Straight line distance between the "center™ of the region -
itself and its emanating rings was used for the distance values of the
self—ini‘luence. In order to determine the effect a different type of
distance measure would have upon the total income influence values, the
1950 and 1959 total income influence measures were recomputed using
domestic airline distances (Table XVIIi). The air mileage between the
"centers® of the regions was used as the measure of distance between a
particular region and its surrounding areas (Table XII). Since air
transportion is unlikely to be used within a region itself, the self-
influence values of the previous computation utilizing straight line
distances between the "center' of the region and its rings were assumed
applicable within this determination of total income influence
(Table XXIX). These total income influence values for 1950 and 1959
on the twenty-three regions were mapped (Maps O and P), A comparison
of this mapping with the mapping of the values obtained for 1950 and
1959 with distance defined as rail measurements disclosed that the
definition of distance had very little effect upon the pattern of total
income influence (compare Maps H and I with Maps O and P),

The method of measuring distance both within the total income
influence and the self=-influence measures involved computational
approximations, The assumption that the distance between the "centers"
of the surrounding regions and a particular region would approximate
the distance between all points in the regions increases in valldity as

the distance between the regions increases, for the two regional masses
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could then be considered as point masses, Bub, for regions immediately
surrounding the region under investigation, this assumption of
regional masses concentrated at the “centers" may imply a substantial
error in distance measurement, A similar statement could be made
concerning the measurement of distance in the self-influence deter—
mination; that is, the assumption that the distance between the
tcentert of the region and the rings approximated the distance between
the "centert and all points in the region may be much less valid for
the rings immediately surrounding the "cénter" than for the rings at
the outer edge of the region, .

The fractional analysis of the errors within the total income
influence measure is limited because all reasonable definitions of
distance cannot be investigated and the error in income compilation is
unknown, The error determimti‘on within the total income influence
measure itself, 1Vt;would seem more feasible, Another study using this
same income influence measure was available, William Warntz had
estimated the total income influence for 1950. A comparison of his
values with the total income influence values computed within this
study was chosen as the method of determining the error in the
influence measure, v . _

William Warntz determined the 1950 total income influence
measures of the United States using 115 control points, He utilized
the Standard Metropolitan Area (SHA) classificstion to define these
regions., Warntz used 1950 personal income of the residents as his
income measure (Table VIII). This measure has been shown to be
ai:prou:imately equal to the income payment to individuals measure of
income on the scale of the state.(Section 3 in Chapter III), Warntz
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defined distance between the “centers" of his regions as the mileage
along the great circle curves; i.e., air mileage. The prévious section
has shown that this measure of distance had little effect upon the
values of total income influence determined by rail distance, Warntz
simplified the method of self-influence determinations the quotient
of the region's personal income and one-half the radius of the
region's area, Warntz's definition of 44D as the average distance
from the “center™ to any point within the region = one-half the
distance from the "center® to the edge of the region —= can be assumed
to be subject to the same magnitude of error as the equivalence
measure of ;4D, since Warntz's regions are appraximately the size of
the "center® and several of its immediately surrounding rings. Thus,
the data in the two measures are comparable.

Within the eastern section of the United States used in this
study, Warntz determined the total income influence for seventy-seven
regions as compared with twenty-three (Tables II and XIX and Map B).
& grouping of these seventy-seven regions witﬁin the twenty-three
regions was done (Table III and Map C). Since eighteen of these
twenty-three regions were composed of entire states, the total income
influence of each of the SMA's in the state weighted by their areas
and the total income influence of the residual of the state weighted
by its area were combined, This central total income influence value
for each region compared with the single value of each of the
eighteen regions (Table XX). Within the areas not composed of whole

states, Regions 1 = 5, the following procedure was utilized,



22

Since the parts of the states in Region 1 were not the same
es those investigated by Warntz, the SMA's most closely analogous to
the areas were chosen (compare Table I with Table III). The sum of
these influence values weighted by their areas and the weighted influence
values of the SMA's and the residual areas of each of the entire states.
in the region was assumed to appraximatevthe total income influence of
an area analogous to Region 1 (Table XX)., Similar coxgputations were
made for the total income influence value of Region 2, The values for
Regions 3 = 5 were determined as the weighted sum of the SMi's and the
residual of the state not included in Region 1 (Table XX). Although
the results were not completely comparable in Regions 1 = 5, the
agsumption was made to consider these ?wo studies as an estimation of

| the same quantity within the same area., A comparison of a maéping of
Warntz's combined data within this eastern United States area with a
mapping of the data for the twenty-three regions disclosed that the
patterns were not essentially different (compare Map H with Map N):
These two data maps are essentially two versions of the same thing.

The difference in the corresponding values of the income
influence of these two maps divided by the values derived from
Carrothers' data is the measure of the error within the income
inf!.uence values (Table XXX). The arithmatic average of these values
(24,2%) was taken to be the percentage of errcr in the determination
of ;Vie

Another determination was made of the error of iV, using
the total income influence values determined by rail and air distances,
A computation of the difference between the 1950 values determined by

air distance and rail distance divided by the total income influence



23

values determined by air mileage produced an arithmatic average error
of 16% (Table XXX)., The difference between 't;he two values of error

of 4V, could be speculated as the result of the measures of income,
since the 25% represented two different measures of income and the 16%
represented the same, Further comparison of the 1959 total income
influence values utilizing air distances with the 1959 values of total
income influence using rail distance disclosed that the error invelved
was only 10% (Table XXX). The reason for this diminishing error could
be speculated as the result of the use of the 1959 values of total
income influence which were computed on the basis of twenty-three
regions whegeas the 1950 values represented the influence of thirtye
one regions, Thus, thek error becomes so small that the variation of

distance can be assumed to yield an error of a negligible magnitude,

STABILITY OF Vg

The contours of total income influence for each region of
the years 1920, 1930, 19L0, 1950, and 1959 are shown in Maps E - I,
The resemblance between them is striking, Values oiJ the contours
change but the pattern remains essentially the same.

A closer look at the variation of total income influence
in time is obtained by computing the increments and percentage of
change of these valges at different times. These are shown in
'Tables XXI and XXII. ‘fhe increments themselves show very little;
howe‘ver, the percentage of change of the values of the influence from
one tim e to the next is agprcncima’ﬁely the same for all the regions

for the same time interval,
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The relative income influence must display

1'%

the same stability as t@e percent change of the total income
influencel (Table XXIV). The values displayed in Figure 1 show that
the relative income ihgluence has much the same value for all regions
over the same interval, ' Therefore, if the value of the total income
influence function for any one region were predictable, the values
for all the regions would be predictable; because it would be
justified to saf that the ratio of  ilt+0 for this region is

i’

close to the ra?io for all the other regions. Figure 2 shows that at
least one value o: 1vt+e must be known, for the factor follows no
pattern susceptfble to prediction.

The relative income influence values were also computed
for the 1950 and 1959 total income influence measures determined
by air distance. The values of this ratio (Table XXV) were close

to constant and essentially equal to the same constant that was

obtained for rail distances (compare Table XXIV and XXV).

THE MODIFIED REIATIVE INCOME INFLUENCE FUNCTION

The computed values of the modified relative income influence
function for rail distances are listed in Table XXVII, (The values

for air distances cannot be significantly different because the

3440 T iV6 . 140 -

..-l .

1V 1%
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Figure 1, The Rel?}ve Income Inﬂueme(a) of the Twenty-three
Regions'b) for the Census Years 1920 - 1950, and 1959,
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tive Income Influence(a) Average Over Twenty-three

Figure 2, The Bel‘?
Regions(P) for Four Ten Year Periods as a Function of
Time Intervals,
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relative income influence functions for rail; and air distances are
essentially the same,) The values seem to cluster rather close to
zero, It is extremely important to determine whether these values
are significantly different from zero, for it is only in this case
that the productivity projection model can have any predictive value

beyond an ex‘orapolation based on the changes in national productivity,

The modified relative income influence function

iv'b-l'B

e

Po 1%

v

depends upon the incoms influence values., Any error in the total
income influence therefore will appear as an error in this function.
The variable part of it is

1v‘b+6

e ™ (3,

Py 1Vt
Therefore the error in G shall be discussed., Application of the

propogation of error analysis (Table XXXI) showed that:

% error in G = ¥ error in ;V, L4 1

2

Fo

The percent error in G is therefore at least as great as the percent
error in ,V, (since Py is at least greater than one) which was found
to be about 25%, Therefore, since G ¥1 (Table XXVI), G can vary
between .75 and 1.25. The corresponding variability of the
modified relative income influence function runs between =.25

and +,25, from which it can be concluded that the values of it

listed in Taible XXVII are not significantly different from
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L ,
zero. Thus, the Isard and Freutal model, at least with respect to

these data, has no projecting value,

CONCLUSION

The conclusion of the preceeding section suggests questioning
of whether the failure of the modified relative income influence factor
is a radical or a relative failure. It is possible that if the grain
of income data were finer,~income data more accurate, and a proper
measure of distance chosen, the model would be useful for projections,
A means of testing the hypothesis that _the scale of data is too groés
is available in Warntz's investigation.

| A study of Warntz's map of seventy-seven control points
should Be cénducted to determine if this more intense collectién of
data yields income influence values which have meaning in the modified
relative income measure. This cquld be accomplished through a
computation of Warnta's income influence meagures for 1960 and an
analysis of the modified relative income data for the base year 1950
and the projected year 1960, If this measure has meaning within X,
then future users of this productivity model should be aware of the
limitations of this model and utilize small regions within their
investigations,

The lack of income data availability for any regions bubt
states or parts of states (and just personal income of the residents

for these regions) limits any practical investigation of the influencing

1

The inconclusiveness of the results of Carrothers' study of a
population projection model which used this same value of the modified
relative income influence factor appears to be a direct result of his
acceptance of the validity of this influence factor without testing,
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effect of other types of income as an aid to'pwoductivity projections,
A state or other regional collection of productivity data would provide
the measure suggested by Isard and Freutal within thelr theoretical
proposal, Other types of income (e.g., corporate) while difficult to
compute on a regional scale might make some account of the external
changes of productivity until such time as regional productivity data
were available,
_ Another possibility is that the income influence function is
simply an inadequate meésure of the effegt of distance, It isg interest-
ing to notice that if the income data alone were plotﬁed, the resulting
pattern resembles fairly closely the pattern of the income influence
function, A mapping'of the income values for 1950 and 1959 (Maps Q and R)
disclosed that while the pattern is not exactly the same within the areas
of lower income as the pattern of total income influence, the effect of
distance does little to disrupt the pattern of the higher income value
gradients in the northern half of the study area. These gradients of
income not only behaved similarly to total income influence gradients in
space, but also over time -= as a comparison of the 1950 income map with
the 1950 total income influence map and the 1959 income map with the 1959
total income influence map verified, Thus, the pattern of the total in-
come influence measure seems to be determined by the pattern of the type
of income utilized and not by the definition of distance,

If neither of these corrections improve the ability of the
modified relative income influence measure to account for
interregional relations, then the ability of this concept to measure
these relations could be questioned, The measure might be too gross

to detect these changes and a more penetrating measure might be needed
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This paper has not attempted to investigate the stability

within the interregional factor

of the coefficient iB which is specified as a positive constant ==

but which Carrothers found had many negative wvalues in his

investigation —, since the factor.,X reduced to zero as a result of

the values of the modified relative income influence and its components
required no further investigétion. If, however, the results of an

| extension of Warntz's study proved more acceptable, then the

appropriate form of this constant, together with its stability over

time, would need to be established for its feasible use in Isard's

and Freutal's productivity projectioxis.




APPENDIX I

DEFINITION OF REGIONS



) : a
TABLE I, Twenby-three Regions in the Eastern Section of the United Stateé.)

