Waiting Value and Testing Value: a more general
approach to environmental decisions under

uncertainty
Aldo Montesano Giuseppe Attanasi
Bocconi University Bocconi University
April 2003

(First version, incomplete)

Abstract

The aim of this paper is twofold: on one side, we try to generalize the
traditional results on environmental option values literature and to incor-
potare them into a unique model. This serves the purpose of clarifying
some misconcenptions on the formulation and on the role of the various
kinds of waiting values that emerge in the literature.

On the other side, we introduce a value, namely the Testing Value,
emerging in all those situations in which the level of information concern-
ing future economic benefit of development (and its future environmental
costs) depends on the level of development performed. We show the Tes-
timg Value is always nonnegative and that including it into the analysis
could push the decision maker towards a higher level of preservation of the
environmental resource. The reason is that the Testing Value could lead
the decision maker to develop only a certain amount of the environmental
asset (internal solutions); on the contary, the Waiting (or Quasi-Option)
Value would lead more frequently to corner solutions.

1 Introduction

1.1 The history of the Waiting Value

Most of the economic models analyzing environmental choices under uncertainty
are characterized by two strong hypotheses regarding the nature of information
concerning the irreversible effects of the development of an environmental re-
source. Decision makers acquire this kind of information without any cost (free
information) and only by waiting for time to lapse (exogenous information).
Both these assumptions are unrealistic and reductive, at least for the following
reasons:



1) Acquisition and appropriation of information usually needs the investment
of a certain amount of financial resources and the realization of specific actions
in order to learn (for example, research and monitoring activities). Moreover, if
the cost of information is higher than its expected value, then, from an economic
point of view, it is not optimal to invest resources for acquiring it .

2) It may happen that the irreversible action characterizing the development
of an environmental resource produce information about future benefits and
costs of the development itself. This is a situation of dependent learning, i.e.
characterized by endogenous information: the coming out of new information
depends on the decision taken by the policy maker in time period 1.

The issue of irreversibility and uncertainty in environmental decisions has
been largely discussed in the last three decades. From the first definition of the
QOV, given by Arrow and Fisher (1974), the key concept has been developed
in several articles, among others, by Henry (1974), Dasgupta and Heal (1979),
Hanemann (1982, 1989), Fisher and Krutilla (1985), Beltratti, Chichilnisky and
Heal (1996), Fisher (2000), Pindyck (2000).

Arrow and Fisher (1974), while examining the optimal level of development
of a natural resource, identified a concept that they termed “quasi-option” value.
The concept emerged from a two-period model of choice (develop or preserve),
where development is irreversible ' and the expected net benefits in future pe-
riods are conditional upon the choice in the present period. The quasi-option
value takes into account the reduction in the value of expected net benefits of
development of a particular area (with respect to the case in which the deci-
sion maker knows these net benefits with certainty). This reduction occurs if
information about the future consequences of development is not available.

Fisher and Hanemann (1987) ?, under the same context of Arrow and Fisher’s
model, characterized by risk neutrality of the decision maker, irreversibility of
the action “development”, uncertainty about the future benefits (of develop-
ment and preservation) and by independent learning (ezogenous information):
the decision maker can receive new information about the environmental asset
(about the future benefits of his action) only by letting time to pass; this ac-
quisition of information is independent of the choice made in the first period.
3

More precisely, in Fisher and Hanemann’s model, there are two alternative
scenarios for the acquisition of information about the future consequences of de-
velopment. In one scenario, exogenous information is available (and it is known
it will be available) in sufficient time to be incorporated in the future devel-
opment decision; in this scenario, the prospect of future information is fully
recognized and incorporated explicitly in the current decision. In the other,

1In the sense that development of the environmental resource can take place either “now”
or “in the future” but, once undertaken, it is irreversible.

2See also Hanemann (1989), Fisher (2000).

3In particular, information can emerge with the passage of time (e.g., as the second pe-
riod approaches, one can make a more accurate assessment of the social value of wilderness
preservation in that period) or as the result of a separate research program.



either information is not available (and it is known that it will be not available
in sufficient time to be incorporated into the choice in the future period) or it
is disregarded by the decision maker when he sets the current level of develop-
ment. If we define with EVezo(c1) the expected net benefits over both periods
under the first information scenario and with EVy(c;) the same expected net
benefits under the second information scenario, and requiring the investment
decision be confined to a binary choice between full development (¢; = 0) and
no development at all (¢c; = 1), we define as option value & la Arrow and Fisher
(quasi-option value)

It is a correction factor, that can be interpreted in the following way: let us

rewrite QOV as
QOV = [EV.yo(1) = EVH(1)] — [EVezo(0) — EV((0)]

In the terminology of decision theory, [EVeso(1) — EVh(1)] is the value of
perfect information conditional on having preserved the whole environmental
area in ¢t = 1 (it is the gain from information with respect to the choice of cq
conditional on setting ¢; = 0). Similarly, [EV,.;,(0) — EV(0)] is the value of
perfect information conditional on having destroyed the whole environmental
area in t = 1. QOV is the difference between these two values. But the ir-
reversibility creates an asymmetry: if one decides to preserve initially, he can
always reverse that decision later when he obtains more accurate information
about the consequences of development; on the contrary, if he decides to develop
(everything) now (¢; = 0), the decision cannot be reversed and any subsequent
information has no economic value. Hence, EV,;,(0) = EV;(0) and the expres-
sion of the quasi-option value becomes

QOV = EVezo(l) - EVO(l)

Thus, a decision to set ¢; = 1 preserves flexibility, and QOV is the value of
this flexibility. More precisely, it is the gain the decision maker obtains when
he can receive information regarding future benefits, if he decides to do not
develop in the current period (with respect to the case in which he ignores the
possibility of receiving this kind of information).

Another interpretation: if the decision maker ignored the possibility of ac-
quiring partial information about the future benefits of development/preser vation
and myopically based his decision on the maximization of EVj(c;), QOV is the
shadow tax that would have to be imposed on development in order to steer
him to the correct choice on whether or not to develop at all.

This does not mean that one should never develop in the first period; after
all, it may happen that EV,.,(1) < EV..0(0). Rather, it does mean that the
case for preservation is strenghtened when one recognizes the prospect of fur-
ther information about the future consequences of development: in general, the
amount of environmental resource preserved under the first information scenario
is higher, ie. (¢),,, = (¢1)o- This implies that QOV is always non-negative.
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Hanemann (1982) derived also an expression for the waiting value when
the assumption that the decision maker acquires perfect information about the
future benefits (about the preservation/development of the environmental re-
source) is weakened. He shows the results presented above carry over to the
case of partial information. In particular, if we call EVjez0(c1) the expected net
benefits over both periods under a scenario of partial learning, we can define
the analog of QOV with partial as opposed to perfect information as

QOV+ = E‘/;Jemo(l) - E%(l)

and, since EV,yo(1) > EVpero(1), the inequality QOV > QOV T holds (QOV is
the upper bound for every QOV ™).

However, when there is a continuum of preservation (development) levels,
rather than a binary choice between full development and full conservation,
some of these conclusions need to be modified. Let ¢; € [0,1] and ¢ € [0, 1],
because of irreversibility.

