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B. Length of road

1. Prune off subecon. tips.

hauling.
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IT. Time Factors
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How to make the Stein

Ais1. Shorter cutting cycle, (hardly any
&appraisal system shows nove, anyway ) 9.10.
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allow higher grading. (Wood is for sawwill, I but they apply
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3.
are
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1.
point be logging mech.Leg.)

8. Buse profit

Find mill w. excess

roads.

go.

5.
allow in progressive clearcut. a) Redure cap, in rouchs b) shorten hauls,
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6. Add rearn. I other wood benefits, change to recon.

cap.

re roads only

10

cost involved, and
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9. bet higher price. Deus ex maching. But we can amuren thuis

qu. what price is needed to make Steingo.
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( distriku, of variable

price

books cue hept now,
also wait for lower- cort logging technigun. See RIMS.

10. Dis aggregate decomeslidate bookkeeping. Theway
all is slopped topelher, so no saving seems worth much trouble.
specifically benefit of quicker cutting

couble annual
This is swamped

This, by soat reducing pd. from 40 to 20
output while raising crf only maybe 3-5-% .
in consol, acity. bus crf x K is $4-8, vs. $45/ccf logging"

But cash flow is excess over vlle, evits, and therei.e. vble costs.
the oto effect is high.

yu,



11. Change layout

2

a Establish there are trade-offs
b. show they aue made wrny can have some



[

2. Ripening : when to build what

The time to build any given Plant (P ) we have seen is the first
year when current benefits cover variable costs plus the fixed costs correctly
assignable to year zero , these covering interest , depreciation , and decay ,
but not locational obsolescence .

- 46 -

To build sooner would lose net benefits in the first year .

Benefits might cover variable costs , but they need also cover fixed costs.
in year one , that is they must yield interest to warrant committing capital
during that year , and warrant losing some of the capital by depreciation .

There is in general no compensating gain from Plant One (P₁ ) to requite any
loss taken in premarginal years . The positive rents in after years would

be reaped just as well by a plant built later .

This does not mean we altogether abandon the behest to build ahead

of demand to achieve scale and lower costs . The criterion still has us

build a plant when demand is too small to achieve minimum SAC when built ,

just as in the static case . SAC then falls over a reach as demand grows .

In addition , we will see there is some gain in advancing the second

generation Plant by a year , but this will fit into place in the later
discussion of future generations . There may also be a stimulus to demand ,

discussed later : here we assume demand growth is given exogenously .

To build this Plant later would lose a year's rent , again for no

later gain . So the optimal Renewal date ( R-date ) is quite determinate-

for any given plant .

Let us begin with the first Plant whose first year yields a

We rule out all prior plants and dates ,positive rent and call it P₁ .

* For simplicity , from here on "rent " means the extra rent of the mass
challenger over the CIA defender , cxcept as specified .
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even though some of them would yield positive net rents over Life , because

it is self evident there is no gain in losing money when you do not have to .

But that means we have already decided P₁ is superior to prior1
plants of positive net value . Is it not then also possible that P₁ is
inferior to a later plant of still higher nct value ? We would not build

a larger plant of lower SAC2'P₁ any later ; but we might wait to build P1

over most of its Life as demand keeps growing . It is not enough for the
Challenger to prevail over the Defender of the past ; he must outdo other

Challengers from the future .

This is the old doctrine of ripening associated with R. T. Ely .

"If I buy land and hold it for appropriate use , I perform social service .

A lot suitable for a fine downtown office building may otherwise be improved

with a very different , inferior building and hinder permanent improvement

"It would be in the end a waste to put upon this land inferior buildings
which would have to be torn down . "**

Ely asked his doctrine to carry more weight than it would bear

in the suburban land boom of the ' twenties , and he and Wehrwein finally
accepted Simpson and Burton's revised metaphor of "cold storage " . ***

Touring the suburbs today one gets an urge to take out Simpson and Burton

again . Yet there is something to Ely's idea , which has been around at
least since Ecclesiastes III , "To everything there is a season , and a time

* R. T. Ely , "Land Speculation , " Journal of Farm Economics 2 : 121-36 ( 1920 ) , p.127 .** R . T. Ely , "Cutlines of Land Economics , " Ann Arbor : Institute for Research
in Land Economics , 1922 (mimeograph ) , p . 104 .
*** H. D. Simpson and E. R. Burton , The Valuation of Vacant Land in Suburban
Areas , (Evanston : Northwestern University Press , 1931 ) p . 44 .