Region w " (b) (b)
Number Center of Region States Included in Region
1l New York City Connecticut =~ Fairfield County
New Haven County
Delaware ‘
District of Columbia
Maryland
New Jersey
New York Bromx County
Kings County
Nassau County
New York County
Orange County
Putnam County
Queens County

Richmond County
Rockland County
Suffolk County
Westchester County
Pemzsylvania = Bucks County
Chester County
Delaware County
Montgomery County
Philadelphia County
V:Lrginia = Alexandria City
Arlington County
Fairfax County
Falls Church Town

2 Boston Connecticut - remainder(c)
Maine
Massachusetts
New Hampshire
Rhode Island
Vermont
(c)

Syracuse New York = remainder
Pittsburgh Pennsylvania = romainder(c)

g Richmond, Virginia - remainder(c)

(2)

()

Ses Map A of regions and "centers", )
Regions and "centers™ defined in Carrothers? Thesis, pp. 146 and 147,

(c
Includes the portion of the state not in Region 1,
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TABLB I, (contimued)

woemtna:
———

|

Region

Number MCenter? of Region'®  States Included in Region'®)

6 Charleston N West Virginia
7 Salisbury North Carolina
8 Columbiz South Caroliuna
9 Atlanta Georgia

10 Tampa Florida

11 Birmingham Alabama

12 Jackson _ Mississippi

13 Nashville Tennessee

11 Louisvills Kenbucky

15 Colunbus Ohio

16 Detroit Michigan

17 Indianapolis Indiana

18 Chicago Illinois

19 Milwaukee Wisconsin

20 Des Moines Iowa

21 Jefferson City Missouri

22 Little Rock Arkansas

23 New Orleans Louisiana

(a)

Regions and "centers™ defined in Carrothers® Thesis, pp. 146 and 147,
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TABLE II, Seventy=-saven Regions in the Eastern Section of the United States

— ve—
sem— —

———

a) -

Region Area Include? Region Area Include?
Numbexr in Region b) Number in Region b)
1l Birmingham SMA 39 Kansas City SMA
2 Rest of Alabama Lo St, Louis SML
3 Arkansas L1 Rest of Missouri
b Hartford SMA IV ‘New Hampshire
5 Rest of Connecticut L3 Rest of New Jersey
6 Delaware T Ly Albany SMA
7 Washington D.C. SMA Ls Buffalo SMA
8 Jacksonville SMA L6 New York SMA
9 Miami SMA L7 Rochester SMA
10 Tampa SMA L8 Syracuse SMA
1 Rest of Florida Lo Rest of New York
1z Atlanta SMA 50 Charlotte SMA
13 Rest of Georgia 51 Rest of North Carolina
1)} Chicago SMA 52 Cincinnabti SMA
15 Peoria SMA 53 Cleveland SMA
15 Davenport, Moline sl Columbus, Chio SMA
and Rock Island SMA 55 Dayton SMA
17 Rest of Illinois 56 Toledo Si
18 Evansville SMA 57 Rest of Chio
19 Ft, Wayne SMA 58 Erie SMA
20 Indianapolis SMA 59 Pittsburgh SMA
21 South Bend SMA 60 Scranton SMA
22 Rest of Indiana 61 Philadelphia SMA
23 Des Moines SMA 62 Rest of Pennsylvania
2} Rest of Ioma 63 Providence SMA
25 Louisville SMA 6l Rest of Rhode Island
26 Rest of Kentucky 65 South Carolina
27 New Orleans SMA 66 Chatanooga SMA
28 Rest of Louisiana 67 Knaxville SMA
29 Baltimore SMA 68 Memphis SMA
30 Rest of Maryland 69 Nashville SMA
31 Maine 70 Rest of Tennessee
32 Boston SMA 71 Vermont
33 Springfield SMA T2 Richmond SMA
34 Rest of Massachusetts 73 Norfolk SMA
35 Grand Rapids SMA h Rest of Virginia
3% Detroit SMA 75 West Virginia
37 Rest of Michigan 76 Milwaukee SMA
38 Mississippi 77 Rest of Wisconsin
(a)

See Map B of regions,

(v)

Data obﬁained from personal commnication with William Warntz.
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TABIE III., Twenty=-three Regions Consisting of Combinations of the Seventy-
seven Regions in the Eastern Section of the United States, (&)
Region Area Included Region Area Included
Number ~ in Region Number in Region
1l Hartford SMA 10 Jacksonville SMA
Delaware Miami SMA
District of Columbia SMA Tampa SMA
Baltimore SMA Rest of Florida
Rest of Maryland
Rest of New Jersey 11 Birmingham SMA
New York City SMA Rest of Alabama
Philadelphia SMA
Richmond SMA 12 Mississippi
2 Rest of Connecticut 13 Chatanooga SMA
Maine Knoxville SMA
Boston SM& Memphis SMA
Springfield SMA Nashville SMA
Rest of Massachusettis Rest of Tennessee
New Hampshire
Providence SMA 1 Louisville SMA
Rest of Rhode Island Rest of Kentucky
Vernont _
15 Cincinnatl SMA
3 Albany SMA Cleveland SMA
Buffalo SMA Columbus SMA
Rochester SMA Dayton SMA
Syracuse SMA Toledo SMA
Rest of New York Rest of Chio
L Erie SMA 16 Grand Rapids SMA
Pittsburgh SMA Detroit SMA
Scranton SMA Rest of Michigan
Rest of Pennsylvania
17 Evansville SMA
5 Norfolk SMA Fort Wayne SMA
Rest of Virginie Indianapolis SMA
South Bend SMA
6 West Virginia Rest of Indiana
7 Charlotte SMK 18 Chicago SMA
Rest of North Carolinm Peoriz SMA
Davenport, Moline,
8 South Carolina and Rockport SMA
Rest of Illinois
9 Atlanta SMA
Rest of Georgia
(a)

See Map C of regions,



TABLE III., (continued)

A5

Region  Area Included
Number in Region
19 Milwaukee SMA
Rest of Wisconsin
20 Des Moines SMi
Rest of Iowa
21 Kansas City SMA
st, Louis SMA
Rest of Missouri
22 Arkansas
23 New Orleans SMA

Rest of Loulsians
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TABLE IV, Popu]ation(a) of the Counties in Region 1(b) for 1960

Counties Population
Connecticut = Fairfield County 653,589
New Haven 660,315

New York = Bronx County 1,k2),815
Kings County 2,627,319

Nassau County 1,300,171

New York County 1,698,281

.. Orange County 183,73k

Putnam County 31,722

Queens County 1,809,578

Richmond County 221,991

Rockland County 136,803

Suffolk County 666,76l
Westchester County 808,891
Pennsylvania = Bucks County 308,567
Chester County 210,608

Montgomery County 516,682

Philadelphia County 2,002,512

Virginia - Alexandria City 91,023
Arlington County 163,401

Fairfax County 275,002

Falls Church Town 10,192

(a)Population-Preliminary Reports, Bureau of Census, U.S, Dept, of
(b) Commerce, 1960,

See Table I and Map A for definition of Region 1.
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(a)

A7

TABIE V. Income Payments to Individuals,>’ by States and Regions'®)
for Census Years 1920 to 1950, (In $ millions)
Region
Number States Included in Region 1920 1930 1940 1950
1 Connecticut - part 581 705 W7 1,879
Delaware 158 182 239 628
District of Columbiz L95 6Ll 905 2,093
Maryland 1,053 1,0% 1,222 3,420
New Jersey 2,%6L 3,081 3,138 7,777
New York = part 6,543 8,306 7,6h9 18,212
Pennsylvania - part 1,94 2,36k 2,228 5,368
Virginia - part 63 90 143 60
Tota} 13,401 16,L08 16,271 39,979
2 Connecticut - remainderic 509 632 670 1,719
Maine k L69 L32 31 1,067
Massachusetts 3,94 3,512 3,309 7,535
New Hampshire 291 279 269 682
Rhode Island 513 527 511 1,217
Vermont; 204 195 187 1,38
‘ T ?f%l s,kl80 5,577 5,377 12,658
3 New York - remainder\® L,114 5,00 1,181 10,169
L Pennsylvania - remainder(¢) L,5L6 L,27h 3,997 10,816
5 Virginia - remainder(c) 907 770 98L 2,949
6  West Virginia 750 682 760 2,118
7 North Carolina 907 812 1,131 3,859
8 South Carolina 565 365 shs 1,763
9 Georgia 1,007 798 986 3,33%
10 Florida 23 635 900 3,387
11  Alabama 736 617 763 2,581
1z Mississippi 50k 385 Ly 1,527
13 Tennessee 8lily 7h3 927 3,203
) Kentucky 968 75k 880 2,688
15 Ghio h,070 L,251 L,hk8 12,620
16  Michigan 2,637 2,90 3,25 10,2L2
17 Indiana 1,706 1,595 1,858 5,780
18 I1linois 5,377 5,903 5,740 15,400
19 Wisconsin 1,599 1,587 1,622 L,962
20 Iova 1,356 1,248 1,233 3,725
21 Missourdi 1,987 1,984 1,9 5,570
22 Arkansas 576 393 493 1,578
23 Louisiana 767 725 8k7 2,848
Total United States 69,772 73,325 75,852 217,828
a)

(v)

Income data derivéd from Carrothers' Thesis, pp. 592 and 593,

See Table I and Map A for definition of Regions, .
c
Includes the portion of the state not in Region 1,
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TABIE VI, Personal Income{®) by States and Regionssb) for 1959,
. (In $ millions)

Region Personal Income
Number State Income per capita
-1 Connecticut - part 3,701 2,817
'~ Delaware 1,31 2,946

District of Columbia 2,210 2,943
Maryland 7,108 2,343
New Jersey 15,429 2,608
New York = part ~ 29,850 2,736
Pennsylvania = part 9,365 2,222
Virginia - part 1,588 1,816
'rotaJ( 70,55

2 Connecticut = remainder\¢ 3,203 2,817
-~ Maine 1,713 1,768
Massachusetts 12,380 2,llily
New Hampshire 1,200 2,010
Rhode Island 1,837 2,156
Vermont 69l 1,789

o Total 21,027
3. New York = remainder\C 15,253 2,736
L Pernsylvania - remainder(c) 16,752 2,222
5 Virginia - remainder(c) 6,078 1,816
3 West Virginia 3,053 1,635
7 North Carolina 6,771 1,485
8 South Carolina 3,148 1,332
9 Georgia 6,081 1,553
10 Florids 9,273 1,980
1 Alsbama L4607 | 1,409
C12 Mississippi 2,528 1,162
13 Tennessee 5,362 1,521
1 Kentucky L,sk8 1,51,
15 thio ‘ 21,979 2,328
16 Michigan 17,493 2,253
17 Indiana 9,71k 2,102
18 I1linois 25,734 2,610
19 Wisconsin 8,258 2,16
20 Iowa 5,398 1,953
21 Missouri 9,2L8 2,15
22 Arkansas 2,370 1,322
23 Louisiana 5,169 1,575

Total United States 383,287

(a)

Survey of Current Business, U.S. Dept. of Commerce, August 1960, p. 17,

- (b)

See Table I and Map & for definitions of Regions.
(c) ‘

Includes the portion of the state not in Region 1,
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TABLE VII; Personal Income(a') by States Since 1929,

e
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(In $ millions)

s

— — ——— m—
—_—

pm— — r———rt

Personal Income By States Since 1929,

and 141,

States : L 1930 1940 1950
Maine A L60 by 1,087
New Hampshire 302 285 699
Vermont 205 18L LL8
Massachusetts - 3,588 3,365 7,799
Rhode Island "510 "29), 1 287
Connecticut 1,493 1,566 3 860
New York 13,186 11 713 28 OSh
New Jersey 3,h95 3,h33 8 699
Pennsylvania 6,90k 6,L417 16 h??
Delaware ’203 ’270 ’689
Maryland 1,176 1,309 3,755
District of Columbia ‘ 616 807 1,77h
Michigan 3,186 . 3, 610 10 803
Chio o k72 h 606 12 891
~ Indiana 1, 2681 1 898 6 006
- Illinois 6,235 5, 96 15,98l
Wisconsin 1 754 1,7L0 5,060
. Minneapolis 1 h23 ,h67 h,184
Towa 1 255 1,272 3,799
Missouri . 2,073 ' ]. 982 5,705
North Dakota ‘ 208 22)4 781
South Dakota v 248 230 793
Nebraska , 713 578 1,949
Kansas : 882 762 2 6h3
Virginias , ‘ 933 1,267 h o2l
West Virginia ; 712 777 2 203
Kentucky 853 91l 2 831;,
Tennessee 850 995 3,288
North Carolina 929 . 1,171 4,108
South Carolina Lh21 58h 1,869
Georgia 897 1,050 3, 510
Florida 683 982 3,632
Alabama 705 801 2,659
Mississippl ‘ Lo? L7k 1,590
Louisiana 753 861 2,937
Arkansas 415 501 1,539
Oklahoma 88L 867 2,51
Texas - 2,399 2,776 10,375
New Mexico 12 199 798
Arizoma _ 223 248 979
Monbana 271 318 957
Idaho - 222 242 757
Wyoming 132 152 L7h
Colorade 603 617 1,930
Ttah 1257 269 8
Washington 1,043 1,152 3,986
Oregon o 593 677 2,451
Nevada 76 99 3
Californi= 5,079 5,839 19,627
Total United States - 76 780 78,522 225,)473

