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In adding landvertically,
elevator etc.

vertically, builder

mapy,

Adding horizontally, roadsare

Enlist Otis Elevator 6. as

There are some

free!

ally !!

pays fullprice, &more: 1 teves,

we have learned to
grotesque disproportions

given. One is downtown streets :

relieve it, cintomaticallyjump atyou w.

will make it worse. Solution :

to relieve congestion.

w/o 3d dimension .
accept as

It is free to expand street horizontally, to individ, but

impossible to extend them vertically.

Anomally,people suffer in congestion,butofferplan to

assumption theplan

solution : begin by offering thisasplan



N.Y. 'Spreac-City'
Sighted by 1985

By Harry C. Kenney 1
Staff Correspondent of The Christian Science Monitor

New York
Rural land and open spaces

in the New York metropolitan 1
area are being consumed at an
enormous rate by housing and
industry.

ese local zoning codes
represent today's thinking of
municipal officials about the

In fact, the Regional Plan kind of town they want," Mr.
Association is convinced that Norton continued . "The ques
all the land within 50 miles of tion is whether all these towns
Times Square will be built up
in 25 years if present develop- re
ment trends continue.

of

10-10-64
1

There will be urbanizing of
land in the next 25 years at
twice the speed of the past 30
years according to the associ
ation and well over 100
square miles of rural land will
be built up each year.

In a preview of a major re
search project which will de
scribe the land use and capital
needs of this region by 1985,
the association declared that
present building and zoning
patterns will result in a con
tinuous but sparsely populated
city with few patches of open
space.

p

Spread Not Suburb
The increasing city develop

ment includes the tri-state
area of New Jersey, New York,
and Connecticut. It will stretch
as far out as Brooklyn in the
middle of Suffolk County,
Long Island, up to Danbury,
Connecticut, and beyond
Morris and Monmouth Coun
ties in New Jersey, filling up
the nine counties of northeast
ern New Jersey.

All of Westchester and
Rockland Counties and much
of Orange and Putnam in New
York will be covered by the
new "spread-city" built around
the older centers of the region ,
according to the association
findings.

The executive vice-president
of the association , C. McKim
Norton, said the "spread -city"
development differs from the
suburbs of the 1930's and
1940's.

acre lo

In many former bedroom
suburbs, jobs are increasing at
a faster rate than residents.

e an

"Present...zoning ordinances
of the 550 municipalities in the
region require a spread devel
opment," Mr. Norton said . "Of
all the vacant land left in the
7,000-square-mile region, two
thirds is zoned to require
single-family houses on half

on
e

lar Nearly half
zon for acre

local

en hea e," he continued .

asked the question : "Can one
fifth of this region's expected
1985 population afford to live
in new single-family houses on
half-acre lots or larger "It
seems unlikely . Yet that is the
mosaic of the region of 1985

would put together."
that today's local ordinances

wan

$50 Billion Complex .
According to association pre

liminary estimates , spending
for community facilities
transportation , schools , hos
pitals , utilities , and other pub
lic and semi-public construc
tion and rehabilitation- " must
rea

er

W

This picture of the tri-state
area development , Mr. Norton w
emphasized , is not one the as
sociation endorses . "This is
simply the kind of region that
is in fact being built here with t
little thought of the end re
sult," he said . " The pattern can
be changed if we want to
change it."

The association intends with
in the next year to present
some alternative ways the re
gion could develop and to in
volve a broad group of regional
leaders in determining pre
ferred patterns.
Land Priced Out?

largest e expendi
ture will be for highways and
other transportation to tie to
ether th ts

to

New-Type Urbanism
" "Spread-City' is not just a Chief of the W

satellite of the region's central
cities," he said . "Jobs are mov
ing out of the older cities as
well as residents."

th

preserve and improve essential
rail passenger service to the
older central business districts.

President K
been urged
to repair his
American p

A Kenn
the West is"Furthermore," Mr. Norton

explained, "these outer areas November.
do not rely on the central cities
for shopping or recreation as
the older suburbs do. So
'spread-city' is not a suburb.

"Neither is it a city in the
usual sense because it has no
single center of its own ," he paign
added . "At the same time this for
outer area is urban , not rural . "stron
It is being built up . solidly, Mr.
though not densely . It is there- little
fore a new form of urban set the
tlement with iobs . shopping, cials
and houses spread across the
land ." lin

Further discussion of the
"spread - city," industrial ex
pansion , land use , and living
patterns will be taken up in
detail by experts in a confer
ence Oct. 11.

Kenne
P

making a
Universi
Oct. 1
first
Aug. 30

For

pr

0
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Illustration of importance of
distinguishing land.

A S.r. Ag costs from congestion

tho,of roads. area,

l.v. -Ag costs, when expand road.
arealso

In rural

But in crowded city,
l.v. Ag costs. Saturale

more ultimate limon than
space, a

panement



1.
Ferguson Allen R. ( RAND ) " A Marginal Cost Function for HighwayLlen

Construction and Operation . PAPERS & PROCEEDINGS , 70th
Annual Meeting , AEA , 1957 , Vol . 48 No. 2 , published May ,
1958. pp . 223-34

Only fly in ointment of this study is hint that Ferguson
speaks ex parte American Trucking Association , p . 223

He conceives of mc in terms of more pavement , depth to handle
weight and width to handle volume . I find no suggestion of in
creasing cost of right of way in crowded areas . Assumption of
constant price of land seems to be made

P. 228 Pavement cost increases less than
Pavement strength probably increases more than
Stress ds less than
ds less than kx wt

weight , bcs use more axles .
bes truck weighs something , empty .

folly to tax trucks by weight . The limitational factor is bulk ,
not weight ; and surface area , not height . Therefore let trucks
be taxed on their area . Also , allow a discount for maneuverability ,if means can be devised to measure this . Might go so far as the
to tax drivers according to a rigorous test of their handiness .

L
alpha ( e ) thickness .

thickness ( my idea . ) hii too,p.234
Weight of truck

Ergo , is

In country areas , space is a limitation not because land , raw ,
is limiting , but because grading and paving costs are . In short
run this makes no diff . , and even în fairly long run ditto . But
in long run makes this big diff . , that where land is limiting , you
have increasing costs of widening highway ; where pavement is limiting ,
you have decreasing costs . That is a pretty fundamental difference .
It implies free use of rural roads , and taxes to use city streets.
It implies that it is fitting and proper to subsidize rural roads
and to tax use of city streets ! Maybe our farm-dominated legis
latures are inadvertently acting quite rationally !! ( ?? )

A good measure of maneuverability , or at least a rough index
to one aspect of it , would be ratio of motor torque to weight . On
this basis heavy trucks should be taxed heavily .

If~

Now if central cities suffer from congestion and increasing
costs , (not only re traffic but some other things , such that one
habitually pays tips etc for things in central city that are
free in country ) , this is quite revealing re adry benefits .
we take resources from urban areas and invest them in underdeveloped
rural areas we are taking them from areas of decreasing returns and
transplanting them to areas of increasing returns . This is what
is needed to justify 2dry benefits !

Note now another distinctive feature of land . It is the basic
cause of increasing costs . In two ways . One , expanding things you
press on limited space ; or , two , if space is not limited , you
spread out and xptn costs increase within your system -- which is
fundamentally the reason space is limited at the center of the
system , anyway , so these are two aspects of same idea . Building
wider highways , bigger houses , etc. , get decreasing costs , and
finally at worst about constant costs , were it not for increasing
cost of land . Likewise larger cars , etc. Maybe last is best e.g.
Why not build ever larger cars and ever wider lanes and hig ways
for them , due to decreasing costs? Bcs space limited .

xptn, ures less of publics. This way,at.
But note, asfim, expounds, has to supply more of its own kust, (over)



public subsidytoxptn. encommages smallfirms.

"!



Ferguson , 2

Summary , p . 233-34 , says hiways costs are funs of weights and
mileages . Interesting that he does not mention vehicle sizes ,
even tho he previously pointed out that truck routes get an extra
foot in each lane , from 11 ' up to 12 ' , and of course if we all
droge VWs all lanes could be much narrowers . Showing pretty
clearly he doesn't appreciate this factor , even as it affects.
pavement costs . Which is the more curious since he is deprecating
weight as a measure .

But perhaps the curiousity is explicable by hig working for
trucking interests , and perhaps they would be even more opposed
to bulk than to weight criteria !



We mure xptn in " ton-miles" as the this

were somesort of basic like Cconcept,

"foot -pound" ofphysical work. But

all the time the weight of a load is

less relevant than the bulk , esp. on

congested highways. The maneuverability
of the vehicle is important, so vehicle
charges should A

progressively
with

size, esp. in 1st 2 dimensions.



Central sites, int hi volume

16 of using streets, use 4s until

folly, if you

reduce useof something do it by raising money,
creating waste inform of barrier), & each individ 45

by

congestion (& mc to him me to society in thissease)

do notwe

us.

pay

makes costs to individuals (this is

We

hi markup uses.

16

of cheap max.
travel. Hi mark-up

customers wd. not resist travel.

ever

congestion

want to

paid to use streets, volume uses wd. get toplaces

max. access, bes their customer wd. seek to min.
ber thein nichuses ud. move out



When congestion replaces priceas

conquation,but thewaste in

a different set ofof
of rationing selects out

Where the experience in sensition &

esthetic, it crowds out the sensition I esthetic & consigns

facility to thevulgarians who repelled by

users.

mc

Congestion

but unfortunately these

ofus

new sort

are not

use, not ononly is there

are not

as a cort is also expressed in auto insurance rates,

the

functions ofuse,

one another.

nor size ofauto.



thould high costofperipheral service ever be expressed in his texer

flat rates rather than hi variable rates ?

period of capacity, yes,

charge the

excess

on

cost.
Now suppose in result use at peripherin declines, some land

This wd. leave excess

Center

X

In dynamin, during early
Butwhen reacha period of srmc = lrmc,

the lands provided

costs
Anomaly that peripheral lands require highest fixed

to serve, so shouldn't they pay highest fixed annualrate?

w.

therefore pay
at

capacity, srmc <lrme & brac, require I tavas

're not using.service they're

landgoesout

10

you out ofuse ?

& faster

When reach " capacity", [i.e

-12

Central lots pay

them, but to traverse them. On thisprinciple outer lots

need pay nothing.
Make them all

hi fixed change, not ben it costs much to serve

How reconcile the two principles ?

they get

mbt workedas most eests seem to
16 put.pay!

think, central lot wd.not need to pay (except for equity reasons).
like

everyone,solution : at first they free service like and

hi taxes like rise, they willrise more

as rutes goup, texerfall.
everyone.

endof line, so theirrates goup.

Lot 13

As some rise, they

srme = srac, a thereabouts] maybe (more)



they'll stop taking, but that's ok,

from thefringes.

Problem:

First, decide what min. time whit is

That wd. include mituce.

[Supposition maybe impossible. Presson capacity,
all along theline]

suppose srme do not A with length of line,(altho limeIrmado)

your "shortsun." {.g.

You build in such a

know lrmc are
way

We want demand to shrink in

that

higher and you

so

Allocating fixed

srmc are

fixed costs at

cause schedulingproblem

Because you

also want to set xptn rate = stmc. you

youat end of line, & perhaps all along line, to make sure

oneyear.

higherfor endofline.

them, &want to recoup

srmc.
But this happens naturally. When you search press on capacity,

length of line,
every where, & in a not exactpropertionstme sine

that way.butnew., roughly

build smaller capacity

have

costs at center between central & outer lots,
center

Therget them, & outer lotsgetbanc. Because center willbe

served by a smaller system, 4 size is for outer lot.
justify higher taces on inner lot.