I
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to every purpose under the heaven! Perhaps he applied it to the wrong

sites at the wrong time . It is more compelling apropos our intersite

sector , where the future promises not merely a higher use but lower unit

costs , too .

Since the larger plant (P₂ ) has higher costs at first , or requires

larger volume to achieve given costs , it is still green when P₁ is ripe . If
we want it we are better off to wait for it . The issue therefore resolves

itself into defining and balancing the gains and 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 plant there looms a chain of successors . We will presently

develop some simple algebraic tools to handle this complication and maximize

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 (G₁ ) alone is not .

simple , however , only by first defining terms and clarifying issues . Let

us itemize and analyze the gains and costs of waiting .

The gains of waiting

The basic gain is the lower SAC curve of a larger plant (P₂) ,2

not just at the tangency with IAC but increasingly with time and larger
volumes . We have already stressed how the advantage of larger plants

gains by dynamic growing of demand .

The lower SMC₂ allows larger volumes , as well , by repetition of
the reasoning of Figures 2 and 3 .

This is some gain , but mixed , for the marginal volume is at a low

The mathematics becomes



than that as SMC rise .
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reach of the demand curve , limiting its value . Also the future rents

must be discounted , and the discount factor grows geometrically with time

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

-

tangent LAC .

Gain 2 , a small one , is that the optimal R- date of all plants.
(P ) larger than P. (the first marginal one ) is slightly left of SAC ,1n N

The difficulty of this finer point is greater than its importance .

I include it to anticipate any confusion it might occasion if left implicit .

The R-date advances because all tangencies to the right of P's1

P1(i.e. SAC, tangent LAC ) must yield a surplus . This follows because P

breaks even at its tangency . When the demand curve has risen , it lies

above LMC all the way to the new intersection which determines the size of

P₂ should therefore be startedP₂, where LMC = SMC and LAC tangent SAC₂ . 2

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

Of course the in- between plant smaller than P whose SAC tangent

LAC at this earlier time is also overripe then , and so on back to P₁ where

the R- dates converge . So there is no ambiguity over what plant is ripe

on any given date .

Thus we see a reason why larger plants can spread their FC over

more years . As demand grows the plants becoming successively ripe are

larger than those whose SAC tangent LAC at the intersection of demand and

LMC . And this effect grows as the lifetime rents of plants grow .

Gain 3 is better foresight . As a generality this argument has

no value , for it will be equally enervating next year--moreso , perhaps ,
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because next year's optimal plant requires a longer forecast . There is

only a gain if the current rate of clarification is above the future .

"Uncertainty" is not a good general stall , either . It is valid
line omitted

if you suspect it will grow less , that argues for building earlier--the

smaller plant , of course . If you think the fog will lift in 15 to 20 years

that gives time to amortize a small interim plant .

Gain 4 is added productivity. This is a normal expectation . It
means a later plant enjoys lower costs and gives better service thanks to

technological advance as well as scale , and fortifies the advantages of

larger plants .

Gain 5 is higher costs of the existing Defender CIA . It may seem

odd to call this a gain , but the rents of our alternative Challenger plants

are just their advantages over the CIA . The worse the CIA , the greater the

gains . It satisfies common sense to think of the gains as another year's

use from the old CIA plants .

Gain 6 can be reduced cost of inputs . This might seem far-fetched

today , but not at all . When we correct for depreciation of the dollar,

most raw materials have fallen secularly for some time , and probably will

continue to . The most important input by all odds is borrowed money , and

there is always a chance of lower future interest rates , although I do not

foresee that now myself . It would be wrong to argue that accelerated

future inflation is equivalent to lower future real rates of interest ,

because money borrowed this year for a long term will enjoy this benefit

almost as much as money borrowed in the future .

Gain 7 is that the U.S. may help pay. Socially this is spurious ,
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of course . It is an effective delayer of many good works , however , and

socially quite damaging , especially in conjunction with other federal

programs of the reverse twist where works are accelerated to capture

matching funds before they run out .
There , then , are the wiles of Scheherazade . One should hear

them skeptically , for with these a confirmed temporizer can procrastinate
without end . So let us now play the other side of the waiting game .

The costs of waiting

The major loss is deferral of rent or net benefits . Costs , to
be sure , are also deferred , but this defers benefits over costs and there
is the loss .
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The lost rent of P₁'s year 0 , taken singly , is of little moment

for year zero is marginal . But by the time P₂'s first year is marginal2

P₁ would have been postmarginal and rent -yielding.
P. Looking forward and

comparing the respective successor plants in the P₁ - series the same is true

a fortiori because of P's longer Life ; but I defer this for separateB

treatment .

