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PREPACK

In August 1960 the Ford Foundation made a grawt to The RAND
Corporation for an exploratory study of urban transportation. An
objective of this study was the development of a land-use model
vhich could be employed in forecasting the changing land-use patterns
of an idealized mebropolitan area, Work has heen wderway on this
phase of the study since 196), first with the support of the Ford
Youndatlon gront, and subsequently as part ¢of The RAND Corporation's

progrem of self~gponsored research.

The present RAND Memorandum embodies the resulls of this latest
research and gives a full description of the land-use modeld in its
latest and most conplete form. The Memorandum then employs the
model to forecast employment and population growth in 36 metropolitan
areas, and dilscusses the implications of the resulting developmental

patterns on the spatial configuration of urban arecas.

Aspects of an esrller version of the model were reported on in
two studies by J., H. Niledercorn and J,., I'., Kain; An Econometric
Model of Metropolitan Development (P-2663, December 1962), and
Suburbanlzatlon of Employment and Population, 1948-1975 (p-26hL,
Junuary 1963). lend-use dota obtained through questionnaires sent

to city planning commissions of the largest cities of the United
States were analyzed and reported on by J. H. Niedercorn and E, F. R.

llearle in Recent Land-Uge Trends in Forly-Eight Targe American Cities

(RM-3664-TF, June 196G3).
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This Memorandum presents an econometric model describing the
growth of metropolitan employment and population., The anelysis ’
carried oult for three geographical areas, the entire Standard
Metropolitan Statistical Area (8MSA), the central city, and the
netropolitan ring (the part of the SMSA lying outside the central city).
A mathematicel model was constructed to describe changes taking place
in each of the three geographical areas in manufacturing, wholesaling,
retailing, and selected service trades; in finance, insurance, and
real estate; in transportation, commmications, and public utilities;
and in government adminlstrative employment, and resident population.
The model's parameters were eostimated using data taken from a sample
of 4l of the largest SMSAs. The model was then used to forecast ten-
year changes in employment and popwlation for 36 of the nation's most
important metropolitan areas.

Given the limltations of the data and the uncertainties inherent
in economeiric models of this kind, and assuming that future urban
growth is like that in the recent past, it appears that population
and employment growth will be rapid in the majority of these metro-
pollitan aereas, and especially rapid in the metropolitan rings.
Population and all types of employment will increase substantially
in the ring. On the average, the forecasts indicate that less than
15 per cent of total metropolitan employment growth and less than
5 per cent of the total population growth will locate in the central
city. The main sourcesc of central city growth will be business ser-
vices, finance, insurance, real estate, and government administration.
Wholesaling and retalling will remain fairly steady in the central
clty but manufacturing should decline substantilally.

The model covers approximately 72 per cent of total metropolitan
employment. The only omltled categories axe construction, profes-
sional services, private household services, and central offices of

monufacturing firms. As both professional services and central
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offices are highly concentrated in core aress it appears likely that
increases in these categories should offset possible declines in
construction and privete household services. If this is true, the
model's forecasts of total central city employment change should
not be significantly affected.

The model predicts that central city employment will grow con=-
giderably faster than the employed resident labox force. If this
conclusion 18 accepted, it follows that many of the new jobs will
be filled by people living outslde the central city. There would
therefore be increased commuter trafflic between central city and
metropolitan ring (end more rush hour traffic congestion) unless
the capacity to transport these persons is correspondingly enlarged.
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I, INTRODUCTION

During recent years soclal scientists, among others, have peid
increasing attention to the phenomenon of urban growth, Because of
its complexity many researchers have come to the conclusion that
only through the use of mathematical models can the maze of inter-
related factors thet determine the rates and patterns of growth in
population and employment be ldentified. At present, several studies
are underwsy that include sttempts to simuwlate the growth of & metro-
politan communi‘by.* All of these models are complex, embodying many
equations and fine areal disaggregation.

The construction of a simpler sggregative model explaining
growth in the larger metropolitan areas of the United States was not
attempted until recently when The RAND Corporation undertook such a
study as a part of its Ford Foundation sponsored Urban Transportation
Project, A dynamic cross-sectional econometric model of metropolitan
growth has been developed that explains changes in population and
manufacturing employment in the Standard Metropoliten Statistical
Area (SMSA) and then partitions this growth between central city
and metropolitan ring {defined as the difference between SMSA and
central city)., Changes in the following types of employment have
also been explained for bnth nentral eity and metropoliten ring:
wholesaling, retailing, and service trades; financial, insurance,
and real estate; transportation, communlcations, and public utilities;
end government administration. Comparisons of the projected growth
of the labor force living in the central city and the employment
svallable there yield interesting inferencec about future commuter
traffic between metropolitan ring and central city,

The model is used to forecast changes in population eand employ-
ment teaking plece in 36 large metropolitan areas over the ten-year

*

The work of the Penn-Jersey Transportation Study, The Traffic
Research Corporatlon, The Pittsburgh Reglonal Study, snd Ira S. Lowry
of The RAND Corporation, all desexrve mention.



period 1998-1968, The magnitude of these changes snd their implica-
tions for the future of the nation's urban areas are then discussed.




II. METROPOLITAN DEVFTOPMENT

Although there are meny partisl theoxries of urban development,
no satisfactory general theory has yet been formulated and tested.
The model presented in this Memorandum embodies en attempt to
synthesize several pariial theories and come up with & unified pic-
ture of metropolitan growth. The various theories are formulated
mathematically when discussed, and then the entire model ls assembled,
estimated, and tested. Although it would be presumptuous to call
this model a general theory, the equations taken as a group embody &
first attempt to specify the interrelationships between population
and employment growth, and locational behavior in the automotive age.

The model is based on four assumptions about metropolitan growth.
They are:

(1) Manufacturing employment and population growth interact
in the SMSA in a mutually reinforcing manner.

(2) Changes in SMSA mamufacturing employment and population
can be allocated between central city and metropolitsan
ring if the amount of vacant land in the city and the size
of the city are known.

(3) Growth of employment in central city and metropolitan
ring 1s determined by population changes., Employment
categories included in this assumption are: wholesaling,
retailing, services; finance, insurance, and real estate;
trangportation, communications, and public utilities;
and government administration.