Analyzing this case, Epstein (1980) established that it is not necessarily true
that (¢}),,, = (ci),- He developed also a set of conditions sufficient for Arrow

and Fisher’s result to carry over when there is a continuum of preservation
(development) levels. 4

Moreover, Hanemann (1989) derived an expression for the quasi-option value

in case of continuous irreversible development: let (¢), =arg m[aac)EVem(cl)
c1€[0,1

and similarly (¢;),=arg mfll‘ )EVO(cl); the value which would appear to corre-
c; €[0,1

spond to the QOV in the binary choice case is

QOV = [EVipo(1) — EVio (&1),..] — [EVo(1) = EVp (61),]
[EVero(1) — EVy (1)] = [EVezo (€1) cyo — EVo (€1),]

exro

We do not agree with this formulation of the problem: first of all, if we
maximize for ¢; € [0,1), we are not sure that a solution exists (since the
choice set is not compact and Weierstrass theorem does not apply); second,
even if we would correctly define (¢1) _=arg TreL[chl)EVem(cl) and similarly

Cc1

)

exro

(é1),=arg m[ax)EVO(cl), itis EVigo(1) < EVego (é1),,, and EVy(1) < EVy (&1),,
c1€[0,1

exro
thus QOV is defined as the difference among two negative quantities; finally,
we think that the only advantage the formulation above produces is to reduce
the continuous case to a “special binary case’ in which the decision maker com-
pares the expected value of the choice of preserving everything with the expected
value of the best possible choice when preserving everything is not allowed. This
“strange” formulation has to be charged to the need of making the choice ¢; = 1
to appear in the formula of the quasi-option value, since ¢; = 1 would seem to

4Vedi tesi



be crucial for exercising the option in the second period. But, since in Hane-
mann and Fisher’s model, given that information is exogenous, it comes out
also when ¢; # 1, every ¢ € (0, 1] allows the decision maker to make a choice in
the second period exploiting the new information received, thus exercising the
option that has emerged (obviously the option is higher the higher is the value
of ¢; chosen). ®

Our interpretation of the waiting value (as the money the decision maker is
willing to pay in order to shift the decision from now to the future) is nearer
to the formulation of Conrad (1980) and of Miller and Lad (1983): Conrad
(1980) states that “the quasi-option value, so defined, is identical to the expected
net value at time zero of the information in ¢;”; Miller and Lad (1983) state
that “the existence of a quasi-option value as defined generally, depends only
the name on the irreversible character of development. Under conditions of
irreversibility, an option value is called a quasi-option value. But any option
value, quasi or otherwise, stems from the relative values of flexible and inflexible
decisions, not from the existence of irreversibility per se”. Thus, the quasi-option
value has to be interpreted as the difference between the expected value of the
optimal flexible decision and that of the optimal fixed decision: this difference
is greater than zero.

Using our notation, we define in general the waiting value as

WV = EViro((€1) 0zo) — EVo((E1),)

In the first information scenario, the decision maker can choose ¢y after hav-
ing received information about the relative benefits of the second period (what
Miller and Lad called flexible decision); in the second information scenario,
where the myopia of the decision maker prevents him from recognizing the pos-
sibility of acquiring new information exogenously arriving, the optimal choices
of ¢ and ¢y are made simultaneously in the first period (what Miller and Lad
called flezible or inflexible decision). ©

According to our formulation of the problem the QOV ala Arrow and Fisher
becomes a particular case of WV that emerges when the decision maker chooses
to preserve the entire environmental resource in the first period: it is the ex-
pected value of information conditional on having set ¢ = 1. It has to be
intended as the upper bound of the WV, since, by preserving everything in the

5If one wants to follow Hanemann and Fisher’s idea, a more coherent expression of QOV
in the continuous case could be

Q--é_‘/ = [EVemO((él )ezo) — EVewo (0)] -
[EVo((é1)0) — EVo (0)]

with (é1).40,(€1)y € [0,1]; here one compares two different cases: the first one, with
(€1) sz » (€1)g € [0,1], in which the option can be exercised in the second period; the second,
with ¢1 = 0, in which is no more possible to exert the option in the second period, despite the
new information received.

6Hence the decision maker chooses the amount of c2 without knowing the realizations of
second period benefits.



first period, you can choose in the second period an action in the same set of
possible actions available in the first period. Hence, QOV > WV.

1.2 The need for the Testing Value

As for the first objection we moved in the previous subsection to the tradi-
tional models of environmental choice under uncertainty, ~ we have to notice
that the conclusions that Arrow and Fisher (1974) found on the quasi-option
value (QOV) still hold, even if we include the cost of information within the
model. They recognize the fact that information about the consequences of
development arrive automatically with the passage of time is unrealistic (or, at
least, rare): the acquisition of information usually requires the expenditure of
resources and occurs only if some agent takes appropriate actions. Indeed, if the
cost of information exceeds the expected value of information, i.e. the difference
EV.ro — EVp, then it is not optimal to invest in acquiring it.

On the other hand, we cannot say the same for our second objection: in-
dependently from the fact that information arrives costly or not, Arrow and
Fisher’s results on the optimality of a complete conservation of environmental
resources when their destruction is irreversible are derived in a framework with
independent learning, i.e. with exogenous information.

It is commonly accepted in the literature of environmental option values that
this result does not hold if information is endogenous. Miller and Lad (1983)
and Freeman (1984) showed that if information concerning future effects of the
irreversible depletion of an environmental resource can be obtained only carrying
out depletion itself in t = 1, than it is optimal to develop (only) one portion
of the environmental asset in the current period. In other words, the policy to
postpone the choice in order to enable the decision maker to profit of the coming
information is sub-optimal when the last one is endogenous: if the uncertainty is
primarily about the benefits of development, this strengthens the case for (some)
development. On the other hand, even when more information is provided solely
by development, substantial development ® may not be indicated.

In fact, Freeman (1984) and Fisher and Hanemann (1987) assumes that full
information is provided by any amount of development; moreover, no exoge-
nous information arrives. As one can notice, this is a very particular informa-
tion structure, where only a very particular type of endogenous information is
allowed. The resulting expected value function under this scenario, denoted
EVenao(c1), is equivalent to that in the no-information scenario, EVp, in the
event no development is undertaken, and to that in the new (exogenous) in-

"The fact that is unreasonable that research is costless and information arrives without
conscious planning or effort. Usually, information arrives by mounting some specific research
program (for example, research on the medical properties of indigenous plant species). Ob-
viously, these research programs are conducted independently from the development and the
preservation itself.

8To be intended as the destruction of a high proportion of the environmental area.



formation scenario, EV.,,, in the event any development is undertaken °. In
symbols,

EVO(l) if G = 1

E‘/e"do(cl) = { EVezO(Cl) if a < [0’1)

Several results follow form this (particular) formulation of the problem:

1) It can never be optimal to have (& )endgo = 1.

2) There is still a corner solution for ¢;, in the sense that one either develops
fully now (é1)endo = 0 or engages in an infinitesimal amount of development
(él)endo =E&.

3) For any ¢ € (0,1), if a decision-maker were going to develop at all, he
would understate the advantage of partial over full development, if he disre-
garded the possibility of acquiring information through independent learning.
In symbols,

[EVendo(c1) = EVenao(0)] > [EVy(c1) — EVy(0)]

In particular, the quasi-option value of the minimum feasible development
(e — development),

QOVE = E‘/endo(e) - E%(€) >0

is positive.

