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ABSTRACT

In a static setting, willingness to pay (WTP) for an increase in quantity or quality is
simply equal to the compensating variation, a Hicksian welfare measure. Likewise, willing-
ness to accept compensation in exchange (WTA) for a decrease in quantity or quality is equal
to the equivalent variation. However, in a dynamic setting characterized by uncertainty,
limited delay or reversal, and the potential for learning, these stated preference measures may
also contain option values. Zhao and Kling (Economics Letters, 2001) use real options
theory to explain the relationship between learning, irreversibility, and value formulation in a
dynamic setting. In this dissertation, I discuss the design and results of two empirical tests of
whether stated preference value measures are affected by dynamic aspecis of the market
environment, and whether those effects, if they exist, are consistent with Zhao and Kling’s
predictions.

The first test incorporates the dynamic nature of the value formulation process into a
contingent valuation study designed to measure the value local residents place on a north-
central Iowa lake. My results show that WTP is highly sensitive to the potential for future
learning. Respondents offered the opportunity to delay their purchasing decisions until more
information became available were willing to pay significantly less for improved water
quality than were those facing a now-or-never decision. These results suggest that welfare
analysts should take care to accurately represent the potential for future learning.

The second test also deals with the effects of learning and irreversibility on stated
preference measures, but this time in an experimental economic setting. I test whether part
of the disparity observed between WTA and WTP in the experimental economic literature
can be explained by the presence of real options. To do this, [ have performed a series of
experimental treatments designed to analyze the effect subjects’ perceptions regarding the
relative difficulty of reversal and delay have on their valuation of a private good. While I
find some evidence that subjects do take into account dynamic considerations, I cannot show

that WTA and WTP are affected in a manner consistent with Zhao and Kling’s theory.

(VEL: D60, Q26, C42, C91)



CHAPTER 1

INTRODUCTION

Hicksian welfare theory forms the foundation of modern welfare analysis. Though
simple and undeniably elegant, this theory is also static. Using it to perform empirical
welfare analysis in a dynamic environment, therefore, ignores key aspects of the value
formulation process, and can result in either over- or underestimation of welfare change. If
we are to have any confidence in our ability to perform reliable benefit-cost analysis, it is
crucial that we better understand the factors affecting value formulation in a dynamic setting.

Hicksian theory’s most basic components, compensating and equivalent variation, are
used extensively in empirical demand studies, stated preference surveys, and experimental
laboratory settings. The popularity of these measures follows from their equivalence, in a
static setting, with what agents are willing to pay or accept in compensation for changes in
price or quality. However, in an explicitly dynamic setting characterized by uncertainty,
potential future learning, and limited reversibility or delay, the equivalence between stated
preference measures and their underlying Hicksian variations breaks down. Although static
Hicksian theory has little to say about how the potential arrival of new information and the
ability to reverse or delay a transaction might affect stated values, recent work by Zhao and
Kling (2001, 2002) systematically investigates the impact these dynamic issues have on the
formation of willingness to pay (WTP) and willingness to accept (WTA).

Zhao and Kling show that if a potential buyer is uncertain about the actual value of
the good she is interested in purchasing, there is an option value associated with delaying the

transaction if more information regarding the good’s value can be gained by waiting. There-



fore, in order to commit to purchase today and forgo future learning opportunities, the agent
must be compensated by being offered a lower price than the one she would have been
willing to pay were future learning not an option. On the other hand, if the agent is uncertain
about the future market value of the good, there is an option value associated with purchasing
the good today, as this may allow her to sell the good for a profit in the future. Taking into
account this potential for future profit, the agent would be willing to pay a higher price than
would have been the case were future selling not an option. Zhao and Kling call the net
effect of these two option values the commitment cost. This concept is parallel to the quasi
option value developed by Arrow and Fisher (1974), and Henry (1974). In this dynamic
setting, WTP and WTA are comprised not simply of the expected surplus from consuming
the good, but also include a pair of opposing option values. Thus, depending on the situation,
WTP for an improvement may either over- or understate compensating variation. The same
is true for WTA and equivalent variation.

If the commitment cost is sufficiently large, Zhao and Kling’s theory may provide in-
sight into several critical issues related to welfare measurement. For example, the theory
may be particularly important in gaining a better understanding of the use of stated prefer-
ence techniques to gauge the value of nonmarket goods in a dynamic setting. While contin-
gent markets for goods such as environmental quality are generally thought of as static, it is
possible that there are dynamic elements present in these studies’ willingness to pay esti-
mates. Ignoring these dynamic elements may lead to misunderstanding and misstatement of
value estimates. The commitment cost theory could help determine the appropriate type and
amount of information to provide in valuation exercises, and, even more fundamentally, the

appropriate definition of the welfare measures for benefit-cost assessment under uncertainty.



While careful empirical research has been undertaken concerning the effects key estimation
choices have on environmental valuation (see, for example, Carson et al. 1997, 1998), the
effects due to the dynamic formation of WTP values have not been studied.

Another area where a better understanding of dynamic value formation may prove
useful is in interpreting the often-observed disparity between WTA and WTP. Economic
laboratory experiments and CVM studies consistently find that individuals asked for their
minimum willingness to accept compensation in order to give up a good report values several
times higher than had they been asked for their maximum willingness to pay for the very
same good (see Horowitz and McConnell 2000a for a comprehensive discussion of this
literature). Previous theories attempting to explain this apparent anomaly have primarily
treated the problem as static (e.g., Tversky and Kahneman 1990, Hanemann 1991). Little
work has been done where the disparity is considered in a dynamic context. Zhao and Kling
(2001) show that, under certain dynamic conditions, the existence of commitment costs can
cause WTA to exceed WTP, thus reconciling the observed disparity with neoclassical
consumer theory. The authors cite several studies that offer “intriguing empirical support”
for their theory, but note that none of these studies were specifically designed to test whether
commitment costs contribute to WTA-WTP disparity.

My goal in this dissertation is, first, to test whether stated preference measures elic-
ited in settings traditionally thought of as static actually contain significant dynamic compo-
nents, and, second, to test if these dynamic components are sufficiently large to warrant a
rethinking of the static methods that currently form the basis of empirical welfare measure-

ment.



In Chapter 2, I present a review of the relevant literature. Ibegin by discussing the
real options literature, which forms the basis of the commitment cost model. I also review
the literature from two of the areas where a better understanding of the dynamic aspects of
the decision problem could have the most meaningful implications. The first of these is the
contingent valuation method, which is used extensively in nonmarket valuation. The second
area of interest is the often-observed disparity between WTA and WTP.

In Chapter 3, I develop a theoretical model of WTA and WTP formation under dy-
namic conditions. [ am able to formulate an explicit representation of the commitment cost.
This allows for a better understanding of the factors that affect its magnitude, and thus makes
it possible to test for the existence of commitment costs in contingent and experimental
markets.

In Chapter 4, I develop an empirical specification of dynamic WTP derived directly
from neoclassical consumer theory. I then use this to test whether the opportunity to delay
the decision to “purchase” improved environmental quality significantly affects WTP in a
CVM setting. My findings show that WTP is highly sensitive to the potential for future
learning. Respondents faced with an explicitly static, now-or-never decision were willing to
pay significantly more for improved water quality than those offered the opportunity to delay
their purchasing decisions until more information became available.

In Chapter 5, I report the results of two economic experiments designed to test
whether dynamic considerations affect WTP and WTA in a controlled laboratory setting, and
whether this might explain the disparity observed in the experimental literature. I do this
both by controlling subjects’ information regarding the difficulty associated with reversing

and delaying transactions outside of the experimental market, and by controlling the diffi-



culty of reversal and delay within the experimental market itself. By comparing the values
reported in these different experimental treatments with subjects’ beliefs about the relative
difficulty of delay and reversal, I find limited support for the idea that values formed in an
experimental setting include dynamic components. However, I do not find evidence that

suggests these dynamic components contribute significantly to the WTA-WTP disparity.



CHAPTER 2

A REVIEW OF THE RELEVANT LITERATURE

The commitment cost model can be thought of as an extension of the larger real
options literature. As such, in Section 2.1 I provide background on the real options analysis
that forms the basis of the theoretical commitment cost model I describe in Chapter 3. This
is followed in Section 2.2 by a discussion of the contingent valuation method (CVM), which
is the stated preference technique I use in Chapter 4 to test for the existence of dynamic
component in willingness to pay. One of the more interesting results that follows from the
commitment cost model is that, under certain circumstances, the often observed disparity
between what an individual is willing to accept (WTA) in exchange for good and what she is
willing to pay (WTP) for the same good can be explained within the context of neoclassical
economic theory. In Chapter S, I present the results of an experimental economic test of
whether this in fact the case. Therefore, in Section 2.3 I discuss several theories that have
been proposed in an effort to explain this apparent anomaly and the results from some of the

relevant empirical literature.

