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REPLACEMENT OF INDIVIDUAL BY MASS SYSTEMS N URBAN GROWTH -
v o Mason Gaffney

InTEoducTion

- This paper pUFpOFfS»+O solve a particular kind of timing-rep lacement
problem that characterizes urban expansion and evolution. An example of
the kind of problem is when to extend sewers to land with houses already
-served by individual septic tanks. The genus of such prob{ems is when to
replace a "Collection of individual Apparati®™ (CIA) with-a "Mass System!.
Other examples are replacing wells by public water supply; private cars by
mass transit; trash burners. by public pickup; coal or oil fuel by line~
distributed gas or electric power; individual by community antennae;
individual drivewéys by alleys or a subdivision; individual roadside bu-
siness signs by collective IocaTionaI‘adverTising; individual messenger

by postai service;‘individual deliveries by united parcel service; tank
| trucks by an oil pipeline; individual stores by a shopping center; basemenT
- pumps and periodic cleanupé by storm sewers and flood control; and so on,
On a larger scale, one meets the same problems in replacing a collection »
of small, Balkanlzed Iocal sewer systems by a meTropoiITan or regional -
sysfem. , _

A feature of most mass systems is a distributive network using street
space and ofher rights-of-way to link individual sites to a common load
vcen?er. (The streets Themselvés are also a sort of mass disfribufiye net-
‘work, although not Se]f—confained ) Hence | offer the term "intersite"
sector to distinguish these distributive iines with their peculiar cost
traits and relation to land from “onsite" works. Alternatively, we may
distinguish a street from an offstreet sector; | will use the terms
inferchangeably. , | ,
Mass systems often include an offstreet load cenfer. But dcsfrlbu—

tion costs (onstreet, offsite) generally exceed loa@ cenfer costs,

Professor Gaffney is a VlSiTrng Scholar at Resources for The Future,
fnc., Washington, D.C. : : : .
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especiaf!y'ih this age of urban sprawl with inflated costs of intersite

tinkage. And the strest costs give the mass sysTemg+heir dfsfincrive
cosf characteristics in relation to volume of service and area serviced.
v The outstanding cost trait is long run decreasing costs as volume
of service rises. This +trait is an empirical fac? of such w:de currency
that here | merely postulate i+,

Many analysts overlook, however, the essential source of decreaSIng
cosTs The decreasing costs are realized only by |ncrea5|ng volume in-
side a glven area, As Professor Vickrey has stressed, ! They are not reali-
zed by expanding the service area and !eng+hen|ng the lines. On the con-
Trary, lengthening lines means carrylng some units of servnce farTher from
load center To user. Mileage rises, and average cos+ per m:le rises too
if densn?y falls, as it well may. A counferparf of decreastng cosT +o
volume js increasing cost to distance.

This contrast of volume effects and distance effecTs is central +o

~our subJecT 1t is also what meshes it so closely with urban. Iand economics.

An example showing the praCTzcal force of the point has been worked out
by Paul Downing. This work is so +elllng and p0|nfed that | reproduce his
Tabie | here in full.2 A -
Offstreet load cenfers may also be in a sfage of decreasnng costs to
additional scale or they may not. Obvuously they enjoy some such economies,
which is why it pays to link them To sites viag an expensive intersite net-
work.  But typically, scale economies in a load center are fully or iargeiy
reallzed while intersite economies are not. Thus a major metropolis has
multiple water plants, sewage treatment plants, power plants, trash disposal

sites, etc., each plant often consisting of more than one parallel, duplicate

‘bank, line, or other facility. Water supply acquns:f:on ofTen requires

longer aqueducts, larger reservoirs that fill less often, use of previously

, submarg:nal smal | sfreams, and other operations of increasing cost. Larger

landfills require tand farther out, mul+|ply|ng the hauling cost. The scale

economies to be realized by further growth are primarily in d;sTrnbuTuon or

Association, |V (I970)

YWitliam Vickrey, "Some Thoughts on External Economies in Urban
Development,” Proceedings: American Real Estate and Urban Econom:cs

2paul| Downing, "Extension of Sewer SerV|ces at the Urban- Rural
Fringe," Land Economics, February 1969, pp. 103-11.
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TABLE | .

MARGINAL COST OF SEWAGE COLLECTION AND
TREATMENT WITH DISTANCE AND DENSITY-LOW ESTIMATE

(!957 59 doilars)

Density _Annual cost Distance from Subdivision To 1reatment Plant
(People/ = Category ‘ : - {Miles) - '
- Acre)  ($/Capita/Yr.) 5 10 15 20 25 . - 30
0.4 Coliection 33.60  33.60 33.60 33.60  33.60 33.60
- Transmission © 4.50 16,20 28.80  41.30  53.80  66.20
Treatment = 2,07 2.07 2.07 2.07 2.07 2,07
Total - 40.17  51.87  64.47  76.97  88.47  10}.87
I Collection 14,59 14,59  14.59  14.59  |4.59 14,59
' Transmission -~ 1.80 . 6.50 11.50  16.50 21.50 26.50
Treatment - 2.07 2.07 2.07 2.07 2.07 - 2.07
| Total . 18,46 23,16 28.16 33,16  38.16  43.16
4 Col lection . 6.46 6.46 6.46  6.46  6.46 = 6.46
’ ‘Transmission 0.80  30.80 6.80  9.80 12.80 1580
Treatment 2.07  2.07 2,07 2,07 2.07 12.07
_ Total o 9.33 12,33 15,33 18,33 21.33 - 24,33
16 Collection . 4.8 4,86 4.86 . 4.86 - 4.86  4.86
S Transmission - 0.50 ° 3.10 . 5.70 "8.30 . 10,90 13.50
Treatment 2,07 2.07 2.07 - 2.07  2.07 2.07
| Total | 7.43 9.93  12.63  15.23  17.83 . 20.43
64 ~ Collection .22 1,22 1,22 .22 2 .22
o Transmission 0.70 2.30 4.60  7.10 9.60 - 12,10
Treatment o Pu 2.07 2.07 2,07 2.07 . 2.07
Total ; 3.99  5.59 7.89 10.39 12,89~ 15.3
128 Col lection 0.62  0.62  0.62  0.62 0.62 0.62
Transmission = 0.60  2.10  3.90 5.50 7.10 9.70
Treatment | 2.07  2.07 2.07 2.07 2.07 2,07
Total A ©3.29 479 6.59 8.19 9.79 . 12.39
256 Col tection 0.27 0.27  0.27 0.27 0.27 027
3 Transmission 0.60 1.75  2.90  4.05 5.20 6.35
Treatment. . 2.07 2.07 - 2.07 2.07 2.07  2.07
| Total S 2,94 4,09 5.24- . 6.39  7.44 8.69
512 Collection 0.16 0.16  0.16 0.16 0.16 - 0.16
Transmission 0.55 1488 =« "= 2 .75« 3.85 4.95 - 6.05
Treatment 2.07  2.07 2:00 | 207 2.07 2.07

Total ’ 2,78  3.88 4.98  6.08 7.18 8.28
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~ coltection, i.e., our "intersite" sector. That is, they are economies of
density, not of overall sysfem»vélume. |

This characteristic of the intersite éecTor, and .its contrast to
the onsite sector, was brought out by P.A. Stone's study of housing costs
and density in England3. Stone disfinguished s+reeT costs from of fstreet,
and found the former fell (pér unit, of course) with higher density, while
~the latfer rose. Putting this another way, a builder crowding more dwelling
ﬁni+s on the same land meets diminishiné returns on the site, while still
enjoying increasing returns To The cap|+ai needed to enlarge sireet |mprove~
ments. v : :
' In éon?rasT-To mass Sys?ems,‘ClA's do not enjoy economies of density.
The individual épparafi usually are too small, it is true, their size being
[imiféd by  the demands of one household. But it would be a fallacy of com~
position to Conclude that the collection is Too small. Furfhec/’scalé eco-
nomies of the whole are offset by negative externalities. Thus, Iargef wells
are more efficient to Thé individual, but in concert they may lower a water
table, larger septic tanks saturate a seepagé bed,‘largerbauTos worsen

street congeSTiQn and air pollution, larger competing billboards and come-
~ on signs neutralize each other and degrade a neighborhood and so on. - S0
| a CIA at high dens:+y, viewed as a whole, often suffers from lincreasing’
socnal costs, even though its :ndiv:dual componenfs each seem To be in a
stage of decreasing costs. ’ : - T
Also, since our subJecT is rep!aC|ng existing apparati of given

,capac1Ty, these may suffer shorT run rising costs regardiess of the Iong—
"run possibilities,

~ Thus, when den5|+y approaches a level at which we consuder replacing a
CIA with a Mass Sysfem |i is a quesflon of replacing an increasing cost
system with a decreasing cost system. This poses some hard analytical,
sociatl, and'po!iTicaI questions, the answers to whlch determine much about

the characfer of cities and society.

Distinctive Features of‘Th?s Rep lacement Decision

The basic criterion of all replacement timing Is to reptace when the

rent of the replacement, or "Challenger", net of capital costs, exceeds’

3P, A. Stone, "Economics of Hous sing and Urban Deveiopmen+ = Journal of
the Royal SfaflSTan Socuefy, 122:417-60 (1959}, »
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the quasi-rent of the sunk facility, or "Defender", groés of historical
capital costs. This basic criterion holds heré, but with distinctive
wrinkles, _
‘ When replacing an older offstreet building byvano+her,-?here may
be a jump in total floor-space, and occasioha]ly a large one. But the
increase is limited by increasing costs, since more capital on one site
mééfs diménishing returns. 17 is normally +his cost behavior, rather
than a demand cons+ratnf that limits the size and renfs of an offsfreef »
chal lenger. S Tet S , : S v"__  '{g
When the Challenger is an lnfer5|+e facnlu?y enJoylng decreasing 1 |
cosfs, the limit on its scale and rents mus+ be on the demand side. If
~demand is elastic, the increase of volume may be very Iarge. Demand
affécfs'renfsinOT only by affecting total volume, but also by affecting
the rents genéraTed by intramarginal volume. Much or all of the rents of
intersite works are consumer surplus, whfcﬁ in turn is captured In off-
~ street rents. The intersite works themselves may show a speczous defnc¢+
when valued on a fare—box or user charge basis. The fuli rent of a_Mass
System Challenger, 1o be used in a proper showdown, includes its ConTribu?
tion fo offstreet rents, which may often be its only positive rents, yeT
high enough amply to justify it.
,So the demand schedule &ssumes a kéy role in the decision. BUT demand
is targely (not totally) a function of offstreet den51+y, and density in ' ' X
turn is controlled by public policies such as zoning, assessment procedures ' o
and income tax loopholes. Ultimately, it is limited by increasing costs
to offstreet density. That is, diminishing returns of capital applied
to building sites .are still a |imit on the infersifebse¢+or but they
reveal themselves as dxmtnlshlng demand ra?her than rts;ng costs. These
then are the elements of our problem, _
if demand were lnelas+zc there could be no blg rise of volume, In
such case the way to maximize rent is simply to minimize cost at the fixed ,
volume given by inelastic demand. Rep%acemenT then is timeiy when the v
vertical demand schedule, drrfflng to the right for reasons other than price,
reaches the volume where the rising average cost of the CIA |nTersecfs the
falling average cost curve of the mass system,
But demand is elastic, for two reasons. The lesser one is that usuafly

g:ven sole Welghr in s?udles of demand for utilify service, to wit, increasing
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use per cabifa. Even on this limited basis, researchers have found great
price~sensf+ivi+y among users of water, power, mass frénsif, and so on."
The larger reason, usually overlooked, is immigration and higher

vdensify; Remember, we afe discuss?ng_a Mass SysTém serving a given area
which will natural by anracTIéew high density development when lots with