4) Lastly, (¢1)endo = (¢1)0, i-e. if the decision is to develop when one disre-
gards the possibility of (dependent) learning, the correct decision when recog-
nizing this possibility cannot be more development and may be less.

Conscious of the fact that the policy implications depend crucially on the
precise manner in which development generates the information (i.e., on the
form of the “information production function”), in what follows we try to model
endogenous uncertainty in order to be as much “general” as possible.

In the case of oil extraction in one country, for example, there may be uncer-
tainty as to whether and where the land contains oil in commercial quantities.
If it is the case, it is likely that the uncertainty can be solved by undertaking
some development. But it is without doubts that if you drill in the land (by
destroying a part of the natural resource) the deeper you drill the higher the
probability of discovering a oil well.

Another example: if you destroy only one or two trees of the Amazon forest,
you obtain very little information about the possible extinction of a certain
species. If instead you keep on destroying a larger portion of the forest, you
can obtain higher information about the pervasive effects of the development
activity.

Thus, it seems plausible that, in case information comes out through devel-
opment of the natural resource, the level of information coming out depends on

9Note that another (strong) assumption is that the new information coming out when any
level of information is undertaken is the same we discover under the exogenous information
context. We maintain this hypothesis in our model.



the level of development performed. This is an assumption we will maintain in
what follows when we characterize the endogenous information framework (and
that differentiates our framework from the one of Freeman (1984) seen above).

Besides, differently from Freeman (1984) and from Fisher and Hanemann
(1987) we will define the Testing value not as the difference between EV,, 4, ()
and EVy(e) but rather as

TV = EV(CT) - EVemo((él)ewo)

where EV (c1) is the expected value of benefits when there is both exogenous
and endogenous information and ¢} is the optimal preservation level in the cur-
rent period, under this information structure. Thus, the testing value has to be
interpreted as the additional value attached to endogenous information, addi-
tional with respect to the information exogenously arriving. In other words, it is
the gain the decision maker obtains when he can receive information regarding
future benefits, by developing in the current period (with respect to the case
in which he ignores the possibility of receiving information through this way).
Obviously, if ¢ =0, TV = 0.

The quasi-option value of the minimum feasible development defined by
Hanemann and Fisher (1987) becomes a particular testing value that emerges
when only endogenous information is available (and exogenous information is
completely absent) and when the information coming out is the same for every
c1 € [0, 1).



2 The Model

2.1 Assumptions and notation

Let us consider a two-periods model of choice (¢t = 1,2), where in ¢t = 1 the
decision-maker (D M) has to choose the amount of environmental resource he
wants to preserve (not develop) until ¢ =2. Assuming the level of the environ-
mental resource be normalized to 1, let us indicate with ¢; € [0, 1] the amount
preserved in period 1. We indicate with b; the marginal benefit deriving from
the decision of preserving at time ¢ = 1 0. We assume current benefits from
preservation are negative, i.e. b; < 0; ! thus, the unique incentive to preserve
in t = 1 is given by the possibility to receive a positive future benefit in ¢t = 2
12

In the second period, DM chooses again the amount of the resource to
be preserved. Since we assume development is irreversible, it is straightforward
that in ¢ =2 it is not possible to preserve more than one has done int =1: DM’s
options in 2 are constrained to the decision taken in 1. Thus, if we indicate with
co the amount preserved in period 2, by irreversibility, it is ¢; € [0,¢1]: the
amount chosen in ¢t = 2 cannot be higher than the one chosen in ¢ = 1.

In the second period, there are two possible states of the world. With prob-
ability 7, the true state is revealed before the decision in ¢ = 2 is taken by the
D M. With probability 1 —x, the DM does not know the true state of the world
when he chooses the optimal level of ¢; in t = 2: this state is revealed after this
decision has been taken. We indicate with b the marginal benefit deriving from
preservation in period 2, when the revealed state of the world is s°, i = wu, f.
The probability distribution over the states of the world is (s“,p; sf1— p). 13
We also assume the benefit from preservation is negative if the state of the world
is s* (unfavorable state), and positive if the state of the world is s/ (favorable
state), Le. b < O,bg >0. 14

10Benefits (from preservation and from development) derinving from the choice of preserving
in ¢ = 1 are known with certainty by the decision maker.
11 Miller and Lad (1983) consider a larger state of nature space, namely

O = [bi(c1), b2(c1,c2)|(c1,c2) € D]

where D is the decision space. The members of © are the various pairs of benefits and costs
which could possibly accrue during the first period and second period for each possible decision
which might be made. Thus, also benefits in period t = 1 are not known when choosing the
level of preservation c;.

The component of the pairs in ©, b, can be thought of as four dimensional vectors
(pet, pbe, det, dby) representing preservation costs, preservation benefits, development costs
and development benefits associated with the action taken in period t.

12We chose to do not contemplate into the analysis the case by = 0, since it makes the
choice of ¢; irrelevant. The same reasoning holds for bs.

13p is the probability of the state s* before this state is revealed.

14 Differently form Beltratti, Chichilnisky and Heal (1996), we do not assume that the ex-
pected benefit of preservation in the second period is positive, i.e. pb¥ + (1 —p)bg > 0. We
let this quantity to be greater, equal or less than zero.



According to our assumptions, we indicate with:

co: amount of environmental resource preserved in ¢ = 2, when the true
state of the world has not been revealed before;

c4: amount of environmental resource preserved in 2, when DM knows the
true state of the world is s%;

cgz amount of environmental resource preserved in 2, when DM knows the
true state of the world is sf.

A more useful way to identify the decision problem is to sum up the sequence
of events through four crucial steps:

- Step (a): DM chooses the amount of the environmental resource he wants
to preserve in time ¢t = 1.

- Step (b): Or the true state of the world is revealed or it is not.

- Step (c¢): DM chooses the amount of the environmental resource he wants
to preserve in time t = 2.

- Step (d): If in Step (b) no information has coming out, now the true state
of the world is revealed.

The structure of the decision problem is summarized in Figure 1 below.
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It is useful to state a pair of results which simplifies the subsequent analysis.
These results holds independently from the kind of information structure we
deal with (i.e., independently from the way in which 7 is defined):

Result 1
If in Step (b) the true state of the world is revealed, then (c§)* = 0,(c%)* = 1.

Result 2
If in Step (b) the true state of the world is not revealed, then

o — 0 it pby+(1—p)bs <0
27 e i p+(1—pbs>0

2.2 How we model uncertainty

In our model uncertainty characterizes Step (b): DM does not know if the true
state of the world will be known or not when he will take his choice ¢5 in Step
(¢). The key parameter is m € [0, 1], the probability that the true state is
revealed before choosing cq, i.e. the probability the new (complete) information
arrives before Step (¢). According to the way in which we define the form and
the properties of 7 (remembering it is a probability ), we are able to identify:

- if there is new information coming out or not (7 =0 or m € (0,1]);

- new information arrives with certainty or not (7 =1 or w € [0,1));

- information can be exogenous, endogenous, or both: in the first case, 7
does not depend on ¢1, the amount of environmental resource preserved in (and,
obviously, by (1 — ¢;), the amount of environmental resource developed in the
same Step); in the second case, m does depend on ¢;, or, rather, on (1 — ¢1),
the level of development. In particular, we assume (as a particular case of what
stated in Section 1.2) the level of information coming out when information is
endogenous is directly proportional to the level of development performed. In the
third case, one part of the information arrives exogenously and the rest comes
out accordingly to (1 — ¢1) hence, 7 = f(1 —¢;), with f/(") > 0.