2.1 THE REAL OPTIONS LITERATURE
The theory of commitment cost is an extension of the real options literature. The
original concept of option value, as introduced by Weisbrod (1964), is today viewed essen-
tially as a risk premium. Commitment cost, on the other hand, is more closely related to

quasi-option value, which may exist even under risk neutral preferences.



In his 1962 work Capitalism and Freedom, Friedman draws a distinction between
municipal parks, which serve as public goods, and national parks, which, in his view, do not.
Based on this dichotomy, Friedman contends that if a national park such as Yellowstone
cannot cover its costs through entry fees, it should be opened up to commercial development
by the highest bidder. In response to this argument, Weisbrod points out that individuals
who may never visit Yellowstone would be willing to pay to preserve the option of one day
making the trip. This willingness to pay, now known as option value, would be impossible to
capture through entry fees. Thus, Weisbrod concludes that it is likely in the interest of
efficiency to maintain national parks even when their entry receipts do not cover their costs.

Hanemann (1989) divides the options literature that has followed from Weisbrod’s
original work into two categories. The first includes what is sometimes referred to as the
Schmalensee-Bohm-Graham (SBG) option value. This option value follows directly from
Weisbrod’s early work and is, in essence, a risk premium. It represents the amount that a
risk-averse agent would pay ex ante to be assured access to the good at some point in the
future. While this value may be positive or negative depending on the nature of the agent’s
preferences, it can only be non-zero if the agent is risk averse. While the earliest formal
work on this topic was performed by Cicchetti and Freeman (1971) and was refined and
extended by Schmalensee (1972), and Bohm (1975) among others, Graham (1981) seems to
have framed things most clearly. He developed what he calls the “WTP locus”—the set of ex
post payment packages that hold ex ante utility constant. Graham shows that option price
and expected consumer surplus are, in fact, just two different points along the WTP locus.

Hanemann’s second category includes the quasi-option value developed by Arrow

and Fisher (1974), and Henry (1974). As the name suggests, quasi-option value (QOV) bears



some resemblance to the SBG option value in that both are measures of the value placed on
future access to a resource in the face of uncertainty. However, QOV is more broad in that it
can be non-zero even when agents are risk neutral. This is because QOV takes into account
not only uncertainty but also the irreversibility of development and the resulting asymmetry
of the development decision.! This asymmetry arises because the decision to preserve a
resource in the current period can be reversed in the future by developing at that point. On
the other hand, the decision to develop in the current period cannot be reversed in the future
since the landscape has been irreparably altered. As Hanemann points out, QOV is the
conditional value of perfect information—conditional, that is, on the resource being pre-
served today. An agent who takes these issues into account will pursue less development
today than a naive agent. QOV can also be thought of as the shadow tax that induces the
efficient level of development from a naive agent. Further theoretical work related to QOV
has been done by Conrad (1980), Viscusi (1988), Hanemann (1989) and Usategui (1990),
among others.

A number of empirical studies have attempted to measure option value. These studies
focus mainly on the magnitude of the SBG option value relative to expected consumer
surplus (for example, Brookshire, Eubanks, and Randall 1983; Smith, Desvousges, and
Fisher 1983; Walsh, Loomis, and Gillman 1984; and Edwards 1988). While such studies
have generally concluded that the SBG option value is positive, their findings on its magni-
tude relative to expected consumer surplus have varied widely. In contrast, little empirical
work has been published on the magnitude of QOV relative to expected consumer surplus.

An exception is the work on mining development by Greenley, Walsh, and Young (1981),

! Dixit and Pindyck’s (1994) “option value” corresponds to what I refer to as “quasi-option value.”



though their survey design and theoretical underpinnings have been criticized (see Brook-
shire, Eubanks, and Randall; Freeman 1984; Mitchell and Carson 1989; and Hanemann

1989).

2.2 THE CONTINGENT VALUATION METHOD

An area where commitment cost theory is particularly relevant is environmental
valuation. The contingent valuation method (CVM) enjoys widespread use within the
environmental valuation literature, where it is generally accepted that there are certain types
of nonmarket goods whose value can only be estimated using CVM or other similar stated
preference techniques. However, CVM remains controversial among economists at large due
to questions concerning the method’s reliability. Chief among these is the concern that CVM
estimates of WTP may overstate respondents’ “true’ valuation.

Originally developed by Davis (1963), Mitchell and Carson (1989) describe CVM as
using survey questions to elicit respondents’ preferences by estimating their willingness to
pay for specified improvements in a nonmarket good. Respondents are typically presented
with a survey instrument made up of three parts: (1) a detailed description of the good being
valued and the hypothetical circumstances under which it will made available to them, (2)
questions eliciting respondents’ willingness to pay for the good, and (3) questions about the
respondents’ socioeconomic characteristics.

The importance of CVM is underscored by Executive orders 12044, 12291, and
12866 issued by Presidents Carter, Reagan, and Clinton, respectively. Each order requires
federal agencies to consider both the costs and benefits of potential regulatory actions. But

the importance of CVM was brought to the forefront by the Exxon Valdez oil spill along
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Alaska’s Prince William Sound in March 1989, which lead to the Qil Pollution Act of 1990
and the subsequent NOAA Panel report on the reliability of CVM as a means of assessing
legal damages (Arrow et al. 1993).

In its report, the NOAA Panel details a number of guidelines that it believes are im-
portant to assuring the reliability of value estimates used to assess legal damages. Portney
(1994) breaks these into seven distinct points: (1) personal interviews are preferable to phone
interviews, which are preferable to mail surveys, (2) studies should elicit estimates of WTP
even when WTA is the theoretically correct welfare measure, (3) valuation questions should
not be open ended but should be posed as referenda, (4) the proposed program must be
described in a way that is understandable and accurate, (5) respondents must be reminded of
their budget constraints, (6) respondents must be informed of the existence of substitute
goods, and (7) valuation questions should be followed up by a question ensuring that respon-
dents understand the response they have just given.

CVM’s primary appeal is its flexibility. This allows for the valuation of goods as var-
ied as increased visibility (Rowe, d’Arge, and Brookshire 1980), mortality risk reduction
(Krupnick et al. 2002), and the existence value of endangered species (Ekstrand and Loomis
1998). By creating a hypothetical market where no real market exists, CVM allows econo-
mists to estimate values (e.g., nonuse, bequest, and option values) that would be difficult, if
not impossible, to estimate using revealed preference techniques.

However, the flexibility afforded by CVM’s hypothetical nature is often viewed as
one of its principal drawbacks. Some economists suggest that the hypothetical nature of the
questions and the lack of market discipline introduce what has come to be called “hypotheti-

cal bias” (Cummings et al. 1997). Hypothetical bias refers to respondents’ tendency to be
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more generous when answering hypothetical willingness to pay questions than when the
proposed payment is real.

Whether hypothetical bias does in fact pose a major problem is an empirical question.
Carson et al. (1996) reexamine eighty-three studies where both CVM and revealed prefer-
ence value estimates are reported. They show that CVM estimates are, on average, less than
revealed preference estimates, which are generally considered to be less controversial.
Likewise, Cummings and Taylor (1999) find that explicit warnings can eliminate hypotheti-
cal bias for a variety of public goods. In a similar study, List (2001) finds the same result
among amateur sportscard traders (however, he finds that hypothetical bias persists among

professional dealers).

2.3 THE WTA-WTP DISPARITY LITERATURE

Under certain circumstances, the commitment cost model may explain the frequently
observed disparity between the minimum amount an agent is willing to accept in exchange
for a good (WTA) and the maximum she is willing to pay (WTP) for it. Studies as early as
that by Coombs, Bezembinder, and Goode in 1967 have consistently found that stated WTA
is several times higher than WTP for the very same good, and the disparity between the two
value measures appears to hold for many types of goods (see Horowitz and McConnell 2000a
for a review of over 200 experiments dealing with WTA-WTP disparity). A number of
explanations for this apparent anomaly have been put forward. These explanations can be
put into two broad categories: behavioral arguments that borrow heavily from the psychology
literature, and neoclassical arguments that attempt to explain the disparity by extending

neoclassical utility theory.
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Kahneman and Tversky (1979) were the first to suggest a behavioral approach. Their
prospect theory represents an alternative to expected utility theory. Under prospect theory
probabilities are assigned decision weights, and changes in welfare due to gains or losses are
defined relative to an agent’s initial endowment. In this way, the authors argue that an
agent’s preferences are reference dependent and that potential losses figure more prominently
in the agent’s mind than do potential gains. They later adapted this model to explain WTA-
WTP disparity (Tversky and Kahneman 1991). Thaler (1980) also builds upon the prospect
theory model. He points out that individual behavior is consistently at odds with the predic-
tions of traditional economic theory, and goes on to use prospect theory to explain a number
of “economic mental allusions,” including the endowment effect.

