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NOTES ON A THEORY OF PCPULATICH DISTRIBUTICH 

‘~?he‘spaéial distribution of population is closely linked with the 

llstribution of geographical featufies, natural reasources, mining, 

agriculturee, manufaéturing, transport and Erafie, g0 that when one 

‘ries to explain the former one is led to the more comprehensive 

;ask of éxpiaining the distribution of economic activity in general. 

The most striking feature of all these distributions is their extreme 

mevenness, their tendency to agglomerate Into lsolated homesteads, 

shen hamlets, towns, citlies, metropolitan aress, and even more com- 

rrehenslive concentrations., The two explanatory appreachses are by 

1eans of (a) location theory, which is a branch of economic analysils, 
decisions; 

and applies the usual maximization principles to location Hrmbryy 

.b) stochastic processes, which generate observed distributions by 

postulating (simple) laws of redistribution over time. The two should 

je taken as complementary and not mutually exclusive, 

swocation theory 

Ye may say, in very geneéal terms, that observed distributions result 

from the tendency for complementary factors and vertically linked 

activities to get close to each other; (and--much less important-- 

Tor activities that interfere with each other to stay out of sach 

sther's way). The nmeasure of the attractive force between two sctivi- 

ties is the saving in transfer cost which would result from their 

closer proximity. Transfer costs may be broken down as follows: 

{a) costs to the thing transf@rred-~0ppcr*un5tw costs, quality deter 

loration, risk of acecldent; (b) ccsts to the transferring stwucturea 

-=gonastruction, maintanance and direct operating costs. The structure: 

1nclude sforare facilities, transmitters, channels, recelvers; the 

ehaflnels may or may not have moving perts. The kinds of circulation 
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which occur in a modern economy sre really quite varied., A 

list follows: 

  

partial 

  

stationary moving 
thing circulated sbtorage tranamitter channel channel recelvepr 

freight, people warehouse tracks, trains - 
station o em roadbed 

e 3 i - highway cars - 
trucks 

water reservoly DUPS conduits e 

electricity - dynamo, wirss - motor, 
transformer light-bulb 

people, mail airport air airplane alrport 

gas, 0il tanks pumps pipelines - - 

information breins, telephone wires - telephone 
files 

people houss, - sidewall: - - 
Jjob 

garbage durp purips sewers - ccean, 
chemicel plant 

freight, people harbor water ship harbor 

i # street level shaft elevator floor level 

cattle range - trail cowboys stoclyards 

The list, as stated, is partial, It also overlaps-~forexample, the 

circulation of people iz also to some extent the circulstion of the 

information they possess. The transfer of printed matter imvolves 

bothk freight and information, and goes through several successive kinds 

of circulating media. 

The task of assessing overall transfer eosts 1s rather formidable: 

(a) firstly, because of the great variety of circulating media, and of 

component costs of eachy (b) secondly, because transfer activities are 

the realm par excellence of natural monocpolies, public regulation and 

subsidy, and dlrect govermment operation; we may therefore expect 

that prices charged to the buyers of tranafer services need bear no 

close relation to costs incurred by the sellers; that the cost of 
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durable investments need not be close to the revenue they yield; 

_and also that the aim of profit maximization he less compelling (%o 

the sellers) than in other parts of the economy. We may mention the 

following instanceé: the system of'tclls and freeways on public high- 

ways, railroad price discrimination against goods of high value pecr 

unit bulk, irregular zone tarifTs in railroads, Other practices 

reflect a partial, but probably poor, response to true cost differ- 

entials: relatively low rates on long-hsuls, bulk shipments, full- 

zarloasd lots, staple commodities, to or from big centers, on low- 

demand return hauls; night and Sundey telephone rates; higher rates 

per ton on bulky, perlshable, noxious, dangerocus or fragile commodi- 

ties; and many other examples. 

We are thus caught in a dilerma., On the one hand location theory 1ls 

based on the existence of transfer costs, and 1ts aopliesbility to 

\Athg real wonld would seem to rest on an approximately correct appraisal 

of these costs; on the other hand these costs are quite hard to come 

bys There are several different approaches we may use tc rescu® our=- 

selves, 

(a) We may, in spite of all, use a simple cost funection--the simplest 

being that costs are constant per ton-mile. We then deduce o slew 

of results and compare with the real world, If the conformity is good, 

we take this as evidence that our simnliflcations were not too drastic, 

(b) We may use a function flexible enough to be realistic, and yet 

not ummanageable, For example, I have worked with the function 

Cost = o 40/ +77 197, where M is miles and T is tons. This may 

be thought of as the begimning of a Taylor series in K and I3 1t has 

four degrees of freedom and yet implies some strdang results, A 

— function of the form Cost ::cxfifffi*f?vrfifijmay fit the faets even 

better, though I have not worked with it as yet. 
t 
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(c) We may use a simple function and then ask how the results would 
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bs perturbed 1f we substituted what we think ls a more redlistiec one. 

Preguently, the qualitative form of the result would not change; only 

some of the numerical relatlons would change. 