This
Beet when lome rise at outer, as with citycity sheets,

calledfor, hitting outer users.hi rates aremeans mgul

Still ok - I center stillbears heavy fixed cost.
(More)



Outer lors

costs ofthe last segments ofthe lives, but

inner segments.

are responsiblefor longer lines, and for the hi initial unit

only
the of themc

They shouldpay in flat takes until some rise, thenceforward

with length of line, as some does.hirates, the rates rising with length of line,

in



increasing

There anyIome in widening streets. E.g. narrowing the lotsin

between. As the lotsgettoo shorter and fewer (or narrower)+
the mc rises.

Within downtown, .., reasonable to contral access & charge

me, Wore practical, keep

for the time spent inside congested zone.
use publicoutof somepart altogether, xptr.

on street space
At all times planners should be putting values

ofg it vs. put. user, Move the margin to equalize mp ofland.

tlong

gen

How mire valueof street?
it 1.e. the value is higher

credit for this. Needs much work.

An approach: difference ofprr.l.v.
the center, & streetnearer

Il auto using route customarily,se A costs in confection .

Or, if street improved to offeet this, in form ofimprovementcosts.
area, promote smallcars.

Tax cars by
surtax to park on streets, unmetered areas. Workable?

There is

point, costs 1.
costs.

caus

all times,instantaneous
let rates = stmc,Putnam wd. say

But this mustbe modified in practice ber so costlyto keep changing

Whatof decreasing costs in bdgstreets? After reach

E.g.

After reach congestion

&

Remember principle, only when spacei
isfree
is

double decker road; in clipping off lots, hit Ag

-Ag wat.are



to outside cities, mc low,

a

users. should not carrycarry costs ofhiways.
Inside cities, mc >> ac.

to charge high fee forpermission to drive in cities, basedon

car area. Shown by aplaque, like state licenseplate.
Visitors can ower & buy temporarypermission.pull

Stiff fines for obstructive dreivingpractices,

Now

low, but mc.
as move to edgeof town, mc ofwidening streetfallsvery

of lengtheningst. is hs. So compact

seems desirable. How charge outhere?

settlement

Outer develler who drives in uses more street. How change

himfor it ?

Bigproblem, Putnam& land & location cuts, hasbe their

failure to conceive ofbroc, thePutnam explicitly so & others implindly

So they took find xptu facitingforgranted, analyzedjust put.part.

Even Pigon, who condemns flatrates, seems thinkingjust of

of running trains, givers

of fixed costs. (or does he later?)
lue to trecetiment

variable cost
no



Another distinctivequalityofland.
Dereasg costs in districts. nets are inside given

Extend area, Irme is entire costof extension.

Rates shd = lrmc (chide Putnam to contrary). Then seek to

plan to stmc = lrme during much of life.

Lrme of suppling lot 13 is entire cost of bringing line from lot 12

lot 13, plus whatever expansion of basic facility is entailed,&

of line from center to lot 12.
tu

Lot at end of line, .., mc is tc of extension,[+ me of expansion]
only

Lot near center, shares line extension cost w. others, me is

smaller as capacity rises,gets
ofenlarging for I lot, which

very
small.

to rates shouldbe

small me

f-gets very hi at

reverse of facts

outside,·very

All extensions should be made which can

no more. [Utilities act opposite, bes is more

Hoovers & Isands law ofxptu

offacts re fixed installations.

area.

cost

very low in center.
pay those hi rates, &

compur at periphery]
w. distance isfalling

Why
we have slums ? Land too cheap! We bring in new

land by freexpth, leave dead area behind. Instead, chargeforxpti

extensions, inhibit them, also chargefor holding land, centrally compel

renewal.

1



Distr.
Costs

fo

$
LR MC

-AC

Output inside fixed area.

Trouble w. above, which I used to teach at N.C., begs gn.

of expandingat fringe, MC means cost

at everypoint along distr. lines.
area.

or heamer

and Mc differs

Abone applies to xmmen between twogivenpoints. E.g.

two cities. So interurban xptu shd befree. And trunk

Unless thereis alternative shorter

wheeling from dam to city.
woute, e.g.

necher dam city.



most cition that the landholders around

the terminals or other initial locating factor have undertaken to
many& probly

avoid maximizing access to thatspot, to interpose barriers to movementI
so contain the sent within a smaller thancompass necessary

This wd. also block access among theparts of clowntown.

downtown trulyplanned
to as to

Probly nowhere does there exist a

bring into its sphere as much land as cd. bejustified by devmtcost.
Bout theseartificially hisground rents have spurred independent

urban developments in suburbs or elsewhere, get enough

but love advantages of
aggreg.,

so we

commercial sites in

Note I do not say get too little

Barriers to access create confection beforeneeded.

It is true in

max. access. we get

congestion.

We get resistans to clearing up congestions, premature

& artificial congestion .

marginal



"Wages and profits represent the universal elements in production ,
while rent may be taken to represent the differential and pe
culiar . "1 Mill , p . 290 Continues in confused way .

So classical economists bequeathed us this befuddling notion
of " rent . "

Why not shift ordinary land into high yielding urban uses , until
there is little remaining differential value ? E.g. why not downtown
expand? Or new shopping centers be formed until differential value
disappears? This is what tends to happen in fact , very slowly . But
increasing returns at the center keep attracting commerce there ,
even though land costs more and has to be crowded on , it is worth
the difference .

There are two elements promoting centralization : everyone wants
near major xptn terminals ; and increasing returns to cluster as
whole , which to individuals shows up as advantage in being at
center of cluster , regardless of xptn terminals .

The xptn terminals fix the center fast . But if they are
relatively unimportant , or become so , and increasing returns
becames more important , then the center is freely floating ,
and subcenters , which will exist originally as retail suburbs ,
can challenge the center for primacy . Or when new kinds of xptă
are succeeding old , they can attract the new routes .



: Crities of m.c. pricing sayst
ambiguities etc.

But w.utilities, ac pricingW. han

worst ambiguity, valueof franchise,

of streets, etc.une T
Value depends on rate, but rate depends

on value, etc

an

W. mc

it has

Ag

My ta

pricing, solve thisproblem,
that puts-value onfranchise.

p= mc,

And ifvalueis lowenough. costs are

not decreasing aftercell! It might
beeven negatur,
cost

thus making it

indy ! Broday!!



Mc

MC

Ac

way

AC₂

AC is a shadow concept, varying with rater permitted.
Only if AC is based on OC in aac

a realce problem of coveringfixed.

AC₁

clearlydemonstrable sence is there

-fixed cost.

heat advantage of MC pricing is to cut out all therephantom

fixed costs, this malicious raising of shades & spirits by which hocus

pour the soninsiders make off with so much lost.
furt set P = MC where MC = demand, this automaticallyputsa

nice low valueon fixed costs of they are rent type "cast"

This is a 2d that rent helps solve problemsof MC pricing
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Dear Mason :

INDIANA UNIVERSITY
School of Business

Box B

Professor Mason(M.)(M./Gaffney
Department of Agricultural Economics
University of Missouri
Columbia , Missouri

BLOOMINGTON , INDIANA

November 1 , 1960

my seer. lawy
proptc

younitial
in

JWM/vmp

the wrong place .

(1)
Thank you for your letter of October 19. My debate with Scott on the alleged
divergence of private and social costs in the "ghost town " case related :
to the divergence of expectations between primary and secondary investors ;
(2) to the difficulty of estimating the future even under centralized decision
making ; and ( 3 ) to the question of sunk costs once the mine and the town were
constructed . In addition I think that Scott failed to distinguish between ques
tions of efficiency in the allocation of resources as opposed to matters con
cerning the distribution of income .

I have not read Stigler as you suggested , but I hope to very soon and I will
? give you my opinion on him within a week or so . However , I am enclosing a copy

of a debate I had last year with Ed Mason which apparently deals with a similar
question .

the
Free
xpłu ~

Your comments upon the policy of utilities to subsidize outlying customers at
expense of the centrally located users are certainly well taken. -And I feel

that my friend and boss , Bob Turner , is going to be hard put when he testifies
next month for Indiana Bell on the policy of raising the flat rates in the~ central area of Indianapolis in order to extend toll -free service to the suburbs .
Incidentally , it sort of worries me as to why Indiana Bell favors such a policy
unless they assume that the demand for service in the central area is relatively
inelastic while the demands in the urban area are relatively elastic .

I am in agreement with you , of course , on the efficiency to be gained from cen
tralization and on the apparent economies of scale which accrue to centralized
cities . In my opinion the advantages of suburbization are much over -done and
depend primarily upon an under -assessment of the social cost they incur .

What is your opinion , Mason , about some of the work in the area of economic base
analysis? I have assigned some of this material to my doctoral students in land
economics and I am coming to the conclusion that much of it is a lot of bunk and
that many of these men should go back and take a course in international trade
theory.

Keep your comments coming . I hope you have a chance to see the book before we get
together in St. Louis . All best wishes .

Sincerely yours ,

JemJ. W. Milliman



MERAME C BASIN RESEARCH PROJECT

Dear Mase:

28
****

Professor Mason Gaffney
Department of Agricultural Economics
University of Missouri
Columbia , Missouri

*******

PE

BTB :md

WHEN:

WASHINGTON UNIVERSITY

ST . LOUIS 30 , MISSOURI

My thanks to you and Estelle for a very pleasant evening on the 15th . I hope there
will be opportunities for continuation of same in the future . Perhaps I can manage it
so that my spouse will accompany me sometime . I enjoyed meeting your historian
colleague .

The article on pumping costs for irrigation in the San Joaquin is in the October, 1960
issue of California Agriculture . The article is by Charles P. Moore and Trimble R. Hedges .

November 21 , 1960

The article on the irrigation water rental market is by Ray L. Anderson and is entitled
"Operation of the Irrigation Water Rental Market in the South Platte Basin " . It was
presented at the AFEA meetings on August 11 , 1960 .

~

Somewhere in your many communications to Ed I noted a suggestion of yours, something
to the effect that varying utility rates might be a means of preventing, or at least
limiting "development" . This is of course a solution which would appeal to economists,
especially those of the Chicago school ! However given the regulated nature of the
utility industries and the imperfections of the market system , I'm
not sure how effective this would be even if it were feasible .

water and power read

alternative to the use of the price mechanism is direct regulation. The city of Cleveland "pelitially
has adopted a procedure by which regulations on water and sewage are used to prevent
inefficient land use development . Land developers are required to provide adequate
water and sewage before their developments are approved . The result has been that,
instead of jumping over open areas and moving into the farther suburban hinterlands, the
developers have taken up the available open spaces closer in to the center of the
metropolitan area . I suppose the most effective measure would be a combination of
regulation and pricing.
I don't anticipate getting to Columbia again until after the first of the year, unless
something unanticipated develops. If you are coming to the AEA meetings at Christmas
time I'll look forward to seeing you then .

Best regards,Be"L'av
Blair T. Bower



Ifwe brought len landinto urban
mbat

by
:. old bldgs wd.be replacedfaster.

We runaway from this
frictions ofspace at

public expense, keep land too cheap.
woads,

new roads etc., it wd. be dears,I

W.

overcome

w.hew

is
cap, quin when to scrapit.

