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Abstract—We examine the structure of preferences for mitigating impacts
of global climate change that will not occur during the lifetimes of most
who are alive today. Because no market data exist for such distant markets,
a statedpreference approach is used. The analysis is based on the
random-parameters logit model, and the results indicate substantial
heterogeneity in respondent preferences, that mean willingness to pay is a
significant and increasing function of the scope of the impact, and,
provocatively, that respondents have the same preferences over the two
very different time horizons that we consider.

I. Introduction

WE examine the structure of preferences for mitigating
impacts of global climate change that will not occur

during the lifetimes of most who are alive today. Studies
using current market data have estimated the potential costs
of climate change on agriculture (Mendelsohn, Nordhaus, &
Shaw, 1994) and on other aspects of measured production
(Nordhaus, 1994), but market data can not reveal the
willingness of those currently alive to pay for measures to
mitigate impacts that may not happen for 100 years or more.
There is serious public discussion, involving diplomats at
the highest levels, about measures to mitigate emissions that
would cost the United States alone 100 to 200 billion dollars
annually. Therefore, estimating the willingness of those
currently alive to pay for mitigation measures is not a
fanciful exercise, but rather a crucial effort to determine how
much mitigation should be undertaken. It is the preferences
of those alive today regarding acceptable levels of climate
impacts—and not the unknowable preferences of those who
do not yet exist—that will ultimately determine how much
mitigation we pursue in the next quarter-century. As this
question cannot be answered with market data, we use the
stated preference (SP) approach and elicit preferences for
preventing climate change induced impacts.

A host of climate change impacts have been enumerated.
This study focuses on one type of impact that may be
important but has received little attention from economists.
Scientists have predicted that widespread ecosystem shifts
may accompany changes in climate (VEMAP, 1995). Ecosys-
tem shifts are likely to evolve slowly, indicating that lost use
values are likely to be small for those alive today, yet the
public may still be willing and asked to pay for mitigation

measures that are designed to slow the transformation of
ecosystems. The current debate over climate change demon-
strates two things. The first is that some people do care about
long-term changes that will never affect them or perhaps
even their children. The second is that preferences regarding
the impacts of climate change are very heterogeneous as
other members of the public appear much less concerned.
Long-term horizons combined with heterogeneous prefer-
ences makes ecosystem shifts a useful place to begin
analyzing preferences for mitigating climate change im-
pacts.

A stated preference survey was designed that asked
respondents to choose their most preferred program to
reduce ecological impacts from a set (menu) of five or six
different programs. The programs varied in terms of costs,
the degree of ecosystem change, and in the mitigation
method. Four different menus provided to each respondent
yielded four distinct valuation responses. Section II de-
scribes the random-parameters logit model for repeated
choices that allows for a flexible correlation structure based
on heterogeneous preferences. The ecosystem change and
the stated preference survey are discussed in section III. In
section IV, we estimate the random-parameters model and
estimate the willingness to pay to prevent various levels of
ecosystem change. Section V concludes with a discussion of
how the scope of the impact, preference heterogeneity, and
the time horizon affect willingness to pay.

II. The Random-Parameters Logit Model
for Repeated Choices

The conditional logit model, as is well known, is subject
to the undesirable independence of irrelevant alternatives
(IIA) property. Hausman and Wise (1978) motivated a
multinomial discrete choice model not subject to IIA by
assuming that tastes vary in the population. LetUij be the
utility for the i th individual from alternativej :

Uij 5 Xij bi 1 eij 5 Xij b 1 Xij b̃i 1 eij , (1)

where eachX is 1 by K, andbi is K by 1 for K attributes.
Each person’s utility functionbi deviates from the popula-
tion mean,b, by the vectorb̃i . Hausman and Wise assumed
that thebi were distributed multivariate normal and theeij

were i.i.d. standard normal, leading to a random-parameters
(or coefficients) multinomial probit (MNP) model. The
model is computationally difficult as it requires integration
of a multivariate normal density function. Simulation estima-
tion methods have been developed for the estimation of
MNP models. Chen and Cosslett (1998) employed the
random-parameters MNP model and estimated it by the
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method of simulated maximum likelihood using the GHK
simulator [Borsch-Supan & Hajivassiliou, 1993; Keane,
1994).

The random-parameters approach is a reasonable way to
introduce correlated errors in SP surveys, in which the entire
point is to explain the choice of an alternative based upon the
attributes of all of the alternatives available to the respon-
dent in a given choice situation. Recently, Train (1995)
developed a simulator explicitly for the random-parameters
specification, and applied it as a random-parameters logit
model in Brownstone and Train (1999), Revelt and Train
(1998), and Train (1998). A brief discussion of the random-
parameters logit model and how it can be estimated via
simulation naturally draws from these papers.