(k) Given chenges in employed central city labor force and
total employment, the increase or decrease in people
traveling to work from ring to central city can be

ascertained,
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SMSA GROWTH IN MANUFACTURING EMPLOYMENT AND POPULATTON

Increases in “basic" employment are usually considered to be
the driving force behind metropolitan growth., Basic employment is
conceived as export oriented employment, in other words, as employ-
ment providing goods and services for nonlocal markets. This category
ordinarily includes farmers, miners, federal and state government
employees, people providing services for transients, and workers in
menufacturing concerns whose seles are chlefly outside the SMSA of
origin. Growth of basic employment atiracts job seekers to settle
in the aree, thereby causing population growth over and above the
netural increase from any excess of births over deaths.

Although this may be sufficient explanation of metropolitan
growth for the late 19th century, it is clearly inadequate for the
middle of the 20th century. The continuing industrialization and
mechanization of the American economy have made manufacturing in-
creasingly market oriented rather than natural resource oriented.
Value added by labor and capltal in the process of fabrication is
increasing much more rapidly than total inputs of raw ma‘berials.*
Consequently, raw material costs are becoming a smaller fraction of
total costs, and the expense of transporting rew materials 1s no
longer so burdensome. Since the different stages of fabrication are
often undertaken in different plants, businessmen have an incentive
to locate near other plants rather than raw meterial sources.**

As a consequence, manufacturers can often minimize total trans-
portation and marketing costs by locating in the large population
centers, near other manufecturers and nesr large consumer markets.
Markets thus become the strongest determinant of industrial location,
Of course, the supply of skilled laebor available in the popula’ .on

—

Tor a discussion of this hypothesis see Alexander Gerschenkron,
A Dollar Index of Soviet Machinery Output, 1927-28 to 1937, The RAND
Corporation, R-197, April 6, 1951, pp., 47-48,

*.*.
See Benjamin Chinitz and Raymond Vernon, "Changing Forces in
Industria) Iocation,* Harvard Business Review, Vol. XXXVIII {January-
February 1960).




centers is another importent fector in Their favor. Large SMSAs

are therefore likely to become highly diversified manufacturing
centers, and the ratic of employment in this activity to population
in the future will be distributed more evenly across the major
regions of the nation. These ideas might be formulated in the fol-
lewing manner. If an SMSA has less than the equilibrium amount of
manufacturing employment in relation to its population, it will gain
in the manufacturing sector; if it has more it will decline because
markets outside the region and the local SMSA are graduslly lost

as other areas develop & diversified manufacturing capability.

The growth of SMSA population has two sources: natural increase
(the excess of births over deaths) and net migration. Metropoliten
areas have been net recipients of migration from foreign countries
a5 well as small towns and the countryside for well over & hundred
years, There ls also a substantial interchange among metropolitan
areas, A large part of the net migration is attributable to ine
crease ; in basic employment, and the resulting high levels of wages
and salaries., The remainder, consisting in large part of retired
people, depends upon smenities such as a pleasant climate, In the
equations that follow, manufacturing employment has been used as &
proxy for basic employment. This has been done because data corres-
ponding exactly to the concept of basic employment are not availeble,

The first equation states that the equilibrium amount of manufac-
]

s eq’
of total SMSA populstion P°. This assumption will later be modified

to allow % to vary over time since the retio of manufacturing

turing employment at any point of time, M 1s a constant fraction 11

employment to population is falling in the United States,

Equation (2) says that the annual percentage change in SMSA
manufacturing employment depends on the difference between the
equilibrium and actual levels of menufacturing employment, and itself
lagred one year, The letter term is included becasuse devietions from
the equilibrium growth path have a strong effect in the short run; the

gize of the ccefficilent ¥, HMeATUTES the strength of this effect,
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Equation (3) shows that the snnual percentage change in SMSA
population depends on the percentege change in SMSA manufacturing
enployment and a constant term &32 which measures the percentage
rete of growth common to the larger SMSAs., The constant term may
be interpreted as the sum of two components, one being the rate of
natursl increase and the other the average rate of migration from

non-SMSA areas.

] 8
Mag =1 P o (1)
AWM =y (G - OME ko (8 HOIE) (2)
A PP/P% = agy (8 M /MB) - i (3)

These three equations constitute the SMSA growth model. They
form & system of simbltaneous equations that is nonlinear with
respect to the veriebles, though linear with respect to the para-
meters, The latter fact permits estimation of the parameters by
the ususl statistical techniques.

ALLOCATION OF CHANGES IN SMSA VARLABLES TO CENTRAL CITY AND RING

It is generally assumed that manufacturing firms choose central
city locations because of proximity to complementary plants, labor
force, and commodity transport terminals, This drawing power of the
city 1s counteracted by the lack of usable vacant land. Since the
most efficient plant layout often requires assembly line production,
single story plants are desirsble dbut sites large enough to accom-
modate them are difficult to find in the city. Parking lot require-
ments further increase the need for land, Therefore, manufacturing
employment in the central city is likely to increase only 1f signifi-
cant amounts of vacant land exist or can be created by redevelopment

at a resscnable cost.

Since most of the larger cities contain very little usable
vacant land, by far the greater part of nev industrial development
is likely to take place in the suburbs. In addition, there will
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probably be some net movement from central city to suburbe as fiims
outgrow thelr old facilities and want to build newer and larger
Plents., Althousgh many new firms are born in the clty, these are not
likely to grow fast enough to fully replace those that leave because
skilled labor 1ls alsc moving to the suburbs,

Population can be assumed to behave in a manner similar to
manufacturing. The city offers meny amenitles such as a short
Journey to work, a wide cholce of consumer's goods and services,
and proximity to educational and cultural institutions. Again, the
abgorptive power of the city is limited by the amount of usable
vacant land, If the city has considerable amounts of such land,
most of the new residential development will take place within the
c¢ity limits., On the other hand, if little or no vacant land exlsts,
the Increase in SMSA popuwlation must settle largely in the suburbs,

A further powerful factor that influences residential location
is space preference.* Many people prefer the roomier houses, pri-
vacy, and lavns of the suburbs to the apartments and row houses of
the city. The private automoblle has given these people the oppor-
tunity to enjoy suburban living and still retain close contact with
their jobs and places of recreation in the city. One might expect
that the denser the city the greaster will be the incentive to move
to the spuburbs because of the overcrowding mssociated with high
densities,

Equations (4) and (5) explain annual changes in central city
poputation and manufacturing employment.,

C C 7,5 B
MM = ey (VL) (M) A M+ g /) b g

a,
+ G’IFS P o+ Ull-l# ) ()4')
8 8
vhen, AMg>O, AMd=O

[t}
o

wvhen AMd <0, AM

Wm

I‘or 8 discussion of this concept see John F. Kain, A Multiple

Bquation Model of Household Iocational and Tripmaking Behavior, The
RAND Corporation, RM-3086-FF, April 106G2.
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aP% = 5 (v/1) (2%/p%) a P° %5p (r°/n) p° (

Pa + CY5,-I .