The endowment effect has been the focus of dozens of empirical studies.” One par-
ticularly elegant test was performed by Knetsch (1989). An initial set of subjects was offered
the choice between a coffee mug and a candy bar. The result was a fairly even split: 56% of
subjects chose the mug, and the remainder chose the candy bar. In the later treatments,
different subjects were endowed with either the mug or the candy bar and then were offered
the option to trade for the other good. Given this choice, only 11% of subjects initially
endowed with the mug and just 10% of those initially endowed with the candy bar were
interested in the trade.

Loomes and Sugden (1982) develop a different framework that they claim is consis-
tent with the predictions of prospect theory, but is also simpler and more intuitive. Their

theory can best be understood by considering a simple example. Suppose an agent must

? See Thaler, Kahneman, and Knetsch (1992) for examples. Also see Brookshire and Coursey (1987) for
comparisons of economic and psychological studies of the endowment effect.
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consider two courses of action: a, and a,. Further, suppose the future is characterized by
two possible states of the world: S, that occurs with probability p, and S, that occurs with

probability (1 - p). The consequence associated with action / in state ; is denoted x;. The
authors argue that given the agent chooses action g,, utility depends not only on consequence
x; , but also on x,;, the consequence that would have been realized had the agent initially
chosen action a, . If consequence x; is preferred over x,;, the agent rejoices and derives
greater utility from x; than would have been the case had it simply been imposed upon her.

Conversely, if consequence x,; is preferred over x;, the agent experiences regret and derives

i 0
less utility from x; than had it been imposed upon her. Regret aversion can be used to
explain why an agent offered the opportunity to buy a good is willing to pay strictly less than
that good’s expected value, whereas had the same agent been initially endowed with the
good, her willingness to accept compensation in exchange for it would be strictly more than
its expected value.

Loomes, Starmer, and Sugden (1992) test the predictions of regret theory in an ex-
perimental setting, and are able to support only some of them. Namely, regret theory predicts
violations of the assumptions of monotonicity (i.e., that stochastically dominant prospects are
preferred to those they dominate) and equivalence (i.e., that if two lotteries can be repre-
sented by the same prospects, subjects should be indifferent between the two). While the
authors are able to show that subjects’ choices frequently violate monotonicity, they cannot

show that subjects’ choices violate equivalence.
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While these behavioral theories are compelling, their findings are fundamentally at
odds with standard, neoclassical consumer theory. In contrast, Heiner (1983), Hoehn and
Randall (1987), Hanemann (1991), and Zhao and Kling (2001) provide explanations based
firmly upon neoclassical theory. Heiner bases his argument on what he calls the “compe-
tence-difficulty gap.” This gap refers to the difference between the cognitive wherewithal
required to solve a decision problem and that actually possessed by the agent. While most
economic analysis implicitly assumes the C-D gap is zero, Heiner suggests that agents are
not always up to the optimization task. The existence of such a gap would introduce addi-
tional uncertainty into the problem, resulting in greater uncertainty surrounding the value of
the good in question. This, in turn, results in an increase in reported WTA and a decrease in
reported WTP.

Hoehn and Randall tell a similar story, developing what they call the “value formula-
tion problem.” They assert that the formulation of stated benefit measures is subject to two
types of error: that due to imperfect information and that due to time constraints. Imperfect
information arises when survey designers try to convey complex policy issues to a respon-
dent. Misunderstanding or miscommunication of these issues leads to greater uncertainty

regarding a good’s value. Given perfect information, the authors define CV and EV as
CV=m-e(p,q',u°) and EV =e(p,q°,u')—m, Q.1)

where e(:) is the expenditure function, m is income, p is a vector of prices, q° and q' are the

quantities of the public good before and after the implementation of some proposed policy,

and «° and u' are the agent’s utility before and after implementation. Imperfect information

is characterized by introducing the uncertainty term D as follows:
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CV=m-e(p,q',u’;D) and EV =e(p,q°,u'; D) —m. 2.2)
This uncertainty raises the expenditure necessary to achieve u° in the CV case and u' in the
EV case. The result, as in Heiner’s model, is an increase in reported WTA and a decrease in
reported WTP. Similarly, placing constraints on the time a respondent has to consider
valuation questions cuts short her utility maximization process and leads to increased dispar-
ity between reported WTA and reported WTP.

Hanemann provides an explanation of the disparity based on a reinterpretation of
Randall and Stoll’s (1980) result. He suggests that, even in the face of small income effects,
the difference between WTA and WTP resulting from a change in the quantity of a non-
market good can still be large if that good has few substitutes. More specifically, the diver-
gence between the reported benefit measures depends inversely upon the elasticity of substi-
tution. Thus, for goods with few substitutes, Hanemann is able to reconcile the observed
disparity with neoclassical consumer theory.

Empirical work by Shogren, Shin, Hayes, and Kliebenstein (1994, henceforth SSHK)
lends support to Hanemann’s theory. SSHK show that when subjects are repeatedly exposed
to second-price sealed bid auctions for a private good with many substitutes (candy), WTA
and WTP tend to converge. Though, when the authors use the same auction mechanism to
value a private good with only poor substitutes (the subjects’ own health), the disparity is
persistent.

Although compelling, these results still fail to explain why other well-designed stud-
ies consistently find disparity between WTP and WTA for all types of goods. More recent
studies such as those by Shogren and Hayes (1996) and Knetsch, Tang, and Thaler (2001,

henceforth KTT) cast some doubt on SSHK’s findings. Shogren and Hayes repeat the
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experiment originally performed by SSHK, but instead use the demand revealing Becker-
DeGroot-Marschak (1964) auction mechanism with randomly determined market prices.
Under this framework, the authors do not observe convergence of stated benefit measures for
goods with many substitutes. KTT go on to suggest that the convergence found in SSHK’s
original experiments may be due in part to the auction mechanism used. KTT replicate the
original experiments using both second- and ninth-price sealed bid auctions. While in the
second-price case they find that repeated trials lead to convergence of WTA and WTP bids
for goods with many substitutes, in the ninth-price treatment disparity actually increases. In
a one-shot setting, both of these Vickrey (1961) auction mechanisms are theoretically de-
mand revealing. KTT’s results suggest that the auctions may lose their demand revealing
property when repeated with market feedback.’

Horowitz and McConnell (2000b) cast further doubt on Hanemann'’s theory, making
use of a reinterpretation of his work. Using a technique first suggested by Sugden (1999), the
authors estimate the WTA/WTP ratio as a function of the income effect. Specifically, they

use a first-order Taylor series approximation to write WTA as

WTA ~ WTP + WTAa—WT—P, 2.3)
om
where m represents income, implying
owTP | _WIP 2.4)
Oom WTA

Horowitz and McConnell point out that in order to explain the two-to-one WTA/WTP ratios
commonly observed for private goods, the change in an agent’s willingness to pay with

respect to a change in income would have to be one half. Put loosely, given a $100 lump-

} See Kolstad and Guzman (1999) and Shogren et al. (2001a) for further discussion of this issue.
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sum increase in income immediately prior to such an experiment, the consumer would be
expected to allocate $50 of it toward the purchase of the good for sale. In this light, the ten-
to-one ratios observed in contingent markets for public environmental goods seem even less
plausible. The authors conclude that the “ratio of WTA to WTP is too high to be consistent
with neoclassical preferences.”

More recently, Zhao and Kling (2001) have suggested a real options analysis. They
propose that, given uncertainty, irreversibility, and learning over time, the value of a good is
affected not just by its intrinsic worth but also by an option value. That is, given that an
agent is uncertain about the actual value of a good she wishes to buy or sell and that more
information can be gained by waiting, delaying the transaction may be desirable. Therefore,
in order to make the transaction now and forgo future learning opportunities, the agent must
be compensated by being offered either a higher price if she is a seller or a lower price if she
is a buyer. In other words, in the presence of uncertainty, irreversibility, and learning, WTA
is higher and WTP is lower than would be the case if one or more of these conditions were
not met. This explanation allows for the gap in reported benefit measures to persist for both
private and public goods so long as an agent still stands to gain information by waiting.
Further, commitment cost can explain WTA-WTP disparity for goods with many substitutes,
even in the absence of endowment effects.

All of the empirical studies discussed in this section use experimental economics.
While I will not attempt to survey that field here (see Roth 1995 for an exceilent review), it is
worth noting that, while still not accepted by all economists, experimental methods have
been having an increasing impact on the larger economic literature. In their primer on the

design of economic experiments, Friedman and Sunder (1994) concede that economics has
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traditionally been viewed as a non-experimental discipline such as meteorology or astron-
omy. Like these non-experimental disciplines, empirical work in economics has focused on
observing phenomena that occur naturally in the marketplace. They note, however, that over
recent decades there has been growing interest in testing economic theory in a controlled
experimental environment. In his review of the experimental literature, Roth notes that since
Thurstone’s (1931) early work using experimental techniques to study the shape of indiffer-
ence curves, the number of paper published in experimental economics has grown exponen-
tially each decade. Holt’s (1999) bibliography of the experimental literature cites 2000

publications and some 500 working papers in the field.
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CHAPTER 3

THE COMMITMENT COST MODEL

In order to fully understand the concept of commitment cost and appreciate its policy
implications, it is necessary to formalize the concept. In this chapter, I develop four models
of commitment cost under different conditions. The model developed in Section 3.1 applies
to non-durable goods and is useful in understanding the role agents’ perceptions of the
institutional structure of the market play in the formation of the option values that eventually
determine the sign and magnitude of the commitment cost. This is the model that [ will refer
to in the experimental economic test of commitment cost presented in Chapter 5.