(d}) Finally, it turns out that many results would hold under a very 

wide varlety of cost funntions. For these there is no problem, 

Land-Use liodels 

In industrisl location theory, 1t 1s customary to start with an activ- 

ity and ask where 1t will be locsted. In agricultural locaticn theory 

it is customary to start with a location and ask what it will be used 

for, PFor a number of reasons the sccond approach is preferable even 

for the industry problem., We accordingly start with a model which 

has the happy properties of being simple in conception, frultful in 

results, wide-rangin g in applicabllity, and realistically valid to 

a hiéh degree, It iz alsc the oldest in location theory, dating from 

1826 (JH von THfinen, Der Isolierte Stast). Tmagine a single eity 

located on a uniform plain. Uniformity means that there are no in- 

homogeneities of climate, s0il, topography, mineral deposits or man- 

made structures. In this economy, isolated from the world, there ere s 

rumber of activities present In the technology of the people. Let 

agy represent the nmumber of tons of cormodity 1 requlred as input for 

unit level of activityj ; let bij be the number of tons of output of 

comnodity i from unit level of activity J; 1let py be the price of 

commodity 1 in the city; let B be the cost of transportation per ton- 
seeneh, 

nile, assumed uniform for all commodities, welichts and distances. 

All activities are to take place on the land surrounding the ecity, 

which itself is a point. All inputs are to be transported from the 

5 = X ried on, and all ocutnuts are to dbe B 2lty to where the activity is ca 

transported from the asctivity site to the city. 

Two measuréng conventions will simplify the analysis. It is convenient 
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to define the unii level éf an activity as that requiring one unit 

of land, say one acre. To run actlvity J at level x then requires 

tonsy of input and output of_fimmnm&ity i and fllsd X 

acres of land., Does this preclude the pesszibility of verying inten- 

glty of land use? o, since different intensities are concelved to 

be different activities, 

The second convention mey be illustrated by én\example. Suppose it 

costs 2¢ to transport a ton of coal a mile, and 6f to transport a ton 

of cotton (because of its bulkiness). We may then say that ons ton 

of cotton has an ideal weight of three tons, using cosl as the standar 

that is, as far as transport costs are concerned, one ton of cotton 

& 
is equivalent to three tons of ceal. {(This usage goes 

£3 
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Weber, 1509}, Agal w3
 

-
 2z o ose it costs by a mile to transport a com- 

muter (because of his demand for space and comfort), snd that his 

opportunity cost is $1 per hour and the traln averages O mp? e [y
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¢ & plete costs to him are then 63¢ pver mile, which gives him an ideal 

weight.of 3+ tons, (ne may assign an ideal weight te information 

units (letters or bits) by the same procedure, Since only ideal 

welghts are relevant for location thsory, actual weights ars ignored: 

all input and output coefficients are assumed measured in idesl 

weights, (One application: suppose the transvort cost of a commodlty 

halved--say for oil by pipelines; this is equivalent for location 
oil 

purposes to halving the input and output coefficients of all activities 

Into which it enters,)and mhaiwimx doubling its price.) 

A particular acre of land will be used for that actlvity which pays 

it the greatest rent, provided this be positive; otherwlse 1t stands 

unused., The surplus which an activity has to pay rent 1is given by the 

excess of the value of its outputs over the value of itz inputs, The 

farther from town it 1is, the less valuable its outputs and the more 
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valuable its Inputs will be, and so the lower its surplus will be, 

wet us define for an sctivity the two guantities Vj and Gy as 

follows: S e T (e O s ke 
J L §s ™ ¥4 ey . ERVa | g 

Vj is what the surplus from activity j would be if it were cabried on 

3 
olds 
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in the eity, l.e., with eity prices aprlying to inruts and outputs. 

Cj id the total(ideal) weight of inputs plus outputs; it is the total 

welght carried to and from the city and so measures the rate at which 

total transport costs rise with increasing distance from the city. 

It is contended that the two numbers Vj and Cj sumn up everything of 

locational significance in this simple model for activity j. The 

rent-paying capacity of activity J at distance d from the city is 

Vj - tdcj. The activity which will be carried on at that distance 1s 

the one which maximizes the foregoing expression. Since only distance, 

~+d not direction, are involved, it foldows that activities will array 

themselves in concentric circular bands centering on the city. 

Consider the borderline distance between two consecutive activities, 

At the border, the rent-paying capacities of the two activities must 

be equal, If we move further outward, both rent~-naying capacities 

decline, but the one with the smaller Gs declines by less, so that 1t 

can outbid the other; conversely, if we move inward, ifimincreases by 

less, and so 1s outbid by the other, It follows that'a;tivities are 

ordered from innermost to outermost by decreasing Cj. If we relabel 

activities so that the innermost is 1, the nest 2, and so on, this may 

be written {ij ?’{;3?! 

We may next find the distanece from the city of the borderline between 

two successive activities by equating their rents V - £dC and solving 

- w d, This ylelds ; FO s 
b - d], }” < w{ r 'x 

Since this must be positive, it follews that \G ;»'ggu that 1s, VJ 
3 3 
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also must decrease as we nmove ovtward., The rent at the borderline 

mey be found by substituting the obtained value for d into Vy - tdCJ 

which yields S e 

? - xt} 

!,,‘ - 3 
: Since this must be positive, it follows that -Ejif e Efi;fl' that o (i 

ar s 
’ it 

L 

the C'!'s must decrease at a faster relative rate than the.fi's do as we 

move outward., Finally, if we take three successive aetivities, the 

C's and V's must be such that the distance from the cilty of the bor- 

derline between the second and third exceeds the distance of the bor- 

derline between the first and second; also, the rent on the latter 

must exceed the rent on the former, These two requlrements both lead 

to the same constraint, namely ; 

im; ;\; 4‘5é‘$;¢§ *gf;%fVQMa e ‘?'atd figffiirs %y;flr}“i 

Deeper investigation shows that total rent equals one-half of total 

transport costs. | 
with 

Suppose that transport ecosts per ton-mile, &, fall, whimk no change 

in the V's (infinitely elastic demands and supplies). No change in 

the kinds of aetivities employed or their ordering will cecur. The 

distance formula shows that all bordeglinas will move outward in 

proportion to the % fall in t., The area devoted to each astivity will 

Increase as the square of this proportion. It may be's#own that the 

elastlicity of demand for transportation is -3, comprized of e tonnage 

demand of ~2 and a mileage demand of -1, 

Suppose that £ falls when demands and supplies in town have zero 

elasticities. Areas deveoted to the variocus activitdes must remain the 

same, hence distanees must remaln the same, The distance formula 

shows that all V's must decrease in proportion to the fall in %. 

