Chapter 7

Industrial Location Analysis

and Related Measures

A. INTRODUCTION

In the previous chapters we have, more or less, assumed thalt an‘econo-
mic base, usually composed to a large extent of industry, cxlsts. in each
region. We have touched on reasons for the existence of s.uch industry.
We have related population numbers, migration, Gross Regional Product
and income, commodity and money flows, balance of paymerllts, etc..,‘ to
existing industrial bases and their characteristics. We.have in ad‘dmon
considered cyclical effects and multipliers associated with change in t.he
economic (industrial) base. However, nowhere have we .probed with
depth and with as much analysis as we can into the guestlons of \a{hat
industries and how much of each can be expected to exist or develop in a
region. .

These questions of what industries and how much of each are basic to
all forms of regional economic analysis. Fortunately, we can attack these
questions with sharper tools than some of the questions we have already
treated. We can go beyond mere description, which for example chargc-
terizes much work on regional income, population, migration, commodity
and money flows, and balances of payments. We can get at more of the

* Sections B—-E of this chapter were written with Eugene W, Schooler, and Appendices
A and B with David F. Bramhall and Daniel O. Price.
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relations governing decisions by business firms and government units.
This consequence partly reflects the development of a considerable and
rather sophisticated literature on location theory.! Although this litera-
ture is abstract and for the most part does not bear directly on the problems
with which regional analysts and planners are concerned, it has led to at
least one basic, general procedure which is exceedingly useful. This is the
comparative cost technique, which also has roots in international trade
theory. We shall discuss the comparative cost approach in the following
section, an approach that casts considerable light on the “why” of
systems of industrial locations. Then in succeeding sections we shall present
materials on diverse types of coefficients and related concepts—the labor
coefficient, the coefficients of localization and specialization, the localization
curve, the index of diversification. These coefficients and related concepts
are generally associated with location analysis. However, because they
largely portray the “what” of systems of industrial locations, that is, are
descriptive, they are not as useful as the comparative cost approach.

Finally, in Appendices A and B, we outline scaling and latent structure
techniques and factor analysis, respectively. Scaling and latent structure
techniques bear on community attitudes and other important subjective
factors which must supplement a cost calculus for understanding systems
of industrial location ; in addition, these and related techniques promise to
illumine several facets of regional behavior. Factor analysis, as discussed
in Appendix B, pertains particularly to the proper delineation of regions
within a system, a problem of major concern when coefficients of localiza-
tion and related concepts are comprehensively employed to depict in-
dustrial location systems ; too, factor analysis has potential applications in
several] forms of regional study.

B. ComparaTive CosT APPROACH

A comparative cost study typically proceeds for any given industry on
the basis of an established or anticipated pattern of markets and a given
geographic distribution of raw materials and other productive factors used
in the industry. The objective of the study is to determine in what region
or tegions the industry could achieve the lowest total cost of producing
and delivering its product to market. If the analyst is concerned with the
industrial growth prospects of a particular region, a series of such com-
parative cost studies is rather essential.

1 Among other literature on location theory, the reader is referred to J. H. von
Thitnen [65]; W. Launhardt [46, 471; A. Weber [68]; T. Palander [53); A. Losch [52];
W. H. Dean, Ir. [11]; E. M. Hoover [34]; E. S. Dunn [16]; M. L. Greenhut [24}; W.
Isard [38]. There is an elementary statement on location analysis in E. M. Hoover [33].
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Frequently the initial justification for one or more comparative cost
studies arises because of changes in general technology, or in the techno-
logy of a particular industry, or in the production of an individual raw
material or intermediate good. For example, general improvement ina
region’s internal and external transport situation—the completion of a
system of superhighways, the erection of more modern and efficient
railroad terminal facilities, the construction of deep-water rivér channels,
etc.—can have a significant effect on the relative advantages of the given
region for industrial location. If the region is lightly populated with a
plentiful variety and supply of natural resources, the transport improve-
ment could tip the scales of regional advantage in its favor. Such improve-
ment might give the region an advantage over locations using inferior or
high-cost raw materials which had nevertheless been best because of
nearness to markets. On the other hand, if the region itself is a densely
populated market area, the transport improvement might drastically cut
costs of assembling raw materials there. Thus, in certain heavy raw-
material-using activities, such improvement would allow a shift in ad-
vantage from raw material regions to the region under consideration.? In
any case, because the transport improvement affects all industry in general,
the regional analyst should pursue comparative cost studies for a number
of industries.

Another situation that could be usefully analyzed by means of one or
more individual-industry comparative cost studies might arise because of
a change in market conditions. For example, as a region grows and de-
velops, its population expands. Its local market becomes capable of
absorbing the outputs of economic-size plants in a growing number of
industries. Comparative cost studies can indicate for which of these
industries local production can be justified.

Still another situation might be associated with a changing raw material
supply pattern, for example, from the gradual depletion of a locationally
dominant ore source. Or it might be associated with a prospective new
industry, such as nucleonics or electronics, or with a new productive
process, such as irradiation or continuous casting. In each of these
situations a regional comparative cost study, taking these changes into
account, can help to indicate whether there is a basis for a relocation or
new growth of industry and, if so, the nature of the location patterns to be
expected.

With these comments illustrating some of the many possible situations
in which individual-industry comparative cost studies are useful, we turn

2 As an instance, the relatively recent construction of large-diameter, long-distance

natural gas pipelines has provided a practical possibility for the production of ammonia
and other natural-gas-based petrochemicals in regions far from the natural gas fields.
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to procedures for conducting such studies. The most direct way to pursue
a comparative cost study for an industry would be to secure enough
mformation to calculate the total production costs the industry would
ncur in each of the regions to be compared. The region or regions with
the lowest production costs (including transport cost) would be the most
desirable location, in an economic sense. Since the difference in total
cost from region to region is the important magnitude, it becomes clear
with further reflection that the regional comparative cost study need
C(?nsider only the production and transport cost elements which actually
differ from region to region. The components of production and transport
cost that do not vary regionally in amount may be ignored ; they give rise
to no regional advantage or disadvantage. In practice, this consideration
qf cost differentials only can lead to considerable saving of research time,
since many items of production cost for most industries do not exhibit
systematic or significant regional variation.3

Tt should also be observed that in considering an element of production
cost which does vary regionally, it is often possible to estimate the amount
of its difference between regions without knowing its absolute regional
levels. For example, take two similar plants, one in New York City, the
other in a coal town near Pittsburgh. Each consumes ten tons of coal a
.day, the cost of coal in New York City tending to exceed the cost of coal
in the coal town by the cost of transporting coal from the coal town to
New York City. If it is known that the transport rate is $3 per ton, the
daily coal cost of the New York plant would exceed by $30 the daily coal
cost of the other plant. However, this method of computing a regional
cost differential can be used only if the relevant productive factor input is
the same in each region, both in type and quantity. Thus, if the New York
plant used only eight tons of coal a day as compared to ten in the other
plant, the analyst would have to know the price or cost of coal in at least
one of the sites as well as its transport cost in order to compute the daily
coal cost differential. Also, if one of the plants adopted a productive
process that used electricity rather than coal, the analyst would need to
know the absolute cost of both electricity and coal in order to calculate the
energy (fuel and power) cost differential between the two plants.

1. PETROCHEMICAL LOCATION
To illustrate the comparative cost technique, which in essence involves
3 Also of practical importance is the fact that industrial companies are often willing

tq furnish information regarding a few individual production cost items but refuse to
divulge a complete itemized summary of unit production costs.
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a systematic listing of regional cost differentials,* we summarize a recent
analysis of factors affecting the future location pattern of the natural
gas-based petrochemical industry.’

The first task of the analysis was to determine which components of
petrochemical production cost could be expected to vary regionally.
Generally, these components are fuel and raw material gas, steam, electric
power, labor, and transportation. Additionally, major cost differentials
result if feasible sizes of productive units differ regionally. (Large units
achieve “* economies of scale” which are denied to small units.)

The second step of the analysis was to choose and define the regions to
be compared. Consideration of various geographic and technological
factors led to the conclusion that feasible locations for the production of
petrochemicals are limited to (1) sites in the Gulf Coast and adjoining
interior area (in which are concentrated most of the country’s reserves of
natural gas) and (2) several sites within the country’s major petrochemical
market area generally extending from the industrial Northeast through the
Great Lakes region.® This over-all market area was divided into several
smaller market regions, each constituting the natural hinterland or dis-
tribution area of a city strategically located with respect to interregional
transport conrections. The relevant regional cost comparisons were thus
between (1) a site in the Gulf Southwest raw material region and (2) the
focal or distributional point site in each of the several market regions.

The following tables summarize the results of the calculation of regional
cost differentials in the production of a typical petrochemical, ethylene
glycol (the basic component of permanent-type antifreeze).” Table 1 lists
the raw material, utilities, and labor inputs which may lead to regional
cost differentials. The cost comparisons are between a Mississippl River
location in the raw materials region near Monroe, Louisiana, and a market
region location at Cincinnati, Ohio.

1t js demonstrated in the study that regional differentials in the cost of
ethane (a raw material gas contained in natural gas) may be viewed as
approximately equal to regional differentials in the cost of the equivalent
volume of natural gas. Similarly, since the gas used for fuel is natural
gas, regional differentials in the cost of process fuel gas are regional
differentials in the cost of natural gas. Further, differences in steam costs

4 For the formal, theoretical approach see W, [sard [38]. A brief, step-by-step ex-
position of a modern Weberian comparative cost approach as applied in industrial
complex analysis is found in Chapter 9.

5 W. Isard and E. W. Schooler [42].

6 Other possible sites for the production of certain petrochemicals are within the
Pacific Southwest region.

7 These tables are based on figures appearing in similar tables in W. Isard and E. W,
Schooler [42], pp. 15, 22-24.

INDUSTRIAL LOCATION ANALYSIS AND MEASURES 237

depend mainly on fuel cost differences. This means that regional steam
cost differentials can be expressed as equal to the regional differentials in
the cost of the required fuel gas (natural gas). Thus raw material gas,
fuel gas, and steam cost differentials can be combined into a net cost
diﬁ”erential on the equivalent volume of natural gas. This net cost
differential will in the long-run tend to equal the interregional pipeline
transport cost on that volume of natural gas.

A market site location incurs transport inputs (costs) on raw material
gas, process fuel gas, and fuel gas for steam ; practically speaking, it avoids
transport inputs (costs) on finished product. A raw material site location
avoids transport inputs (costs) on raw material gas, process fuel gas, and
fuel gas for steam ; it incurs transport inputs (costs) on finished product.

TABLE 1. PRODUCTION OF ETHYLENE GLYCOL FROM ETHANE
(Via oxidation process)

Requirements per 100 Pounds

Selected Inputs of Ethylene Glycol
Ethane 108 Ib.
Utilities

Fuel gas 377 cu. ft.

Steam 1248 1b.

Electric power 10 kw-hr.
Labor 0.19 man-hours

Because of their different requirements of transport inputs, a comparison
must be made in order to calculate the transport cost differential which
may exist between these two locations. This comparison is preseﬁted in
Table 2.8 Monroe has a net transport cost advantage of 13 cents if
large-volume barge shipment is possible, Cincinnati has a net transport
cost advantage of 60 cents if the finished product must move by rail.

Another major cost differential in petrochemical production is associ-
ated with differences in plant size. Table 3 presents the results of a cal-
culation of such scale economies. These economies may amount to as
much as $4.00 per 100 pounds of ethylene glycol.

8 Transport cost on fuel and raw material gas was calculated on the basis of the
ethane, steam, and fuel gas requirements shown in Table 2 converted to their natural
gas equivalents as follows :

1 pound ethane—I12.7 cubic feet
1 pound steam—1.5 cubic feet
1 cubic foot fuel gas—1 cubic foot

The' interregional pipeline transport rate on natural gas was taken to be 1.3¢ per thousand
cubic feet per hundred miles.
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TABLE 2. TRANSPORT COST DIFFERENTIALS PER 100 POUNDS
Case A. Shipment of Product by Barge

Transport Cost on:
Total Net Advantage

Equivalent Finished Transport of Monroe
Location Matural Gas  Product Cost
Monroe 0 16 ¢ 16¢ 13¢
Cincinnati 29¢ 0 29¢

Case B. Shipment of Product by Rail

Transport Cost on :

Total Net Ad\éantage

Equivalent Finished Transport 0 .
Location Natural Gas  Product Cost Cincinnati
Monroe 0 89¢ 89¢
Cincinnati 29¢ 0 29¢ 60¢

Other possible cost differentials which may be significant are those in
direct labor and electric power. With respect to these two items, the
estimated maximum possible cost differentials between any two regions in
the United States are presented in Table 4. For the two regions actually
being compared, analysis indicates that differentials in power cost and
Jabor costs. will be so small as to be virtually insignificant. This leaves
transport cost differentials and economies of scale as the important factors
in this comparative cost study. How can we interpret the materials on
these factors?

TABLE 3. ECONOMIES OF SCALE PER 100 POUNDS ETHYLENE
GLYCOL ASSOCIATED WITH DIFFERENT SIZES OF ETHYLENE-
ETHYLENE GLYCOL PRODUCTION UNITS

Scale economies of medium plant

over small plant $2.45
Scale economies of large plant

over medium plant $1.53
Scale economies of large plant

over small plant $3.98
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Initially it should be noted that feasible plant size at a natural gas site
location will generally be as large or larger than the feasible plant size at a
market site because a natural gas site can serve various markets whereas a
market site can serve efficiently only its own market area. Therefore, any
regional cost differential due to economies of scale will always tend to
favor a natural gas site location,

If the market demand were large enough to justify the shipment of
ethylene glycol to market by river barge, it would be large enough to
absorb the output of at least one large optimum-size market site plant.
Hence, the ethylene glycol production serving this market would come
from a large-size plant, whether the plant was at the market site or the
natural gas site. This would mean little or no regional cost differential
due to economies of scale. The net transport cost differential would con-
stitute the entire regional cost differential. In the case depicted by Table 2
it would amount to 13 cents per hundred pounds of ethylene glycol,
favoring a natural gas site location.

If the market demand were small, that is, if it were insufficient to justify
shipment of product by barge, a potential natural gas site plant would

TABLE 4. MAXIMUM LABOR AND POWER COST DIFFERENTIALS
PER 100 POUNDS

Maximum labor cost differential 12¢
Maximum power cost differential 6¢

have to ship by railroad tank car. Under such conditions, a potential
market site plant would possess a decided transport cost advantage, but
at the same time the smallness of the market demand would indicate that
the market could absorb the output of only a small-size market site plant.
There would exist regional cost differentials stemming from economies of
scale, since the potential natural gas site plant could be of large or at least
medium size because of its possibility of serving multiple markets. A
comparison of the figures in Table 4 and Table 3 shows that the scale
advantage of even a medium-size plant at Monroe (which advantage is
$2.45) will much more than offset the transport advantage of a small plant
at Cincinnati (which advantage is $0.60). The resulting net regional cost
differential in favor of the Monroe location is $1.85 per hundred pounds
of ethylene glycol.

The general conclusion supported by this regional comparative cost
study is that a natural gas raw materials region site on the Mississippi
River near Monroe, Louisiana, is the better location for producing
ethylene glycol for the Cincinnati market area.
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It is evident from these materials and other extensive sets of data that
in a regional comparative cost study of the production of petrochemicals
from natural gas, regional differences in total transport costs and possible
regional differences in feasible plant sizes are the only major considerations.
In one sense, regional differences in plant sizes, owing to limited individual
market demand, are of overriding importance. When these differences
exist the resulting scale economies of the large plants in the raw-materials
region will in virtually every case completely overshadow any other in-
dividual or combined regional cost differential. However, for all the
principal volume petrochemicals there are individual market regions, each
of which encompasses a demand sufficient to absorb the output of at least
one optimum-size plant. In such cases there can be no appreciable re-
gional cost differentials from economies of scale, and total transport cost
differentials become the only significant regional location factor.?

2. IRON AND STEEL LOCATION

An essentially similar picture is presented by analysis of the iron and
steel industry. A study of the feasibility of a New England location for an
integrated iron and steel works may be used as an illustration.'® Consider-
ing first the obviously important factor of transport cost differentials, the
study presents tables showing total transport costs on major raw materials
and finished steel products incurred by various actual and hypothetical

9 The theoretical schema which formalizes the methodology of the comparative cost
study is substitution analysis as developed in the first volume on Location and Space-
Econemy. Essentially this analysis considers alternative locations in terms of substitution
between transport inputs, between diverse outlays, between diverse revenues, between
outlays and revenues, and between combinations of these substitutions. The best
location, in an economic sense, is one where no move elsewhere could result in further
favorable substitution, that is, in reduction in total production and delivery cost. Each
of the regional cost differentials of 2 comparative cost study measures the effect of either
a single or combined substitution involved in the decision to locate in one region rather
than another. In the petrochemical industry case, the only relevant regional substitution
possibilities were between transport inputs (if market demand is large and concentrated),
or between transport inputs and between outlays on transport inputs and outlays on
production in general (if market demand is small and scattered). Because of various
technological and economic reasons, the analysis of the petrochemical industry was
limited to a comparison of location at a raw material site versus location at a market
site. The formal substitution analysis encompasses the general case of multiple location
possibilities, including intermediate sites, and variable factor proportions.

A graphic presentation of the substitution analysis can be accomplished by means of
the isodapane technique. Isodapanes are essentially contour lines showing loci of
points of equal production and delivery cost, equal additional transport cost, equal
percentages of some base amount, etc. See T. Palander [53] and E. M. Hoover [34].

10 W, [sard and J. Cumberland [41].
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production locations in serving various New England market centers.
Table 5 is the transport cost table applying to the Boston market.!!