Assume all correlation is due to random parameters.bi is
a random vector with densityf (b) and is assumed to be
independent of thee’s which are i.i.d. random variates with
distribution functionL. The probability that personi will
choose choicej from a set of alternatives can be written as

Pij 5 prob(Xij bi 1 eij 2 Xikbi . eik, ;k Þj ), (2)

which implies

Pij 5 e 3e f (eij )1p
;kÞj

L(Xij bi 1 eij

2 Xikbi)2deij 4 f (b)db.

(3)

where both integrals are taken over the range of the
respective random variables. If we assume that thee’s are
distributed type I extreme value, then, conditional on thebi ,
the inner integral yields the standard multinomial logit
probability term formalternatives (McFadden, 1973):

Pij 5 e 3
e(Xijbi)

o
k51

k5m

e(Xikbi)4 f (b)db. (4)

The analytic integration of equation (4) is in general not
possible, but it is easy to estimate the model by simulation.
Simply draw a set ofbi from f (b) and calculate the interior
portion repeatedly, and average over the number of replica-
tions. As discussed in Train (1995), the simulator is smooth,
strictly positive, and unbiased with only one draw forbi .
Increasing the number of replications increases the accuracy
of the simulator. ForR replications (R draws forbi from
f (b)), the probability of choice is simulated as

Pij 5
1

Ro
r51

r5R e(Xij bir)

o
k51

k5m

e(Xikbir)

. (5)

The model can be extended for a panel of repeated choices
by assuming that the only correlation between the repeated
choices comes from preference heterogeneity. Such an
assumption seems entirely appropriate for repeated SP
surveys because the survey design process should create an
instrument that neither overburdens the respondent (no
fatigue affects) nor induces construction of preferences
through the valuation process which would lead to a
‘‘time’’-dependent structure for thee’s. (A test of this
assumption for our survey data is discussed later.) Random
parameters introduce correlation across choices in an appeal-
ing fashion because different respondents will have different
preferences, and, hence, an individual’s choices will be
correlated across menus. To extend the model in equation (5)
for multiple choices, note that, for a given respondent, theXk

will change with different menus, but thebi will not, so that
equation (5) becomes

Pij 5
1

Ro
r51

r5R

1pt51

t5T e(Xijt bir )

o
k51

k5m

e(Xiktbir )2 (6)

wheret indicates a particular menu, andT indicates the total
number of menus. The model in equation (6) constitutes the
random-parameters logit for repeated choices. Iff (b) is easy
to draw from, then it is straightforward to use equation (6) to
simulate the probability of each respondent’s four choices
and estimate the model by maximum likelihood. A natural
candidate forf (b) is multivariate normal.

III. The Ecosystem Impact and the Stated Preference
Survey

A. The Ecosystem Impact—Forest Loss

A collection of biogeographic and biogeochemical mod-
els all predict that global warming will cause biomes to shift
noticeably across the United States (VEMAP, 1995). The
ecosystem impact that forms the basis for our analysis is
forest loss along the Colorado Front Range of the Rocky
mountains. If global climate changes, the forests of the Front
Range may retreat up the mountains and be replaced by
grasslands. Henceforth, we will describe the ecosystem
impact as ‘‘forest loss.’’

This area was chosen because it presents a clear interface
or boundary between the prairie grassland system to the east
and the mountain forests at higher elevations to the west.
The border delineating ecosystems is abrupt and profound.
As little research has attempted to value ecosystems in their
entirety (and none to our knowledge along with global
climate change), this research began with few assumptions
and no empirical background regarding the magnitude of
peoples’ values, how salient these issues are, or how easily
information about potential ecosystem changes could be
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communicated. For this reason, the research began with a
clear ecosystem boundary situation.

B. The Survey

The survey is designed to elicit values for a wide range of
forest loss, from essentially none, to some change, all the
way up to what would seem to be the catastrophic case.
Consequently, the method examines how values change as a
function of the scope of the impact, and valid values will be
available for policymakers or researchers as our understand-
ing of the probabilities of any given outcome evolves. The
SP approach is ideal because it easily allows the valuation of
an attribute over its entire range (here, the degree of forest
loss).