3 ()’5 3
The first texrm on the right side of Equation () is used when SMSA
manufacturing employment is increasing, and the second term then
equals zero, If SMSA manufacturing is decreasing, the second term is
used and the first equals zero. In the former casec, growth of central
city manulfacturing employment is limited by the amount of vacant land,
but this factor need not be taken into account if SMSA manufacturing
employment is decreasing because employment losses do not require
additional lasnd. 1In both cases, however, the change in SMSA manufac-
turing employment is welghted by the ratio of central city to SMSA
employment. This indicates that increases or decreases in the SMSA
will be sllocated between central city and metropolitan ring roughly
in proportion to the existing relative employment levels of these
areas, Of course, in the case of increases the vacant land factor

modifies this allocative mechanism,

The texm Pa denotes population annexed by the central city
from the metropolitan ring, and has been included in Equation (4) to
account for central city employment growth attributable to annexations,
Manufacturing employment in ammexed areas 1s assumed to be roughly
proportional to population residing in these areas, This correction
was necessary because the Burecau of the Census reports employment
data on a legal area rather than a constant area basis,

The first term on the right side of Equation (5) is analogous to
the corresponding one in Equation (%), Since sll SMSAs are increas-
ing in populetion, only one term of this general type is needed.

The term (P®/L) P® denotes gross population density times central
clty population. This term is included because the exodus from the
city depends on density, and the latter must be weighted by popula-
tion size. Again, the annexed population should be included as an

independent variable.
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Cnce changes in central city manufacturing and population are
determined, changes in the metropolitsn ring cen be found by sub-
tracting central city changes from SMSA changes.

AM =AM - AN, (6)

APY = AP - aP% . (7)

DEMAND OR POPULATTION ORIENTED EMPLOYMENT

Locations agsumed to be demand or population oriented are: whole-
saling, rc@ailing, service; financial, insurance, and real estate;
transportation, communications, and public utilities; and government
administrative employment.* In other words, these kinds of employ-
ment are assumed to follow population growth, The model is quite
simple. Changes in both central city and metropolitan ring popula-
tions are included as independent variables when explaining central
clty employment changes because people who live in the ring often
travel to the city to obtain highly specialized kinds of goods and
services. Thls will be true ol governmental services as well as
those supplied by private business, Consumers' demands for things
such as food, drugs, and sof't goods can usuelly be satisfled locally.
Fox thia reason, metropolitan ring employment, which 1s less speclsl-
ized than central city employment, ls assumed to depend only on
changes in ring population.

A E; = 0 B Pﬁ + gy A Pr o4 o3 2l ol (8)
r ha 8,
AEi-:aTlAPk + a721> gy - (9)

Again, the term P> has been included in both equations to
account for annexetions These two equations 1llustrate the behavior

The locational beaavior of construction, professional services,
private household servlices, snd central offices of manufacturing
f£irms has not been discussed because accurtte data for them were not
availeble, Of course, only a portion of state and federal goverrment
copleyment. can be regarded as population oriented. However, since
there is no way of separaling population oriented and basic components,
the entire category ic treated as population oriented,
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of changes in demand oriented employment, denoted by A Ei'* The
subscript k has been added to A P® and A P’ in two places to
denote changes in constant-aresa popula.tion.** Variables that refer
to legel areas have no subscripts.

The equation for changes in central city transportation, com-
munications, and public utilities employment also includes as an
independent varleble the central city level of this employment. It
was included because transportation is & declining industry and part
of its snnual employment loss can reasonably be assumed proportional
to the existing level of service.

CHANGE IN COMMUTER TRAVEL

Once the chenges in central clty population and employment are
known, the change in the number of commuters treveling to work from
metropolitan ring to central city can be determined. The total
number of commiters depends on the difference between the number of
jobs located in the centreld city and the number of employed workers
living there. Therefore, the change in commutation should depend
on the change in central city jobs minus the chenge in central =ity
working population. This can be represented by Equation (10) where
A J is the chenge in number of commuters traveling to work and

ogy is the labor force participation ratio of the population settling
in or emigrating from the central city.
¢ ¢ ¢

AT =L AE +AM -ag AP . (10)

*One exception should be noted here. Changes in wholesaling
employment have been assumed to depend on changes in retailing, and
thus indirectly, rather than directly, on changes in population,

**Equa.tions (8) and (9) are simplified versions of more compli-
cated equations derived in an earlier study. They originally made
allowences for changes in productivity, but have been simplified
because changes in productivity do not seem to have s significant
effect in highly apgregated sectors, For derivatlon, see John H,
Niedercemm and John F, Kain, Changes in the Location of Foeod and
General Merchandise Store Employment Within Metropolitan Areas,
197133—1958, The RAND Corporation, P-251L, August 1962,
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Of course, this equation cannot be expected to give an accurate
plcture of changes in demsnd for urban transportation in the SMSA,
but 1t does glve a rough ldea of what will happen to the total number
of people commuting to work between central city and metropolitan
ring.* Bquation (10) completes the basic structure of the model,

*M)Ie specifically, it neglects the effects of reverse commuting.
However, because reverse commuting is thought to be increasing (owing
to the rising proportion of Negroes in the centrel city population),
Equation (10) will underestimate the increase in the number of workers
traveling from suburbs to central city in the morning rather than
overstate it when central clty jJobs are growing faster than the cen-
tral clty labor force.
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I1I, THE DATA AND PARAMETER ESTIMATLON

DATA

The data used In estimating the parameters of the model are
taken from o sample of Ll SMSAS.* Several different sources were
used in obtaining these datza, Changes in manufacturing, wholeseling,
retaeiling, and selected service trades were calculated from Census
of Manufactures and Census of Business data for the years 1954 and
1958. Changes in population are eastimates for the period 1954-1958
constructed by interpolating between the census years 1950 and 1960.
Populstion annexation date are estimates calculated from figures
appearing in various issues of the Municipal Year Book. The data

fo . transportation, communications, and public uwtilities, finance,
insurance, and real estate, and government administration were obtalned
from the 1950 mnd 1960 Censuses of Population. Changes over the ten-
year period were then calculated,