The figures show that for serving the Boston market either of the two
New England locations considered, Fall River or New London, has a net
transport cost advantage over other locations. For example, Pittsburgh
incurs a total transport cost of $22.31, and Fall River and New London
incur costs of $13.91 and $15.90, respectively (when Labrador ore is
smelted). Similar results appear in the tabulations for other New England

TABLE 5. TRANSPORTATION COSTS ON ORE AND COAL REQUIRED PER NET TON
OF STEEL AND ON FINISHED PRODUCTS FOR SELECTED ACTUAL AND
HYPOTHETICAL PRODUCING LOCATIONS SERVING BOSTON

Transportation Costs on:

Finished
Location Ore Coal Product | Total
. Labrador ore $4.56 36.01 $4.60 | $15.17
Fall Rwer{Venezuela ore 3.68 5.63 460 | 1391
Labrador ore 4.56 5.79 6.80 17.15
New L°"d°"{Venezue1a ore 368 542 680 | 1590
Pittsburgh 5.55 1.56 15.20 22,31
Cleveland 3.16 3.85 15.20 22.21
Sparrows Point 3.68 4.26 12.40 20,34
Buffalo 3.16 4.27 12.60 20.03
Bethlehem 5.56 5.06 10.60 21.22
Trenton 3.68 4.65 10.40 18.73

market centers, with the exception that for those in southern and western
New England the transport cost advantages of Fall River and New London
over Trenton are sharply reduced and under some conditions disappear.
The study proceeds by analyzing other production costs. Most of these
are shown to be subject to no significant regional variation. Labor costs
in the highly unionized iron and steel industry are effectively equalized
among regions. It is stated that taxes may vary significantly from state to
state and from locality to locality, but that there is no basis for estimating

11 This is Table 1 in W. Isard and J. Cumberland [41], p. 249. A detailed explanation
of the sources of the estimates and the assumptions under which they were derived
appears as a note to Table I, p. 248.
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the amount and direction of such variation. It is also pointed out that a
New England location would enjoy an initial advantage because of lower
prices on scrap iron and steel, but that this would tend to disappear when
a New England steel mill became a major scrap user. And so forth.

Finally, account is taken of the influence exerted by the size of the New
England market demand. In order to achieve economies of scale and
juxtaposition, each productive unit of an integrated steel works must be of
at least minimum economic size. The demand and capacity estimates
used in the study indicate that, although the total New England steel
demand would well exceed the total tonnage output of an efficient inte-
grated steel works, it is uncertain that the demand for each of the speci-
alized components of total output would be sufficient to absorb the output
of an economic-size unit. Because of the uncertainty of market demand
magnitudes and in view of other intangibles, the study concludes that the
net regional advantage of a New England location is not proved, even
though it does enjoy a significant transport cost advantage.

3. ALUMINUM ARD OTHER INDUSTRY LOCATION

The regional location patterns of the petrochemicals industry and the
iron and steel industry are influenced primarily by transport costs, given
the existence of large-scale individual market demands. They are essenti-
ally transport-oriented industries. A somewhat different situation exists
with respect to the aluminum industry. From the standpoint of transport
costs alone, the best locations within the United States for serving several
of its major industrial aluminum markets are generally market locations.12
Yet there is Jittle aluminum production capacity at major market centers.
Clearly there is some locational influence at work which is stronger than
that exerted by regional transport cost differentials. 1t proves to be the
influence of regional differences in the cost of electric power. For itlustra-
tion, a location in the New York City area, a major market center, may
be compared with a location in the Pacific Northwest, 2 region possessing
major aluminum reduction capacity. Table 6 compares regional transport
costs alone.13

Now consider the influence of the power cost differential. The produc-
tion of 1 pound of pig aluminum requires approximately 9 kilowatt-hours
of electric power. This means that a difference of 1.91 milis (which equals
1.714 cents divided by 9) per kilowatt-hour in the cost of electric power
would be enough to offset completely the net transport cost advantage of
the New York location. Actually, power rates in the Pacific Northwest

12 W, Isard and V. H. Whitney [43].

13 These transport cost figures are taken from W. Isard and V. H. Whitney [43],
Tables XXI1, XXIIT, pp. 125, 127.
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range from 2.5 to 3.5 mills per kilowatt-hour whereas in the New York
area rates are approximately 8 mills per kilowatt-hour.!4 Thus, any
advantage that New York possesses on transport cost account is clearly
overshadowed by its disadvantage on power cost account.

Ot.her regional cost differentials in the production of aluminum are
relatively slight. As a result, the aluminum industry can be expected to
})e located and grow in a cheap-power region. It is a power-oriented
industry.

With .respect to other industries, analysis may show that some other
production cost comporent gives rise to a major regional cost differential 15
For example, the dominating locational influence in the textile industry is
exerted by regional differentials in labor costs. But whatever the relative

TABLE 6. REGIONAL TRANSPORTATION COSTS: ALUMINUM PRODUCTION
FOR NEW YORK MARKET

Location at :
New Pacific
Item York Northwest
Transport costs per pound
pig aluminum
a. On raw materials 0.548¢ 1.312¢
b. On pig aluminum 0.000 0.950
Total 0.548¢ 2.262¢

Net transport cost advantage of New York : 1.714¢

Importance of the various types of regional cost differentials, the general
approgch to the regional comparative cost study is the same. The analyst
must identify the components of production cost which vary regionally
and then estimate the amount of each resulting cost differential. Finally
ca1c1.11ation of net differentials will identify the region or regions in WhiC]"l
t}.1e 1r.1dustry would enjoy minimum production costs, given the set of
simplifying assumptions which must underlie such a study.

‘: These Fa.tes are characteristic of 1955 conditions.
! .ln adc!mon to the references cited in connection with the iltustrations in the text,
]}D(arm.:ltl:laf‘ul‘gdustry studies which illustrate the comparative cost approach are J. V
rutilla , J. R. Lindsay [50, 51], J. Airov [2, 3], E. W. Schoole; and
, 511, J. , 3], E. W, r [58], W. Isard
W. M. CaPron {40] and J. Cumberland [9]. . rdand
vaS.umm'ar‘;es of comparative cost studies and discussion of comparative cost factors in
rious industries are found in, among others, S. H. Schurr and J. M
’ , 3. H. . Marsch:
W. Isard [39], and T. R. Smith [62]. rchalc 19
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4, SOME LIMITATIONS

In this manner a researcher may systematically pursue comparative cost
analysis for each industry considered relevant for a region. In doing so,
it may be said that in at least one sense he is effectively studying the internal
industrial structure of a region. Further, if he extends his analysis for
each industry to embrace all regions in a system, it may be said that he is
effectively studying the internal structure of the system (and as a necessary
consequence the internal structure of each region).

Upon reflection, however, it is seen that this statement of possible
achievement is misleading. Tt is to be recalled that in a comparative cost
study for a given industry with reference to a specific region, both the price-
cost structure and the magnitude of the market existing in each region are
assumed given. Where the given industry is small and has little influence
on income, demand, prices, and costs in any region, these assumptions
may be justifiable. But such assumptions are clearly not warranted when
the geographic pattern of the industry does have a marked influence on
income, demand, prices, and costs in one or more regions. And certainly
these assumptions are untenable when the researcher purports to analyze
locationally each industry relevant for a region, since the estimated income
and markets of the region and much of its price-cost structure is largely
contingent upon the amount of industry to be located in a regiom.

These remarks point up the need to supplement comparative cost
analysis, when il is pursued on a systematic basis, with other techniques
which are aimed at uncovering interrelations of industry and the mutual
dependence of their markets. These techniques, such as interregional
input-output, industrial complex analysis, and interregional linear pro-
gramming will be discussed in subsequent chapters. When coupled with
comparative cost analysis, it will be seen that they can provide greater
insight into the interindustry structure and other interrelations of a system
of regions.

Despite the promise of comparative cost analysis when combined with
the techniques mentioned, results which may be obtained must be qualified
with respect to at least another major factor. It frequently happens that
a comparative cost study points up a particular area as an ideal location
for a given industry. Yet because of the resistance of the business units,
social groups, and household residents of the area—which resistance may
be formal (e.g. zoning restrictions), informal, or both—the industry does
not locate in the area. More broadly speaking, from a cost standpoint a
region may be ripe for industrial development. Yet because of native

attitudes, cultural patterns and institutions, and other noneconomic
factors, attempts at industrial development are aborted. Ideally, regional
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analysis should incorporate the play of such noneconomic factors which
are largely nonquantitative in character. Unfortunately, only little can
be dt?ne in this direction at the present time. What can be achieved,
drawing upon scaling, latent structure, and similar techniques developed

by psychologists and sociologists, is sketched in Appendix A to this
chapter.

C. THE LABOR AND SiMILAR COEFFICIENTS

It was .indicated in the preceding discussion that a series of regional
compa.ratwe cost studies is an effective analytical tool. The researcher can
use this tool to appraise the locational attractiveness of a region which
possesses an abundance or cheap source of some particular mineral,
commodity or service input, or other factor or market advantage. Ina
‘“cheap labor™ region, for example, each individual industry comparative
cost study would not only indicate in quantitative terms the pulling power
of c.heap labor for that industry but would also indicate whether or not the
re.glon's cheap labor advantage is sufficient to outweigh any locational
disadvantages it might suffer compared to other regions. The analyst
could, from an examination of the series of comparative cost studies,
compare the net locational effect, industry by industry, of the region’s
cheap labor.

‘ It is quite possible, however, that the analyst would have neither the
tllme nor the resources to carry out a thorough series of regional compara-
tive C?St studies. He might desire to short-cut the extensive computations
by using various coefficients. He might consider, as a first step, an in-
dustry-by-industry calculation of average labor costs per dollar of output.1¢
The larger this value, the larger would be the absolute labor cost differential
per dol.lar of output associated with a given regional wage rate differential.
Thus, it would appear that industries most likely to locate in the cheap-
labor region are those with the highest average labor cost per dollar of
output. However, a few moments’ reflection can usually bring to mind a
number of instances in which industries with comparatively high labor
costs per unit or per dollar output have not established production in
poslsnble cheap-labor areas but have continued to expand operations in
regions of relatively dear labor. At the same time it may be quite possible
to point out cases of industries which have lower labor costs per dollar
output but which have actually been attracted by the cheap-labor regions.
The logical explanation for such situations is that there are costs other
than labor costs which vary regionally, and that these other cost variations

16 Vax:iants would be labor cost per unit of output and labor cost as-a percentage of
total unit cost.
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are of different magnitudes for different industries and thus exercise vary-
ing degrees of locational influence. The problem in assessing the relative
strength of a cheap-labor region’s attraction for various industries lies in
devising some method to take account of differences not only in labor costs
among industries but also in other cost items.

One quite universal element of cost which varies significantly among
industries and which, for any given industry, is generally subject to per-
sistent regional variation is that of transport cost. To indicate the relative
attractiveness of a cheap-labor location for different industries, with due
regard to interindustry transport cost differences, Weber developed his
“labor coefficient.” It is the ratio of the labor cost per unit of product
(at existing locations) to the “locational weight of that unit. The Joca-
tional weight is the sum of the required weights of localized raw materials
plus product.!? Other things being equal, the higher an industry’s labor
coefficient, the more likely it is that the labor cost savings it could achieve
in a cheap-labor area will exceed the additional transport costs incurred
by not locating at a minimum transport cost site. Generally speaking, the
locational attraction of cheap-labor areas is greater for industries with
high labor coefficients than for those with low.

Although the method of ranking industries by their labor coefficients
affords a useful priority list of industries from the standpoint of their
attraction to cheap-labor areas in general, it has definite limitations.
First, more information than the labor coefficient is required to determine
whether a given industry should actually be established in a given region,
even if labor costs and transport costs are the only significant locational
variables. The numerator of the labor coefficient must be multiplied by
the “percentage of compression” of wage rates achieved by the cheap-
labor region relative to the rate used in computing the labor coefficient.!8
This yields the labor cost saving per unit of product. Then the denomi-
nator (locational weight per unit product) must be multiplied by the trans-
port rate and the net additional distance involved in location away from a
minimum transport site. This yields the additional transport cost incurred

17 Ubiquitous raw materials (ubiquities) are not included in locational weight, since
in their unprocessed state they never need be transported.

All weights are expressed as *‘ideal weights,” that is, actual weight adjusted so as to
have the effect of equalizing transport rates on all materials and product. (E.g., a ton
of a commodity which incurs a rate twice as great as a standard commodity is considered
to have an ideal weight of two tons.) In the use of this coefficient, transport costs are
generally assumed to be proportional to distance.

For supplementary discussion, see Location and Space-Economy, pp. 126-142.

18 The percentage of compression thus represents the per cent by which the wage
rate at a cheap-labor location is lower than the wage rate at existing locations (after
adjustment to an equivalent efficiency basis).
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jby locating in the cheap-labor region. Only if the labor cost saving
Is greater in amount than the additional transport cost would it be
to the industry’s advantage to locate in the cheap-labor region, ceteris
paribus.

Second, consider the relative attraction held by a specific cheap-labor
area for two industries with identical labor coefficients but with geo-
graphically different minimum transport cost production sites. Except for
special cases, the relative pull of the cheap-labor area would be different
for the two industries; it is quite possible that location there would
represent a net advantage for one but a net disadvantage for the other,
depending on the net additional distance involved in location away from
the respective minimum transport cost sites.19

It is even possible that the distance factor could be so different for two
industries with reference to a specific cheap-labor site that one could have
a relatively low labor coefficient and yet be attracted to the site, and the
other could have a relatively high labor coefficient and yet tend to locate
away from the site. It becomes evident that even when labor costs and
transport costs are the only significant locational influences, a ranking of
industries by their labor coefficients is a valid indicator of the relative
degree to which they are attracted to a specific cheap-labor site only when
the net additional distance involved in a location away from the minimum
transport cost site is the same for each industry.2¢ Such a ranking can be
definitely misleading if the distances involved vary among industries, as
they commonly do. The ranking can be still more misleading if we
consider too the possibility of transport savings at a cheap-labor site from
the use of substitute sources of raw materials, since this possibility may
vary greatly from industry to industry and from region to region.2! The
relative degree of the cheap-labor site’s attraction for different industries
can be assessed under such conditions only by individual calculation for
each industry of the labor cost saving per unit compared with the additional
transport cost per unit.

19 For example, a cheap-labor area in, say, South Carolina might attract an industry
utilizing lower Mississippi Valley raw materials and serving a Middle Atlantic industrial
market ; yet for an industry having an identical labor coefficient but using raw materials
from the Central Plains states and serving a Chicago-Detroit market, the labor cost
savings attainable at the South Carolina location could very well be entirely inadequate
to offset the additional transport cost incurred on the shipment of raw materials and
product.

20 Also, in Weberian terminology, the location figures must be identical (or, practic-
ally speaking, approximately equal).

21 Additionally, the possibility of cost savings from substituting cheap labor for other
factor inputs may exist, and to a different extent from industry to industry. Such cost
savings must be allowed for in the final cost comparisons.
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The reader will perceive that this sort of calculation is actually an
industry comparative cost study in an abridged form. That is, cost dif-
ferentials are calculated between two regions, the region of the minimum
transport cost site and the region of the cheap-labor site, with respect to
only two cost elements, transportation and labor. This illustrates the
basic limitation of the labor coefficient and of any comparative cost
calculation derived from it. At the end, the analyst finds himself with a
set of incomplete regional comparative cost studies. A better method
would be to proceed from the outset with a more complete and systematic
set of industry-by-industry comparative cost studies (embracing, if pos-
sible, recognition of community attitudes and other similar subjective
factors discussed in Appendix A to this Chapter).

Of what use then is the labor coefficient? It has already been noted that
a ranking of industries by their labor coefficients furnishes an indication of
the extent of their attraction to cheap-labor regions generally. To the
analyst concerned with the growth prospects of a specific cheap-labor
region, such a ranking is an aid in deciding for which industries to carry
out comparative cost studies. Certainly those with high labor coefficients
would be included at the start. The ones with lower coefficients should
not be summarily rejected, but the analyst would realize that their growth
in his region, in all likelihood, depends on other factors in addition to
possible labor cost savings.

Although the labor coefficient has been discussed to illustrate a device
useful to a limited extent in the analysis of a region possessing a particular
resource, similar coefficients can be developed in connection with other
specific regional resource advantages. Thus, a power coefficient, a fuel
coefficient, a steam coefficient, among others, could be developed to in-
dicate the relative extent to which various industries are attracted to regions
of cheap power, fuel, steam, etc. These coefficients would, as in the case
of the labor coefficient, have as a numerator the average cost of the
specific resource input per unit output of product, and as a denominator
the locational weight associated with the unit output of product.22 Their

22 [n the computation of these as well as labor coefficients, it is sometimes possible
and desirable to take account, in the denominator, of the effects of using such resources
as power, fuel, and steam. Often regional differences in power and steam costs are
attributable almost wholly to regional differences in the cost of the fuel required ; these
fuel differences, in turn, may simply reflect the cost of transporting fuel such as coal or
gas from one region to another. If the process power, steam, and fuel requirements are
expressed in terms of their required fuel equivalents, the latter can then be considered
as part of the locational weight. For a more complete discussion of this point, see
W. Isard and E. W. Schooler {42], pp. 15-16.

If regional differences in power or steam costs are wholly due to differences in trans-
port cost between regions of required fuel, a set of power coefficients or steam ¢o-
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use would likewise be principally as general indicators rather than as
specific measuring devices.

