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INFORMTION AND THE CONCEPT OF OPTION VALUE'

by

W. Michael Hanemann

I. INTRODUCTION

Ever since the seminal article by Weisbrod [1964], there has been a wide-

spread interest among resource economists in the concept of option value.

Weisbrod argued that, in contemplating an action with irreversible conse-

quences such as the destruction of a national park, one must recognize that

many people would be willing to pay something to preserve the option of visit-

ing the park in the future. Private market calculations will overlook this.

option value if there is no mechanism by which the owner of the park can

diaigfi but it certainly should be included in any social benefit cost

analysis of the destruction of the park. This conclusion has been widely ac-

cepted. However, because Weisbrod's argument was developed in a fairly in-

formal manner, it has stimulated a lively debate as to the precise definition

and measurement of the option value concept.

Two broad interpretations have emerged. The first, presented originally

by Cicchetti and Freeman [1971] and refined by Schmalensee [1972], Bohm [1974]

and Graham [1981], interprets option value as a risk premium arising from un-

certainty as to the potential future value of the park if it were preserved.

As Smith [1982] and others have pointed out, the passage of time per se is not

essential to the formulation of this concept. The second interpretation, ad-

vanced by ,Arrow and Fisher [1974] and independently by Henry [19741, focuses

explicitly on the intertemporal aspects of the decision and stresses the
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irreversibility of the destruction of the park and the flow of information

over time. In Henry's words, "[T]he mere prospect of getting fuller in-

formation [about the future value of the park], combined with the irreversi-

bility of the non-preservation alternative brings forth a positive option

value in favor of preservation."2 Unlike the other one, this interpretation

does not require any assumption of risk aversion on the part of park users.

This paper is concerned with the Arrow-Fisher-Henry (AFH) time-dependent

concept of option value; which has been the subject of two recent articles in

this journal. Conrad [1980] argues that it is equivalent to another concept

arising in decision theory, the expected value of information. Greenley,

Walsh, and Young [1981] (henceforth GWY) report the results of an empirical

study aimed at measuring the AFH option value of recreational waterways in the

Platte River Basin, Colorado. Here I will show that the AFH option value is

not necessarily the same as the expected value of information and, indeed may

exceed it. I will also examine the quantity measured by Off and suggest that

it corresponds to something closely related to the AFH concept but distinct

from it.

In order to reach these conclusions I first develop a general. model of

irreversible investment, which is presented in section II. Using this model,

in section III I compare the definitions of option value offered by Arrow and

Fisher and by Henry and show that they are equivalent. I then provide an

alternative, equivalent characterization of option value in the light of which

Conrad's claim is evaluated. In section IV, .I oEfer an interpretation of the

quantity measured by GWY. In section V, I go on to consider the effect on

option value of an increase in the uncertainty surrounding the future benefits

and costs of irreversible development. Arrow and Fisher show for one
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particular case that an increase in future uncertainty raises the option value

and increases the advantage of postponing development initially. I show that

this conclusion is not generally true, but I also provide a set of conditions

under which it becomes valid. Finally, in section VI, I consider two possible

generalizations of the analytical framework adopted to this point. I show

that my analysis of option value readily carries over to a situation where one

assumes that the passage of time brings partial rather than perfect informa-

tion about the future consequences of development. However, I show that the

concept of option value is not well-defined when one assumes that, instead of

a binary choice between development and no development, there is a continuum

of possible levels of development. The conclusions are summarized in

section VII.

II. A. MODEL OF IRREVERSIBLE INVESTMENT

In this section I will outline a model of irreversible investment which

combines tne main features of Henry's [1974] analysis together with that of

Arrow and Fisher [1974]. The model will be used in the following sections to

characterize the concept of option value and explore some of its properties.

Assume that there are two time periods, t = 1, 2. The decision concerns dt,

the amount of land developed during period t. The units of measurement will

be chosen so that the maximum possible level of development (the minimum

possible level of preservation) is unity,

+ d
2 
< 1.
—

In addition, a key assumption is that any development is irreversible

(2) d 0, 2.
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Associated with any development program is some level of net benefits,

representing both the benefits of development and the benefits of preserva-

tion. Let B
t 
be the benefits accruing in period t. For simplicity I assume

that the overall benefit function is additive with respect to the two periods'

benefits

(3) + B2

although the results discussed below would also hold with a benefit function

of the more general form B = B(31, B2). The first period's benefits de-

pend on the amount of land developed during that period, di, while the

second period's benefits depend both on the total amount developed over the

two periods, d1 d2, and on the amount developed specifically during the

second period d2. Moreover, I assume that these second period's benefits

involve an element of uncertainty, here represented by the random variable
-

Thus,

(4)

B
1 
= 
B(dl)

B = B22 ;0).