The SP approach presents the respondent with a set of
alternatives, which, in our application, are programs for
mitigating forest loss due to global climate change (GCC).
These programs are composed of attributes. Natural at-
tributes in this context are the degree of forest loss and the
cost of each program. These two attributes form the basis for
estimating the willingness to pay (WTP) to prevent forest
loss.

The current elevation at which forests begin is approxi-
mately 5,400 ft. Four levels of forest impacts due to GCC
were utilized. If forest loss is prevented, then forest will still
begin at approximately 5,400 ft. with a 0 ft. loss in elevation;
if GCC moves forests to 6,000 ft. of elevation, there is a 600
ft. loss of forest; at 6,660 ft., there is a 1,200 ft. loss; and, at
7,900 ft., there is a 2,500 ft. loss. The forest loss in each
alternative was described and depicted with a computer-
altered photograph that showed what a typical Front Range
scene would look like after the forests retreated to a certain
level. Substantial pre-testing was done on the pictures that
were used in the final version of the survey, with a focus on
the representativeness of the Front Range scene and the
neutrality of the depiction of the forest loss. The pictures
were taken specifically for this survey, and the profession-
ally altered photographs were linked to actual elevation
levels.

Perhaps the greatest challenge in applying the SP method
to this issue is in disentangling the WTP to prevent forest
loss from the WTP to prevent all the other expected impacts
of GCC. It is essentially a problem of hedonic analysis, of
trying to unbundle a local impact (forest loss) from global
impacts. Joint production or bundling of local and global
impacts is tackled in the survey design by utilizing two other
attributes. The first attribute is the use of international
agreements to reduce greenhouse gases (abatement). The
second involves the use of localized silvicultural practices
(forestry). By offering respondents the opportunity to choose
from a menu of programs that utilize different combinations
of abatement and forestry along with different costs and
amounts of forest loss, the local impacts can be unbundled
from the global impacts.

Experimental Design: The survey consists of four separate
menus of five or six programs each. A menu is simply a set
of programs from which the respondent is asked to choose
their most preferred program. A program is an alternative
that is composed of different levels of the four attributes
(cost, forest loss, abatement, and forestry). The use of four
menus per survey allows more information to be collected
from each respondent. The attribute levels used to construct
the programs are shown in table 1.

Each menu had at least five programs that contained the
following combination of abatement and forestry: no action
(no forestry or abatement), forestry alone, limited abatement
alone, combined forestry and limited abatement, and vigor-
ous abatement alone. There were also some six program
menus that were the same as the five program menus with
the addition of a program utilizing vigorous abatement plus
forestry. Given this structure, each menu differed from the
others in terms of costs and forest loss associated with each
of the programs. Twenty-eight different menus were created
and blocked into seven different survey versions of four
menus each. A sample menu with five programs is shown in
figure 1.

Time Horizon: An important issue is the extent to which
the timing of the ecosystem impact occurs. Ecological
problems are often slow to unfold, with changes occurring
over decades or more. Clearly, with GCC, the timing of the
impacts is important, but this characterizes many other
interesting ecological problems, such as the loss of biodiver-
sity (both species and habitat). In this study, two time
horizons were utilized, a near-term impact of sixty years and
a longer-term impact with a 150-year horizon. The sample
was completely split so that we can compare how and if
values are sensitive to the time horizon. The same set of
menus were used for both time horizons, with only the
timing differing across the two subsamples.

Pre-testing and Survey Administration:The survey con-
sisted of a booklet containing information about climate
change, potential global and regional impacts of climate
change, the four menus, and a standard demographic sec-
tion. After substantial pre-testing of the instrument including
the pictures (using four professionally moderated focus
groups, verbal protocols, a small sample of preliminary

TABLE 1.—ATTRIBUTE LEVELS USED IN THE SURVEY

Attribute Levels Used

Forest loss (Measured in Elevation) 4 levels: 0 ft., 600 ft., 1200 ft., 2500 ft.
Forestry 2 levels: Utilized or Not Utilized
Abatement 3 levels: None, Limited, Vigorous
Program cost (in $’s per month) 15 levels: $0, $2.5, $10, $12.5, $20,

$22.5, $30, $32.5, $40, $42.5, $50,
$60, $62.5, $70, $80
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surveys, and outside peer review1), it was administered in
Denver, Colorado, to 376 randomly chosen people who
self-administered the written survey in a controlled setting.
All but three respondents completed all of the valuation
questions. The sample consists of 752 observations (188
people3 one choice from each of four menus) for the
sixty-year horizon and 740 observations (185 people3 four
choices each) for the 150-year horizon. Each observation
consists of the most preferred choice from a five- or
six-alternative menu. Further details regarding the survey
are provided in appendix A.