If a region possessed more than one resource advantage, for example,
cheap labor and cheap power, a combined coefficient might perhaps prove
useful in certain situations. The numerator in this case would consist of
the combined labor and power cost per unit output, and the denominator
would again be the locational weight of the unit output of product.
However, the two elements of the numerator would have to be weighted,
the weights for any region being the respective percentage compressions
achievable in the region for these elements. Since the weights would
differ from region to region, the usefulness of a combined coefficient is
greatly curtailed.

D. CoeFFICIENT OF LocarLizaTioN, LocarizarioN CURVES AND
RaT108, AND RELATED CONCEPTS

The coefficients discussed so far are primarily applicable to the analysis
of a region with an abundant and cheap endowment of one or more par-
ticular resource. However, the regional analyst may be concerned not so
much with finding which industries can best use an abundant resource as
with finding industries to diversify the economic base of the community.
Or he may be concerned with possible lines of development in a region
committed to a specific policy of small industries or small plants or both.
Or he may be concerned with the change over time of the spatial pattern
of population and total employment, or with the change over time in the
degree to which one or more industries are material- or market-oriented.

1. PRELIMINARY ORGANIZATION OF DATA

To help deal with such concerns and problems and many similar ones, a
number of coefficients, ratios, and indexes have been developed. Many of
these pertain to the same sets of data. It therefore is desirable to discuss
them in a rather systematic manner. To facilitate this discussion, we
sketch the outlines of a table containing certain basic data.

Table 7 relates to 1954 manufacturing employment by industry for the
United States viewed as a system of regions. (The problem of selecting
appropriate sets of regions and industries will be discussed later and in
Appendix B.) Each column refers to a particular state (region) of the
United States ; the total manufacturing employment in each state (region)

efficients indicate, in effect, the relative importance, among the different industries, of
transport inputs associated with power and steam requirements, compared with other
transport inputs, in establishing the minimum transport cost site.
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a given industry compared to some total national magnitude such as
population, land area, manufacturing employment, or income. It is
essentiallya comparison of the percentage distribution by region of employ-
ment in the given industry with the regional percentage distribution of the
base magnitude, for example total national manufacturing employment.
The actual computation of the coefficient typically consists of (1) sub-
tracting for each region its percentage share of total system employment
in the given industry (as recorded in the numerators of the first ratio in
the cells of the given row of Table 7) from its percentage share of total
manufacturing employment in the system (as recorded in the denominators

TABLE 8. DATA FOR COMPUTATION OF COEFFICIENT OF LOCALIZATION

Regions
Item A B C D
1. Per cent of employment of industry i 20 30 35 15
2. Per cent of total United States manufacturing
employment 15 20 30 35
Difference (row 1 —row 2) +5 410 +5 -2
(Location Quotient) (.33 1.5 1.17 043)

of the first ratio in the cells of the same row of Table 7); (2) adding all
positive differences, or all negative differences ; and (3) dividing the sum
of the positive (or negative) differences by 100. For example, if the data
for a four-region system are as shown in Table 8, the coefficient of localiza-
tion is

+20/100 = 0.2 (footnote 26)

The limits to the value of the coefficient are 0 and 1. If the given in-
dustry is distributed exactly the same as is the base magnitude, the value
will be 0. In contrast, if the entire industry is concentrated in one (small)
region, the value will approach unity.

For the regional analyst seeking to implement a policy of diversification,
a series of localization coefficients, each derived from the data of a relevant
row in Table 7, could be useful. 1t could provide the basis for a preliminary
and tentative judgment about which industries to seek and encourage or
at least to investigate further. Industries with low coefficients are relatively

26 The summation could just as well be of the minus deviations, since the percentage
distributions are such that the sum of total plus and minus deviations is zero.
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nonconcentrated regionally and are thus presumably amenable to location
in a region seeking industrial diversification.

The basic feature of the localization coefficient—the comparison of two
percentage distributions applicable to a given set of regions—can, of
course, be extended to the comparison of any two meaningful percentage
distributions. As already suggested, instead of using total manufacturing
employment as the base, an analyst can use other magnitudes such as
employment in another related industry or industrial complex, population,
land area, Gross Product, and income. (The data may again be organized
along the lines of Table 7.) If employment in another related industry is
used as the base, the coefficient of localization is essentially the coefficient
of geographic association, as defined by Florence.2’ It compares the
geographic distribution of a given industry to the geographic distribution
of the base industry. 1f population is used as base, the coefficient of locali-
zation may again be alternatively stated as a coefficient of geographic
association whereby the geographic distribution of a given industry is
associated with the geographic distribution of population.28

Not only are there many possible base magnitudes but also there are

- many magnitudes relevant for comparison with a base. That is, not only

may tables like Table 7 be constructed in order to relate regional employ-
ment by industry to such base magnitudes as population, land area, and
income, but they may also be constructed to relate to a pertinent base
many other variables : for example, population by age group, color, or
native stock ; value added by industry ; and urbanization by size class of
city. Each such table then provides the data in the basic form for the

27 When the value of the coefficient is zero, complete geographic association exists;
when the value is unity, no geographic association exists.

28 When in Table 7 a new base is substituted for total manufacturing employment, the
row of numbers representing totals for the United States and its regions, which comes at
the top of the columns, must be changed. And as a consequence the denominator of
the first ratio, the pure number, and both the numerator and denominator of the second
ratio must be changed.

For example, if population substitutes for total manufacturing employment as base,
the population of the United States, and of each of its states, must be listed at the head
of the respective columns. The numerator of the first ratio remains unchanged, since
it represents a region’s percentage share of employment in a given industry. The
denominator of the first ratio changes ; it now represents the region’s percentage share of
United States population. The numerator of the second ratio changes ; it is the fraction
formed by dividing a region’s employment in a given industry by that region’s population
(which equals the region's per capita employment in the given industry). The denomina-
tor of the second ratio also changes ; it is the fraction formed by dividing United States
employment in a given industry by United States population (which equals United
States per capita employment in the given industry). Also, as a consequence the pure
number (location quotient) in each cell changes.
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computation of the relevant set of coefficients of localization (or geographic
association).2?

One variant of the coefficient of localization which is of general value is
the coefficient of redistribution. This coefficient is essentially a measure
of the deviation between two distributions of the same phenomenon taken
at different key points of time. For example, for two successive census
years the percentage distribution of population by region could be com-
pared. Taking one percentage distribution as the base, the deviations
of the other percentage distribution can be computed. Summing all
positive (or negative) deviations yields a figure which when divided by
100 can be designated a coefficient of redistribution. The value of such
a coefficient will range from 0 (no redistribution) to unity (complete
redistribution).

A number of other related coefficients may be constructed for various
purposes. Some of these, together with the coefficient of geographic
association and coefficient of redistribution, are listed in Table 9.30 The
relationships expressed by these coefficients and their possible uses are
for the most part self-evident.3!

29 When in Table 7 a2 new nonbase magnitude is substituted for employment by
industry, the first column of numbers representing totals for the several classes of in-
dustries must be changed. They must represent relevant totals for the new set of
sectors (item classes or groups). And as a consequence the numerator of the first ratio,
the pure number, and both the numerator and denominator of the second ratio must be
changed.

For example, if the base magnitude is population (as in the previous footnote) and if
number of families by income group substitutes for employment by industry as the non-
base magnitude, the number of families in each income group must be recorded in the
first column. The numerator of the first ratio changes ; it comes to represent a region’s
percentage share of the total number of families in a given-size income group in the
United States. The denominator of the first ratio remains unchanged ; it still represents
the region’s percentage share of total United States population. The numerator of the
second ratio changes; it is the fraction formed by dividing the number of families of a
given-size income group in a region by that region’s population. The denominator of
the second ratio also changes ; it is the fraction formed by dividing the total number of
families of the given-size income group in the United States by the population of the
United States. Also, as a consequence, the pure number (location quotient) in each
cell changes ; it now reflects the extent to which the total population of each region has
a proportionate share of United States families in a given-size income group.

30 Also see P. M. Hauser, O. D. Dunecan, and B. Duncan [30).

31 As with the coefficient of localization, the coefficients of Table 9 are based on
ratios of two percentages or fractions which in turn may yield the location quotient or
one of its many possible variants. In connection with the use of the 1954 Census of
Manufactures data, Alexander lists the following fractions (or percentages) of possible
value for geographic analysis: number employed in manufacturing divided by total
employed labor force, by total population, by total number of factories, or by employ-
ment in activity /; value added divided by total population or by number employed in
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3. THE LOCALIZATION CURVE

A tool superior in several ways to the coefficient of localization and re-
lated coefficients listed in Table 9 is the Jocalization curve.32 The localiza-

TABLE 9. COEFFICIENTS: TYPE A

Name of Coefficient Author Distributions Compared
Coefficient of geo- - Florence et al. Shares of manufacturing employ-
graphic association [20]. ment by states : industry / versus

industry j.

Coefficient of con- Hoover [36] Shares by states : population versus
centration of area '
population

Coefficient of redistri- Hoover [36] Shares of population (or total
bution Florence, et al. wage earners, or employment in

[20] selected manufacturing indus-
tries) by states: year « versus
year

Coefficient of devia- Hoover [36] Shares of population by states:
tion white versus Negro

Index of dissimilarity Duncan [14, 15] Shares of workers by areas : occu-

pation group A versus occupa-
tion group B

Index of segregation Duncan [14, 15] Shares of workers by areas:
. specific occupation group versus
all other occupation groups

tion curve is constructed from a set of regional percentage figures by
plotting on the vertical axis a cumulative percentage figure for the given
industry’s employment and on the horizontal axis the corresponding

manufacturing ; value of payroll divided by value added ; number of small factories
divided by total number of factories (J. W. Alexander [4], pp. 20~26).

A series, by areas, of any one of these fractions when compared with the relevant
fractions for the total system (say United States) could form the basis for a coefficient
similarto those listed in Table 9. Forexample, the quotients of the per cent of a county’s
factories which are small factories to the per cent of United States factories which are
small factories may be computed. The resulting series, by county, can be transformed
into a series of ratios indicating a county's percentage share of all small factories in the
United States to that county’s share of all factories in the United States. By a summa-
tion of positive (or negative) deviations, a coefficient of geographic association of small
factories relative to all factories can be computed.

32 This curve is developed and discussed in E. M. Hoover [35]. Also see E. M.
Hoover [34], pp. 182-184,
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cumulative percentage figure for the base magnitude. Typically, the re-
quired regional percentages can be obtained from the data included in a
row of such tables as Table 7. [For every row (industry) of Table 7, a
localization curve can be constructed.] The procedure involves (1) ranking
regions by location quotients along the relevant row; and (2) plotting
regions by rank on a cumulative percentage basis. For example, we may
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Figure 1. The localization curve.

take the data given in Table 8. Region B has the highest location quotient.
As the first step, we therefore plot its percentages in Figure 1 (point 1 on
curve o). Region 4 has the next highest location quotient. We therefore
add region B’s percentages to the corresponding percentages of region A
and plot the two sums (point 2 on curve «). Region C ranks third in size
of location quotient for industry i. Its percentages are added to the cor-
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responding sums already obtained and the resulting two new sums are
plotted (point 3 on curve «). Finally, region D’s percentages are added to
yield 100 per cent for both magnitudes. Joining the successive points by
straight-line segments yields localization curve «.

Localization curves are essentially a device to depict and rank regions
by location quotient since the slopes of their straight-line segments are
identical with the location quotients of the several regions. If it turns
out that a given industry is distributed regionally exactly the same as the
base magnitude, the location quotients will all be unity and the localization
curve will be a 45° diagonal from the origin. However, any divergence
in the two distributions will be reflected in a deviation of the localization
curve above and to the left of the diagonal. The extent of this deviation is
a measure of the regional concentration of the industry, compared to the
base magnitude. In this connection, we may compute the ratio of (1) the
area between the localization curve and the diagonal to (2) the total area
of the right triangle formed by the diagonal, the vertical axis, and the top
of the graph. The limiting values of the ratio would be zero and one, as
they were for the coefficient of localization computed from the plus or
minus deviations of the percentage distributions.

In addition to using a localization curve to summarize the geographic
pattern of an industry at a given point of time, an analyst may wish to
proceed further with this tool. He may wish to contrast the geographic
patterns of several industries at a given point of time. On a figure such as
Figure 1 he may wish to construct another localization curve representing
a second industry, still another localization curve representing a third
industry, etc. For example, in Figure 1 a second localization curve 8 is
constructed.? The advantage that a graphic presentation of two or more
localization curves has over a presentation of two coefficients is clear-cut.
This advantage exists whether or not the same set of regions is used in
constructing the localization curve (and calculating the coefficient of
localization) for each of the two or more industries under study.34

Moreover, an analyst may wish to compare the geographic pattern of an
industry at a key point of time with its pattern for one or more other key
points in time. On a figure such as Figure 1 he may wish to construct a
localization curve for each time point to be considered. For example, on

33 The B curve is taken from E. M. Hoover [34], p. 183, and represents shoe manu-

facture in the United States. States are taken as regions. The base magnitude is
population. The nonbase magnitude is employment in shoe manufacturing.
" 34 When different sets of regions are justifiably used from one industry to the next,
considerable care must be exercised in reaching conclusions, whatever the tool used for
descriptive comparison. See later remarks on the variation of the coefficient of localiza-
tion with change in regional classification.
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Figure 1 we have constructed localization curve y which represents the
same industry / as does curve « but is applicable to a different point of
time. A comparison of curves « and y, particularly when the ranking of
regions is the same for both, has clear advantage over a mere presentation
of two coefficients.

Thus, it may be concluded that the localization curveis a useful supple-
ment (if not substitute) of the coefficient of localization. It retains regional
detail in that the slopes of its line segments register the relevant regional
location quotients, that is, show the regional components of a geographic

TABLE 10. CURVES AND COEFFICIENTS: TYPE B

Cumulative Distribu- Order of
Name of Coefficient Author tions Compared Cumulation
Urbanization curve Hoover [36] Shares by cities: em- By city size
and coefficient ployment in indivi- (small to
dual industry versus large)
total population
Urbanization curve Duncan [12] Shares by city-size By size of
and coefficient groups : retail sales group
in a given business (small to
versus total retail large)
sales
Index of centralization Duncan [15]  Shares by census tracts: By distance
specific occupation from city
group versus all oc- center

cupation groups (al-
ternatively, employ-
ment in a given in-
dustry versus all in-
dustry)

pattern. And it permits a visual comparison which for many studies may
effectively complement (or replace) the presentation of one or more
coefficients. Yet, for systematic studies which are based on a compre-
hensive set of tables, such as Table 7, and in which a fine industrial classi-
fication is employed, a complete set of localization curves may be an
unwieldy tool for analysis. It may be much less efficient than the summary
presentation of a set of coefficients, such as those listed in Table 9, par-
ticularly when supplemented by one or more sets of other coefficients,
such as those listed in Table 10.3%

35 Hoover and others have attempted to extend the graphic technique of the localiza-

tion curve to compare distributions ordered in accordance with other external criteria.
For example, Hoover’s urbanization curve is obtained by the same method as the
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4. THE SHIFT RATIO AND RELATIVE GROWTH CHART

In section 2 we have already commented on the coefficient of redistribu-
tion. Another measure of regional shift in industry which is very similar
to this coefficient is a shift ratio.3s The rate of growth of employment in a
given industry is first calculated over an intercensal period on an over-all
or national basis. Then there is computed for each region the difference
between the actual employment in the industry and the employment that
would have resulted had the region’s rate of growth in the industry been
the same as the national rate. A positive difference signifies a shift of the
industry into the region ; a negative difference indicates a shift out of the
region. The shift ratio for the industry is calculated by summing all the
positive (or negative) shifts in employment and expressing the result as a
proportion of total industry employment.37

It is apparent that an important defect of both shift ratios and co-
efficients of redistribution as measures of interregional industrial shifts is
the fact that they take no account of changes in other major variables.
Regional realignments in population, total income payments, value added
by manufacture, private investment expenditure, public spending on
waterways and highways, etc., may significantly influence or modify the
possible implications of an industry’s shift ratio or redistribution
coefficient.38

localization curve, except that the units of the distributions are cities of various sizes
rather than regions or states, and the order of the graphic cumulations is according to
city size. Unlike the localization curve, the urbanization curve may be quite irregular
orerratic, In fact, it may be above the diagonal in some places and below it in others.
A numerical coefficient of urbanization can be computed as an area ratio, similar to
the Hoover derivation of the coefficient of localization. Table 10 contains a summary
list of a few such *‘externally ordered” curves and coefficients which are designated
type B,

36 See D, Creamer [8], ch. 4. For a more recent application of this general type
of thinking, see V. R. Fuchs [22].

7 In addition to his use of shift ratios to measure regional redistribution of industrial
employment, Creamer developed a rough measure of regional concentration of industry
—the coefficient of scatter ([8], p. 90). It is expressed as the least number of states
necessary to account for 75 per cent of total industry employment. Clearly, this can
offer only a very general indication of the extent of industry concentration. More
accurate comparisons are possible via the localization curve or coefficient of localization.