- cheap services aré made available. When we let density vary, demand _
- becomes exfreme!y'efas+ic. When we are analyzfng urban growth and succes~
sion of land uses, this is a realistic assumption; transi+ to higher density
is the central theme. Thus, this replacement decision is epochal for a
~neighbbrhood, changing its whole density and character, entailing replace-
‘ment of much offstreet capital which becomes locationally obsolete as Mass
Systems replace the ClA's. In addition, the higher density appropriate

to one Mass System tTips +hé balance for others, a form of in?erdependency
so close that ideally the entire conversion decision should be treated as

a unit, Although the last is too ambitious for Thisvpaper,'fhe analyticatl
framework devéloped‘infia could be adapted and elaborated to that end.

| So the distinctive aspect of our replacement problem is the Iarge-
difference in optimal volume between the two alternatives, a Defender with
vincreasing costs and a Chatltenger with decreasing costs. This js a dis- -
Confinui+y in economic development, It is nof a decision Théf can be ap-

proached tentatively or tncrementally on Iittle caT}?’feeT. No replacement

- decision is, but this one (s more shaking than most. 1+ means a leap into

_ greater volume; it is social; it ¢hanges the economic signals for'every
site owner, and, through thejr responses, the signals for every other
intersite distributor, e ' A -

Just as the epochal nature of this replacement might be hasked by
assuming inelastic demand, so might i+ be damped (although not eliminated)
by a poiicy of average-cos? pricing. However, marginaf cost pricing is the
ideal of economic theory, as well as a goai sought by practical administra-
tors and approached by many. Indeed, i+ is the onty kindvof'pricjng consis-
- tent with the replacement criterion of'selecTing the sysfem~cf greater rents,
since average-cost pricing’fai!s To maximize rents anyway. So | will begin
by defining criteria of replacement timing under ideal marg{na!~cosf pricing

with price equal to marginal social cost. This accentuates the jump in volume,

A Hirshleifer, J. Milliman, and J. pe Haven, Water Suppi (Chicago:
University of Chicago Press, 1960) p. 103, is a source on wvater. TVA is a
_Classic case in power, ’ ' :
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Note that Thfs’impliee that a user~charge is imposed on the CIA equal
to marginal external damages; while the Mass Sysfem is partially financed
from flat rate charges (on benef;cnarles, preferably) to the end that user

charges fall below: average costs.

A Model of Optimal Replacemenf

"The CJA Defender, with rising average social costs, suffers marginal
social costs above its average. The Mass System Challenger enjoys long-
- run marginal cosfs below its average. Figure | shows The refafronsh;p
graphically. . o | B

- Note in Figure 1 how the ‘demand curve crosses a margznal cost curve
. twice: the SﬁorT—run Marglnal Costs of the Defender (SMCD) at volume A
and the Long-run Marginal Costs of the Challenger (LMCC) at the greater |
volume B. This shows a greaT difference in the optimal volume under +he
two systems, each crOSSIng being optimal for its respective sysfem

Which is better? The choice is to that yle!d;ng the h:gher net rent
where rent is total benefit less total cost. One way to find this rent is
- simply to sum up beneflfs and costs at A and B. A second way is to calcu-
late the tncremenfs to cost and benefit between volumes A and B. Methaod N
Two has an advanfage in that it is purely comparative, requiring no esti- |
maTe-#o Tofal consumer surplus. | will therefore develop Method Two. |

Let us label the gross increment to cost beTween A and B as the
- "Discrete Marginal Cost" (DMC) and the gain of welfare correspond:ng!y
‘_as "Discrete Marginal Beneftf" (bDMB) . Repiacemenf becomes timely when DMB>DVC _
DMB Is the area under the curve of demand or Marglnal Beneflf trom T
A to B. | , | | |

DMC is +he excess of LTC a? B over SVC at A Vlsuallze Thls as

C
the dlfference of two rectangles based on +he origin as the southwest

corner. The smaller recfang}e s determined by SAVC aT(A as its norTﬁeasf S *
corner; the larger rectangle by LAC, at B.S . = o
Figure 2 is a graphic method of showing the differences of DMB and : ' o

DMC by the familiar device of cancelling overlapping areas common to The Two i

“SDMC i also represented as the area under SMC from A to the cusp, plus
the area under LMC. from the cusp to B. By deleting the reach of +the Defender
curves right of the cusp, and the Challenger curves left of i, we have a
unified set of cost data Joining the two alternatives. The curves. may be »
spliced at the cusp because there the total cost is equal for bhoth., The unsfled

MC curve now is specfacu!arly broken--and stgnifacan+ly so~-but sti}] continous
and inregrab!e.
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and shading in areas not common. . Slanted shading shows clear benefits;
horizontal, clear costs. ‘

I'n Figure 2 there js a net gain showing that replacement is overdue.

<= simitar layout on Figure I would show the reverse.) Nofe;iincidenfaily,.

Thaf in neither case would the. Challenger show abposi+ive fare~box cr user-
charge rent under average-cost pricing, or any uniform pricing, the me-ginzs
demand always !y{ng below average cost. ‘The reasoning here is baéed on
counting consumer surplus with benefifs--a process whose pféusibiiify is
more evident if we-say it compares average cost with average benefit.®
~ Inspection of Figure 2 suggests a crude rule of thumb. £ ?heAdemand'

curve‘is'sfrafghff and SAVCD at Avis fairly close To'LACC qf B; fhen added
- benefits and cos¥s registered on the graph from A +0 B are about a standoff,
so the balance hinges on the DMB shown left of A, This in Turh'depends on
whether any decline of AC is achieved. The rule of Thumb is:- it average
costs can be lowered, andlfhe nNecessary added volume sold at marginal cost,
it is time for a closer look to see if it is time +o replace. Obviously,
“this "rule” ¢an go wrong if the marginal Ccost-average cost rela?ions'are -
much different from those shown. | ) | o v

| A useful concept now is the ratio of DMC to the added volume, B-A. .
Call this "Discrete Marginal Unit+ Cost® (OMUCY. 1t is the mean cost of
serving the added voiﬁme. Anytime ACC at B is less than SAVCD aT A, it
means the added volume is supplied cﬁeaper by tntroducing the Mass System
in the given area being considered fhan it would be bybmafn+aining the CIA

in a competing location. A»fbrtiori, the Mass System add§lfhé volume‘mﬁch:
cheaper than duplicating a ClA in a virgin area, iIncurring capital or fixed
‘costs as well as variable. L : | ﬁ T

| This givés a clue to the sTrqngTh of the forces making for an elastic

demand through immigration. The level of demand iS_hoT going To:fail much

below the full cost of servicing alternative sites. ‘An increment of popufa~

tion can often be serviced much cheaper by raising density ip mass~serv3¢ed

areas. Of course, a resistance to density may limit +this tryth, but there

5The graphicalATechnique here has wider applications.  For example, the
Defender might not be a ClA, but an older Mass System suffering from short—
run increasing costs because of inadequate capacity or decay

add fixed costs +to the CIA curves, and proceed as before. Finally, +the wholse
thing might be reversed, the Mass System béing an oid obsolescing Defender,
like a passenger rai lway, being challenged by a CIA like motor cars,

- Again, the choice
might be on virgin land where neither alternative was a Defender, Then simply
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are also gains to aggrégafe neighborhood‘densify, ofher than those treated
hére, which focus demand on an afea precisely becauée it is already thickly
settled. That is, diminishing returns to buildihgs on individual sites
can not necessarily be compoged into diminishing returns to neighborhood

density, if there are strong positive exferna],linkageg, such as charac—

‘terize social and economic tife,

- Underscoring Some Morals

Bésed on the analytical framework sketched out, let us now explicate
some important lessons and fhferences. - o , ‘

l. The advantage of a Mass System is found in larger volume, not
simply lower costs at fixed volume. This is more +than "rep tacement;"

it is expansion. No analysis couched purely in minimizing costs is ade-

‘quate. To optimize is to maximize rents.

2. Marginal-cost pricing favors Mass Systems over CiA's. Average- -
cost pricing would defer replacement until the demand curve touched the LAC
be low SAVCD. I f the demand curve were steeper Than the LACC curve, that
would not occur until the cusp where the two AC curves intersect,

c

Conversely, failure to use marginal-cost pricing favors ClA's, | one

accepts margihai-cosf'pricing as the rational economic ideal, fallure to -

use it constitutes an uneconomic bias against Mass Systems.

3. Marginal-cost prfcing lengthens the Jump in volume between systems, .
and accounts for most of the discontinuity, ' The difference in marginal costs
is much greater than in average costs. o o ‘ ' |

Note that +the discontinuity between opfimai volumes of Defender énd_‘
Challenger is not due to any discontinuity of the cos?-fUnCTions. The curves
as drawn presuppose a comp]efe:range'of alternative sizes, and in practice
this is approximated; pipes and wirgs come in a full spectrum of diameters.
and gauges. So there is no fechnélogical straight-jacket to account for
the discontinuity, The explanation is in Thevinferp]ay of cost and demand -
functions, as shown. ' ' = | A

4, High elasticity of demand is essential to there being a jump between
systems. Elastic demand is assured by immigration, raising density.

There is 2 problem of tag of demand behihd buiiding the Mass Systems.

Perfect synchronization is impossible whenever the Mass System is
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prerequisite. Clearly the responsibility to lead Is the Mass System's.
This adds to costs, however, a matter ‘developed in (G.2), "Ripening".

- 5. The textbook method or“price discrimination with quantity dis-
- Ztunts, as practised by u+|I;+|es Universally, wlli not work as an approach
to marginal cost pricing in this case. ~lmmigrants wilt not necessarily buy
much more per mefer The gain is in targer volume per acre, more than per
meter. A flat rate per acre or per dollar of Iand value is the more economi~
cal way to meet the deficit of marglnaf cost prrcung This requires use
of tax power.” | - »

6. The city should not taper gradually |n+o the counfry.v ideal!y,
there should be quite a sharp edge between a servnced area with Mass Sysfems,f
and a CIA area at lower density. This mus+ be modified because +here are
several Mass Systems at different cosT levels.. Power grids oufreach sewsrs,
for example. On the other hand, a universa! reliance on h:gh denstTy makes
the different sysfems comp lementary and reinforcing in any given area.