We can summarize every information categories described above in four
cases, where Case A, Case B and Case D are derived form Case C respec-
tively with ¢ = A = 0,A = 0,q = 0, for ¢; € [0,1] (see the table below). In
particular, Case D is considered separately (even though it is very rare in re-
ality to have only endogenous information) only because it represents the way
in which endogenous information in analyzed in literature (i.e. separately from
any other kind of information) and thus it allows us to make direct comparisons
between the results we find and the results accepted by environmental option
values literature.

11



CASE A: No information
m=0 for ¢ €10,1]
CASE B: Exogenous information
m=gqe(0,1] for ¢ €10,1]
CASE C: Exogenous and Endogenous information

T = ¢+ A(l1—¢a) for ¢ €10,1]
with

A e (0,1—¢q],

1—¢; for ¢ €10,1]

ffl=ea) > 0 for ¢ €10,1]

~
~—
i
I
o
Ay
—
|

CASE D: Endogenous information

7 = M(1-c¢) for ¢ € [0,1]
with
A€ (0,1—4q],
fl=c) = 1—¢ for ¢; € ]0,1]

ffl=e1) > 0 for ¢ €[0,1]

The subcase information arriving with certainty '° can be derived in the
following ways;

- Case B with ¢ = 1;

- Case C with A =1— g;

- Case D with A =1.

2.2.1 CASE A: No information

The decision problem represented in Figure 1 is reduced to the one in Figure
2.1 below.
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15 Again, we analyze this case separately only because it is the one most frequently analyzed
in environmental option values literature: thus, it allows us to make comparisons and to show
that our results holds even with the restriction of information arriving with certainty.
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The expected value of the lottery is
EV(er,c2) = biey + [pbt + (1 )b} | e

Let us write the expected value of preserving as a function of ¢; only, by
choosing ¢; optimally in the second period: by this way, we obtain the expected
value of preserving in ¢t = 1, given that DM ’s choice in t = 2 is optimal.

By looking at Result 2,

(i) phi+(1-pl < 0 = et =0
— EVO(C:[,C2* = O) =biy
o Cl* =0
(i)  phs+(1—pi > 0 =  a'=q
= EVp(cr,ea™ = ¢1) = by +pbly + (1 —p)bb | &1

0 if b+ pbY+ (1 —p)b <0

= C*: A
? { ¢ if b1 + pby + (l—p)bg >0

By summarizing, '°

(7) pby + (1—p)b§ < 0 = a*=c*=0

" S
(i)’ { pby + (1 p)bZ?O == a*=c*=0
by +pby + (1 —p)by <0
) by + (1—p)bf >0
i) { y4%) 2 = b+pbu+ 1—pbf>0
(i) by +pbg + (1— p)bE > 0 R
= a*=c*=1
— EVy* = b1 + pby + (1 —p)bg

Let us represent graphically, for p = %, the results we have obtained on the
optimal level of ¢; and cs and on the behavior of the expected benefit function

EVy('). We employ a cartesian plane with the relative benefits —f}- on the a-
2

axis and with the relative benefits —%; on the y-axis. ! Obviously, when these
2

two ratios vary (when the values assumed by the benefits of preserving during

16 The second condition in (#¢)” implies the first one.

17The choice of the two ratios as variables for the axes has been supported, not only by
its theoric logicality, but also by the willingness of obtaining two positive quantities (since
by, by <0, b£ > 0), in order to concentrate in the I quadrant the combined analysis of the
conditions (inequalities) we found by solving the maximization problem.
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the two periods vary), the optimal choice for the first and for the second period
change too.

1 .. .
For p = 3, the conditions summarized above become

(1) 7;% > 1 = EVy* =0
2
b bu
(i)’ 1—-2 (——;) < ——? <1 = EVp* =0
by by
by b 1 1
N7 2 1 * i f
——= 1-2 ——= E =b1+=b =b
(ZZ) bg < ( b£> = EV) 1+22+22

This conditions, together with the optimal values of ¢; and ¢, are represented
graphically in Figure 2.2 in the Appendix.

2.2.2 CASE B: Exogenous Information

Let us start with case in which the new information arrives exogenously in Step
(b) with certainty, i.e. DM at Step (a) knows that at Step (¢) with probability
1 he knows the values of the benefit b5 (i.e., he knows that the benefit is by or

b)).

A particular case: Perfect (i.e. m# = 1) Exogenous (i.e. m = ¢q) Infor-
mation The decision problem represented in Figure 1 is reduced to the one
in Figure 3.1 below.

C
2 bc +bcy
11 2
bc +bfc2f
- 11 2
&
Figure 3.1

The expected value of the lottery is

E%mo|q:l(cl7cgvc£) = b1C1 + p gcg + (1 —p)bgCg

14



By looking at Result 1, (c§)* = 0 and that (cg)* = ¢1, hence
EVaopg=1(c1, (e3)", (e3)7) = bier + (1= p)hjes

For which concerns the optimal level of conservation in the first period, we
have
(i) bi+1-pbf < 0 =  a*=0 = EVipy=1(0)=0
(ii)  bi+1-phf > 0 =  a'=1 = EVigei(l)=b
In the same cartesian plane we employ in the previous point, we represent

graphically, for p = —;, the results we have obtained on the optimal level of ¢;
and ¢y and on the behavior of the expected benefit function EVoqo1q=1(")-

For p = %, the conditions above become

. 1 .
(7) — y > 5 = EVepolg=1" =0
2
) b 1 i 1
(i) - b—} < 3 = BV = b1+ Ebg
2

This conditions, together with the optimal values of ¢; and ¢y are represented
graphically in Figure 3.2 in the Appendix.

The general case When g € (0,1), DM at Step (a) knows that at Step (b)
with probability ¢ he knows the value realized of the benefit bé. Hence, he is
not sure that he will know the true state of the world when he will choose at
Step (c).

Let us solve the DM’s utility maximization problem.

Given Result 1 and Result 2, the realized payoffs are those indicated in
Figure 3.3 below.

15



b c
11
f
f b + b2 G
C =¢
u
D blcl + b2c2
R
1-p f
b101+ bz )
Figure 3.3
D M’s expected payoff is
EVigoler,(&)* (d)*) = 4@m+u_pmn+@ﬂq+

+(1 -9 {P(blcl +0302) + (1 =p)(brca + 5502)}
= qon+ (-] er + (1) [res + (00 + (1 p)B)es]

Let us now analyze the “low part” of the compound lottery represented in
Fligure 3.3.