The model presented in Section 3.2 is similar to that in Section 3.1, though it extends
the concept of commitment cost to the market for a durable good. The model presented in
Section 3.3 imposes restrictions on the durable good model in a way that will allow me to test
for the existence of commitment cost in a contingent market for environmental quality. The
design and results of this test are presented in Chapter 4.

Finally, the model presented in Section 3.4 extends that from Section 3.3 by making it
more consistent with the ecological realities of procrastination. Specifically, I allow the
status quo level of environmental quality to deteriorate as the agent delays her decision about
whether to pursue a proposed project to improve environmental quality, and I allow the cost

of the proposed improvement to rise as the environment continues to decline.
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3.1 Real Options and the Disparity Between Expected and Stated Values

Given that a potential buyer is uncertain about the actual value of a good she is
interested in buying, that there are costs associated with either reversing or delaying the
transaction, and that more information regarding the good’s value can be attained by waiting,
then there are option values associated with both delay and immediate action. Waiting may
allow the potential buyer to avoid a transaction that would yield negative surplus. Therefore,
in order to commit to the purchase now and forgo future learning opportunities, the agent
must be compensated by being offered a lower price than the one she would have been
willing to pay in the absence of future learning. However, there is also an option value
associated with buying today, since that may allow the agent to sell the good for a profit at
some future date. Thus, the agent’s willingness to pay in a dynamic setting is not simply a
function of the good’s intrinsic value, but is also a function these options values.

A potential seller is in a similar situation. If there exists uncertainty about a good’s
value, if the agent perceives there to be costs associated with reversal or delay, and if she
stands to gain more information by waiting, then, as before, there are option values associ-
ated with both selling immediately and delaying the selling decision. It may be in her best
interest to delay the transaction until more information becomes available. In order to
commit to the transaction today, she will demand greater compensation in exchange for the
good than would have been the case in a static setting. Likewise, there is also an incentive to
sell today as the good’s future price may be lower than the price it commands today.

Kling, List, and Zhao (2001) develop a simple model incorporating the paired option
values associated with any transaction made in a dynamic, uncertain setting. The first of

these option values is associated with purchasing the good today. If an agent purchases a
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good in the current period, there is the potential that she will be able to sell it for a profit at

some point in the future. This option value can be written as
oVy =E(R-ci-viv<R-c2), G.1)
where v ~[v, V] is the agent’s valuation of the good, c;;; is the perceived cost of selling later

(i.e., reversing the purchase), R ~[R, R] is the good’s market price, and E(") is the expecta-
tion over v and R. For simplicity, the authors assume the true values of v and R will be
revealed in the second of two periods.

The second option value is associated with delaying the purchasing decision. If the
agent does not purchase the good today, there is the chance that she will be able to purchase

it in the future at a lower price. This option value can be written as
buy

OV““=E(V-R—c;’,f;|v>R+c,‘,’:;), (3.2)

where v and R are defined as before, and ¢*

4y 1S the perceived cost of buying in the second

period (i.e., delaying the purchase).
Which of these option values is greater depends on the good’s market price, the

perceived costs of purchasing or selling the item in the future, and the agent’s own valuation
of the good. Kling et al. show that if a potential buyer perceives the cost of selling later c;;,
to be greater than the cost of buying later cy,, OV,.' will be greater than OV, , and WTP in
the current period will be less than the good’s expected value E(v):

WIP = E(v) + OV, — OV, . (3.3)
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A similar story can be told for the potential seller. If the seller believes that the cost

of the buying later ¢ will be greater than the cost of selling later ¢/, OV.*' will be greater

sel ? sel

than OV}, and WTA in the current period will be greater than the good’s expected value:

sel ?

WTA = E(v)-OV™ +OV* (3.4)

sel sel

where OV =E(v—R—c"'" v>R+c’”) and OV =E(R-v—-c"" lv<R—c"").

sel sel sel sel sel sel
Thus, the theory predicts that if, on average, both buyers and sellers perceive the cost
associated with reversing a transaction to be greater than the cost associated with delaying it,

the option value associated with delay will be greater than the option value associated with
reversal, implying WTP < E(v) < WTA. This may seem counterintuitive since reversal for a

buyer and delay for a seller both involve essentially the same transaction: selling the good in
the future. However, the authors go on to point out that if only one of the two groups, buyers

or sellers, believes that reversing is more difficult than delay, but the other group’s beliefs are
such that the relationship OV, + OV > OV~ + OV still holds, the model still predicts

that WTA will be greater than WTP.

3.2 Commitment Cost in the Market for a Durable Good
In this section, I extend the previous section’s analysis to the market for a durable
good, the benefits from which can be enjoyed in both periods of a two-period model. This
will be useful in Chapter 4 where I analyze the effects of delay and uncertainty on the

valuation of environmental quality, a durable good. Similar to Zhao and Kling (2000), I
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begin by assuming the agent’s utility function is time separable and defined over per-period

income m, and consumption of a durable good g,. That is,

u(m, g,) + Pu(m,,g,), (3.5)
where B is the discount factor. A single unit of the durable good G can be purchased in
period one, period two, or not at all. If G is purchased in period one, it can be enjoyed in
period two at no additional cost. For simplicity, I will assume away income smoothing; if G

is purchased in period ¢ at price p, m, will be reduced by p, and income in the other period

will be unaffected.' I also assume m, =m, =m , and I normalize the status quo level of
durable good consumption to zero.
In this model, the agent is uncertain about the utility she would receive from G.> Her

beliefs regarding G are represented by the distribution function F;(G) and the corresponding
density f,(G) on [G,G], where G>0.

In the absence of learning, the agent’s decision is simply whether to buy in the current
period or never to buy. While [ assume the learning-constrained agent recognizes that
benefits from purchasing G in the current period are also enjoyed in the future, I assume that
she does not realize that delaying her purchasing decision may allow her to avoid a “bad

purchase” (i.e., a purchase that yields negative surplus). Thus, in the absence of learning, the

NL

agent’s willingness to pay wip™" is the critical price p™ such that the she is indifferent

between purchasing the durable good in the current period and never purchasing it. That is,

Eg(u(m - p™,G)+ Bu(m,G)) = 1+ Bu(m,0), (3.6)

! Zhao and Kling (2002) show this assumption reduces the magnitude of the commitment cost.
? In the next section I will extend the model to the case where the agent is uncertain about the quality of g she
would enjoy if she were to go ahead with the purchase.
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where the NL superscript indicates no-leaming.

If the agent can learn more about G in the second period, the problem becomes more
interesting. I assume learning comes by way of a signal arriving in period two that provides
the agent with more information about her value of G. I denote that signal as s € S c R,
where § is the set of all possible signals. Conditional on the true value of G, the distribution
of the signal is described by the conditional density function #,;(s). The unconditional
density function for s is h(s) = jhﬂa (s)dF,(G). Observing s, the agent updates her beliefs
about G according to Bayes’ rule: f;; (G) = h,;(s) f,(G)/ h(s).

If the agent purchases G in the first period, she can sell it in the second after observ-
ing s by incurring a reversal cost ¢;, . Likewise, if the agent delays the purchasing decision,

she can purchase G in period two but will incur a delay cost cj .

Let ¥, (p,s) be the agent’s expected gain from purchasing G in the first period, but

then selling in the second after observing s:
Vo (p,s) = j(u(m + p-cj5,0) - u(m,G){F,,(G). (3.7)
Having observed s, the agent will exercise her option to sell in period two if and only if

Ve (P,5)>0. Let S;7 = {s €SV, (ps)> 0} be the set of signals that will induce the

agent to sell in the second period. Further, let EU, denote the agent’s expected utility if she

purchases G in the current period:

EU, = Egu(m - p,G)+ BPu(S;2)u(m+ p—c;7,0)

uy

(3.8)
+B(1-P(S;)) E; (u(m,G) | s e S;2),
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where p is the price of G, and Pr( S;;; ) is the probability of observing a signal s S, .

By delaying the purchasing decision, the agent retains the option to purchase in the
second period. Let V},’,‘fy’ (p,s) be the agent’s expected gain from purchasing G after observ-
ing s:

Voel(p,5) = [(us(m = p~ci,G) - u,(m,G,)F,,,(G). (3.9)
Having observed s, the agent will exercise her option to purchase G if and only if

Vi (Pys)>0. Let Sp = {s e SV (p,s)> 0} be the set of signals that will induce the

agent to purchase G in the second period. Further, let £U, represent the agent’s expected
utility from delaying the purchasing decision:
EU, =u,(m,0)+ BPr(S;e)E; (4, (m - p,G)| s € S )+ B(1-Pr(Ser))u, (m,0). (3.10)

The learning agent’s willingness to pay wip* is the critical price p* at which she is
indifferent between purchasing in the first period and delaying the purchasing decision until
period two. p° can be solved for implicitly by equating formulas (3.8) and (3.10).