On balance then P, yields smaller net rents than P but yields1 2
The thing invested

is the sacrificed net present value of P. The thing gained in return isl'
2 2the net present value of P₂ later when P₂ is ripe .P,

over the period of waiting on the value invested . The investment is good

if it yields a competitive rate of return . Let MPV be the " Moving

Present Value " at the start of year n for Plant n ; let i be interest rate .

Deferral to m pays if MPVm > MPV (1 + i+ i)m-n. This is equivalent to the

n

n

them sooner . To sacrifice P. for P. is an investment .1 P2

The cost is interest
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rule of maximizing present value ( from a fixed date of reference ) and is

all right as far as it goes , which is only into the first generation . We

will see that it becomes complete when extended to comprehend all .

Cost 2 is deferral of demand. I have treated hereto only the

exogenous aspect of demand , but where the mass system is prerequisite to

immigration there must be some lag in attracting demand . It is not

enough to proclaim an intent to build . Cement is more credible , and the

market responds . The present buildup of future demand , discounted , may

be treated as a current revenue . While that may sound fuzzy it has an

observable index in the rise of land values before use . This is too

parlous and complex a topic to elaborate here , but there is something to

it . The Haig- Simons doctrine tells us that capital gains are income at

the time they accrue . If so , advanced land values represent benefits

at the time they advance . And we must not fail to treat the enhanced

capital value of the intersite enterprise the same way , and the advanced

treasury equity , too . On the other hand , we must beware of soft land

values traded on thin equities with easy credit . We must beware of sheer

land bubbles . We must beware of claiming credit for exogenous demand

increments . And we must beware of purely redistributive gains .

Cost 3 is future inflation of input prices . "Build 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 long term bonds changes all that . Future inflation means a lower

real rate of interest than the specious one . Lower interest rates reduce

the disadvantage of incurring costs sooner rather than later .
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Lower interest rates also reduceHowever , this is double edged .

the disadvantage of receiving revenues later. Since revenues are greater

than costs , and larger plants mature later than smaller ones , the revenue

side is stronger. The net effect of lower interest rates is to favor

waiting , as summed up under Cost # 1. So this most common of importunings

may serve better as a sedative , although there is a good deal of play in

the complexities . Cost 3 turns out to be Gain 8 .

Cost 4 is that demand may not grow as expected .

small , because the lost years of P were close to marginal , and the option1

has not been lost of building P, later .1

Cost 5 is the loss of limited Federal matching funds , discussed

with Gain 7. It is spurious , from the social viewpoint .

Cost 6 is the loss of , or failure to acquire the site , as by

franchise , license , monopoly , etc. This is generally purely acquisitive

and therefore spurious , although occasionally an easement might be saved

from irreversible loss to a lower use . This is a paramount motive in

practise for premature extensions of mass systems into unripe territory .

In conjunction with the decentralist bias in rate-making ( E. 1 and 2 above ) ,

it works mischief too extensive for a few words adequately to damn .

The cost of deferring succession

All the gains and costs of waiting can find sockets now in a

simple model where the basic cost is interest on the Moving Present Value

(MPV) and the gain is growth of MPV.

It is time to ask , present value of what ? Many economists are

satisfied to look only to the first generation , believing later values to

This is very
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Subdivide valley into blow to muse.maistvalue. Like subdirds real land,

"Chelseafication ". Thus max. tolal values - subject to, smaller bloss require more
wads & deduct this added cast.

YAND

you

spects, so

Max ANO of land. Where AND- MUP. spreading overhead vs. longer skids.
Then figue how much road can save by reducingreduring no. ofmin, by

Cost is cuded internal haul, mord, as -AND ={ MNP whene added.
one.

∙AC

acer

you get int higher
thee.

MNP

Give numerical erg., Mhow sensitivity of MNP

•



6) cout

ii)

iii)

c) Sensitivity to ü.r.

Road classes

Time faction:

Decry wit of capacity to bypass water

Productivity of capacity to carry

vigenen

Opt . cc. life when need continuous.

Timing operation

Staging again

investment.