7. Optimal publlc policy requires recognizing the negative ex?erna!—.
ities of CIA's and the positive externalities of Mass Sysfems Our rlsnng
CIA cost curves reflect these externalities-~the. |nle|duaIIy ;ncurred
costs are offten falling. As to Mass Systems, the cost curves reflect no ‘
exfernalnf:es, but the feasibility of margtnal—cos? pricing hangs on recog-
‘nizing consumer surplus as an exTernaln?y plcked up in renfs of the land
serviced below average cost. ' : ,

8. Mass Systems which attract and serve lmm;granfs are not prodlgal
of capital, even though they may require a large lump of it. By affracflng

|mm:granTs they obv:afe serving them elsewhere at hlgher cosf

Institutional Barrlers to Mass Sysfems'

There are several lns+|+uf|onal barriers To Mass SysTems Tha+ prevenf
society's reai:zgng to the full their lnherenf sav:ngs Most of these ‘,
reflect the age-old bias of people living at lower dens:fy against Those ‘
who, from personal choice or budgetary consfralnT live at higher densxTy
- and degree of tnferdependency. I+ is the bias of the Indian against the »
European, the hunter against the sTockman the stockman against the sodbuster

and pig farmer, the grain grower agalns+ the irrigator, the farmer against

7Alfernaflveiy, some wafer Cooperatives in Utah and souThern California

issue shares proportioned to acreage and then assess The shares. This is not
8 comnmon :nsflfufion however, : '
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the subdivider, The suburb»égainsT'+he cify,lfhe detached householder
against the apartment, the residenT against commerce. In recent times,
the wealth and Qver—repreéenfafion of suburbanites and farmers have given
the jow densify-forces power to hobble Mass Systems. 'Weiare all familiar
wiTh'fhe issue and the powerful emotions IT arouses, beginning with Cain -
 and'Abe!. I take no position on the social merits of different densities,
believing this fo be subjecfive. My position is that ihsfifufions shouid
be‘neu+rai;‘leavfng density decisions to indfviduals.’ The disqualifying
weakness of most assertions on dpfimél density is that the asserter seeks
to impose his own tastes on, or impute them To, ofhers. Often he is
: dlssembllng his misanthropy, ethnic prejudice, class inferest, callousness
to poverty, and taste for capital gains under a cloak of Naturalism,
| - Another source of bias is the indecisiveness of people'faced with
‘a complex social transition. They ease into it incrementally, feeling
their way, tolerating and even welcoming the checks and balances inhéren%
in our uncoordinated ways. The problem here is that the case happené'fo
be one where optimal transition is not gradual but abrupt; not groping
but bold. . o
l. Among the worst bfases‘againsf Mass Sysfems.is that the specific
‘people who live at high density in Mass Systems do not receive lower prices
or rates to reflect the social savings the higher density affords. Utility
rates seldom reflect this factor. Residential denssfles in a typical metro- '
polis'vary from 50 d.u. per acre . down to i, t.e. 1 of The maximum, and al!
pay the same rates. In Mi lwaukee, the mogT dense%y peopled 3% of the reSIden-,v
tial area houses some 25% of the people; the mos+ expansive 10% of the
vpeople occupy over 50% of the area, further from load centers. Yet all pay
the same utility rates. =
- Referring back to Figures | and 2, Thé gafns seen there are posited
on cost savings from higher demand inside fixed areas being passed on to
buyers‘fn fower prices. Herein lies much of the incentive to ircrease
'dens?Ty.v But in'pracfice the cost savings are diluted through a large
system, and enjoyed equa!ly by low- densu+y dwe!lers. So the incentive to .
achieve the savings is destroyed, ‘ _
Price discrimination as pracflced Today cannot help. Quantity dis-

counts based on the meter do not reward higher density; neither do Tthey
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reward early improvement of land, which minimizes fhe sterile waiting

period before a customer buys anything at all.

Often indeed, discounts based on meter volume react perverseiy and

'ponailze hlgher density. Suppose a block contains one spreading old

~business, at low density but with enough volume to qualify for low rates.

Now the owner subdivides and 20 smaller firms move in. Volume per block
rises, but volume per meter falls, so average rates rise.

This kind of price discrimination may make sense to a monopoly
firm exploiting its power. I does not achieve the social goals of

marginal-cost pricing, however, unless in fact the costs of metering and

'billing are paramount. One hears such premises, but They are not factual.

I they were, the meter industry would be a giant. Table 2 is a cost

‘breakdown assemb led by questionnaire from 188 water supply facilities and

157 wastewater disposal facilities in the U.S. for 1966. '"Meters" are
only 2.3% of the water supply costs, and not itemized at all among dlSposa!
costs, presumably because water mefers do double duty. The lion's share '
of water costs are Transmission (31%) and Mains (27%) of disposal costs,
Interceptors (39%) and Trunk Sewers (25%). | do not believe most economisfs'
have any notion of the degree to which urban spraw!l has infiated line costs
relative to others, even treatment plant or other load cenfer costs. It

almosT seems mean to add that the cos+ of reading meters varies with the

~distance between Them, as does the hidden social cosf of delivering bllls

by U.S. Mail. It is less mean to note that a given number of customers
must be metered wherever they are, so the higher metering costs in the

sub-divided block are offset by lower costs elsewhere. The net éhange

‘is a shorfenlng of lines.

Actually, with meter cosfs so small relative to line costs, a uflllfy
gains by having volume of any given amount split up among many customers. -
This is because fhe pooled demand of 20 individuals is much steadier than

the demand of one individual. Load factors rlse, peaks are levelled, and

Cunit costs fall,

2. Equally biased are publzc pollc:es aimed against |nfen51ve land
use, Some journalistic taste dictators excoriate density as a plague,

and paint subdividers and developers as barbaric fast-buck artists raking

in the green by explo:f:ng the tolerance of their cultivated and resfranned

neighbors. Many policies reflect this pathos.
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TABLE 2
PERCENT DISTRIBUTION OF COST AMONG SYSTEM COMPONENTS 1966%

wzter Supply o o ‘ b 5
‘Acquisition . . 38,7 ’ :
» Source of supply , 1.6
: Transmission : . ' Siladl -
- Distribution : 85,5 o
Mains ' v o @ 27 .1
Booster stations 3.0
‘Storage in distribution ' :
system 3.9
Hydrants L 1.5
Treatment . 14.3
Screenlng ' 035
Chemical handllng - 2.6
Coag. & softening 2.1
Sedimentation 2.2
Filtration 4.6
Disinfection 0.8
, Plant storage - .5
Meters : 2.3 )
Unassigned 9.1 °
- Pumping 3.9
Lab. equipment 0.
Flow measurement RO
Instruments & controls 0.6
Other 4.6
Wastewater Disposal
Coltection _ 69,1
Interceptors ' 39.1
" Trunk sewers 24.7
Force mains . 3.6
Lift sTaTtons , b7
Treatment 289 .
Pumping ' 2.1
Motor 0.4
Valves & lines 2.3
Screening o]
Grit removal 2.1
Sedimentation 5.4
Trickling filtration 0.4
Activated sludge 6.2
Digestion 3.9
Sludge dewatering 2.0
Studge handling & dlsposal 1.9
DlSlnfec+|on ‘ - 0.
Unassigned 2.5
: Lab, equipment : 0.1
Fiow measurement ’ 0.1
Instruments & controls fol
Other 1.0

*Source: Water and Wastes Engineering, April, 1966, pp.34-9,
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@. Low-density zoning and helghf t:mlraflon are ‘the mos+t obv;ouo.

Legal protection of low- —density covenants is similar, o

» ~ b. The property tax on buildingsii cqually biased. By adding
‘to building costs, this tax mor;vafes qubs?:?uf:on of land for capital,
i e., horizontal spread.

C. Administration of the property tax on land vaiues is general ly,
albelf exfra—!egally, biased against dens:fy. infens;flcaflon of use is made
the occasion to reasséss land whose market value and use pannT;al appreciated
over the last 25 years. , ' i

Thus, an owner who subdlvndes a farm and lays wafer and sewer lines
finds his assessmenT hlgher, not mereiy reflecting his recent ouffays but
also the unrealized increments of the generation pasf On the other hand,

“if he installs a new well or septic tank, there is no occasion To'reassess

' because there Is no change in use class. Also, since the market value of

”fhe land is baséd on future urbanization, these CIA improvemen+svare obse-~
lete immediafely and add nbfhing To value. - : _

d. Income tax loopholes for increments +o land vaIues subsidize
and ‘encourage holdouts. , . :

3. There are hardly any user charges levied +o make :ndzvnduals'
feel the external social costs of CIA'S. A rarffy is Orange County, Califor—
nia, which charges water wel | pumpers for Iowering the wafer table. Generally
one may pump without charge, polilute aquifers and lakes and sfreams, issue
loud noises from gas motors, poliufe the air, -.congest streets with cars
iand airports with pr:vaTe planes, degrade hrghways wnTh blllboards, and
- -make=g nUisance on and on without charge.

~ So the costs perceived by individuals are well below fhe social cosTs.
This is parfucularly frue for marginal cosfs inasmuch as the private, -
internalized component of the total cost is decreasung.v It is the external
nuisance that makes for |ncrea5|ng costs. '

It does not follow in every instance that the Mass Sysfem is deaerred
External costs are noticed by their v:cflms, and they may organize to act
‘against them. Thus California lrrigation D|s+ricTs in areas of falling - A
ground water distribute surface water below cos+ with the purpose ot d§S~
'couraglng pumplng. This is the exception, however, partly explicable by

the exaggerated motives inherent in appropriative law to waste water. Our
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polluted, degraded environment testifies that sociefyuoffen accepts gross
damages from ClA's before organizing effecfive resistance or alterpatives.

The model of optimal rep!acehenf developed in (C) assumes that optimal
user charges are levied on the CiA. - Where there are no such charges the
increased costs (DMC)'of,The.Mass System will be less than shown, since
the CIA will have grown far into the reach where its marginal social costs
exceed marginal benefits. | - | ,

On the other hand, there is a danger of overstating increased benefits
(DMB) by inadVerTenT!y assuming that existential marginal social cost equals
vdemand price for the present VOIume, and so gives us a point on the demand »
curve, It is the much lower marginal individual cost that reveals what people
will pay for more volume. There arevmany cases where applying user charges
to optimize the behavior of ClAls would bé more economical than Qoing to a
Mass System. We should be wary of the Ca!ifornia”lrrigafion Districts, for
bexample, which waste surface water to save éround water. We should look »
sharply at a mass transit analysis that states benefits in terms of reduced
costs of auto congestion. These costs may be above the demand price anyway;
we might be happier simply driving less. rather than TraVeI[ng more by subway.

‘ However, when we consider +hat immigration ié the prime source of demand
elasticity in any given aréa, the danger of'overSTaTing DMB recedes. The
ex?efnal social cost of Ieaky»éep%ic tanks, for example, takes the form of |

vrepeliing'immigraffon to an area and reducing demand for sewer service. v‘
Supplying sewers would create its own demand.» The same is true of frash
pickup to combaf‘iiffering, or public health measures to combat disease
and obviate costly individual doctors, ' L '

| In addition, I haltingly tender an Inchoate feeling that in soms
group-dynamic sense the willingness of B to absorb the external damages of
A represents a price B pays to do as he pleases and pay no user charges as
he damages A. It may be then that the demand price is higher than indivi-
duatl marginal cost and includes some of the spillover damages. The notion
is worth eXpIoring,'aIThqugh ! do not guarantee results. It is related

1o the currently popular topic of "option demand". That is, there ié an
insurance value to me in having water or bus service avai lable that | seldom

or never use,

There is, besides, a value to me in having my cleaning woman ride the

" bus which I never board, and certainly the merchant gains from his customerst
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travels., Gathering Theselboinls Tegefher; a simple demand curve under-
states social benefits from added capacity. This will vary with the service
in question, of course, and must be evaluated case by case. But increased
land rents are a truer guide to social benefits of some Mass Systems than
any demand curve; and they may not be any harder to measure.