38 For example, the fact that an industry has had a high shift ratio or coefficient of
redistribution over a period of time may be considerably less striking if it is found that
the coefficient of population redistribution was correspondingly high during the same
Pperiod, particularly if there was a high coincidence in the individual components of the
iwo types of ratios. Conversely, an industry with a low shift ratio or redistribution
coefficient may be thought to have few implications of regional change—until it is found
that the coefficient of population redistribution was high for the period. One possible
way to attack the type of difficulty illustrated would be to compute a supplementary
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One approach to this problem which can take account of one va.ria.ble
in addition to the industry change is the refative growth chart.?® This is a
graphic presentation of the scatter diagram type and can be ad.apted to the
problem of industry redistribution using a figure such as Figure 2. In
Figure 2, the vertical axis measures for a given industry employment at the
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Figure 2. Relative growth chart, by region.

end of the period of analysis as a percentage of the employnj\er}t at the
beginning of the period. The horizontal axis measures a similar per-
centage for the other variable, say population. Each region of a system,
here taken to be the United States, is represented by a point on the graph
with coordinates determined by its percentage changes in industry em-
ployment and in population. The system’s average percentage changes n
coefficient measuring the deviation between the regional percentage distributions of

growth in population and growth in the given industry.
3% See E. M. Hoover and J. L. Fisher [37], pp. 195-203.
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these magnitudes are also indicated by a point, here indicating the average
changes for the United States. A diagonal drawn from the origin through
the United States point has a slope equal to the ratio of the two relevant
percentages for the United States as measured on the two axes. This
slope is also equivalent to the percentage change in United States per
capita employment in the given industry.40 The diagonal permits easy
visual comparison of the several regional per capita changes with the United
States per capita change. If a region is represented by a point lying above
and to the left of the diagonal, its per capita change in the given industry
employment is greater than that for the nation (system) as a whole. In
addition to the diagonal, a vertical and a horizontal line may be extended
from the axes through the point representing United States experience, as
is done in Figure 2. These permit visual comparison of regional rates of
both population change and employment change in the given industry
with the corresponding United States rates.*1, 42

40 That is, if E represents employment, P populaiion, and « and 8 the beginning and
end of the period respectively, then

Eg/Ea _ Eg/Pg _ per capita employment in year 8
PglPy  EoP,  per capita employment in year «

41 To illustrate the use of such a graph, a few of many possible sitvations may be
hypothesized. An industry growing at somewhat the same rate as national population
might show a wide scatter of points clustered along the diagonal. This would indicate
that, although the industry had a high coefficient of redistribution, it had little change in
per capita importance by regions. Onu the other hand, a wide scatter of points along the
horizontal line would indicate considerable divergence among the regions in per capita
changes in the given industry, in spite of a low coefficient of redistribution. If, however,
there had been a situation of major regional redistribution of the industry combined
with little relative regional change in population, the result would be a wide scatter of
points all close to the vertical line. Not only would the industry show a highredistribu-
tion coefficient ; it would also show a wide extent of change in its regional per capita
importance,

42 For regional analysis, the relative growth chart is useful in ways other than indicated
in the text. To cite two such ways, it can compare by regions (1) per cent changes in
income, in per capita income, and in population; or (2) per cent changes in Gross
Product, in productivity per worker, and in total employment.

Also, in line with certain suggestions of Zelinsky, the influence of population change
could be accounted for directly in computing the individual ratios of the redistribution
coefficient (W. Zelinsky [69]). In measuring change in United States manufacturing
activity between 1939 and 1947, Zelinsky develops certain *‘factors™ or expressions
which take account of the interrelations between areal changes in amount of manu-
facturing, population, and number of production workers. For example, he writes the
V:P factor for an area as

Vio3-Proar- K
Piozp
where ¥ is value added by manufacture, P is area population, and X is a constant such

Vigas —
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5. TECHNICAL LIMITATIONS

Thus far, we have suggested some possible uses for the various co-
efficients and related concepts which have been discussed. However, like
most techniques, they are subject to major limitations. One of the most
evident shortcomings of any coefficient or graphic representation which is
based on the deviation between, or ratio of, two percentage distributions
is that the results obtained will differ, depending on the degree of areal
subdivision, For example, the coefficient of localization of an industry
compared to total manufacturing workers would almost certainly be
higher if the nation were broken down by counties rather than by states.43
Furthermore, the degree of variation in the value of the coefficient under
such conditions would differ for different industries. Thus, two industries
might have virtually the same coefficient of localization if states were the
unit of subdivision but substantially different ones if counties were. This
reduces the usefulness of interindustry comparison based on the coefficient
of localization and similar devices.

This shortcoming is neatly portrayed by Figure 3, taken from Duncan,
Cuzzort, and Duncan.#¢ This figure indicates indexes of population con-
centration, for five alternative systems of areal subdivision of the United
States, 1900-1950. These indexes are essentially coefficients of localization
of population, where land area is the base magnitude. That these co-
efficients decrease as the size of region increases is clear from this figure.
For any one year, the smaller the areal subdivision the greater the co-
efficient proves to be. More striking, however, is the fact that over the
time period examined the coefficients based on large areal subdivisions

that the sum of the V:P factors for all areas is zero (i.e., SV:P = 0). (K thus approxi-
mates the rdtio for the nation of per capita value added by manufacture for 1947 to the
same magnitude for 1939.) Thus, if the ratio of per capita value added had increased at
a uniform rate in all areas between 1939 and 1947, the ¥ P factor for each area would
be zero.

Although Zelinsky presents his findings as a set of positive and absolute differences
(see Map 2), they can be expressed in terms of percentile differences. Such percentile
differences in turn could form the basis for the calculation of a redistribution coefficient
as already discussed. Use of magnitudes other than value added and population would
also lead to other relevant redistribution coefficients.

43 Thompson points out that virtually any industry exhibits a high coefficient of
localization if the areal subdivision scheme is fine enough. However, in his view, of
more significance may be the rate at which the value of the coefficient decreases as larger
subdivisions are considered. A rapid rate of decrease suggests that the industry is in
reality rather dispersed, with the several sites (or areas) of production contiguous with
areas of nonproduction. A slower rate of decrease indicates that the production sites
are “‘clustered” within a smaller number of separate producing areas. See Ww. R.
Thompson [64].

44 0. D. Duncan, R. P. Cuzzort, B. Duncan [13].
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tend to become smaller, whereas the same coefficients based on small areal
subdivisions tend to become larger. This fact corroborates the point that
as a descriptive device any given coefficient can be meaningful only with
reference to the set of areal subdivisions adopted. Furthermore, this
fact suggests that a series of coefficients based on different areal sub-
divisions is necessary to indicate the complex pattern of population changes
over time.45

A second major difficulty of the coefficient of localization and related
concepts reflects the tendency of any such measure to vary considerably,
depending on the choice of base. Localization, centralization, redistribu-
tion, etc., are necessarily expressed relative to a base magnitude—there is
no absolute measure. Thus, if a large portion of a country’s total industry
is concentrated in a relatively few metropolitan areas, a specific industry
also heavily concentrated in these same areas will quite likely show a low
coefficient of localization when the coefficient is computed with total
industry employment or output as a base. If the coefficient were computed
with geographic area as a base, the value would be considerably higher.45

45 For further discussion, see O. D. Duncan, R. P. Cuzzort, and B. Duncan [13].

In view of this limitation, an analyst may seck measures of geographic distribution
which are essentially independent of the scheme of subdivision used. One such measure
is a centrographic technique which has been developed by Bachi for summarizing the
extent of population dispersion. (See R. Bachi [3], as reported by O. D. Duncan, R. P.
Cuzzort, and B. Duncan [13]). In a population distribution each areal unit, with a
population of P;, can be approximated as a point with a horizontal ¢oordinate x; and
a vertical coordinate y;. Then the ““mean center” of population is at (%, 5) where

F= zPi-Xi/ZXi and j = zPi'yi/z}’i-
7 i i !

Dispersion around the mean center can be measured by the “*standard distance,”

> Pi(a — R+ > Py - o
d= 7 7
ZP(

Similarly, the dispersion of population can be measured in terms of distances separating
the centers of the individual areas. There is a constant relationship between these two
measures of dispersion, and their values are affected only incidentally by the type of
subdivision employed. (Generally speaking, the measures are more precise the smaller
the subdivisions.)

Clearly, such measures could be of considerable help in evaluating the degree of
concentration or dispersion of given industries, number of manufacturing workers, etc.
However, as Duncan, Cuzzort, and Duncan point out, when one is concerned with
changes in a distribution pattern (e.g. over time), it is hardly likely that any single
centrographic technique could furnish a complete or adequate description. A series of
coefficients based on different sets of areal subdivisions might well be preferable.

46 W, R. Thompson [64] has pointed out this problem of the implicit weighting of the
individual regions by their respective shares of the base magnitude. In order to weight
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As already noted, a defect which applies particularly to the numerical
coefficients and shift ratios is that they express a combined or net value
and give no indication of the behavior of the individual components
making up that value.4? In this connection, preserving the detail on the
behavior pattern of the individual regions via the use of a localization
curve would be highly desirable, although perhaps cumbersome.

As already pointed out in a previous footnote, the graphic approach
has been extended to the construction of curves and the calculation of
ratios and coefficients in which the distributions are ordered, not according
to the magnitude of the individual deviations but according to some exter-
nal standard, such as size of city, distance from city center, etc. Co-
efficients and curves of this type (type B) can be of only limited use. The
curves are not typically smooth or symmetric and can give only a very
rough idea of what they purport to describe. They can be badly distorted
by major deviations anywhere in the ranking. The corresponding
coefficients based on ratios of graphic areas are noncomparable.*8

A final major difficulty of the coefficient of localization and related
f:oncepts is the problem of designing a proper set of industrial categories,
income classes, occupational groups, population sectors, etc. Thus far
we have assumed that a set of categories is predetermined, for example,
that the most desirable industrial classification has been determined. Or

regions equally (when such is desirable), he suggests that a coefficient of spatial variation
be substituted for the coefficient of localization. If we let EF be employment in the given
industry / in region L (where regions are numbered from 1 to U), £~ be total manufactur-
ing employment (or population) in region L hf' equal E}/E", and U be the number of
regions, then the coefficient of spatial variation equals o/h; where

)

L

a = I,-'___
N [7
and
2, h
b= —=—
T

"7 For example, a specific valtue for the coefficient of redistribution of employment in
a given industry may have resulted from a major exodus from one region and minor
increases in most of the others ; or from a major expansion in one region coupled with
small losses in the others. The knowledge of which situation (if either) actually existed
yvould certainly be helpful to a regional analyst concerned with future prospects of the
industry, but the coefficient itself would not furnish this information.

48 For example, suppose that the urbanization curves of industry i and industry j
enclose equal areas between the curve and the diagonal, giving the two industries equal
coefficients of urbanization. However, if the curve for i has a bulge near one end of the
ranking, and the curve for ; has a similar bulge toward the other end, we could not
state that industries / and ; are equally **urbanized.”

——*7—
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we have been concerned with a given industry (already defined), or manu-
facturing industry as a whole, etc., and have probed into its geographic
pattern. But suppose our concerns center around broad issues such as
resource development policy and industrial diversification within a system
of regions. Suppose we wish to select, out of the whole array of industries,
a few that initially appear suitable for development for'each of a number
of areas. Suppose, too, for this task we judge that there ought to be
constructed a complete set of coefficients of localization, ratios, etc.
based on systematic sets of data such as those contained in Table 7. Un-
fortunately, the values of the coefficients, ratios, etc., obtained will be very
much dependent on the fineness of the industrial classification employed.
A gross industrial classification, such as a two-digit one, for example,
would tend to yield low coefficients of localization, etc., just as large
geographic divisions do. In contrast, a fine industrial classification, such
as a four- or five-digit one, would tend to yield high coefficients just as
small areal subdivisions do. And, as will be evident in the next section,
the ranking of regions by degree of specialization may be greatly influenced
by the nature of industrial classification. Further, the pattern of change
in these coefficients over time may be very much a function of the degree
of industrial disaggregation.

INDUSTRGL RESIONS.

V FACTOR
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6. CONCEPTUAL LIMITATIONS AND SUMMARY REMARKS

The limitations and defects discussed to this point are technical. They
are direct consequences of the method by which the coefficients, ratios,
and curves are defined or derived and data and regions classified. A more
serious and fundamental limitation to their use is that they are of little
help in identifying cause and effect relationships. They are essentially
mechanical devices with which empirical facts can be processed to reveal
certain statistical tendencies or regularities.

For example, consider Map 1. This map effectively presents basic
data which might be used to develop a shift ratio, or a coefficient of re-
distribution. It portrays by State Economic Areas (S.E.A.’s) differences
between value added by manufacture in 1947 and the amounts required
to retain 1939 shares of national total value added by manufacture.
(This is defined by Zelinsky as the V factor.) It shows, for example, that
over the period 1939-1947, the shares of S.E.A.’s in the Middle Atlantic
states and New England generally declined, whereas those of the S.E.As
in the Ohio-Indiana—Michigan region generally increased.

Since during this same period population growth of the S.E.A.'s has also
varied considerably, another type of map such as Map 2 may be con-
sidered more relevant. Map 2 presents the value added changes of Map 1
after they have been adjusted by the population changes. (This set of

) [
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Source: W. Zelinsky [69], p. 110.

V factor, by state economic area, 1939-1947.

Map 1.
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adjusted changes, which is defined by Zelinsky as the V:P factor,4? is
! closely related to the localization curve, location quotients, and the co-
efficient of localization.) Map 2 indicates the same general pattern of
change as does Map 1, but certain significant modifications can be noted.
There are significant exceptions to the generally declining shares ex-
perienced by S.E.A.’s along the northern Atlantic Seaboard. Certain
strategic areas in western New York State and in western Pennsylvania
are associated with only slightly decreased shares.50

Clearly, maps such as these are extremely effective in establishing trends
and patterns of change. Yet, it must be remembered that neither maps nor
the corresponding coefficients explain or identify the economic and other
forces which interact to produce these tendencies and regularities.S! As
a consequence, the current general trends and patterns revealed by the

various curves and coefficients cannot be assumed to apply automatically

( 1o future development or, by analogy, to individual regional situations.
This is not to deny that the various coefficients are valuable to the regional
analyst as an aid in ordering and classifying his empirical data and in
deciding which avenues of further research are likely to be fruitful. How-
ever, the definite limitations of the measures should be understood, and
they should not be considered as ““short cuts* to conclusions that can only
result from more basic analysis.

The discussion of the general type of statistical measure exemplified by
! the localization curve, the shift ratio, and the coefficient of localization
l can be briefly summarized :

WU RCSON |
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1. The coefficient, curve, or ratio is derived essentially from a com-
parison of two percentage distributions which have common units of
classification, for example, states, counties, cities, census tracts, etc.52
This formulation results in three important technical limitations. First,
a change in the degree of fineness of area classification will generally cause
a change in the coefficient, curve, or ratio. Second, the value of the
coefficient, or ratio, or the shape of the curve is relative; it describes a

V : P factor, by state economic area, 1939-1947. Source: W. Zelinsky (69], p. 116.

49 This factor is defined in footnote 42.
50 A relative growth chart could be constructed as an alternative method of presenting
Lo the data of Map 2. On the vertical axis would be measured value added in 1947 as a
= percentage of value added in 1939. On the horizontal axis would be measured popula-
tion in 1947 as a percentage of population in 1939. Thus each region, and the United

States as a whole, could be represented by a point on the relative growth chart with
coordinates determined by the relevant percentages. Comparative analysis could then
proceed as sketched in the text.

5! For a detailed explanation of this basic limitation as it applies to one particular
measure, the coefficient of geographic association, see Robert E. Kuenne [45), ch. 2.

52 The relative-growth (Hoover-Fisher) chart is more flexible dand permits comparison
of per cent changes of three magnitudes, although one of the three is not independent.

Map 2.
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given distribution in terms of a base distribution and is only as good as
the base is relevant. Third, the value of the coefficient, or ratio, or the
shape of the curve will tend to vary, depending on how broadly the non-
base magnitude (e.g., industry sector, income class, and occupation group)
is defined.

2. Asis true of virtually all statistical measures, the devices and concepts
discussed are of little value in identifying or evaluating cause and effect
relationships. They can assist the analyst to perceive certain general
empirical associations but can be considered only as rough guideposts for
basic regional analysis and planning.

E. COEFFICIENT OF SPECIALIZATION, INDEX OF DIVERSIFICATION AND
Re1aATED CONCEPTS

Closely associated with the concepts discussed in the previous section
are the coefficient of specialization, index of diversification, and related
concepts.5? Objectives similar to.those mentioned at the start of the
previous section have motivated the development of these latter tools and
concepts. Also, these tools and concepts are based on data similar to
those discussed in the preceding section.

To point up these interconnections, we re-examine Table 7. There we
noted that each cell was made up of two ratios, each equivalent to the
location quotient (the pure number) recorded. These two ratios are
obtainable from one another simply by carrying through the algebraic
operation of substituting for one another the denominator and numerator
of the nonbase and base precentages, respectively.’* We have already
discussed how the set of the first ratios in a given row and the location
quotients along a given row can be used to develop coefficients of localiza-
tion and redistribution, localization curves, etc. If we now concentrate
on the ratios (in particular the second ratio of each cell) and the location
quotients by columns (i.e., by regions), we can derive the several tools and
concepts to be discussed in this section.

As already noted, the numerator of the second ratio of a cell in Table 7
indicates for the given region (at the head of the column) the per cent of
the employment of a region accounted for by the industry in the row of
the cell, whereas the denominator of the same ratio indicates for the entire
system (the United States) the per cent of its total manufacturing employ-
ment accounted for by the same industry. Paralleling the discussion of

53 Because of such association, we shall not treat in this section certain fine points
which have already been treated in the previous section. The reader interested in such
points should read this section in parallel with the previous section.

54 See footnote 3, Chapter 5.
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prev}ous sections, we may compute a coefficient comparable to the co-
efficient of localization. We call this new coefficient, which pertains to a
given region, the coefficient of specialization of that region. This co-
efficient is computed for the given region by : (1) subtracting the numerator
from the denominator of each of the second ratios in the region’s column ;
(2) adding all positive (or negative) differences ; and (3) dividing the sum
(without regard for sign) by 100. The limits to the value of this coefficient
are 0 and 1. If the region has a proportional mix of industry identical
with the system (United States), the coefficient will be 0. In contrast, if
aJl the employment of the region is concentrated in a single industry, the
coefficient will approach unity. This coefficient thus measures the extent
to which the distribution of employment by industry classes in the given
region deviates from such distribution for the United States. As with the
coefficient of localization, this coefficient is helpful to the regional analyst
seeking to implement a policy of diversification.