The latter date caused some difficulty because the 1950 employ-
ment filgures are llsted by place of residence rather than place of

*These include Akron, Baltimore, Boston, Buffalo, Chicago,
Cincinnatl, Cleveland, Columbus (Ohio), Dallas, Dayton, Denver, Detroit,
Ft. Worth, Houston, Kansas City, 1os Angeles-Long Beach, Loulsville,
Memphis, Miami, Mllweukee, Minneapolis-St. Peul, New Orleans, Newark,
Norfolk-Portasmouth, Oklahoma City, Philadelphia, Phoenix, Pittsburgh,
Portland (Oregon), Rochester, St. louis, San Antonio, San Diego,

Sen Franclsco-Oskland, Seattle, Albany-Schenectady-Troy, Birmingham,
Hartford, Providence-Pawtucket, Syracuse, and Youngstown~Warren. Where
more than one central city exists in an SMSA they are added together

to form & congolldated central city for the statistical analysis. The
Boston SMSA has been redefined to include 81l of BEssex, Middlesex,
Norfolk, and Sulfclk Counties, and the Providence-Pawbucket SMSA has
also been redefined as the sum of Bristol, Kent, and Providence Counties.
The Hartford SMSA is redefined as all of Hartford County., The New York
SMSA has been excluded from this study because of its size and other
special charscteristics. The Washington, D.C, area has elso been
omitted owing to ite atypicsl pattern of employment. Where possible,
date for all SMSAs have been made to correspond to 1958 areal defini-
tions. This was not always possible in the cases of finance, insur-
ance and reel estate, transportation, communications, and public
utilities, snd government administration.
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work, A plausible assumption was then required to reduce the 1950
data to a place of work basis. This was done by assuming that for
each type of employment, the ratio of employment to resident popula-
tion in the ring increased or decreased by the same percentage as
the ratlo changed in the economy as a whole over the ten-year period
1950-1960.* This assumption did not prove tenable for government
administrative employment s0 the data were recalculated under the
assumption that the ratio of employment to resident population in
the ring remsined constant.**

Figures for total land area of the central city and vacant land
were obtained from & questlonnaire sent by The RAND Corporation to
various city planning commissions in the spring of 1962.m

*The ratio increased 24.2 per cent for finance, insurance, and
real estate, 19.1 per cent for government administration, and .
decreased 5.0 per cent for transpoxtation, cormunications, and pub-
lic utilities.

**Even this latter assumption gave odd results. It attributed
decreases in government adminisgtrative employment to 11 central
cities inecluding Albany-Schenectady-Troy, Boston, Buffalo, Chicago,
Dayton, Louisville, Newark, Phoenix, San Dlego, Sen Francisco-
Oaklend, and Youngstown-Warren., These decreases seemed to contra~
dict data collected by Senator Byrd's Joint Committee on Nonessential
Federal Expenditures that show the number of Federal Government
employees working in central counties (counties containing central
cities) generally increased substantially between 1950 and 1960.
Combined with the well-known effects of Parkingonts Law and frag-
mentary evidence of government office building construction in
centrel cities, Byrd's data led to the tentative conclusion that
employment in government administration probably did not decline in
central cities during the period 1950-1960. Consequently, the &above
mentioned 11 SMSAs were dropped from the sample used in estimating
the government employment equations. Government adminlstration
includes only employees involved in administrative tasks. Neither
public school personnel nor workers in government-owned public
utilities are included. See U.S, Congress, Federal Civilian
Employment 1950 (With Tsbles Showing Employment by otebes end
Tocalities), and Federal Civilian Employment by County (1960},
Reports of the Joint Congressional Committee on Reduction of Non-
essential Federal Expenditures, Government Printing Office,
washington, D.C., 1951 and 1961,

*HThe data from these questionnaires are now available in
published form. See John H, Niedercorn and Edward F. R. Hearle,
Recent Iand Use Trends in Forty-Eight large American ((ities, The
RAND Corporation, RM-366L-FF, June 1963.
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ESTIMATION

The entire model is recursive in Wold's terminology (rather
than simultanecus ) becsuse each dependent varisble is a function
only of predetermined variables and dependent variables determined
by earlier equations.* In other words, causality within each
equation is unidirectional throughout the model. This considerably
slmplifies the estimatir. problem.

Ideally, it would be appropriate to estimate the parameters
for the entire model by one of the latest econometric techniques -~
limited informatlion meximum likelihood, or two stage least squares.**
However, this is not possible for two remsons., First, the non-
linearities in Bquations (2), (3), (4), and (5) render the simui=-
taneous estimation of the entire model impossible using standard
avalleble techniques, Second, the differences in time periods over
which the verisbles are measured necessitates separate estimation
of the equations for (1) transportation, communications, and public
utilities, (2) government administration, and (3) finance, insurance,

and real estate.

As a consequence of these problems, the model has been estimated
In three csparate blocks, The SMSA equations form a small system
that is independent of the equations that follow it. The parameter
oqq vwas set equal to the mean value of the 1951+ quotient of M®
and P° for the entire sample of 41 SMSAs, The other parameters
were estimated by the limlted information maximum likelihood method.
The central city equations for population, manufacturing, wholesaling,
retailing, and selected service trades, and the metropolitan ring
equations for wholesaling, retailing, and selected services have also

¥
See Herman Wold in assoclation with Lars Jureen, Demand Analysis,
John Wiley and Sons, Inc,, New York, 1953.

**For & discussion of these methods see Henri Theil, Economic
Forecasts and Policy, North-Holland Publishing Co., Amsterdanm,
Netherlands, 1958.
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been estimated as a separate system by the method of limited infor-
mation, Finally, the equetions for transportation, commumnication,
and puwblic wtilities, government administration, and finance,
insurance, snd real estate for both central city and ring have
been estimated by the classical method of single equation least
squares, aad the labor force participation ratio, agy s has been
set equel to its 1960 mean value for the central cities of the
sample. This parameter refers to employed labor force only. The
unemployed part of the labor force is not taken into account,
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IV. THE ESTIMATED MODEL AND ITS INTERPRETATION

Bmployment change varisbles not heretofore introduced are
denoted as follows: retalling A R, wholesaling A W, selected ser-
vices A 5, transportation, communications, and public utilities, 4 I,
government administration A G, and finance, insurance, and real
estate A F. A superscript defines the area to which the variable
refers and the subscript tells whether the variable refers to paid
employees, e , or proprietors, p. The absence of a subscript means
that employment was not broken down into paid employees and pro-
prietors, The variable A J denotes the change in the number of com-
muters traveling to work between metropolitan ring and central city
that can be expected as a result of population and employment shifts.