Zhao and Kling (2001, 2002) define the commitment cost CC as the difference
between wip™* and wip“. The sign of CC is ambiguous when the agent is presented with
both reversal and delay options. However, in the next section I show that strict irreversibility

implies that CC is positive.

The potential seller’s problem is very similar. Her expected utility from selling in

period one is
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EU, =u(m+p,0)+ﬂPr(S,’§,")EG(u(m—p—c,’f}’,G)[seS,’:,")

(3.11)
+B(1-Pr(S7))u(m,0),

where ¢/ is the seller’s perceived cost of reversing the transactions. Her expected utility

from delaying the selling the selling decision until period two is

EU, = E;u(m,G)+ BPr(S% yu(m + p - c¥/,0)

sel sel ?

(3.12)
+B(1-P(SE))E; (u(m,G)|s e 5%),

where ¢*/

sel

is the perceived cost of selling in the second period, and Pr(S’7) is analogous to

sel

Pl'( Sdel

5y ) - As was the case with the potential buyer, wta™ is defined as the critical price that

leaves the potential seller indifferent between selling today and never selling, while wra*

leaves her indifferent between selling today and delaying the selling decision until more

information becomes available. The seller’s CC is defined as wta™ — wra*. Again, CCis

sign ambiguous when both delay and reversal opportunities are available.

3.3 Commitment Cost in the Context of Contingent Valuation

In the next chapter, I will use contingent valuation techniques to test for the existence
of commitment cost in a hypothetical market for improved water quality. In order to do this,
certain modifications have to be made to the model presented in Section 3.2. Primary among
these is that complete irreversibility is implicit in the CVM survey’s referendum format.
Respondents are presented with a proposal to improve environmental quality and are then
asked to vote on referendum that would both implement the proposed improvement and

impose higher taxes. If the ballot measure passes, the government will raise taxes and go
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ahead with mitigation efforts. While the resulting environmental improvements could later

be undone, the money spent on mitigation can never be recouped. In the context of the

model presented in Section 3.2, this is the same as assuming c;,, > G.

The referendum format does, however, allow for delay. Some respondents in the
study I will discuss in Chapter 4 were explicitly informed of their opportunity to delay the
“purchasing” decision. They were told that, should the initial referendum fail to pass, the
government would continue to study factors affecting water quality and would give area

residents another chance to vote on an identical referendum once more information was

available. In this context, there is the potential that cj;, <V . Other respondents were

informed that there would be no opportunity to delay their decision. They were told that this

would be the last such referendum, and that if it failed to pass there would be no further

del

efforts to improve water quality. This is equivalent to assuming c;;, >V .

In the remainder of this section, I develop a model of willingness to pay formation in
the presence of uncertainty, irreversibility, and potential learning. I begin by considering an
individual who must decide whether to purchase a higher level of environmental quality in

either or none of two periods. Her utility function is time separable:

u(m,g )+ pu(m,,g,), (3.13)
where m, represents period ¢ income, g, represents period ¢ environmental quality, and S is
the discount factor. The status quo level of environmental quality is denoted G,. A higher

level of environmental quality G can be purchased in the current period, the second period, or

not at all. However, once the agent has purchased G, the decision is irreversible. If G is
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purchased in the first period, it can also be enjoyed in the second at no additional cost. In the
context of the CVM study to be discussed in Chapter 4, G might be achieved through a
package of government-sponsored mitigation efforts such as dredging the lake, establishing
buffer strips, and retiring agricultural land around the lake in order to reduce nutrient inflow.
As in Section 3.2, I assume away income smoothing.

The agent is uncertain about the value of G resulting from the proposed policy. This
may be due, for instance, to her uncertainty regarding the degree to which water quality
would be improved if the proposed policies were implemented. Her beliefs regarding G and
the signal s are defined as in the previous section, with the exception that here I am assuming

G>G,.
Let EU, denote the agent’s expected utility from purchasing G in period one:

EU, = E;(u(m, - p,G)+ Bu(m,,G)), (3.14)
where p is the price of implementing the new environmental policy and E_(-) represents
expectation over G. Notice that (3.14) differs from (3.11) in that reversal is no longer an
option. Let V,,'fy’ (p,s) be the agent’s expected gain from purchasing G after observing s :

Vo (P,5) = Eg (u(m, — p,G) —u(m,,G,)|s). (3.15)

Observing s, she will buy G if and only if ¥,*/(p,s) > 0. Let the set of signals that will

uy

induce the agent to purchase G be defined as S, (p) = {s €SV, (p,s)> 0} . Then the

agent’s expected utility if she delays the purchasing decision is
EU, =u(m,G,)+ BP(Sjs)E; (u(m, — p,G)|s € Si&t )+ B(1-Pr(Syer) )u (m;, G, ). (3.16)

To obtain closed form solutions, I assume
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P P
u(m,g)=a——+(1-a)8, r1=1,2. 3.17)
p p

This is a monotonic transformation of the familiar CES utility function, where a €[0,1] is
the weight the agent puts on income, and p <1 relates to the agent’s elasticity of substitution
(the elasticity is & =1/(1 - p)). One of the benefits of the CES utility function is that the
linear, Cobb-Douglass, and Leontief utility functions are special cases corresponding to
p=1,0, and -, respectively. I also assume that m, = m, = m. Given these assumptions,

(3.14) becomes

P

EU, =a(ﬂ_—p)i+(l—a)£ai+ﬂ(a£ﬁ+(l-a)5"—0p} (3.18)
p p p p

and (3.16) becomes

p

g ’ E. (G’ |seS™
EU:=aL"—+(l—a)G—°+ﬂPr(s;’:;)(aﬂ—+(1-a) 9 ""—”)]
g g é (3.19)

+B(1- Pr(s;';;))(a"’—p+ a -a)-c;—‘ij.
P P
Taking into account uncertainty, irreversibility, and the opportunity for learning, the
agent’s decision in period one is whether to buy now or to delay the decision until period two
when more information will be available. In this dynamic framework, Zhao and Kling
(2001, 2002) show that in the presence of learning the rational agent’s maximum willingness
to pay wep" is the critical price p“ that leaves her indifferent between committing to G in
period one and delaying her decision until period two. Here, the L superscript represents
learning.

Equating EU, and EU, and solving for p°, I find
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1

P A g
= =m-~-|m* s 3.20
wip p m {m (l ,BPr(S,‘,':f, )J ( )

where
A=(1+ﬁ)1laﬁ(56(cp)-c:) BPr(se)] (E (G’ |seSm)-Gf). (3.21)

In the absence of learning, the agent sees her decision as being whether to buy in the

current period or never to buy. Thus, the learning-constrained agent’s willingness to pay
wip™ is the critical price p** that leaves her indifferent between purchasing the environ-

mental improvement in the current period and never purchasing it. That is,

aw+(l-a) £.G* +ﬂ[aﬂi+(1-a) EGGp)
) p . P (3.22)
=(1+ﬂ)(ai"—+u—a)9°—],
p p
or
wtp”‘ =pM=m (m” —(l+ﬂ)——(E G?)-G?¢ )); (3.23)

NL

where the NL superscript represents no-learning. Note that wip™ is a static measure—no

consideration of future options is incorporated into its formation. I can now write the CC as

the following closed-form expression:

CC = wip™ — wep*

=[m,, (- ﬁ:r(s“" )) (- - x)

CC will be nonnegative when

(3.24)
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l-a A
1+ 8)—— G*)-G} 3.25
(ﬁ)a(a() )(lﬁPr(S“") (3.25)
Rearranging and simplifying, I can write the above inequality as
E; (G’ |se Si)-Gf 2(1+ B)(Ec(G*)-GF). (3.26)

This relationship is always satisfied because the expected utility from delaying the purchas-

ing decision will be at least as great as the expected utility from never purchasing. At the

critical price p*, this implies

_ E Gp Sdel
(“m—p“’(‘-a)G—f}ﬂPr(Sde,){a——"” LA L ""y)]
g g £ P (3.27)

+,3(1—Pr(s,‘,‘:$))(a'”—p+(1-a)-0i) >(1+ ﬂ)(a—'ﬁ+(l—a)g£}.
: p p p p

After substituting in p° from equation (3.20), the above inequality reduces to condition

(3.26), thus proving CC 20. CC will be strictly positive if Pr(Sj; ) >0 and

E;(G”|seS,)>E;(G*)>Gf.