We use the results found in the previous subsection:

(1) pby +(1—p)b) <0 = 1" =0 = The compound
lottery in Figure 3.3 can be reduced into the one-stage lottery in the figure

16



below.

b c
11
qp
q(1-p) f
[] - O bc +bc
1 1
1-q
b c
11
Figure 3.4

The expected value of the lottery (given that in Step (c¢) the DM follows an
optimal choice strategy independently from the information he has received) is

a [+ (1= p)bf] e1 + (1= g)bres

{51 +q(1 —p)bﬂ a

BVewo (o0 )", (e])", 02" = 0)

Hence, the optimal level of conservation in the first period is

(@) bh+qgl-pbl < 0 = =0 EV,0(0)

- 0
@) b+ql-pb) > 0 = =1 = EVi(l)=b

(i1) pby + (1 — p)bﬁc >0 = = = The com-
pound lottery in Figure 3.4 can be reduced into the one-stage lottery in the

17
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figure below.

b c
11
f
bc +b,¢
b +b)
(1-a)(1- p)
bic +b,c;
Figure 3.5
that can be still reduced in the lottery
b c
11
ap
1-p f
[ - bc +b,c
1 1
(1-ap
bc +bjc
Figure 3.6

The expected value of the lottery (given that in Step (c¢) the DM follows an



optimal choice strategy independently from the information he has received) is
BVewo (e1,(&)" ()" = 1) = [+ (1= )b+ )] 1+

(1—q) [pbier + Ber) + (1 = p)bre +bhey)]
a [ty + (1= p) (b + B))| e+

(1= ) [p(bs +05) + (1= p)(bs + b)) | ex

- [bl + (1 —q)pbs + (1 *p)bﬂ “

Hence, the optimal level of conservation in the first period is

(i) b+ (Q—gpbi+(1—p) < 0 = =0 =  EV.(0)=0

(i) b+ (1—gpbi+(1—ps > 0 =  a*=1
— EVero(1) = by + (1 — q)pb + (1 —p)b}

Let us represent graphically, for p = é and ¢ = é, the results we have
obtained on the optimal level of ¢; and ¢, and on the behavior of the expected
benefit function EV,.,(").

For p = é‘and q= é, the conditions (inequalities) written above become

b
N/ 7z%>1 * *
(Z) _ﬁ>l == 61:0762:0
L o6
== EVeo® =0
e :
©) _ﬁ>_1 = c¢;j=1,¢5=0
b 76
1
— EVe;vo* b1+gb£
{ L3
i bg * 0k
(i) | _%>g_3(_%) = c=c¢ =0
b2 b2
= EVeo” =0
) { —% <
2 [ -
(it) t72%<%73(7L}_) = c=c;=1
b2 b2
) 1., 1
= EVewo :b1+§b2+—2b§

This conditions, together with the optimal values of ¢; and ¢y are represented
graphically in Figure 3.7 in the Appendix.
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2.3 The calculus of the Waiting Value

Let us calculate the Waiting Value using the expression we introduce in Section
1.1, i.e.

WV = EVeyo™ — EVp™

Since E'V,,,* and EVy* vary according to the values of by, by and bg, we have
to calculate the difference between the two optimal expected values by looking

at the different regions we identify in the cartesian plane (ff}: , ff‘f‘) we do it
2 2
by comparing Figure 3.7 with Figure 2.2.
Forfﬂ>1andf%‘z>l7 WV =0.

b b3
_ b3 _by o 1-p . 1 (b —
For ol > 1 and ol > T " oop ( bg) , WV =0.

For —%”;<1and —%<Q(1_p)a WVZb1+Q(1_p)b§>O'
2 2

= (b by _ b3 LL__I_(_LL)
For ( ) < ol <1 and 1 <O " T-op v )

1-p =~ 1-p " ] b
WV =by + (1 —q)ph¥ + (1 —p)b] > 0.
by 1 b u
For —;z <15 _1_ﬂ7<_;z> , WV = —qpby > 0.

Thus, the waiting value is increasing in the probability of receiving new
information (exogenously), in the probability of the state s* (unfavorable state)
before this state is revealed and in the level of benefits in the favorable state. It
is decreasing in the level of benefits in the current period (taken in absolute value
and given that they are negative by assumption) and in the level of benefits in
the unfavorable state (taken in absolute value and given that they are negative
by assumption). Briefly,

WV:WV( p aqvblabg’)bg)
+-+ + + +

Obviously, if, following the literature on quasi-option values, we would calcu-
late the Waiting value as the difference between the expected benefits in case of
certain exogenous information and the expected benefits in the no information
case, i.e.

WVyet = EVypoger™ — EVo* 20

we would find an upper bound for the Waiting value we have calculated above,
Le. WVj,—y 2 WV, since WV is increasing in g.

Our result is more robust: we find that in absence of endogenous informa-
tion, even though exogenous information does not arrive with certainty (but with
a given probability q € (0,1)), the Waiting Value is always non-negative, thus

20



forcing the DM towards a higher level of preservation of the environmental area
during the first and the second period of choice.

In fact, looking at the results shown in Figure 2.2 and 3.7, it is not difficult
to see that it is always

(Cl*)ezo (Cl*)O (a)

>
(02*)6900 Z (02*)0 (b)

Result (b) is derived following this reasoning: because of irreversibility,
(62*)61'0 S (Cl*)ew(n(CQ*)O S <Cl*)ezuv but since (Cl*)ezo 2 (Cl*)O in Step (C)
D M has a larger choice set from which choosing (c2*)ez0; since the choice (¢2*)g
is possible also in case of exogenous information (because it is surely (¢1*)ezo >
(2%)0), then (c2*)ewo is at least equal to (ca*)exo- Besides, (¢1%)ero, (€1%)0s (C2*)exo, (C2*)o €
{0, 1} thus the proof is even easier.

2.3.1 CASE C: Endogenous and Exogenous Information

A particular case: Perfect (i.e. 7 = ¢+ A = 1) Exogenous and En-
dogenous Information Given Result 1 and Result 2, the realized payoffs are
those indicated in Figure 3.3.

Moreover, we can reason as in Case B: given that (c¥)* = 0 and that (cg)* =
c1, the expected value of the lottery is

EVyrci(en (@) (e5)) = g+ (1= q)(1—c0)] |(pbr + (1 = p)(by +b))] e +
{1-[¢g+ 1 =¢)1 —c)]} {p(b101 +b%ey) + (1 = p)(bier + blea)

Let us now analyze the “low part” of the compound lottery represented in
Figure 3.2, after having replaced ¢ with ¢ + (1 — ¢)(1 — ¢1) (value of 7 in the
case we are analyzing) 5.

We use the results found in Case A.

(1) pby + (1—p)b <0 == 2" =0 == We reduce the
compound lottery into a one-stage lottery similar to the one in Figure 3.4 (after
having replaced ¢ with ¢ + (1 — ¢)(1 — ¢1)).

The expected value of the lottery (given that in Step (¢) the DM follows an
optimal choice strategy independently from the information he has received) is

{1-01=-p g+ -a)A—c)l}brici +
+(1=p) g+ 1 —q)(1— )] (by +b3)es
= b+ (1 =p)[1—(1—qc1]bley

18 Notice that for ¢; = 1 (preservation of the whole environmental resource) Case C reduces
to Case B.

EVyirer (e, (e), (e])", 2" = 0)
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By the First Order Condition, we obtain

dEV (c1)
o = bt (=pb 20 - p) (- ghyer =0
c_ b+ —pp]
2(1 - p)(1 - )b}

b1 +(1—p)bd
2(1-p)(1-q)b]
than 1, the optimal level of conservation in the first period is

— Cq

Hence, given that the quantity could be lower than 0 or greater

0 if b < —(1- p)bg (i)
* by — 2b2f . ‘
= 2(1—+p>1(1€q>b£ it —(l=pb) <b <(1-p(1-29 (i)
1 if b >(1-p(-29)8 ()"

The optimal expected benefit function EV g4x—1() is

0 it b<—(1—p)s (i)
* w o f b+ (1—p)bd]? . .
EVoa(bibg ) = ¢ Sl e ()

b+ (1—p)b) if  b<—(1—-p0bi  @)"

(ii)  pb%+ (1—p)b >0 = ' = = The com-
pound lottery can be reduced into a one-stage lottery similar to the one in
Figure 3.6 (after having replaced g with ¢+ A(1 — ¢1)).