IV. Econometric Analysis

A. Specification

The indirect utility functionV is specified as linear in
parameters.Priceenters linearly. Dummy variables are used
for the type of program implemented. One dummy variable
is necessary for the use of forestry (Forest), and two for
abatement (limited abatement:Limited;vigorous abatement:
Vigor). To allow for nonlinearity in preferences over forest
loss, we use a piecewise linear function. As there are four
levels of forest loss in the survey, the piecewise linear

function can be specified by using three dummy variables
for the degree of forest loss (600 ft. loss, 1,200 ft. loss, and
2,500 ft. loss), where the disutility of no forest loss is
normalized to zero.

Vij 5 bPPrice1 b2500I25001 b1200I12001 b600I600

1 bForestIForest1 bLimitedILimited 1 bVigor IVigor
(7)

The I ’s are dummy variables that indicate presence/absence
of the particular variable. The piecewise linear specification
imposes little structure on preferences for forest loss, which
is the focus of the research.2

The model we estimate allows for preference heterogene-
ity for the forest loss and program type variables. The
random parameters for these variables are assumed to be
normally distributed.Price remains fixed (Chen & Cosslett,
1998) so that the WTP will be normally distributed (prior to
incorporating the asymptotic sampling distribution of the
parameter estimates), so that no portion of the sample is
predicted to have a positive coefficient onPrice, which can

1 The twelve-person peer review team included economists, psycholo-
gists, survey research experts, and natural scientists.

2 We began with a more flexible Box-Cox specification to allow for
nonlinear income effects, but specification testing indicated that nonlinear-
ity could be ruled out.

FIGURE 1—SAMPLE MENU
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occur with a normal distribution.3 For the nonprice at-
tributes, we see no compelling reason why the distribution of
preferences should be restricted to be strictly positive or
negative. Some respondents may like forests and others
might like prairies, and similarly for the program variables.

After specifying the nonprice attributes to be normally
distributed, decisions regarding the parameterization of their
covariance matrix remain to be made. It is unrealistic to
expect to identify the 21 possible covariance parameters in
the full specification. Following Hausman and Wise (1978),
Chen and Cosslett (1998) assumed that eachb was indepen-
dently normally distributed, each with its own mean and
variance. Although theb are uncorrelated, the random
utilities are correlated across alternatives and the multiple
menus. Given the flexible specification forV in equation (7),
independence appears to be too restrictive an assumption.
Independence of forest loss and vigorous abatement may be
a reasonable simplifying restriction, but independence of a
2,500 ft. forest loss and 1,200 ft. forest loss seems unreason-
able. So correlation is allowed for the forest loss betas, and
the two betas for limited and vigorous abatement. The
unique parameters (lower half) of the covariance matrix for
the nonprice attributes,Vb, is specified in equation (8):

Vb 5 3
s2500

2

s2500,1200 s1200
2

s2500,600 s1200,600 s600
2

0 0 0 sforestry
2

0 0 0 0 slimited
2

0 0 0 0 slimited,vigor svigor
2

4 .
(8)

The required ten parameters in the covariance matrix are a
feasible number (as our results will show) and reflect the
level of correlation that should be modeled a priori. We
should point out that the zeros in the covariance matrix are
not additional restrictions imposed by the RPL or our use of
it. The standard MNL assumes implicitly a degenerate
distribution for theb’s, which means that all of the elements
in equation (8) are zero. As in all econometric modeling, it is
necessary to make some decisions regarding the structure of
the model. Much, but not all, of the possible restrictions
imposed by the MNL have been relaxed here. With a
realistic amount of data, it is not possible to specify an
arbitrary covariance matrix.

To estimate the RPL model in equation (6), thebi’s must
be drawn from the appropriate distribution,MVN(b, Vb) as
characterized by equation (7) and (8). The random-
parameters simulation approach drawsbi asbi 5 b 1 Ge,

whereG is a Choleski factor ofVb (Vb 5 GG8) ande is a
vector of standard normal random variables. Our estimates
are based on 1,000 draws. The lower triangular Choleski
factor for equation (8) is

G 5 3
S11 0 0 0 0 0

S21 S22 0 0 0 0

S31 S32 S33 0 0 0

0 0 0 S44 0 0

0 0 0 0 S55 0

0 0 0 0 S65 S66

4 (9)

B. Results4

The top part of table 2 shows the estimated parameter
values for the means of preferences (Price through Vig.
Abate.), and the second part of the table shows the estimated
parameter values for the Choleski factor of the covariance
matrix of preferences in equation (9) (S11 throughS66). We
also include standard MNL models for comparison.