Hence elasticity of demand for transportation ls zero, and all rents 

gimply fall in proportion. 

Suppose we compare two contemporaneous eitles with different popula~ 
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tions. Assume, to a first approximation, that total demands and 

supplies of these eities vis-as-vie their hinterlands are propor- 

tional to their populations, and that thelr technologies ars'the 

same, and that unit eosts of transportation are the same, Then 

the area devoted to eéeh aetivity is in proportion to population; 

therefore the distance of sueeessive rings is proportional to the 

squmee-root of population., This implies, from the dlstenee formula, 

that the V's are proportional to the squeRe-root of population, 

Vys the rent on the innermost aetivity (perhaps downtown retail trade), 

mey be approximsted by the peak land walue, whieh should therefore 

fie proportional to the square-roct of population. Inspeetion indi- 

eates that thls relation holds, though with ecnsiderable variation 

for individual eities., (HM Bodfish, J Land & Publie Utility Eagnamiea, 

6:270-T7 August 1930; JQ Stewart and W Warntz, J Regional Seiehae, 

1:99-123 Summer 1958). 

Many of the eonclusions remain valid 1f the assumptionsof the model 

are relaxed, For example, suppose the e¢ity is the hub of a system of 

highways which radiate out in various direetions; it may also have a 

railroad system; 1t may also lie athwart a river or canal; it mey 

border a see- or lake~coast; 1t may have hilly land i% one direction 

cut of town and $lat land in another., Unilt transport%eests elearly 

will vary with direection from town; but =zuppose that for any giwven 

direction transport costs are proportionsl to distance (this will 

happen if all inhomogeneities are on straight lines or seetdégs radi- 

ating from town)., Then 1t may be shown that all previous eonelusions, 

exeept one, remain valid. The one exception is that borderlines, 

instead of being concentrie cireles sbout the eity, will be star-shaped 

with outward projeetions along transport arteries. This is the pstiern 

usually observed. (RN Hurd,Prineiples of City Land Values, 192l), 
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Agaln, suppose that transport ecosts per ton, instead of peing Pro= 

portional to distance, abe some general function of distance f(td). 

(The previous case corresponds to f(x)=x.). Then all conclusions 

concerning the relatl ons of the C's and V's remain valid, as do the 

relation of these to rent (but not distance). Elasticity of demand 

for?transppnhskion is st1l1l -3 with constant V's (the priee of trans- 

portation being understood as t in the abo?e function), (On the 

last two paragraphs cf, 11J Beekmann, Weltwirtschaftliches Archiv, 

BA69Hert2:199-213, 1952), 

We may hope to apply the Thilnen model to a diversity of situations: 

the relationship of land-use zones to major population concentrations, 

such as the industrial belts of Nobth Americs and Western Hurope; 

the relationship of hinterlands to metropolitan centers; the relgtien 

of suburban communitles to their central cities; the pattern of iand- 

use zones within cities themselves., It 1s sometimes possible %o 

estimate C values for different actlvitles and to check predicted 

ordeiing (eege in agriculture outward from truek farming to sheep 

ranges). 

To 1llustrate some of the problems which may arise let us take a 

father difficult example: the distribution of resldential land graded 

from low-class to high-class. Everyday observation, an; also surveys, 

inform us that grade of residence rises with increasing distance from 

the center of the clity--to be sure, with numerous exceptions, sueh as 

Park Avenue, but the general direction of the relationship is ciear. 

If the Thiinen model 1s applicable, this means that high-class resi- 

dentlal housing should have a lower location weight per acre, @, than 

low-class, The activities carrlied on are sleeping, child-rearing, and 

family living in general., It is well-known that low-class housing 

involves on the average more people per acre, both in the sense of 
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hfiving fewer squsre feet of floor-space per person, and having a 

greater proportion of multiple story dwellings; slsc there is less 

open area per pergon in the form of lawms, playgrounds, ete, .But 

the conclusion 1s not altogether clear, Rich people "weigh" more 

than poor people, because of opportunity costs in traveling; also 

they consume more per person. These factors work in the opposite 

direction., Differential ownership of automobilds affects travel 

costs per person-mile, hence weight per person, hence weight per 

aére-~but in what direction I can't say. We must also consider the 

differential distribution of trips per unit time, due to varying 

preportions of people in the labor force and going to school, and 

varying habits in the frequency of use of enfiertainmsnt, religlious 

and other facikities, A further complication is that trips are not 

always, or even usually, on a line with the center of towm. It is 

not clear to me how far this fact invalidates the analysis, Further- 

more, there will be a tendency for people with similar tastes--in 

the same income-class, ssy--to comglomerate irrespective of thelr 

distance from the center of town, since this will allow the advan- 

tageous location of speclal facilities catering to these tastes. 