The expected value of the lottery (given that in Step (c¢) the DM follows an
optimal choice strategy independently from the information he has received) is

Evcompl(Ch(cg)*a(cg)*:CQ* = Cl) = blcl + (1 7p)bgcl + {1 - [q + <1 - Q>(1 - Cl)]}pbgcl
= biert (1-plier + (1 - q)pbg(er)?
By the First Order Condition, we obtain

dEV, \=
dEVya=i(er) = b1+(1—p)b£+2(1—q)pb12‘01=0

dCl
. . bt (1—pbd
1 = — .
2(1 - q)pby
oS
Hence, given that the quantity —%ﬁ% could be lower than 0 or greater
than 1, the optimal level of preservation in the first period is
0 it b+ (1—pbl <0 (i)
* bi+(1—p bgf . ..
=9 — égjq)pbg if 0<b+(1 —p)b%c < —2(1 — q)pby (i3)"”

1 i b+ (1—p)bd > =201 —q)pby (i)
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The optimal expected benefit function EV™* i x—1(") is

0 if by +(1—pb) <0 (i)
12
BV s (by, bY, b)) = —%ﬂ— i 0<b + (1—p)bl <—200—qpbt  (ii)"

U b+ (1= b+ (1—p)b) it b+ (1—p)bb > —2(1 —g)pby ()"

- Let us represent graphically, for p = —; and ¢ = é, the results we have

obtained on the optimal level of ¢; and co and on the behavior of the expected
benefit function EVya—1().

For p = %and q= ?1,), the conditions (inequalities) written above become *°

N/ _LZZ%>1 * *
(Z) 7ﬁ>l = 01:0,C2:0
L ol 72
by
= > 1 3b 3
(&) { 5_1 == a=55+7,6=0
-4 < 2pf 4
{73 <2 2
(i) _£§_>_1 = c¢;=6¢=0
b 7 2
L3 S
(,L'Z')// { . bgl Qbu ::> CT — 62* — _§ﬁ _ §22
\0<;}-+5< gﬁ' 2by 40y
2 2
bY 2 b 3
(i” =2 < = )rc=a=g=1
b) 3\ o)) 4

This conditions, together with the optimal values of ¢; and ¢, are represented
graphically in Figure 4.1 in the Appendix.

1

- Let us represent graphically, for p = 5 and ¢ = ?2,), the results we have

obtained on the optimal level of ¢; and ¢s and on the behavior of the expected
benefit function EVyia=1().

19For which concerns case (4)'”/, it has not been considered since for q < J’é the condition
b1 + (1 — p)bg > —2(1 — q)pby is never verified. In other words, for g < ';, the condition

b1+ (1 fp)bg < —2(1 — g)pby holds for every by, by <0, bg > 0 and for every p € (0, 1).
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For p = %and q= ‘13, the conditions (inequalities) written above become 2
bu
: —y >l .
(Z) _ﬁ>l o 01:0,02:0
(o 72
b3
—=>1 b
. b 1
@) {1 Puoo1 = a=3+5a=0
(e b 2 2
bu
_ 22
NV bd >1 w _
(7) = ¢, =1c=0

|

lasls: S
A
[

—~
.
=N

~—

<~

i e W

1
b
_ <]_ f
7 b 3 b
- b * ok 1 -2
()" { 2 py = =6 =-—3— —=
0< i1 by 20y
ST A T ¢l
—% <
(’L'Z')”/ 2 _— CT = C; =1

_¥ s bk 3
i <-3 ( ) 5) +5
This conditions, together with the optimal values of ¢; and ¢, are represented

graphically in Figure 4.2 in the Appendix.

The general case When A € [0,1 —q), DM at Step (a) knows that, even if
he decides to destroy the entire environmental resource (¢; = 0), at Step (c) he
will know the value realized of the benefit b} with probability ¢ + A < 1. Hence,
even if he destroy everything, he is not sure that he will know the true state of
the world when he will choose at Step (c).

Given Result 1 and Result 2, the realized payoffs are those indicated in
Figure 3.3.

Reasoning as in Case B, given that (c§)* = 0 and that (cg)* =cy,

EV(er, (&) (e)) = la+A(1— )] [(0br + (1= p)(br +b])] 1 +
{1=[g+A1—c1)]} [p(blq +b¥es) 4+ (1 —p)(bier + bea)

Let us now analyze the “low part” of the compound lottery represented in
Figure 3.3, after having replaced ¢ with ¢+ A\(1 — ¢;) (value of 7 in the case we
are analyzing) 2%.

20 As one can notice, only conditions (i)’ and (¢)” remain the same as in the case where
q< '12 In particular, for ¢ > ';, we find valus of b;,b% and b{ for which condition (z)"” (and
the related area in the graph) takes place.

21 Notice that for ¢; = 1 (preservation of the whole environmental resource) Case C reduces
to Case B.
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We use the results found in the previous case. We refer again to Figure
3.4, Figure 3.5 and Figure 3.6, by changing the probability assigned to the
branches of the trees (with ¢+ A(1 — ¢1) in place of ¢):

(?) pby + (1 — p)bg <0 = ce* =10 = The expected
value of the lottery (given that in Step (¢) the DM follows an optimal choice
strategy independently from the information he has received) is

BV (e1,(c3)", (e ea" =0) = {1 (1= p) g+ A1 —c1)]}brcr +
+(1=p) [g+ A1 = )] (b + b )es
brer+ (1—p) [+ A1 —e1)]bhey
By the First Order Condition, we obtain

B
- CZ(Cl) = b+ (1-p)(g+N0) —2(1 - p)Abjer =0
1

bt (1—p)(g+\)b]
2(1 — p)Ab]

— C1

_ i
Hence, given that the quantity %&2 could be lower than 0 or
—p)Ab]

greater than 1, the optimal level of conservation in the first period is

0 if b < —(1-p)(g+ b ()
« ) b1+(—p)(g+Abd . f f N
o = | B it — (=)@ <b <(1-p)A—aqbs (i)
1 it > (1-p)A-gb) ()"

The optimal expected benefit function EV*(+) is

0
it b <—(L-p)g+ N0 ()
[b1+(1—p) (a+N) 5]
EV*(by,by,b3) = 1(1—-p)Ab]
: f f -\ 7/
if —(1=p(a+M)by <b <(1—-p)(A—q)b (4)
b+ (1—p)(g+\)b]
it by >(1—p)A—qb) ()"

(i1) pby + (1 —p)bgc >0 = "= = The expected
value of the lottery (given that in Step (¢) the DM follows an optimal choice
strategy independently from the information he has received) is