Both RPL models fit extremely well with a pseudoR2 of
0.44 and 0.46 for the sixty-year and 150-year models,
respectively, which represent substantial improvements over
the standard MNL models which each have a pseudoR2 of
0.22 and 0.20 for the sixty-year and 150-year models,
respectively.5 All parameters have the expected signs, with
price yielding negative utility and, perhaps most impor-
tantly, forest loss leading to utility losses, with greater forest
loss being more costly in utility terms. The models indicate
that people respond to the scope of the impact. We find
significant heterogeneity in preferences as measured in the
Choleski factor from equation (9) shown in the second part
of the table. Overall, both models are highly significant, with
the sixty-year model having fourteen of seventeen variables
significant at the 1% level and two more significant at the
5% level, and the 150-year model having fifteen parameters
significant at the 1% level with one more significant at the
5% level.

3 An alternative that has been used in the applications by Train and others
is to assume a log-normal distribution. This distribution constrains the
entire distribution of thePrice coefficient to have the same sign; but, in
some applications, they found this specification to fail or to be slow to
converge.

4 Some readers may be concerned about pooling the responses to all four
menus when it is possible that the elicited preferences could be influenced
by the ordering of the menus. A simple but effective ordering test was
embedded in the survey design. Half of the respondents received a survey
with the menus in one order, say menuA, B, C, D,and the other half
received a version with the first and last menus reversed,D, B, C, A.This
allows for a simple likelihood ratio test for order effects to be constructed
by seeing whether the survey responses to menuA when it was presented
first can be pooled with the responses to menuA when it was last, and
similarly for menuD. While reversing the first and last menus does not
constitute a complete randomization, it allows us to look for any evidence
of order effects without using four factorial different survey versions,
which would be burdensome from a administrative standpoint. Given the
survey design which consisted of seven basic survey versions, the reversal
of the first and last menus in these seven versions yields a total of fourteen
comparisons for each time horizon. The null hypothesis of no order effects
could not be rejected for either time horizon.

5 The pseudoR2 is 1- (log-likelihood of model)/(log-likelihood at all
betas5 0).
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Table 3 shows the estimated covariance matrix of prefer-
ences (GG8). Preferences over the different levels of forest
loss are positively correlated, which seems reasonable
because this implies that, if someone dislikes a forest loss of
600 ft. more than the average person, they are expected to
dislike a 1,200 ft. loss more than the average as well. Similar
results are obtained with respect tolimited and vigorous
abatement.Table 4 shows the means of the non-Price
preferences (from table 2, rounded to the nearest 0.01),
along with the standard deviations of preferences from table
3. The columns labeled ‘‘Probability of Liking or Disliking’’
refer to the fact that the normal distributions imply that some
people have preferences with different signs than the mean.
That is, some people are predicted to like forest loss or to
dislike the abatement programs. As noted earlier, we could
have used a distribution that restricted people to only
disliking forest loss or to liking the program variables, but
this seems inappropriate because there is nothing in eco-
nomic theory that tells us what kind of ecosystems or

TABLE 2.—ECONOMETRIC RESULTS

Parameters

60-Year Horizon 150-Year Horizon

MNL Estimate
(Std. Error)

RPL Estimate
(Std. Error)

MNL Estimate
(Std. Error)

RPL Estimate
(Std. Error)

Price 20.0357*** 20.1185*** 20.0384*** 20.1467***
(0.0067) (0.0168) (0.0066) (0.0191)

2,500 ft. loss 22.8312***
(0.4737)

211.1871***
(2.0454)

21.5494***
(0.4542)

214.4531***
(3.4169)

1,200 ft. loss 22.0899***
(0.2981)

25.1586***
(0.9249)

21.5350***
(0.2937)

25.7531***
(1.0433)

600 ft. loss 20.8500***
(0.1681)

21.9483***
(0.4506)

20.6825***
(0.1672)

21.7072***
(0.4673)

Forestry 0.7018*** 1.3719*** 1.0459*** 1.5508***
(0.1889) (0.4058) (0.1899) (0.4201)

Lim. abate 0.5501**
(0.2685)

3.2839***
(0.7407)

0.9656***
(0.2690)

4.7503***
(0.9225)

Vig. abate 0.3522
(0.5108)

1.5303
(0.1.3212)

1.0458**
(0.5060)

3.1237**
(1.5313)

