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In recent years, an increasing num- 
ber of studies have been focused on the 
interrelations between urbanization, mod- 
ernization, and industrialization. In 
much of this research one methodological 
problem is the derivation of measures of 
urbanization which provide an adequate 
summary of the distribution of population 
by community size. This paper presents 
data to suggest that one logical and use- 
ful solution to this problem involves the 
derivation of measures of urban concen- 
tration from some mathematical model of 
concentration. An index based on the 
Lorenz curve model is presented and its 
relationship to other population distri- 
bution measures is documented. The re- 
search further describes the associations 
between a Lorenz curve index and measures 
of economic structure. The analysis is 
based on data for individual states of 
the United States from 1900 to 1950. 

THE MEASUREMENT OF URBAN CONCENTRATION 

Concentration indexes were first 
constructed for income size distribution& 
These indexes were originally developed 
by Pareto, Gini, Lorenz, and others, and 
have been applied to a wide variety of 
data, including size distributions of 
communities.2 Two closely related ex- 
pressions--Pareto's curve and the rank - 
size rule- -have proven to be the most 
popular in urban research. However, 
analyses of the Pareto curve and rank - 
size rule have been more oriented toward 
describing empirical regularities and 
formulating size laws than toward deriv- 
ing useful concentration indexes. Some 
investigators of the Pareto curve have 
realized that the slope of the curve can 
be used as an index of urban population 
concentration. To obtain such an index 
it is necessary to fit the curve to em- 
pirical data and then to measure the 
"goodness" and "closeness" of fit. If 
observed data depart from the Pareto 
model it is difficult to evaluate the em- 
pirical applicability of the slope as an 
index of urban population concentration. 
Concentration indexes that can be more 
simply derived include those based on the 
Lorenz curve. Few attempts have been 
made to measure urban population concen- 

tration on this basis, yet the method 
would appear to warrant further investi- 
gation.) 

Structure of the Lorenz curve. The 
Lorenz curve describes the point distri- 
butions of the cumulated proportions of 
communities of different sizes and of 
cumulated proportions of the populations 
of these communities. To the degree that 
the community and population size inter- 
vals are infinite, the Lorenz curve ap- 
proaches a continuous curvilinear func- 
tion. With a limited number of community 
and population size intervals it is dis - 
continuous.4 Figure 1 illustrates the 
Lorenz curve for community size and pop- 
ulation for the United States as a whole 
in 1950. Coordinates on any of the 

FIGURE 1 

LORENZ CURVE FOR COMMUNITY SIZE AND 
POPULATION, UNITED STATES: 1950* 
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100,000 and over. 



points on the curve specify the propor- 
tions of communities and of populations 
below a given size level. The extent of 
urban concentration is proportional to 
the shaded area between the curve formed 
by the points and the diagonal. If the 
cumulated community and population pro- 
portions are equal, all of the observed 
points fall on the diagonal, all commun- 
ities are of equal size, and minimum ur- 
ban concentration is found. The observed 
points fall below the diagonal and a de- 
gree of urban concentration is obtained 
whenever the cumulated proportions of 
communities are greater than the cumulat- 
ed proportions of populations. Complete 
concentration of population into a single 
city is found if the points of the coor- 
dinates delimit the total area of the 
triangle below the diagonal. 

An index derived from the Lorenz 
curve. A number of indexes of urban pop- 
ulation concentration can be obtained 
from the Lorenz model. The most common 
is one which delimits the area between 
the Lorenz curve and the diagonal of min- 
imum population concentration, or equal- 
ity of community size. This index, as 
used in the present analysis, is denoted 
as "S," and defined as follows:5 

S - (X1Y1) + (X2-X1)(Y1+Y2) + 

+ (Xk - Xk-1)(Yk-1 + 

(xi 
- Xi-1) (Yi-1 + 

where: Xi = the cumulated percentage of 
communities at point i; Yi = the cumu- 
lated percentage of population at point 
i; and the range of S is .0 to .5. The 
S index value of .35 shown in Figure 1 
indicates that.the area between the 
Lorenz curve and the diagonal of minimum 
concentration is seventy per cent of the 
maximum possible area below the diagonal. 

Computation of the S index for indi- 
vidual states. The S index was computed 
for each of the 48 states the United 
States for the decennial - census years 
1900-1950. The six community size inter- 
vals used in these calculations ranged 
from 2,500 - 5,000 to 100,000 and over.6 
The choice of these intervals was guided 
by the availability of data and by the 
need for comparability with another anal- 
ysis being prepared for various countries 
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of the world.? 