Perversely, when anti-pollution measures are |n+roduced they gener-
ally strike the Mass System first. A city sewage plant is large enough fo
identify, to suve, and to police, while 100 OOO'sepTic Tanks are some-

~thing else again.. Large apartment |nc1neraf0rs and power planls can be
enoflced and served orders; but four milllon Los Angeles autos, the major
polluters, are a moving TargeT elusive as Rlckover s rov:ng sub and far
more numerous Anti-noise forces are focusing on jet alrcraf? and will
doub?less score there first while the ubiqU|fous flaTulenl molorcycle

and power mover blat on unchallenged ‘ »

4. There is too little recognition of the posif%Ve exfernelilles
‘of Mass Systems. It is nearly universal to regard‘meeflng the deficlT of
- mass transit, for example, as a "subsidy." Maury Seldin8 has a reverse
concept of subsidy which | believe more truly gets +o the realities,
Failure to collect from owners of land that local government has provrded
with mass facilities is "in effect, public subsidy of land speculation...
to the extent that the taxes on the tand alone are not prov;ding a "fair
‘share' of the cos st in the fixed investment in excess capacity of communrfy
facilities, the owner of the land is belng subsidized..." Amen. »
| But time and again, we hear and read Tha+ Mass Systems must earn a

profl+, and not ride on the backs of suffering Taxpayers, and so on, The
gold star goes to "prof:lable“ water or municipal power sysfems that "re~7,
fieve" local Taxpayers. One cannot slog through +the pOpuIar or professional
literature on this sub ject without becoming convinced +hat most Thlnklng,
and therefore presumably most decisions, are based .on models of sma!l
private, offstreet firms quite unlike the lnferstle sector abou? which de-
cisions are being made. | ' |
Once again, there are exceptions. Since land value increments are

virtually exempt-by-loophole from federal income lax,,weallhy people prefer

Blaury Seldin, "The Role of a Market lnforwalnon System in Regulaling
Land Use," Asseesorr Journatl, July 1969, (pp. 28-38). : :
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to recéive income in this particular form and are Qery sénsifive to factors
that enhance land values. Furfher focal property taxes to finance municiga
© mass sysTems are fully expenslb!e. Thesévare powerful forces to overcome
the frad|+|onal anflpaThyvof large landowners to Mass Systems.

A problem is that Thesé mofives operate unevenly, varying with the
marginal tax bréckefs of the landowners. These fn turn vary inversely wifh
~density, so the boost in motive is greatest where least appropriate, in

fow~densi+y suburbs and exurbé. The practical outcome is often that the
: disproporfionaTe pélifical influence of wealthy speculators is exerted
to secure extension of urﬁanAMass Systems, heaviiy'subsidized by general
'Taxpayers'and city utility-users. Higher user charges in central areas
belp drive people outward, Justifying yet further extension., The resul+t
 |5 premature growth of Mass Sysfems in remote suburbs; but not on any
systematic economic basis. - ‘
' 5. Mass Systems, which should be financed'from toxes, are instead
favorite objects of taxation. They are not only taxed, but over-assessed
for property tax--every sfudy of discrimination shows utilities leadfngv
the list of over-assessed property. This is passed on in higher rates,
~ Excise taxes are loaded on this base. v ' ‘1 v

Many CliA's, on the ottier hand, are undertaxed. Automobiles escape
most property Tax.asseésmenfs, and their accessory land uses are heavi ly
favored becauée they need few builidings and land is under-assessed. Park-
ing is subsidized everywhere, and cars allowed to invade more and more
places. = | »

Billboards enJoy benefits like parking lots. Water wells and bilt-

- boards both enjoy expensing status for income “tax, The one because "water"
and the other "intangible", | could go on.

6. Mass Systems are attractive targets for untonlzafson Transit
and utilities being monopolles whose services are non-storable, the social
costs of strikes are extremely high. The paralysis of bureaucracy and
low politics are visited on Mass Systems more than ClA's. Society must
not let Mass Systems be milked or throttied if we are fo enjoy their
technical benefits. ‘ | ‘ ,

7. Introduction of differenf Mass Sys?éms is imperfectly synchro-

‘nized. To some extent, land subdivision is a key event that synchronizes

layout of distribution networks in given areas, but everyone with experience
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fn This field can recount horrors of bad codrdinafibn, It is bad enough
when the sewer men ripvup'fhe street the week after Thevpowef men have
~losed it. Worse, in general, is the éffecT on demand projections depeh—'
Zent on offstreet density. When Mass System capital ouTlays‘are synchro-
ﬁiied each can confidently be premised on higher densify and demand, and
earlier development of demand, than if one goes in alone.

8. In lieu of user charges on ClA's, ‘many suburbs adopt low densiy
zoning, which then ragldxf;es and pnevenfs lmmigraTlon when demand 1s ripe =
. for Mass Systems. v ' ,

More is !nvolved here than inertia. The central problem is schoo!s.‘
Low~densrfy zoning treats immigrant chlidren like a pollu+anf degradlng
a flxed schoo! resource. That is not faceflous. ’

~ The schoolvresource is not fixed in fact. Public schools are a Mass
System and they enjoy economies of scale, according to James B. Conant's
 studies. School bussing, chauffering and commuting cebfain}y involve
ebonomies of density. But local zoning attitudes are dominafed_by two
~ other factors. ' N ' o

One is short run cqngésfion‘of fixed plant. Chiidren stay in any
“school only three o four years, and their parents' horizon is not much

longer. - | ' | |

More fundamental is the redistributive aspect of school finance.
Taxes vary with property; social costs vary with family size; benefits

vary with intellectual bent and professional inTéresT. So zoning is
designed to fepel»families below average in propérTy value per child.
Whoever said that America idolizes motherhood néver looked info'sﬁburban
zoning. Pollfical!y, those waTh large prOperTy tend to Join with rhose of
- low |n+ellecTua! bent to oppose schools. This is a hard combination To
beat. ‘ . »

That all follows from states' requiring localities fovmake schools
cormmon éf local expense, and then delegaTing zdn{ng power ta localities.
The Tragedy-is that the combina?fon_of institutions makes'schools, a
Mass SyéTem with decreasing costs, appear to localities like a fixed re~

source that needs to be protected from congestion. Thelr zoning defense
‘against |mmlgraF|on of children not only is bad for chlldren and schools

but for all Mass Systems that require high density.



Some Problems of Capt?al Cosfs

>Unaven Aqe of CIA Individuals

So fdr we have Treafed The CIA as Though all members were old and
lzrgely deprec:aTed In fact, they are likely to be of uneven age be-
cause few areas are fully developed all at once. Some will need early
replacement when others are brand new. This fs one of the cosfs of
spotty urban expansion. And at best they fail individually for Theif
separate reasons. . ' | '

Part of the current cost of maintaining the CIA therefore is Tne
' capztal cost of replacing its falllng members. This might seem to weight
~ the balance unfairly, but anyone who has nursed an old car understands
the problem: someday it has to be Jjunked in spife of new radiator and
gas pump. - v
Thls‘facfor can add materially to CIA costs. For a basis of estimate,
let us assume that the uneven ages of CIA members are perfec?!y staggered
and that all have the same life (L). Every year, l-sndlvaduais are re-

L 3
placed. The yearly cost is Co, where C is the capital cost of the entire

ClA. b , , , |
» - This is nearly balf of what we would have to assign for level amorQ
tization of C over L years, if we were burldyng the entire CIA new QTTH‘
~a full life ahead. The level amortization factor fs The capital. recovery
factor (CRF), i (see Appendix 1, Table 2, and thure 4,
-0+t . |
f Lis 25, so L is .04, the faci'or is .09 (if i}‘iis .08).

Thls sharply limits the advanTage a ClA may claim by virtue of being
a defender, Not all its capital costs really are sunP'_buf only some
: fraction, dependlng on the actual pattern of uneven aging.
| This economic I:abllnfy of staggered ClA's may be a political asset,
~however. Owners of nearly new appara?n vnew it as the greatest hardship
and oppressson to be assessed for a mass system that duplicates their ‘
apparati's function. A loss unequal ly dlsfrlbufed arouses more effecflve'
political action than the same loss spread even!y, so the plIghT of the

few is overweighted. ' ' )
The problem ts'aggravafed a step further if demand is growing, and

it usually is because demand growth is what brings us fo Thelfhreshold
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of the méss:SYSTem Then more Than —-% of The apparaTi are likely to be

new, and more than - % To require capital costs next year because there

is growrh on top of replacemen?

Marginal Cost Pricing and Plant Decay

As the marg?nalisfs have shown, after a planf is built price should
be set to equal skort-run marginal cost (SMC). Long-run marginal cost
(LMC) becomes qrreievanT Economists have deveioped this mosfly in respec?

to demand shifts: peak load pricing responsive to dasly, weekly, and

seasonal cycles of demand. They have done less with demand growfh during

plant Life, as with HoTefllng s br}dge Tha+ gets crowded, and | will return

to that shortly. First, There is another sor+ of shift in opflma! price

that is critical and general, which the l|+erafure neglects. This is from
the slow rise of SMC that occurs over Life. Like people, old p:pes suffer
from afherosclerOSIS failing joints, and fatigue: "decay".

As a planf decays it loses capacity. It becomes in effect a smaller
plant. The SMC curve rises; optimal user-charge rises; op+fmai vo{umn
falls; and net benefits fal! v ’

' Anflcapafed short-run behavror bears on long-run deCISIOHS. Perhaps

the prospect of decay and our response fo i+ should modify our criterion

“of when to build a plant to begin with. I+ cerfa;niy requires us to

specafy what we mean by LMC. This is a useful exercise in any event.

Many find LMC an elusive concep? even in the absence of decay—wsome in—

deed, deny Thaf it can be defined usefully at all, In the proceas we

can develop some background theory needed to handle +he tricky r:pen:ng
problems, treated nexT that arise when demand grows year by year. Ve
need insight into +he relations of SMC and LMC. We need some capital
theory to al locate capital costs among years. This is cenfral tTo speccfy-'
ing a replacement date (R-date) because the date may vary w:?h how much ‘
capital cost we allocate to year zero. o '

Micro and capital theory have been able to skirt These quesfnons'

thanks to two plausible devices which are good enough for rough purposes

but do not face the matter of plant decay.

Standard micro texts generally note that at the ldeal plant size
when SAC TangenT LAC it is also necessarliy true that SMC = LMC. They
are silent on plant decay (and usually on demand growth, too), dlverflng

us with the old +tale of Viner's draftsman, so there is no problem Short-
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and long-run marginal cost pricing are the same.v This‘is indéed a useful
and central felafionship, but the device needs more work. to guide us when
SAC rise each year. What do we do when SAC refuses to stay put?