(a)

U.S. Dept. of Commerce, pp. 140
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TABIE VIII. Personal Tnoame(®) by Regions(b) for 1950, (In $ millions)

—————
e P et 02 —

Region
Number Area Included in Region 1950
1l Birmingham SMA 6804
2 Rest of Alabama 1979.6
3 Arkansas 1532.0
h Hartford SMA 11344
5 Rest of Connecticub 2733.6
6 Delaware 688,0
7 Washington D.C, SMi 2833.7
8 Jacksonville SMi bl 2
9 Miami SMA 796.3
10 Tampa SMA 613.1
11 Rest of Florida 1787.8
12 Atlanta SM& 1019,0
13 Rest of Georgiz 2L61,6
U Chicago SMA 112 ,Y
15 Peoria SMA U77.9
16 Davenport, Moline
and Rock Island SMA 4562
17 Rest of Illinois h107.4
18 Evansville SMA 296,11
19 Ft, Wayne SMA 388,1
20 Indianapolis SM 1186 4
21 South Bend SMA 357.L
22 Rest of Indianz 3080.4
23 Des Moines SMy 419,0
2l Rest of Iowa 3057.5
25 Louisville SMA - 928,6
26 Rest of Kentucky 1738.3
27 New Orleans SMA 1028,0
28 Rest of Louisiana 1909.1
29 Baltimore SMA 2406.1
30 Rest of Maryland 794 .8
31 Maine 1088,0
32 Boston SMA ' L981,9
33 Springfield SMA 767.5
3k Rest of Massachusetts 2049.8
35 Grand Rapids SMA Losh,1
36 Detroit 5557 .14
37 Rest of Michigan 1,805,5
38 ‘Mississippi '1588,0
39 Kansas City SMA 1h6h .5
4o St, Louis SMA 3005,8
(a)

Data obtained from personal communication with William Warntz,
(b)See Table II and Map B for definition of Regions,
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TABLE VIII, (continued)

Region

Number Area Included in Region 1950
Ll Rest of Missouri 2161.,2
k2 New Hampshire 704.0
L3 Rest of New Jersey 1599,9
Ls Buffalo SMA 1699.7
L6 New York SMA 267h1,1
h7 Rochester SMA 859.7
L8 Syracuse SMA 1476 ,0
) Rest of New York 3833,.5
50 Charlotte SMA ' 322,9
51 Rest of North Carolina 3791.1
52 Cincinnati SMA 1684.3
53 Cleveland SMA 2873.0
sh Columbus SMA 903.9
55 Dayton SMA 7h5.3
56 Toledo SMA _ 729.9
57 Rest of Chio 6227.0
58 Erie SMA 350.5
59 Pittsburgh SMA 37h5.6
60 Scranton SMA o4,.8
61 Philadelphia SMA 6538.6
62 Rest of Pennsylvania 6112.1
63 Providence SMA 1120,1
ély Rest of Rhode Island 166 .9
65 South Carolina 1859.0
66 Chatanooga SMA 319.8
67 Knoxville SMR h31.1
68 Memphis SMA 7273
70 Rest of Tennesses 1380,2
71 Vermont ‘ Lhs,.0
T2 Richmond SM 567 .4
73 Norfolk SMA 553.3
74 Rest of Virginia 2398,3
75 West Virginis 2207.0
76 Milwaukee SMA 1607.5

77 Rest of Wisconsin 3362,5
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TABLE IX, Ratio of Personal Income(a) to Income Payments to Indiﬁdualéé)

—
—
- m——

where Y = personal income
Ratio of Income, 1t s - ;
! Y!' = income payments
v to individuals
Region Area Included Arithmatic
Number in Region 1930 1940 1950 Average
11 Alabama 11k 1,05 1.03 1,07
15 = Ohio 1,05 1,04 1,02 1,0k
18 Illinois 1,06 1.0 1.1, 1,08
21 Missouri 1.05 1.04 1,02 1,04
22 Arkansas 1,06 1,02 .98 1,02
United States 1,05 1.0h 1,04 1,04
{a)
)Personal Income data in Table VII,
(b

Income Payments to Individuals data in Table V,



A-13

TABIE X. Ratio of the Income of the Residents in the United States
for 1920 -~ 1930, 1930 = 19)40, 1940 - 1950, and 1950 = 1959,

r——— s e——— e ——
vea—

— e ———ee — r——

Ratio of National Incame, Py = USYt-te

usts
Period © Ratio of Increase Py
1920(83) - 1930.(3) 1905
1930 = 15000 1.03
1950 - 1950(8) 2,87
1950 - 1959(P) 1.76
(a)

Tncome payments to individuals data for 1920, 1930, 1940, and 1950
in Table V.

(v)
Personal income data for 1959 in Table VI,
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DISTANCE



TABLE XI, Shortest Rail Distances (a) Between "Centers® of Regions Sb)
i , (Figures rounded to nearest ten miles).

m———

Region ,
Number Region Number
23 22 21 20 1 18 17 1 15 U 13
1  New York - 530 810 1040 1010 920 860 1090 950 750 560 23
2  Boston 230 = - U460 690 720 630 590 840 7LO 510 370 22
3  Syracuse 290 350 - LOoO L4BO LOO 350 600 570 390 LLO 21
L Pittsburgh Lho 670 - 360 540 630 680 610 660 20
5  Richmond 3,0 570 90 270 340 L10 380 530 19
6 Charleston 610 840 - 180 270 320 300 L@ 18
7 Salisbury 50 790 850 64O 300 300 140 110 300 17
8  Columbia 700 930 990 770 360 730
9  Atlanta 860 1090 1080 810 580 690
10 Tampa 1190 1420 1480 1260 850 1220
11  Birmingham 990 1220 1070 800 T7hLO 690
12 Jackson 1230 1460 1460 1020 980 910 i - )
13  Nashville 950 1180 890 620 700 6500 510 510 290 850 210 L50 13
1, Iouisville 870 1050 710 430 700 320 570 580 L70 1040 390 590 1
15  Columbus 630 820 470 190 570 200 6LO 700 610 1170 600 820 15
15  Detroit 650 750 LOO 300 710 LOO 830 84O 750 1310 7hO 960 15
17  Indianapolis 820 960 620 370 690 310 680 680 590 1150 500 700 17
18  Chicage 910 1020 670 L70 860 L490 860 870 730 1290 650 7LO 18
19  Milwaukee 990 1100 . 760 550 950 6570 950 950 820 1380 7hO 820 19
20  Des Moines 1270 1380 1030 830 1220 - 8LO0 1170 1170 950 1510 820 860 20
21  JeffersonCity 1160 1320 970 720 1030 660 94O 950 730 1240 590 630 21
22°  Little Rock 1290 1510 1220 940 1040 830. 840 810 550 1030 390 340 22
23 New Orleans 1360 1570 1430 1150 1070 1040 790 750 L90 820 360 180 23
1 2 3 N 5 6 7 8 9 10 1 12

Region Number '

&
(v)

Data obtained from Carrothers® Thesis, p. 603,

See Table I and Map A for definition of Regions and "Centers?



TABLE XII. Airline Route(®) Distances(®) Between "Centerst of RegioniS)

rmemreas
——

—
—

Region ~ Region Number -
Number
: 23 22 21 20 19 18 17 16 15 1, 13

1  New York - 592 1158 940 858 73L 959 8L 651 L9y 23
e, B S-S tBEgpBnalz o
‘ use 30 330 9 51 20 320 21
L  Pittsburgh 33k k95 169 300 k62 | h 2 2 20
5 Richmond ‘ 289 L7k 386 -

6 Charleston Lo 622 L33

7  Salisbury 270 771 6LS

8 Columbia 302 79L 678

9 Atlanta 762 oks 781

10 Tampa 101 1198 1099

11 Birmingham 869 1053 875

12 Jackson 1069 1250 1075 : :
13 Nashville 765 oL9 739 L6l 526 322 163 27h 213 623 177 380 13
1 Louisville 669 835 603 336 U458 225 393 395 321 731 329 532 1
15 Columbus h79  6L42 87k, 1h5 317 133 397 L25 L489 B899 52 727 15
16 Detroit 511 641  3sh 212 Lh5 284 554 585 603 1013 638 787 16
17 Indianapolis 659 821 567 325 L96 262 L78 L89 Lh32 B2 L28 562 17
18 Chicago 72, 868 592  LO3 620 LOO 637 652 592 1001 574 688 18
19 Milwaukee 738 89 594 L33 670 L1 770 732 674 1083 656 770 19
20 Des Moines 102, 1168 1092 703 920 700 987 - 952 892 1301 87h 620 20
21 Jefferson City 105h 1198 1122 733 778 L5 483 s9h 533 9h3  L9T  L20 21
22 Little Rock 1081 1259 1038 779 851 642 688 688 LBR? 798 337 200 22
23  New Orleans 1185 1369 1187 922 895 75k 699 599 L27 L89 322 150 23

1 2 3 h 5 6 7 8 9 10 11 12

Region Number

Qa) L
See-p, A=16 for method of determining air mileage for regions not on direct airline routes,

(b) .
Data obtained from United States Domestic Airline Mileage Tables in the Official Airline Guide and Manuals:
at offices of Eastern, United and American Airlines a2t Logan Airport in Boston,

(c) |
See Table I and Map & for definition of regions and "centers",

ST~V



TABLE XII. (continued)

Method of Determining Air Mileage for Regions

not on Direct Airline Routes,

Regions 1, 2, 3, L, and

6.

to Region 72 °

Charlotte + 50 miles

to Region 122 Birmingham + 200 miles

to Region 20:
to Region 21z

Region 5,

to Region 732
to Region 12
to Region 203
to Region 21:

Region 7.
to Région 12

Region 8.

to Region 73
to Region 12:
to Region 192
to Region 20:
to Region 212
to Region 22:

Regioms9, 10, and 11,

to Region T2
to Region 122
to Region 202
to Region 212
to Region 22:

Regions 13 and i,

to Region 7:
to Region 122
to Region 20:
to Region 21:

Region 15,

to Region 7:
to Region 12:
to Region 20:
to Region 21:

Chicago + 300 miles-
Chicago # 330 miles

Charlotte + 50 miles
Birmingham + 200 miles
Chicago + 300 miles
Louisville + 320 miles

Birmingham + 200 miles

Charlotte + 50 miles
Birmingham + 200 miles
Chicago + 80 miles
Chicago + 300 miles
Nashville + 320 miles

Charlotte + 50 miles to Memphis + 125 miles

Charlotte + 50 miles
Birmingham + 200 miles
Chicago + 300 miles
Nashville + 320 miles
Memphis + 125 miles

Charlotte + 50 miles
Memphis + 180 miles

Chicago + 300 miles

320 miles

Charlotte + 50 miles
Memphis + 180 miles
Chicago + 300 miles
Louisville + 320 miles



TABLE XII. (continued)

A-17

Region 16,

to Region 732
to Region 12:
to Region 20:
to Region 21:

Region 17,

to Region 7:
to Region 12:
to Region 20:
to Region 21:

Region 18,

to Region 73
to Region 12:
to Region 20:
to Region 212

Region 19,

to Region 7:
to Region B8:
to Region 122
to Region 202
to Region 212

Region 20,

Yo Region 73
to Region 12:

to Region 21:

to Region 22:

Region 21,

to Region 7:
to Region 22:

Region 22,
to Region 7:

Charlotte + 50 miles
Memphis + 180 miles
Chicago + 300 miles
Chicago + 330 miles

Charlotte + 50 miles
Memphis + 180 miles
Chicago + 300 miles
330 miles

Charlotte + 50 miles
Memphis + 180 miles
300 miles
330 milses

Charlotte + 50 miles
Chicago + 80 miles
Memphis + 180 miles
300 miles

360 miles

Chicago + 300 miles to Charlotie + 50 miles

200 miles + 140 miles + 180 miles

220 miles
2110 miles + 220 miles

Charlotte + 50 miles to Memphis + 125 miles

2110 miles

Charlotte + 50 miles to Nashville + 320 miles



TABIE XIII. Area(@) of Regionsgb_) (In square miles)

A-18

Region
Number Area 1/2 radius
' in miles
1 1118 9
2 51078 6l
3 52675 65
L 36 5
5 L899 20
6 1978 13
7 1,88 11
8 777 8
9 205 13
10 130L 10
11 sh262 66
12 1138 10
13 58483 68
Ny 3617 17
15 1277 10
16 873 9
17 55935 67
18 2kl L
19 671 7
20 Loz 5
21 Lé7 6
22 36205 ol
23 59 7
2 56045 67
25 908 9
26 3986L 57
27 1118 9
28 L5162 60
29 1106 9
30 99L2 28
31 31040 50
32 770 8
33 333 5
3 7867 25
35" 862 8
36 1965 13
37 57002 68
38 L7248 62
(a)

Data obtained from personal communication with William Warntz.