W. land,qu.is when to clean &

renew it,



Intra-Urban Location Problems:

Evaluation ," 51 AER ( 2) : 271-78 ( May '61).
Tickout, Chas.M.

(Very sloppy ) urbem
Mentions 2 prime barriers to ex.

location : 1, Xpt. costs are lower along better roads

2. External economies.
ofxpt.

Nomention ofput & social costs

seems familiar w. much literature, so this is

evidently missingfrom lit.



0 M
BlueBook says me,sr, of

delivery, in same, so
quantity discount

VS.

wth
shd be no

I question. Ifbronc is-greater design system so
srnein two, p== mc



String devinto
resultfrom subsidized...

_xptn.
Otherwise ud, be

building in 3 -D...
subsidyisall e-D₂one.



Traversal & Extension Corts

In 3 -d traversal costs stick out
distance

forwards z -axis rep g

W. decry costs, commonly allocated, the

cally fallin size moving out onzz.
just they do moving-f je
righton x. Tryto match them.

also try preserving visual

equality of cells by adjusting z-scale
to make them =.

do onon

?



9

1st, show thatif you have const. Mc & ac, then traversal
With that established, will be ablecosts = extension costs + c.s.

to handle decr. costs, (re which, remember graphi 3-0, some cells

go bebe volume notjust area, i.e. eachcell has 3 courds.

gine ea. cell 4 coords :))
count twice,
Led. one then

Conat Mc

N
D
C
B
A !

The lossof

thefull 4 ofs

Z
Z

1 2 3 4 5

MCD

For line N
For line D

for line c
For line B

Extension costs, B to N₂== lineN

Traversal-cast of B

MC

MC₂

line N - lineN up

obson,
Eat. enoughfor.

MC
Mca

now

to B by moving to N is O on the lastwit up to

on thefirst.
costoperunit capacity

are 3 cells : C1, D1, N1 .

The excessof traneural over extension cocts ranges from ~ in afg

to thefullAof unit capacity costs on the last

B1
B1 + B2

B1 + B2 + B3
Nil, line deactivated in retired.



Traversal cost=

Extension cost =

HE

B1 + B 2 + B 3

C3 + 0₂ NI

B3, bes same line

B₂ > D₂ , and the amount

C3 =

N
D

c
B

A

B

extra units ofcapacity

1st column, that is the c.s.

columm

out to the demand verne

lovst

D

rows are

of the excers is the no, of

from the

B by moving out onelot.

reduction of

by B

1

reduction of

Inelastic demand

c.4 .

wort

8

LMCA

2 54 Demand



Cost oftraversing Lot B is full triangle, and will

surplus.
Sum of traversal cost part B

.Lot Units of capac.
1

cons se

N
Dc 2

3

size classes of
unit (alingdiagonal)

5
5,4

5, 4, 3

on was he no

When Bis bumpedfrom B to E, suffers 2 loun:
a. Al costs on who he still takes at E, I unit. 3 cells, I'm not

sure which

b. Loss of previous gains
affend. 3 cells.longer

can

approximate

cam

7

to its ó cells loss to B ; & 6 cells are traversal costs ofB.

Express succintly:? Anyway, say its roughly true.



BI

ai

of
then we

B2

ar |

1

B3
a3

3

2

4

we assume cell-row a, the btm.
have to make later adjustments

1:1ab
MCB
MCA

a, the ktm. layer, is built
margin.

to first wuit ofcapacity
is built firce ? tameproblem ?assume

Can solve. As addition of later cells makes earlin cellssmaller,

4

hold them fixed and subsume the lower MC in lower MC

But will cells then cease to rep. specific
at fringe where you are.
Insversal costs ?

5

MCN
-MCD

built first,

MCC

6

MCB
MCA

3

Draw MC curvesas the they expanded simul alongafront

11 demand curve, so all reach it simul. Diagonalo cells become exactly =?

Costof line Nis then column under MCn,tunt reading upside
of line nterrain. Bottom cell is cost

clown, assuming homog. terrain
of line

first cellof line B ber it is 2d ring.
lot

partn ; next oneup partcost n -1, which is sameas



2dring
conte

Istring

BI
AI

B2
A2

B-~

2
Q

row

3
1
4 Ś

B6
A6

6

MCB13

MCA

7 The extra cost of the extra
B is higher capar.part

cell. But one costcell will be about 2x one

capar.
tiangleof net gain.

Re Higher traveral costs. Of. Pipe N purt C (5th ply) vs Pipe 7 paust B (5thply)

is shown by on

cost

5
N

# 7
#E

Problem: drawing MC vernes, how defice MC ? Assume otherplies cellin,

or-begin from 0 ?_ Let_A begin fromzeroO?. initial casts she be

allocated somewhere. It is a gr. ofsequence.

18

#D

B?

Suppose me regard A serviceanregard A serviceas fully built, thenproceed to B
Das

Then the B -reach (the length traversing B) of line B wd. havesame

MC curveas the A-reachof line A (if homog. terrain), while the
lineB,

of cells, cell-row B wd rep. of past a, where

1 line B is the 2d ring (where each successive

J
ring reps.

one lot, and gets progressively smaller)

"Al

service to

Theqm. only comes up when trying to define traversal costs.
This is reason for trying

to allocate line corts to landor framtage

traversed. Otherwise it is clear, Mqul. externsion cost is area under

MCB curve, and division between A &B is unnecunnecessary.



2

8

one

b a

Gmina

LMCn

ś- ö

LMC4

←

LMC3

LMC₂

-ib 8

squares,
Mesokartic rows are carts of taking no.ofplies thereare

frontage.

LMC,

by Quantity
lot2

shaded area is costof taking fourth plypart

Columns are costsof taking one plypost no. offrontages thereare

but the one numbered.
Not anyoldply.

D

4

squarespast

in each
column

Squares,are roughly =. Ecartly - if extension costsare constant.
Squares get smaller the in some columns of lo MC.

Cost of traversing 2 is: a Br

Costof one plyfrom 2 to n is abc ?



1

Probleme dã do B's losses, or rent, = costs of traversing 2 ?

=of 2 > extension cost Cr because allplies butTraversal cast

nth are larger than with.

2scales:
Price &cort
in $ ;
Lengthin
feet (oo)

At

each
any q

reps

Reduce length(down); A capacity to right

-AL

outpul

curve .

adding 100for length.

in

Q

Mcn

www/
nitig

distance between successive ML curves is about same, bes

MC4
Mlg

•MC₂

MCn

from on to ge arequ

MCn

3412 3

MC₁-2
D

TheAl traversal costs of 2 rep of #MC from on toq₂ (where his

beneb. i.e.almostlot no.) #de grass

D

3



!

A buys

rım
Alternatively

and he still gets

2 from B, B in mower to n.
A applies same am't ofwho on 1 & 2 aspreviously on I alone. Deliver at

2, abandons line 1

B adds line n.

If demand were

2 is net value there:
(shaded area)

area

ļ

Previously I said n - 2, assuming

2I took no who, but is more realistic to assumeit still takes who, is spread

thin ownr 182.
we ed. assume this is an internal distr.n. problem forA

Do this- it simplific
delivery at 1.

-OK. New costisn's capar. past
bes B takes less at

3 lots, Cn - C₂. But also

at n
reduced capar.from o

At n, rent= 0, byassumption . Not valueof position =0.

ľ

ń
n

Al line is .. n -la

2

n -1.

go to fr is also rent at

proper constrami,

leftof8n, repig lower cost

•Mcn
MC3 MC₂

Than at 2.

qu 82

He
abaly inclactic , rentwd. he "mecomgul " area,"mewokertic "

st of qu
But mesokurtic area

This

Rent at

at 2.
2. reps total loves to B, and is

C & D being unaffected. ( savesmall ISMC)



Problem of summarizing cost

1. It is a

2. Qus:

applied

say suppore A ------
same inputs to less land, whatgains result; or if A took

more land applied same inputs (including same water), what loves?

a.

n -2

qu.of MP of land. 1.e. we

lot I to n.

&
gther lover

areall imposed costs forall summed up

capacitiespast frontage

imposed by occupying span.

<= 2He putsputsin asmaller pipe. So I Can Cost of

But

is summed up

decline in total capac.from

Wo one

in

anyway,

2.
in one ? He is bumped from

che is affected. Lats 3 to nul remain same. So all

mgulone. (only minute cliff. maybe if in -sy.MC,

0-2, and increase from 2 -n, some effect.
üğünar

Gwily willbe Ag MC from 0-2 and -Ag

wd. encomage more extension, possibly sometimes signif.)

Mgnl lot takes less than any other,
However loss at

to it I traversal costs for all.
the

Ca

highen
costs on inner lots, working

near n", so

to cost canada

and the extra loss problyjunejust
domn

1 curne:

MC MC4 MC3

MCA

extencio

in exceeds



Pipeline
Pricing problem

Widening capac, deer, costs.

Lengthing capar. 4g

How price at lastplot?

cost.

1. Assume statue conditions (I later consider 2 dynamicfaction .)
~ depan & Ag demand

istme

let2. The Make bruc = some, p

But still plac. Which launds andpay?

3. MC ofdoing what? Enlarging or longthing

ofwidening

stme

Howprice at firstplat? MCAdecline as line

pay
on

ing benefic
cover fixed cost.

linegets longer,

~ & Note BlueBk.goofs here. They have

time of Mc = aC, when you.
They underbuild, ourprice.

D

proper charge at center shiftsfromvariable to fixed.: falls as line lengthens,

But approaches const costs, to p
cones almostall costs

We have 3.-"runs " here at least. Longest, extending liners,Ag cost;

frac
erma

Ag
long, enlarging lines, decr. cost; short, sy flow in lines, slightlyfallizar,

rapidly rising me, and rising
avc.

in sense that

But the longest is not comparable. The cost "increases " only

you carry who farther, but that is doing something more than before.

Each point of delivery reps, a diff service, is not a homog, wuit,

aim feryou
should aim for

40

Remain

shd.
by

individ.pipe. Each lot

Eachplat regarded on tied to center on source
·pipe, so put p = mc.

for in pipe. How? Dear, coston ea.
that lot As rent, so charge annual rent or tax to

Extend pipe until PxQ + spent = full extension cort.

1

srmc =

mean situation

brmc.



Pricing problem. 2

MC willstep upfor ea.plat out, but thisisnot to be confused with

However rater should step up asgocosts.
pretty well to come problem.

Ag

~

This seems

ac
The excessof AC over MC will rise toward end ofsystem, bes

is in rapidly decreasing costs.
mou ofits capar.

Variablefficed cost rises toward endof rysten bes pumping c.g.is

Inof distance & height, but capar. per foot gets cheaper, as central

caparitionrun toneper footfall.conit.

as telescope extends & lowers me at center,

sharing hisfixed costs. Central lots andnot
gn. might arise of

slough these out.

~
outer lots, but V.V.

Their costs cannot be premised on prior centofouter lats,

mile kehanes forpublicor fixed costs somewhat as Homen

cortper
Total Cont

premcies forproxeptyanised

For different reason denleu

Fixed/vble
costs

out.

ofpape

2

lume at outer ring1

used less. But it costs

Also indicated by steeper



- Pricingprobleme, 3

Capas

.
in

of

AC, LR, per sf.Afring

=fants Docameters feet in hundreds

Feet a 1 . tom ?