The device of'capifai theory is level yeariy amortization., By this
technique, capital charges are spread evenly over Llfe 5o FC are doubiy
v"flxed"u—l -€., invariant with time as well as with volume, although the
meaning of "fixed" in production economics |s only the latter. ,

: Now level yearly amorflzaflon happens to be %heore+:cal|y correct
in The spec;al one-hoss shay case when a plant does not decay--SAC is
flxed~~unf|l it suddenly collapses (Appendix I). This is not because
deprecnaflon is constant over Life buf because the sum of Tnterest and
~depreciation is, Value deprecnafes, even though service-flow does noT
~ decay, because col!apse nears and future Life decflnes with each pass;ng
year. ' A
| This device lets us follow a plant through Life and never change the
FC or The VC. Both are invariant., And it helps us forget that Life i+-
self is a variable subject to economic constraints and that economists .
should not Jus+ accept given Lives but help determine them. _

Potential problems arise because the use of level amorTnzaTaon is
. so seduc+|vely neat a solution to a forbidding problem that we are tempted
to use it alvays, even though in general plants do decay. Th;s could lead
to some error in deciding when to bulld a plant by havung us aiiocafe too -
little FC to year zero and be over-enchanted by the low var:able costs
' (VC), which are minimal in yéar zero. ER v ,
|  Now if demand never grew over Tlme, this error would be easily avoid-
ed by requiring candidate plants to prove their worth over whole-Life as

well as in year zero. A plant would be submarginal unless the present
| value of the sum of DMC over Life fell below the presenf value of the

- sum of DMB. We could convert each of these present values from fump sums
~ to the annuities of the same present values,? and call them the bMC and
DMB, and proceed as before, a0 Allocaflon of FC among years would not be

: necessary.

SMultiply them by the Capital Recovery Factor. See Appendix !

1°No+e we cannot convert the entire curves of cost and demand in this
vay, and use Thecr intersection to determine volume. The intersection
moves each year, and we must follow it year by year. One must itemize be-
fore lumping. ' : :



The problem arises when demand is growang sfeddriy, year by year.
This is a condition we have assumed away but will dwell on from here on.
Now year zero must be evaluated singly. When demand is growing there are
many plants that will be supramarginal over whole Life, some of which will
be submarginal in their early years——"premarginal". To select the best
first year, which is the R-date we seek, it isvhelpful tTo screen out years

Thaf are premarginal, For this, we must allocate FC among years. Benefits

in year zero must cover not just the low variable costs (VC) but also the

FC of year zero. There is nothing about the flx;Ty of "fuxed" costs that

prevents our withholding them, before we |nvesf them, from any first year

- that does not cover. them. Caplfal cosTs are lumpy, or indivisible over

Life, buT that does not prevenT our advancing or refardsng the whole
Life-span, - _ } ” S

If we believed, as many people'do that amorfizafion schedules are
Just arbitrary, we would be Tempted to buu!d as soon as DMB covered ‘ v
DVC alone--no need to cover arbitrary costs that are made up later, How-

ever, common sense says we should at least earn interest on caplfal (C 3R

- Committing C an extra year is cIearIy a cost. Even if the date of p]anf

demolition were pre-ordained, so an extra first year appeared to come free
of exfra C 55 Tt would Tae up C an extra year., _ ’

How abouf dej:are\':xa’r:on'F Here is where the issues arise. Under level
amorflza+|on, depreciation is very smal! in year zero, and rises each year |
by the interest rate (i) (Appendix 1). This is based on no decay, and is
materially slower at first than true deprecuaflon. _

There 'is no marke? in used Mass Systems, so whaf’ls the value that
depreciates? The p]anf is valued internally. Value is the present value
of future service flow (SF). True depreciation is the drop in this presenf

value eeach year.

- For decaylng plants, fhe loss of year zero lowers value more than for

‘one-hoss shays, because this is the best year of their Lives. This is

especially strong when demand |s growing. There is a real benefit in match-

ing the best plan+~years with larger demand; hence a real loss in wasting

the best years on the small, early demand. In the extreme, you can !maglne

a marglnal case where demand grew slowly at the precise rate a plant de-

cayed, so that by building a year too ear]y every year was changed from

net gain to net loss,
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- tn the maThemaTicé of depreciation, it turns out that the !ower'VC
»AoF year zero of a decaying plant are exacf!y of fset by higher depreciation
&Aﬂnendax Y. This is essenf1ally because depreciation is the loss of the
service-flow of the first year (SF) less the growth in present value (PV)
'”of SF to SFL,‘aII of whlch apprec:afe by © because they move a year near-»
er +he present. But Thts growth is the same as interest on remaining

capital value, because Z [%F (r+n f] 18 remaining capital value.

Depreciation = SF - i-PV
v ‘SFV = Depreciation + i-*PV : .
Thus true depreciation plus interest always exhaust SF. FC and SF ére
equal. Lower VC mean higher FC of like amount. o o
A common sense explanation is that you do not wanTvyéur plant suffer-
ing deéay when few people are using it. The decay of each year is an in-
A put given to the customers of that year, and their demand should cover it,
Whatever its fragrance, it would be wasted on +the desert air. This, inci-
dentally, points up what should be obvious; that my "decay"'refers’only
to Tlme—deprec13+|on. Use~deprec1aT|on is a VC, and should be pIugged in
-~ there. o B
The upshot is that a planfvof given Co and PV should ho+ be built any |
earlier by virtue of lower VC (hence higher SF) in its first years. A
- marginal candidate decaying plant whose Co'equals PY¥ from future SF doés
not yield any first year surplus by virtue of lower early VC. The total
costs allocated to year zero are independent of the actual time patterns
- of decay, not because annual amortization is level but because it is not:

<L

it conpensates auTomaTlcally for higher yearly SF, Wthh are xmplaed by
lower yearly VC. , '
| 5o there is nothing about plant decay to hake us build earlier than
we would if the same present values were derived from fixed short run
cost curves, This may give us more confidence in the use of the sumpilfy~
ing concept of LMC. Micro does not stray by neglecflng decay; capital
Theory may in its one-hoss shay. _ ‘ - ‘
There is another related facfof however, which does let Qs bﬁifd
a little earlier. That is locational obsolescence (LOY. SF declines not
JUST because of physical decay but also LO. LO is the yearly rise in
The opportunity cost of the site under the plant, which equals interest
on current site value (Sn).
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~ Growing demand raises gross SF each year bu% it raises S-i by more
and therefore reduces net SF As Life progresses, This hasfens death,
and speeds the drop in pIan+ value. Now This'mighT seem just like decay,
but it has an important difference. LO is independent of when a plant is
buitf. 10 reflects that a planf becomes too small, as demand grows, for
the site it preempts. If a plant of given size is built a year earlier,
this does not advance LO by a year (assuming demand exogenous) . »

So the LO of the first year is free. The effect of LO on end—of—
Life depends on planf size and demand, not on when you build.

Thus, in assigning FC to year zero, we must dos+fngu13h decay from
‘obsolescence. Decay is the drop in the part of SF imputable to the plant
capital, and SF imputable +o plant: caplfa! is gross yield above the
rising base, S-i. The drOp in value due to obsoiescence is not a cost
assignable to year zero. That is, take any R-date and ask, "Why not
build a year eari{ier?" IT would advance decay, Thaflis a cost. 1T would
advance the interest bill, that is a cost. But it would not advance lo-
cational obsolescence at all. LO derives from the rise of s whlch is
- exogenous, except as hereafter noted.!! »

Ihfroduc:ng LO leads us into a whole new world of isgues fha? bear
.'onvreplacemenf policy. These are so important, and modify our f:nd:ngs

so much, that they deserve separate treatment, which follaws.

Growing Demand

The analysis fo here has been one of comparative statics, and ?here—
fore incomplete and a littie unworldly. We have deTermlned how far to
the right a demand curve must "be" +o warrant bulldrng the Mass Sysfem
This follows the simplified conventions of micro Theory.A But implicit
in the question is that the demand curve is Travel!rng,v|nch|ngbcon+|nuaily
to the right year by year. This is a more general condition, certainly.

It requires we adapt the simple solution to a dynamic world, - =

The Rise of Attainable Unit Costs

With steadily growing demand, it now becomes’ |mp055|ble fo af+arn

unit costs as low as shown in the conventional LAC envelope curve, because

v 1lyp¢ demand growth results from building the planT this furns ouf
on balance to argue for earlier R-date, anyway .
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bdemand passes Through the op%lmal infersecfeon of SMC and LMC where SAC tan-
gent LAC, only once in any plant's life-range. zv Buring the rest of a plant's
Life, it is the wrong size, so unit costs lie above the envelope curve,

v " ln addition, the entire SAC curveirises because of shorter life. ‘
That is, iniTEaI'capifal costs (C ) can be spread over fewer years, Loca-
tional obsolescence sets in as soon as a plant is buvl? because growing )
demand keeps raising pofenfial rent from a higher future use for the site~-
~in this case, the "intersite", This higher future rent from'a second
lgenerafion (Gz) Challenger will shorten Life, and raise annual-capifal
~costs. If abrupt and rapid enough, it can render a good plant submarginal.
This is no sort of tragedy, to be sure. Higher demand means higher

yrenTs, and it is only to take ful| advantage. of these new opporfunities -

~ that we raise annual costs. The only cause for dismay is that we have

‘more thinking ahead to adapf to the new condition. We still want to op- ;-

timize, and the first viable plant on Flgure 2 may be submarginal |f i

will not last long enough. to pay out.

Convenflona! analysis is silent on p!anf Life and its defermnnanfs,»v
but by SIlence it implies ultimate replacement with an identical plant
yielding the same rent. The need ‘o rep lace results only from physical
depreciation. Now we add Iocafxonai obsoiescence and of course the
extra factor shortens Life.

Coupling growing demand with the decay factor of (F. 2) we see a
~ doub le-barrelled effect on Life. As a plant ages, it loses capacrfy,v
while growing demand catls for greater capacity. The comb i nation may

tead to materially shorter plant Lives than do s?aTlc assumptions.

On the other hand, Life may shorten a good deal without raising
yearly FC very much. putting it another way, it is possible to recover
initial capital (C ) many years sooner by only a small increase in annual
charges. This is because the early payments are mostly interest (see
Appendix). Table 2 shows the Capital Recovery Factor (CRF)13 for differ-
“ent. pian? Ilves, and interest rates,

121 i fe-range" means the total time between building and scrapping.

- In the present context, | henceforth sue sumply "Life" to mean Thls range
of years.
13CRF, recall‘ is The annual installment needed to retire a deb?
of | inL years at i interest. v
| ' ~ CRF = o

et
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TABLE 2 ‘ ‘
Capital Recovery Factors (CRF) for selected Lives-

and interest rates, CRF = o

| (1 + )7t
Int. rate Life (years): , » : ,

. 015 20 25 30 35 a0 45 s
.04 123,090 .074 .064 .058 .055 051 048" .047
.06 -136.105 .087 .078 .073 .069 .066 .065 .063
08 .149 117 .102 .094 .089 .086 . .084 .083 .082

- Note that you can always cut Life in half without doubling the annual
charge, even in +the upperlleff reaches of Table 2 which représent short
lives and low interest rates, In the more réievan+ lower right, you can
halve Life from 50 to 25 by'raising the installment from .082 to ,094,
that is by 1.5%. Even this overstates the true elasticity involved because
of the gross change assumed. |f we cut Life from 50 years to 49, by 2%,
CRF rises from .8!743 +o -81886, by 17 of one percent.l® o
' ‘Figure 4 is CRF as a function o#ogife on a {og—{og scale, where nega~.