The S index values for individual 
states from 1900 to 1950 ranged from a 
minimum of .00 to a maximum of .43. 
Table 1 shows that the median values of 
the S index for states have increased 
slightly over the period 1900 to 1950 
and reflect a trend toward urban popula- 
tion concentration documented by other 
investigators. 

TABLE 1 

MEDIAN STATE VALUES AND SEMI - 
INTERQUARTILE RANGE OF S, 
DAVIS, AND PER CENT 

URBAN INDEXES 

UNITED STATES: 1900 -1950 

Year 

S 

Mdn. Q. 

Per cent 
Davis ** urban* 

Mdn. Q. Mdn. Q. 

1950 .32 .08 .46 .10 .48 .09 

1940 .32 .05 .47 .11 .42 .01 

1930 .31 .06 .45 .11 .40 .13 

1920 .30 .06 .50 .14 .36 .16 

1910 .30 .06 .52 .15 .31 .15 

1900 .27 .07 .59 .14 .28 .16 

*Based on U.S. Bureau of the Census 
"old" definition. 

* *See footnote 9 for explanation of. 
Davis index values. 

Relations of the S index to other 
measures of urban population distribu- 
tion. To evaluate the Lorenz curve as 
an independent measure of urban popula- 
tion distribution it was compared to two 
other indexes. One of them is the tra- 
ditional census measure of the per cent 
of the population residing in incorpor- 
ated communities with 2,500 or more in- 
habitants.8 The other is an index com- 
parable to one devised by Kingsley Davis 
to measure urban concentration.9 This 
modified Davis index was obtained by 
taking an arithmetic average of the set 

of cumulated percentages of the urban 
population in communities of different 
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size, thus implicitly assigning an equal 
weight to each size interval. The census 
and the Davis indexes were calculated for 
each state from 1900 to 1950. The med- 
ians of these state values as well as the 
medians of the S indexes for states are 
given in Table 1. The intercorrelations 
of tho state values of S with the Davis 
and percent urban indexes for 1900 -1950 
are shown in Table 2. 

TABLE 2 

ZERO ORDER CORRELATIONS OF STATE VALUES 
OF THE S, WITH THE DAVIS, AND PER CENT 

URBAN INDEXES 
UNITED STATES: 1900 -1950 

Year S -Davis 
S -Per cent 

urban' 

1950 -.75 .46 

1940 -.51 .52 

1930 -.40 .57 

1920 -.40 .62 

1910 -.32 .59 

1900 -.21 .56 

'Based on U.S. Bureau of the Census 
"old" definition. 

The marked increase in the medians 
of the state values of the census index 
from 1900 to 1950 stands in definite con- 
trast to the small change in S index val- 
ues and a moderate increase in the values 
of the Davis index. 

Table 2 indicates that the correla- 
tion between the S index and the per cent 
urban increased slightly between 1900 and 
1920 and then decreased continuously un- 
til 1950. While the simple urban measure 
was once more closely related to the S 
index, the increasing amount of unex- 
plained variance between them suggests 
that substitution of one measure for the 
other is not justified. 

The marked increase in the correla- 
tion between the S and the Davis indexes 

1900 to 1950 may be explained by the 
fact that, with a fixed set. of community- 

size intervals, the Davis index is more 
affected than the S index by the absence 
of communities in some of these inter - 
vals.10 A consolidation of the upper 
two or three community -size intervals 
would have undoubtedly given a consist- 
ently higher correlation between the two 
indexes from 1900 to 1950. By 1950, 
when most states had communities in at 
least five of the six community -size in- 
tervals, the correlation given in Table 
2 better reflects the relationship be- 
tween the S and Davis indexes. The data 
for 1950 suggest that, in genera_, the S 
index correlates more closely with the 
Davis index than with the census index 
of per cent urban. Both the S index and 
the Davis index measure the extent to 
which the urban population of a state is 
concentrated in larger cities, whereas 
per cent urban more simply indicates the 
relative importance of all cities above 
2,500 population. The main advantage of 
the S index over the Davis index is that 
it is based on a more general model of 
concentration. 

URBAN CONCENTRATION AND 
OCCUPATIONAL STRUCTURE 

The process of urbanization in Wes- 
tern nations has been linked closely with 
transformations in the basic nature of 
economic activity.11 The initial shift 
from agriculture and home industry to 
factory -centered manufacturing has been 
accompanied by major currentsin popula- 
tion redistribution. The next phase of 
economic modernization, characterized by 
the emergence of service and consumption 
oriented occupations, also witnessed'sig- 
nificant population shifts. These eco- 
nomic changes can be portrayed, though 
somewhat crudely, by the changing impor- 
tance of primary or predominantly agri- 
cultural occupations, secondary or manu- 
facturing occupations, and service or 
tertiary occupations. One would expect, 
therefore, that there would be some asso- 
ciation between measures of urbanization 
and indexes of occupational structure. 
In this respect, negative relationships 
are hypothesized between the level of 
urban population concentration and the 
proportion of the labor force in primary 
occupations, and positive relationships 
between urban concentration and the pro- 
portion of the labor force in secondary 
and service occupations. 