2

national standards or

Period of operation optional economic life of logging operation whein

low
capital cost is high and site - specific. (if micher, it can takeit
all at once. Hence my suspicion of J.f. figur
cap. cost us.. high logging coun)

(Kerox pp. from ERTYOUR

Riste

Reforects. also a

rigid these fixed coefficients ?

Lead time, construction time,

Progressive cleaning

when to begin. ( MOU) ( RIMS) (Incl. vs. biol.(Fuch, Gid.

VS.

variable loud -- "risk"

patching

space factor, chim rets.

The highe cost of premature



Charing i.
5.f. deprem . Recompuentfor woad, Licene contractor wechs to recover his

princ, no faster the road depress! He's guaranteed a return onit so long
Locating roads to timber supply determiner life of road.

as timber holdsout,

- 3 -

a) Macro choices. Setting priorities among mageralternatives. Ecommis Best-fine principle vs. werking inch,
syu. to system, and patch -cutting

6) Micro Moices. Routing, Isuit: r.o.w. width.
Land vs. capital vs. labor in the input mix.

Redaning uw. input.

Risk allowance
many meanings

The bras to assume les visible risksoffinalriskpurgation

Risk of washout vs. risk of inverting K with no return.
light methad.

Contrast si.
Lender's risk .vs. int. risk. Biases in the allocation

of lounable fund, the con-subsidy in lange borrowing.
Con-subridy vs.vs. diversification .

Tax facton

2day kems, Aliv..si
upples,

its

Risk of how repaymint not recovering principal - inflated

by changing risk premium in rate of retum, a spurious risk.

w



Logging perind

Imtl. countraint

A.C. for whole psyk , Find status of PS4U cut re

"Zuidelines",
for
eg. 50%

one TSHL,
50 % on fintpuss.

med in Kennloop Forest Distr. for Stein R.

Restocking pel.
TSHLs began in 1969.
"Proper rectacking" is = 33 % .

(or elle ... ?)
is = 33 % You have 1-10

TFLs refornt facter, w/in 2 you.
cort in appraisal, i.e. expened.

Zind guidelines

Stein

years to do it.

Cost is taken as a
Also, A.C.E.



+
Shorten spurs. But I thin.no,

hauling +are low-cost

!

++ 111

++++

ber. they.



A dialogue between economists and Forest Service middle
managers February 17 - 19 , 1976 , Student Union Building

12.00

ECONOMIC ANALYSIS FOR FOREST ENGINEERING

Jointly sponsored by B. C. Forest Service
Engineering Division ,

9.00 - 11.45

1.00

B. C. Institute for Economic Policy Analysis
and

University of Victoria

2.00

3.30

UNIVERSITY OF VICTORIA

1.00

2.00

TUESDAY , FEBRUARY 17

3.15

4.30

Professor John Schofield , Department of
Economics , University of Victoria
" Basics of Cost -Benefit Analysis "

French lunch , " Sauve -qui-peut "

Break into 5 6-person committees to
prepare statements on how applying
principles to recent , current or
future decisions might have changed
or change them . It is also fair to sug
gest how the cases might change the
principles .

A. Definition of Benefits and Costs
B. Valuation principles
C. Decision criteria what to maximize?
D. Priorities which project comes first?
E. Selecting the class of the road .

Committee spokespersons report to group
Hold strictly to 15 minutes each .

Response by Professor Schofield and staff .



9.00 - 10.15

10.30 11.45

12.00 - 1.00

1

1.00

2.00 -

2.45
3.30
4.00 -

2.00

2.45
3.30
4.00
4.30

WEDNESDAY , FEBRUARY 18

Professor Gerald Walter , Department of
Economics , University of Victoria

"The Economic Management of Multiple Use
Forests "

Professor Thomas Lambe , School of Public
Administration , University of Victoria
" Interest , inflation , and risk " .

English Lunch " On Your Own "

Break into same committees , same rules
A. Pricing policy for road users :

recoupment and allocation .

B.

C.

Prices as conversion factors amongforest outputs
Present worth as a decision criterion

D. Selecting an interest rate
Allowing for riskE.

Committee C , D , & E spokesmen report to group
Professor Lambe and staff respond
Committee A & B spokesmen report
Professor Walter and staff respond



*

9.00

12.00

1.00

2.00

3.30

11.45

1.00

2.00

3.15

4.30

THURSDAY , FEBRUARY 19

Dr. Mason Gaffney , Executive Director
B. C. Institute for Economic Policy Analysis
" Project Design , Economic Optimization ,
and Forest Service Policies "

Mexican Lunch , " Sal si puedes "

Same committees , same rules
A. Could the Stein be viable? How?