“tive slope is elasticity. The curves are concave‘upwards and flatten out -
on the right, approaching the interest rate as an‘asympfofe. .

In my experience, these functions and their implications are not
WIdely understood. lfvis general ly regarded as prodigal to Tﬁfnk of
amortizing a major pubiic work over a small number of years like 15 or 20,
And yet economies of longevity are so largely exhausted by Spreading a -
cost over 20 years that further savings are trivial compared ‘o oTHer common
facfors. Looking at the converse, that means the extra Qeafly errhead
cost due to shortening Life is small relative to the gains from greater
.'adapfabilify to growing demand. _ ' |
‘ Ve need not raise the SAC curves much on account of shorter Lives;vv

until we get into short ones under 15 or 20 years. However, that is

Note in passing that CRFs are much more sensitive to interest
rates than to Lives; and that sensitivity o Lives is tess at higher
interest rates, ‘ : -
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FIGURE 4 -
CépjTai Recovery Factors (CRF) for selected Lives
and interest rates. = CRF = i
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exacr]y the range of Lives we may expect to get |nro under COﬂdITlOHS of
progressive obsolescence Since a plant becomes the wrong size qutckly
after being built, we would build a new one every year, fitted fo current
» demand, if there were no economies of Iongev;Ty at alt. Thus we could
| stay on the envelope LAC curve. There must be substantial extra annual
costs from shorTenlng Life by another year to prevent our doing it. Ve
will find an equilibrium Life where The SAC curves and their envelope are
all somewhat higher than under sTaTlc conditions, but attainable costs
are somewhat lower because we can STICk closer to the hlgher envelope
curve. | refurn to this and d:scuss what ‘o maxnm:ze, under (G.2) “Rip-
‘ening", below. : | a N
Nafurally, we fry to minimize the rise of attainable unit costs in
many ways. Shortening Life is one, as we have just seen. I+ rajsées each
SAC curve; yet this turns out to be a smal| prlce for the greaf benefit
of enlarglng the plant more often to i+ the shifting demand. ‘

Other adjustments are fairly straightforward. Given that rep lacement -
must be discrete and periodic, a wide range of each SAC curve becomes re-
levant rather than merely the single tangency with LAC A plant may be
adap%ed to a wider range of demand in a variety of ways. A small rise of |
unit cost at the optimal volume may be absorbed in order to Iower The '
SAC for other volumes. Thus, added outlays for tighter Jo:nfs Wt11 a!iow

later use of hlgher pressure to increase flow in plpeS of. f:xed dlamefer.

As will emerge, only volumes larger than optimal are very relevanf
This adaptation thus becomes similar simply to buu!dlng a Iarger planf
‘analyzed below (G.2 YRipening™).

An obvious adaptation is to subsfsfufe varnabie for ftxed cosfs ,
Greater use of pressure boosTers in preference to line mafer:a! is. an i-
example. ' , S a ‘

AnoTher adaptation is To cut down on costs whose funcfson is marnly
to lengthen plant Life. Longevity is now limited by capaC|Ty rather than
durability, Outiays to extend physical Life beyond economic Life are |
wasted. Thus the use of costlier or bulkler materials whose virtue is
~ greater resistance to corrosion and decay after 30 years is unnecessary.

 The net result of these savings is not to cut annual costs from the static
level, because jf outlays for durab;liTy were we!f~advised,under static
demand they would lower annual costs. The savings here'merelybfempervfhe

rise of annual costs,
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ALl that has its effect on the differential advantage of larger
plants. Growing demand raises attainable unit costs more for smaller than
targer plants. This partly because the SAC curves become flatter as plants
become larger,.so demand curves can travel further without raising SAC so
much. ~ They become flaffervbecause at larger capaciTy any absolute in-
crease of load is a smaller percentage of the whole and presses less sm~
porfunately on plant capacity. Second, larger plants come nearer to
~exhausting all net scale economies. This reduces the differential advan-
vfage of the second generation plant {GZ) ovef its predecessor (G.), so the
Life of a targer plant of GI is less shortened by ifs_GZ’s chafienge»fhan
~is the Life of a smaller plant, This can be a paramount factor for the
smallest Challenger plants that appear viable on the static LAC curve.

" Their yearly FC rise so high that they become submarginalv even though
grow:ng demand increases their gross yearly benefits in later years,

Also, lower AFC of larger plants means less absolufe exira AFC of
‘»such shortening as is necessary, the extra being a proportion of the
‘base. Note that the share of AFC in ATC drops as we move right on the
curve to 1arger plants. That is, Iarger plants spread their overhead
among more buyers, but do not reduce variable costs per buyer so much,

a relation consistent with observation and theory 15 So The percentage
decline of AFC is greater than that of ATC for targer plants. Since it
is the yearly FC which rise when we compress Life, and growing demand
reqU|res us to compress Life, fhls is an added advanfage for Iarger '
plants, beyond what shows on the static LAC curve. Third, fhe optimal
time tobegin Life of a larger plant turns out fo be earlier than %he
Tangericy of SAC and the envelope-—a matter explored below. This lets -
it lead demand by some years, spreading ‘cost over a longer Life.

The combined effect of these cost changes is to make ps think more
seriously about deferring R-date so we may build a larger plant. However,
vie have not entirely seftled how demand growth affects R-date anyway. In
the process of doing that, we can weave all factors :nTo an lnfegrafed

solution.

15This'may not be immediately obvious. I+ follows from the relation
that LMC gets nearer to 100% of LAC as LAC flattens to a minimum; and SMC =
LMC at ideal plant output. Our Figures | and 2 do not show this finer point,
as a constant power rule of scale economies was followed in drawing LAC in
~all its reaches, so on the Flgures LMC = 50% LAC at all points. The relevant
visual model| for this point is the U—shaped LAC of conventional micro theory.
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Ripeninq:_When to Build What

~The time to buiid any given Plant (Pn) we have seen is the first
year when current benefits cover variable costs plus the fixed cost

-correcfly assignable to year zero, these coverlng ;nferesf depre iation,

~ and decay, but not locational obsolescence.

To build sooner would lose net benefits in the first year. Benefits
m:ghT cover variable costs, but they need also cover fixed costs in year
one; that is, they must yield interest to warrant commi t+ing capifal during
that year,'and warrant losing some of the capital by depreciation. There
is in general no compensating gain from Plant One. (P ) +o requite any .
toss taken in premarginal years. ~The pos:five renfs in after years would
be reaped just as well by a plant built later. o

This does not mean we altogether abandon The behesf to buel ahead
of demand to achieve scale and lower costs. The criterion stll has us
- build a planT when demand is too smal! 1o achleve minimum SAC when bui I,

’ JUST as in the static case. SAC Then falls over a reach as demand grows.
vln addition, we will see there is some gain in advancnng the second gene-
ration plant by a year, but this will fit into place in the tater d;scuss:on
of future generations. There may also be a stimulus to demand discussed
later: here we assume demand growth is given exogenousiy.

To buiid this Plant later would lose a year s rent, again for no iafer‘
gain., So fhe optimal Renewal date (R-date) is quzTe defermlnafen—for any
~given plant, ’

Let us begin with the first Plant whose farsf year- yieids a posxfive
rent1® ang céil it PI' Ve rule out all prior ptanfs and dates, even though
some of them would yield pos:Tave net rents over Life, because it is self—
evident there is no gain in l05|ng money when you do not have To.'

But that means we have already dec:ded that Psis superior to prior
plants of pos:flve net value. Is |+ not then also possihble that PI
inferior to a later plant of still hlgher net value? We would not build
Pl any later; but we might wait to build P2, a Iarger planf of lower SAC
iover most of its Life as demand keeps growing. It is not enough for the
Challenger to preva:! over the defender of the past; he musf outdo o:her

Challengers from the future.

16For 5|mp!:c1fy, from here on "rent" means the extra rent of the mass
Chaflengor over the ClA defender, except as specified.



Th:s is the old doctrine of ripening associated with R. T. Ely.‘

"HE O buy fand and hold it for appropriate use, | perform ocra! servncé.
A tot suitable for a fine downtown office building may otherwise be im-
proved with a very different, inferior bunldtng and hinder permanent
improvement. . ."7 "I+ would be in +the end a waste to put upon this
land inferior buildings which would have to be torn down,"18

Elyvasked his doctrine +6 carry more wefghf>+han it would bear in
the suburban land boom of the '+wenT|es and he and Wehrweln finally
accepfed Simpson and Burton's revised metaphor of "cold storage®.19
Touring the suburbs today, one gets an urge to take out Simpson and Burfon
again. Yet there is soemthing to Ely s idea, which has been around at
least since Ecclesuasfes Fil, "To everything there is a season, and a time
to every purpose under the heaven." Perhaps he applied it to the wrong
vs;fes at the wrong time. It is more compelling apropos our infersite sec~

 SHor where the future promlses not mereiy a higher use but lower unit cosfs,
too. '

Since ?he Iarger plahf (Pz) has higher costs af_firs+,>br requires:
larger volume to achieve given costs, it is still green when P[ is ripe. lf
we want it, we are better off to wait for i+. The issue therefore resolves
itself into defining and balancing The gains ahd costs of waiting. Many
economists at this point advise one to select +the future plant "of highest

‘present value". It is a good reflex, yet not good enough, for after each
“alternative pianf there looms a chain of successors. We will presenfly

- develop some sumple algebraic +ools to handle this compilcarlon and maxi-
mize present value of the series (PVS). We will see that this is consistent
with our basic criterion of maximizing renT ‘whereas maximizing present

': value of the first generation plant (G ) alone is not., The mathematics
becomes simple, however, only by f:rsT defining terms and clarifying issues.

- Let us itemize and analyze the gains and costs of walflng.

The gains of waiting., The basic gain is the lower SAC2curve of a larger

‘pIanT (PZ)’ not just at the tangency with LAC buf increasingly with time and

17, T. Ely, "Land Specuia+|on,"‘Journai of Farm Economics 2:121-36
(1920), p. 127.

18 T, Ety, "Outlines of Land Economics," Ann Arbor: Institute for
Research in Land Economics, 1922 (m:meograph) p. 104, '

194, p. Simpson and E, R, Burton, The Valuation of Vacant Land in
Suburban- Areas, (Evanston: NorThwesfern University Press, 1931) p. 44.




larger vo!umes. We have already stressed how The advanfage of larger pianT*
gains by dynamic growing of demand. _ -

The lower SM02 allows larger volumes, as well, by repetition of the
reasoning of Figures 2 and 3. ‘ ‘

This is some gain, but mixed, for the margina| vqume is at a low ‘

reach of the demand curve, IimiTing its value. Aiso, the future rents

' - must be discounted, and the dascounf factor grows geomeTrlcaIIy with time

whereas demand (by assumption) grows arithmetically, and volume slower

than that as SMC rise. . ' , N
Gain 2 a small one, is that the op+|mal R—dafe of ali planfs (P )

larger than PI (the first marginal one) 1s slightly left of SAC fangenf LAC,
The difficulty of this finer point IS greater than its zmporfance.

I include it to anticipate any confusion’ 1T might occasion if left |mpI|csT.

' The R-date advances because al | tangencies to the right of P"s

(i.e., SACI‘fangenT LAC) must yield a surplus. ThIS follows because P

breaks even at its tangency. When the demand curve has risen, it i:es v

abovebLMC all the way to the new intersection which determines the size of

P, where LMC = SMC, and LAC fangen'Jr'SAcZ

: before the demand curve has risen this far; otherwise it is overripe.