(Also, there 1s an amenity value for rich people, or those of the 

proper race or religion, to associate with each other.WAThis and 

the previous consideration belong under the heading of scals econ-~ 

omies and external effedts, to be discussed below,) Finally, there 

is an essentially dynamic element vhich has so‘far eluded cur analysis 

entirely: citles grow from the center outward, so that on the average 

the innér houses wlll be older than the outer; this in itself would 

tend to produce the observed pattern until such time as extensive 

rebuilding had obliterated the original age-differential. This may 

last a long time since people will be loath to bulld a2 new house in 
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a dilapidated neighborhcod-~(external effects. Does this explaim 

slums?) 

Economies of seale and external effects 

There still appears to be one crucial unexzplained fact in the 

Thilnen scheme: why the city itself exists. It functions here as the 

distributing center for the economy, and, in the general case, may 

also contaln activities of its own. We may eliminate conceptudlly 

this second function by ascuming that if such activities exist they 

also will fall into concentric zones inside the innermost hinterland 

rinz., The city now remains a pure distributing center. Supnose now 

that the economy splits into two equal pieces, each with its own city 

and ldentical concentric rings, and far encugh apart so as not to 

influence each other., Each piece carries half as much tonnage ms the 

original; the area covered 1s therefore cut in half, and ths distance 
] 

to the corresponding ring reduced by a factor 2%, While total tonnage & 

for both pieces combined remains the same, distance moved, hence transe 

port costs, have been reduced by a factor of 2%. Similarly, 1f the 

original economy is split into N enual pieces, transport costs will 

have been reduced hy a factor of H%. The optimzl solution, thsrefore, 

would be to split up the econom: indefinitely, ending with a homogen- 

eous mixture of activities uniformly distributed over the plaln, with 

transportztion costs equal to zerol 

There are two reasons why this denoument does not occur, One 1is the 

unequal distribufisn of geographical features, Cursory investligation 

indidates that much of the gross distribution of population might be 

explained by this circumstance alone: there iz a2 strong comnectlon 

between the occurrence of dense populations and good c¢limate, adequate 

water supply, flat terrain, fertile soil, access to water transport, 

and, latterly, to coal and iron ore deposits, One might thus be led 
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tQ predict the concentration of populationsin large regions, or 

along rivers and ccastlines--but not their further articulation 

ifito cities, 

(It is not even clear that homogzsneous natural conditions must 

lead to homogeneous populatlon distribution from considerations 

introduced thus far. Suppose Adam and Tve were set down in the 

middle of a homogensous plain, Would thelr descendants tend %o 

spread themselves evenly over the plain? Hot necessarily: early 

capital investments~-perhaps drainage end leveling of the soll, 

clearing of forests, construction of houses, roads and wells--would 

be located near the oripgin of the pair, But once made, these invest- 

ments become part of the natursl landscape and destroy its pristine 

vnifomity. Whether this initial unevenness would eventually be oblit- 

erated or not is a very difficult dynamic question., On the ofifier hand 

if the human speciles were evolving and redistributing 1tself to adapt 

to slow geclogical changes, it is hard tc see how the Initial situstion 

couid arise. This sugrests that we look elsewhere to explain the 

existence of cities.) 

The unevenmmess of natural features (and the unevenness of the distri- 

bution of population and capital resulting therefrom) supplges the 

basis for trade. This implies both regional specilalization and ex- 

pendltures for transportation. Let us concentrate first on the latter; 

we may conveniently refer to the breakdown of transportation exnenses 

listed above., As for the channel(s)} there wiil uéually be a saving 

in funneling trade through a small number of major transport routes 

instead of having a separate route for every pair of trading unigs. 

(BC Pigou Hconomics of Stationary States). There will also be an 

advantage in having a snsll number of central depots in order to 

save buyers and sellers the costs of searching each other out. 
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Other informational aspects of cost reduction through centralization 

afe the easier provision of financial services, the detalls Involved 

in transfer-of-title, inspectién of merchandise, Insurance, the setting 

of specifications from buyers to sellers and price information from 

sellers to buyers, In additién, there are econcmies in the bulk 

handling of goods in facilities for storage, loading and unloading, 

and transferring goods from one mode of transport te another. 

Once a center has come intc existence in response to these forces, 

others arise to accentuate the trend. Situated as it 48 at the con- 

verrence of several transyport routes, it 1s likely that the center 

will provide a local maximum for the V values of many activitles: 

firstly, because of the relabtively low transport costs on inputs and 

outputs; and secondly, because by locating near a transport terminal 

an extra loading and unloading cost is avoided. ‘Thus many non-com- 

mercial activities will be attracted to the depot, which fact will 

react azgain in a beneficent cirecle on the bulk handling econoriies of 

the derot, Finally, a nuiber of asctivities which are linked to the 

original settlers will find it advantageous to settle in the center 

in order to be close to their sources and/or markebs, What limits 

the process? (a) The competition for svace near the transport termi- 

nal forces activities to choose between payving an ever-higher rent, 

or locatins ever-further away from the center, thus neutralizing the 

original advantage; (b) increaséd congestion and crowding and other 

"external diseconomies" underlines this effect, MNonetheless, the 

process can be extended, perhaps indefinitely, by the construction 

of local transport facilities radlating out from the main center to 

newly formed sub-centers which repeat the process. (This is one 

aspect of "central-place' theory which will be discussed below.) 