3.4 Commitment Cost When Environmental Quality Deteriorates Over Time

In this section, I extend the model from Section 3.3 in two ways: (1) status quo
environmental quality G is allowed to deteriorate over time, and (2) the price associated
with attaining G increases as Gy falls. The model in Section 3.3 can, of course, be viewed as

a special case of this more general model.
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Expected utility from purchasing G in period one is unaffected by continued deterio-
ration, and thus EU, is the same as expression (3.14) from the previous section. Let G, be
the status quo level of environmental quality in period one, and let the period-two status quo
level be defined as AG,, where A €[0,1] is a constant associated with the degree of envi-
ronmental deterioration that occurs during the delay period. Further, let p be the cost of
mitigation if it is undertaken in period one, and let p + ¢(1) be the cost of mitigation if it is
instead undertaken in period two, where ¢(1) 20 and d¢/dA <0. That is, as the status quo

level of environmental quality deteriorates over time, the cost of the proposed improvement

increases. Finally, let ¥'(p,s) be the agent’s expected surplus from delaying the purchase

until after observing s. That is,

V(p,s) = E; (u(m—p~9,G)—u(m,AG,)|s). (3.28)
If the agent waits until the second period and observes s, she will vote in favor of the
proposed improvement if and only if V' (p,s) >0. Let EU, denote the agent’s expected

utility if she delays the purchasing decision. This can be written as

EU, =u(m.G,)+ BPA(SL)E; (u(m—p-9.G) s € S.)

(3.29)
+B(1-Pr(S;e))u(m, AG,),
where Sy (p) ={s e S|V (p,s)> 0} is the set of signals that will induce the agent to pur-

chase G in period two.
In order to calculate a closed form expression for willingness to pay, I impose the

following restriction on U(-):

u(m,g)=am +(1-a)g,,t=1,2. (3.30)
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This is the simple linear utility function, a special case of the CES utility function where
p=1l.

As before, given the opportunity for learning, the agent’s maximum willingness to
pay wip"” is the critical price p* that leaves her indifferent between committing to G in

period one and delaying her decision until period two. The agent’s expected utility from
delaying the decision must now be written to take into account declining status quo environ-

mental quality:

EU, =am+(1-a)G, + BPuS) (a(m~ p-p)+(1-a) E; (G|s e 5))

(3.31)
+B(1-Pr(S;e))(am +(1-a) AG,),
where S;; is as defined before, and
Vi (P:5) =a(-p-9)+(1-a)(E; (G|s)-AG,). (3.32)
Equating £U, and EU, yields
A
it = pt = , 3.33
R T BRRSE) ¢33
where
l-a e {2
A= T[—(l + B(1-Pr(5%)) 4)G, +(1+ B) E5(G) - BPH(S{)E, (G| s e S )] (3.34)

+B Pr(S;)p.
Given my assumptions on G, and G, [ know p* is positive. This is because

a,B,Pr(Sy) €[0,1], and

buy

E;(G)=PH(Si)E; (G|seSp)+(1-Pr(Si)) E; (G| s e 52). (3.35)
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It can also be shown that dp* /34 < 0, implying that the greater the environmental deteriora-

tion without mitigation, the more the agent is willing to pay for mitigation in period one.

™ is the critical price p**

In the no-learning case, the agent’s willingness to pay wip
that leaves her indifferent between purchasing the environmental improvement in the current

period and never purchasing it. This can be written as

1-
wip™t = p™ = ( aa)((l+ BVE(G)-(1+ ﬂ,{)(}o), (3.36)

Given my assumptions on G, and G, it is easy to show that p™ is positive and that
ap** /64 <0.

The commitment cost is defined as the difference between wip™* and wip”. Thus, I

can write CC as the following closed-form expression:

CC = £1—:;a—)((l + B)E(G)-(1+ PA)G,) 4 (3.37)

1- BPr(Si)’
where 4 is defined as in equation (3.34). As was the case in Section 3.3, CC is nonnegative
since the expected utility from delaying the purchasing decision must be at least as great as
the expected utility from simply never purchasing. To see this, recognize that CC will be

nonnegative if and only if
E;(G|seSH)- 4G, —l—f’;ga >(1+ B)E,(G)-(1+ BA)G,. (3.38)

This is analogous to condition (3-26) in Section 3.3, and it can be shown to hold by compar-
ing the expected utility of learners and non-learners at the critical price p". Once again, CC

is strictly positive as long as Pr(S;5) >0 and £, (G|s e 5% ) > E;(G)>G,.
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The impact of A on willingness to pay and commitment cost can be seen in Figure
3.1. In this figure, the light lines represent expected utilities given no environmental deterio-
ration between periods one and two (i.e., 4 =1), while the heavy lines represent expected
utilities given a higher level of deterioration (i.e., A <1). Since the expected utility of not
purchasing in the period one decrease with status quo environmental quality, willingness to

pay in both the leaming and no-learning cases is higher when facing greater deterioration.
The effect of deterioration on commitment cost, however, is less definite. As shown

in Figure 3.1, the commitment cost decreases as 4 decreases, though the figure could also

have been drawn with CC greater than CC. The sign of 6CC/dA ultimately depends on how

the probability of pursuing the environmental improvement in the period two Pr(S*

by ) 1S

affected by 4.

The intuition behind this can be seen in Figure 3.2. The commitment cost CC is the
difference between two willingness to pay measures. In the no-learning case, willingness to
pay is the critical price wep™ that leaves the agent indifferent between purchasing in period
one and never purchasing. In the learning case, willingness to pay is the critical price wip*

that leaves the agent indifferent between purchasing in period one and delaying the purchas-

ing decision until period two. In period two, the learning agent will purchase the improved

quality with probability Pr(S;%) and wili settle for the status quo with probability

(l - Pr(Sify’)) . Thus, the only thing differentiating the no-learning and learning problems is

that in the learning case there is some positive probability that the agent will pursue mitiga-
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tion in the second period. As that probability approaches zero, the difference between the
two problems diminishes, and CC approaches zero. Therefore, if Pr(S,‘,':;) decreases as the
status quo level of environmental quality decreases (i.e., as A decreases), then 6CC/d4 >0.
Alternatively, if Pr(S,‘,’:;) increases as the status quo level of environmental quality decreases,

then CC/04 <0.
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CHAPTER 4

THE DYNAMIC FORMATION OF WTP IN A CONTINGENT VALUATION SETTING

The maximum amount a consumer is willing to pay (WTP) for a good is a core
economic concept that is regularly estimated in empirical demand studies, experimental
laboratory settings, and stated preference surveys. The theoretical basis from which the
properties of WTP are understood comes from the equivalence of this measure with compen-
sating (or equivalent) variation.' Hicksian welfare theory further provides a formal basis for
how these measures vary with prices and the base utility level.

The equivalence between the variation concepts and WTP comes trom the elegant,
but static neoclassical model. In contrast, the real world is a dynamic environment where
consumers may have the ability to delay purchase decisions until more information is gath-
ered about a good, its substitutes, market conditions, and other relevant factors. Although
static Hicksian theory has little to say about how the potential arrival of new information
and/or the ability to delay a purchase decision might affect the WTP value, recent work by
Zhao and Kling (2001, 2002) systematically investigates learning opportunities in the forma-
tion of WTP.

In an explicitly dynamic setting characterized by uncertainty, irreversibility, and the
potential for future learning, WTP for a good diverges from the standard variation measures.
Given that an agent is uncertain about the actual value of the good she is interested in buying,

delaying the transaction may be in her best interest if more information regarding the good’s

! WTP is equivalent to compensating variation for a price decrease or quality increase, and to equivalent
variation for the opposite cases.
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value can be gained by waiting. Therefore, in order to commit to the purchase now and forgo
future learning opportunities, the agent must be compensated by being offered a lower price
than would have been acceptable were future learning not an option. Zhao and Kling refer to
this compensation as the commitment cost. Empirical support for the importance of informa-
tion in the formation of WTP values is provided by the numerous experiments and stated
preference surveys that have found that WTP values can vary significantly with the amount
of information provided about the good. Examples include Samples, Dixon, and Gowen
(1986); Bergstrom, Stoll, and Randall (1990); Whitehead and Blomquist (1997); Blomquist
and Whitehead (1998); Cummings and Taylor (1999); and List (2001).2

Also related is the quasi-option value concept developed by Arrow and Fisher (1974)
and Henry (1974). Option value, in this context, takes into consideration that, faced with
uncertainty and asymmetric irreversibility, there exists an incentive to delay development
until more information becomes available. An agent who considers this irreversibility and
uncertainty will pursue less development in the current period than a naive agent. Hanemann
(1989) notes that the option value is the conditional value of perfect information, conditional,
that is, on the resource being preserved today.’

A key prediction from Zhao and Kling’s model is that commitment cost increases as
it is easier for an agent to delay making a decision and, therefore, collect relevant information
prior to committing to a purchase decision. That is, the willingness to pay for a good roday
will decline when there are additional opportunities to purchase the good or a close substitute

in the future. In this case, today’s WTP is not comprised simply of the expected surplus from

* For counter results, see Boyle, Reiling, and Phillips (1990) and Loomis, Gonzalez-Caban, and Gregory (1994).
* See also Conrad (1980), Viscusi (1988), and Usategui (1990).
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consuming the good. Rather, WTP includes commitment cost, and is a dynamic measure that
may change daily as consumers update their information about the surplus the good might
yield them. WTP also depends on the fundamental properties of the market environment,
such as the ability to reverse or delay the purchase.