P, should therefore be started

Of course the in-between plant smaller than P whose SAC tangent LAC
at this earlier time is also overripe then, and so en back To P where
the R-dates converge. So there is no ambiquity over whaflplanf is r;pe on
‘any given date. o | » o
~Thus, we see a reason why larger plants can spread their FC over
more years. As demand grows, the plants becoming sucéessive!y ripe are
larger than those whose SAC tangent LCA at the intersection of demand and
LMC. And this effec+ grows as the lufefsme rents of planTs grow. ’
- Gain 3 is better foresight. As a generality, this argument has no .
A »va!ue for it will be equally enervafsng next year--more so, perhaps, beca_se
~next year! s optimal plant requires a longer forecast. There is only = '
gain if the current rate of clarification is above the fufure.:

"Uncertalnty" is not a good general stall, either. I+ is valid if

you suspect future demand will grow faster than forecast. On the other
~hand, if you suspect it will grow less, that argues for building earlier—-
the smaller plant, of course, If you think the fog will 1ift in 15 to

20 years, that gives time to amortize a small interim plant.
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Gain 4 is added'producT|VI+y. This is a normal expectation. TTV
means a later plant enjoys lower costs and glves better service, Thanks'
to fechnolog|CdI advance as well as scale, and fortifies the advantages
of larger plants. |

Gain 5 is higher costs of the existing Defender CIA. I+ may seem
~odd to call this a gain, bu+ the rents of our ai+erna+:ve Challenger planfs
are just their advantages over the CIA. The worse the ClIA, the greater the |
- gains. It satisfies common sense to think of fhe galns as another year s
use from the old CIA plants. ‘ » ‘

"Gain 6 can be reduced cost of inpﬁfs. This migﬁT seem far-fetched ‘
lfoday, but not at all. When we correct for depreciation of the do!lar most -
raw materials have fallen secularly for some time, and probably will conti-
nue to. The most amporfanf input by all odds is borrowed money, and there
is always a chance of lower future interest rates, although | do not ‘
foresee that now myself. I+ would be wrong to argue that accelerated
future lnfla+|on is equivalent to lower future real rates of interest, be-
cause money borrowed this year for a !ong Term W|ll enjoy this benef|+
almost as much as money borrowed in the future.

Gain 7 is that the U. S. may'help pay. Socially this is spurious,
of course. It is an effective delayer of many good works, however, and
sociélly quite damaging, especially in conjunction with other federal ‘
programs of the reverse twist where works are accelerated +o capture mafch—_
. |ng funds before +hey run out, ' S _

There then, are the wiles of Scheherazade._ One should hear them ‘
skeptically, for with these a confirmed fempor;zer Can procrastinate with=
out end So let us now piay the other side of the waiting game,

The costs of waiting. The major loss is deferral of rent or net benefn?s.

Costs, to be sure, are also deferred, but Th;s defers benefits over cosfs and
there is the loss. , ‘ : o
The lost rent of Pl's year O, taken singly, is of little moment, for
year zero Is marginal. But by the time P2's flrsf_year‘[s margxnal, Pl
would have been postmarginal and rent-yielding. Looking forward and com-
paring the respective successor plants in the P]~series, the same is true
a fortiori because of P2's longer Life; but | defer this for separate

treatment.
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On balance, Then,vP[ yields smaller net rents than 92, but yieids
them sooner. To sacrifice P!‘for P2 is an investment. The thing invested

is the sacrificed net present value of P The thing gained in return is

the net present value of P later, when P2 is ripe. The cost is interes—

over the period of waifingzon the value invested. The investment is geod

if it yields a competitive rate of return. Let MPV be the "Moving Present
Value" at the start of year n for Plant n; ie? L be inferest rate. Deferral
To m pays if MPVmY__MDVn(I + ;)m " This is equ;vaienf to The rule of maxi-
mizing present value (from a fixed date of reference) and is all right

as far as it goes, which is only into the flrsf generation. e will see '
that it becomes complete when extended to comprehend ail. ,

Cost 2 is deferral of demand. | have treated hereto only the exoganous N
aspect of demand but where the Mass System is prerequusn?e to immigration v
there must be some fag rn attracting demand. It is not enough To prociaim
-an intent to build. Cement is more credible, and the market respondé. The
present bufidup of future demand, discounted, may be treated as a current
revenue. While that may sound fuzzy, it has an observable index in ?he
rise of land values before use, This is too parlous and COmplex a fopic
- to elaborate here, but there is something to it. The Ha;g-Slmons doctrins
| tells us Thaf caplfa! gains are income at the time They accrue, if 50, v
advanced land values represent benefits at the time they advance. And we
mus+ nof fall to treat the enhanced capital value of the intersite enuerprlse
the same way, and the advanced treasury equity, foo. On the other hand, we
- must beware of soft land values traded on +thin equities with easy credit, Ve
must beware of sheer land bubbles., We must heware of claiming credit for.
exogenous demand’incremen?s._ And we must beware of purely redistributive
gains. ’ | ' | -

Cost 3 is future inflation of input prices. "Buuld before costs rise
again": one hears this rationale constantly and it may sound ignorant
because pure inflation is a purely illusory cost of waiting. But financing
with lqhg term bonds changes all that. Future inffafion means a - lower real
rate of interest than the specious one. Lower interest rates reduce the
disadvantage of incurring costs sooner raTher Than later. ‘

However, this is doub le-edged. Lower intferest rates also reduce. the
disadvantage of receiving revenues later. Since revenues are gréafer than
“costs, and larger plants mature later than smaller ones, the révenue side

is stronger, The net effect of lower interest rates is to favor wai+ing;
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23 summed up under Cost #1. So this most common ot lmpOFTUHIDQS may serve
tetter as a sedaflve alThough there is a good deal of play in the comp lex—
'J-zes. Cost 3 turns out to be Gain 8.

Cost 4 js ThaT demand may. not grow as expecTed This is very small,
because the fost years of PI were close To marginal, and fhe option has
not been lost of building P’ fater. . v . v o

- Cost 5 is the loss of limited Federal matching funds, discussed with
Gain 7. 1+ fs spurious, from the social viewpoint.,

Cost 6 is the loss Of;°or failure to acquire the site, as by franchise,
ticense, monopoly, etc. This is generally purely acquisitive and therefore
spurious, although occasionally an easement might be saved from irreversi-
bie foss to a lower use. This is a paramount motive in praciice for pre-
mature extensions of Mass Sys?ems into unripe Terr:fory. In conjunction
with the decentralis+ b!as in rate-making (Ex. | and 2 above), it works
mischief too extensive for a few words adequately to damn

The cost of deferrlng succession., All the galns and costs of walllna

can find sockets now in a simple model where The basic cost is snfere:f on
~the Moving Present Va!ue (MPV) and the gain is growTh of MPV

It is time to ask present value of what? Many econom;sfs are satis-
fied To look only to the first genera+ion believing iafér'values to be
negligibly smali. In the present vase of growing demand and decreasing
costs and rap:d obsolescenca,bfhaf cannot be. - We have seen that the L:fev
of the first qeneraflon in any series (G } is compressed by The»rféing
ichalienge of Gz, SO much so as to raise yearly FC materialiy. We have
seen this implies a Life compressed to 20 years or so. Values after 20
years, especially higher ones, are not negligible today. 1f they were,
they would tack power to make us compress Life and raise yearly FC in the
‘present.  To sacrzf!ce» these successors of Pl must add materially to the
cost of sacrificing PIGI AT the same time, gaining the successors of P
adds to the gain of waiting, so it is not altogether one—SIded but a
qups?lon of which is larger. _ ‘ '

As it turns out, a showdown based OnvG' alone is badly biased aga?nsf
‘The smaller plant, Pl' With growing demand, natural ly P shines because
it is geared to growth. Comparing only the G.'s of Plband PZ’ TheAana!ysf

o
may either assume equal Lives, or let P2 fast longer. If he assumes equal
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Lives, he stretches Pl into a Prdcfusfean posf—re+iremenf career béyond its
capacity where it compares badly with the larger P2‘ Even worse is to let
P2 fast lJonger: PV varies directly with Life, so The PY of P2 gains from
the extra years denied to Pl' - : ‘

Less biased is to find present values by capitalizing yearly rent from
'Pl and P2. Yearly Rent is normalized to adjust for’differenT Lives. '
It is a sort of yearly average of net benefits over Life, adjusted for +ime
(see Appendix 2), However, this turns out to be a sneakvaay of infroducing
successor generations: “Capitalizing” assuﬁes perpetual Life. Capitalizing
vyear!y'renfbfro@ Gl gives the PV of Gl plus an endiess chain of identical
successors {(see Appendix 2), ' . ‘

This is an improvement, but givés the PV we seek on!yiin the speéial ,
case of identical successors. ' It falls weil below +hé‘PV we seek'now, that
of a series of ever grander successors that expand ahead. In the spetiail
case of constant rent, the cost of waiting, MPV-i, is simply yearly renf,v

because MPV = R?nf . In the present case of higher rent from superior E

~successors, the cost of waiting is more than the lost rent of the year's

~deferral. There is an extra cost due to deferring higher future reh?s.zﬂ
Let us lay a basis for estimating how much of waiting cost stems from

lafer generations. Let Gn be the Present Value of Gn on its R-date, S s

- present value of the site. Begin with the case of equal successors, so

every Gn is the same.

S= 6 . (see Appendix 2
-1+ D7h | - |

The share of S derived from !afer generations is:

~-L

S-G =1 =6G=(l+1)
5 5

CAny value of (1 + )7F s easy to look up, or to estimate from the

quite accurate rule of thumb that it halves every i%g- years. Thus at

- 20The extra cost may aiso take the form of shortening G, buf-opftﬁal
Life is determined so that this cost would equal the other, 'That is how
one chooses the Life that miximizes PV for any series,
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7.2% and 20 yeafs it halves twice, so the share of future genaraflon is %w
That means they add %—To the PV of G ,'and ; to the cost of waiting.

- That is a minimum estimate based on equal succes sors With superior
successors S rises, so the ratio —-faIIs and the exfra co;f of deferrlng

S
future generations rises. In a simple growrh mode | :

cm . G,
l-(lfi)‘L(lfg)

Where g is a constant percentage by which succeedlng generations oufva!ue

one another (Appendix 2). Now the share of future generations is:

| -§-=E - 1=t + D + 9{' = (1 + i)‘Lu g
»Ifbg = 100%, (1 % g) 2 and the share of fu?ure generaflons is %3 meaning
they double the PV of the site.?l ‘

That model needs modtfyxng because The prospecf of rent's doubling
~every 20 years forever is hard to credit. Efernal unfolding vistas are all
very well in the after-life, byt on the finite Earth that could cause a
lot of trouble, esPectaily in this case where higher density is the major |

factor increasing rent, Fortunately, most of the effect cqomes from the

first doubling. Suppose 62 = 26, and all future G>2=Gz,‘i.e., remain on
the new plateau. Then the share of G>! is: L
l-2=1- i = 2 =2
5
| + 2 .
S N N S S L

The share of %—means future generations add %-To PVI of G This last

model is in general the most relevant To our case, where There are great

gains at f|r5+ which Taper off +oward a timit,

2IACTuaIIy, the future share may be greafer yet if Lives shorten to
anticipate growfh, raising the value of (I + i), S varies inversely with
L. For brevity | omit this point, which would also require us to recognize
g as a function of Life and lower it for shorter Lives.