The entire dekelopment described above required for its impetus the 
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unéqual original distribution of natural features, In particular 

it does nbt explain how Thinen's isolated state could exist on its 

homogeneous plain, There seem to be other agzlomerating forces at 

work, 

Before we dlscuss these, it 1s well to take a harder loock at our 

central concepts of "economles of scale" and its associkte "external 

effects". The two concepts are distinet: one may have external effekts 

without scale economies--e.g. in ordinary monopoly analysis; 

conversely, one may have scale economies without external effects-- 

8efe when an exact Plgou-~Kahn tax-bounty scheme ls in effect, Let 

us now give a twist to the useful distinction between "pecuniary" and 

"technical" external effects (J Viner, Zeits, f. Nationaldkomie, 1931; 

e¢fs JE Meade, Heonomic J, 62:5l-67 March 1952)., We ignore the former 

as irrelevant for our purposes. The latter we define as followé: 

Congider two activitles, esach occupying a certain portion of space 

and a certain Interval of time; if there ls a non-zero marginal rate 

of éuhstitution between one or more of the inputsz or outputs of one 

and the other we shall say there is an external effect between them. 

The effects may be one-way or they may be reciprocal, The externality 

of the effect is physicel--operating where it 1s not located--rather 

than proprietal--affecting someone elsets equity (without compensa~ 

ti on)., The claim now is that all the phenomena subsumed under the 

rubric "economies of scale" are reducible to these technieal external 

effects, _ 

We first define "economies of scale" to make it symmetric with respect 

to inputs, outputs and capital tied up, A transformation function ls 

subject to increasing (decreasing) returns to scale at a given feasaible 

combination of inputs, outputs and stocks if with a small proportional 

increase in 2ll but one of the quantities, the last guantity can (must) 
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increase more (less) than proportionally if an output, or increase 

less {(more) than proportionally if an input or a stock, (Smoothness 

of the transformation function insures the consistency of this 

definition.) 

We know economies of scale may exist at the level of the firm (more 

particularly, of the plant) and of the industry; also, they may exist 

at super~industrial levels, e.g. manufacturing in general, or even 

the entire emonomy. (These super-industrial, or non-KMarshallian 

economies should perhaps be credited to the discovery of Allyn 

Young, Heonomic J, 38:527-l12, Dec.1938, or even to Friedrich List). 

They may also exist at a hierarchy of regional levels, from the lot, 

to the heighborhood, to the city, to the metropolitan area, to the 

nation, to the world. Perhaps a hierarchy of time-intervals would 

round off the list (successive "long-run'" adaptations). 

Again, the concept of "seale" as a size measure is ambisuous, since 

it has at least three dimensions: density, area and duration, By an 

inerease in scale we may mean an increase in density, holding aresa 

and duration constant, or an increase in area, or zn incresse in 

duration, or some combination of these; and each different meaning 

is likely to have diffevent effects. 

The claim regarding external effects may be restated fto the effsct 

that the appearance of economies of scale at a certain level of agrre 

gation indicates that there are (good) external effects among its 

component processes, 

Consider fifist an individual worker, or plece of equipment or 

structure which is subject to qualitative variation--degree of 

strength, or skill, or size. It may be, with reference to a gilven 

productive process, that a certaln threshold level of quality is 

needed to perform--e.m, & man ls capable of lifting a certalin weizht 
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or not--or there may be a continually increased response in per- 

formance--e.g. the capacity of a warehouse goes up as the cube of 

its linear dimension, while construction costs may rise aboub as the 

gquare. In the sccond case the greater the overall output the grester 

the savinz, while in the first case it 1s more a guestion of getting 

en exact multiple of the optimal threshold size, 

The econecmical size of such units willl depend on the sxtent of the 

narket for its ocutputs and of the supplies of 1ts inputs. This will 

involve all three dimensions--density, area and duration. The presence 

of gbundant rainfall and great city size will allow economiss to be 

realized In the water supply of a eity; similarly with electriecity, 

providing coal does not have to be imported from too dispersed a range. 

Heavy traffic will allow economies in the use of mass transportafiion 

equipment and structures, as has already been mentioned, 

ihe gathering together of several Industries has the effect of 

nidening the market for each; the resulting expanslon provides still 

furtfier stimulation in a beneficent circle, 

A related phenomenen ig that of "pooling'" or the principle of masced 

reserves (PS Florence,The Logic of Industrlial Organization, Chapel). 

An actlvity finds itself with a pool of suppliers of its Inputs and 

of customers for its outputs, and therefore saves the need for search- 

ing them out, as has already besh mentioned., Firms find a ppol of 

avallable labor, while workers find a pccl of available jobs; retail 

stores find a pocl of customers, and vice versa. Auxiliary ssrvices, 

such as banking, insurance, accounting, law, revalrs and msintensnce, 

find a sufficient to exist in quantity. 

liaseing allows more room for the dovetalling of activities so as to 

keep factors more fully occupled-=e.z. multiple shifts, seasonal 

interlocking, industries utilizinz women and by-products. 

it 
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A number of other phenomena relate to informaticn. Tnnovations 

diffuse rapldly, and perhaps stimulate new innovations more rapldly. 