It is immaterial to the argument which follows whether or not there is also

uncertainty concerning the first period's benefits.3

In order to interpret these benefit functions, it many be useful to think

of them as taking the form

= B
id
( +

(d +d2,d • 0 B2 1  2' ld
+d

2

•P

+ d •2

•••

•

• •
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The function Bid measures the benefits of development in the first period

net of capital and operating costs, while Bip measures the benefits of

preservation. Similarly, Bzd and B2p represent development and preserva-

tion benefits in the second period. The first argument of B2d reflects the

benefits of development net of operating costs, while the second argument

reflects the capital costs of the development occurring in the second period..

It follows that B2(•) is nonincreasing in its second argument.

This formulation is very general and is susceptible of a variety of inter-

pretations. For example, 131p and B2p may include both "user benefits,"

accruing to those who visit the site, and "nonuser benefits" or 'existence

values." Similarly, Bl and B2 may pertain to different generations, in

wnicn case B could incorporate a "bequest value."' All Of the benefits areLp

calculated as of the beginning of the first period and thus, may incorporate

a-di§cOiiiirfiEtor. Moreover, they may be measured in money or, more gener-

ally, in units of utility. Since the social decision is based on the expected

value of net benefits, E{13}, this formulation allows for any type of risk preference.

The social decision involves the maximization of expected benefits with

respect to d1 and d2 subject to (1) and the irreversibility constraints (2).

The decision on d1 
is made at the start of the first period but there are two

possible scenarios for the decision on d2. One scenario is that d
2 
is also

determined at the start of the first period or, equivalently, it is determined

at the start of the second period but no more information about 0 is available

them than before. The other scenario is that the specific value of e is known

at the start of the second period, and the choice of d2 can be postponed until

that time in order to incorporate this information.
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In the first scenario, d 1 and d are chosen so as to maximize

) = 131(d ) +E{132 (d1 + d2, d2;

subject to (1) and (2). Denote the solutions by d: and 4, and let 1./* E

V(di, d2) be the expected overall benefit under this optimal decision. In the

second scenario where information becomes available over time, whatever the

level of dl, d2 will be chosen in the second period so as to maximize B2 (di

d2 d2 0) subject to d2 > 0 and d1 d2 Denote the solution as a function

of d1 and 0 by d2 = f(di; 0). In the first period, when the value of 0 is not

yet known, the decision is to maximize

+ f(di, ) f

Ft

d1' 
-

on—by- dr Given 0, the second period
A

decision will be a2 = f(di, 0). The expected overall benefit associated with this

solution is VE

In order to compare the two scenarios, it is useful to reformulate the

decision problem in the first scenario by applying the two-stage maximization

principle... Define V*(di) by

= B (di) + max
d2

0<ci +d <
2-

0<d— 2

+ d2' • ed•

Then, el maximizes V*(di) subject to 0 < d1 1, and V* = V*(4). For

comparison, the maximand in the second scenario, (5), can he written as

•
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V(d1) = 131(d1) + + d d2; 0)

4'2
0<d 1 +d2 <1— —
0<d— 2

A A
As noted above, d1 

maximizes V(d1) subject to 0 < d1 < 1. Thus, the._

difference between the scenarios depends on the difference between the two
A

functions V*(d1) and V(di). Each of these functions measures the expected

benefits over both periods as a function of the initial amount of development,

d1" given that the amount of 
development in the second period is 22simally 

chosen subject to the irreversibility constraint and the limitation of the

information structure in the scenario. The quantities V* and V are the ex-

pected benefits with an optimal choice of development in both periods. Their

difference, V - V*, is known in the literature on decision theory as the ex-

' pected -Valbe-b-FeffeEt-intormation (EVPI).

Without imposing some further structure on the model, one can say only a

few things about the two scenarios. For any amount of development in the

first period, it is clear that one cannot be worse off under the second

scenario than under the first since, from (5') and (),4

A

(7) ) - V*(d ) =E {max B ( + d • 0)1 - maxE B i (d_ + d2' 0)1

However, if there is full development in the initial period, then it makes no

difference whether or not information becomes available in the second period

because it is impossible to adjust the stock of developed land further:

. (8) c(1) = V*(1) = B ( ) E{B (1, 0, 0)).
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It follows from (7) and (8) that > V*. Hence, EVPI =CT - > 0.

An interesting question is how the irreversibility -of development and the

possibility of obtaining information over time affect the initial development

decision, di. Since V*(di) and iT(d1) are two different functions, in general

21. Thus, the decision on how much land to develop currently cannot be
1

decoupled from the decision on how much land to develop in the future or from

the timing of the information on the consequences of the latter decision.
5

It might be hypothesized that, if the future development decision could be

postponed until more information became available, one would be more conserva-

*
tive in deciding on the current level of investment: 2J., _dr Henry proves

this result, but his proof depends crucially on his restricting B1(-) and B2(-)

* *
so that d = d. 

This is not a particularly intuitive restriction,
1 2 

however; it is not obvious why one should always choose the same level of

development in bot_lperiods given that  the expected benefits and costs might

differ greatly. Nevertheless, without some special restriction on the model,

it does not appear that Henry's result can be obtained.