' Summing this up, the cost of waiting is the lost infereéf on Gl’ piﬁs
deferral of higher later rents. The latter is interest on the PV of later
genarations, |t adds as mdch as 100% to the cost of waiting. |

Now let us see if there are any offsetting gains from waiting, derived
froh future G>I in the series following P2. There are some gains whenever

any G of P2 yields'more rent than G vof P.. Some such galns are plausible

'._ by repeaflng the same reasoning Thaf makes P2 worth more than P The

i
2 following P2 is build later than the 62 followung Pi and may enjoy greater:

‘demand. lIndeed, if the rate of advantage Is so great that the PV_ of PG,

" equals PV . of Plez (and so for all G ), then the gains of walflng equal
the cosfs.» 1In order for 1his to be, ?he MPV of 62 musf grow a+ the rate
of interest. ' ' ‘ ,
In general, that is uhlikeiy. First, P is longer—l:ved than PI
The deferral of 62 is the sum of the wait p!us the extra Life. Thus to
secure the benefits of P2, we doubly defer the greater benefits of GZ’
Second, added gains. taper off. I+ is entirely possible that PZGZ

will be not at all better than PlGZ’ even though 10-20 years later, That

is the model | suggested above as most relevent. _ ‘
On the other hand, there are circumstances where waiting for Pz'wil!
itself raise the value of GZ’ Suppose we are subdividing land in conjunc—

tion with G!, and every year we wait lets us raise density by reducing
ot size. Subdivision stamps a density pattern on land that may endure.
.Highervdensi+y raises the value of G as much as Gi' To avoid fhevirre~~"
versible damage of permanen+>oversized lots is worth some waiting.

Any preemptive lower use Tﬁaf we let take root may be visited on
the sons, and the sons of the sons, even unto G7 There i$ alWays»grea¥‘de¥igh? in
"rev15|+ing Sam Walter Foss's "The Calf-Path,"22 e

Foss! point, however, was not against the calf, buf the laTer genera-
+ions who followed him. A good deal of "irreversible" damage is only as
permanent as acquiescence lets it be, and we need not visit our sins on _
our sons if we empower them to remake their world for Thexr times. | Indeed

the only sin is b:ndlng future generations to former virtues.

22For the benefit of the young who no longer study the classics, this
recounts how an artery of commerce came to follow a w;ndlng course originally
blazed by a drunken calf. ’ ,
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So how much we may expecT to raise P262 by waiting Today depends ‘on
_how inflexible a set of land-use institutions we leave po;Tern?y. Gfdnfrno

freedom to the future frees us to raise our welfare in the present,

~and who can doubt that the future will benefit, too? So on balance |
recommend we see the results on future generations of waiting primarily

as deferring them without 1mproving_+hem; That means all costs and no

benefits. The added cosTvmay ofTenvbe as shown, on the order of 50% to

lQag. It weighs heav:iy on The side of advanC|ng R-date ?oday.

v Conclusion ‘
As”a!Ways, Iiminof time and space force one to end before satisfying
every expository need or treating every issue. Even if everything advanced
" here is perfectly correct, there is more To do. More is needed én how loca-
tiona! obsolescence affects optimal Life. The effect of +the properfy;?ax
needs treatment: how does it slow private investment responsive and com-
v piemenfary To Mass Systems; how may it be used to speed response; how should
ripening lands outside Mass Systems be assessed and taxed? May land
value increments be used to measure present values of future derived demands°
These must wait on future research, Meantime, | hope these generalized
theoretical notes may help those many economists who are busy proving that
economic analysis applied to specifics holds great lafenf power for razstng

welfare, and can be the mosf relevant of dlSClpllneS.'



APPENDIX 1

Some Basic Mafhema+§cs of Depreciation and Annualization

An asset yielding a level annual flow of a over L years has a value

- V) in any year (n):

- yn-L
_ o=+ " , - : .
= ¥y SE=—=— S R < O T

Depreciation is fhebnega+ive change in»V‘wiTh respect fo n:

dv _ a ' | ~ o }
EE“?EO = dnCl + D)1 + i)"*j C=aal] + P Lj\ 2y

(The above result is simpiified because i = In{l + i) and they cancei

The latter is the continuous rate of interest, convenf:onal!y desugnafed

by the Greek ro, /ﬁ?) The use of this approx;maflon does not lmply any
approximation in the resulf but a trivial adjustment for the fact that
the derivative of the numerator is |ns+anfaneous, while 7 in the denomi-
nator is premised on annual compounding. I weyé were to abandon ca!culus'

and compute the growth of the numerator by simple alngra we would find

2: = ?- 0 - i1+ " E] *'—a(! + :) n-L W|fh no approxnmaflon a+ all.)
InTeresT on the undeprecaafed balance is: K ‘

Vn"i=a[lf(l+‘ijnnl‘] - 3
tnterest plus the posi+EVe value of depreciation is therefore always a:

S ; dv [: . n—E] o neL _ A “

Vn P+ EE— = a - (1 + 1) + all+i) = a (4>

Thus, annual FC, the sum of interest and deprecuafuon is constant over
Life for a plant of constant service flow. Note that the proportions of
interest and depreciation are not fixed, however. lInterest dominates the

~early years; depreciation the later years.

- .63 ~
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The level fiow rhaT reTurns a dollar of cap:fal with interest over L
- years -is known as the Capital Recovery Factor (CRF)}, or the "Annu:fy whose
Present Value is One". It is the reciprocal of the presenf value formula

when n = o, i.e., at birth:

CRF = —mod — __ S
1~ (1+i0) , _ o s 3 (5)
CRF x V = a. Thus the CRF is a coeffncuen* that converts a lump sum
present vaiue intfo the leve! income stream from which :+ was or might have
‘been derived by discounting. It thus fells you what Ieve! income sfream is
| needed to return any capital outlay, with |nferes+ Tables of these co-
‘efficients for different values of L and © are standard, being the basis
of instaliment baymenfs to sefvice,and retire debt.
>‘A déprecia?ion schedule corresponding to the Ievef flow assumption

is not, obviouély,.ifseif level or straight-line. Depreciation is small
at first and rises neérly to a at last. The schedule is implicit in the
"sinking fund” method. Under this method, a level annu:+y (of an amoun+
equal *o a dlscounfed over L years) is paid into a fund. The fund grows
at compound |nferes+ At mafurify the fund equals the orlglnai cost.

The annuity (b) is:

b=V, EL E=a(l+i)“L:I | - (8)
‘ (! + 1) -1 - ' , ,

The fund (F) at any time has the value:

N SR DL v |
T ' N

Depreciation is the growth of the fund.

daF _
dn

—clo"

Il + -+ D= bt + ) ' (8)

To show that the growth of the fund is the same as the depreciation of the

asset, we need show that d@F _ _dv whlch, recali, is all + ()" L ,
dn dn ’
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, : B I
g-£~=b(l+i)n=a]—(:+t) | . (+ pn
| - (+ o
L . =L .
_Lorn--jas i (+ D" = a1 + )L o =V

(1 + b o ST T @

Alternatively, Thisifesulf also follows from an earlier definition
of b: |

b =all + i)t | ‘ 6) .

b+ D" =at+ ™ S e (o)
A plant that yields a declining annual flow "decays™. This increases
its depreciation in early years, relative to later. I+ remains true, how-

ever, ThaT annual flow of every year equals the sum of depreciation plus
lnferesT. This is eaS|esf seen by conceiving of depreciation as the loss
of the value of the flrsf year's flow less the appreciation of future

years' flow which all move one year nearer the present. This ‘appreciation

Is their present value times ©, thus equalling :nferesf on presen+ value

~of the plant. So depreciation equals flow less interest, and Therefore
of course depreciation plus interest always equals the flow.

Algebraically, this approach to deprecna*;on is as follows

l. For a non—decaylng p!anf

n-L
V. =5 I - () + I)
n ) i

| ' . | 7 . » ; . n=L - . . |
Depreciation = a E(;+|)" sl:'“”*" LD ]]
| [I—l+(l+1)nﬂ=a(l+|)nli\]

As before, deprecnafson plus 1n+eres+

§F -

2. For a decaying plant

-1+ i+ @t
= 3

n i

where d is a decay factor added to

interest. Proceed as in (1.
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- If the two plants begin with the same flows (a), the decaying plant
has the smalier value. For it to have the same value, ifs initial fiow

(c) must satisfy:

l-G+i+v o™ " ot
C r; = a N
oot |
_ o 1-a+pt
CcC = 4a

F-(+i+dt

 The higher flow of e in year zero, due to higher volume and lower
variable costs, is exactly balanced by higher depreciation. The extra
depreciation is c-a. Interest in year zero is the same, and slightly
less thereafter. ' '



APFENCIX 2

Some Basic'MafhemaTics of Rert and Capitalization

Rent from an L-year cycle of investment and liquidation on a site is
the level annuity whose present value equals that of the cycle. It is
- found by a threefola process of discounting, summing, and levelling. The

exact recipe is:

Rent = J [(Rn - C O+ ;)'“] i

g L=+ 7t

where»Rn and‘Cn are Revenues and Costs dafed year n, i is interest rate
and L is Life. ‘ _ : ,

The ltevelling device is the Capital Récovery Factor (CRF), discussed
in Appendix | andbfhe text around Table 2 and Ficure 4. v

The sum in brackets is net present value, hencefbrfh P¥.

To capitalize rent in perpetuity, divide by i, Canceliing the numer-
‘ator in the CRF.  The result is PV‘cfvThe site in perpefuify (PVE), assuming
- identical successors. The same result is obfafnedvby sumring an endless .

series of equal PV's separated by I years:
PVS = PV E+ O+ e 12 4 e 0+ ,:)""‘]

=PV ’
-1+t

‘Maximizing Rent or PVS with réspecf to Life yields identical solutions,
since Rent = © « PVS and % is not a function of Life. Thus, makimizing
Rent is consistent with maximizing PVS. Maximizing PV alone, however,
yields much fco long a Life. PV continues to grow with Life so long as

n

R > Cn' Rent and PVS top out long before, since their denominafot'grows
with Life as (1 + i)"L shrinks. They top out when'numerafqr and denomina-

tor grow at the same percentage rates.
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k When successors have;higher PV,FPVS - i > Rent. For example let g

be a growth facter, i > g > 0.

2

FVS = py 1.;._;_*___9_*'.;-&_‘&.&.)_7[_ +...+£_;._+H92_

o+ b (h+ D I

Py
=0 @+ )

ar

The‘pressure of this higher PVS shortens eaéh generafion, as the reader
may confirm by setting the Life-~derivative of PVS equa! to zero, or less
formaify by noting how g in the denominator gives leverage to its percen-
tage growth rate. ' ‘ ' o
(This model overstates fhe case by making g nrdependeﬂf of Life. Space
prevents presenting the more varied models needed for greafer insight.)
Just as the higher PVS presses each of the members of this series into
a shorter Life, so it shortens +the Life of any prtor Defenoqr and advances

the opflmal inception of the whole series.
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