The coordination of linked activities becomes easler (though the 

need for coordination is a diseconomic effect of heavy rellance on 

the market. Coordination involves scheduling, so that complementary 

factors can meet withouwh wailting too long for each otlier; also, so that 

dead time can be dovetailed and so minimized, Also, it Invelves 

standardization, or the optimal adjustment of qualitative variability 

in complementary factors--e.;. having nuts fit bolts, having a single 

languare, sinsle standards of money, welipnts and measures, 

The variety of products and processes makes flner adaptation possible 

<~e.2, allowing workers to make fuller use of their native capaclities, 

ag Marshall hag emphagize 

Though this is by no means a complete listing, nor a very satisfacficry 

cne, it probably covers the main deseriptive forms in which economiles 

of scale manifest themselves. The task now is to estimate theilr 

iriportance in the real world--in narticular, amonz communities of 

dirfferent sizes, 

s
 E e
 forms of diseconomies seem much sasier %o list, Cne is 

conrestion: things gettinz in each others'! way., In general conges- 

ion will exist on any land whose rent is sreater than zero, being 

carried to the point where the marrinal Increase in costs due to 

congestion egquals the narsinal saving of rent from the compression 

of space {(in the absence of pecuniary external eflescts). 

A second diseconomy misht he called "pollatiofi", the term beings used in 

the zeneral sense of the incidentsls of one activity interflering 

with the workings of neishborins asctivities., Examnles A = o = o r.
.l
- 

Q -
 

dirt, smole, smells, eyesores, shutting out of sunlisht, "bad" 

neishbers, traffic hazards, destruction of natural enviromment;



also, from a slishtly different annle, danger from contaslion and 

from fire. 

A third sroup are the obversesof the economies of specinlization 

discussed above: lack of adaptability, cne-sided develonment, loss 

of organie rhythm, Iinsecurlty, reduction of human contacts to a 

n i v X, 

rorey-nexus, are some of the eritieisms made by numerous vrilers, 

It sheuld be stressed that economies of secale--especially vhen 

cale” means Increased density--will always be nccompanied by 

diseconomies; it 1s the net result which decides. 

Central-place theory 

Let us return once more to our honorensous plain snd ssk what effects 

th e econsilderations of the last section will have had on population 

structure. The balancines of economies of scale acainst increasing 

transport costs with size of place will produce an optimui size for 

the city., This size willlbe hisher the lower unit transport costs 

are. e should then expect a partitioning of the plain into a number 

of enual areas, each with its nuclear city and surrounded by its own 

little system of rinrs, There will he no trade among cities hecause 

they have ldentical structures; there will be trade only between a 

city and its hinterland. 

EBach hinterland itself, however, may be affected by agglomerating 

forces. In the first place, there must be a transportaticn system 

between hinterland and city, and this will lead to the formation 

of a system of channels and devots, as discussed nreviously. This 

will distort the circular ring structure: firstly, inte the star-shaped 

nattern menticned nreviously; secondly, into a tendency for sub-rings 

to form around the depobs. In the second nlace, once depots exist 

there is no need for all trade to zo to and from the central ety 

Some kinds of circulation may be short-circuited through the sub~ 
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centers; only those goods which have to be in-gathered or dispersed 

over a wide-ranging area will have to pass through the central city, 

Also, of course, the inputs and outputs of the activities in which 

the central city specializes will be traded by the city, Thirdly, 

if economies of scale in one (or a combination of several!l of the 

hinterland activitie efiist, this will provide still a further force 

for the concentration of these asctivities in the depots, or urban 

sub-centers. I istorically, in fact, these sub-centers may Ilrst 

have come into existence through economies of producticn, and only 

later acquired their disteributional functions, 

The phcture that smerces is of a central city and several satellite 

cities ad varyins distances from it, the whole connedted with a web 

of transportation channels. The sub-centers serve as distributing 

points for the major center, and also will serve as centers themselves 

alize in production to a l.
--

c 

for locgl trade., All these cltiss spec! 

greater or lesser extent. ‘e may expect, in a general way, that 

the inner cities will tend to specialize in activities which would L+
 

have occupied the inner Thilnen rings, and the outer cities in the 

outer activities, and in activities linked to thess. 

Fhe same considerations as applied to the central city and its 

hinterland may apply to a sub-centdr and its hinterland., The result 

will be a further articulation ihte sub-sub-centers, and gso forth, 

The overall result, then, is that a hierarchy of cities is formed. 

Such is the result on a uniform nlain if the only scale econonlies 

which exist occur at ths urban level--that 13, depend only on overall 

city~-gize, Suppose now that super-urban sconomies exlst (e.z., in 

the diffusion of knowledge or electricity), "scale® referrine to 

density. This will distort the even spacins of clties over the plailn, 

and tend to bring them into regional clusters, the size of the 
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cluster depending on the level up to which the economies obtain, 

Suppose, conversely, that there are economies from the industrial - 

urban level-~that is, from the expansion of a single Iindustry 

(or industry-complex) within a city. Then even on a uniform nlain 

there may be a tendency for different cities to apecialize in 

different activitles (or activity cémplexes ), This may algc pro- 

duce regional grouplngs of cities, the regions in tote belng iden- 

tical with each other, but component cities heteroseneous., O0Or, it 

may produce superimposed nets of specialized cities (cf, 4 L8ach 

The Economics of Location, 195lL). In either case an Inter-urban 

transport web will be built up, the depcts perhans being already 

existing cities, 

Non-uniformity in natural features will simply accentuate this 

trend toward urban specislization, but may also add reglonal 

speclalizations on top of it. 