See Table II and Map B for definition of regions,
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TABIE XIII, (continued)
Region 1£2' radius
Number Area in miles
39 1643 11
Lo 2520 1
L1 69226 7h
L2 9017 27
L3 7522 2
i 1405 11
L5 1587 11
Lé 3939 18
L7 673 7
48 792 8
49 7oLk 62
50 oLz 7
51 L9097 63
52 730 8
53 688 7
sk 538 7
55 881 9
56 3h3 5
57 L1000 57
58 812 8
59 3053 16
60 L5k 6
61 3550 17
62 L5045 60
- 63 Lok 6
64 1058 9
65 30305 L9
66 102}y 9
67 1428 11
68 751 8
69 533 7
70 L1797 58
71 9278 27
72 734 8
73 667 7
Th 39893 57
75 2,080 LL
76 239 L
77 54705 66



TABLE XIV, Distance for Self-Influence of the Regions (a) in 1950,

(In miles)

A=20

1(®)
T

v

?

4 = personal income of

region 1;

where ;v = self-influence of

it region i; and
t = 1920, 1930, 1940,
and 1950
Region
Number 1920 1930 1940 1950
1 33.h 32,9 3Lh.3 34.9
2 34.5 3Lh.L 3L4.9 35.8
3 5h.1 54.0 sh.ly 5.0
b 52.5 51.6 50.8 Lo.1
5 62,6 59.2 56.9 55.1
6 L9.7 h9.1 L8,.1 k6.8
7 60,5 58.0 57.1 55.2
8 55.9 57.7 58.3 58,0
9 58,2 60,0 58.0 56.9
10 77.2 68,6 71.3 72.0
11 55.8 ch.6 53.7 52.3
12 69 .4 70,0 68.3 67.3
13 67.0 68,8 69.7 704
1Y 53.5 58.0 58.7 53.5
15 72.9 Th.7 Th.l 73.7
16 k7.6 h1,7 h1,7 Lo.1
17 50.2 51.1 50.1 51,0
18 hi,0 38,0 38,2 37.5
19 50.1 h7.2 L47.3 L5.7
20 70.3 69.3 6L.6 66.5
21 77.3 79.7 77.8 781
22 60.8 63.4 63.0 60.7
23 5.9 56.5 57.3 55.4
(a)

(v)

(c)

See Table I and Map A for definition of regions,

Income payments to individuals data for 1920, 1930, 1940, and 1950
in Table V; personal income data for 1959 in Table VI.

Self-influence data in Table XV,



APPENDIX V

. INCOME INFLUENCE, REIATIVE INCOME INFLUENCE,

AND MODIFIED REIATIVE INCOME INFLUENCE



A=21

TABLE XV;. Self-Influence at Each Region(®) for 1920, 1930, 19k0, 1950,

and 1959. (In $ milllons per mile)
£(®)
Self-Infl it iY = personal income of
- vV, = -————(—5
) 1 5_1D )’ mhere D= dis:ziii:ncinétarrb
i3 of

region i; and
t = 1920, 1930, 19h0 1950,

and 1959,
Region
Number  1920(d) 1930(d) 1940(d) 1950(d) 1959
1 Lo1, 498, L7k, 1150, 2020,
2 159, 162, 1], 353. 587.
3 76 .0 93.3 76.0 188, 282,
L 7 82.8 78.7 220, 31,
5 1.5 13.0 17.3 5345 110,
6 15 01 13 09 1508 )45 02'1 65 03
7 15.0 14.0 19,8 69.9 123,
8 10,1 6.33 9.35 30.h 5h.3
9 17.3 13.3 17.0 58.6 107.
10 5.48 9.26 12,6 h7.1 129,
11 13,2 11.3 .2 Lo s 88.2
12 7.26 5.50 6.50 22,7 37.6
13 12,6 10.8 13.3 hs.5 76.1
U 18.1 13,7 15.0 50.2 85,0
15 55.8 56.9 60.0 171, 298,
16 - 554 70.5 82.2 255, h36.
17 3L.0 31,2 37.1 113, 190,
18 131, 155, 150, 410, 686,
19 31.9 33.6 34.3 109, 181,
20 19.3 18.0 19.1 56,0 81,2
21 25.7 249 246 71.0 118,
22. 9.48 6,20 7.83 26,0 39,0
23 13.5 12,8 1.8 514 93.2
(a)
)See Table I and Map X for definition of regions,
(b

Income payments to individuals data for 1920, 1930, 1940, and 1950
in Table V; personal income for 1959 in Table VI,

(c)
Distance constant in Table XIV,

d
Carrothers! Thesis, p. 20k,
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TABIE XVI;. Total Income Influence at Each Region(a) of Twenty-three
Regions for Census Years 1920 - 1950, (In $ millions per

mile)
23 jréb)
Total Income Influence, ivt ---I-)-(-é)
‘ j=1 1iJ
Region ’
Number 1920 1930 1940 1950
1 L85 58l 559 . 1372
2 264 282 275 665
3 189 219 204 526
L - 203 ' 209 _ 208 571
5 120 128 133 367
6 132 132 137 384
7 101 103 113 323
8 90 91 98 280
9 97 ol 98 297
10 5h 59 6L 193
11 9k 92 103 299
12 72 73 . 79 230
13 107 107 11k 331
8]} s 5 149 L32
15 189 193 197 563
16 189 201 213 615
17 180 - 183 190 Su7
18 239 266 266 733
19 168 178 179 510
20 90 92 ol 268
21 110 1oL 105 301
22 73 73 78 233
23 68 69 72 217
169) .
_)See Table I and Map A for definition of regions.
(b .
Income data in Table V.
(e) ,

" Distance data in Table XTI,
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TABLE XVII. Total Income Influence at Each Region(2) of Thirty=one
Regions for Years 1920, 1930, 19k0, 1950, and 1959,
(In $ millions per mile)

1 1®
Jt
Total Income Influence, sV => _
Region
Naber  1920(%) 1930(d) 1940(®) 1950(®) 1955(e)
1 492 591 567 14,00 250
2 271 289 282 689 1170
3 198 227 213 556 905
ks 213 : 218 218 606 1010
5 128 136 1 390 692
6 12 W2 148 L19 705
7 110 112 122 355 622
8 99,0 - 97.8 106 309 Sl
9 107 104 ~ 109 337 533
10 60,5 65.6 71.2 221 2o
11 107 105 116 342 597
12 86.3 86.7 2. 277 L72
13 120 120 127 37% 645
1 156 156 162 L75 810
15 201 205 209 602 1020
16 191 212 22) 652 1110
17 19L 196 203 592 925
18 257 283 283 785 1340
19 185 154 196 56L 935
20 114 115 118 342 568
21 128 121 12} 359 607
22 9L.3 91,6 97.2 299 195
23 81.h 81.1 86.8 26L hé5
(a)
( )See Table I and Map A for definition of regions.
b
( )Income data in Table V.and Table VI,
[+
( )Distance data in Table XI,
d
( )Data obtained from Carrothers!' Thesis, op. cit., p. 204,
e

Individual income influence values between regions and self-influence
measures tabulated in Table XXVIII.
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TABIE XVIII, Total Income Influence at Each Region(a) of Thirty-one
Regions for Years 1950 and 1959 (In $ millions per mile)

—
——

n 3®
Total Tncome Influsucs, 3V =S~ J ¥
p(e)
=1 1ij
Region Number 1950(d) 1959(d)
1 1hh9. 2527,
2 7h1.8 1255,
3 648.2 1070,
L 707.9 1185,
5 L69.8 818,1
6 559.9 9L9 .2
7 478.7 827.9
8 h29‘h ) 7,-16 0
10 231,8 Lh2.5
11 34h.6 597.3
12 267.5 51k.3
13 h11.7 666 ,0
1 501.3 852..5
15 6L9.1 1060,
16 706,5 1197.
17 586 .5 992 .2
18 799.4 13L3.
19 587.6 99k .5
20 316,6 523.3
21 336.0 ‘ 56L.5
22 277.1 166.3
23 2h6.5 417.5
(a) \
( )See Table I and Map A for definition of regions,
b

Income payments to individuals data for 1950 in Table V3 personal
ir(lcgme data for 1959 in Table VI,
c
( Distance data in Table XII.
da)

Individual income influence values between regions and self-influence
measures t.abulated in Table XXIX,
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TABIE XIX, Total Incoms Influence of Seventy-ceven Regions(a) for Year 1950,
(In $ millions per mile)

(c)
115 Y
Total Income Ini‘luences ) Z -—---——-j v
i t = D(d)
Region Number se1s(e) Base Total
1 76 394 L70
2 31 349 380
'3 2L 336 360
L 223 938 1161
5 137 938 1075
6 53 7h9 802
7 258 718 976
8 56 296 352
9 61 206 267
10 61 266 327
11 27 260 287
12 102 361 163
13 36 376 L2
i} 655 473 1128
15 L4182 530
16 51 L9l sh2
17 61 L8z 53
18 71, 193 567
19 55 631 686
20 237 626 863
21 60 661 721
22 57 626 683
23 60 L65 525
2L Lé 380 426
25 103 sh2 645
26 30 506 536
27 11 275 389
28 32 28l 316
29 267 753 1020
30 28 893 921
31 22 320 342
(a)
( )See Table II and Map B for definition of regions,
b ,
( )Da.ta obtained from personal communication with William Warntz,
c
( )Income data in Table VIII,
d
( )Distance data not available,
e

Distance data for self-influence in Table XIII,
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TABIE XIX, (continued)

|

Region Number se1r(a) Base Total
32 623 558 1181
33 15h 818 972
3L 82 726 808
35 57 579 636
36 k27 skl 971
37 71 . Ligly 515

- 38 26 330 356
39 133 36) L97
Lo , 215 AN 660
L1 o 29 381 L10
L2 . 26 Loo 516
L3 67 1133 . 1200
Lily 76 657 733
L5 155 ool | . 706
ué ‘ 1486 520 20056
L7 123 570 693
L8 60 660 720
L9 62 587 6L9
50 , L6 452 L98
51 60 420 : 480
52 211 58l ‘ 795
53 L1o 615 ; 1025
ch 129 593 722
55 83 626 ' 709
56 16 66} 810
57 109 593 702
58 Lk 611 655
59 23L 60l 838
60 67 796 863
61 385 800 1185
62 102 613 715
63 187 732 919
6l 19 774 793
65 : 38 376 L1l
66 , 36 436 L7
67 39 553 co2
68 91 : 373 L6l
69 66 L6l 527
70 2k L37 L61
71 16 L87 503
72 71 562 633
73 79 L8l 563
7h L2 530 572
75 50 562 612
76 Loz - 555 957
77 51 399 450

(a)

a
Distance data for self-influence in Table XIII.
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TABLE XX, Totel Income Influence Values of the Sevsnt.y-seven Regions( a)
Combined for the Twenty-three Regions.

n th
Total Income Influence, ivt'z —_—
' =1 14
W (d)
c eights Weighted
Region Areas Included Income Influel(wg (Area of Income
Number in Region of Each Region Region) Influence
1 Hartford SMA 1161 5786
. Delaware g8o2 1978.0
District of Columbia 976 520,0
Baltimore SMA ' 1020 577.1 1082
Rest of Maryland 921 9309.9
New Jersey 1200 7522 .0
New York City SMA 2006 136L .6
Philadelphia SMA 1185 1021,3
Richmond SMA ' 633 303.9
2 Connecticut - remainder(®) 1078 1320.L
Maine 32 31040.
Boston SMA 1181 1062 ,3
Springfield 972 5292
Rest of Massachusetts 808 6315.5 515
New Hampshire 516 o2l .
Providence SMA . 919 505.3
Rest of Rhode Island 793 552.7
Vernont 503 9278,
3 Albany SMA 733 L63.5
Buffalo SMA 706 U731
Rochester SMA 693 305.9 651
Syracuse SMA 649 226.,5
New York — remainder(®) .

(a)

(b)
See Table III and Map C for definition of the combined regions.

(c)

(d
( )Area data obtained from U,S. Census, 1940, Population - Volume I,

B eau of Census, United States Department of Commerce, p. 18,
That portion of the remaining area of the region not included in Region 1.