Cor

There is a MC of extending lines at any of capac.; I ofenlarging ofcapere.

at any length.

LRTC = 7 (capacity, length)

Which MC shd.userpay? On

& ove

7

3 -D carne, wohn't they

but they are necly =. That and

a

niing, but they
Yes. One is falling &

solveproblem,partly.

sary all costs are ammual,& fixed foremn, for simplest analysis.

-situation unvenal, or chiffers from neual anal, in that each



Pricing problem, 4

3

Qus:
a.

I
3

Payfor
line capai, quantum racken,

b. What are A.C. ? Allocable amongplats?
what if cupar. not thed ?

b. MC of service 4 is line 4.

4

16

just ben.
necy.

we ed. assum

oppy.

ar

We cair,

Ea, line

used)capar.
MC is not = costof a taken. Space impares Mc, Irlar,by

simply intervening. For this it should be charged.

reps.

ume all lots wd. take celong demand curves ofMr.

exiits, maybe implicit rent wd. do trick, change

but can consider reasoning of me would.

Arcumefor simplicity youpay for capere, so mucha mouth.

The quantity paymentproblem involves here only s.v. useofcaper.

at source.) (also
(wh. assumed free

costs. some)

quis

pump

ber musan.
wd. not chargefor

inner late hi

comber ?Ur

= mc

I st. capac. cassume all

to

P
space problem doesn't cerise solely

Even if mexac, st &lr, still

space occupied . However, rent
&

cel. be considered separate qui.
& as to

them to economize on space ;

Now the AC of service to pt. 4 is cost perst capac.of line

4. It is right to presume that 1.283 au servedfirst,
properly allocated to them,

so the higher initial costs are

as initial cost:of Section 3-4 of line 4 is alloed to plat 4.
just
This hit up

no

/constrain
(if it worked ) wd.

repayment I equity, those



Envelopes

2 envelopes ? Notquitesame,

on LR us. SR by keeping saame units.

5.
ame as

s.r. cost curnes are y a 3d climension, to add

be scaleofunits differs. Can use envelope technique

Feet (00)

How about using itfor capacity

That is basically same

WWW

Feet

(

00

)

thing

minor but imptut. diff..

But let the 3d

The SRUC curre

like nightdeliveries

Thus cfs are quite

also varies

T

Bo

MC

Spac

SRAC

AC, LR, for 1st

AC, LR,for varying numbers ofst, scaleshown

on curve

vs.une ?
?

on brus.sv.
in that cfs is not convertible to

atypresumes changesin instantaneom rateofflow, while cfs almost is instantaneous.I
Best way

graph

acperstused

Alpust
capan.

story

eeeeee

afperyp. bes



LRTC = f(length,capacity,

LRac declining reflects declining ac of addingcapacity.
SRac reflects use of any given capacity

Cost/ ·AC

P

afy

}
Instead ofshowing z-axis diag., it comes

srau

afy

use or•quantity)

-Al₂ ( 2 stcapan.)

-ac₁( 1stcap.)

at service outlet in

might fence underase of

danger allalong line.)

Need for excess

clogging there

Select thatiscapes, where mat, net income,
capai.

extremes or peripheries (hence party

is higher. Higher rate.
where max, net income. But this declines toward

lives in counting, hes. MC of capacity

Peripheral customer, hi sume, ber ter up capac.

seep. 1 (central user is much less likely to the by ticing up central trunk
allalong line.

for better outer lines. But outer customerpresento
this

view.
capar, much

affect whole line.

€ 6.

straight at you,une now.

bes
greater at center clearly, h



2

~

As you

When does feregone gain
srmc > demand.

Then insteadofmeeting surplus demandyou deny it, Isme to all is

the level of intersection

mone out,

become more

rent.

Even the outer rater are

peripheral services pay higher rater & have lowe

capacity.

Rater = srmc.= lrmc, for capar. selected as optimal by ofg

diff. caparition

of ma ?mc ? When

higher, theyare further helow

bes in stage of faster decreasing costs. to 2-charger necy.

An extension- capacity change, flatperys; & a use charge.

Buth charger grow higher toward peripheries.

What flat rate to

Onefor bringing

Let each service outlet havea capor, of

Higher
peripheral costs here, too, bes

lines.

few on line, chancesofthe logginggreater

play stat. some & allow

so nearer center, can

capacityper outlet. V.4. liner round the

But ed. also look at itso.

charge atcenter ? No matter,bes rest is

Ea. owner

who to his outlet; &

bringing

2d is for the others. Outriden pay

Ay length?

to those beyond. Firstis for on

MC of

7

net ime, at

ac



suppose line is extended xft. not by

users

But notall equally.

Fullcost, fixedplus vkle.

We might

•

but by all inner

%
expending 100 90 SameAcosts. Reutshd. constrain.

all equally. Best way is, rent for any fruntage

pay
soak him for fixed

2 m

reason to: +₂²
When 2 comes in, 2 shepayonly costof extending from 1, 1and

traneual cost, bes he is standing in way.

mustjustify
1.D. charging for space.

new user,

cost.

to
ed. not be decision makers. So far as officiomeyyours,

the extension. And sent ariser on

= cost

munceuse

out oftranural.

But you ed.only

St mc must constrain 2. Also, 2 & 1

income from

8

52

atcenter ?

Wd. flat annual changes at endofline affect rent ? Yes, by

inhibiting extensions, makingmgnt landsuckmgrel.

their shareof traverral costs.

theirposition, regendless of capacity.

as to capacityfor inner lots, individual choice given

~ only in sense incluich can takre leone what 1D . decides

to based
supply, & 10 decision bund on demand.

I ever w/o1

at allpoints, capacity- extension changesshe be basedon

overconstraining demand for capacity. these for
To avoidTo will be unmet changes. Central latspeuppay

m.c.
But they pay them for



b

Flatrates

if Agwat!

9

to rents basedon diff.xptu changes; & xpt changer benaden

lrmc

capac.. ext. flat change
= stmc =

special position

AC

afy delivers atoutlet

Why flut rates if Ag cost? Bes landservedby sunk net occupies

Not like other optional customers,

buta

Each stac curve precumes not only a gium caper.

giver timing of demand. Could we handle thiswith

senvelope demand curves? Yes,

SPOVE

LRac, with capas.= x cfs

position re p.u.

2f -Ag ovets, might haveca

?Emight bring in more.

L

a

a

1st

A separate demand curnefor

each capacity, recognizing
deterioration of service from
overtaking capacity.

system bring in less than TC: ifAy cont,

2sf



Instead of bothering w. supply

curnes to show cost of ginen quality of service ? No, that is arbitrary,
let service deteriorate optimally. Needhi't however draw all the

envelope demand curves,

afy

(I still havea spare Id dimension for other needs
brmc

assume this is being clone, by sayingdemand ceerne is envelope of clemand curves

(alternatively, cd. keepone Il curve& subsume deteriorating service in

at given ismakingthispartestronal envelope cast curvessizes of
by
can use meaningfully

eds.)

at outlet n

curves, dran sr

ec. cart

spmc/

10

curves.

occupant.
bidder)

Demand (notfrompresent land

but highestfuture

Now suppose
Mcrac. Fixed chargestillwarranted his.

fixed capacity is laid out w/o anycustom, & can only beusedfor

How much fixed change?

the lands to which laid out.

Fixed carts? ( note fallacy of 1.D.s to end fixed changes when bonds

paid off. Implicit I some explicit fixed costs continue) siff.
apoint from afactory,

principles apply here than with production
at

is based on a Fixed costs
which cost analysis aprototype.

output indifferently, but

are

in distrib nets cannot be spread

arefor specific customers.

to leteach lot paymigul extension costs (connualized). [There

become "fixed " curts for s.r. analysis,but in "extension run

ingul.) size the extension where frmc = price, I srmc = lrmc

(as described above)



Now change p = srmc,
practical.a time unit as

of Agi
est costs,WONY price will

where in rationale for extension change?

curve

not down to the second, but to as sinull

this me

C.S. even at last lot ?

Yes. And at lost lot always

in -Ag costs. Must pull

service, collect c.s.

out eveevery

by fixed charge.

than

Bigquestion

more

one.

LRaC -10
LRac -9

LRac - 8

trick from

coun ac. to

from easts baybay to

//

How be sure of dear, cost at last lot? Bes - 1 of demand

Eureka !

Cannot leave price to individual bargaining :

seller already committed hostage of sunken capital.

now

justify

Each lot is an individ customer w. diing mgnt cteurand; Ea: one

one thisfull c.
thehas a c. s., even

On the e.s. mut
mgnlingul

be taken by flat rate, & besides charged p =mc, tojust warrant

extension.
On all intramugul lot thereis more, a system surplus, whichcc.

be taxed for other reasons, perhaps by other bodies.
bilateral mapy,I



Back to fre.of rent, in whopumping system

I Regard hundleofpiper a a farce.)

Assume system extended to last es.lot? Full allocated cost

charged there: mcxQ, plus fixed charge on I rent and = to it.

bumped there or
so

assume
anyone

To introduce pt.,
immediately step ahead to costof extension. If Ag

if deer. cost, is a fixed change plus mc xQ. Either way,

Than 2 byfull-textemininitcosts.
&Problem: What ifcondition not homogeneoon, do they still?

homogIf conditions are

lots to 3 to n

lot 2.
caper.peut x frontages.

beyond gets

pipe in,just consider pumping change. But can

cost at n, is covered by mcg

n is less desirablelot

rates; then cost of one

no advantage from system.

cost

cost

Cost of x capacitionthe one frontage

But if pumy gradientds; & me

n
of carrying supply of lot a peut

of carrying supply of late 3ton part

of

There = costicosts of traversing 2

as it will at highen

gets
thinner,

capas, past four frontages > four capacs. partone

usepracre declines athigher rates,tinyurl

frontags. In gual. lot 2

the cast ofcarrying But this means is less to carrypart

also. Soteutementy doesn't destroy equality. Varying gradient may.
intensity

Retum.

cost



lotDisadvantage of lot
take; also loves

hi costs.

which isnow

golden Triangle?

Lower costs on qu

-96
move

ofcarrying what it does

a rent triangle from what it doesn't take ten

Here is perfect application of golden triangle theory.
lot nLRM C

gain an dg.

Rent Lot n

In is not just cost

onReut

of cling ingul productivity.

82

from lotin to lot 2 part ofgain
between mc curves.

part also gain is area between

to seller. Tatal gain

gent benefit between dat dash lines; seller gett remainder.

Is rent constraint adequate to reflect this system gain not

The flat extension change many

reflected in customer constraints ?

it.
gets no net neut

charge to cover extension costs, whichat

exhaust all. So lot no-rent

com

n

a,

b. Advantage of
c.

LRMC on lot2.

2to rent on

Travercal corts & exterion cacti

Demand(sameon lot 2 &lot n)

13

accrues to customer ; but

ies. Buyer

from thepipe: hinata plus flat
e.s. - rent,

lot 2 will exceed TC of extendingg

mengin just
land se pipe.
of extending service to

differs from traversal cort

ifcostopermile

2 > extension wit, bes. of Adme

cons

n ber

travusal costs for 2 recisions.
( ?)vary



Re 2, suppose costof trancusing 2a

2 imposesSaes that mean

others out to mgn.
Agains, suppose

commands no rent.
Costs are not

from alternative uses.
imposed

feregunegains.

no costs an

on others is the proper

2 is unusable land. It costs to tramure, but

impored .. by merely being there, but by being kept

-ofsuardigingthem in thepap
Thexs cart

constraint, including

Costs are

2 is

een

use costs on use.

whom B represents.
is built a not, then fercing net-building.