EV (en () () sea” = 1) = buer+ (1= plbfen + {1~ g+ A(1 = e1)]} e

bici + (1 — p)bgcl +p(1 —q— A+ /\61)b501

25



By the First Order Condition, we obtain

dEV
%} b+ (1 —p)b%c +p(1—q—A)by +2Apbyc; =0
1
— ) — g — \)bY
oyt — it (L= plby +p(1— g = Abs

2pAbY
—oved o) b
Hence, given that the quantity bt (opibytp(-g-Nb

2pAbE could be lower than
0 or greater than 1, the optimal level of conservation in the first period is

0 it b+ (I—p)by < —(1—q—AbY (i)
_ L (11— og— U
ot = il ””;pﬁgél $NB i (1 —q— A < by + (1 —p)b) < —(1— g+ A)by
\ 1 it b+ (L —p)by > —(1— g+ N)by  (id)"
The optimal expected benefit function EV*(+) is
0
if by (1—p)b] < —(1—q—Aby (i)
[t ap)pdp(—a— 23]
EV*(blvbga bg) = Aprby f
if —(l—g=AbY<by+(1—pbl < —(1—q+ Ny (i1)"
by + (1 —p)bl + p(1 — q)b¥

it b4+ (1 —p)bf > -1 —qg+ by (i1)"”

- Let us represent graphically, for p = %,q = 43L and \ = -13, the results we
have obtained on the optimal level of ¢; and ¢ and on the behavior of the
expected benefit function EV ().

For p = -%,q = -é and \ = %, the conditions (inequalities) written above
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become 22
b’U.
N —;2 >1
(1) | =
L o7 3
bJ’lL
——= >1
. 7
(i)' { I
(o =3
bu
_bg
% NS —
—2 > 64 + 3
2 2
bu
- N\ —ff < 1
(i) 18 w11l T
l T 6 ) bg 2 2 bg
(Z',Z:)/// %
f
by

e w1 b 30
== T Y

by

2= +1l=ci=c5=1
bf
2

This conditions, together with the optimal values of ¢; and ¢, are represented

graphically in Figure 4.3 in the Appendix.

1

- Let us represent graphically, for p = %,q = % and A = <, the results we
have obtained on the optimal level of ¢; and ¢; and on the behavior of the

expected benefit function EV (*).

For p = —%7(] = % and A = i, the conditions (inequalities) written above

22For which concerns case (i)’”, it has not been considered since for ¢ > A, the condition
b1 > 1—pOA— q)b£ is never verified. In other words, for ¢ > )\, the condition b; >

(1 —p)(A — g)bf holds for every b1, b% < 0,b% > 0 and for every pe (0,1).

27



become

b’U.
, —u > 1 .
(1) b L = ¢ =0,c=0
L b) 24
by
——=>1 b 7
NI b * _ 2L - ¥
(2) {_;L<_21u_<_z = cl—4bf+3,02—0
| 24 b£ 24 2
bu
/1 _;'gf>1 *
() b1 = c¢;=1c=0
_bf<24
—E <
1 b ko k
) b >22_4h+§ = c¢;=c¢cy3=0
U o ~ 58f " 5
— <1 f
7 5 b b
" by ] ok _ 2 41 57
(33) _ab w1 _uw T A= a=ogod =2
| 247 ol T2 24 3] 2 2
2 <
7 2 * ok
(i7) W 2ib 12 = c=c=1
b S 11y T

This conditions, together with the optimal values of ¢; and ¢y are represented
graphically in Figure 4.4 in the Appendix.

- Let us represent graphically, for p = %,q = 42L and \ = i, the results we
have obtained on the optimal level of ¢; and ¢ and on the behavior of the
expected benefit function EVeempi(*).

For p = -%,q = -% and \ = i, the conditions (inequalities) written above
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become

., — > 1 \
(l) _ﬁ>d - 01:0,0270
(O
{ —% > 1 by 3
NV/i b * 1 *
1 2 = c¢;=4— +=,c5=0
() L_é<_iuf<§8 1 bg 2 2
2
(.)/// _%2§>1 2 * 1
ci=1,¢c5 =
_hlf<_1 1 2
bl 8
iy { = <1
7 Y 2 - CT:C;:()
—22 > 84 14
(A
LS /
1 bf * gk l ﬁ 22.
L 8pf o T2 S 7 2 2
b3
AN b£<1 * ok
(i) u = c=6=1

I5:
AN
w o
Gl
+
w ks

This conditions, together with the optimal values of ¢; and ¢y are represented
graphically in Figure 4.5 in the Appendix.

2.3.2 CASE D: Endogenous Information only

We choose to analyze the case A = 1, since it serves better the aim of this subsec-
tion: comparing our results with those common in environmental option values
literature, in which the most representative models of environmental decisions
under uncertainty under uncertainty and irreversibility are those of Freeman
(1984) and of Fisher and Hanemann (1987): in these models, information is
completely endogenous (¢ = 0) and it arrives with certainty (A = 1).

Let us solve again DM ’s utility maximization problem.
Reasoning as in Case B, given that (c§)* = 0 and that (c])* = ¢,

EVenaoler, ()" (e))) = (1= @) (b + (1 = p)(br+6]) | ex +

+c1 {P(blcl +byca) + (1 —=p)(bicr + bg%)}

= (1-a) {61 +(1 —p)bﬂ 1+ {blcl + (pby + (1 —p)bé)cz

Let us now analyze the “low part” of the compound lottery represented in
Figure 3.3, after having replaced ¢ with (1 — ¢1) (value of 7 in the case we are
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analyzing) 23.

We use the results found in the previous case. We refer again to Figure
3.4, Figure 3.5 and Figure 3.6, by changing the probability assigned to the
branches of the trees (with (1 — ¢1) in place of ¢):

(?) pby + (1 — p)b£ <0 = c* =10 = The expected
value of the lottery (given that in Step (¢) the DM follows an optimal choice
strategy independently from the information he has received) is

EVendo(Ch (CIQL)*, (Cg)*,CQ* = 0) = (1 — Cl) [bl + (1 —p)bg} c) + b1(01)2

= [+ (1-e)(1 - pf|er
By the First Order Condition, we obtain

dEVendogcl )

= bi+(1—phl—c =
dey 1+(1=p)by —c1 =0

by + (1 —p)b]
- Cl* = L pf
2(1—p)by
o
Since the quantity 212%1—;%‘ is always less than 1 (for every by < 0 and
—p)b]
bg > 0) , it will never be ¢;* = 1 in the subcase (i). Hence, the optimal level of
conservation in the first period is

: 0 if b +(1-ppf<0 (@)
1 = bl +(1—p)bd . ) ‘
1 CanhE i (>0 ()

The optimal expected benefit function EV} , () is

0 if bi4+1-pdi<o @)

Eve*no babuvbf = b 1-p)bd]”
do(b1,03,03) | %ﬂ- if b+ (1—p)b) >0 ()"

(ii)  pbi+(1—p)b} >0 = et = = The expected
value of the lottery (given that in Step (c¢) the DM follows an optimal choice
strategy independently from the information he has received) is

EVenaolers (&8)", ()", e2™ = ¢1) = pby + pb (e1)? + (1= p)bles
By the First Order Condition, we obtain

dEVYe’rLdo ( C1 )