See Table II and Map B for definition of the regions,

Income Influence data of seventy-seven regions in Table XIX.
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TABLE XXt (continued)

Weight&®) Weighted

Region Areas Included Income Influeggg (Area of Income
Number in Region of Each Region Region) Influence
L Erie SMA ' 655 88.5
Pittsburgh SMA 838 162k,.5 721
Scranton SMA 863 385.5
Pennsylvania - remainder(¢) 715 41928.2
5 Norfolk SMA ' 563 Lh1.9
Virginia - remainder(c) 572 39153.2 572
6 West Virginia 612 -— 612
7 Charlotte S 198 u7.
Rest of North Carolina L4180 L9095, 1180
8 South Carolina W — Ll
9 Atlanta SMA . h63 257.5
Rest of Georgia k2 58260,5 L1z
10 Jacksonville SMA 352 2li2,2
Miami SMA ' 267 16k,
Tampa SMA 327 262,.8 285
Rest of Florida 287 53073.
11 Birmingham SMA k70 3L47.6
Rest of Alabama 380 50730,.L 381
12 Mississippi 356 — 356
13 Chatanooga SMA h72 531.8
Knoxville SMA 592 200.9 ‘
Memphis SMA L6k 288,2 Lé2
Nashville SMA 527 315.9
Rest of Tennessee hé1 Lo62L .2
) Louisville SM& 645 L5k
Rest of Kentucky 536 39654 .6 537
(a)

Income Influence data of seventy-seven regions in Table XIX.

() |
Area data obtained from U.S. Census, Population -~ Volume I,
Bureau of Census, United States Department of Commerce, p, 10,

(c) -
That portion of the remaining area of the region not included in Region 1,
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TABLE XX, (continued)

() Teights'®) Teighted

Region  Areas Included Income Influence (Area of Income
Number in Region of Each Region  Region) Influence
15 Cincinnati SMA 702 396L5.2
Cleveland SMA 795 521.9
Columbus SM& 1025 33%.2
Dayton SMA 722 219.8 703
Toledo SMA 709 19L.8
Rest of Chio 810 201
16 Grand Rapids SMA 636 12,9
Detroit SMA 971 85.3 522
Rest of Michigan 515 56022 ,8
17 Evansville SM& 567 176 .8
Fort Wayne SMA 686 1.1
Indianapolis SMA 863 315.8 68l
South Bend SMA 721 155.6
Rest of Indiana 683 35415,7
18 Chicago SMA 1128 118L,2
Peoria SMA 530 109, 555
Davenport, Moline,
and Rockport SMA sh2 192,2
Rest of Illinois 543 5LL61.6
19 Milwaukee 957 250.3
Rest of Wisconsin L0 . SWhéh.7 Ls2
20 Des Moines SMA 525 210.,2
Rest of Iowa 426 55775.8 426
21 Kansas City SMA L97 500k
St,. Louis SMA 660 956, Lk
Rest of Missouri Lio 67813.6
22 Arkansas 360 — 360
23 New Orleans 389 333.8
Rest of Louisiana 316 Ll8L43.2
(a)

)Income influence data of seventy-seven regions in Table XIX,
(v

Area data obtained from U.S. Census, Population - Volume I,
Bureau of Census, United States Department of Commerce, p, 10,
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TABIE XXI, Total Income Influence Change at Each Region(a) for Four
Ten Year Periods, (In $ millions per mile)

o
—

o ——
——————

Income Influence Change, V.o = ;¥4 (b)
Region
Number 1920-1930 1930-1940 1940-1950 1950-1.959
1 99.1 23.9 : 832. 1050,
2 18.2 7.65 Lo8 L79
3 28,7 13.6 343 349
I 5.4l .08 388 1,00
5 8.03 5.50 2h9 301
6 725 5.83 271 286
7 2.36 9.76 233 267
10 5.06 5.63 150 199
12 .357 5.72 185 195
13 - 768 7.50 248 269
15 L.5h 3.77 393 22
16 21,0 12,5 L27 Y
17 1.86 7453 389 333
18 25.9 076 503 555
19 9.29 2,27 368 371
20 639 3.07 22 225
21 6.06 2,60 235 248
22 2,71 5.65 202 196
23 .288 5.69 177 200
(a)
See Table I and Map A for definition of regionms.
(b)

Tobtal income influence values in Table XVII,
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TABLE XXII, Total Income Influence Percentage Change at Each Reglon( a)
. for Four Ten Year Periods. .

vV -y (©)
% of change, 1840 1%
(c)
v
it
Region
Number 1920~1930 1930~1940 1940-1950 1950-1959
1 20,1 - 1,05 17, 75.0
3 .5 : - 5.99 161 62,9
L 2,5k - .19 179 66.0
5 6.28 .05 176 77.3
6 51 .09 183 68.3
8 - 1022 8056 191 76 01
10 - 8.36 8.58 211 89.6
11 -2,13 : 10.63 197 7h.7
2 Al 6.60 200 70,2
13 - .6'4 6 026 195 7109
lh - 037 ,-'-037 193 70¢h
15 2.26 1.8 188 - 70.1
16 11,0 5.89 190 70.0
17 .96 3.8L 191 5642
18 10.0 .03 178 70.7
19 5.03 1.17 187 65.7
20 .56 2.67 190 65.9
21 L.7h 2.1, 2h2 69.0
22 2.88 6.17 232 65.6
23 .35 7.01 204 75.8
(a) ]
(‘ )See Table I and Map A for definition of regions,
b
)Incremen'bs of change in Table XXI,
(

Total income influence values in Table XVII,
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ions(a) to
(c)
Constant

)

rmm%

1950

19L0

the Income Influence of Twenty-three Regions
1930

1920

Income Influence Ratio,

TABLE XXIII, Ratio of the Income Influence of Thirt

Number

Region
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= 1,13

Arithmatic Average
-one regions in Table XVII,

y-three regions in Table XVI,

Total incoﬁe influence of.twent

(c)

Y
See Table I and Map Akfor definition of region,

Total income influence of thirt

(a)
(v)
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TABIE XXIV. Relative Income Influence(®) at Each Region(b) for Census
Years 1920 - 1950, and 1959,

: ‘vt-re
Relative Income Influence, .
1'%
Region
Number 19201930 1930-1940 1940~1950 1950-1959
1 1.20 960 2.7 1,75
2 1.07 97h 2,45 1.69
3 1.1 .9L0 2.61 1,63
L 1.03 998 2,78 1.66
5 1,06 1,04 2,76 1.77
6 1,01 1.0L 2.83 1,68
7 1.02 . 1.09 2.92 1,75
8 .988 1,09 2,91 1,76
9 975 1.04 3.10 1.58
10 1,08 - 1.1 3.11 1.90
11 979 111 . 2,95 1.7%
12 1,00 1.07 3,00 1,70
13 .99 1,06 2,95 1,72
1 .996 1.0k 2,93 1.70
15 1,02 1,02 2,88 1,70
16 1.11 1,06 2.90 1.70
17 1.01 1.0k 2,91 1,56
18 «996 1.0k 2,93 1,71
19 <99k 1.06 2.95 1.66
20 1,01 1,03 2.90 1,66
21 L9 1,02 2.90 1,69
22 971 1.06 3,08 1,66
23 997 1.07 3.0 1,76
Arithmatic
Average 1.03 1.0k 2.88 1,70
(a)
)Tobal income influence values in Table XVII,
(b

See Table I and Map A for definition of regions,
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TABLE XXV, Relative Income Influence ®) at Each Region(t) for Years

———
o

il

v v
Relative Income Influence, i 540
v
it
Region
Number ' 1950-195%
1 1.7
2 ; 1969
3 1.65
N 1,67
5 1.7k
6 1,70
7 1.73
8 1.7h
9 1.7k
10 1,91
11 1,73
12 1,92
13 1,62
1L 1.70
15 1.63
16 1,69
17 1.69
18 1,68
19 1,69
20 1.65
21 1,68
22 1.68
23 1,69
(a)
( _)Total Income influence values in Table XVIII,
b _

"See Table I and Map A for definition of regions.
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TABLIE XXVI, Quotient of the Relative %nsome Influencga) anpd thé Ratioe
of National Income Growth(P) at Each Region(€) for Census
Years 1920 - 1950, and 1959,

\J

i't+6 , where Py = US™t+6
Po 1% usts
Region
Number 1920-1930 1930-1940 19),0-1950 1650-1959
1 1.1, .928 .859 972
2 1‘02 091"-1 0852;- 0956
3 1,09 909 .908 .918
l 976 .965 .968 .939
5 1.01 - 1.00 961 999
6 956 1.0 .985 952
7 972 1,05 1.02 .989
8 .9L0 1,05 1,01 : .995
9 .928 1,01 1.08 896
10 1,03 1,05 1,08 1,06
11 931 1,07 1.03 .989
12 956 1.03 1,0L .96k
13 SL6 1.03 1.03 97k
1 .9L8 1,01 1,02 966
15 973 .98 1.00 .96l
16 1,06 1,02 1,01 96l
17 961 1,00 1,01 .8385
18 1,05 967 .968 969
19 <999 978 1,00 940
20 L .957 .993 1,01 .9L0
21 .903 987 1,01 .958
22 .92 1,03 1,07 .938
23 .48 1,03 1,06 996
(a)
)Relative income influence data in Table XXIV,
(v '
)Ratio of the income of the residents in the United States in Table X,
(c '

See Table I and Map A for definition of region.
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TABLE XXVII. Modified Relative Income Influence at Each Region(a) for
Census Years 1920 - 1950, and 1959,

See Table I and Map A for definition of regions,

()

Values of this factor plus unity in Table XXVI,

(b)
'V
Modified Relative Income Influence, 1446
v
Po it
Region
Number 19201930 1930-19L0 194,0-1950 1950-1959
1 + ,1h3 - .073 - LWl - 029
2 + 016 - 059 - A48 - Ol
3 + ,089 - ,091 - ,093 - ,082
h ind oozh - 0035 ol .032 - .%1
[ + ,011 + ,006 - ,039 - 001
6 - 0Lk + 006 - ,015 - ,0L48
7 - ,028 + ,051 + ,016 - 011
8 - 060 + ,0h9 + L0l - .005
9 had 0072 + .010 + 0078 - tloh
10 + ,031 + ,050 + ,083 + 063
11 - 069 + 069 + 029 - 011
12 - oohs + 0030 + oob)-l - -036
13 - 0055 + om7 +* 0028 bt omé
lh - 0052 + 0009 + 0019 - 003'4
15 - Om'? . had o016 + 0003 - 0036
16 + 0056 + Oozh + 0010 .- .036
l? - 0039 + . ooh + . 0121 - e 115
18 + ,0L48 - ,033 - ,032 - ,031
19 - ,001 - 022 + 000 - 060
20 - ,0U3 - ,008 + L,010 - 060
21 - 097 - 013 + 010 - 042
22 - 076 + 026 + 071 - G062
23 - 0052 + 003,-1 + 0%0 - oooh
(a)



TABIE XXVIII. Income Influence(®) a

t Each Region for 1959.
(In $ millions per milse)

A=37

It
Income Influence, 4Vi -Z LA
- (e)
J=1 13D ,
' Income Income Incoums
Region Influence Influence Influence
Number Region 1(d) Reglon 2(d) Region B(d)
1 3.2813 3.1692 3.5557
2 12,8591 12,2522 13,9848
3 2,6938 2.,5766 2.9767
N 3.1735% 3,002} 3.6029
5 8.7396 8,0626 10.6009
7 2,6025 2.3781 2.9557
8 11,0006 9.699L 11,4910
9 3.8007 3.2923 3.61h6
10 1.8372 1.5695 1.9426
11 7.972L 7.0060 9,53L40
2 L4 ,2503 3.9115 5.2L407
13 8.3L1h 7.5072 10,8657
i} 26,9123 23.3240 Lh3.7325
15 28,2791 25,2294 38,4089
16 11..8439 10.1167 15,6645
17 34,8873 26,8036 L6 .7638
18 5.2275 L.331 6 .14056
19 5.6Lhh2 L.SLLoO 6.02L47
20 2,0552 1.7315 1.7395
21 L6535 3.7762 L .3056
22 7.0709 5.5788 5.6305
23 7.792L 6.5302 6.,2655
2h L. u971 . 3.38L9 3.1797
25 12,0910 8.5708 7.9658
26 17.876L 10,6631 9.6476
27 5.00L9 3.6345 3.96L49
28 38.0727 25,0029 38,9581
29 52,5965 43,5800 282 .4303
30 91,4217 587.018L 60,0771
31 2019,7669 306.80h3 243,3276
2Lh9.,2730 1167.8036 905,2108
g;[Self-influence data in Table XV

)Income data in Table VI, .
c
Distance data in Table XI,

(a)

See Table I and Map A for definition of region,



TABLE XXVIII, . (continued)

Income Income Income

Region Influence Influence Influence
Number Region 5(a) Region 5 Region 6
1 3.8220 3.2919 3.7936
2 14,8339 13.8L450 15,2702
3 3.292l 2,7622 3.2924
h k1107 3.3469 L.,1952
5 13,0102 9.01L9 13,0102
6 L L3hs 3.363L L .8159
8 13,9852 12,9791 15,2889
9 b Lokt 14,8308 .9701
10 2,5212 2,2788 2.855,
11 12,844 8.9786 14,0121
12 6.5036 h.l2hs 6.1261
13 15.0145 8.6926 14877
1 58.3100 2l 6380 43.7325
15 5l4.7531 29,9232 52,5183
15 26,2186 1,.0753 31.3290
17 115.6789 38,5596 109.8950
18 10,5767 6.4971 14,2125
19 8.6L83 76600 10,7240
20 2,478 2.,5795 2,7780
21 5.7587 6.2256 6 .6768
22 7.507h 10,484k 8.8130
23 7.3595 10.909L 7.6008
2l 4.,0883 8.7uLbL 4.3123
25 10,5796 22,5700 13,5420
26 14.82L3 110,3111 16,4270
27 9.2515 8.2513 65,2908
28 340.5118 1,0.8585 50,7636
29 35.4720 2h 2111 19.8090
30 31.8358 36,8894 25,0321
31 160,3750 207.5401 115,6803
1006,703L 691.7176 705,3913

(a)

See Table T and Map A for definition of regions.