B. Economic life vs. Allowable Cut

D.

and Guidelines
Road standards are they economically
optimal ?

Washout protection how much is war
ranted ?

E. Reforestation can the investment pay?

Committee spokespersons report to group .

Hold strictly to 15 minutes each .

Response by Dr. Gaffney and staff .



Forect Engineers ClassAlpirs

Ŀ_ Consider lendair risk, tes

2. Treatment of flood probabilities
lie-in

PV= == "Be prepared "
? _n_is no. ofyou, before weshme flood. It is chance it will occur.eachy

same formula applies to inverting in sugul excess capacity
for peaks loads ofa positive puyoffy kind. Application here is__
less common. Ferry potitive games are so lage as disarter losses.

occasional

some possible e.gs:

skateboards, etc.

disasterprevention.(Wan, too)

Convention capacity

assembly hulls, stadions

Grabbing resource leverage

Casting in on traite voguer

w . anned force,on threat
by stocking Held hoops,

siezingquotes when they are fluid__
Supplying shipping experity when short
Embargo protection - excess stocks
Zamie insurance

Water diversion capacity.

*

2½. In flipping coins, etc., risk is removed by increasing no.ofevents.
way of Ag no. ofeverse is to shorter lifea a ive. reduce K

internity
Repunch the event is theflood,on nature of invt. Flood-couted capacity.

longlory-lived to undergon many events, pook riskK



2

3._ Assen of variable retum

Valuation depends on fungibility. Are input supply

water, power . labor is worth much less ifintermittent on

interuptible. Chence the great value of land relative to

Money returus, on other hand, inwestor's need of

level flow is much less__

under

.Better than a steady, level supply is one that varies_

your control controlis the
bey..

4. Knowledge requirement..
" Risk avension

work of investigating.
more to buy stocks than bonds.

productivity)

m.may fact be work oversion - the
You have to leam and know much.

5. Needfor level flow.
Everyone needs a
so working people cam.

less levelness. gofor higher

So can coupon clippers w. a secue base.

1

level flow to live Beyond that noneed_
Aswasmeans in retium for



1- 5

T. if future yields
discount, then reduine all by X%.
byxx Mo

But if youare discounted more

ene uncertain, and this occasions a
This reduces PV ofall

fecturesraise_i by_x%, this more remote

1. Low govt rate doesn't comefrom pooling rist to much.
2 mortgaging tax power; and control over money.as

1

|



Noter by M.G., 19 Feb. 16, Dialogue with Forest Engineering Group

Math of Finance, compressed

1. P.= present value, lump sum
F = future value, lung sum

i =
a = level annual payment

interest rate, cuinual
namber of years

n =

2. "Money makes

F = P (1 + i)

3. Shouthaud

p olis

money,

(1 +i)" = ein

4. "Capitalization"in perpetunity.

5. Capitalization

n

p = a
1

(Note that e-in

and the money money

over year,
a a in a

P = ÷ - ÷ ÷ c¹" = ²² (1 - e-² ) =e - a

-in

is

n

where e is the base of natural logarithmus

makes makes mor

The hey operation.
1

a short

IN

e

way ofwriting ein

is the presentvalue formula "

-in

mory



a = pP

i

i

To Growth of

6. The instalment plan formula : annualizing a present lung un
solve (5) for a:

F = Pein

a = F

-ine

-2

ein

·a

na

1

-1

an ammity at compound interest.

Pe !" = a_-_-̂ "-x ^² = a mol
| -e-in in eineī

n

PV (present value)

8. Linking Fund incralment. Solve (7) for a

į

(Fig.1)

(Fig. 2)



9. Forut Valuation

10....

(8) is also the
way to value forest land which yields

thatregular periodic hawerts. say it yields #F every 4 years.

Costs (C₁)

a
ľ

Cunuity equivalent of one hawert is.
a = 7

e

are zew .

Capitalizing in perpetuity:

F
in

i
ein -1

Se

-3--

:-(

Now let. Costs be incurred in year 0 .

equivalent is found from

F = Pein

||

Here, P is Co , and future equivalent

Forest landvalue, or "Soil Expectation Value " = Se is.

Cein ( 10)F
,in -i

Their future

valent is bein



11. Solving (10) for (F + S₂) :

F + S₂ = (c + √₂)einSe

capital and whose outful is lund plus trinker.

13.