An alternative approach to restricting the model is to assume that there

are only two possible levels of development so that dt 
becomes a binary-

valued variable, dt = 0 or 1. This assumption, in fact, is invoked in most of

the discussion of the option value concept. One can regard it as .a separate

•restriction on the _model or, as in Arrow and Fisher, one can assume that

B1(.) and B2(-) are 
linear functions of d1, d2' 

and d1 
d2 in which case the

maximization decisions yield corner solutions of either zero or full development.

With this assumption, the outcome of the two optimization problems depends

on four values, V*(0), V*(1), and V(1). The latter two are defined in

(8); V*(0) and (0) are given by

•

1.411111111111
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(9)

V*(0) = B1(0) 4. max[13{B2(0, 0; 0)}, E B (1, 0)]

.^
V(0) = B1(0) + E max B (0, 0; 0), B2(1, ;

Under the first scenario, where no information is available before deciding on

the future level of development, the solution is

(10)

0 if V*(0) V*(1) >
d*1 . 1 otherwise

V* = max[V*(0), W(l)J.

Under the second scenario, where information is available, the solution is

1
A A

0 1if V(0) - V*(1) >

1 otherwise

A A A
V = max [T(0), 11(1)].

*
Since .#/(0) > V*(0) while = V*(1) < dit follows immediately that I.

III OPTION VALUE

This model of irreversible development with two possible levels of de-

velopment will now be used to explain the concept of option value and to

examine some of the issues raised in the recent literature. I will start by

showing the equivalence of the definitions adopted by Arrow and Fisher and by

Henry. I will then present an alternative characterization of option value

which sheds light on Conrad's [1980] claim that it is identical to the concept

of the expected value off information.
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Arrow and Fisher introduce their concept of option value in the following

manner.6
 Suppose that, in contemplating whether to permit development, a

decision-maker behaves according to (10), ignoring the possibility of improved

information and setting di and d on the basis of his current expectation

of the future benefits and costs of development. If it is in fact possible to

wait and determine d2 
after the value of 0 is known, this is not an op-

timal decision. The inefficiency can be corrected, in principle, by introduc-

ing a "shadow tax" on development, T, so that instead of comparing V*(0) and

V*(1) the decision-maker will compare [V*(0) + Ti and V*(1). This shadow

tax is the option value, which I will denote by ON% In order to elicit the

optimal decision it must satisfy the condition

[V*(0) + OV] - V*(1) = i)(0) (1).

Hence,

(12) ov = [v(0) - v(1)) - [v*(o) v*(1)]. ,

Option value is thus the difference in the advantage of initial preservation

(d
1 
= 0) over initial development (d1 

. 1) as between the scenario where

information about the future consequences of development becomes available and

the scenario where there is no new information.

The same concept of option value is presented by Henry. First, note that

the opportunity cost of not developing any land now, in the sense of the

development benefits foregone, is Cl = Bid(l) Bid(°)- Suppose that no

new information becomes available before the level of future development is

determined. Henry 11974, p. 931 defines the option price, OP, as the maximum

willingness to pay, gross of Cl, to have no development now (d1 = 0).
7

In terms of my model, OP is a monetary measure of the following quantity:
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(13) OP = V*(0) v*( l) +

Henry's decision rule is not to develop now if OP > C1' 
which is

equivalent to the rule in (10). Alternatively, suppose that further informa-

tion becomes available by the start of the second period so that one knows

with certainty which state of the world will obtain them. Henry defines the

quantity OP + OV (option price plus option value) as the maximum amount one

would be willing to pay, gross of Cl, to have no development now when the

future level of development can be determined on the basis of this new

information. In terms of my model, OP + OV is a monetary measure of the

following quantity:

(14) OP + OV = ir(0) - Cl.

Henry's decision rule in this case is not to develop now if OP + OV > C

which is equivalent to the rule in (11). By subtracting (13) from (14), one

obtains Arrow and Fisher's definition of option value, (12).

An alternative, but equivalent, characterization of this concept of option

value can be obtained by substituting (8) into (12):

(15) ov = cr(o) v*(o)

= Elmax[132(0, 2(1'
))} - max(E032(0, 0; 0)1, 02(1, ; 01],

i.e., option value is the gain from being able to learn about the future con-

8
sequences of development if one does not develop initially. The right-hand

side of (1S) will be recognized from decision theory as a formula for the
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expected value of perfect information. It is, in fact, a conditional value of

perfect information--it is the gain from information with respect tothe

choice of d2' conditional on d1 - 0. 
However, it is not the uncondi-

tional gain from information in the overall decision problem, as Conrad sug-

gests. The latter is given by the quantity EVPI defined earlier as EVPI =

V - V*. Observe from (7), (8), (10) and (11) that this can take one of three

possible values:

(16)

IV(0) V*(0) if v(0) > V*(0) > V*(1)
A

EVPI = 0 if V*(1) > v(0) > V*(0)
4E1/.0

A A
V(0) - 1/(1) if V(0) > V*(1) > V*(0).