A1l population and employment variables and the commutation
variable have been measured in thousands., land areas have been
measured in square miles, Where necessary, the parameters of the
equations that were estimated over intervals of four to ten years
have been reduced to an annual basis by dividing by four or ten to
facilitate comparability. In the cases of retailing, wholesaling,
and selected service trades, separate equations have been estimated
for propristors and paid employment. Data for the 1947-1954 peried
were used for the lagged values of 4 M°/M°. The estimated model
follows:

Mo, = 155 P° (11)
aMBAP = 018 (M - MB)/ME 4 .869 (A MP/MP 12
/ (.oos)( eq % (.122)( M) 4 (12)
s P%/p° = .386 (A MB/MB) + 025 - (13)
(.045) (.007)

A M = 1,881 (V/L)(ME/M®) A 0C + 1,332 (M°/M°) A M5
(.b96) S (.110)

. .

+ 050 P - .666 (1%)
(.ohl)  (.hk3) _
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A P = 1277 (V/LXPY/E®) A P° - .00033 (B°/1)(%%)
(.089) (0.00006)

+ .882 P* - 2,065
(.080) (.895)

A R; = .009 A P; +.010 P® . 115
(.003) (.003) (.029)

+.007 P* - .097
(.015) (.1h9)

=.079 a Pt
(.013)

AR

=

w029 A Rg - .00006 P* + .016
{,006) (.0005) (.005)

AW, = .306 A R: + .023 P* + .097
(.071) (.007) (.072)

a 88 =.009 A P; +.005 AP+ .009 P®+ 007
P (.001) (.000k) (.001) (.029)

o =.019 4 pﬁ +.026 APT + ,008 P* 4 .086
¢ (.010) (.003) (.011) (.141)

AT = «.017 T 4+ 046 & pﬁ + .06 P+ 132
(.003) (.009) (.017) (+334)

(.0052) X

AR = 017 A Pﬁ + 006 AP+ .018 P*+ .066
{.002) (.001) (.o0k) (+440)

AR =.005 AP -.003 P*+ .007
% (.001) X (.002) (.032)

s R: = 055 A Pi - .0bs P* 4 .06k
(+0n3) (.012) (»157)

= .0020 A PS4 ,0032 AP 4+ .013% P* 4 .0L1
{.0016) {.0080) (.387)

(15)

(16)

(a7)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(26)
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AWE = 012 a RZ + .00003 P* - .003 (27)
P (.001) (.0002) (.00k)

AW = 387 A R; - w01 P 1k (28)
€ (.028) (.006) (.076)

A s = 009 4 P, - 006 P% - .020 (29)
P (.o01) (.002) (. 160)

4 s = 027 A Py - .01k P* - 217 (30)
(.002) (.008) (.870)

pT" = .012 AP - .009 P* - .050 (31)
(.001) (.00k) (.548)

56" = .010 P ~.009 P* - .005 (32)

(.001) (.003) (.615)

AF = .015 AP - .01 P* .- .100 (33)
(.001) {,004) (.615)

9 C C . (o4
AT = 2 AE; v+ AN - 380 AP0 . (34)
i=1

Several changes must be mede in the model before it can be con-
sidered complete and ready to use for forecasting, Because the ratio
of manufacturing employment to population is declining in the United
States, Equation (11) should be replaced by the following:

M
eq

= ,109 e-—.OlSt PS

; (35)
where .109 is the average 1958 value of M°/P® (adjusted for the
business cycle) and 015 is the rate at which this ratio declined in
the economy &s a whole over the period 1954-1962. The figure .109
vas obtained by interpolating between 1954 end 1962 values,
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Also, the feedback between population and employment chunges and
vacant land absorption must be taken into account, The function
showing the behavior of the vacant land ratio over time has been de-
Tined as follows:

< N <
V/L = (V, , - 3b2 AP L )/LAL AP 4 >0, (36)

V/L = .97 (V, /L) if AP 4 <0, (37)
Equation (36) states that the amount of central city vacant land
absorbed into urban use depends on the increase in central city
population. The coefficient ,142 was estimated by the method of

least squares from a sample of 22 cities.* In the older cities where
population ie decreasing vacant land is also decreasing. Equation (37)
shows that this rate of decrease has been arbitrarily set at the annual
rate of 3 per cent. This decline of vacant land largely reflects
continued expansion of residential uses, but any resultant population
increase 1s more than offset by falling net denslties in the rest of
the city.**

A rough idea of the model's validity can be obtained by matching
its predictive power against thet of a naive model. This has been done
by comparing the coefficients of determination of predicted and actual
1954-1958 changes with those obtained by correlating actual 1948-195L4
and 1954-1958 changes. These data appear in Table 1, In sddition,
the least squares coefficients of multiple determination have been
included for each equation of the model to give some idea of the
accuracy of each component, Unfortunately, the model could not be
used to test the predictive power of the equations for finance, in-
surance, and real estate, transportation, communications, and public

*This figure inciudes the effects on land absorption of employ-
ment increases that run parallel to the population increases. It
was too complicated to account for the employment changes separately.
For a more ccupiste dlscussion of this problem, see Niedercorn and

Hearle, op. cit., pp. 14-15.
“mia.
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Table 1

THE MODEL'S PREDICTIVE POWER COMPARED WITH A
NAIVE MODEL, PERCENTAGES OF VARIANCES
OF 1954-1958 CHANGES EXPLATNED

Coefficients of Determination

Least Squares
Equation Number Individual Equation Entire Model Naive Model

12 .72 T2 N
13 .6k .61 .99
1k .85 R 5
15 .93 .66 .92
16 7 .26 A3
17 .53 .38 Kol
18 ' .37 .67 .00
19 .ok e .18
20 .93 .86 .53
2% .78 .85 .80
22 .65 - -
23 .27 - -
2k . .89 - -
25 55 RS : .26
26 .88 .88 .84
27 .69 .60 .35
28 .84 .78 .51
29 .88 .89 .72
30 .82 .92 .13
3 .89 - -
32 .92 - -
33 .92 - -

Note:
-~ mesns not applicable.
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utilities, and government administration because the predicted changes
would have to be for the 1950-1960 period rather than for 1954-1958,
and & complete set of 1950 data was not availsable,

The model's forescasts of employment changes are clearly superior
to those obtained from the naive model. In 12 of 1h cases the coeffi-
clents of determination obtained from the former model are higher than
those obtained from the latter. The only exceptions to this pattern
are central city manufacturing employment and retail proprietors in
the same sarea. The failure of the model to explsein more than 47 per
cent of the variance in central city manufacturing employment can be
attributed partially to the crudity of the SMSA equations. If changes
in SMSA menufacturing employment are teken as given, Equation (14)
explaine 85 per cent of the total variation in central city manufac-
turing. The business cycle trough which took place in 1958 helps
explein why the model generally predicted an excessively high level
of manufacturing employment for that year. This is a long run model
snd was not desipgned to account for business cycle variation, The
model consistently gives bebtter results for the metropolitan ring
than the nalve model.