The purpose of this chapter is to develop and implement a test of whether WTP val-
ues are formed dynamically as the theory predicts, and whether the magnitude of the dy-
namic component, the commitment cost, is sufficiently large to merit further understanding
and research. To do so, I develop an empirical specification of dynamic WTP derived
directly from the theory, and use this specification to test whether the opportunity to delay
the decision to “purchase” improved environmental quality affects willingness to pay, and, in
particular, whether the effects are consistent with the predictions of the commitment cost
model. Data for this analysis were collected in the fall of 2000 using a survey designed to
estimate the value area residents place on improved water quality in Clear Lake, a spring-fed,
glacial lake located in north-central Iowa.* In order to gauge the impact of potential learning
on WTP, some respondents were told that the hypothetical referendum contained in the
survey instrument represented their final chance to vote on improving water quality. Others
were told that, should the referendum fail, they would be given a second chance to vote on
the same initiative once further research had been conducted into improving water quality.
The survey’s results indicate that offering respondents the ability to delay their decision

significantly reduces willingness to pay, confirming the predictions of the theory.

* The Iowa Department of Natural Resources provided the funding for this study.
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This chapter is organized as follows. Section 4.1 describes the design of the stated
preference instrument and the empirical test. Section 4.2 presents the key findings and test

results. Concluding remarks follow in Section 4.3.

4.1 Design of the Empirical Test
Section 3.3 develops the theoretical model that [ will use in this chapter. In that

section, [ define commitment cost (CC) as the difference between no-learning willingness to

pay

wep™t = pM* =m—(m‘° -—(l+ﬂ)-1-—;—a-(EG(Gp)—G:));, 4.1)

and willingness to pay in a dynamic setting characterized by uncertainty, irreversibility, and

potential learning

N 4 ’ 4.2
wip"=p-=m (m (l—ﬂPr(S,,,))] , 4.2)
where A is defined as

A=(1+ p)l‘Ta(EG(GP)—G:)—p Pr(S,,,)l—;‘-z—(EG(G" |seS,)-Gf). 4.3)

Thus, CC can be written as the closed-form expression

% -

_ A
(1- BP(S,)

CC = wip™ - wip* = (m" }" —(mﬂ —(1+ ﬂ)l;(sc(cp) —G* )) (4.4)

To test whether the effects of potential learning and uncertainty influence WTP as
predicted by the commitment cost theory, I estimate respondent i’s stated willingness to pay

as
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WTP. = wip™ - CC, + ¢, @4.5)
where wep] is no-leaming willingness to pay as defined in (4.1), &; IS a mean-zero error
term, and CC; captures respondent i’s commitment cost. CC; will be positive if WTP is
formed dynamically, and will be zero otherwise.

While I use the exact theoretical representation for wep™* derived from the CES utility
function (see Mansfield 1999 for a similar approach, but without commitment costs), I

employ the following simplified expression for CC;:

CC,- = DiDelay (},Delay + },HiVarl)iHiVar ) , (46)
where D™ is a dummy variable equal to one if respondent i can potentially delay her

decision, and D/*** is a dummy variable equal to one if respondent i faces a high degree of

uncertainty regarding water quality after the proposed improvements. Although simple, this
formulation takes into account the two key relationships identified in the theory above:
commitment cost is present only when there is potential for future learning, and commitment
cost varies according to the degree of uncertainty the respondent faces.

Following Cameron (1988), WTP. can be estimated from dichotomous choice data by

noting that the probability that respondent i votes “yes” (Y; = 1) on a referendum to improve

environmental quality is

Pe(Y; =1) = Pr(WIE 2 T))

=Pr(wip ~CC, +1¢,2T)) @.7
— N b
=1—Pr(£‘. < L~ wip, +CC‘}
T
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where T; is the policy price faced by respondent i and 7 is the standard error of ¢;,. Assum-

ing &; is drawn from the extreme value error distribution yields the following logistic expres-

sion for the probability of a “yes™:

N -1
Pr()j=1)=(1+exp[7;—mp‘ +CC"D . (4.8)

T

The corresponding log likelihood function is

N
h\L:Z—};ln[H-exp(T; Wep: +CC"JJ
7 z

e R O = |

(4.9)

T T

Estimates of the parameters from expression (4.9) can be readily obtained from maximum

likelihood estimation. An estimate of respondent i’s willingness to pay, W f‘R , can be
calculated as follows:
WTP =wip® -CC.. (4.10)

A survey instrument was designed to value various plans for improving the water
quality at Clear Lake in northern lowa. The survey first described the lake’s current condi-
tion in terms of water clarity, color, odor, fish catch, and the frequency of algae blooms and
beach closings. Next, the survey described three future water quality scenarios correspond-
ing to different degrees of environmental mitigation. Each of these scenarios was followed
by a referendum-format CVM question designed to elicit respondents’ willingness to pay in
order to achieve the conditions described. Hoehn and Randall (1987) show that the referen-
dum mechanism is demand revealing so long as respondent i believes that all respondents

face the same policy price, and that the referendum will pass if the majority votes in favor of



the proposed project. Strictly speaking, truth telling is a voter’s weakly dominant strategy
when voting is costless. Carson, Groves, and Machina (2000) argue that responses to such
stated preference questions will contain relevant economic information so long as the re-
spondent perceives there to be some positive chance that her response will influence policy,
and so long as she cares about the outcome of that policy. A copy of the survey instrument
can be found in Appendix A.

Prior to the actual mailing of the survey, the instrument was presented to a focus
group of local residents to test its clarity and realism. This was followed by a mailed pretest.
In its final form, the survey instrument was sent to a random sample of 900 households in the
cities of Clear Lake and Ventura, lowa, both of which are located on Clear Lake. This
sample was drawn from the white pages by Survey Sampling, Inc., a Connecticut-based
market research firm. Of these 900 surveys, 132 were eventually returned as undeliverable.
Following the procedure in Dillman (1978), a follow-up postcard and survey instrument were
sent to those households that did not respond to the initial mailing. The eventual response
rate among surveys successfully delivered was about 70%.

A summary of the respondents’ socioeconomic characteristics can be found in Table
4.1. Compared to the most recent county-level census data, survey respondents, on average,
were significantly more likely to be college educated, to be older, to be male, to be home-
owners, and to live in a larger household. Respondents’ average income was not signifi-
cantly different from the county average. While no county-level data is available for year-
round residency, it is likely that seasonal residents were underrepresented in the sample since

many do not receive mail at their Clear Lake address.



45

Table 4.1 Characteristics of Survey Respondents (n = 357)

Variable Definition Mean Standard County
Deviation _ Average _

Income Total household income 56,000 44,000 51,000
Education 1 if college graduate 0.36 0.48 0.16
Age The respondent’s age 55 15 47
Gender 1 if male 0.65 0.48 0.47
Family size Includes adults and children 2.6 1.3 2.3
Homeowner 1 if own home 0.91 0.29 0.72
Year-round resident 1 if year-round resident 0.95 0.22 —

Six versions of the survey instrument were sent out, each differing in terms of the
potential for future learning and the degree of uncertainty surrounding water quality after the
proposed improvement while holding constant the mean value of the improvement. Survey
Version 1 presented respondents with a low degree of variance (e.g., water clarity between 6
and 8 feet after improvements) and no potential for future learning. The color photo and
diagram used to depict this low level of uncertainty can be found in Appendix B. The

absence of future learning potential was written into the CVM question as follows:

Further, suppose this survey represents the State’s only chance to gather information
about what kind of value people put on Clear Lake. Please respond as if this will be
your final opportunity to vote on the issue, and that if the following referendum fails

to pass, there will be no future programs to improve water quality at Clear Lake.
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Would you vote “yes” on a referendum that would adopt the proposed program but

cost you $p (payable in five $p/S installments over a five year period)?

Version 2 again presented respondents with low variance but allowed for potential future

learning by offering respondents a second chance to vote on the referendum:

Further, suppose that if the referendum passes, the improvements would proceed
immediately. However, if the referendum fails, any plans to improve the lake would
be delayed for one year while further research takes place into the causes of lake
pollution as well as alternative clean-up approaches. After this delay, any new
information from studying the lake will be made available and you will then get a
final chance to vote on the same referendum. Would you vote “yes” on a referendum
that would adopt the proposed program but cost you $p (payable in five $p/S

installments over a five year period)?

Version 3 differed from Version 2 only in that respondents were told that, should the initial
referendum fail, five years would pass before they would be given a second chance to vote.
Survey Versions 4, 5, and 6 were analogous to 1, 2, and 3 except that respondents
faced a higher degree of uncertainty in terms of the expected water quality (e.g., water clarity
between 2 and 12 feet after the proposed improvements).” The color diagram used to depict

this higher level of uncertainty appears in Appendix C.