14

zew, fu

system ? It does, by bumping

Interesting corollary, ifany
net is worth builching atall,

hi but

it produces secrplus on all intramqullots bookposted o

(But don'tforget we change higher initial cost to central lot No

yes,
Exported matter, ingal extension alespays he initial change &more.)

are all nets .: supramgnt? From the headofdistricken,
common cost before that

are either from an ourtay

surplus may all be needed to justify lange

point. This justify taking intramqul rents.
elsewhere, but no

or a natural advantage, either of which is state propty & taxable ..whether net

B, whois bumped to endof line, maygo

metter. There is still someoneat endof line, &others allalong line,

They

fors.of time or use.

some reason .

Time costs levyflaton land.



as

In extending ment service,gintikeiw land shelpay timecosts

flat rate; I use and

This is same as

except here, variable

Some gus:
ac

Q7C

pay m.c.., s.r.

sayog
land pays fixed costs & unepaus

variable

to most people wd mean avc, & I mean srmc.
SR me

SRATC
avc

output per year

=

mgnllot, $ 7C ≤ c.s.

at n.

1.
If so, price
land tax exhaust 7C, so

coversrs vc exactly

higherMove out, to

PQ = c. Remaining cost =

srmc

·MC,br

ingeiher p

LRAC

arc, sr

D

p= srm.
"exhausts" V.C.,sey

& tax exhaut t.c.

bracat n-1

brac curnes, until a =d.
b +d. But d = a so

·lrmc, but do they = ave ?
and

There, cs. = a
b + abrd =

Q. is determined
now is : fidoes stmc = are atf₁ ?

Only que

srmu ? Initially by D = lome. Then size pipe

8₁. As forus whether

matter, only costs, so

SO

15

st mc =

focuson that relationship.

by

+b.

= c.S.

lrmc =

lrme at

moshim avc = srmc, demand clacen't



M. 16-21

FriendI failedtoshow

SMC = save when SMC = LMC

Decided tentatively SMC > sauc

when SMC = LMC ps on p . 21



J

SMC

LMC

sajc
avc

97c

Late

27



At
g₁, tRaC = SRactrac

SRac = sa7c tsavc

LRAC = La7c + Lave

Latc H1

Lave =

safc
= save

LaTe

Sare

-save

Lave
LATG

·Satc

26

Output

ifsave = SMC, atg., then brou z lave, Andifnot then nots,=



How does a7c curve relate to

curve

|

b. 96

1

8.

if are

farter by holding ve fixed & expanding

envelope cume.
wahit hamapt.

you

envelope curve,

me?)

2 approacher

ac
LRac

LRQFC-9705

rising, at falling faster than atc, andyou

on lr curve.

azc || aTC.

a
LR # 7C ? It is a

on it.

ave < lrme, haveu

so if you

( But you

LRQFC
LRM FC

a. Cd. low cost ber are not hong.
b .

érme

25
It is apoint

gotright lvmc curve?

cd. lower to

we have to follow LRaze

But then

LRQVC
LRMVC



?

When avc become const, they become = limc. We A7C & -AVC

until As are =

Ate

of

1

of

happ

-ATC

avc mere

ave is

•AVC

AFC

q'output

.avc?

output

QTC

SmmL

Letic

bras
brmc

4.7C & A VCIf bysame To keep

same proportions, then stay
affe

curve, ..`d of ATC = dof afc

ATC

afc

24

AVC

Konfe

We below bemu, cd. you lower brac forgo by

changing mie?

a fc

on 17cUFC

at ficed a
g₁.

9. is aplace where by citiyou

lower VC. If avc are comit.,
this is stillpossible, hus VC

can change.

rising,
26 are are const., 4 7C won't change ave

Just suppore brmc & avc. Can webeon envelope curve? We cel.

then

FC will reduce not just VC, but ave.
then Ag 7C will reduce not



AFC LE
M LRFC < A LRTC, since LRFC are

Maybe thefallis all

auc are

V

in

:

LRUC

26of avc arefalling, wd. be no gain in Ag FC, unless LRMC & stmc.

But leftof fr. srmc < lrmc.

of that big MC > lrmc, how cd.

!

efalling. But they

MC

regandableas MC of big 4 of output from

be envelope curve?

ATC

Ate

you
on

23

avc

arenit
-necly

orogi.to



2

avc are tobe afd

can do

8.

away

to if avc > Mc when stmc =

rightthis wd. mean that isn't

by

with wholeschedule of avc.
vs. MFC at anypt.

tofioffoo
81.

A atc less than -save

[namean
"Treat 7C onfreegood ? SR opt.?

analogy to lemp ideas & adjustmenti

But also say...
Then itjuh = j -k ;

and

mix for qu

insufficient
have reached

Merely to equate brmc & some istheproofyou

ATC for q₁ ? To find opt. mix, haveAd 7C & reduced VC forg,
min

until 1of7C
-AVC.

LATMC, itj -h,

A76+ AVE

lrmc, wd. mean Avc 7 M &C, and
Bes cd. # maintain

you

but used curves

We have skidded down the l.v. curve.

We have stayed at

of ATC whichskiddown.

itj-h = i=htk ; oj = k, impossible

8.

tj -h, has to = them also.

Res

atCo

AFC.
~AFC.

ATC,

by Ag aFcyou

ATC₂

9.

22

drac

frac



At tanganny,
MC = ac - x, every

8₁ x sac{x =

| 4ac =

To

srmc = lrme

save

TC +MC
nrl

prove: x = y

4.11

|||1

where

= atc when

srmc =

TC

LRaVc

stac

brav

-ATC

srmu =

bome where are > mc. Then must have wrongyou

Suppare

mix. You cd. produce autput from lange plant, subst. FC for VC,
i.e. lower are for ₁.

money

lrmc

LRac
LRAZC -anew idea in cures

LRMC

mfc = mvc at =m.

LRMC = (i +j)-h = brafe + brave - h/mfc = j -k
mvc = i -AP₂

LRMC = lr mfc + lr muc

At allpoints, M &C = MVC =

where

21

#P

-k = i = h + k onso j -k :
j +h = i + zk

p=h-k



S
[10x 1200 131 146434 5pm TG#

A B
Owner A owns lot a, etc.
Let A buy2 from B.
B moves to6 . Is same as

to c C
moving B.ToAl cost is conceived in 2

that must be

To dete .

valent
way equii

one
1. Move pipe serving b-e

step right. Alcost is
cost of traversing to w. 4.ply
pipe

...
2. Move B toslot_f.Al

cost is cost ofadding one ply.
ofpipef traversing c -t..



1

$

What is relationship ofQ7C & brac at tangeny of brac &grav?
ofate to

Orjust stac.
spent either way

afc = ac - ave

SRML

seme = (b +c)
so at quo

We have mixed FC & VC such that a
has = mp ,some =

SRac

a

y

a

·lvmo

Q '==

8.

Howdoes afc relate to ac when spmc= lrmc
"a "brme

lrmu = ac = "a"

3

1 lrmc

brac

MC = Mc, from either curve.

y= x¸
alwrap

976

ac

a F c + ave

atc
avc

are is min. when 8 =0.

afc, so x= a fe at min ave

20

$ (peryr.)

Them Z = Me

.



LRAC?
a7c

aTC

te
Where Avc =Mc, dof a7c = d of atc bed ofavc

MC = c +b -a.
Where slopes are =; a = a ' But a ' alwaysalways = b₁ so a =b.

Then MC = C

But c = avc.

is when 97c 11aTc, avc = Mc

How do we know this is where lrmc = srmc ?

LRMC = SAMC where

SRMC = ave where

LRac || SRac, and = .

atc || SRac,SRac, ( ATC)

Problem: when is AFC 11 LRAC ?

How do weknow wehavea

lower

LR ac curve ?

19

Whene connot

COFE by changing FC, at that output. Pastin! Hemintine offical

Select the output start with low 7C &hi vc,
cortininge ? Select the

change the mix until the last $ 47C produces a $$ 1 decreaseof VC

lrmc.)
for that output. (to srmc =

pt.on LR ac



-avc?

====
A7C

SRMC
ATC

x4

Cd. chaw LR.:"fried casts", & .LR vile wat,

a LRM FC & LRMVC.

falling,

ATC

How find LRMC ?
Steps:

1. Find min. TC for producing given outpurs. Combos offixed Lublecosts.

2₁ LRMC = ATC between such optimalplants.

LRMC

LRQ.

LRMC = LRM FL + L R MVC

srmc wd. he < ave

If at x₁, ave were

When does Ir expansion peeth

const.

Assame,smooth continuous curves.

course, I that is when the
better than st? When brmc < spmcic of

rate of substn. changes so instead of holding capac &dyother

inputs, becomes better to hold others const. I Acapere. Subst.

expansion offixed inputs the (or time -fr. imputi) for expansion of

output-for inputs.

AFC
a= b t
a'-a only when slopeof arc = d ofa 7c

18

Whered of Q7C = 1 ofato
MC = C

c = avC
i. Mc = ave

ivote



If at 8.₁
entirely to decline of atc.

avc are

At

Suppose
ave werefalling g₁. Then arc wd.fall faster than

a7C. It is unlikely obviously,(I probly impossible) that it wd. ke

desirable to expand 7C while are still falling. So likely

ge

at pt.

~riving to right of8₁.
Irme should = avc

Cet

ave were const, then the

}

where are are

at 8².
g₁, d of a c

at

1 of 976 =

fleet

We

neg.

or const.,
MC

AFC

I of state wd. be due

ATC

= d of atc
x of avc

Assume ATC is on envelope lode curne

To prome: pt.of tangency isis gos8"

d ofof atc = d of a76,

ave

17

96

that wd.seem optimal. Orcd.we lower ave more

where MC = ave

cd. get lower AVC w/o bledya largerplant & AgaFc,
a FC a little?

byAg



atc is min. where 4 of

4of.ave ATC
8

Decline of QFC is

Geto va HE

change of avc ind_JVC
9

g.pergr.

Do are =

From gr

where.

9.
q per yr

etg

on.

.MC

d ze
8

dg

me
8

ta

ATC

grme

--A7c

STAVC

AXAR

arc = decrease ofatc.

AVC

srate

avc

brac
drmc

-76 8²² = -7C
8+

lvme where are = srmc ?av
and thereis no

at
que

lrtc = srtc. That means

output. Butif ave were not a min. There,
cost,?

where vc == f(g)

16

cheaperway to producethat
change sizeI lowercd.you

stac rise faster than brac. Why? Bes svmc7 brmc...
Expound, maybeon track,



Mgul
lot

Extending ongulservice, landpays flat
time-for costs: I use rate for for costs.

LMC.
If, as I now believe, Mc > are here, this brings in

You will not want to

part sum of charges

Suppäre

SMC
sac

At

use

LMC

more than.TC.
change this much bes, wd.prohibit mgul extension

f. egm.,
didn't

const. retums to seale

Lac
SMC

šeć

savc

Demand
LMC

Lac

Min. avc is

suddenly change when q mones a

sacet.stay fixed and Lac tilts down to m

a long way before intersectiy save.a
ave & the truer this is.

rate to comer

Use rate = SMC ; SMC =

Asare

clearly leftof tangency,g.. Atq., avec Mc.