TABLE XXVIII. (continued)

A=39

See Table I and Map A for definition of region,

_ ’ Income Income Income
Region Influence (a) Influence( ) Influence
Number Region 7 Region 8'2 Region 9(3)

1 3.2603 3.3791 3.6Ul6
. .2 14,8339 15,4405 17,0225
3 2,8L67 2,8718 3.1800
L 3.5201 3.5000 1,0032
5 9.01h9 9.01L9 10,0429
6 73,6222 3.502 L.ahs
7 3.L183 3.5672 L.oh72
- 8 15,965h 16,7046 21,7361
9 6.5L30 6.8920 10,5489
10 2,821, 2,9259 11,3090
11 9.8382 9.73h7 12 6684
12 L6136 L .6136 5.6821
13 8.6926 8.6926 10,0707
i/ 21,0759 20,8250 23,3240
15 29,9232 29,5793 35.2520
16 14,2823 14,2823 16,4610
17 3Lh.3421 31.3985 36,0311
18 7.9789 7.8L13 9.6765
19 10,5137 10,5137 18 L1896
20 3.5111 3.7731 6,0190
21 9.8021 10,9690 27.1000
22 20,2700 2L4,32L0 35.7705
23 14,4890 18.92L) 27,1000
2l 20,9866 Sh.2572 12,5520
25 122 ,596L 45,3440 22,5700
26 20,2600 16,8833 10,1793
27 6,1060 L.1821 bk 2L6
28 26,1750 21,7558 20,6811
29 17.94k7 15.4070 1,1231
30 26,616, 22,6096 19.2908
31 120,0089 100,8071 82,0523
621,9031 shk,3160 533.3073

(a)



TABIE XXVIII, (continued)

A-l0

' Income Income Incoms
Region Influence Influence Influence (a)
Number Region 10(2) Region 11 Region 12\2

1 3,0830 3.8220 L0177
2 14,1275 18,2973 19,5061
3 2,516k 3.h4130 3.5237
b 3.0321 L 708 L6052
5 6.73L7 10,8009 ~ 1o,Lo81
6 2,9227 5.2975 5.5763
7 2.9769 5.5918 5.911k
8 13,7717 27.33L48 35.37h45
9 6.3036 14,3583 28,7166
10 2,3009 6.0769 6.9705
1 7.4580 15.67L45 14.6793
12 3.57L8 6.5829 6.2767
13 5.98L0 11,159k 10,0707
1 13,3534 23,6391 18,2218
15 19.9L88 39,5907 3L.775%
16 8.1L52 19.Lk2ko 14,8742
17 18,785L 36.6316 26,8036
18 4.3730 11,6615 7.708L
19 6.3082 25,5333 11,9155
20 2,8088 10,1120 37.5855
21 7.0876 88,1550 18,4280
22 10.8589 35,7705 1h,4785
23 128,8192 1} ,2661 10,3033
2l 6.2l 7.L952 4.6985
25 10,5796 15,4063 9.40Lh1
26 7.1505 8.2135 6.,2020
27 2,502} L L2k6 3.35h49
28 13,2952 20.9400 14.9539
29 10,3060 1,.2551 10,Lh72
30 1,.8077 17,2352 1.4020
31 59.2983 71.2778 57.3699
1419 .9689 596.9130 L72.,5637
(a)

See Table I and Map A for definition of region,



TABLE XXVIII, (continued)

See Table I and Map A for definition of region,

Incoms Income Income
Region Influence (a) Influence Influence
Number Region 13'2 Region 14(8) Region 15(2)

1 L0657 1.,1483 L.0019
2 17.8261 16,8841 16.22L6
3 3.hh92 3.8122 3.5818
L k.9395 5.1470 L.7480
5 13.L4654 16,3557 15,6835
6 6.3253 6.835L 5.8861
7 6 .668l k.7563 L1978
8 25,0569 20,9779 16.5513
9 9.2303 6.8920 5.lilk10
10 6,405] 4 ,6L70 3.2027
11 21,0181 23,7128 16,225
12 8.1787 8.8L91 7.9382
13 15.5811 21,7315 20,141
1 31,2375 L7.2783 92,068NL
15 57 .1866 85,7800 ~ 80,4187
16 32,3733 88.2909 69,371
17 52.3309 95.5608 298,2225
18 23.9368 8L .9617 19,7739
19 76,1431 28,2210 12,7666
20 5.6177 L2847 3,0829
21 21,9380 11,8128 7.6783
s B g i

3 .9 L] L )
2l 6.1725 5.i275 LJi971
25 13.276L 11,8789 10,5796
26 8.6828 8.6828 10,6631
27 6.,1060 9.5L06 15,2650
28 27,0193 38,9581 88,168L
29 17.1382 21.,Lk830 32,4531
30 17.819L 20,0257 25,6426
31 74,2789 81,1092 112.,0079
6L5.3h98 809.8998 1024 ,6767

- (a)
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TABLE XXVIII, (continued)
—————eeeee e e e e

Income Income Income

Region Influence Influence Influence
Number Region 16(a) Region 17(8) Region 18(@)

1 L .0657 L ,1995 5.6386

2 15,7927 17.1632 17.4516

3 3.6L18 3.8803 L3172

) k,7115 5.3260 5.9h66

5 16,8367 19,4050 27.9243

6 5.36L45 7.3068 8,1500

7 L.017h 5.3051 6.2379

8 15.03L41 18,9905 18,5989

9 L7422 6.0104L 5,618l

10 2,821 14,0169 3.7619

11 15,4133 26,4228 23,1200

12 8.5682 9.9962 1.99LL

13 24,2882 30.5851 91,7555

i1 436 ,0169 58.3100 6l ,7888

15 95.3111 12,9666 685.5087

16 32,3733 190,319k 53.9555

17 115.6789 156 ,9928 68,6843

18 12,2918 h1.345h 15,1600

19 9.5750 17.8733 11.9155

20 2,6333 3.611} 3.4162

21 6.2256 9.2140 7.0876

22 8.1080 10,3057 8.3301

23 7.0786 8.,063L 7.1883

2L 3.7476 L6294 3.6183

25 8.1578 9.9573 7.8733

26 8.5605 8.8086 7.067L

27 7.6325 9.8483 6.2306

28 55.8L00 45,2756 35.6425

29 38,1325 2l .60156 22,7656

30 28,0360 21,9031 20,6147

.31 108,5615 86,0549 77.5LL0

1109.2586 925.0653 13L40.9067

(a)

See Table I and Map A for definition of region,



TABLE XXVIII. (continued)

A3

Region
Number

Income
Influence

Region 19 (a)

Income
Influence
Region 20(a)

Income

Influence
Region 21(a)

1 h.7910 5.3151 L 7686
2 17.0225 20,0652 19,9687
3 L.,0743 5.5717 L7239
L 5.5180 9.0073 7.5617
5 33.6735 L2 .4037 17.0880
6 - 7.0633 1},,6137 17.6583
7 4,7022 742596 L ,9261
8 1.7181 2},3797 22,0012
9 5,1178 L9701 6,381l

10 3.2916 34347 5.1521
11 19,2666 2371200 117,8990
12 12,2681 81,1851 13,4950
13 1808189 18,7681 17.2041
1 51,4500 27,7666 29,1550
15 285.9333 71.L833 61423350
16 35.9703 17,9851 27.7485
17 53.6073 32,3220 38,5596
18 11.968L 714557 11,6615
19 / 10,1169 8.12L2 12,1863
20 3.0829 2.9395 140126
21 6.2256 3.9395 7.8084
22 7.4158 6.,010 8.3301
23 67195 6.1417 74782
2L 3.3136 2,6905 3.3136
25 7.1273 5.7871 7.2031
26 6.3978 L.9819 5.9009
27 5.351 3.63l45 11.6257
28 304581 20,1831 23,2666
29 20,0697 1} .8087 -15.72h7
30 19,115 15:2369 15,9295
31 71.2778 55.5630 60,8319

934.9317 567.5383 606,8993

(a)

See Table I and Map A for definition of region.
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TABLE XXVIII, (continued)

Income Income Incoms
Region Influence Influence( ) Influenc?
Number Region 22 (a) Region 23'2 Region 8 b)
-1 Li32k1 3.7380 L.5762
2 21,0837 19.4088 25,7981
3 1421000 3.5237 128649
L 5.6192 L.5708 7.2916
5 12,3107 8.9hLi5 11,335
6 7.5678 L5085 7.5678
7 11,8228 5.5918 17.2416
8 53,0617 35.37L45 22ly,5581
9 9.7528 93 ;2191 10;1352
10 39.0380 L7156 6.9705
11 20,1043 11:4172 11,2780
12 7.8231 5:1903 7.2945
13 11..h694 8.1762 ' 7.860L7
1 20,8250 16,0186 14.5775
15 L0.8L76 27.9717 26,5298
15 164610 11,2930 10,2231
17 29,7013 23,1357 20,1642
18 829176 6.06L0 5.2883
19 1L .41918 9.5750 7 '3)41172
20 714352 Ly 0lhly 14,9568
21 118128 12,7972 6.9803
22 11,0563 12 o2 7.3265
23 . 9.0029 113085 7;0786
2) 3.886l 4.1973 2.9148
25 8.0607 8.5708 5.9920
26 5.8LL2 5.6803 b ;3726
27 3.6763 219355 2.5872
28 17.8212 1, 5669 12,9860
29 12,502 10,6664 9.7152
30 13,9251 13.3929 11,30L8
31 Sk 7016 51.8860 L3.0274
495.,1570 L6k 679k 551.6LNL
{a)

See Table I and Map A for definition of region,

(v) » » o
See Map D for definition of region,



A-l5

TABIE XXVIII., (continued)

: Income Income Income
Region Influenc? Influenc? Influenc?
Number Region 7 a) Region 6 a) Region 5(a)

1 437910 5.2066 5.7011
2 25,3262 2213306 20,1626
3 5.2152 5.7184 L 27239
N 8.2770 10.7L56 6.8055
5 1377939 20 hhl6 15).8837
6 12 ;8L2) 79.8869 7.5678
7 73.0450 12,5393 11,9855
8 75,1708 32,2160 17.8623
9 6.9851 51989 L,0382
10 6771 L2321 2.5483
11 19,2666 38,5333 13,8029
12 94701 18,6137 19.9925
13 923840 13.7633 2l .2882
1 16.983L 22,1430 25,7250
15 3235746 L9188l 62,7658
16 12 4512 16,7448 16 11610
17 23,8902 30,5263 30,1082
18 5.2275 7.3354 64971
19 7.3452 8.0029 6.3082
20 3,611, ) 3.3263 2.2981
21 6.2256 57587 L.3h62
22 6682l 6.3343 5.33k2
23 6.6712 6.3951 5li5h7
2l 2,7137 2.6016 2787
25 5.6L25 5.7871 5.331L
26 1433726 11,8238 17858
27 2.8268 3.h693 3.h693
28 1} ;5669 17 4500 19,0363
29 108950 12,8176 1.1231
30 12 ;0844 13,6538 14,8077
31 Lk 3805 51,4036 53.866hL
L485,1718 537.7913 270.5597
(a)