However, the naive model forecasts populstion changes more
accurately., There are two reasons for this. First, the raw population
data are only estimates, obtailned by interpolation between 1950 and
1960, and extrapolation backward from 1950 tc 1948. Consequently,
1948-1954 changes necessarily correlate very strongly with the 1954-
1958 changes. Second, population growth is usually more steady over
time than employment growth.

Before using the model to forecast future trends in the nation's
urban areas, its estimated equations should be discussed more thoroughly |
to see what the data imply about current locational behavior of both |
firms and households. Zaquation (35) is the basic forcing function in
the model, Tt stipulates that the equilibrium ratio of menufacturing
employment to population in the nation's metropblittm areas will
decrease over time at the rate of 1.5 per cent per year, a rate only
sligh’c..fy smeller than the rate of population increase in the nation
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as o whole (1.8 per cent), These two Tigures imply relatively slow
grovth of manufacturing employment, Equation (12) shows that there

is a long rnun trend toward an evening out of the MS/PS ratio across

the larger SMSAs. The (M:q - 1®)/® variable explains roughly one-half
of the total variance of the dependent variable when the lagged variable
is omitted from the equation. Thus, the ratioc of metropolitan manufac-
turing employment to populatlion will become more uniform in the future;
manufacturing will be less concentrated in the Bast and will develop
rapldly in the newer population centers of the West, This is a long
run process; its half life is about 38.5 years, assuming & constant
valne of qu. If qu > M° and is increasing, the half life is longer
than 38.5 years; if M3, < M®, but is still increasing, the half life
is shorter than 38.5. Thus, the length of the adjustment to equilib~
rium differs depending on the charmcteristics of the local area.

Equation (13) indicates that the populations of the larger
metropolitan areas are growing at the average rate of 2.5 per cent
annually. 1In addition, a 1 per cent change 1n manufacturing employ-
ment generates a .38 per cent change in population.

Equation (14) demonstrates that the quantity of vacant land
and the slZe of the city play & significant role in deternining how
mueh of the increase in SMSA manufacturing employment can be absorbed
by the central city. The vacant land variczble is especially powerful
vhen it nears zero., At that point none of the increase can locate in
the central city. The coefficient of 1,332 of the next term indicates
that when a metropolitan area loses manufacturing employment, the
city's loss is greater than would be expected on the basis of its
share of total employment.

The central city population equation shows that, as in the case
of manufacturing, the amount of vacant land and the size of the city
1imit the absorptive power of the city. However, in the case of
resident population a density factor slso plays an important role.

The second term on the right side of the central city popule-

tion equation measures this density factor. 1Its significance ig
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difficult to fathom in present form, Suppose all othexr terms on the
right side of the equation are set equal to zerpo, The following dif-
ferential equation can then be written:

a/at = -.00033 (F¢)%/L . (38)
This equation ylelds the solution
P = (P] 1)/(.00033 P{ ¢ + L) (39)

where P: i3 the velue of Pc in an arbitrarily chosen base period,
Taking the firgt derivative with respect to time,

&/t = - [.0003V3Y(P§)2 1/(.00033 BS t + L)% (40)

Central city population declines continuously over time, but at a
decreasing rate., There is probably some minimum density below which
P° will not decrease but it has not been ascertained in this work.

The annexation term in Equation (15) has & highly significant
positive coefficlent as was expacted., As a matter of loglc it should
equal one, but it does not because the population data are estimates
rather than actusl counts, and contadin some error. The constant

term in the same equablon is significantly negative, indicating that
cities are losing population for unspecified reasons other than the
adverse effects of high densities.

The meaning of the central city wholesaling and retailing equa-
tions should be clear. Employment changes are induced by changes in
central city population. The effects of changes in metropolitan
ring populations are not statistically significant and as & result
this varisble has been omitted from Equations (16) through (19).

All coefficients except that for population annexetions in the whole-
sale proprietors' equation have the signe expected & priori end
reasonable megnitudes. On the other hand, services are strongly
influenced by population growth in the ring. Apparently the central
city acts as a center for speclalized services such as business
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services that cannot locate in the ring becasuse of insufficlently
concentrated demand. These services tend to locate near the point
of maximum aceess to the entire metropolitan area,

Centrxal city emp\loyment changes in transportation, communications,
and public utilities correlate negatively with the central city Jjob
level in these categories. This probably reflects continued declines in
public transit systems as more riders switch teo the automobile. The
equation for central city government adminisirative employment is
probably the poorest of the lot, having & coefficient of determins-
tion of only .27. It shows some influence of central city population
changes although the regression coefficient is not statistically
significantly different from zerc. The influence of changes in
metropolitan ring population is barely significant at the 5 per cent
level. Filnance, insurance, end real estate behave much like services
wlth changee in ring as well as central city populations, inducing
employment changes in the central city.