28

little left? I think not.

Can this

or suppose

&LMC falls. It can

one at the lower are
fullright,

The higher

17C. If you
1

LRaC must fall slower than spate. Res LRac presumes you

even more upwards (or less clownwards at first)
along sac. To avoid this you A7C , making Lac flatter than atc.

Iwhich requires rising avc.

you go
Only exception

wd. be if avc were const., Then sai wd. follow down Lac 11 97c, oversome AQ. But
This remain ultimate argument .This wd, mean cd . -47C and not -sa ,



Easiest expository tool for thisis are valueof revenue curne.

point

Now we are in

put full 7C on

MC curve,]

Extend line until reach lot where Lac just touches due,value ofrevenue.

at thin LR MC crosses demand? Yes, bes tangency of Lac & avobr.

P = SMC helps
76. Is this good

Ag
costs w . VC, so

SMC don't cover allthe 7C, butpart of7C.

mgn.

deer.cost doctrine ?

[Note thatprices which decline w.quantity
Bes. srmc are rising.

in s.r.

you

!

mix

SMC

26

LMC

If in your me

value = 0₂ and is nosican -

rising478.

Sr yr ave then fixed resource has

expandit, even ifdininining Norking
of

With simple
to FC ? Yes, something: c.5.

remains to impute

single prices Fixed Res. wd. haveno value to seller, howenn . And at

1.c. even if you cd. enlarge it free
value to anyonewd. have no

wohit ?

LaL

Ane valueof rev.
Sunand

quantitydiscounts

of you
want to

are pervene.
7C on landholder can doso, then let nates vary

are are

just concred

by

to Mc from Ag 7C is

so when move

29

te

comer

47c, ave remain same.

#
flut, it meansans ifif we held vc fixedand alter the

That means output hac't changed.
avc mustbe

along

S

hi on 00, and not = SMC.
very hi

lift avegets lower meaning 4output resultsfrom



~

To make landpay

Now lot

Lot 2 pays full

C₁ - Cu to get
but does

ultimate conclusion & graduate ruter ? No, bes demand will

well as below curve drawn, which is a mean demand.

to flatcharge

price = MC, covering VC & partof 7C.

same bes We

cost

fcof extension, follow

cost

must be < 7C , and =

pays

mc

To C₂.

pricing to its

vary

e.s.

full cost of service alongpipe n, Cn.

along pipe 2, C₂.
And more,

30

abovear

Charge aflat

bes offoreginegrain .
This is not the traneual cont

from outlets 2 ton.
change forallextensions at ingrel rate.

B will pay the differen

Bes, costs from Oro 2 areto

rent. On inner latt.I
to specifyprice systems before figuring

at inner ningall low, know demand, then build for LMC = price. But figine

all Mc at theouter ring of thePipe. This matters

they wd. all be higher, you wil. build less.
There wd. remainsome unallocated FC, now, from center

all of which we've given to
rings. But plenty of surplus

consumers.



Pricing, distrib. net.

Achm.ofnet must

best user, puticapar.
land for thatuser.

Do not size for present occupent,

regend landsas partly his. He ests, demandfrom

Reut chageaccordingly. then reserve that

p== avc .

lower mc, until

In s.r., is customary to think min.possible outputis where

But w. land tex can collect c.s. to help

ave,value

Kis

Maybe

avc fall, then rine.

TC

76

- avc .

ourqul

MC newn do fall? No,probly dofall.never

but best.

MC

Even ifbegin fromzero.
avc

same outpul

com ave

SMC

D. Þ₂ ÞAÐ

k

sac

sauc

go

trioughofgain to others ? No, gain is
from

triangle
LMC

from J

drop of
MC

curves

shiftclown.



(1)&(2)

to costof traversing to w.
ply part

b,

aretwo waysofexpressing same

w. 4 ply = costof
C₁

or

d, e, & f.
Does this imply

constant conts ? Or what?

No, just that youget same result adding

four plies thatrun thegamut from 1 to 4

whechen add all ofthem ha ... traversing
you

spread themthem out over

to cost imposed on locations

This entire cost willfall on B at f. if put...=

to extra corts impored.a rent =

e -f = cost of travering

Bat f. if-put. =social costs.

ame along

d

f
#4
3
2
1

a

thing.
one

b

B will on demand

along theline,so costof travering

above presumes that costs are thesame
sf

b, (*2), ‡ costof extra of cap.from c -t. Still ok. Really=
8. Had to tranense is anyway.

are not condo
colding

and that is what I will demand as sent on b, to move to fAre adding capac.

me

cuf.

Thus demonstrate function of rent, economizing
xptu cont.

The lateral expansion of toA is similarly constrained, if thereare

served lands behind, and laterals to serve them guid.



1Summary of pipeline pricing problem, tousein MS at III -13

in all respectsbutone:ut.
plat tied tocounceby individ pipeline.

Plats homog.in all respecte

Regard ea.

New&

unfinished (
material

Assumefull xpt.
e.s.t fixed charge to collect c... of extending

Rent
is

needed to tellus howfor to extend. Bes dear.cart. Do not confuse u .Ag

Costs imposed in one, bumped to endof line where

on others summed up

all benefit swallowed by carts. Sameas shiftingallusers one lotout, Roughly= traneuralcosts.I

on that oneare cost of extending pipe,of extendingpipe, + resultauit excess
(over)

costs on
This cost is =

bunden " due to reduced use at

Rent tells
on 2, &is what he will

Rent blocks all

On

landen

cost, I
externs

{ ermo
redistribu

costs are

n-1

-Ag

byWd.
the

enough
shd be

charged to customers,combo.of rate= bomc

This

is

simples

,

obviously

cont

more

to

pump

farther

First

assume

Agcort

, p=
Mc

couer TC, no
flat

changes.
Then

Ipay

in what cast are imposed (ectro custo amit

that don't pay

=higher rate.

uses

Lot 2 impois 27C : the line to serveit; I line to bumpedones

beyondit. Former charged by system: latter

1

flatchanges. Then LR₁)

Aligt rent

as rent

enough).
those extra casts.



Cortof spent one wnit capar,part & frontage = costofcarrying

capac.past

steeper slope

one

x units

frontage . siffers bes conditions not homogeneous, e.g.



^

Summary, 2
lower changer there in those situation when

Amazing ! super scale ees !

Outsidepossibility to explore

even tho for intramgul

1
ave

qi

lower, soto p=mc

SMC

-LMC

some

system

day; maybe

mcrave (when
SMC

MC in aggreg. falling

avc =Mc for mqul lot,
ume).

MC byAg 7C from ani't thatis optimal at81:

ingul. lot, MC XP doesn't coun TC, but cover more than VC.

less than 7C. But it wd. bepossible to

SM7C

2

On

to fixed change wd. comm

4 fixed charge to cover time forcosts, and serve water free untilthe

comer VC. This isprobly agood idea.
to make Qx ~ p comer VC.

point newy

(anyway, wd, he inpractice building aheadofpeate demand, to col. charge allatfirst.)

leaves
On mngul lot, system collects entire rent. On inner lots; ac &MCare

more rent, & from this langer rent a smaller

fixed change need be collected, to meet 7C not covered by price:

If system just meets its costs, system get no producer surplus from

ac). In fact it runsa
comes when have Ag

this. (Prodem surplus

deficit ber cannot allocate hi suprangul 7 to anyone,

spread thataroundasa fixed change somehow. --just how

is futureproblem .

must

Terminology: supramgul corti orproductof laker, vs. sulemgul.
vs. extraingul.

But w. land, intra iegul



Summary

Existence ofa distriks net implin excitence of system
Bes intramgul

lotoutside somnce or cause . get ingul,
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INFLUENCE OF TRANSPORTATION CHANGES ON
URBAN LAND USES AND VALUES

The revolution in transportation methods has been pointed to as
the most significant factor affecting the structure and economic well
being of urban communities in the twentieth century . Meanwhile , little
is known concerning the actual effects of changes in transportation on
urban land uses and land values . Today , highway planners , appraisers ,
real estate brokers , local planning officials , and the general public
ask , "What is the effect on land uses and land values of current pro
grams of highway construction? " Highway right -of-way agents are
interested in determining the influences of limited-access highways
on adjacent land and the over -all impact of highways on land values .
Appraisers are concerned with the impact of highway development on ad
jacent and nearby property . Real estate brokers and land developers
seek to analyze highway impacts on land development and investment
prospects . Metropolitan planning bodies must consider the probable
influence of highway development as a basis for future master planning .
City and county officials are concerned with the impact of highway de
velopment on property values which serve as the local tax base .

Although much research has been carried on in recent years by
state highway authorities , universities , and others under the auspices
of the Highway Research Board and other research groups , the problem
of analysis is extremely complex and the results thus far permit only
limited generalization .

The objectives of this paper are threefold :

1. To review and evaluate present theories of urban land values
with particular reference to a recent exchange of views regarding the
effects of transportation changes on land values .

2. To summarize the empirical evidence on urban land value trends .

3. To describe some new research approaches to the analysis of
the influence of transportation on urban land uses and values .

Review and Evaluation of Present Theories
of Urban Land Values

Economists are in general agreement that urban land values repre
sent the present value of expected future net returns attributable to
land (site rents) . It is evident that the determination of urban land
values in the market under this theory implies the capitalization of
future expected urban land rents by investors , employing selected
capitalization rates . This observation highlights the importance of
the element of investor psychology and expectations as influences on
the determination of land values in the market place .

The classical economic rent theory , which had its roots in
Ricardo's rent theory based on differential fertility of soil , holds

1
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that site rents result from superior accessibility advantages and that
the owners of the relatively accessible sites will impose a rental
charge equal to the saving in transportation costs which the use of
their sites makes possible . Haig in his exposition of this theory ,
points out that general improvements in transportation or specific de
velopments which make it easier or cheaper to get to or from the center
of the city would decrease the relative accessibility advantages of 1central sites and hence reduce total urban site rents and land values .

Haig's analytical framework and conclusions have been accepted by
virtually all land economists . Based on this general theory , Dorau and
Hinman argued that increasing the speed and decreasing the cost of
transportation would result in an increase in the supply of urban sites
by bringing more land into utilization . Thus , extending the city's
boundaries by transportation improvements would increase the supply
of sites , reduce the relative accessibility advantages of central lo
cations and lower total land values .

From the same premises , Ratcliff argued that an increase in bus
fares to the central city from the suburbs would tend to increase total
urban land values and that , conversely , the improvement in transporta
tion resulting from the spread in the use of the private automobile has
tended to reduce land values in the central areas by making outlying
retail centers more generally accessible 2

These and other analyses based on Haig's theory , failed to give
adequate consideration to the highly important assumptions underlying
Haig's theories . Further , in many cases , the distinction between the
effect of transportation improvements on downtown commercial site
values and total urban land values has not been explicit .

The implications of some of the conclusions which have been drawnIffor public transportation policy are surprising , if not alarming .
one accepts the conclusions which appear to have been drawn by Haig ,
Ely , and Ratcliff concerning the probable effect of transportation
improvements on land values , without considering the limiting assump
tions underlining their theories , any city desiring to preserve its
land values as a tax base would oppose improvements in transportation .