See ¥Map D for definition of region,



TABLIE XXVIII. (continued)

-

Income Incone Income
Region Influenc? Influenc? Influenc?h
Number Region L a) Region 3 a) Region 2(8)
1 7 1li89 11,5965 12,0058
-2 27.6900 43,7210 331.6962
3 11,4368 59.8018 6.8621
L 95.2843 10,7456 4,0833
5 12,7211 8.,2963 5.5577
6 7.4350 3.7175 2,278L
7 5.5918 3.3104L 2,5231
8 21,4761 1.3463 11,2055
9 3.857h 2,79L0 2.418)
10 2.17h3 1.h90s 1,2030
1 11,1172 6,701, L L6l
12 7.9382 L.6136 2.6077
13 7.439 5.1612 3.38LL
1 13.4561 9.7726 6.6513
15 2h.9845 17.0423 10.8126
16 8 .hL52 5.7809 44,0132
17 17.0379 12,0763 8.5855
18 3.8218 2.659% 1.8L87
19 h.32h1 2.8370 2,3012
20 1.9007 1.366L 1.1924
21 3.3627 2.4120 2,0295
22 3.97L5 2.9663 2.h922
23 b .5905 - 3.6222 3.1540
2l 1.7988 1.3867 1.1702
25 3.8913 2.9567 2.4182
26 3.3213 2.575h 2.,0260
27 2.,0910 1.5h19 1.1224
28 11.2429 8.1606 5.9828
29 8.9723 6,96L8 5.1356
30 10,3073 8.3110 6.2026
31 36,5622 29,1591 21,8468
385.9958 285,1861 478.,9839
(a)

See Map D for definition of region,



A<L7

TABLE XXVIII, (continued)

Region Income
Number Influenc?
Region 1 a)

1 159.0555

2 148 .8647

3 7.4079

L L. k708

5 6.3960

6 2.,1622

7 - 1.9472

8 - 8.0901

9 1.893L

10 1.,0042
11 .32
12 2,811,
13 3.8769
1 6.9693
15 11,6972
16 3.9967
17 8.6192
18 , 1.8L487
19 o 2,1362
20 «9952
21 v . 1.725k
22 2.1717
23 2,8015
2k 1.0423
25 ~ 2,1632
26 ‘ 1,9606
27 1.13L9
28 6.,27h1
29 5.31h6
30 6.5301
31 22,6897
342,3678

(a)
See Map D for definition of region,



A-:8

TABIE XXIX. Income Influence() at Each Region(b) for Years 1950

and 1959, - (In $ millions per mile)
| a xéc)
Income Influence s 1V -Z .._3._..(__5
d
=1 ijD
| Region Income Influence at Region 1
Number 1950 , 1959
1 11,0 2020,0
2 68,79 114.3
L 32,38 50.16
5 10,20 - 21.03
6 L.807 6.939
7 1h.29 25,08
8 5.838 102
9 L.378 7.980
10 3.3Lk0 9,145
11 2,970 5.301
12 1.k428 2.365
13 L,187 7.009
) L.018 6.798
15 26,35 L5.89
16 20,04 3L.23
17 8.770 .7h
18 21.27 35.5L
19 6.724 11,19
20 3.638 5.271
21 5.285 8.77k
22 1.460 2,192
23 2.403 L,362
11418 ,986 2527.336
(a)
)Seli‘—influence data in Table XV,
(v
( )See Table I and Map A for definition of region.,
c ,
Income data in Table VI,
(a)

Distance data in Table XI1I,



A<k9

TABIE XXIX.  (continued)

Region Income Influence at Region 2

Number 1950 1959
1 217.3 383.5
2 353.L 587.0
3 38.52 57.78
l 21,85 33.8L
5 6,222 12,82
6 3.400 L.o08
7 5.005 8.782
8 2,229 3,980
9 3.530 6.1435
10 2.827 7.740
11 2.5l L.375
12 1,222 2,022
13 3.375 54650
11 3.219 S.uh7
15 19,66 3h.2h
16 15.98 , 27.29
17 7.0L40 11.83
18 17.7h 29.65
19 5.710 9.50
20 3,189 L 622
21 L 6L9 7.720
22 1.253 1,882
23 2,080 3.776

741,851 - 125L,789



A-50

TABIE XXIX, (continued)
Region Income Influence at Region 3
Number 1950 1959
1l 206,1 363.7
2 7.95 79.65
3 188.3 282.h
l 6k ,00 99.12
5 ~ 7.6L0 15.75
6 L.885 7.051
7 5.983 10,50
8 2,600 L.643
9 L.271 7.786
10 3.082 8,138
11 2,950 5.265
12 1420 2,352
13 L.33L 7.256
1 L.L58 7.542
15 1LY 25,15
16 28,93 L9 L2
17 10.19 17.13
18 26.01 L3.47
19 8.354 13.90
20 3.111 L.9k3
21 .96k 8.242
22 1,520 2,283
23 2.399 ly.355
648,191 1070.346



A-51

TABLE XXTX., (continued)
Region Income Influence at Region L
Number 1950 1959
1 119.7 211.3
2 25,57 L2 18
3 60,17 90,25
l 219.9 3L40.5
5 12,1 25,01
6 12,59 18,17
8 3.935 7.027
9 6,330 11.39
10 3.862 10,57
11 ly.302 7.678
12 1,909 3.160
13 6.903 11,5
1 8,000 13,54
15 87.03 1516
16 48,31 82,51
17 17.78 29.89
18 38,21 63.86
19 11.k6 19.07
20 5.299 7679
21 7.599 12,62
22 2,026 3.042
23 3.089 5.606
707.882 118L 942



A=S2

TABLE XXIX., (continued)
Region Income Influence at Region 5
Number 1950 1959
1 138.3 2Ll 2
2 26.70 Lh.36
3 26,3k 39.52
L hL .51 68.9h
5 53.52 110,3
6 8,962 12.94
7 12,95 22,72
8 5.562 9.931
9 ~7.098 12,94
10 4,691 12,8l
11 4,338 7.730
12 1,918 3.176
13 6,089 10,19
1 5.869 9.930
15 39.81 69.33
16 23,02 39.31
17 11.65 19,58
18 24,8k 41,51
19 T.41 12,33
20 L, 049 5.867
21 7.159 11.89
22 1.85h 2,785
23 3.182 5.775
469 .821 818.09L



A-53

TABIE XXIX. (continued)

——

Region Income Influence at Region 6
Number 1950 1959
1 90,86 160,L
2 20,35 33.81
3 23.48 35.23
L 64.38 99.71
5 12,50 25,75
6 L5.2h 65.29
7 20,31 35.6L
8 8.01L 1,31
9 11,05 20,1
10 9.595 26,27
1 5.839 10,42
12 2,379 3.938
13 9.947 16.65
1 11.95 20,21
15 9L .89 165.3
15 36,06 61,60
17 22,06 37.08
18 38,50 6L.3L
19 10,76 17.91
20 5.321 7.711
21 10,22 16,97
22 2.458 3,692
23 3.777 6.855

559.920 9k9 ;226 .



A-5L

TABIE XXIX. (continued)

Region Income Influence at Region 7
Number 1950 ' 1959
1 18,1 261,L
2 16,42 27.27
-3 15.77 23,65
b 26,25 40.66
5 9.896 20.L0
6 11.13 16.07
7 69.87 ' 122.,6
8 13.06 23,32
9 12,0k 21,95
10 6.048 16,56
11 6.280 11,21
12 2,722 4,506
- 13 19.65 32,90
1 6.840 11,57
15 31.79 55.36
16 18.L49 31,58
17 12,09 20,32
18 24,18 4o,kO
19 6.1l 10,72
20 3.77h 5.169
21 11.53 19.15
22 2.29L 3.LkS
23 .07k 7.395

478.738 827.905



A-55

TABLE XXIX, (continued)

L
|
lh

Region Income Influence at Region 8
Number 1950 1959
1 132.4 233.7
2 16.00 26,58
3 15,00 22,50
b 2h,1, 37.39
5 9.303 19,17
6. 9,614 13.88
7 28,59 - 50,16
8 30.38 5h.26
9 17.20 31,35
10 7.969 21,82
11 7.728 13,79
12 2,860 L.73L
13 11,69 19.57
g1 6.805 11,51
15 29,69 51,72
16 17.51 29,90
17 11,82 19.87
18 23,62 39.47
19 6,78 11,28
20 3.913 5.670
21 9.377 15,57
22 2,29) 3.4l5
23 4,755 8.629

429,438 745,968



A-56

TABIE XXIX, (continued)

oma—— S el e o et e e s —
—

Region Income Influence at Region 9
Number ‘ 1950 1959
1 52,47 92 .60
2 13.39 22,25
3 13.02 19,53
L 20,52 31,79
5 6.274 12,93
6 7.003 10.11
7 13.93 2l Jlily
8 9.088 16,23
9 5861 106.83
10 - 8.261 22 .62
11 19,26 34.38
12 L.572 7.569
13 15,04 25,17
1 8.37L 14.17
15 25,81 Lh.95
16 16.99 29,01
17 13.38 22.149
18 26,01 L3.s7
19 7.362 12,25
20 Lh.176 6.052
21 10,45 17.35
22 3.453 5.186

23 6.670 12.11

364.113 633.457



A7

TABIE XXIX. (continued)
Region Income Influence at Region 10
Number - 1950 ' 1959
1l 39.143 69.59
2 10,57 17.55
3 9.253 13,88
L 12,33 19,10
5 L;.08YL 8,418
6 5.992 8.6L9
7 6.891 12,09
8 L. 148 : 7.L07
9 8.1 14.83
10 L7.05 128,8
11 5.599 9.993
12 2,310 . 3.82L
13 L.831 8,087
1 3.6717 6,22
15 1,04 2k L5
16 10,11 17.27
17 ' 6.865 11,54
18 15,38 25,71
19 h.582 7.625
20 2.863 L ah9
21 5.907 - 9.807
22 1.977 2,970
23 5.824 10,57

231,844 Lh2 ,529



A-58

TABIE XXIX. (continued)

Region Income Influence at Region 11
Number 1950 1959
1 146 .01 81.20
2 12,02 19.97
3 11,62 17.43
L 18.03 27,92
5 i ,9L8 10,20
6 L4.785 6.907
7 9.389 16 ,h7
8 5.278 9.425
9 24,90 45,38
10 7.347 20,11
11 L9 .39 88.16
12 74635 12,6hL
13 18.10 30,29
1 8.170 13.82
15 2,08 41,94
16 16,05 27.12
17 13.50 22,70
18 26,83 Lk .83
19 7.56L 12,59
20 L.262 6.176
21 11,21 18,61
22 L.683 7.033
23 8.8L5 16,05

3Lk 6L6 597.271



A-59

TABIE XXIX, (continued)

Region Income Influence at Region 12
Number 1950 1959
1 37.L0 66,01
2 10,10 16,78
3 9,460 1,19
l 13,52 20,94
5 3.705 7.636
6 3.294 k.755
7 6.879 67.71
8 3.301 5.895
9 9.988 18.21
10 5.12L 14,03
11 12,91 23,04
12 22,70 37.59
13 8,429 .11
i1 5.053 8.5L9
15 17.36 ' 30.23
16 13,01 22,23
17 10.28 17.28
18 22,38 37.L0
19 6.uhlL 10,72
20 6,008 8,706
21 13.26 22,02
22 7.890 11.85
23 18.99 3h.l6

267.185 . 51k.3L1



K60

TABLE XXIX, (continued)

Region : Income Influence at Region 13
Number 1950 1959
1 52,26 92 .2k
2 13.3L 22,16
3 13,76 20.6L
L 23.31 36.10
5 5.606 11.56
6 6.,568 9.481
7 23,67 ’ L1.5L
8 6.L3L 11.L9
9 15.66 28,55
10 S.137 1,.88
11 14,58 26,03
12 L.019 6,653
13 L5148 76 .1
1 17.68 29.92
15 36.37 63.3L
16 22,03 37.62
17 23,03 38,70
18 38.79 6L .82
19 10,36 17.2h
20 5.3kl 7.7L45
21 17.h1 28,90
22 L.855 7.292
23 5.707 10.36