* Due to limnological realities, when we conduct mean-preserving spreads on the two key water quality
variables, water clarity and algae blooms, the implied changes on the remaining variables are not mean-
preserving. That is, strictly speaking, we are not able to control the uncertainties independent of the mean water
quality levels.
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Using these data, I test for the presence of a dynamic element in the formation of the
WTP values by testing whether CC in (4.5) is significantly different from zero. I further test
two of the theory’s comparative static predictions. First, that CC is only positive in the

Delay

presence of future learning (i.e., ¥ > 0). Second, that CC increases when the agent is

more uncertain (faces higher variance) about the level of G after the proposed improvement

(i.e., Y >0).

4.2 Empirical Findings

A total of 357 respondents provided completed surveys. Of these, forty-three respon-
dents answered a follow-up question in such a way as to indicate that they did not understand
the CVM question or considered it unrealistic. These respondents may not have given
serious consideration to the policy price, in which case their responses to the CVM question
would contain little or no information regarding their valuation of the resource. Therefore, I
treat such answers as protest responses and exclude them from the following analysis. While
I view this as the cleanest approach, results including the protest responses are qualitatively
unchanged from those presented here.

I have also excluded respondents who were offered the opportunity to vote again in
one year if the hypothetical referendum failed to pass. A typographical error in the first
mailing of survey Version 5 left the CVM question ambiguous. While the error was
corrected by the second mailing, it is impossible to know how the intitial error affected
respondents’ valuations. I have, however, also estimated the model throwing out only the
sixty-one responses to the first mailing of Version 5 and including the responses from the

second mailing. The results are not qualatatively different from those with the one-year wait
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excluded. Interestingly, there is no significant difference in estimated willingness to pay
between respondents offered one- and five-year waits. I tested this by estimating willingness
to pay for the environmental improvement using only the data from respondents offered the
opportunity for delay. I also included a dummy variable distinguishing respondents offered a
one-year wait from those offered a five years. The coeffiecient associated with this dummy
variable was not significanlty different from zero (¢ = 0.267). This suggests that the benefit
associated with an additional four years of learning are offset by the cost associated with
delaying the proposed improvements another four years.

Table 4.2 presents the results of the logistic regression described in Section 4.1. To
form the wip™ equation for estimation, the discount factor 8 was set to 0.758. This corre-
sponds to a riskless rate of return of 5.70%, which is equal to the return on a five-year
Treasury note issued in November 2000, the month the survey was initially mailed. Qualita-
tive results were unaffected by the choice of £. In order to confine @ to the unit interval, [

set @ =e" /(1 +€*) and estimate x. Likewise, to restrict p to the (—o,1] interval, [ set
p =—e’ +1 and estimate y. To form the expression (EG (G”)-G? ) , a uniform distribution

over the range of water clarity values reported in the respondent’s survey instrument was
computed as described earlier.

The results in the second column of Table 4.2 correspond to the basic CES model. To
investigate the robustness of the results, [ also estimate a random parameters specification

that allows @ and p to vary with income, ignoring the interval restriction in the case of « .



Table 4.2 Regression Results

Basic CES Heterogeneous CES
Preferences Preferences
T 0.00129*** (3.51)* 0.00100** (2.42)
a 0.985%** (4.23) —
A psercep — 1.03*** (149)
Qome — -0.00124*** (-3.95)
p 0.277 (1.03) —
Piniercept — 0.610*** (2.59)
Pincome — -0.0281*** (-3.76)
¥ Delay 0.918** (2.48) 0.831** (2.14)
¥ tivar -0.550 (-1.29) -0.440 (-0.997)
Percent correct 64% 66%

* Asymptotic ! ratio in parentheses.
** Significant at the 0.05 level.
*** Significant at the 0.01 level.

More specifically, a; is estimated as @, + @jncome™; and p; is estimated as

6
- exp( P Intercept + Pincome™:; ) +1.

As seen in Table 4.2, the estimate of 7 is positive and highly significant in both

models, indicating the demand curve for improved environmental quality is downward

® A third model was estimated allowing @, p, y°* and 3" to vary with income. The results are not

reported here because the restriction y*2 = y/#= - ¢ could not be rejected at conventional significance levels

ncome Income

(2°=0.58 [2]).
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sloping. As expected, the estimate for @ reported in the second column is very close to one,
indicating that the overall weight on water quality is small. In the case where a varies
across individuals, the coefficient ¢,, . is negative and highly significant, indicating that
respondents put more weight on environmental quality as their income increases. The
average value for a is 0.959 with a 95% confidence interval of (0.929, 0.985), which was

calculated using a bootstrapping technique. Specifically, 1000 realizations of a,,,,.,, and

Q,,..me Were drawn from a multivariate normal distribution with a variance-covariance matrix

and mean vector taken from the maximum likelihood estimation whose results are presented
in Table 4.2. For each of these draws, [ calculated a sample average for @ . The reported
confidence interval was generated by ranking these 1000 & estimates and deleting the
highest and lowest twenty-five.’

The estimate of p reported in the second column of Table 4.2 suggest that while
there is some degree of substitutability between money and environmental quality, the two
are not perfect substitutes.® As is discussed in Section 4.1, p is related to the elasticity of
substitution in that o =1/(1- p). The value of p reported in column two corresponds to

o =1.38. The average estimated value for p from the second model is 0.410 with an

associated 95% confidence interval of (0.149, 0.595), which follows from the p,,.,.., and

Peome €Stimates reported in the third column. As described for a , this confidence interval

" In the heterogeneous case, @ was not constrained to the unit interval as it was in the basic case. While
confining a to the unit interval in the heterogeneous case does not qualitatively affect the results, it does result
in much wider confidence intervals for the WTP estimates. For this reason, [ have opted to estimate a simply
as a linear function of income.

# One of the appealing features of the CES functional form is that it allows explicit estimation of this degree of
substitution, which Randall and Stoll (1980) and Hanemann (1991) have shown to be key to the formation of
WTP values for quality changes.
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was calculated by bootstrapping. The estimate for p,, .. is negative and highly significant,

implying that respondents with higher income are more willing to substitute money for
environmental quality. The average estimate of p from the third column of Table 4.2
corresponds to o =1.69.

I turn now to testing for the presence of dynamic components in the formation of

WTP, which depends critically on the sign and significance of the y parameters. The

Delay

estimate of y is positive and highly significant in both specifications. Thus, offering

respondents the opportunity to delay their decision until more information becomes available

HiVar

increases commitment costs. However, estimates of y are not significantly different

from zero in either of the regressions. A chi-squared test rejects the null hypothesis that the

v coefficients jointly equal zero at the 0.03 level in the basic case and at the 0.07 level in the
heterogeneous case (> = 6.77 [2] and ¥ = 5.31 [2], respectively). Using the same

bootstrapping technique discussed earlier to generate 1000 estimates of mean CC,, 99% of

the realizations were greater than zero in the basic case, as were 97% in the heterogeneous
case. These results indicate that there is a statistically significant dynamic component to
WTP.

Further, the comparative static prediction that introducing delay (and the subsequent
potential for learning) yields positive commitment costs is also confirmed by the data, as the

y2® coefficient is highly significant.

HiVar

However, the lack of significance of the y parameter does not support the

comparative static prediction that commitment costs are positively correlated with the degree

of uncertainty respondents face. This may seem surprising given that uncertainty is a neces-
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sary condition for the existence of commitment cost. One explanation may be that the
uncertainty concerning the expected degree of water quality improvements is only one source
of the uncertainty respondents face. Specifically, the water quality variable does not measure
the uncertainty in value respondents might eventually derive from the improvements.

HiVar

Therefore, finding that y is not significantly different from zero may indicate that the

latter type of uncertainty is driving the presence of commitment costs. Another possible
explanation is that, as noted earlier in a footnote, the mean water quality characteristics are
not the precisely identical across the two uncertainty levels (recall that while water clarity
was varied across treatments using a mean-preserving change of spreads, other measures of
water quality could not be varied similarly and still be consistent with the underlying limnol-
ogy). Thus, respondents may have viewed the increased uncertainty as being offset by
increased mean water quality levels.

Table 4.3 presents estimates of mean WTP conditional on both the opportunity for
learning and the level of uncertainty. Again, for the sake of comparison, I include the results
of both regressions.

These results indicate that reported willingness to pay for changes in environmental
quality can have a large option value component. As a percentage of the no-learning WTP,
the commitment costs range from 25% to 57%. If researchers are to properly interpret
empirical welfare measures, it is critical to recognize the existence of these options and to
understand their significance in welfare assessment.

Reading earlier drafts of this chapter, some economists suggested that fewer respon-
dents voting “yes” when offered the chance to delay their decision may simply be due to their

putting off the taxes associated with the 