* A
In the first cas

e 
d1 = d1 '0 

and in the second case d1 1 =1;

in both of these cases EVPI coincides with a conditional value of information

with respect to the choice of d2. In the third case di = 1 while
A
d1 . 0, and EVPI 

cannot he identified with a conditional value of informa-

tion.9 Only in the first case does the value of information coincide with

the AFH concept of option value. Moreover, in the other two cases the AFH

option value exceeds the value of information.
10
 In short, the relationship

between option value and the expected value of perfect information may be

summarized thus

OV > EVPI >

w

•
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IV. A RELATED CONCEPT

By analogy with Arrow and Fisher's interpretation of OV as a shadow tax on

development designed to elicit an optimal decision from an agent who would

otherwise make an incorrect decision, one can imagine another corrective tax

for a decision-maker who errs in a different manner. Suppose the current

level of development is determined only by reference to the current benefits

and costs of development, ignoring the fact that one can also decide on de-

velopment later when more information about the future consequences will become

available. Such a decision-maker would set di = 0 if B1(0) - B1(1) >0,

and d = I otherwise. With a corrective tax T the decision-maker would

instead compare [il1(0) + T] with B1(1). Given that information on the

value of 0 will in fact be available, the appropriate tax is equal to the

'quantity—rwITI—Tenotd—by-OB—i4hich satisfies Di(0) OB] Bi(1)= V(0) -

VW, or

(18)

A A
OB = [V(0) - W1)) - [B1 (0) -

1(1)1

= Elmax B2(0, 0, 0), 2(1, - E B(l, 0; 0)1.

The first expectation on the right-hand side of (18) is the future benefit

when no development occurs now, and the second is the future benefit with full

development now. Thus, the quantity. OB measures the expected advantage in the

second period only of initial preservation rather than development. Although

OB is related to OV, it clearly is a different concept.
11
 My motive for

introducing it is twoEold. First, if one wishes to analyze the effect on d1



14. -

of an increase in future uncertainty, in the sense of a spread in the distri-

bution of 0, OB plays a key role in this analysis. If the effect of the

increase in uncertainty on OB can be determined, the effect on di can imme-

diately be inferred. This topic will be taken up in the next section. The

second reason for considering OB is that I believe it to be directly related

to some of the empirical results obtained by GWY.

These authors conducted bidding games with a random sample of households

in the South Platte River Basin, Colorado, in 1976. The purpose of the games

was to elicit recreation and option values, as well as existence and bequest

values, for the preservation of water quality in the Basin. Here I will con-

centrate on the interpretation of their estimates of the recreation and option

values, which averaged about $79 per household in 1976 dollars. They con-

sidered three possible water quality situations, with situation A representing

the highest level of water quality and situation C the lowest. They first

asked each household which engaged in water-based recreation in the Basin how

much it would be willing to pay annually, in terms of higher sales taxes, to

raise water quality now from level C.to level A. The average response was

just under $57 per household. They then presented two possible development

scenarios to these households. Under the first scenario, a large expansion in

mining development would occur in the near future which would cause irrevers-

ible pollution in the waterways of the Basin, reducing them to quality

level C. Under the other scenario the decision to expand mining development

would be postponed until some future time at which more information would be

available, with water quality preserved at level Ain the meanwhile. They

asked how much the household would be willing to pay annually, in terms of
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higher sales taxes to postpone the mining development. The average response

was just under $23 per household. They took the sum of these two responses,

which averaged about $79 per household as the total recreation-derived bene-

fit of higher water quality for these households.
12

In terms of the model outlined in section II, the immediate expansion of

mining development and the irreversible reduction in water quality to level C

corresponds to setting d1 . 1, while the postponement of development and the

preservation of water quality at level Acorresponds to setting d1 = 0. The

$79 amount would appear to correspond to the quantity(0) 3f(1), the total

benefit now and in the future from forbidding current mining development.

Moreover, the $57 amount appears to correspond to the quantity MO)

BIM, the current benefit of having higher wafer quality. It follows from

(18) that the $23 amount is an estimate of the quantity OB.

In this interpretation I am assuming that, when the households responded

to the question about how much they would he willing to pay to postpone mining

development, their response was net of their earlier stated willingness to pay

for a current improvement in water quality. If this interpretation is cor-

rect, it can be seen by comparing (12) and (18) that not only does the $23

amount fail to measure the AFH concept of option value, but also the AFH con-

cept cannot be inferred even indirectly from the data collected by GWY.
13

V. INCREASING UNCERTAINTY

In this section I will discuss the effect on option value of an increase

in the uncertainty concerning the future benefits and costs of development in

the sense of a change in the probability distribution of the random variable

e. I will also consider how this change in uncertainty affects the current
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development decisions, di and 'al. These questions were originally raised by

Arrow and Fisher for the special case where B2(d1 + d2, d2; 0) is linear

in 0. Here I will summarize their results and show how they may be extended

to more general cases.