= by +2pbycer + (1— p)bg =0
dCl

by + (1 —p)b}

— ar=c 2pby

23 Notice that for ¢; = 1 (preservation of the whole environmental resource) Case C reduces
to Case A.
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Hence, the optimal level of conservation in the first period is

0 if bi+(1-phl<0 (i)
Apd
et = SREEER i 0 <by+ (1 )b < —2pby (id)”

1 if b+ (L—p)bd > —2pb% (i)

The optimal expected benefit function EV_ , () is

0 if b+ (1—p)h <0 (i)

« w 2_T1_pf12

EVendo(bthvbg) = pbl + M_Eplb_gpm if 0< bl + (1 — p)bg < —Zpbg
U opby+pb + (1= )bl if b+ (1— p)ol > —2pby

- Let us represent graphically, for p = —; and ¢ = ?1,), the results we have

obtained on the optimal level of ¢; and ¢o and on the behavior of the expected
benefit function EVepqo(')-

For p = é‘and q= é, the conditions (inequalities) written above become 24

N/ _%>1 * *
() B2 1 = ¢;=0,c5=0
L 72
{—%§>1 c b1l
(7’) __b_]l;<é = Cl_b§+2’02_
b
b’u
.o\ _Z'af 1 * >k
(i) _ﬁ>_1 = ¢ =6=0
bl 72
bu
(i1)" __bz <! = =06 = U aby
0<i+dc-2 ' 2pby
2 2
by 1 b
(i3)" fb—fc < 3 (b—}>:>c>f031
2 2

This conditions, together with the optimal values of ¢; and ¢y and with EV,,4,
are represented graphically in Figure 5.1 in the Appendix.

24For which concerns case (i7)”’, since the condition b; + (1 — p)bg > —2pby implies the
condition b1 + (1 — p)b4 > 0, only the first one has to be considered.
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2.4 The calculus of the Testing Value

According to the definition we introduced in Section 1.2, we define the Testing
value as

TV =EV* - EV}

€T o

Hence,
EV*—EVy =WV +TV

We could calculate the testing value not as an additional value of endogenous
to exogenous information (as we did above), but as a value emerging in the
particular information context in which only exogenous information is available,
i.e.

TV' = EV}, 4 — EVy

ndo

In case the utility function would be linear (and in our case it is), one could
verify that TV = TV".

In this paper, we calculate
V' = EV;ndoM:l - E‘/O*

only to the scope of replicating the usual way of calculating the Testing value
one can find in the few models (in environmental literature) in which it appears
(or it seems to appear), to have a base of comparison between our results and
those common in literature, that have been exposed in Section 1.2.

Now,let’s turn to the first definition of TV, the one we are agree with. Since
EVenao® and EVy™ vary according to the values of by, by and bg, we have to
calculate the difference between the two optimal expected values by looking at
the different regions we identify in the cartesian plane (—':'}', ——Zﬁ); moreover,

2 2
we calculate the TV for different values of A\ and q , for to reasons:

- to show that our results hold independently from the values one can assign
to the probabilities A and ¢; %

- to analyze the behavior of the T'V as a function of A and q.

We do it by comparing Figure 4.3, 4.4 and 4.5 with Figure 2.2.

Let us first look at Figure 4.3 and calculate the TV (by, g,bg) in case p =
—;,q =21 and A= %

bu
For—;';;>1and—f‘2;>'§, TV =0.
2
by 1 1 3 b1+'1bf
For—;';;>1and6<—if<3, TV =1 o > 0.

25We will show also that our results hold for every p € [0,1]; but, since this is immediate
(you have only to olok at the formulas we write down and you will find it evident), we don’t
need to do any comparative statics analises concentrated on p.
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0 . 2
For —2 > 1and 0 < bl TV =481 50
bg 2 2 b2
For —% <land &% >6& +3, TVv=o.
b b b
2
by by 3(bi+3bf+4b%)
For —f < 1,—7 < 6% }+3 and - >3%2}+§, TV = — o >
0.
f_1pu)?
o by 3 by _ a3 (bii3b]-dby)
For o] <1, b£<3b2f+2 and b£>2 7+1, TV = —3 o >
0.

For ’52 <241, TV=0.

Let us first look at Figure 4.4, in drawn p = ‘12‘ and \ = i <q= %: the
only “relevant” difference with the case in which A > ¢ is on the north-west
of the cartesian plane, where we can find a region s.t. even with endogenous
information (additional to the exogenous one) DM preserves everything in the
first period (¢f = 1) and nothing in the second (ci = 0).

Let us calculate the Testing value for values of benefits belonging to this
region, defined by the inequalities

bu

_ —
[ >
_ Dby 41
Lo~

TV = (1 —p)Ab] = =b] >0

3 Conclusions

When a decision maker ignores the possibility of acquiring exogenously further
information about the consequences of an irreversible development action, he
inevitably underestimates the net advantage of preservation over development
and prejudices the decision somewhat in favor of immediate development (even
though this does not mean that immediate development is necessarily the wrong
decision). The quasi-option value (QOV') takes into account the reduction in
the value of expected net benefits of development of a particular area (with
respect to the case in which the decision maker knows these net benefits with
certainty). This reduction occurs if information about the future consequences
of development is not available.

Starting from the analysis of the meaning of the QOV, we have defined
a more general Waiting Value (WV') as the value attached to the increase
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in expected utility 2% (of preservation and development net benefits) due to
the possibility of acquiring new information exogenously. We have shown the
Waiting Value is always non-negative, thus forcing the DM towards a higher
level of preservation of the environmental area during the first and the second
period of choice.

Miller and Lad (1983), Freeman (1984), Hanemann and Fisher (1987) and
again Fisher (2000) has shown that if the information about the consequences
of an irreversible development action can be obtained only by undertaking
development, this strengthens the case for some development. By generaliz-
ing their analyses, we have introduced throughout the paper a Testing Value
(TV),defined as the additional value attached to endogenous information (ad-
ditional with respect to the information exogenously arriving); in other words,
it is the gain the decision maker obtains when he can receive information re-
garding future benefits, by developing in the current period (with respect to the
case in which he ignores the possibility of receiving information through this
way). The need for a testing value emerges in all those situations in which un-
certainty concerning the future economic benefit of development (and its future
environmental costs) generates itself information.

We have shown the testing value pushes DM in the same direction of the
waiting value (i.e. towards a higher level of preservation of environmental re-
sources). Moreover, in many cases the testing value pushes DM towards preser-
vation of environmental resources more than waiting value (alone) does. With
regard to the level of preservation in the “exogenous and endogenous” informa-
tion scenario, we find that, with respect to the case in which only exogenous
information is available, in many cases (depending on the values of by,b}y and
bg)7 ¢} and ¢} are higher (see Figure 4.3, 4.4 and 4.5 as compared to Figure
2.2). This means that in all these cases, accounting for the testing value pushes
DM towards a higher level of preservation of the environmental resource. The
reason is that the testing value could lead D M to develop only a certain amount
of the environmental asset (internal solutions); on the contrary, the waiting (or
quasi-option) value would lead more frequently to corner solutions.

26Tn our case, increase in expected value of benefits, since the individual utility function is
linear.supposed to be linear (risk neutral decision maker).
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