The metropolitan ring equations are all quite simple. Employment
changes depend on ring population changes and snnexations in all cases
except wholesaling, where retailing employment changes are substituted
for population change as the independent variable. Again, the snnexa-
tlon term has the theoretically correct sign for all equations except
wholesaling proprietors,

Equetion (34) shows that the number of cammuters traveling to
work between ring and central city will increase, and consequently,
rush hour traffic will grow heavier if: (1) central cilty employment
grows faster than the employed lebor force residing in the central
city, or (2) the employed labor force residing in the central city
declines faster then central city employment. The model can be used
to prediet whether either of these outcomes is likely for many
Americen clties,

In order to examine the behavior of selected services and re-
talling more closely both were Lroken down by tweo-digit Standard
Industrial Classificetion codes and equations similar to Hquation (8)
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were fitted. The results show strong ring Influence on central city
growth of business services end avtomobile repair services, and sig-
nificant but weaker influence on personal services. The automobille
services are no doubt related to the fact that commuters from ring
to central city are increasingly using the private automoblle for
thelr journeys to work. In the retalling category, eating and
drinking places, furniture stores, and gasoline service stations
also showed ring influence on central city employment. Stores show-
ing & tendency for central location are, as in the case of service
activities, the highly specialized ones orlented toward the cammiber
who works in the downtown offlces., Furniture stores are the only
exception to this pattern,
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V. FORRCASTING METROPQLITAN GROWTH

Although & careful examination of the model ylelds considerable
insight into the structure of metropolitan growth, only forecasts
can reveal clear-cut quantitative Informetion about it. The model
can easily be used to generate such a set of foreceasts. The pre-
dicted employment and population trends can then be examined and
analyzed to determine which will dominate in the future.

These forecasts wlll be mede for each city assuming fixed legal
boundaries (no ammexations). Consequently, the population amnexation
temm Pa' will be set equal to zero in all equations where it appesrs.
The forecasting model includes Equations (6), (7), and (12) through

(37).
In order to make e forecast, initial conditions for

M, P, »°, 2%, 1%, v, 1, and (& MP/MB)t‘l

muet be apeciﬁed.* This was done for 36 metropolitan areas, using
1958 ag the base year; forecasts were made for 1968.** These fore-
casts are summarized in Teble 2 which shows the numbers of areas for
which gains in population and each type of employment were predicted,

If the predictions are correct, about half of the 36 metropolitan
areas will gain manufacturing employment and half will lose; all will
gain population.

Although virtually all metropolitan rings will grow in both
propulation and employment, the future of the central city is much

*If good forecasts for SMSA population ard manufacturing employ-
ment can be obtained from outside sources, such as regional economlc
studies, these forecasts can be inserted directly into Equations (14)
and (15), rendering Equations (12) and (13) unnecessary, This would
probably improve the accuracy of central city and ring forecasts
because some of the error in the SMSA forecasts would be eliminated.

*mese areas include 36 of the 41 on which the model's para-
meters were estimated, Akron, Kensas City, Norfolk-Portsmouth,
Albany -Schenectady-Troy, and Youngstown-Warren were omitted owing to
poor data on vacent land. The dste for the term (A MP/M®), _ ; vere
calceulated by dividing the 1954-1958 percentage changes by four,
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Table 2

NUMBER OF AREAS WITH PREDICTED GAINS IN POPULATION AND
VARIOUS TYPES OF EMPLOYMENT, 1958-1968

Metropolitan Central Metropolitan

Population and Employment Area City Ring
Population 36 16 36
Manufacturing 19 9 29
Retailing, proprietora 23 6 36
Retalling, paid employees 36 12 36
Wholesaling, proprietors : 36 35 36
Wholesaling, paid employees 36 28 36
Services, proprietors ‘ 36 36 36
Services, peid employees 36 36 36
Transportation, communicationg,

public utilities 22 8 36
Government administration 36 36 36
Finence, insurance, real estate 36 36 36
Total employment 30 22 36

Commuter trips to work 25 25
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less clear-cut, Slightly less than half of the cenlral cities will
goin population and only a fourth will gain meanufacturing employment.
Although & large majority will gain wholesaling employment, the in-
creases are quite small, as can be seen from Tsble 3, As might be
expected from the structure of the model, the central clty mekes its
strongest gains in services, government administration, and finance,
insurance, and reel estate., Along with central office employment
and possibly professionsl services (neither one included in this
model) these sectors are the only areas in which substantial future
growth can be expected., L. E. Schwartz has predicted thet central
office employment in American central cities will lncrease by about
one million over the period 1960-1973.% A substantial pert of

this increase can be expected to locate in the central business
districts of the larger cities., Transportation, communications, and
public utilities employment shows losses in about three-fourths of
“the central cities.

Total employment increases in 22 of 36 central cities and the
number of commuters from the ring to the central city increasses in
25 cities, 1hree cases in which decreased commuting is predicted
are rapidly growing citles of the Southwest which have made large
annexastions in recent yea.rs.** Since the newer resldential areas
are generally nearer the periphery than the employment locetions,
increased rush hour traffic can be expected in these citles even
though the traffic does not cross city boundaries, If probable
changes In central office employment are taken into eccount, & few
more central cities of the sample might show increases in total em-
Ployment end in commuters from the metropolitan ring.

See lawrence E. Schwartz, From Core to Ring: An Econometric
Study of the Relocation of the Central Office and Its Workers
(unpublished Ph.D, dissertation, Department of Kconomics, Haxverd
University, 1963).

**They sre Ft. Worth, Houston, and Oklahoma City,




Table 3

MEAN PREDICIED VAWES OF TEN-YEAR EMPLOYMENT
AND POPULATION CHANGES, 1958-1968_

(thousands)
Variable Value Variable Value Variable Value
A P° 528,2 A P° 22,1 © A PY 506.1
AP 10.8 A M -8,k _— 19,2
8 C r
\ 1. A 0.5 A 2,
A RP 6 Rp 9 A Rp 5
B c r o
b R 29,3 A R 0.8 AR, 28.5
8 c r
0. .2 .
AWy 5 AWy 0 By 0.3
8 e . r
A Vg 10.8 A 1.2 AW 9.6
8 e T :
A s,_‘,, ! A N 3.0 A sp L.oh
A s: P, A ug 1.6 A s: 11.5
AP A re -2.7 A TF 5.6
A F® A F° b1 AF 6.6
A a? 6.8 A ¢© 1.8 A GF 5.0
9 8 8 9 [+] (o} 9 Ir
2 AEP 4+ aM® 1067 £ MES+ AME 13.6 T AEL A M 93.1
1 L i
J=1 i1=] i=1

.380 A P° 8.4
AJ 5,2
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A more precise idea of the average magnitudes of the various
predicted population and employment trends cen be obtained from
Table 3.