Arrow and Fisher compare two situations: no uncertainty at all (o is a

known constant) and some uncertainty (0 is a random variable, as assumed

above). I will employ here a more general notion of an increase in uncer-

tainty, a Rothschild-Stiglitz [1970] mean-preserving spread in the distribu-

tion of O. With no loss of generality, suppose that the range of 0 is the

unit interval, and denote its distribution function by F(0, r) where r is an

index of riskiness. An increase in r leads to a mean-preserving spread in the

distribution of 0 if

11 F

0•
Ode = o

F (0, r)do > 0
0

•0. < x < 1.

Let 4)(0) be any function of 0, and let G =Ef4)(0)1. One of Rothschild

and Stiglitz's [1970] chief results is the following:

LEMA 1. If increases in r represent mean-preserving increases in uncertainty,

(a
dG n 0) if (1) is (strictly) convex in 0

)T. < 0 (< 0) if (I) is (strictly) concave in
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Suppose, with Arrow and Fisher, that B2(d1 d2, dz, 0) is linear

in O. Since a linear function is both convex and concave, it follows from

the Lemma that a mean-preserving spread in the distribution of 0 does not

changeE{B2(0 0; 0},E{B2(1, 1; O)}, orE{B2(1, 0, 01. Therefore, from (8)

and (9), it has no effect on V*(1) II(1), or V*(0). Since B2(0, 0; 0) and

B2(1, 1; 0) are each convex in 0, ge) maxf132(0, 0, 0), B2(1, 1; 0)] is

convex in 0. It follows from part (a) of the Lemma and (9) that E{max[B2(0, 0; 0),

B2(1' 1; OD, and, hence, c'(0) increase with a mean-preserv
ing spread in the

distribution of O. Application of (10), (11), (15), and (18) yields

THEOREH 1. If B2(d1 + d2, 0 is linear in 0 a mean-preserving

spread in the distribution of 0

(a) has no effect on d1 
but lowers d1

(b) raises OV

(c) raises OB to the same degree as OV i.e., d0B/d

dOV/dr > 0].

Parts (a) and (b) are Arrow and Fisher's result. As they point out, the im-

plication is that, "if we are uncertain about the payoff to investment in

development we should err on the side of underinvestment, rather than over-.

investment, since development is irreversible."

Suppose that B2(-) is not linear in O. Is it still true that an

increase in uncertainty raises the option value and increases the advantage of

postponing development? In general, the answer is negative: the increase in

uncertainty may reduce the option value and hasten development. After all, as

noted above OV is a conditional value of information, and Gould's [1974]

• • analysis shows that, in some circumstances, an increase in risk can reduce the
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value of information. The problem is that, whereas an increase in uncertainty

raisesE[max[B2(.0 0; 0), B2(1, 1; O))}, it may raise max1E{B2(0, 0, 0)},

E{B2(1, 1; 0)}] even more. Therefore, there is no guarantee that OV will

increase.

In order to obtain useful results, it is necessary to impose some further

conditions on the model. - Instead of linearity, I will assume that

(19) E B2(0 0; 0) 2(1, 1; 0) is monotone in 0.

• By also restricting the curvature of 132(-) as a function of 0, one obtains the

following two theorems which generalize Arrow and Fisher's result:
14 .

THEOREM 2. Given assumption (19) and either

(i) E{KE))} > 0 and 11(0) is concave in 0

o

(ii) E{WO)} < o and W()) is convex in 0,

then a small mean-preserving increase in uncertainty raises OV.

THEOREM 3. Assume (19) and that B2(0 0; ) B2(1, 0, 0) and. B2(1, 0) -

B2(1. 0; 0) are each convex in 0. Then a mean-preserving increase

in uncertainty raises 1DB and lowers both and d*I I'

As a corollary, it follows that, if B2(•) is a differentiable function of 8 and

• either Efw} > 0 and

(20)

or EN) < 0 and

B200
0; < B200(0, 0; 0) • B2 0(1, )
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(21) B2 0 0* < B2 e 
1, 1; 0) < 2 0(0, 0; e

then a small mean-preserving increase in uncertainty simultaneously raises OV

^ * 
and OB and lowers d and d

15
1

Thus, the effects of an increase in uncertainty depend crucially on the

curvature of the second-period benefit function and on the way in which this

curvature varies with changes in the levels of development. In order to

examine the implications of the curvature restrictions for the risk

preferences of the decision-maker, suppose that B2(•) is measured in units

of utility--i.e., there exist a monetary payoff function, hN and a univari-

ate utility of money function, u(•), such that B2(d1 d2, d2; 0) . ufh(di

d2' d2; 0].
 The first and second derivatives of the utility function are

denoted, respectively, by u' > 0 and u".

(22)

Then, Bze = u'h0
 and

u" h
2
.