These specializing forces may tend to produce cities of different 

sizes, since for different activities economies will extend up to 

different sizes. In particulasr there may be a threshold size 

assoclated with any particular activity, also perhaps a threshold 

The picture that emerges £8 the central-place hierarchy developed 

(in a more rigid geometric fashion) by Walter Christaller (Die 

Zentrallen Orte in Silddeutschland, 1933), which combines the 1ldeas 

of the citg-hinterland and the size~threshold specislization of 

cities. There is a hierarchy of cities (in Bhristaller's scheme, 

2 Bural plus 7 urban levels; varlous other numbers in the voluminous 

literature which has appeared in the wake of his original study), 

in which a city of a given level performs central functlons for a 

group of surrounding cities of the next lower rank (§ citles for 

Christaller; up to 10 for obhers),Any particular service appears at 
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a givenvthreshold level in the hierarchy and at all higher levels., 

The center also acts as a distributing center for its sub-cities. 

It may be said that the threshold concept for services has béan 

comfirmed in a rough way by numerous étudies, mosatly surveys of 

rural regions; the exception 1s the existence of specialized many- 

facturing activities which are tied to local resources such as 

minerals or skilled labor, or are simply amall-townish, such as 

cotton textile manufgeture. On the other hand, no rigild spacing 

of cities has been found, nof dc the concepts of the rank of a city 

and its span of control as particular integer numbers seem to be 

more than convenient fieticns. {(cf., for sxample, R Vining, Economiec 

Development and Cultural Change, 3:14.7-195, Jan, 1955). 

With a few extra assumpticns, the central-place scheme has implications 

for the distribution of city sizes. Statistics on the latter from 

many different times and places indicate that the distribution 1is 

usually well-described as a Pareto distribution: the number of cities 

of population size greater than p is cp~®, 6 and A being constants 

specific to the time and place in question; a shows some tendency to 

decrease with time and to approach the value 1, which 1s about its 

mode for the various distributions ohserved (GR Allen, Bull. Oxford 

U. Inst., Stat., 16:179-89, May-June,195l; GK Zipf, Human Bshavior and 

the Principle of Least 2ffort; GE Zipf, National Unity and Disunity, 

19L1; W Singer, Heonomie J, 41:25,-63, June,1936). The following 

model 1s due to Martin Beclmann {Beconomic Development and Cultwural 

Change, 6:2l13=1i8, April,1958; anticipated verbally by EM Hoover,ibid, 

3:196-98, Jan,1955). Curlously, if is identical in form with that 

adduced by Harold Lydall to explain the Parebo distributlon of 

eriployment incomes (iconometrica, 27:110-115, Jan.,1459)., We simplify 

the notation and arpunent to some extent: 
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Let s be the svan of control, l.e. the number of cities of next 

lower rank served by a given city; s i&, therefore, the ratio 
W fe

 t 

of two successive ranks; 1 ws i id
e hetween the tobal numbep of citlis [ 

let r he the rank of a city (counting uwpward), the total number of 

es g_
f w a3
 § H 

3
 citles of rank r 1 87, I a constanti the total number of ¢it It 

of all ranls above r is thsen the sum of a geometric series, and comes 

cut to be he~F/(s-1); call this fi« We now sssume that the povulationa 

of citles of successive ranks rises in constant ratio, g, say, so that 

de
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 the populaticn of a city of rank r q*, k a constant; cald thils p. 

p and 7 are both functions of r, and we can eliminate r and solve 

for # in terms of p. This comes out to be # equals ap*a, where ¢ 

is a constant involving h,k,q,and s, and a equals (log s0/(log «). 

Thus we have a Pareto distribution. Furthsrmore, if 8 is near g 

(which mesns the poprulation of a city squals the combined nopulations 

of its subordinate citles approximately) g will be near 1. Also, 

the central-place scheme may offer an explanation for the seculsr 

decline in a (that is, inereasing inequality in size distribution). 

An earlier stage of econcomic development will have less interregional 

specialization, and so approach more c¢losely the uniform distribution 

of egqual c¢ity-sizes discussed on p.l18, 

The model is not free from cbjections, however, In the first place, 

the values r, and hence g and g seem to be convenient fictions, as 

mentioned above; also, if ranks existed, 1B is not easy to see why 

thex® g and g values (or rather their ratio s/q) should be constant 

from level to level., Finally, it does not fit all the facts, The 

central-place schems seems to fit the facts best in rural arsas 

(farm trade centers and the like). RBut the Pareto law breaks down 

for rural towns: the one plece of evidence I have examined so far 

(JE Brush, Geographical Review,l|3:380-102, 1953}, which charts the 

towns from population size 7000 down to population size 10 in 
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South-west Wisconsin, shows, for towns below 1000 population a 

beautifully regular but non-Paretian distribution, (The distribu- 

tion is gziven by the number of towns in the populaticn stratum from 

x to y being proportional to log (yfx}f} Se far I ¢an find no explan- 

ation for this result, save for a curiosum noted below, (p.25) 

Stochastic models 

Ilhave not found any models explicitly tailored to the stechastie 

explanation of city size. However, the same model-types sometimses 

apply in widely different contexts; accordingly, I searched around 

for likely-locking ones, especlally such as lead to Pareto distribu- 

tions. These occur in the distributlon of incomes and of word fre- 

quencies, Nany of the processes which occur in these do not make 

sense when applied to citles--e.z. inheritance. COn the other hand, 

the model of Simon (Biometrika, 52:425-L0, 1955) in some ways applies 

more plausibly to citles than to the word frequencies for which it 

was mainly intended, We will present it directly in city-size cate- 

gofies. Imagine a certain distribution of cities to which people 

are being added one by onej the chance of a person belng added to 

a city of population 1 is proportional to the combined population 

of such cities; also there iz a fixed chance of the new person 

founding a new'city"., The nunber of i-cities will be increased if 

the perscn lands in an i-1 city and decreased 1f the nmerson lands 

in an i-city. If £¢i,k) is the expected number of i-cities when the 

total population of all cities dés k, and a 1s the chance of founding 

a new city, we cobtain the equations 

iat: fUGKHT - F(CK) - (!-:fsz(ivt)f?(f“', K) - "“‘}"7] | and 

Cstr FO k) -FUk) = a - Q8 (G k) . 
A distribution which satisfies these eaquations asymptoiically vhen 

kle-1) ¢! (c-)! 
(c+e)! 