The basic feature of the specialization coefficient—the comparison of
two percentage distributions applicable to a given set of classification units
(e.g. industries, in Table 7)—can be extended to the comparison of any
two meaningful percentage distributions for a given region versus the
United States. For example, the percentage shares of total regional income
accpunted for by the members of each of the several income groups in a
region can be contrasted with the corresponding percentage shares of
national income accounted for by these same income groups. Or the
percentage share of total regional employment accounted for by members
of each occupational group in a region can be contrasted with the corres-
ponding percentage shares for the nation. And so forth.5s

When coefficients of specialization have been obtained for a number of
regions, it js often helpful to map the coefficient values in order to point
up.contrasts among the regions. Such a map would resemble Map 3,
YVthh has been developed by Rodgers and which refers to values along an
index of industrial diversification, a concept similar to the coefficient of
specialization, 56

35 Comparisons such as the ones noted may involve changes (with respect to the data
of Table 7) not only in the base magnitude and the nonbase magnitude, but also in the
clagsification units to which the distributions of base and nonbase magnitudes apply.
Conseq .uem.ly, any given comparison may involve changes in any of or all the percentages
and ratios which appear in Table 7. See the discussion in footnotes 28 and 29.

.56 A Rodgers [56, 57). Rodgers’ map depicts what he terms the refined index of
fhversxﬁcation for each of a large number of metropolitan industrial areas. The refined
u:\dex of .diversiﬁcation for an area is derived from the area’s crude index of diversifica-
Plon, which crude index is computed as follows. Percentages of total area employment
in each of 22 manufacturing groups are calculated. These percentages are ranked in
order from highest to lowest. Then the percentages are cumulated, one at a time, to
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Index of industrial diversification by United States metropolitan regions.

Map 3.
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Corresponding to the coefficient of specialization for a region is a
specialization (or diversification) curve. Such a curve is constructed in
essentially the same manner as the localization curve. The vertical
coordinates of successive points on the curve measure cumulative per-
centages, industry by industry, of the region’s total manufacturing em-
ployment. The corresponding horizontal coordinates measure cumulative
percentages, industry by industry, of total United States manufacturing
employment. The industries are ordered according to the value of the
given region’s location quotients for the industries, as recorded in a column
of such tables as Table 7. The ordering is from largest to smallest. For
any given region, the deviation of the curve from a diagonal from the
origin will measure the degree to which the distribution among industries
of the region’s manufacturing employment differs from the corresponding
distribution of United States manufacturing employment. A variant of
the coefficient of specialization could be derived from the specialization
curve by computing the ratio of (1) the area between the specialization
curve and the diagonal, to (2) the total area of the right triangle formed
by the diagonal, the vertical axis, and the top of the graph. The limiting
values of this ratio will be zero and one, as they are for the coefficient of

specialization computed from the plus or minus deviations of the percent-
age distributions,57

yield a set of cumulative subtotals, that is, the largest is set down first, then the sum of
the largest and the next largest, then the sum of the largest and the next two largest, etc.
Summing these cumulative subtotals yields the area’s crude diversification index. If all
the employment of an area were concentrated in one manufacturing group, the area’s
crude index of diversification would be 2200. This figure would represent the crude
index value for least diversity. In contrast, if employment were equally distributed
among the 22 manufacturing groups, the area’s index value would be approximately
1150, a value representing greatest diversity.

The refined index of diversification for an area, as defined by Rodgers, is equal to
(1) the area’s crude index minus the crude index for all industrial areas taken together,
divided by (2) the crude index for least diversity minus the ¢rude index for all industrial
areas taken together. Thus, a refined index of zero for an area would indicate the same
degree of diversification for that area as for all areas taken together. A value of + 1.0,
on the other hand, would indicate complete nondiversification.

The similarity of the refined index of diversification to the coefficient of specialization
is apparent. An advantage of the index, however, is that it would take a negative value
for areas which had a morte even or equal distribution of employment among manu-
facturing industries than the over-all system of areas, The coefficient, on the other hand,
measuresonly the degree of deviarion of anarea from the diversification pattern of the over-
all system, whether that deviation is in the direction of more or less even distribution.

57 A curve could be constructed based on an industry (or other) distribution ordered
in accordance with some criterion other than size of location quotient, For example,
the order could be based on the number of employees in each industry. The resulting

curve would be irregular in shape, and ordinarily its usefulness would be greatly
circumscribed.
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In addition to utilizing a specialization curve to summarize the industrial
diversification of a given region, the analyst may wish to achieve an inter-
regional comparison by means of a set of these curves. For a given point
of time he may plot on the same graph a specialization curve for each of
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Figure 4. Crude diversification patterns, 1950; by selected metropolitan regions and
the United States. Source: A. Rodgers, [56], following p. B-6.

several regions. Such a group of curves may resemble those of Figure 4. 58
Considerable insight into the comparative industrial structures of the
regions of a system can be gained by a careful study of such a figure.

58 It is evident from Figure 4 that Rodgers® curves are constructed in a fashion slightly
different from the way specialization curves (as defined) would be derived. Instead of
comparing a region’s distribution of manufacturing employment by industry Wit]"l t}‘:e
corresponding total system distribution, Rodgers compares the individual region’s
distribution with an hypothetical equal distribution of employment among all industries.
The latter is considered by Rodgers as **absolute diversification.” The use of this latter
curve has the advantage of providing an abselute point of reference with which to
compare not only individual regions but also the system taken as a whole.

;
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Moreover, a group of specialization curves can be plotted, each re-
presenting the pattern of specialization for a given region at a different point
of time. Such curves can helpfully guide and facilitate the analysis of
historical changes in regional diversification patterns.

In many instances the specialization curve (or group of such curves) has
clear-cut advantages over the corresponding coefficient(s) of specialization.
Perhaps of principal importance is the fact that the curves give some
indication of the relative contribution of the individual industries or in-
dustry groups to over-all diversification. This distinction may be par-
ticularly useful when several regions or several time periods are being
compared.

As already indicated, we can compute for a given region a series of
specialization coefficients over time as well as plot a series of specialization
curves over time. In addition we may wish to summarize such analysis
for the whole system of regions in order to observe the over-all change in
specialization over time within the system. This problem can be attacked
by (1) computing for each region the difference between its coefficients of
specialization at two successive points of time; (2) summing over all
regions ; and (3) dividing by the number of regions. However, in view of
the technical shortcomings of the coefficient of specialization, such a
summarization will possess only a limited degree of validity and usefulness.
Of much more use in this connection is a map that records changes in
coefficients. Although such a map is not available, a similar map, con-
structed by Rodgers, on changes in the crude diversification index, 1940-
1950, illustrates this point well,3® This map is reproduced here as Map 4.

Corresponding to the coefficient of redistribution discussed in the pre-
ceding section, which coefficient summarizes the change over time of the
regional distribution of some magnitude (e.g., population, industry em-
ployment, total manufacturing employment, etc.), a coefficient of redis-
tribution within a region over time can be computed. This latter co-
efficient may relate to employment by industry, employment by occupation
group, income shares by income group, etc. For example, the percentage
distribution in a region of employment by industry group can be compared
for any two successive census years. The resulting coefficient of redistri-
bution based on differences of corresponding percentages will indicate the
extent to which on a relative basis interindustry shifts of employment have
taken place in the region during the intercensal period.

Similar results can be obtained by calculating an interindustry shift ratio
for the region. The over-all rate of growth of the region’s industrial em-
ployment can be calculated for the intercensal period. Then for each

59 A. Rodgers [56].
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Map 4. Changes in crude diversification index 1940-1950 by

industry in the region there can be computed the difference between the
actual employment in the latter census year and the employment that
would have resulted had the industry’s employment grown at the same
rate as the region’s total industrial employment. A positive difference will
indicate a relative shift of employment into the industry, a negative
difference a relative shift out of the industry. The actual shift ratio will
be calculated by summing all the positive (or negative) interindustry shifts
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metropolitan regions. Source: A. Rodgers [56), following p. B-10.

in employment for the region and expressing the result as a proportion of
the region’s total industrial employment.

It is evident that for some purposes a measure which can compare
interindustry shifts of émployment over time in a given region to the
corresponding shifts for all regions will be more useful than just the
coefficient of redistribution or shift ratio for the given region. One such
device is a type of relative growth chart, illustrated by Figure 5. The
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vertical axis of this figure measures, for region 4, employment in year 8 as
a per cent of employment in year o, either for a single industry or for in-
dustry as a whole. The horizontal axis measures for the system (United
States) the same percentage. Along the vertical axis point A represents
this percentage for industry as a whole in region 4. Along the horizontal
axis point R represents the same percentage for industry as a whole for the
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Figure 5. Relative growth chart, by industry.

United States. Therefore, the slope of the diagonal from the origin
through point T (whose coordinates are OM and OR) measures the ratio
of these two percentages. This slope is also equivalent to the ratio of
region A’s percentage share of total system (United States) employment in
year 8 to region A’s percentage share of total system employment in year .
The steeper the diagonal, the faster has been the growth in the region’s
total industrial employment compared to the United States rate of growth.
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The diagonal of Figure 5 permits interesting comparisons for any
particular industry of its growth in a given region relative to its growth in
the total system. For example, the position of industry i in Figure 5
indicates that this industry is slow-growing. Additionally, although this
industry’s growth in region 4 was slower than average industrial growth
in both this region and the United States, its relative decline in region 4
was less severe than in the system as a whole. Thus the industry fared
better in region A4 than could have been expected on the basis of its per-
formance in the United States. Or, to take another example, we may
examine industry j. Its position on Figure 5 indicates that it is a fast
growing industry. Its growth over the period exceeded average industrial
growth in both region 4 and the United States. However, its growth
performance in region 4 was less than could have been expected on the
basis of performance in the total system. Hence, region 4’s share of this
industry declined relative to region A’s share of total industry.

This discussion of the relative growth chart completes the summary
presentation in this section of concepts relating to specialization and
diversification which parallel the concepts relating to localization covered
in the preceding section. Because of this parallel, virtually the same
general technical and conceptual limitations apply to the concepts pre-
sented in this section as apply to those in the previous section. Hence, it
would be only repetitious to undertake a critical evaluation at this point.
Suffice it to say that the values of the specialization coefficients and the
shapes of the related curves are dependent on the degree of fineness of the
units of classification as well as on the size of regions. More important,
the coefficients, curves, and other devices discussed in this section are
essentially descriptive and cannot identify cause-effect relationships.
They, too, take on meaning only when embraced by a valid conceptual
and theoretical framework.

F. GEneEraL CoNcCLUSIONS

In earlier chapters we have not explicitly injected into regional analysis
the major factor of optimizing behavior. This factor underlies the com-
parative cost approach. It lends to this approach a causative significance,
of considerable validity for predictive purposes. In the orthodox single-
industry framework, the comparative cost approach has had a widespread
and fruitful application. And because of its optimizing rationale, in the
future it promises to be one of the most powerful tools in the kit of the
regional scientist. Yet it is recognized that this approach in its traditional
framework pertains to partial equilibrium only ; that is, comparative cost
analysis looks at behavior within a single industry, the structure of all




|
|

280 METHODS OF REGIONAL ANALYSIS

other industries as well as demand, prices, and costs being assumed as
given. Therefore, as already noted, sound regional analysis requires that
the traditional comparative cost approach be supplemented with more
general techniques capable of cutting through the restrictive bounds of
single-industry analysis. This supplementation will be pursued in the
subsequent chapters dealing with interregional and regional input-output
techniques, industrial complex analysis, interregional linear programming,
and gravity models. Additionally, factors outside the economic sphere
must be weighed in forming locational decisions, and some developing
techniques which attempt to appraise such factors are sketched in
Appendices A and B.

Surrounding the comparative cost approach are 2 number of measures
relating to industrial location and regional distribution of phenomena.
Some of these measures—the labor coefficient and others discussed in
section C—are very useful in preliminary stages of research. They re-
present incomplete comparative cost ratios, which in a general way short-
cut analysis. Full analysis, however, requires that they be converted into
comparative cost ratios. Other measures—coefficients of localization,
localization curves, shift ratios, indexes of specialization, and the several
other measures discussed in sections D and E—are essentially designed to
describe and summarize systems of industrial locations, population and
subpopulation locations, and locations of other relevant items and
phenomena. They are valuable for portraying the “what” of systems as
they are or have been. They permit a view of the internal structure of
regions along several dimensions. They permit the comparison of a given
region’s structure with the structure of other regions and, where justifiable,
with the system as a whole or other fictitious norms. Moreover, they
permit identification of changes over time in the structure of both the
region and the system. Thus, in a very important way they supplement
approaches such as comparative cost analysis which requires, both for
implementation and testing, structural knowledge in the form of factual
materials on the outcome of the interplay of underlying forces, both
currently and in the past.

It is to be noted, however, that such supplementation is not of an
analytical nature. For example, although comparative cost analysis can
suggest changes to be expected in coefficients of localization, shift ratios,
specialization curves, etc., the converse cannot be stated. True, a high
coefficient of localization for a particular industry may reflect a major
cost differential or scale economy factor, but of itself it tells nothing of
what the factor is, how important it is in relation to others, and to what
extent this factor is expected to persist. Likewise, when the coefficient of
localization and other related measures are used in conjunction with
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population and migration estimation, income and balance of payments
statements, and commodity and money flow studies, they add little to the
understanding of basic interrelations and to the framework for projection
alth.ougb they perform the major functions of testing hypotheses and of.’
motivating their reformulation.

In contrast, comparative cost analysis does add a firm analytical
scaffolding to many of the types of studies discussed in previous chapters
A]{though this point will be fully developed in the final chapters, we ma);
prlcﬂy touch upon it here. For the derivation of population projections
11:1dustry-by—industry comparative cost studies provide a first approxima-,
tlonlﬁl0 to. the regional pattern of new job opportunities. These oppor-
tumtles.m turn suggest a regional pattern for that large segment of
populatllon whose location is tied to economic opportunities. Moreover
comparison with natural rates of increase by region leads to first approxi-,
matlons' of interregional migration of persons within this segment of
popu.latlon. The major fraction of changes in regional income can be
anticipated directly from the regional pattern of new job opportunities
and of projected industrial output. In like manner, implications for
commodity flows, money flows, balance of payments, and cyclical sensiti-

vity can be drawn with a fair amount of confidence, as we shall detail in
Chapter 12.

APPENDIX A

ScALING AND LATENT STRUCTURE TECHNIQUES

In sectlpn B of this chapter, the promise of a systematic industry-by-industry
compa!-atlve cost study for a region was indicated. Comcomitantly it was
reconguze'd that other important noneconomic factors—for example, political
orgamzatlop, community attitudes, cultural patterns, and business cor;ﬁdence—
are at play in locational decisions. They are largely subjective in character and
accordingly hav.e usually been treated in an intuitive manner. Recently, how-’
ever, new quantltagive techniques, which pertain particularly to attitude me,asure-
ment and pattern identification, have been emerging in the fields of psychology
a}ll'nc! sociology. Alphough they h.ave found little application in regional studies
F eir current promise for advancing the state of regional analysis is sufficient to’
Justify a brief discussion in this Appendix.

1. SCALING TECHNIQUES

" T(l)) begin, suppose we consider a region, say New England. Suppose, too, it
as been possible to pursue a systematic industry-by-industry comparative cost

60 Thi AU . .

technThls approximation lS,'Of course, subject to improvement through the use of

¥y n}lues to‘\bz_a discussed in subsequent chapters. As noted, these techniques cut
rough certain important postulates which restrict comparative cost study.
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study for this region. (Perhaps, too, it has been possible to supplement the
comparative cost study with industrial complex and interregional input-output
studies to be discussed -in subsequent chapters.) After appropriate check on
available resources—for example, port facilities, water of appropriate quality,
road and rail transportation, labor skills, and power supplies—for each industry,
a set of conclusions is reached with respect to the feasibility of locating a new
plant in New England.

Such analysis is frequently insufficient, as the historical record testifies. New
industrial development can be precluded not only by unfavorable cost conditions
but also by unfavorable community attitudes and cultural patterns (even when
cost conditions are very favorable). Further, not only must attitudes and
patterns be generally favorable or at least neutral in the region (New England) as
a whole ; they must also be generally favorable, or at least not too hostile, in the
particular community possessing the specific resources (such as a port facility)
to which potential new industrial plants must be oriented. Put otherwise, there
must be at Jeast some spatial association of favorable community attitude and
specific potential plant sites for industrial development to ensue even when
other necessary conditions are met.

Measurement of attitude—favorable, neutral, unfavorable—is a problem
which presents major difficulties, both conceptually and techmically. One
significant approach—the Guttman scaling or scalogram technique—attempts to
identify a single scale along which effective measurement of attitude in a given
situation can be attained.s! Typically a set of questions are asked, each of which
requires a “'yes™ or *no” answer. Ideally, these questions (items) are to be so
phrased and arranged that a positive answer by a respondent to any given
question implies or requires for consistency a positive answer by the respondent
on all questions of lower position. As an obvious example, if the following
questions are asked :

1. Do you weigh over 150 pounds?
2. Do you weigh over 125 pounds?
3. Do you weigh over 100 pounds?

a respondent who answers positively to question 1 must answer positively to
questions 2 and 3 to be consistent.