-

Arrow and Fisher's assumption of linearity (B200 = 0), therefore, implies

that u" = 0 i.e., risk neutrality. However, it can be seen from (22) that

the assumptions of Theorems 2 and 3 do not necessarily impose any restrictions

on the risk preferences of the decision-maker, since (20) and (21) can be

satisfied with u" > 0, u" = 0, or u" < 0 as long as hoe is signed

appropriately.

VI. SOME EXTENSIONS

There are two restrictions in my analysis up to this point which are taken

over directly from the earlier literature on option value. I have assumed

that the future brings perfect information about the consequences of
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development, and I have assumed that the decision-maker faces a binary choice

of either no development or full development. It is worth examining the

consequences when these assumptions are relaxed.

Suppose that at the end of the first period, instead of obtaining perfect

information, the decision-maker obtains partial information about the

consequences of development which he combines with his prior distribution for

0 in a Bayesian manner to obtain a .posterior distribution for 0.

Specifically, suppose that at the end of the first period he observes the

value of some random variable c with which he updates his distribution for

0, expectations with respect to this posterior distribution will be denoted

by4.1 1,1.16 At the beginning of the first period, before he

observes 4, he has a joint distribution over 0 and t. The marginal for

0. is his prior distribution. Expectations with respect to the marginal for

-willbe-denoted-by-E M.--At-the-beginning of the first period the.

expected benefits over both periods as a function of the initial amount of

development, given that the amount of development in the second period is

. optimally chosen subject to the irreversibility constraint, is V4(d1) where

(23) Vi
i 

B
1 
(d

1 
+ E [ max E 4. {B 2(d1 d2' • 0)]Id2

.5_ + d < 1

0 <d2—

This is under the scenario of partial information. The value functions for

the other two scenarios of zero information and perfect information, Vic(di)

and elhdl), are still given by (5') and (6) but E{.}, must now be

interpreted as an expectation with respect to the prior distribution for e.
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Using a standard argument from decision theory--see, for example, La Valle

[1978]--it can be shown that

(24)

but

(25)

v(d1) > V*(d ),
•••••••

vo.) = v+( = v*(1).

Under the partial information scenario the first period decision is to

maximize V(d1) subject to 0 < d1 < 1. Denote the solution by..... 

el and let V = 1,e(4). The quantity V+ - V* is known as the

expected value of information (EVI). It follows from the inequalities in (24)

that EVPI > EVI > 0.

Suppose that there are only two possible levels of development, dt = 0

or 1, and consider the scenarios of partial and zero information. By analogy

with Arrow and Fisher's interpretation of option value as a shadow tax on

development one obtains the following formula for option value in this context

(26) oe = [v+(o) - v+(1)] - N*0 - v*(1).1.

By virtue of (25), an equivalent characterization is

(27) 0V+ = \I(0) - Vic(0

The right-hand side is a formula for the conditional value of information with

respect to the choice of d2 but it is not the unconditional value of infor-

mation in the overall decision problem EVI. The formula for the latter can
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be shown to be given by the right-hand side of (16) with 0) and 'VW

.substituted for IT(0) and i/(1). It follows that

(28) 0V+ > EV1 > O.

Finally, observe from (15), (24), and (27) that

(29) 0V+. < OV.

In short, if one assumes that the passage of time permits the acquisition

of partial rather than perfect information about the future consequences of

irreversible development, one obtains a measure of option value which is

smaller than the AFH concept based on perfect information but has similar
4,1

properties. The quantity 0V+ is nonnegative, can be characterized either as

a shadow tax on development or as a conditional gain from information, and is
•• • r • JAI • •."'" • 

distinct from, but bounded by, the expected value of information. Thu, the

assumption of perfect information is not crucial to the formulation of the

concept of option value. However, I will show that the assumption of only two

development alternatives is crucial.

For simplicity, I assume perfect information and employ the model of

irreversible development outlined in section II in which dt can range over

the interval [0, 11 subject to the constraint (1); the argument can readily be

generalized to the case of partial information. Given the value function

Vq.), let4. be the solution to: maximize V*(di) subject to 0 < d1 < 1.

Similarly, let.% be the solution to: maximize W(11) subject to 0 < d. < 1.

Thus, these are the optimal levels of development conditional on having some

development during the first period. The unconditionally optimal development
*

levels, di. and can be expressed in a manner similar to (10) and (11) as17
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0 if V*(0) > V*

(30)
*
d
1 

otherwise

(31)

= max [V*(0), V*

Ili. max WO), Vd1)).

As pointed out in section II, the expected value of perfect information for

this decision model is EVPI = V* - V > 0.
AM Mr.

By analogy with (12) one possible concept of option value in the present

context is the shadow tax which would have to be imposed on development in

order to correct the decision of an agent who myopically behaves according to

(30) and ignores-the-possibtItty-of-obtaining- information about the future

consequences of development. This concept of option value, which I will

denote by OVa, satisfies

(32) ova = [f.(0) ca - [v *(o) - v*(a17].