Available published information 



limits the scope of the description of 
the relationships between occupational 
structure and urban population concentra- 
tion in the United States. By 1900, the 
first date for which measures of urban 
population concentration by states were 
derived, major changes in the growth and 
distribution of urban population had al- 
ready taken place. Thus, the data to be 
presented are indicative of what may hap- 
pen in a mature economy rather than in an 
economy in the initial phases of urbani- 
zation and industrialization. 

Data on the occupational structure 
of each state of the United States in. 

1900, 1940, and 1950 were obtained from 
the University of Pennsylvania Study of 
Population Redistribution and Economic 
Growth.12 The available occupational 
subclasses were combined to form primary, 
secondary, and service occupational 
classes. The proportions of gainful 
workers or persons in the labor force in 
each of the three occupational classes 
were computed for each state for 1900, 
1940, and 1950.13 

TABLE 3 

ZERO ORDER AND MULTIPLE LINEAR CORRELA- 
TIONS BETWEEN STATE VALUES OF S INDEX 
AND PROPORTION OF THE LABOR FORCE IN 

PRIMARY, SECONDARY, AND SERVICE 
OCCUPATIONS 

UNITED STATES: 1900, 1940, and 1950 

Variables 

Years 

1900 1940 1950 

S. primary -.39 -.42 -.42 

S. secondary .23 .23 .21 

S. service .46 .34 .31 

S. primary, secondary .47 .53 

S. primary, service .46 .43 .43 

S. secondary, service .49 .4o .42 

Table 3 presents zero order and mul- 
tiple linear correlations by states be- 
tween the S index and the per cent of the 
labor force in primary, secondary, or 
service occupations for the years 1900, 
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1940, and 1950. While these correlations 
are low, they do form a pattern conform- 
ing to the hypotheses. For 1900, 1940, 
and 1950, the proportion of the labor 
force in primary occupations by states 
was found to be inversely related to the 
degree of urban concentration, without 
any changes over time. On the other 
hand, the correlations of secondary and 
tertiary occupations with urban concen- 
tration are positive for all years under 
consideration. An important historical 
change that is shown in Table 3 is the 
decreasing correlation of tertiary occu- 
pation and urban concentration over time. 
The same trend is noted in the multiple 
correlations when tertiary occupation is 
included as one of the independent vari- 
ables.14 In 1950 the highest multiple 
correlation was obtained for the combin- 
ation of primary and secondary occupa- 
tions. 

The development of tertiary occupa- 
tions may be partially a function of ur- 
ban concentration which creates a need 
for service activities that are initially 
carried on.within large cities. However, 
with the passage of time as the total 
society becomes more concentrated, and as 
techniques of transportation and commun- 
ication are further developed, service 
activities may have become more rapidly 
dessiminated, allowing a deconcentration 
of both place of residence and place of 
work. This process may have been hasten- 
ed by the development of white collar 
"dormitory" suburbs in recent years, 
which in the present analysis, would tend 
to increase the number of small communi- 
ties and lower the value of the urban 
concentration index. 

SUMMARY AND CONCLUSIONS 

This paper has documented the impor- 
tance of using measures of urban popula- 
tion concentration in the study of social 
and economic changes associated with ur- 
banization. Indexes of urban population 
concentration derived from the Lorenz 
curve were described. It was shown that 
Lorenz curve index values tend toward in- 
dependence from the traditional measure 
of per cent urban used by the United 
States Bureau of the Census. Possible 
uses of one of the Lorenz curve indexes 
in the study of changes in the economic 
structure of an urbanizing society were 
investigated. It was found that there is 
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a definite pattern in the relationship 
between urban concentration and the occu- 
pational structure characteristic of a 
maturing economy. 

The findings of this study are ten- 
tative in nature. Further investigation 
is needed of the relationship of concen- 
tration indexes to other measures of ur- 
ban population distribution and to more 
sensitive measures of economic develop- 
ment and structural changes in social or- 
ganization. It would appear that re- 
search on urbanization needs to take into 
account more rigorous definitions of pop- 
ulation distribution, and to focus on 
population redistribution as an important 
variable in the study of social change. 
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