As a second example, consider the general attitude (past and current) toward
the Negro as reflected in institutional practices in four representative states,
Virginia, Maryland, West Virginia, and Pennsylvania.®? Such attitude may be
scaled according to the presence or absence of certain characteristics : white
primary (1) ; Jim Crow railways (2); and school segregation laws (3). In 1944,
these four states ranked as indicated in Table A-1. Presence of characteristic 1)
(corresponding to a positive response) thus implies presence of lower charac-

61 For full discussion of this technique, the reader is referred to, among others,
S. A. Stouffer et. al. [63),ch. 1-9; L. Guttman and E. A. Suchman [25]; M. W_ Riley,
J. W. Riley, J. Toby, et. al. [§5]; L. Festinger and D. Katz [18], pp. 260-269, 525-528 ;
M. J. Hagood and D. O. Price [29], pp. 144-152; G. Shapiro [60], pp. 619-621; N. E.
Green [23], pp. 8-13; P. L. Lazarsfeld et. al. [49], pp. 216-257 ; 1. A. Davis [10], pp. 371-
380; and J. S. Coleman [7].

62 The materials presented are selected, for pedagogical purposes only, from G.
Shapiro [60], pp. 619-621.
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teristics (2) and (3) ; and presence of characteristic (2) implies presence of lower
characteristic (3).

Nc_)te that the Guttman scale is @ cumulative-type scale. To repeat, it involves
ranking requndents so that in a perfect scale each respondent will agree with
or react positively to all items up to the point that represents his own attitude
.?md disagree with all items beyond that point. (That is, respondents are arranged
in orc".ler from those with the most positive attitude to those with the most
neg.atwe attitude.) Or it involves ranking regions so that in a perfect scale each
region possesses all characteristics up to the item representing its own position
on th? scale and lacks all characteristics beyond that item. But not only does the
technique rank respondents or regions ; it also arranges the items (questions, or
characteristics) in order according to the relative position they represent along
the scale of measurement. To be specific, in scaling the general attitude toward
the Negro in the four states given, it is not apparent at the start which of the
three characteristics (white primary, Jim Crow railways, or school segregation
laws) represents the highest point on the scale measuring discrimination against
the Negro. Once the data are compiled, it is evident that item (1) (white primary)

TABLE A-1. SCALOGRAM 1

Presence of Absence of
State m @ 3 M @ &
Virginia X X X
Maryland % % X
West Virginia x X x
Pennsylvania X X X

must represent the highest point along the assumed unidimensional scale. This
statement follows since a state with three discriminatory characteristics must be
ranked higher than a state with only two of these three characteristics. On a
cumulative-type scale such can only be true if that characteristic not common to
both states represents a higher point on the scale than any characteristic common
to the two states. Thus, characteristic (1) must represent a higher point than
either (2) or (3).

It is also evident that characteristic (2) must represent a higher point on the
scale than (3). For, from the data given, one state (West Virginia) possesses
characteristic (3) alone, whereas a second state (Maryland) possesses both
characteristics (2) and (3). [Neither state posscsses characteristic (1).] Since
Marylgnd possesses both characteristics, it must be ranked higher than West
fogllma. But this can only be if (2) represents a higher point on the cumulative,
unidimensional scale.

Thus, on the assumption that characteristics (1), (2), and (3) measure the same
attitude, we obtain a rank of states by intensity of discrimination.

Upfortunately, perfect unidimensional scales of the type illustrated are
atypical. Usually, there is one or more deviations from the ideal pattern of
Scalogram 1 (Table A-1). This situation obtains even though in the application
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of the technique the analyst tends to exclude items that cannot be arranged along
a single scale. When there are many deviations from a perfect pattern, the
analyst may search for scalable subareas or sectors; or, if such are not found,
he may forgo the use of the technigue.

These points can be more lucidly developed if we return to the discussion of
the industrial development problem of New England. On the basis of past and
current studies it would not appear fruitful to use the limited research resources
available to scale the general New England attitude toward new industry. There
is overwhelming evidence that a significant fraction of the area and its population
favors industrial growth. A more relevant investigation would attempt to
classify communities by attitude toward industrial development, and thereby to
determine the extent to which advantageous potential plant sites exist in or
around communities with favorable attitudes.

Although we could conduct a thorough and extensive attitude survey for each
New England community, such a study would be costly and time consuming;
and in view of the limitations of survey techniques, such an attack may not be
justifiable. An alternative procedure, much less direct and perhaps inferior but
much less costly and time consuming, is to (1) advance a reasonable hypothesis
such as “a community’s resistance to industrial development varies directly with
its socio-economic status™, and (2) attempt to classify New England communi-
ties according to their position along a unidimensional Guttman scale of socio-
economic status. Such a scale would be based on existing sets of information,
typically of a census variety such as per capita income, residential density,
educational level, and home ownership.

As far as the authors are aware, no such scale study of socio-economic status
of communities within a large region has been conducted. However, a scale
study of census tracts, ranked by socio-economic status, has been undertaken
for the metropolitan region of Birmingham, Alabama. Since a scale study for
the communities of a region would likely parallel in the most important re-
spects the completed study for Birmingham, we sketch it in order to illustrate
the virtues and limitations of scaling techniques in general for regional analysis.

In the Birmingham study, 28 of the 58 census tracts in the city area were
chosen as a representative sample. Five social-data items were selected for the
development of a socio-economic status scale. These items are recorded in
Table A-2. Note that these items are trichotomous rather than dichotomous.
Three responses A(rnegative), B(neutral),and C( positive), ate possible for each item.
When the response on each of the five items is recorded for each of the 28 census
tracts, 140 responses are obtained. Scale analysis of these 140 responses shows
that the five items may be taken to represent a single-dimension scale applicable
to these census tracts. The scalogram developed in this study is reproduced as
Scalogram 2 {Table A-3).

In Scalogram 2 (Table A-3), the 28 census tracts are identified by number in
column 2. The letters C, B, and A at the top of the table indicate positive,
neutral, and negative responses, respectively. The numbers 1, 2, 3,4 and 5 refer
respectively to income, crowding within dwellings, home ownership, social dis-
organization, and education, as detailed in Table A-2. The response pattern for
each census tract is noted, the particular arrangement presented being the one
which the author of the study found to conform most closely to the ideal (per-
fect-scale) parallelogram depicted in Scalogram 1 (Table A-1). This particular
arrangement, as already discussed, then determines the ranking of the census
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Fracts as well as the point on the scale represented by each type response to each
item. For example, tract 21 ranks in the highest group (scale type I} ; and a posi-
!we response to item 1 (i.e., a position within the highest levels of median annual
xrtlctome) represents the highest point on the cumulative scale of socio-economic
status.

.N‘ote that there are eleven responses which are not in place, that is, are de-
viations from the perfect parallelogram. The ratio of this number of deviations
to 140, which is the total number of responses, measures in one sense the extent

TABLE A-2, ITEM AND CATEGORY DEFINITIONS FOR SCALE OF SOCIO-ECONOMIC STATUS

Ttem Subject A(Negative) B(Neutral} C(Positive)

1. Median annual in-
come of all employ-
ed persons Lowest 7 ranks

2. Prevalence of crowd-
ing within dwellings
(1.01 or more per-
sons per room)

3. Prevalence of home
ownership (percent-
age of dwellings
owner-occupied)

4. Prevalence of social
disorganization (per-
centage of families
involved in crime,
delinquency, divorce,
etc.) Highest 7 ranks Middle 14 ranks  Lowest 7 ranks

5. Educational achieve-
ment (median years
of school completed
by persons 25 and
over) Lowest 7 ranks

Middle 14 ranks  Highest 7 ranks

Highest 7 ranks Middle 14 ranks  Lowest 7 ranks

Lowest 7 ranks Middle 14 ranks Highest 7 ranks

Second lowest
7 ranks

Highest 14 ranks

Source : N. E. Green (23], p. 11.

to which the scalogram in and of itself fails to reproduce exactly the pattern of
responses. Or, if this ratio is subtracted from unity, we obtain a coefficient
which has been designated the coefficient of reproducibility, and which measures
the extept to which the scalogram can reproduce the pattern of responses.
Conventionally, a coefficient of reproducibility of at least 0.90 has been viewed
as a necessary condition for a scalogram to have content. Other criteria should
also be met, for example, criteria with respect to randomness of deviations. The
reader is referred to the literature already cited for their discussion.

Note on Scalogram 2 that at the extreme left is a column indicating scale type.
This column simply differentiates and ranks the different possible response



0DS OF REGIONAL ANALYSIS INDUSTRIAL LOCATION ANALYSIS AND MEASURES 287
286 METH

patterns for the perfect parallelogram which serves as the model for the scalo-
gram; and tracts are assigned to a particular type as if they had no deviant
responses. At the extreme right of Scalogram 2 is another column indicating
(Coefficient of reproducibility = 0.92) the score of the corresponding scale type. Tt is based on arbitrary weights but
can be useful for certain comparative purposes.

Now we return to the problem of industrial development in New England.
Suppose a scalogram such as Scalogram 2 were developed for all communities

i TABLE A-3, SCALOGRAM 2: SCALE OF SOCIO-ECONOMIC STATUS FOR TWENTY-EIGHT
CENSUS TRACTS IN BIRMINGHAM, ALABAMA

Item Number and Response Category

c B A above a specified size in New England. (For the moment we set aside the
Scale Tract —————  Scale evaluation of such a scalogram.) According to our hypothesis, this scalogram
‘ Type MNumber 1 3 425 13425 13423 Score would rank communities by degree of resistance to new industry. A check on

this hypothesis would be obtained by ranking communities that have recently

1 21 X X X X X 20 responded to the possibility of new industry. Those communities that have most
I 18 X X % X X 20 successfully resisted the introduction of new industry should be among the
1 1 % K X X X 20 highest (first) scale types in the socio-economic status continuum ; those that
I 23 ® % X % x 20 have most actively encouraged new industry should be among the lowest scale
types; and so forth. If there is not sufficient correspondence between rank by
1I 19 x X X X x 18 experience and rank on the Guttmar} scale, t}}en clearly the hypothesis, the
! i 22 x x x X % 18 particular Guttrnan scale, or both are inappropriate.
11 4 x x x X x 18 If there is a reasonable correspondence between rank by experience and rank
on the Guttman scale, the analyst can proceed to identify certain scale types
111 31 x X X X x 16 (the lower ones) t[}at are likely to be rec‘eptive to new ipdustry as we]ll as certain
1 30 x X X % X 16 scale types (the higher ones) that are hkel_y‘to be resistant to new industry.$?
111 47 x X X X X 16 He also would note the rank of the communities that possess the specific plant sites
. potentially advantageous from a cost standpoint for new industry. If most or all
| 1v 3 X X X %X X 14 these communities are of the §ca1§: types (_:lassed as receptive to new industry, he
! ! v 50 X X % X X 14 might proceed to use his projections of lrx_dustljlal development based on com-
1v 40 x X X X X 14 parative cost study with little if any modification. In contrast, if most or all
these communities are of the scale types classed as resistant to new industry, he
| v 34 X %X X X X 12 would be compelled to qualify seriously his .projections of new industrial de-
| velqpment. Such qualification would be partxf:ylarly necessary if there were no
VI 13 X X % % x 10 indxcat}ons that attitudes in these communities could be changed through
‘ VI 4 X X X X X 10 edugatlona_l efforts, economic pressures and ot_hgr forces.
: VI 18 X X X X X 10 Fm.ally, ifa laljge number.of these communities are of the scale types .classed
! VI 9 X X X X X 10 as ncllther receptlye nor resistant, the analyst would need to qualify hlls com-
| VI 8 X X X X X 10 parative cost Qrgjectxons to some ex.tent at least. T}}e extent of qualification
| VI 5 X X X X X 10 would be condllt.lor!ed, say, by intensive survey ar:naly51s of perhaps a sample of
' VI 13 X X X %X X 10 these communities in order to appraise better the internal forces at play,5¢ or by
| 63 In effect, the analyst chooses *‘cutoff points™ based on the historical record of
| ¢ X 27 X x x x X 4 | community reactions. The two cutoff points implied in the text lead to a three-way
5.4 45 % X x X x 4 classification of communities.
In other cases such cutoff points might be chosen arbitrarily at levels which would
X1 26 x X X X X Y include a specific proportion of communities studied. This procedure is somewhat
. X1 44 ® X X X X 0 analogous to the choice of confidence limits in statistical research.
I, X1 43 X X x x x 0 64 It should be noted that when we construct a scalogram relating to an attitude
| X1 28 X X X X X 0 where the response ranges from positive to negative, we may also construct an intensity
: X1 46 X X X X X 0 function or curve. Such a function or curve reflects the strength of the attitude held by
l a respondent and is determined by asking a set of questions such as : **How strongly do
| Frequency 77 71414 141414 (7) (7) ZJ Z) Z) ; ; 21:?; youfeel ...? Very Strongly, Fairly Strongly, Not So Strongly, or Not At All Strongly.”
Errors 30010 003 A generally accepted hypothesis is that respondents in the extreme class types of a
/. 23912 scalogram react much more intensively than respondents in the middle class types such
Source : N, E. Green ,p. 12,
| |

E T
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an estimation of promotion efforts which may be concentrated on these com-
munities by business, governmental, and other groups, etc.65

The relevance of this application of scaling technigues in conjunction with
comparative cost and other analysis obviously depends on the validity of the
several techniques and hypotheses employed. Apropos the scaling technique, a
number of major limitations should be recognized. First, the analyst may be
forced at several steps in the scaling procedure to make arbitrary decisions on
subjective grounds. The original choice of items thought relevant to the scale
being sought depends frequently on the judgment of the researcher. Further,
the subsequent arrangement of both items and respondents in the scalogram
requires a subjective balancing of criteria, which criteria often have conflicting
requirements. Consequently, on many occasions, when the coefficient of re-
producibility is relatively low, different patterns may result from the same data
as studied by different analysts.%6

Beyond these considerations are certain basic problems of interpretation of
results. Once a relevant scalogram has been constructed, how should we deter-
mine whether a pattern of deviation is random {quasi-scale) or nonrandom
(i.e., indicative of the presence of other dimensions)? Moreover, what signi-
ficance should be attached to a coefficient of reproducibility when the coefficient
itself varies with the fineness of the steps between items? Still more, the scalo-
gram procedure tends to eliminate from the study items (or characteristics)
significant for the problem being attacked but yielding patterns too deviant
(unique) to satisfy the scaling criteria.6?

Despite these and other limitations—the reader is referred to the literature
cited for their full discussion—the scaling technique has considerable potential
and has in fact been extensively applied by psychologists and sociologists. As
already noted, its value in the social sciences for measuring attitudes and
identifying dimensions of social structure lies in its transformation of qualitative
and noncomparable quantitative information into numerical rankings (ordinal
values). Such rankings, moreover, permit the subsequent use of rank correla-
tion, index construction, and other quantitative techniques.

that a U- or J-shaped intensity function results when intensity is plotted along the vertical
axis and class types are plotted in order along the horizontal axis. The minimum point
(designated the zero point) of such a function is held to divide a population into two
sectors such as ‘‘for” and “*against” ; or “‘receptive” and ““hostile.” To the extent that
these hypotheses are valid in a given situation, to that same extent they permit less
intensive study of respondents in certain class types, in some cases those types clustered
around the zero point as a cutoff point, in other cases those types clustered at the
extreme. Generally speaking, such hypotheses allow economy in more extensive attitude
investigations.

65 Obviously if this type of analysis is valid, it yields as a by-product vital information
on the need for educational and similar efforts, if such are desirable, and the particular
communities at which such efforts should be aimed.

66 For example, in Scalogram 2, census tracts 31 and 47 (both scale type 1IT) have
identical response patterns; yet they are separated in the ranking by tract 30 with a
different response pattern. A similar situation exists in scale type IV.

67 For example, an item basic to the general attitudes toward industrial development
in New England, say ethnic stock, may be eliminated from a scalogram on socio-economic
status because of a unique pattern. This would reflect a limitation of both the scaling
technique and the hypothesis relating attitude to socio-economiic status.
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More specifically, in regional analysis the scaling technique can be used for
such a variety of purposes as (1) to estimate effectiveness of birth control and
public health practices and other factors as they relate to key parameters of
regional population projections ; (2) to contrast attitudes of various groups of
migrants, or of migrants versus nonmigrants, the better to estimate interregional
and intraregional population movements; (3) to construct meaningful (uni-
dimensional) categories of welfare and social accounts in nonmarket activities,
especially in underdeveloped regions; (4) to determine more efficiently and
accurately whether or not a regional population favors a particular resource
development proposal or policy; (5) to judge whether governmental units in
lhe.several regions have sufficient authority and power to implement different
regional programs (in a manner analogous to that suggested in the hypothetical
case of community attitudes about industrial development in New England);
(_6) to identify groups of individuals who might be more receptive to soil conserva-
tion and similar resource development programs: and to plan an effective
chronological sequence of administrative steps ; and finally, (7) to uncover with
more objectivity bonds (interrelations) among regions and subareas within any
given region which are of an attitudinal-cultural nature.