By analogy with (18) an alternative concept of option value, which I will

denote by 0111) is the conditional gain from information with respect to the

choice of d2 if there is no development initially

(33) OV =V(0) - V*(0).
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These two concepts are no longer equivalent. Indeed,

(34) OVa = [V(0) 
WO)] - [1/(11) - Vicrd-* 

< OV1 b'

since it follows from (7) and the definitions of d1 and d that V(d
1
)

> W(d1). Therefore the analyst would have to make a choice between the

two concepts.

The concept OVa may seem intuitively more appealing since it is pat-

terned after Arrow and Fisher's original notion of option value as a shadow

tax. However, unlike the AFH concept there is no guarantee that OVa is

nonnegative. For example, in the following case which is perfectly compatible

with (7),

(351 -Vcdp-5-1/C0)---5-Vik(0 UV,

application of (34) shows that OVa < 0. By contrast, the quantity OVb

must be nonnegative, but it is not necessarily bounded from below by EVPI.

For example, in (35) EVPI = Wal) V*(0) and OVis < EVPI. More

generally:, it can be shown that there is no determinate relationship between

either OVa or OV and EVPI. In short, there appears to be little basis

for choosing either concept of option value. Accordingly I would argue that

when development is not a binary choice option value is not a well-defined

concept.
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VII. CONCLUSION

In this paper I have sought to provide a systematic analysis of the

time-dependent concept of option value introduced independently by Arrow and

Fisher [1974] and by Henry [1974]. I have demonstrated the equivalence of

their formulations, and I have provided two alternative characterizations of

the option value concept. From (12), option value can be interpreted, follow-

ing Arrow and Fisher, as a shadow tax on development which adjusts for the

irreversibility of the development and the possibility of acquiring informa-

tion about its future consequences. From (18), option value is seen to be the

gain from information with respect to future development decisions, condi-

tional on postponing initial development. This is distinct from, but bounded

by, the expected value of information in the overall decision problem. I also

argue that it is different from the quantity measured by Greenley, Walsn and

Young [1981] in their empirical study of the Platte River Basin.

In addition, I have extended Arrow and Fisher's analysis of the relation-

ship between the degree of uncertainty about the future consequences of

development and the magnitude of the option value. I have shown that their

result that more uncertainty implies a larger option value does not always

hold, but I have provided a general set of conditions under which it will

hold. These conditions depend on the manner in which the uncertain element

interacts with the future period benefit function, and it remains an empirical

question whether they are satisfied in any speciEic policy context.

Finally, I have considered two generalizations of the analytical framework

used to characterize option value. I have shown that, if the passage of time

brings partial rather than perfect information about the future consequences
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of development, the concept of option value carries over and retains the

properties mentioned above. However, I have shown that it cannot readily he

generalized when one assumes a continuum of possible development levels

instead of a binary choice between development and no development.

UNIVERSITY OF CALIFORNIA, BERKELEY



27.

APPENDIX

Here I sketch proofs of Theorems 2 and 3. These involve functions which

are continuous but have a kink at one point of the general form

ge) 
(the)

(e)

if 0 <

if 0

will need to refer to the following elementary fact about such functions:

LEMMA 2. (a) Suppose (i) (ple and ciP are each concave, and (ii) (1)L(e) > 4P(0*);

then, 4)(0 is concave.

Suppose-M-4)1' and (I) are each convex, and i)

then, gO) is convex.

Proof of Theorem  : I will focus on the case where Ef11(0)1 > 0 and W(0)

is concave. By Lemma 1(b), a mean-preserving increase in uncertainty lowers

E{WO)}. Assume however, that the change is sufficiently small that it

does not alter the sign of E{W(0)}. Thus, both before and after the change

(A.I) maxfra (0, 0, 01,E02(1, ; 01] = {13 (0, ;

Suppose for the moment that W(0) is increasing in . Then for some 0

in the interval [0, 1]
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B2(0

(A.2)

2

0, e

From (15), OV can be written as

(A-3)

where

(A.4)

• ea.., 2
(1
'

B(1,

; 0)

• 0)

ov =E{4)(0)}

1; -B

if e <

if 0 > 0 .

0; -W(0) if 0 < 0

• go) .
0 if 0 > .

Since -W(0) is decreasing and convex, 4)(0) is convex by Lemma 2(b). Therefore,

by Lemma 1(a), dOV/dr > 0.

Alternati-vely-41----44--is-decreasing-and--concave,- A.2) is replaced by

Bp, 0, 0) z. B(l, 1; 0) if 0 < 0

e) ; 0 if 0 > 0

(A.2')

and A.3 holds with (go) given by

(AA')
0 if O<0

ge) =
-WM if 0 > .

Since -W(0) is increasing and convex, (e) again satisfies the convexity

conditions of Lemma 2(b) and, by Lemma 1(a), dOVidr > 0. The case where

E{WO)} < o and W(o) is convex and monotone in 0--either increasing or

decreasing--is proved in a similar manner.