Serious shortcomings can be observed in the attempts to apply
classical price and rent theories to urban land valuation problems .
The author has concluded that many accepted urban land valuation
theories represent little more than unsubstantiated hypotheses and at
best are abstract and theoretical formulations based on highly un
realistic assumptions . 3

In an attempt to develop a more useful framework for analyzing
urban land values , the author has classified the principal factors

¹Robert Murray Haig , Regional Survey of New York and Its Environs ,
Major Economic Factors in Metropolitan Growth and Arrangement , I (New
York : Regional Plan Association of New York , 1927 ) , 38-40 .

2Richard U. Ratcliff , " Efficiency and the Location of Urban
Activities , " in The Metropolis in Modern Life , Robert Moore Fisher ,
ed . (New York : Doubleday , 1955 ) , p . 129 .

3Paul F. Wendt , " Theory of Urban Land Values , Land Economics ,
August 1957 , p . 240 .

}

I

I

"

t

|
}

E

1

I

|

|

1

|
I



1

"

þ

I

!

T

1

influencing the aggregate of land values in a city . This theoretical
reformulation of a theory of land values represents aggregate landvalues in a city as the present value of the expected future returns
to urban land . A theoretical model of the factors influencing urban
land value trends focuses attention on major determinants of urban landvalues in the following equation :

Aggregate Value of Urban Land =
Average Future Expected Aggregate

Net Annual Urban Land Rent
Capitalization Rate

3

It should be emphasized that , inasmuch as land values are based oninvestor's opinions which in turn are based on expectations , investor
psychology is an important influence underlying urban land valuetrends . Three sets of factors are identified as influencing the valueof urban land based on the foregoing conceptual model .

1. Factors influencing expected revenues to urban land : changes
in population , consumer incomes , and total demand for urban services ,
competitive pull of other areas , supply of land , and prospective andactual investment in public improvements .

2. Factors influencing costs as an offset to urban land revenues :
changes in local property taxes , operating and management expenses ,interest on capital invested , and depreciation allowances .

3. Factors influencing the rate of capitalization applied in the
real estate market to expected net returns from urban land : changes
in interest rates , expectations of risk , and capital gains .

This analytical framework focuses attention on the complexity of
factors influencing urban land value trends . Specifically , it draws
attention to the fact that improvements in transportation to and from
urban centers not only have the effect of adding to the supply of
competitive land , but at the same time result in an increment to the
population served and hence to the demand for urban land and its
services .

Ratcliff argues that this approach "adds little to our understand
ing of urban land values . " He accuses the author of employing the
"straw-man device " in his criticisms of urban land value theories and
with missing " the obvious intent of Ely and Haig to state in hypothesis
form a simple cause and effect relationship clearly restricted to a
general tendency under limiting conditions . For reasons outlined in
the following , Ratcliff's rejoinder cannot be accepted as invalidatingthe criticisms of classical theories as trite and unrealistic .

Specifically , the implicit assumptions in the theories of Ely ,
Haig , and Ratcliff that "other things remain the same " are not only
unwarranted , but also illogical . Where A (a change in transportation)
is associated with B (change in demand for urban land ) and in C (change
in supply of urban land ) , and where these influences have a combined
effect on urban land values , one should not (even in theory) postulate
changes in C without recognizing that changes will occur in B also.
The unrealistic nature of Haig's theory becomes apparent when the
implicit assumptions postulated in the phrase "other things remain the
same" are made explicit , as in the following restatement :

4Richard U. Ratcliff , "Commentary : On Wendt's Theory of Land
Values , " Land Economics , November 1957 , pp . 360-62 .
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Assuming that accessibility to the center of the city is
the only criterion for both residential and business
location , that all urban sites are substantially homo
geneous , that total transportation costs are minimized by
locating at the city's center , site rents and land values
will tend to be highest in the center of the city .

Under the above assumptions , general improvements in
transportation might result in a decline in the value of
sites in the center of the city , provided that they are
not accompanied by an increase in travel to the area or
any other increase in the demand for services of central
area sites .

If

The assumption of ceteris paribus in the Haig analysis presupposes
a "closed " urban area with constant population and incomes . However ,
it must also assume something about the relative elasticities of the
demand and supply curves for transportation if an improvement in
transportation is to result in a lowering of aggregate site values .
the effect of improving transportation is to increase the movement of
people and the demand for urban services , it can be expected that even
in a closed system such as that postulated by Haig , aggregate land
values may rise with improved transportation . The relationships between
transportation improvements and aggregate site rents under varying
conditions of demand and supply elasticity can be conceived in the
following manner .

The basic economic service provided in any city is the service of
"getting you there . " The place you want to go may be to your job ,

This serviceyour church , shopping , or any of a great many objectives .
may be called the "providing of trips " though it is understood that it
is not the trip in itself which is wanted but rather what lies at the
end of the trip .

Land and transportation are two factors of production which supply
trips in the sense used here . If land is highly accessible little
transportation is needed to "get you there .

If land is poorly accessible much transportation is needed . Haig
refers to the cost of "getting you there " as the costs of "friction .

In Figure 1 the vertical axis represents either the price per trip
which buyers would be willing to pay for different quantities of trips
or the cost per trip at which suppliers would be willing to supply.
The horizontal axis represents quantity demanded or supplied .

Dollars
per

" Trip "
W

1

KA of
|z

O Successive "Trips "

Figure 1 .

Aggregate Rent

1
1

--

1

1
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The demand curve indicates that buyers are willing to buy more of
the basic service provided the price per trip is reduced . This means
that at lower prices they may not be so careful about ganging up work
ing and shopping trips ; they may make some trips which otherwise would
be too long , etc.

The positively sloped supply curve , mp ' represents the transporta
tion charge for providing the quantities and kinds of trips demanded .It indicates that generally speaking , as the number and distance of
trips are increased , the cost per trip increases . The basic assumption.is that substantial increases in the number of trips are accompanied
by increases in distance traveled per trip .

The market price and quantity are determined at point p ' . At this
point the value of the last trip demanded is just equal to the trans
portation cost in providing it . Then line p- p ' is the price line forall units of the service .

The width of line wxyz represents one trip . For this particulartrip the demand curve indicates that buyers are willing to pay theamount zw . Actually they only pay xyz , for that is the market price .
But of the market price the cost of transportation is only zy-- for thistrip . The remainder , yx , is taken by land .yx , is taken by land . Why does land take thisresidual? The land involved is so situated as to make possible the
relatively low transportation cost zy. Then the rent to land is the
whole area pp'm . This is aggregate rent .

Suppose the transportation system is improved . Line mp ' becomes
line m'p ' ' ' . The new price becomes op ' ' . The new aggregate rent to
land becomes p''p ' ' 'm ' (Figure 2) .

Dollars
per

"Trip "

PEP

5

m

m '

Successive "Trips "

Figure 2 .

The new rent to land may be either greater or less than before ,
depending on the elasticities of demand and supply .

>

The more inelastic the demand and the more elastic the supply be
the greater is the tendency toward a reduction in the aggregaterent to land as a result of an improvement in transportation as shownin Figure 3. The more elastic the demand and the more inelastic the

supply becomes , the greater will be the tendency to an increase in the
aggregate rent to land as a result of an improvement in transportation .
This is illustrated in Figures 3 and 4 .
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Dollars
per

"Trip"

Rent before
Improvement

Rent after
Improvement

Dollars
per

"Trip "

//
7/II2

2____ Demand absolutely inelasticeSupply inelastic
before improvement

VINICCCR

Supply elastic
after improvement

Successive " Trips"

Figure 3 .

Demand elastic
Supply elastic
before improvement

p
Successive "Trips "

Figure 4 .

ZZ
Supply inelastic
after improvement

It isActually , relatively little is known at this time about the
elasticities of the demand and supply curves for transportation .
clear , however , that the conclusion that an inprovement in transporta
tion will result in a decline in aggregate rents and hence in land
values , represents a special case , and one that is unlikely to occur .

~

The

An absolutely inelastic demand curve for transportation to the
center such as that postulated in Haig's theory is virtually incon
ceivable . Any improvement in transportation which increases travel by
an existing population , or extends the boundaries of the area served
by the center of the city , is certain to increase the number of trips
by some amount , and this amount will be larger as the relative elas
ticity of the demand for transportation services is increased .
prospects of an upward shift in the demand for trips with any improve
ment in transportation are magnified by the fact that transportation
improvements are usually made in response to an increased demand .
Although the author is not prepared to present empirical evidence of
the increases in travel to the center of American cities with the im
provements in auto transportation facilities during the past decade ,
he is certain that transportation engineers will need little convincing
that the price -elasticity of demand for trips may be high .

I
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When these and other limitations of Haig's theory are carefully
considered , it is apparent that one should not draw conclusions con
cerning the practical effect of a change in bus fares or of other
transportation facilities on land values within the framework of his
partial analysis .

The assumption that all urban sites are relatively homogeneous
further vitiates the use of the classical analysis . In one sense , the
supply of urban land is unlimited , inasmuch as virtually all cities
can expand in some direction . In another sense it can be argued that
urban sites are highly differentiated and that the urban land marketis distinctive . Linkages between various types of activities which
impede shifts in location are an important factor influencing differentiation of real estate markets . The effects on such markets of
increments to supply are quite different than if land units wereidentical . Improvements in transportation must be viewed , therefore ,
in the light of their particular effect on various submarkets rather
than on the urban land market as a whole . Freeway construction , for
example , may result in major additions to the supply of residential
land without increasing the supply of commercial or industrial land .
Zoning , of course , and the tendency for complementary uses to be
" linked " together contribute to site differentiation and to the com
partmentalization of different segments of the real estate market .

7

Because

The argument that the principles of monopolistic competitive
pricing rather than pure competition pricing prevail in the urban land
market has been misinterpreted by Ratcliff.5 He fabricates his own
"straw man " in attributing to the author the view that urban property
owners have "monopoly " control over the supply of urban land .
of this misinterpretation , most of his discussion has no bearing on
the central argument that increments to the total supply of urban land
may have limited effect on downtown commercial site values ecause of
the highly differential character of urban sites and the existence ofdistinct submarkets .

The importance of the fact that the urban land supply is differ
entiated into various submarkets can be observed in Figure 5 , which
represents the supply of land with various accessibility advantages at
three time intervals . The existing supply curve shows a relatively
limited supply of sites with high accessibility features and hence high
dollar values per acre . The supply of low-density residential land is ,
of course , much larger in amount and lower in value per acre . An im
provement in transportation "A " (freeway construction) , may result in
a large increment to the supply of land suited to residential sub
division , but may not add appreciably to land suited to commercial and
industrial uses . A different type of transportation improvement " B"
may , however , add substantially to the supply of land with accessibility
advantages suited to commercial use . Differences in the characteristics
of land and in relative accessibility advantages contribute to the
difficulty of generalizing concerning the effects of any given change
in transportation on urban land values .

Although Ratcliff acknowledges the central premise that Haig , Ely ,
and others do not " set forth a comprehensive theory of urban land
values" and that their analysis was "clearly restricted to a general
tendency under limited conditions , " he offers no explanation for the
fact that he and others have employed such a restricted and noncompre
hensive theory to draw conclusions regarding influences of transporta
tion changes on land values that appear both illogical and indefensible .

5Ibid . , P. 362 .
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Ratcliff's comment that " Professor Wendt is , of course , thinking
in terms of the net effect (of transportation changes ) which is quite
another concept , " is a partial recognition of the shortcomings inearlier analyses . It is indeed comforting to find that he agrees that
"whether the total effect of all factors is a decline (in values) can
be determined only by empirical methods . " On this note of agreement ,
a review of the evidence concerning recent trends in urban land values
follows .