2. LATENT STRUCTURE METHODS

Conceptually more satisfying, but operationally much more lean, are latent
structure methods. These methods have conceptual appeal because they can
spccessfully attack “nonscale” situations. As indicated earlier, nonscale situa-
tions are those involving response patterns (or patterns of characteristics) which
are not satisfactorily scalable along a single dimension. However, these situa-
tiqns and their response patterns may be consistent with a meaningful under-
lying set of classes of respondents, where these classes are identifiable with
respect to one or more dimensions, The latent structure framework aims at
such identification and therefore represents a generalization of scaling
techniques.s8

Basic to latent structure methods is a reasoning process which starts with
data obtained from relevant questionnaires and other empirical study and
which may conveniently be termed manifest data. Given such data, a model is
constructed which assumes the existence of a system of classes of respondents.
Such classes are termed larenr classes. Each of these classes is defined in terms
of a set of probabilities. That is, for a given class each possible response pattern
(such as those in Scalogram 2) is associated with a probability factor. More
specifically, in Table A-4 are listed in column 1 all possible types of response
pattcrns relating to four items (the sign + indictates a positive response and the
sign — a negative response). Also, in column 3 are listed the probabilities
associated with latent class I. Each figure in column 3 indicates the probability
that the respondent who checks the corresponding response pattern belongs to
class I. Thus, the figure of 0.995 at the top of column 3 indicates that anyone
who checks off a + + + + response pattern has 995 chances out of a thousand
of being in class I.

Behind the probabilities recorded for each latent class (e.g., those in ¢columns

68 For full discussion of this technique, see especially S. A. Stouffer et al. [63), pp. 19-
33, chs. 10, 11; P. F. Lazarsfeld et al. [49], pp. 349-387 ; P. F. Lazarsfeld [48], pp. 391-
403 ; and L. Festinger and D. Katz [18], pp. 524-532.
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3, 4, and 5 of Table A-4) is the basic mechanism which gen.erates hygoth_ctica]
frequencies for each response pattern listed in column'l. (Thl'S meqhamsm is too
complex to develop in the brief scope of this Appendix.) This basic chhamsm
essentially determines another set of probabilities, namelyl the probabilities that
any member of a given class will check off the several _p0551ble response patterns.
Thus, if we wish to determine the total number of times a partlcular' response
pattern (say + — — +) will be found from (generated by) the operation of the

TABLE A-4, GENERATED DATA OF A HYPOTHETICAL LATENT STRUCTURE MODEL

n )] (€)] @ (5) (6 @
Probabilities by Sum
Response Pattern Observed Latent Class of Generated
Item Frequency Cols. Frequency

1 2 3 4 1 I I 3-5

+ + 4+ + 147 0.995 0.004 0.001 1.0 148.4
+ + - + 11 0.978 0.004 0.018 1.0 13.4
- 4+ + + 128 0.856 0.123 0.021 1.0 1339
+ + + - 1 0.852 0.004 0.144 1.0 0.8
+ - + + 58 0.807 0.164 0.029 1.0 60.0
- + - + 27 0.573 0.083 0.344 1.0 17.8
+ - = + 9 0.487 0.099 0.414 1.0 8.9
- = + + 341 0.113 0.756 0.131 1.0 331.9
- - - + 112 0.028 0.188 0.784 1.0 118.9
+ 4+ - - 4 0.196 0.001 0.803 1.0 0.3
- + + - 2 0.149 0.021 0.830 1.0 3.7
+ - + - 5 0.110 0.022 0.868 1.0 2.1
- - 4+ - 47 0.004 0.025 0.971 1.0 48.2
-+ = - 5 0.007 0.001 0.992 1.0 6.7
+ - - - 3 0.005 0.001 - 0.954 1.0 4.0
- - - = 100 0.000 0.001 0.99% 1.0 101.0

Totals in each
class 1000 381.0 304.2 314.8 - 1000.0

Source : Data fictitions. Numerical figures identical with data in Table 11, Stouffer
[63], p. 440.

model, we (1) take each class and multiply the number of respor}dems within it
by the probability that its respondents will check off the particular response
pattern (+ — ~ +), and (2) sum over all classes. )

The last statement provides the basis for testing a model. An analyst simply
compares for each response pattern the hypothetical frequency generated l?y the
model (say column 7 of Table A-4) with the actual frequency as record'ecl in the
manifest data (say column 2 of Table A-4). To the extent that there is a close
correspondence, a correspondence closer than yielded by any other meaningful
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model, he may infer that the classes of respondents postulated by the model
exist and form a latent, underlying structure. Note that such a structure need
not be ordered along any dimension.5?

‘We have merely sketched the basic approach of the latent structure method.”0
Unfortunately, this method still requires extensive development before the major
computational (as well as conceptual) problems associated with most of its
potential applications can be overcome. (These computational problems stem
from the need to solve complex systems of simultaneous equations in order to
derive the parameters of the generating mechanism.) Therefore, we shall not
go into further details in this Appendix. The reader is referred to the literature
cited for full treatment. In the remaining paragraphs, however, we wish to
indicate some directions for its potential use in regional analysis.

One direction of possible future use might, for example, be indicated by a
study of industrial development in New England which has already been alluded
to. Suppose the analyst finds it impossible to scale along the socio-economic
dimension examined. At best, suppose he obtains a coefficient of reproducibility
of 0.7, an unacceptable level. Such a finding does not preclude a more sophis-
ticated analysis. It simply signifies that the response patterns are nonscalable.
The analyst may still investigate a latent structure model to unearth the system
of classes of respondents which may underlie the response patterns.

To illustrate let Table A-4 depict data on the response patterns {or patterns of
characteristics) of communities of New England. . Four basic questions (charac-
teristics), represented by items 1, 2, 3 and 4 in column 1,7! are considered
relevant. A response indicating resistance (or the presence of an unfavorable
characteristic, e.g. high median income) is indicated by a plus sign. A response
indicating a receptive attitude (or the absence of an unfavorable characteristic)
is indicated by a minus sign. All possible response patterns are listed ; they
number 16 (i.e., 27 where n = the number of items). In column 2 are listed the
number of communities having each pattern.

In line with this discussion, a model is constructed. According to Table A-4
this model is found consistent with three latent classes, I, IT, and III. As noted
before, the probability data generated by the model are presented in columns 3,
4, and 5. Again, each column refers to a particular latent class and shows for

69 A system of classes is simply identified as a set of points in the positive quadrant of
n-dimensional space, where the components of any point (each a probability) sum to
unity, and where n is the number of possible response patterns. If the classes do lie
along a unidimensional continuum, a latent structure analysis should give the same
Tesults as a scale analysis.

It should also be noted that the identification of a set of latent classes does not prove
any causal hypothesis. However, it may be used to test hypotheses in the statistical
sense, and in conjunction with other materials to suggest possibly significant causal
hypotheses.

70 It is also to be observed that latent structure analysis is somewhat analogous to
factor analysis, which will be touched upon in Appendix B to this chapter. Factor
analysis assumes that the variables with which an analyst deals are continuous and have
normal joint distributions, Latent structure analysis utilizes items which are non-
continuous (typically dichotomous or trichotomous) and does for such items a job
similar to what factor analysis does for quantitative variables.

71 These questions or characteristics may be similar to the items of Scalogram 2 or
may relate to a host of other pertinent traits and features.

i @
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each response pattern the probability that a respondent (community) with that
response pattern will be found in that latent class. And each row indicates for
the relevant response pattern the probabilities that a respondent (community)
with that response pattern will be found in the several latent classes. Therefqre,
the three probabilities along any row must add to unity as indicated in column 6.
Finally, the frequency data generated by the model are recorded in column 7.
Note that the generated data correspond well with the actual data; hence the
model may be said to be a relatively good fit (the reader is referred to the
literature for relevant tests of fit).

At this point it must be reiterated that the model does not furnish a basis for
ordering classes. It merely tests the existence of classes. Therefore, it becomes
necessary, at least in a number of instances, to introduce additional information
in order to acquire further insight. In the particular problem of the industrial
development of New England, the analyst may have worded his questions in
such a manner, or have selected such characteristics, that the two response
patterns, + + + + and — — — —, can be taken to represent only the two
extreme positions along the single dimension of community resistance. Scrutiny
of the generated data on probabilities (columns 3 to 5) does suggest that the model
is consistent with the initial choice of questions or characteristics. The data do
show that of all response patterns the extreme pattern + + + + has the
greatest probability of being found in one class of communities. Accordingly
this class, latent class I, can be considered as tending to be resistant to industrial
development, especially when the probability that response pattern + + + +
will be checked off by members of that class is comparatively high. (In the
model behind Table A-4, this probability is approximately 0.37.) Simultaneously,
the generated data do show that of all response patterns the extreme pattern
— — — — has the greatest probability of being found in another class of
communities. Accordingly, this class, latent class III, can be considered as
tending to be receptive to industrial development, especially when the probability
that response pattern — — — — will be checked off by members of that
class is comparatively high. (This probability is approximately 0.32.)

From these assumptions and the derived partial order of response patterns,
the analyst can proceed to certain conclusions. As before, he may determine
cutoff points of significance. He may judge that, in addition to response pattern
+ + + +, the response patterns + + — +, — + + +, and + + + —
are also suitably classified as resistant. For each respondent indicating one of
these patterns the probability of belonging to latent class I (already designated as
tending to be resistant) is 0.850 or more. Likewise, he may judge that, in
addition to response pattern — — -— —, the response patterns + -- -,

-4+ - —,— =+ —,and + — + — are also suitably classified as receptive.
For each respondent indicating one of these patterns, the probability of belonging
to latent class I (already designated as tending to be receptive) is 0.850 or more.”2

The researcher may now examine the response patterns (characteristics) of
those communities possessing specific potential plant sites based on resource
availability, etc. If most of or all these communities have response patterns
which he has classified as receptive, he may leave ungualified his conclusions
based on comparative cost analysis. In contrast, if most of or all these com-
munities have tesponse patterns which he has classified as resistant, his com-

72 In determining cutoff points the analyst may pay attention to the distribution of
probabilities among all classes, as well as the concentration in any one class.
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parative cost cpnclusions must be seriously qualified. Lastly, if most of or all
thesg com_mumties have response patterns which do not lend themselves to neat
class_lﬁcat.lon (as the central response patterns of Table A-4), he will need to
qua!lfy his conclusions. The extent of qualification will be influenced by the
findings qf other studies and by the anticipated effectiveness of any promotional
or educational efforts by business or governmental units.”?

We have illustrated one potential use of latent structure models. When the
potqntla'] uses of scaling techniques which were listed at the end of the previous
section involve situations that turn out to be non-scalable or not meaningfully
dcpl‘Cled along a single dimension, the latent structure approach may be in-
vestigated. ] For example, migration phenomena might turn out to be non-
ana:lyzable in terms of a single dimension, and the analyst may judge it worth-
while to search for latent classes of migrants. If such classes of migrants are
found, ‘the motivating forces of each class can be studied in turn and can lead to
firmer interregional and intraregional projection of flows of migrants.

) Th;re are other potential uses for the latent structure approach, such as to
identify latent cl?.sses in a population from which representative ind’ividuals can
be: drawr} to estimate, say, a community participation potential function which
will be discussed in Chapter 11. But it would be premature at this time to detail
any such potential application of Jatent structure approach ; the conceptual and
computation difficulties confronting the widespread use of this approach are
both many and severe. Their enumeration and discussion are beyond the

limited objective of this Appendix, which has been mer i
. ely to sket
of latent structure methods. ¢ eh the promise

ApPENDIX B

Facror AnaLysis, wite PARTICULAR REFERENCE TO
Reciomar DELINEATION

At a number of points in this book, the problem of selecting appropriate sets
9f regions _for analysis has been alluded to. This problem is particularly acute
in copne_ctxon with the last section of this chapter concerned with coefficients of
loc_allzatxon, spgcialization, redistribution, localization curves, shift ratios, etc,
This problerq is present in most regional investigations and is rarely ’fully
resolved. This situation obtains not only because of different philosophical
approaches anq welfare values connected with regional studies, topics beyond
the scope of this volume, but also because an analyst typically finds reasonable
alternative interpretations of the same objective data for delineating regions
Nonetheless, certain techniques are available for objective treatment of the data.
$0 s to rgduce the possibility of error (or inconsistency) in the areas where
subjecm_'e Judgn'!ent must be made. One of these techniques is factor analysis
a tec!xmque whlch has found some useful application in the delineation ot"
me@mgful regions, and which can profitably find greater use in other facets of
regional analysis. As with scaling and latent structure techniques, we shall

7 . pers : i

1 As V?’lth the sFalogram, if this type of analysis has validity, it yields as a by-product
val qable mforma_uon on key points in particular communities to which educational and
similar efforts might be directed, if such are desirable.
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attempt only to sketch the basic elements of factor ar_lalysi§ and some of its
potential applications. The reader is referred to the cited literature for fuller
discussion.” o )

Like many other research methods, factor analysis is designed to deve!op a
simple framework of factors whose interplay can adequately represent the inter-

TABLE B-1, HYPOTHETICAL INTERCORRELATIONS

Item 1 2 3 4 e 50 ceeees 100
1. Per capita income
(€3] * 036 042 024 ... -0.12 ------ 0.06
2. Industrial Employ-
ment (¢ of total) 036  * 042 024 --.--- —0.2 «-nhns 0.06
3. Years of schooling,
average 042 042 * 028 o0 =014 -+0nne 0.07

4. Divorce rate 024 024 028 * eeeee -0.08 ««---- 0.04

50. Miles of highway
per capita —0.12 -0.12 —-0.14 —0.08 --.--: L —-0.02

100. Household acci- . . . . . .
dents per capita 006 006 007 004 .---:- —0.02 «-----

* Data for intercorrelation of any one characteristic are not included since they are
meaningless.

action of the complex set of forces in actuality. It has much in common with
scalogram and latent structure analysis in that it attempts go.combm'e or reduc;e
variables which are linked to each other into indexes describing particular ba;tc
dimensions, or reflecting basic structural features of the total situalmon being
studied ; no dependent variable as such need be specified. It has less in common

74 Among others, the following are useful general references : L. L. Thurstone [66];
K. J. Holzinger and H. H. Harman [32]; R. B. Cattell [6]; S. Stouffer et al. [63];
L. Festinger and D. Katz [18], especially pp. 274-278; B. Fruchter [21]; C. J. Adcock
[1]; and M. J. Hagood and D. O. Price [29], ch. 26.
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with regression and variance analysis for it does not attempt to explain statistic-
ally variation in a dependent variable by variation in a set of key independent
variables, the discarded independent variables being judged as relatively in-
significant. Rather it retains the many variables relevant in a study by attemnpting
to account for their behavior in terms of relatively few basic dimensions.

To motivate the discussion, let us consider a simple case. Let the United
States comprise the area corresponding to a system of regions. The problem is
to divide the United States into a specific set of meaningful regions. For the
problem to be studied, let us assume that an abundance of data is available, but
only by state units. Hence for operational purposes, each region must be
composed of whole states.

As a first step, a number of characteristics are to be selected, where the varia-
tion in each characteristic is hypothesized to reflect significantly the differentia-
tion among underlying regions. Suppose that 100 characteristics are identified,
as listed in the left-hand tab of Table B-1. Suppose, too, the intercorrelations of
the 48 state scores on each pair of these characteristics are computed and re-
corded in the same table. If these intercorrelations take the specific *“pure”
form shown in the table, certain generalizations can be readily made. Since we
may hypothesize at the start a single basic factor—namely a single basic set of
meaningful regions—we may schematically represent this factor by the circle in
Figure B-1. This circle cuts across a series of rectangles, each rectangle repre-
senting a particular characteristic. The amount of overlap with each rectangle
indicates the extent to which the general factor accounts for (statistically explains)
the variation among states in the corresponding characteristic. By each area of
overlap is placed a decimal figure, which is customarily designated a factor load-
ing. Squaring this factor loading and multiplying by 100 yields the per cent of
the area of the corresponding rectangle which overlaps the circle ; that is, for the
characteristic represented by that rectangle it yields the per cent of the variation
among states which is associated with regional differentiation. (In this respect
as well as many others, the factor loading behaves like a correlation coefficient.)
For example, the factor loading on characteristic 1 (per capita income) is 0.6.
Squaring and multiplying by 100, we obtain the percentage figure of 36 ; hence
36 per cent of the variation among states in per capita income is to be explained,
according to our hypothesis, by the basic factor of regions. Similarly, this basic
factor statistically explains 36 per cent of the variation among states'in charac-
teristic 2 (industrial employment as a per cent of total employment), 49 per cent
of variation in characteristic 3 (average number of years of schooling), etc.’s

Given the hypothetical data of Figure B-1, and on the very important assump-
tion that there is no other factor which relates any pair of characteristics, we
may calculate expected intercorrelation between any two characteristics. (For
the moment, the dashed ellipse coursing through rectangles 3 and 4 is to be
ignored.) We simply compute the product of the two decimal factor loadings.
For example, the expected intercorrelation between characteristics 2 and 3 is
the product of 0.6 and 0.7, which product (0.42) is found in both the cell of row
2 and column 3 and the cell of row 3 and columm 2 in Table B-1.

Thus the relationships depicted in Figute B-1 (when the dashed ellipse is non-
existent) afford in a pure statistical sense an explanation of all the intercorrelations
which have been recorded in Table B-1. Or conversely the set of intercorrelations

75 Note that the basic factor statistically explains 4 per cent of the variation in
characteristic 50 which varies inversely relative to the other characteristics.
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of Table B-1 implies one and only one basic factor and the specific factor
loadings of Figure B-1. This strong implication rcsull_s because the inter-
correlations were deliberately constructed to be pure or, in other words, to be

100 per cent predictable by a single basic factor. That is, all columns (excluding

! . \
H Basic Factor ||
: (the Region) h
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\ I
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\ )
\ /
\ J/
> 7/
> 7
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Figure B-1. Hypothetical factor-loading diagram.

items along the principal diagonal) are proportional to each ot}l:er.;f (I-:Ic:;
example, the 100th column is one-sixth of the first column.) There: or; Jhe
intercorrelations can reflect the play of only one general factor, even thoug] n
factor has a different impact on each characteristic. However, exactly what this

76 In matrix algebra parlance, the rank of the intercorrelation matrix 1§ one.
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factor is, or how the result is to be interpreted, must rest solely on the analyst's
conceptual and theoretical frameworks. (Recall that the choice of the charac-
teristics is also largely determined by these frameworks.) In this simple example,
we have hypothesized a system of regions which can be differentiated and whose
diverse influences pervade the national system. We may then say that factor
analysis has shown that the data are consistent with this hypothesis, and that
only one basic factor exists. We interpret this factor as signifying that regions
are present and do have differential impact. Yet, many other interpretations are
possible, as the reader may discover from his own explorations with diverse -
hypotheses. ’

Once a single basic factor is found and interpreted as verifying the presence of
a set of regions, the specific arrangement of states into regions can proceed via
the construction of an index number and determination of cutoff points. Pro-
cedure for this step will be presented later when we report on some of Hagood's
work.