( 11)

(11) says forestry is an investment whore input is landplus

12. Growth of investment in timber. Solve (11) for.F:
in

F = CC +S₂)₂²² - Se (12)

(12) is a

-4

Rate of growth of timber investment.
Differentiate (12)

dF = i (C + S₂)ein
du

(14)

modified compound interact curve.

Subituturing (12)

dF = i (FrS₂)du

says
the investment

w.r.t.

grows each

n

(13)

year by interal on timber

(14)

plus land value.

I



14. Financial maturity of tumku

as long

is growing facter than (14) , the timber is uuripe,
and vice versa.

lory as

15. Depreciation of forent roud.

do
dun

obsolescence. They

Life of forest roach is determined largely by"locational

useful so long as there i
haut. Under our appraisal system.Hiy

(sort of) income, Their residual
decaying

value is approximated ... from (s), the Present Valuecst,

Formula, where u is year of life remaining.

P = a

-5

the current stumpage value of timberthe

1

They are useful

not

-in

lory as there is wood to cut and

quaranteed

= =²(- - ie :^) = ae

over time,

i
For depreciation, differentiate (5) w.r.t. un

eam a

-in (15)



This is called "rinkingfund depreciation,""because the

amount of allowable depreciation each

-6

year is equal

growth of a linking fund, whore accumulated value after u

capital
years would equal the coast

It is a much

slower write-off than

Annual

than normally
Stumpage Offrer

Repreciation

É

of the road.

gross..

16. Valuation of Old Growth

Valur depends

Let A = total stampage.
income stream

normally allowed.

Life

on rate of cut.

to the

A
n

( Fig.3)
Sinking Fund Depreciation

Straight Live Repreciation

n



PV = A 1 -e
n

We

in

excess

-1

(16) is a decreasing function of an4.
always want to cut.

11

î

A l-e -in
n

eut everything right away.
-for smellu ,( 16) decreases

îI is optimal life.

To maximize

very slowly

capacity costs also decrease with u .

However:

PU-C₂

they decrease rapidly.
To maximize net value of old growth removal, maximize the

of (16) over capacity corts:
Co

(16)

For small

(16) = PV

Log

(16)......

n..

4,

(Fig. 4



17. Valuation of old growth followed by new growth.

Modify ( 16) by adding Se toA. This

that when
you

of site for future growth. This makes the

and pushes
î

Let

18. Valuation of peate

period

city. AC is added cast

existing background level.)

p

as

-8

cut

capacity.
between floods of giv level, equal to couted capa

of immring againstp -your blood.("added " to some

is to eachyear.Expected frequency (or propabeling) of p -year flood
(Damage)

O`₁ Coperating loves plus repairs)

( PV of added peaking capacity,

Full cost

(plus.p.s. problems)
PV = DI

P

says

you get value of trinker plus release

curve steepe

to the left, i.e. speeds the cut.

you

1-e
i

load

of washout is
win

and peaking capacity, marginal cost is below average,

and probably declining by the 6/10 rule.



C = kz₁6
where k =

so

- a constant

Z =

-9

Capacity

de = k
dZ

k ½ Z10

d PU

dz

-
<
№

1 *
19

ac =

But the PU of az .falls farter because off rises
AZ

U/N

MU = .6ac

dc
d Z

k Z
2

rapidly

Capacity ( Z)

k z 4

Z is optimal capacity .
Common faMacy: focus

on 16į rude to build a cess capacity,
ignoring rapid rise of p. But this is not the only common tror!
19. Pesting capacity is an investment in longevity.

Even though probability
is involved, so is discounting, and

peating capacity reduces probable future corts by increasing certain pusent oues,

I



-10

This higher i values reduce the PV of aZ (LA)d

and shift 2 , (optimal capacity), to the left.

20. Higher capacity does not reduce risk, but trades risks.

Increasing Z reduces the risk of warlout, but

increases the risk of making

warted excess capacity.
situation. We trade one

Warhout risk is

an improductive investment in

Risk is inherent in the

for another.

more visible. ( " Five the engineer ! )̂

favor excesshave_an_understandable_bias in fewer ofEngineers have

capacity , therefore.

To lenden and inverton, both risks should be visitale.

decisions, so engineers

They should however assume responsibility for their

engineers don't blamedfet wrongly



-))-

21. Effect of allowing risk premium in interest rate.
If we adjust for "risk " by raising I...the result is

to favor smaller culverts, increasing risk of warkout.
I leave with the paradox

- or is it one ?
you