Urban Land Value Trends

Well-organized data describing trends in urban land values in the
United States are lacking . Any conclusions drawn , therefore , must rest
on the pioneering work of Hurd and Hoyt during the period from 1900
1933 , supplemented by more recent studies in a relatively few majorcities . A limitation on interpretation of research results arises from
the uneven quality of the basic data employed in various studies , be
cause some rely on assessed values , whereas others are based on rela
tively small samples of market sales . Further difficulties arise from
the fact that many of the existing studies are confined to land value
trends in specific areas of cities , preventing descriptive analysis of
changes in total values or of the internal structure of values within
cities or metropolitan areas .

9

Notwithstanding these limitations , broad trends in urban land
values can be described . Recent studies confirm the findings of Hurd
and Hoyt that urban land values rose quite rapidly during the first
quarter of the 20th century , culminating in a speculative peak in thelate 1920's . Commercial land in the central business districts of the
larger cities rose to particularly high levels during this period ,
although land speculation resulted in rapid increases in outlying
commercial and residential land as well . Following a disastrous period
of liquidation and foreclosures-during the Great Depression , urban land
values rose gradually in the prewar years , and more rapidly during and
immediately following World War II , under the stimulus of high rates of
urbanization and business prosperity . 6 By 1950 , urban land values in
the central business districts of some larger cities had recovered to
the previous speculative peaks of the 1920's , although values appear to
have risen more slowly in New York , Chicago , and a few other of the
largest cities . Since 1950 , land values in the central business
districts of most large cities have risen further , accompanied by
relatively high levels of commercial and office building activity .
Rising local property taxes have constituted a " drag " on urban land
values generally ..

Recent studies of urban land value trends in the San Francisco Bay
Area revealed that total Bay Area urban land values have probably more
than doubled since the peak of 1929-30 .8 The percentage increase in

Raymond W. Goldsmith , A Study of Saving in the United States ,
Vol . III , Part I (Princeton , N. J.: Princeton University Press , 1956 ) ,
Tables W- 1 and W - 3 .

7Paul F. Wendt , "Central City Property Values in San Francisco and
Oakland , Parking as a Factor in Business , Special Report 11 , Part 4
(Washington : Highway Research Board , 1953 ) .

8.
1958 ;
1958 .

> "Urban Land Value Trends , " The Appraisal Journal , April
"Economic Growth and Urban Land Values , " ibid . , July
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land values was substantially greater in outlying commercial and resi
dential areas than in the central areas of San Francisco or Oakland .
Value increases during the postwar period were most striking , of course ,
in the newly developed commercial areas and shopping center locations .
Although land values rose in both the central core and in the suburbs ,
striking differences in urban land value trends were noted within
different parts of both central and outlying areas .

The dynamics of change in the structure of urban land values adds
greatly to the difficulties of generalizations concerning trends . It
is apparent that a general rise has occurred in the aggregate current
dollar value of urban land values in the San Francisco Bay Area .
Because of the more rapid rate of increase in land values in the out
lying areas , the percentage of total increase in land values appears
greater as the area included is increased in size .

Although these views cannot be supported with well -organized
statistical data it is believed that distinctive trends can be observed
in various Bay Area submarkets for urban land in the past decade .
Rising values in the office building sections of the larger cities have
been accompanied by lagging value trends for some downtown and string
street retail store sites , and rapidly increasing values for newly
developed retail areas . Meanwhile , booming values for sites suitable
for high rent apartments or hotels have been countered by a relatively
stable trend for other residential land within central areas .
impact of Federal subsidies for urban renewal programs has gradually
been reflected in higher land values in selected slum areas . High
rates of tract building in the suburbs have resulted in lot prices in
many outlying areas equaling or exceeding those in more central loca
tions . Little evidence can be found for a gradient of land values from
the center to outlying areas in today's market .

The

These apparently diverse trends reflect in part imperfections in
the real estate market apparatus , but to a degree they also support the
view that urban sites are highly differentiated and enjoy narrow and
specialized markets . Changes in the aggregate of urban land values in
the Bay Area , therefore , cannot be identified as resulting from a total
increment to supply , but rather from the totality of increments to both
demand and supply for various sites having particularized accessibility
and other advantages .

It is arguable whether a real rise has occurred in urban land
values since 1939 , after adjusting for changes in the value of the
dollar . Because urban land values have risen more rapidly in outlying
suburban areas , the conclusion reached might depend on the size of the
geographical area included . There can be little doubt , for example ,
that total urban land values have risen substantially in constant
dollars in the San Francisco Bay Area , in Los Angeles County}
New York Metropolitan Region over the peak level of the 1920's .
probable , however , that the value trends in the City of San Francisco
or New York would show a lesser increase , because values have risen
more rapidly in outlying suburban locations .

or in the
It is

The double peaks in land values reached in the 1920's and the
1950's adds to the difficulty of describing long- run trends in urban
land values . The trend appears clearly upward if the researcher accepts
the year 1900 , 1940 , or 1950 as a base , but the slope of the long- term
trend line in urban land values is quite different if he uses the high
levels of the 1920's as a base period .
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Few systematic studies have been made of the relationship between
transportation changes and land values . Research in the San Francisco
Bay Area suggests that the influence of increments to the supply of
urban land resulting from improvements in transportation are much more
complex than assumed in classical economic analysis . Improved freeway
transportation has undoubtedly been a factor influencing the more rapidrise in urban land values in outlying suburban areas . One might also
conclude that the expansion in auto transportation has restricted the
expansion in central city land values that would have occurred in the
absence of extensive highway development . A decline in some central
city functions can be observed . The results of the United States
Census of Business for 1954 reveal , for example , that the percentage oftotal retail sales accounted for by cities with 100,000 or more in
habitants declined from approximately 43 percent in 1939 to 38 percentin 1954.9 This observation , however , obscures the relatively large
absolute increase which has taken place in retail sales in central
cities , and takes no account of the expansion in administrative ,
financial , and tourist functions . It thus reflects the relative change
in demand for only one type of urban service performed by central cities
and may have been offset by an increasing dominance of the central city
in the furnishing of many other types of business services .

11

The complex structure of urban land values and the constant shift
in the internal structure of urban land values restricts generalization
concerning value trends . One might be justified in concluding that the
combined influence of improved transportation and other factors present
during the postwar decade has been to result in a major expansion of
urban areas , an increase in the demand for all urban services and a
rise in land values in the central business districts , central cities
as a whole , and in outlying residential and business locations .

Increases in aggregate urban land values in the San Francisco Bay
Area during a period of rapid expansion in urban facilities for auto
transportation suggest that any declining value influences resulting
from the increase in supply of competitive urban land have been more.
than offset by expanded demand for urban land and its services . This
observed trend would appear to confirm the earlier hypotheses that
increments to the supply of urban land are usually accompanied by concomitant demand increments . In some sense , it can even be argued that
increases in demand appear to bring about the increases in supply ,rather than to follow .

Lessinger , of the Real Estate Research Program , is developing a
comprehensive methodology to forecast the impact of highways on urban
land use and values . Certain aspects of the method are in process of
being tested in the nine -county San Francisco metropolitan area . The
following brief account of the tentative method is necessarily over
simplified . There are eight essential points , as follows :

1. An economic concept of the metropolitan area is adopted to
provide a land market within which highway impacts are considered .

2. Land use impacts are put in terms of different "rates of
urbanization . The rate of urbanization is the number of acres
urbanized over a period per 100 acres which are suitable and availablefor urbanization . The rate of residential urbanization is correspond
ingly the number of acres converted to residential use over a period

p . D. Converse , H. W. Huegy , and R. V. Mitchell , The Elements of
Marketing ( New York : Prentice -Hall , 1958) , p . 307 .
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per 100 acres which are suitable and available . Likewise there are
commercial and industrial rates . Different degrees of intensity in
each use may also be identified as a basis for determining "rates . "

3. Sectors are defined within metropolitan areas on the basis of
different rates of urbanization . Suppose an entire metropolitan area
is divided up by a grid of very small rectangles . Suppose the rate of
residential urbanization is observed for each rectangle . The different

Prerates can be visualized as different " heights " on a relief map .
sumably there will be a series of " hills " and " mountains " formed .
These can be represented by a topographic map showing contour intervals .
The contiguous area within any two contour intervals is defined as a
sector . It is a residential sector if the rates are residential rates .
It may be any other type of sector depending on the nature of the rates .
Of course a map of residential sectors will be very different from a
map of industrial sectors . It should be noted that the sectors are not
fixed , but constantly shift in response to a large number of factors .

4. Factors explaining the boundaries of sectors can be organized
into four groups : supply of and demand for accessibility , supply of
and demand for base -productivity . Accessibility refers broadly to ease
of making round trips from a site to other sites . Base-productivity
refers to the ease of producing goods and services at a site .
ings , views , drainage , and zoning are examples of base -productivity
attributes . These illustrate the nonhomogeneity of sites .
ly , Lessinger's approach argues against the too inclusive preoccupation
with the accessibility factor . In practice it is likely that there are
large research benefits from the relative expansion of attention to the
base-productivity variables .

Incidental

5. In contrast to earlier theories , accessibility is identified
as a cost schedule to reach wider and wider groupings of jobs , shopping
services , and other potentially desired opportunities .

Build

6. A study is carried out to determine for a particular metro
politan area how different accessibilities and base-productivities are
associated with the various sectors . Two kinds of products are
obtained from this study :

a.

b .

Combinations of accessibility and base -productivity are derived
which belong to different sectors .

Projected sectors can be put in an array as to superiority or
inferiority for each set of uses .

This kind of study is being carried out in the San Francisco area
for residential sectors . The nine counties facing the San Francisco
Bay are divided into a grid of more than 35,000 rectangles . Random
points are projected within relevant rectangles , and over 25 types of
information are compiled for each . This information bears either on
the rate of urbanization or on accessibility or base -productivity .

7. An empirical law of distribution of land uses among the sectors
tends to hold . This law is in the following form : the best 10 percent
of all the land in the metropolitan area (as determined by the empirical
work already described) , will obtain x percent of the total acreage in
the given land use . The best 20 percent will obtain y percent and so

This is strictly comparable to the empirical laws of income and
wealth distribution in economics which are represented by "Lorenz
curves . " It is determined from data for a given period , and then
assumed to change slowly enough so that it would tend to hold for
future periods .

on.
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8. Finally , it is desired to project for some future time period ,
changes in land uses (and ultimately land values ) which are due to
changes in a highway system and other variables .

a.

b .

C.

d .

e .

£ .

Estimate total urbanization of a given type ; for example ,residential , for the metropolitan area as a whole .

For every site calculate accessibility and base-productivity
attributes , given the future highway system .
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Future sector boundaries are determined . This depends on the
future accessibility and base-productivity attributes , and
the relationships between accessibility base -productivity and
sectors determined for a past period .

The total estimated acreage of the land use is then distributed
over the various sectors in accordance with the empirical law
of distribution .

Futher periods may be projected by taking the results ofinitial periods as a feedback .

Further refinements may be added : totals may be determined
simultaneously with distributions on all levels .

As a result of the methodology developed by Lessinger , the impacts
of highways emerge as one facet in a closely connected web of factors .
The answer emerges from the reconstruction of the total web of factors .
Further impacts may then be sought within the sectors . There , physical
proximity to highways and freeways may be most important in differ
entiating sites .
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