    

k is larpe, and is, moreover, stable, 1is F(Lllj‘z 
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where € = éhi This is known as the Yule distribution. For large 

values of 1 it may be shown to be asymptotically Paretian with‘ 

exponent g, 

In evaluating Simon's rodel we first note that even i it were 

gatisfactory in all other reswects it would still be incomplete, 

in the sense of leaving out variables which we know to be relevant 

in the determination of city-size. For example, nothing is said about 

the recion in which a city is located; vet it can be easily verified 

that the cities of a region as a whole may have abnormally high or 

low asrowth rates (in the United States, the Pacific rernion and Hew 

England, respectively). All central-nlasce concepts are absent. 

The previous rate of growth of a city is not mentioned; yet cities 

show a high correlation in thelr growth rates for successive decades 

(CHI ¥adden, Heonomic Develornment and Cultural Change, H:113=70, 

Jan,,lQEBJ. Citles also tend to go through a cycle of early ranid 

rrowth and later retardation as they age (ibid). 

5till, we should not ask more of a medel than it is desicned to 

give. e may lesmitimately criticize a medel for {(a) having unresl- 

5 

v 

istic concepts and vwostulated relstions, and (b)) making wronz vre- 4 

dictions. Simon's modele-at least this simple version of it--~is a 

pure birth process: no provision is made for deaths and migrations. 

This fact malres it susnect, since nigration is easily the major 

force making for population redistribution; in faect, natural incren 

tends to vary inversely with overall increase (B3 Vance, Research 

ifemorandum on Population Redistribution within the United States, 

1038}, Deaths could prohahly be incormorated with 1ittle difficulty 

~~the chance of a death beins provortional to population size, etc-- 

and would lead to relatively little modificaticn of the result.



  

But migration could not realistically be introduced on a similar 

randort basis: there must be a definite bisz in favor cof migration 

from smaller to larger places. COne could estimate these chances 

from the known (rather scanty) data, and find out what would hapven 

if this regime operated indefinitely, bhut this result, while inter- 

esting, would leave most of the more intrizulng questions unanswered. 

A more fruitful approach micht be te introduce explicitly at least 

=
 

b the distance amony the cities, towns and rural places. This would 
e
 lead %0 the ccnstruction cof a "quasi-gravity! nmodel (see below) 

1, from vhich might be coaxed the associations menticned above with & 

region, vrevious srowth, and are, 

1t is also clear that any model involving the founding of new cities 
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sration to make sense, 

A curiocsity, which may bear further investimation, relates Simon's 

medel to the anomalous distribution of rural communities mentioned 

above. 1If the Fareto exponent isg neer one, the Yule distribubtion 

cores out to be approximately proportional to 1/1(iel). If we 

interpret i to mean, not numbers of peonle, but ngmbers of clumps 

of peonle, say populatlon In thousands, it becomes meaningful to 

§ worl: with fractional i's, or 1 well above one ("urban" population) 

we pet the Fareto upper tall of the Yule distribution; for 1 close 

o
 o zero ("rural" vovulation) the density function becomes propor- 

2% tlonal to 1/i, and the number of citles betwecn two sizes propor- 

tiocnal to the logarithm of their ratio, just as in the Brush distri- 

bution! (p.23) 

The secular decline in the Pareto parsmeter might be incorporsted into 

Simon's model by its allowing a to decline with time--that is, allowin 

a decline in the rate =t which new cities (farmsteads?) are founded 

relative to the rate of population prowth. This would seem to be a
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concomitant of economic development. 

A word may be said about gravity models. The problem is to predict 

the intensity of interaction between two places in various respects, 

such as ton-miles of freight in a certain time periocd, or number 

cf auto or plane trips, number of telephone calls, smount of migration 

and so forth, A large mumber of studies of this kind have been made, 

the most popular explanatory equation being of the form: intensity 

equals P Py/DM, where P, and Py are the populations of origin and 

destination, D 1is the distance between them, and n is a constant 

exponent to be determinsd., Sometimes more sophisticated measures of 

these slze and separation parameters may be Hsed., The P's may repre- 

sent nurber of telephones, or total income, or even total interaction 

with all other places (which loses some degress of freedom); D may 

be better represented by transportation ccst. n may be determined 

by recressing I/PoP3, or rather its logarithm, on the logarithm of 

D (e.g. JD Carroll and HY Bevis, Papers and Proceedings of the 

Regional Seience Association, 3:173~97, 1957). The exponents thus 

obtained range empirically from sbout 1 to 3, with a mode about 2. 

‘The interesting fact about these models is that with only two adjust- 

able constants (exponent and scale) they sometimes achieve notably 

close fits: correlations ahove .9 are not unusual, The rationalizatior 

of these models by some kind of wrobability annroach that makes 

sense in terms cf location theory is desirable, but I have so far 

not found anything satlisfactory. 
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