Unfortunately, pure cases of this sort are rarely, if ever, found. A typical
situation involves the interplay of a host of nonrandom factors as well as chance,
as the reader by now fully appreciates. The intercorrelation data are then
exceedingly complex. Yet this situation does not preclude a fruitful search for
a single general factor in cases where strong theoretical support for such an
hypothesis can be mustered. For example, in the delineation of single-purpose
regions or of regions to be distinguished by a relatively narrow set of related
characteristics, a single-factor approach may have considerable justification.
However, when multiple-purpose regions are sought, or regions classifiable by
the totality of characteristics, the single-factor approach, when intercorrelations
are highly impure, is not readily accepted. Some of the pertinent reservations
can be illustrated with reference to the pioneering and stimulating effort of Odum,
Hagood, and others to demarcate a best set of major regions for the United
States.

Hagood, who has perhaps developed most thoughtfully and carefuily the
single-factor approach in the delineation of regions, begins, as the factor analyst
must, with a selection of relevant characteristics of states from which regions
are to be fashioned. (It must be borne in mind that the limited availability of
data on both state and other areal units may at the outset significantly restrict
the extent to which valid results and tests are achievable.) Seeking a set of
regions to be distinguished primarily by agricultural and demographic charac-
teristics, she selects 104 characteristics, 52 agricultural and 52 demographic.
The 52 agricultural characteristics are grouped into 6 classes, and the demo-
graphic into 8 classes. For each of the resulting 14 classes, a single-factor an-
alysis is pursued. For example, one of the 6 agricultural classes is designated
land use and covers the items listed in Table B-2.77 The state values for each
pair of these characteristics are correlated ; the coefficients are listed in bold type
in Table B-3. Application of standard computational procedures for single-
factor analysis yields the factor loadings in column 1 of Table B-2. Thus the
square of the factor loading of 0.540 at the head of the column indicates that the
single factor (however interpreted) accounts for 29 per cent of the variation
among states in the per cent farmland is of all land.

77 The other agricultural classes relate to crops, livestock, tenure, farm values and
farm finance.
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TABLE B-2. SINGLE-FACTOR LOADINGS FOR LAND USE INDEX.

Item Factor Loading
(n
1. Per cent farmland is of all land . 0.540
2. Per cent cropland (harvested and failure) is
of all farmland 0.789

3. Per cent woodland is of all farmland not
used for crops 0.479
4. Mean size of farm (acres) —0.760

Source : Computed from data in M. J. Hagood [271.

As already noted, once factor loadings are obtained, ‘“expected”’ intercor-
relations when no other common factor is at play can be comp}xted by multiply-
ing the relevant pair of loadings. These expected intercorre}’angns are ‘{ecordeg
in parentheses in Table B-3. Comparison of the “expected ™ with _the actual
data yields one test of the adequacy of the single-factor hypothesis. .The con-
siderable discrepancies of the data of Table B-3 do suggest the operation of one
or more additional factors which are common to two or more of the four items
(characteristics). N .

However, if the investigator does judge that the empirical results dg not in-
validate his single-factor hypothesis, he can proceed to construct an mdex,. as
Hagood does. For each state the index value is computed from the following
equation:

P = 0.540Z] + 0.7892Z} + 0.479Z3 — 0.76027

where Z{, Z3, Z4, and Z} are the ratings of state J(J = 1, ..., 48) on each of the

TABLE B-3. INTERCORRELATIONS: ACTUAL AND IDEAL

Jtem 1 2 3 4
' 0.624 —0.091 —0.189
! (0.426) (0259)  (—0.410)
0.624 0.169 ~0.590
2 (0.426) ©378)  (—0.600)
—0.091 0.169 ~0.597
3 (0.259) (0.378) (—0.364)
—0.189 —0.590 —0.597
4 | (—0410)  (—0600)  (—0.364)

Source : Derived from M. J. Hagood [27].
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four characteristics of Table B-2. Each rating is in standard form (i.e., Z{ =
(X{ — M)jo, where i = 1, ..., 4; and where X7 is the actual value for charac-
teristic / in state J, M, is the mean value of the characteristic / over all states,
and o; is the standard deviation of the state values). The coefficients which
respectively multiply Z7, . . ., Z7 are the factor loadings of Table B-2.

Once a set of index values for states is obtained, these values can be examined
for cutoff points. If cutoff points can be located to set apart groups of states
which are contiguous and on other counts can be expected to be homogeneous
with respect to the phenomena being studied, it may be said that a single-factor .
analysis has helped in the objective determination of regions. For example,
Map B-1 reproduces in a modified form the land use index map developed by
Hagood. There is at least some indication of regional structure in this map.

Hagood proceeds further. Once she obtains a land use index and an index for
each of the other thirteen classes, she condenses these indices into two major
group indices. One major group index is obtained from a single-factor analysis
for the six indices representing the six agricultural classes. The second major
group index is derived from another single-factor analysis for the eight indices
representing the eight agricultural classes. This operation can lead to the deter-
mination of two additional sets of regions, a set of agricultural regions and a set
of demographic regions.

Finally, Hagood performs a single-factor analysis on all fourteen indices,
representing the fourteen classes of characteristics. Before actually combining
states to form regions on the basis of significant cutoff points on her derived
composite agriculture-population index, she takes another essential step. States
may have the same index value because they have identical patterns (profiles)
with respect to the 104 characteristics initially selected for study. They also
may have the same value because differences in their patterns (which differences
may be sharp) have compensatory effects on the index scale when weighted by
factor loadings. (For example, in constructing an index based on the six classes
of agricultural characteristics, Hagood finds that the states of Arizona and lowa,
which are highly dissimilar with respect to agricultural profiles, score 59 and
62 respectively.) Therefore another criterion for combining two or more states
into one region is that they have similar patterns, to be evidenced for any pair
of these states by positive and fairly high correlations between the values for the
104 selected characteristics.”®

With the resulting index values and correlation coefficients, it becomes
possible to organize states into regions, although a number of subjective elements
still remain, as Hagood well recognizes. One set of possible regions is indicated
in Map B-2 which is reproduced from Hagood’s study. On this map the
composite agriculture-population index value for each state is in bold type and
is encircled. The correlation coefficients between the profiles (based on 104
characteristics) for selected pairs of adjacent and nearby states are indicated in
light type.

Close scrutiny of Map B-2 does reveal that a number of sets of regions are
possible. On the other hand, it does uncover certain clusters of states which, in
a sense, tend to form the nuclei of regions (e.g., Mississippi, Alabama, Georgia,

78 States within a region should also be contiguous. In another connection, Hagood
has introduced latitudinal and longitudinal positions as relevant characteristics in factor
analysis so that index values will to some extent reflect contiguity. See M. J. Hagood
[26].
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and South Carolina; Maine, New Hampshire, and Vermont; and Idaho,
Montana, and Wyoming). Since state political units are poor units for the con-
struction of regions, and since in a highly urbanized society the peripheral areas
of regions are transitional, that is, are the zones where phenomena reflect mixed
orientation, it is not unexpected that several alternative sets of regions are
possible. In particular, it is not unexpected that alternative sets of regions may
be formed by different assignments of such states as Missouri and West Virginia
which contain or comprise transition areas.

In brief, it may be concluded that single-factor analysis of the type depicted
can be of considerable value as an objective tool to complement theory and
other analysis in the delineation of regions.” Yet we must recognize certain
severe limitations in the use of this tool. As already noted, the single-factor
approach finds its greatest validity when in fact all intercorrelations of charac-
teristics are pure, that is, 100 per cent predictable from the single-factor loadings.
But when these intercorrelations are not pure, difficult problems of interpretation
arise.

We can illustrate this last point with reference to Table B-3. There the actual
intercorrelations (boldface type) contrast rather sharply in a number of the cells
with the expected intercorrelations (lightface type) based on the single-factor
loadings of Table B-2. Hence many analysts would conclude that other com-
mon factors are at play. Such factors may account for part of or, at the extreme,
all the discrepancy between the actual and expected intercorrelations for one or
more pairs of characteristics. For example, in Figure B-1 the dashed ellipse
coursing through rectangles 3 and 4 may be taken to represent a second factor
common to characteristics 3 and 4, and therefore to explain an amount of
correlation (if positive) over and above that explained by the first basic factor
(the large circle). If other common factors are at play, then how interpret the
findings from single-factor analysis?

One possible interpretation, which is implied by the work of Odum and
Hagood and which would seem reasonable if the discrepancies are smallish, is
that the findings from single-factor analysis are the really significant findings.
An analyst might argue that although there are many factors in operation, a
single one is dominant, and that in view of other limitations of the study, the
presence of any secondary factors may be safely ignored. This line of reasoning
might be particularly valid for the time being if the most relevant theoretical
construct were oriented to a single cause-effect relationship.

But other lines of reasoning may also be plausible, in particular when the
discrepancies are not small. An analyst’s hypothesis may suggest two basic
factors at play, or three, or four, etc. Factor analysis would then be required to
unearth these several factors, for which task computation procedures have been
developed. But, aside from the thorny theoretical problem of determining how
many basic factors are at play, there is the major difficulty of interpreting results
of multiple-factor analysis, even when the analytical framework unambiguously
denotes the number of relevant factors.

To illustrate, set up a simple two-factor hypothesis relating to only four re-
levant characteristics, say any four listed in Table B-1. Let the actual inter-

79 A somewhat similar tool for the delineation of meaningful spatial units, but one
less sophisticated from a statistical standpoint, is developed in E. Shevky and W. Bell
[61]. For relevant evaluation see A. H. Hawley and O. D. Duncan [31]; and M. D.
Van Arsdol, Jr., S. F. Camilleri, and C. F. Schmid (67].
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correlations be as recorded in Table B-4. Factor analysis operations, by one of
Fhe several standard techniques, yield loadings for factors I and 1I as indicated
in Table B-5. Now, if we square 0.6, the first factor loading for characteristic 1,
am_i g.dd the result to the square of 0.4, the second factor loading for charac-
ter1§t19 1, we obtain 0.52. This number multiplied by 100 yields the per cent of
variation in characteristic 1 which can be explained by the two factors, Also note

TABLE B-4. HYPOTHETICAL INTERCORRELATIONS

Item 1 2 3 4
1 0.60 0.30 0.04
2 0.60 0.24 —0.06
3 0.30 0.24 0.43
4 0.04 -0.06 0.43

that the intercorrelations of Table B-4 are pure, that is, fully explainable by the
two factors. For example, on the basis of factor I alone we can expect inter-
correlation between characteristics 2 and 3 of 0.6 x 0.7 = 0.42. On the basis
of 'factor II alone we can expect intercorrelation between the same two charac-
Fenstics of 0.6 x — 0.3 = —0.18. Summing over both factors, we can expect
intercorrelation of 0.42 — 0.18 = 0.24 which is identical with the *actual”

TABLE B-5. HYPOTHETICAL FACTOR LOADINGS

Factor
Characteristic _
(Variable) I I
1 0.6 0.4
2 0.6 0.6
3 0.7 —0.3
4 04 —-0.5

intercorrelation recorded in both the cell of row 3, column 2, and the cell of
row 2, column 3,

Despite the appearance of objectivity in the determination of the loadings for
factors I and II, such objectivity does not in fact exist. For it can easily be
Flemonstrated that many other sets of loadings for only two factors will explain
just as well the intercorrelations of Table B-4. In fact, there is an infinity of
such sets. The loadings of Table B-6 illustrate one of this infinity, as the reader
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may verify.80 Tt thus becomes clear that, even for an hypothe§is based on the
operation of two and only two basic factors and even whgn all 1ntercorre}at1ons
are fully explainable, multiple interpretations are posmble.. Thesg different
interpretations revolve around the diverse sets of factor loadings which can be
considered pertinent to the problem studied. )
From this discussion it is also clear that two-factor hypotheses where inter-
correlations are only partially explainable require still more subjective j.udgm‘ent
and intuition on the part of the analyst. Likewise with hypotheses mvolvxr}g
three or more factors, whether or not intercorrelations are fully explainable in
the statistical sense. .
Although we have only touched on some of the basic features of factor analy§1s
__the reader is referred to the cited literature for full discussion—some of its
chief virtues and limitations are clear. It does offer a fruitful approach to
condensing voluminous sets of data into relatively few useful indices_ or dimen-
sions. As already illustrated, it can be an effective tool for delineating regions
within a system which has firm theoretical foundations. It is a useful togl in
constructing level-of-living indices®! which along with correlation analysis of

TABLE B-¢. ALTERNATIVE FACTOR LOADINGS

Factor
Characteristic
(Variable) I 11
1 0.08 0.72
2 -0.07 0.85
3 0.68 0.34
4 0.64 —0.02

profiles may aid comparative regional analysis. In certain cormec_thns it can
furnish a useful basis for stratification in sampling.52 As many statistical tools,
it can serve as a partial test of an hypothesis or reflect on the adequacy of the
characteristics initially selected as relevant, etc.®? o
Moreover, whether or not factor analysis is employed to test an hypothesis, it
may suggest workable typologies and classification schemes and frui}ful moFlels
or conceptual frameworks on the interrelations of variables. Asone 1llust}'at10n,
Price has employed factor analysis in searching for fundamental dlmensgons gf
metropolitan centers. He is able to explain statistically the intercorrelations in
the variation of 15 characteristics among 93 cities in terms of 4 factors. The

80 For example, multiplying —0.07 by 0.68 (factor 1 loadings on characteristics 2 and
3) yields —0.0476 which when added to 0.2890 (the product of 0.85 and 0.34, the
respective factor 11 loadings) gives 0.2414, which is within rounding error of the value of
0.24 of Table B-4. )

In factor analysis parlance, the loadings of Table B-6 are obtained by rotating the
reference axes clockwise 50 degrees.

81 For example, see A. L. Ferriss [17].

82 For example, see M. J. Hagood and E. H. Bemnert [28].

83 For example, see M. D. Van Arsdol, S. F. Camilleri, and C. F. Schmid [67].
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factor loadings obtained combined with his accumulated knowledge and judg-
ment on forces at play in metropolitan centers leads him to identify tentatively
these factors as (1) degree of maturity of city ; (2) the extent to which a city is a
service center ; (3) the level of living within a city ; and (4) the per capita trade
volume of a city.# Finally, factor analysis (perhaps in conjunction with
scalogram and latent structure methods) may be helpful in research on attitudes,
political participation, and related topics which have an impcrtant bearing on
tesource development and planning for a region or system of regions. It may
make possible the narrowing down of the range of alternative interpretations of .
complex sets of data, often incomplete, where such data might relate to voting
patterns, use of government facilities (e.g., health centers, libraries, aduit educa-
tion programs, extension services), contacts among different social groups and
institutions, etc. It may even suggest alternative hypotheses not apparent from
scrutiny of raw data.

In considering the virtues of factor analysis, the analyst must also bear in mind
the extent to which factor analysis cannot eliminate his responsibility for sound
reasoning and judgment, and in many cases cannot eliminate the need to resort to
arbitrary procedures. Briefly put, factor analysis is not nearly as objective as
appears to the unsophisticated analyst. At the very start, the choice of relevant
characteristics must depend on an investigator’s intuition and previous know-
ledge, as well as the availability of data. Next, the number of factors deemed
appropriate involves a judgment factor despite certain procedures designed to
furnish objective criteria. Most important of all, many alternative sets of factor
loadings are possible for a given set of data on intercorrelations, the particular
one chosen and its interpretation (if any can be put forth) being largely deter-
mined by the theoretical or conceptual construct deemed most significant. In
addition, there are a number of shortcomings both conceptual and technical,
such as those relating to the assumptions involved in the initial correlation
procedures, the additive or multiplicative nature of factors, and measures of
error variance. The discussion of these shortcomings is beyond the scope of
this Appendix.
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Chapter 8

Interregional and Regional

Input-Output Techniques

A. INTRODUCTION

Itlls commonplace among those who wish to embark upon regional
stu‘dle§ to ask what kind of study would be most fruitful, given their set of
objectives and terms of reference. As they scan the list of possible types
of studies, such as regional income studies, commodity flow studies
palance of payments studies, economic base studies, multiplier studies’
industrial location studies, etc., they are perplexed as to which one tc:
attempt. They see the virtues and limitations of each. Often they
clearly perceive the partial character of each and are dissatisfied. They
war}t to study more of the whole of the region or of the system of regions.
Or if they have the resources to do more than one partial study, they seek
ways by which these studies may be interrelated and may be conceived and
formulated to contribute to one another.

It is in this connection that the general interdependence techniques are of
value. These techniques have many limitations: they involve sweeping
assymptxons; they abstract from many important realities of folk, regional
national, and international life. Yet, after all their limitations are se;
dovyn, the fact remains that they provide essential mortar for cementing
various partial studies.

* This chapter was written with John H. Cumberland.