4
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Notice that if I had assumed W(0) to be increasing and convex, with

E{O)} > 0, (A.1)-(A.4) would still hold but I(o) would not be concave since

condition (ii) of Lemma 2(b) is violated. Similarly, if E{WO)} > 0 and W(0) is

decreasing and convex, or if E{O)} < 0 and W(0) is monotone and concave, (A.3)

holds but 4)(0 is neither concave nor convex. In all of these cases, Lemma 1

cannot be applied and, therefore, one cannot reach any firm conclusion about

the effect on OV of an increase in uncertainty.

Proof of Theorem 3: Suppose, first, that W(o) is increasing in 0.

From (18) OB can be written as

(A.5)

where

OB =EV11(0)}

;- 0) i f e <
(A.6) T(o) =

UII (0) = B,(0, 0; - B,(1, ; 0) if 0 > 0.

By assumption, 'he) and P(o) are each convex and, since KO) is increasing,'
L **co < 

Q(0
 
k)• 

Therefore, by Lemma 2(b), T(0) is convex; and by Lemma 1(a),0 0

d0B/dr > b. Alternatively, if W(0) is decreasing in 0, (A.5) hold.s with •

T(0) given by

(A.6')

TL(0) E 
B2(

TO) =

o; 0) - B2( 0) if 0 < 0

U
= 2(1, 1; 0) - (1 0, 0) if 0 > 0 .

Since V1(0) is decreasing TV) <PO0 0

still convex. Hence, d0B/dr > 0.

and, therefore, 'Y(0) is
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A
Now, from the definition (18), d0(0) - 1)]/dr = dOB/dr. Thus, under

the assumptions of Theorem 3, the increase in uncertainty raises [V(0) - VW]

and from (11), it lowers a1' In order to ascertain the effect on d*1,

by analogy with (18) define the quantity OD by

(A.7)
(H) = [Vc(0) - Vft(1)] - [B1(0) - B1(0)].

=.max[E{B2(0, 0, 0)1, E1B2(1, 1; 0)1] - EIB2(l, 0; 0)).

Observe that, under the assumptions of Theorem 3, by Lemma 1(a)

dF B,(0, o; 0)) > B2( o; 0)1 a d E B 1; 0)} B ( 0, O)).

Therefore, dOD/dr > 0. Since d[V*(0) - W(1)Ydr = dOD/dr, it follows, from

(10) that the increase in uncertainty lowers di. It should also be noted

that, since OD = OB OV, d0B/dr > dOV/dr under the assumptions of Theorem 3.



31.

FOOTNOTES

1. I am greatly indebted to Tony Fisher for his helpful comments on an

earlier draft of this paper and for several stimulating conversations on this

topic.

2. There is some terminological confusion because Arrow and Fisher refer

to their concept as "quasi-option value," while Henry uses the term "option

value." Here I follow the latter usage.

3. If there is uncertainty regarding the first period's benefits, the

term 131(q) will be replaced by Ellycyl without affecting any of

the analysis.

4. The inequality follows from the convexity of the maximum operator and

the application of Jensen's inequality.

5. The decision on current development is independent of the decision on
.41P

future development only if there is no irreversibility constraint (2) and

B2(•) is independent of dl. If either of these conditions fails to
* A

hold, then in general di

6. See also Krutilla and Fisher [1975, p. 721.

7. Option price as defined by Henry is different from the option price

concept which appears in the literature on the timeless concept of option

value.

8. It follows from (7) and (15) that OV > O.

*
9. The case of d = 0, d1 

1 is ruled out by the result of the
1 
^ *

preceding section that d1 < di.

10. This follows from the inequalities on the right-hand side of (16).

11. In particular, whereas OV is nonnegative, OB may he negative or

positive. This is so because, while the definition of B2(-) implies that
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2(; 0) ..... B2(1., 0; 0) for every value of 0, one can have either B(0, 0,

0)< B2(1, 0, 0) or B2(0, .0; 0) > B2(1, 0; 0).

12. Later in their questionnaire GWY attempt to measure existence and

bequest values for both user and nonuser households. I will ignore these

estimates here since they are not directly relevant to my argument. . I should

mention that GWY also measure willingness to pay in terms of higher water and

sewer fees, but they emphasize the sales tax values in summarizing their

results.

13. Freeman [1982] has recently questioned whether GWY's results are

plausible estimates of option value. However, in his analysis he employs the

timeless concept of option value rather than the AFH concept. Because of the

explicitly intertemporal structure of ONY's questions, the AFH concept would

seem to be more relevant.
• •

14. Proofs of these theorems are provided in the Appendix.

15. Here and in (22) below subscripts are used to denote first and second

partial derivatives with respect to 0.

16. It should be emphasized that the realization of the random variable

i.e., the type of information obtained at the end of the first period, is

independent of the development decision d1.

17. Here the quantities V*(0) and V(0) are different from the quantities

defined in (9) because the second period optimization implicit in the value

functions V*(-) and V(-) is no longer subject to the constraint that d2

0 or 1.
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