411,700 666,015

-



A-61

TABIE XXIX, (continued)

Region Income Influence at Region 1l
Number 1950 1959
1 59.76 105.5
2 15,16 25,18
3 16 8% 25,30
b 32,19 L9 .96
5 6.h39 13.27
6 9.400 13.57
7 9,819 17.23 .
8 h.63 7.970
9 10.39 18.94
10 L.633 12,69
11 7.8L5 , 14,00
12 2,870 L, 752
13 21,07 35.28
1 50.21 8L.96
15 63.1h2 110.L
16 32,72 55.89
17 52,07 87.51
18 56.83 9ly,96
19 14,06 23.39
20 6.52L 9.5k
21 17.h1 28,90
22 3.628 5.8
23 4.375 ; 7.9L0

501.3L6 852 .19k



TABLE XXIX, (continued)

A-62Z

|

——

Region Income Influence at Region 15
Nurber 1950 1959
1 104 .6 7.3
2 19.72 32,75
3 116k 17.45
L 7h.59 115.5
"5 9.303 19.17
6 15,90 22,95
7 9.720 17,06
8 .18 7.L407
9 6.822 124
10 3.768 10.31
11 L .926 , 8,792
12 2,100 3.477
13 9.231 15.L5
1 13,51 22,85
15 171,2 298.2
15 6L ,01 109.3
17 31.93 53.67
18 54,23 90,61
19 .77 24,58
20 6.378 9.243
21 10,73 17.82
22 2,529 3.798
23 3.366 6.110
649,121 1050,127



A-63

TABIE XXIX. (continued)
Region Income Influence at Region 16
Number 1950 1959
1 78.2L 138.1
2 19,72 32,80
3 28,73 L3.09
N 51,02 79.02
5 6.627 13.66
6 7.7 10.75
7 6.966 12,22
8 3,01 5.381
9 . 5.532 10,08
10 3.34h 9.154
11 L.0L45 7.221
12 1.9L0 3.212
13 6,388 11,53
1 8.588 .53
15 78,88 - 137.h
16 255.3 L36.0
17 25.69 43,17
18 70,32 117.5
19 21,76 36,22
20 7.177 10,61
21 10.15 16,85
22 2,183 3.278
23 2,970 5.390
706,531 1197.166



A=Gl

TABLE XXIX, (continued)

Region Income Influence at Region 17
Number 1950 1959
1 60,67 107.1
2 15.L2 25.61
=3 17.93 26,90
L 33.28 51.5h
5 5.9L6 12,25
6 8,073 11.65
7 8.073 1,17
8 3.605 6,438
9 7.722 14,08
10 L,023 11,01
11 6,030 10,76
12 2,717 bL.198
13 12,76 21,36
1 2L,22 40.97
15 69.72 . 121,k
15 45,52 77.75
17 113.3 190,3
18 95.06 158.9
19 20,3k 33.84
20 8.063 11,68
21 16.88 28,02
22 3.267 4.907
23 3.880 7,042

586,199 992,175



A-65

TABIE XXIX., (continued)

Region Income Influence at Region 18
Number , 1950 1959
1 55.22 9747
2 14.57 24,22
3 17.12 25.77
Iy 26,81 L1.57
5 L.756 9.803
6 5.288 7.633
7 6.058 ' 10.63
8 2,704 .828
9 5.635 10,27
10 3.38L 9.264
11 L.Lu97 8.026
12 2.219 3.67h
13 8.07 13.51
1 9.919 16,78
15 bl Lk 77.39
16 L6.77 79.88
17 35.68 59.96
18 L10,2 685.5
19 60,51 100,7
20 12,l2 17.99
21 16.88 28,02
22 2,359 k.293
23 3.319 6.02)

799.358 13L3,205



TABIE XXIX. (continued)

Region Income Influence at Region 19
Number . 1950 1959
1 Sh.17 95 .62
2 14.57 2L,20
3 17.12 25.67
) 25,00 38,69
5 L.ho1 9.072.
6 4,588 6.623
7 5.011 . 8.79L
8 2.L08 L.301
9 4,950 9.02
10 3.127 8.562
11 3.934 7.023
12 1.983 3.283
13 6.687 11,19
1 7.615 12,88
15 37.56 65.1
16 Lk 92 76.72
17 23.69 : 39.81
18 187.8 313.8
19 108 .6 1380.8
20 12,12 17.99
21 1547 ' 25.69
22 2.553 3.835
23 3.030 5.199

587.607 99L 182



A-67

TABLE XXIX. (continued)

W

Region Income Influence at Region 20
Number 1950 1959
1 39.0k 68.91
2 10.8L 18,00
3 9.312 13.97
L 15.39 23.83
5 3,205 6,607
6 3.021 4.361
7 3.910 6 .860
8 1,852 3.307
9 3,740 6.817
10 2,603 7.128
11 2,953 5.271
12 2,163 L.077
13 L5594 7.693
i L, 708 7.96
15 21.61 37.6L
1% 19.73 33.71
18 51,33 85.78
19 16.5L 27.53
20 56,02 81.19
21 25,32 L2 .04
22 3.430 5.152
23 2.1459 L. L6k

316.580 523.327



A-68

TABLE XXIX, (continued)
Region Income Influence at Region 21
Number 1950 1959
1 37.93 66 .95
2 10,57 17.55
3 9,063 13.59
L .76 22,85
5 3.790 7.812
6 3.881 5.602
7 7.990 1,02
8 2,968 5.300
9 3.7ho 6,817
10 2,603 7.128
11 2.953 5.271
12 2.b63 L.077
13 L.595 7,693
1 8.400 .21
15 2,32 42,35
16 18.66 31.86
17 17.52 29 .y
18 L6 .67 77.98
19 13,78 22,94
20 16,93 2L.5h
21 71,01 117.9
22 6.575 9.875
23 L.811 8.731
335,982 561 1186



469

TABIE XXIX,. (continued)

Region : Income Influence at Region 22
Number 1950 1959
1 36,98 65.28
2 10,92 16,70
3 9.797 14.69
L 13,88 21,50
5 3.165 7.2
6 3.295 L.75%
7 5.609 9.8L2
8 2,563 L.576
9 7.300 13.31
10 L2k 11,62
11 7.659 13.67
12 7.635 12 6L
13 9.855 16.50
1 6.179 10.46
15 20,22 35,22
16 .17 2L .20
17 11,97 20,11
18 27.90 L6 62
19 8,029 13.36
20 8,098 11.73
21 23,21 38.53
22 25.99 39.0L
23 : 8.137 1,77

277.075 166 ,265



A-70

TABIE XXIX, (continued)
Region Income Influence at Region 23
Number 1950 1959
1 33,7k 59.55
2 9.2k6 15.36
3 8.567 12.85
L 11.73 18,17
5 3.295 6,791
6 2,805 L.oL9
7 5.521 9.687
8 2.943 5.255
9 7.813 .2
10 6.926 18.96
11 8,016 .31
12 10,18 16.85
13 6.419 10.75
1k L.129 6.986
15 14.92 25,98
16 10,68 18,2k
17 7.88 13.23
18 17.95 29.99
19 5.279 8.79
20 3.217 L 661
2l 9,409 15,62
22 L.509 6,771
23 51.36 93.22
2L6.,53L 417 .L60



APPENDIX VI

ERRCR DETERMINATION



&-71

TABLE XXX, Error in the Income Influence F‘actor§(1n percentage)

(a) ()
1y~ 174

% of error,

14

- vihere V = influence using

Carrothers' data;
V'= influence using
Warntz's dataj and

(a) (¢)
V - yn-
it it

?
iv"b

% of error,

where V = influence using
Carrothers! dataj

Vt= influence using

air mileage; and

t = 1950, % = 1950 and 1959.
Region
Number 1950 1950 1959
1 22,7 5.3 3.1
2 25.3 104 6.9
3 17.1 18.8 15.4
L 19.0 9.4 15.0
g 6.7 1 21.9 15.h
6 L6.1 314 25.7
7 35.2 32.6 2l .9
8 3L.0 2.7 27.1
9 22.3 18.h 15.9
10 29.0 16.8 5.2
11 12.0 13.3 0.0
12 28,5 1.2 8.2
13 23.2 19.7 3.3
1 13.1 13.8 5.0
15 16.8 13.3 3.
15 19.9 13.0 T
17 15.5 6.8 6.8
18 29.3 8.3 2
19 19.9 13.3 6.0
20 2.6 15.5 8.h
21 15.3 10.4 T3
22 20.h 15.9 6.2
23 20,1 12,1 11.0
Arithmatic -
Average 2l.2 16.0 945

(a)
(v)

Total income influence data in Table XVII,

Total income influence data in Table XX/:..

(c)

Total income influence data in Table XVIII,



I

TABLE XXXI, Method of Determining Error in the Modified Relative
Income Influence Factor,

e e

v
it+0
Modified Relative Income Influence, - - 1
P 174
v
i %+0
Let G » ——u (1)
Po 1%
2 2
(-) (a)
2 G ‘) 2
Then 0’; - | (2 + ¢ ( . (2)
Oy | "% NAVowel 17448

Assume ( 2 - (‘ 2 -

14 1440 1V
This assumption 1s conservative because the error in " t +0 being a
predicted quantity will certainly be larger than the error in V..
Therefore, this estimate of the error in the modified relative income
influence will be an understatement,

(k)
1

Differentiating Gt _._a_(%_..._ - - 17540 ; J6 - .

O Ve Po 1Ty 3,-\4,9 Po 174

Substitute (L) in (2)
2 1 -
t‘*@ i
= + | —
G - 6 |C (’e ~ G Y ®

@
Yardley Beers , Imtroduction to the Theory of Errors, (Reading, Mass.s
Addison-Wesley Publishing Compsmy, Inc,), s P

v

. IR - . e } : g oo s L. v
. - et b “"'"‘»}'.‘. o . N RN et P;’:‘ P RIS ) SR :.‘:_‘;‘,‘M%,q Coil



A-T3

TABIE XXXI, (continued)

2
Squaring the two factors within the bracket in (5) and removing Pe

2_ g2 2 (6)
GG'v - LY'L_ 'nvt. +0 + )
Y 4 —— e
v ivt+e
Multiplying the second factor within the bracket by ——————— and
1v§+e . ivt-#e
removing —T
it 2 -
o X
(2. QT s _L\/t +© / -]" / 1)
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TABIE XXXI, (continued)
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( )Region boundaries and m"centers"™ in Carrothers' Thesis,
PP. 146 - 147; see Table I for definition of reglons and "centerst.
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3ee Map D.
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MAP B. SEVENTY-SEVEN REGIONS
IN THE EASTERN HALF OF THE
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Region boundaries obtained from personal communication
with william warntzj see Table II for definition of regions.
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)Sae Map A for definition of regions.

See Map B for definition of regions; see Table III for
definition of combined regions.
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Map prepared by Gerald A. P. Carrothers, Thesis, p. 147.
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MAP E. EASTERN UNITED STATES
1920 Total Income Influence

0f United States
(In $ millions per mile)
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( )Sae Table I and Map A for definition of regions.
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Tote) income influence data in Table XVII.
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MAP G. EASTERN UNITED STATES'®)
1940 Totel Income Inrluenoe(b)
Of United States
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Total income influence data in Table XVII.
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1950 .Total Incane Influence'?’
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(In $ millions per mile)
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Total income influence data in Table XVII.
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MAP I. EASTERN UNITED STATES'®)
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See Table I and Map A for definition of regions.

Total Incame Influence data in Table XVII.
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MAP J. EASTERN UNITED STATES‘ )
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( )S‘ee Table I and Map A for definition of regions.
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Total income influence data in Table XVI.
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See Table I and Mep A for definition of regions.
Total income influence data in Table XVI.
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( )See Table I and Map A for definition of regions.
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Total income influence data in Table XVI.
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MAP M. ZEASTERN UNITED STA’IES,(a)
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( )See Table I and Map A for definition of regions.
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Total income influence data in Table XVI.
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MAP N. EASTERN UNITED STATES' S
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See Table II and Map B for definition of regions.

b
( )Total inocome influence data in Table XIX.

(O)Map prepared by William warntz, Geographical Review, 1958.
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MAP 0. EASTERN UNITED STATES "’
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Tof:al incame influence data in Table XVIII.
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MAP P. EASTERN UNITED STATES
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)See Table I and Map A for definition of regions.
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Total income influence data in Table XVIII.
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MAP Q. EASTERN UNITED states @)
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h)See Table I and Map A for definition of regions.

Income data in Table V.
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