Several items in this teble stand out as significant. Metropolitan
population growth will be consldersble, and by far the largest part of
1t will settle in the metropoliten ring., Roughly 95 per cent of totel
population growth will take place in the ring, The giowtn of menufac-
turing employment in the SMSA will be relatively slow and will actually
be negative in the central city. The increases that take place in the
metropoliten ring will be a combination of new Jjobs and the transfer
of 0ld jobs from the central city. Total employment growth in the
ring will average sbout 93,100, while it will be only 13,600 in the
centrel city., The strongest gains in the central city will be repis-
tered by services, finance, insurence, and real estate, and government
administration., Roughly two-thirds of the increase in services will
probebly be in business services.*

Only about 15 per cent of the totel average metropoliten employ-
ment increase will locate in the central city. Although this growth is
relatively small, the central city's gein in employed labor force will
be even smaller, an increase of roughly 8,400, This leaves an average
difference of 5,200 additional workers who will commute to the city
from the ring or beyond.

These conclusions are based on the assumption that the locational
patterns of employment categories not included in the model do not
change radically., The validity of this aesumption can be clarified
by examining more carefully the nonincluded kinds of employment,

Teble b gives national totals for types of employment covered by the
model as well as those not included.

Constructlion, professionel services, manufacturing central offices,
and private household services have not been included in the model,

*
During the 1954~1958 period, two~thirds of the mean centrsl city
increase in services was accounted for by business services. This

pattern will probably continue in the future, ,
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Table L

CIVILIAN EMPLOYMENT IN NONEXTRACTIVE iNDUSTRIES
IN THE UNITED STATES, 1960

(thousends)
Included Not Included

Type of Employment Total in Model In Model
Construction 3,816 3,816
Manufacturing 17,513 16,762 751%
Transportation, commwica~

tions, and public

utilities 4,458 L,L4s8

Wholesals and retail trade 11,793 11,793

Finance, insurance, and

real estate 2,695 2,695
Business and repair service 1,611 1,611
Personal services 3,858 1,9k 1,917b
Entertainment and :

recreation services 503 503
Professionel and related :

services 7,578 7,518
Public administration 3,203 3,203
Not reported 2,608 2,608
Total 59,616 Lz, 966 16,670
Notes:

Bcentral office employment,

bPrivate household services.
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which covers 72 per cent of 1960 employment. The neglected types of
employment do not seem likely to significently change the model's
forecasts of total employment, Construction and private household
gervices may decrease slightly in the central city, but this will
probably be offset by increases in central office employment and pro-
fessional services. As & considerable portion of the latter category
is highly specialized, one might expect it to behave more like business
services than like retail trade.
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VI, CONCLUSIONS

Sereral important conclusions about the.structure of metropolitan
growth can be inferred from the statistical testing of the model.
Fi» t, the ratio of manufacturing employment to population is indeed
becoming more uniform across the country's metropolitan areas. The
old manufacturing centers are losing employment and the newer areas
that hitherto have had less manufacturing are gaining. This is a long
run process and will probably continue for many years., Second, avalle
able vacant land and city size limit the increases in both population
and manufacturing employment that a city can absorb, In addition,
there is a trend toward lower residential densities. High central
city denaities cause population declines, bul the rate of population
decrease diminishes over time. Third, other kinds of employment can
be classified into two types: (1) those serving the qﬁtire metropoll-
ten area, and (2) those serving only local areas. Certain types of
services, especlally business services, government administration,
and finance, insurance, and real estate fall into the first category
and consequently tend to seek central locations, Retailiug, whole-
saling, and most personal services fall into the second and conse-
quently locate throughout the entire metropolitan area.

The forecasts made with the model show rapid population and
employment growth in the largest metropolitan aress, and especilally
in the metropolitan rings, but show only slow growth in the central
cities., All types of employment increase in the ring, However, the
central city can expect increases only in services (mainly business
services ), government administration, finance, insurance, and real
egtate, and manufecturing central offices, Central clty employment
in wholesaling, retailing, and most services will remain fairly stable,
but manufacturing will decline substantially. White collar employment
will continue to increase in the central city, but blue collar jobs
will suburbanize rapidly. Because the growth of central city jobs will
be greater than the increase in employed central city labor force,

there will be increases in the number of people commuting to work in
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the central clty. This will cause Ilncreased traffic congestion unless
existing highway systems are enlarged to move the extra commuters or
they can be diverted to some form of mass transit, Reverse commuting
ls also likely to increase as minority groups who are constrained by
racial segregation to live in the central clty find that the construc-
tion and manufacturing Jobs which they traditionally hold will hence-
forth be concentrated more in the metropolltan xing.
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Appgndix
LIST OF VARIABIES

SMSA population.
Legal area centryal city populaetion.
Constant area central city population.

Iegal area metropolitan ring population.
Constant area metropolitan ring population.

Population amnexed by the central city.
SMSA manufacturing employment.
Bquilibrium level of SMSA manufacturing employment .

SMSA manufacturing employment in SMSAs of increasing manufac-
turing employment, otherwise equal to zero.

SMSA manufacturing employment in SMSAs of decreasing manufac-
turing employment, otherwlse equal to zero.

Central city manufacturing employment
Metropolitan ring manufacturing employment.
Central city vacant land area.

Central city total land area,

Time measured in years.

OMSA demand oriented employment.

Central city demand oriented employment,
Metropolitan ring demand oriented employment,
SMSA proprietors in retasiling.

Central city proprietors in retailing,
Metropolitan ring proprietors in retailing.
SMSA paid employees in retailing.

Central city peid employees in retailing.
Metropolitan ring pald employees in retasiling.

SMSA proprietors in wholesaling,
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Cenbral city proprietors in wholesaling,

vetropolitan ring proprietors In wholesaling.

SMOA peld employeec in wholesaling.

Central city pald enmployees in wholesaling,

Metropolitan ring pald employees in wholesaling,

SMOA proprietors in selected service trades.

Central city proprietors in selected service trades.
Metxropolitan ring proprietors in sclected service trades.
SHMGA pald employees in selected service trades.

Central city pald employees in selected service trades,
Metropolitan ring pald employees in selected service trades,

SMSA employment in transportation, communications, and public
utilities.

Central city employment in transportation, communications, and
public utilities,

Metropolitan ring employment in transportation, cormunications,
and public utilities,

SMSA employment in government administration.

Central city employment in government administration.
Metropolitan ring employment in governmant administration.

SMSA employment in finance, insurance, and real estate,
Central city employment in finance, insurance, and real estate,

Metropolitan ring employment in finance, insurance, and real
estate.

Number of commuters traveling to work bvetween ring and central
clty,

Central city population in an arbitrarily chosen base year.