S11 8.8192*** 12.9893***
(1.3914) (2.4621)

S21 4.8104*** 5.7332***
(0.8686) (1.0285)

S22 1.5348** 3.8413***
(0.6268) (1.0439)

S31 2.7365*** 3.0831***
(0.5782) (0.6333)

S32 1.3017** 1.3814***
(0.5698) (0.5270)

S33 1.1413*** 1.6001***
(0.4292) (0.3925)

S44 1.2632*** 0.5799
(0.4842) (0.8298)

S55 3.5532*** 5.1020***
(0.6075) (0.8155)

S65 5.2255*** 9.0146***
(0.8565) (1.1985)

S66 4.4449*** 2.1849***
(0.7069) (0.8056)

LL 2965.636 2695.929 2977.463 2657.944
LL at 0 21239.288 21239.288 21219.971 21219.971
# obs 752 (43 188) 752 (43 188) 740 (43 185) 740 (43 185)

Standard errors in parenthesis.
*** Significant at 1%.
** Significant at 5%.
* Significant at 10%.

TABLE 3.—PREFERENCECOVARIANCE MATRICES

60 Years

2,500 ft. Loss 1,200 ft. Loss 600 ft. Loss Forest Lim. Abate Vig. Abate

77.78
42.42 25.50
24.13 15.16 10.49
0 0 0 1.60
0 0 0 0 12.63
0 0 0 0 18.57 47.06

150 Years

2,500 ft. Loss 1,200 ft. Loss 600 ft. Loss Forest Lim. Abate Vig. Abate

168.72
74.47 47.62
40.05 22.98 13.97
0 0 0 0.34
0 0 0 0 26.03
0 0 0 0 45.99 86.04
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government programs people like. We observe people living
in proximity to a range of ecosystems (for example, both
prairies and forests) and see no reason why some people
could not prefer the mountains without forests. Similarly,
abatement will have a variety of beneficial effects around the
world, but will also represent a fundamental change in
property rights with implications both domestically and
internationally. We again see no reason to impose, a priori,
whether the net result is positive or negative for everyone.

In table 4, note that, as forest loss increases, the number of
people predicted to like it declines monotonically. The
opposite happens for abatement, with vigorous abatement
being negative for approximately twice as many people as
limited abatement. This strikes us as reflective of the
public’s preferences in regards to international agreements:
more people are worried or would dislike aggressive pro-
grams than more limited ones. Finally, except perhaps for
the forestry program, the structure of heterogeneity as
evinced by the percentage of people who like or dislike the
attributes behaves extremely similarly across the two time
horizons.

C. Willingness to Pay

The willingness to pay (WTP) to prevent forest loss is a
focal point of the research. WTP for a given level of forest
loss is calculated as the coefficient of the appropriate amount
of forest loss divided by the coefficient onPrice(Hanemann,
1984). Table 5 shows the three WTPs we can estimate for
forest loss, along with 95%-confidence intervals for both the
RPL and the MNL for comparison. The RPL does a much
better job of distinguishing the different levels of impacts
than the MNL does, with greater impacts being more costly
and behaving in an economically sensible way.

In the RPL models for both time horizons, the confidence
intervals for the 600 ft. loss and the 1,200 ft. loss do not
overlap, while the confidence intervals for the 1,200 ft. and
2,500 ft. losses overlap to a slight degree. Clearly, the scope
of the impact matters as economic theory suggests it should.
Interestingly, the estimated WTP functions from the RPL
model for both time horizons track each other closely, and,
for the less restrictive RPL model, the means lie entirely
within each other’s confidence intervals. One way to test for
equality of the two WTP functions is to pool the models for
both time horizons and form a likelihood ratio (LR) test of

whether all of the coefficients of both models can be
restricted to be the same. This is a stringent test in the sense
that not all seventeen parameters enter the WTP calculation.
Still, the null hypothesis that the preferences (and their
heterogeneity) for both time horizons are the same cannot be
rejected with an LR statistic of 14.42 and (at a 10%-
significance level) ax2(17) critical value of 24.77. Given
that both models have high explanatory value and are overall
highly significant, we are led to conclude that the WTP to
prevent forest loss is the same regardless of whether the
impact occurs in sixty or 150 years. Interestingly, the MNL
model yields the same conclusions on the basis of the LR
test, but, in the MNL model, itappearsas if there are large
differences in mean WTP. The less restrictive RPL model
reveals an essential feature of preferences in that there
appears to be little time sensitivity between the two very
long horizons considered here.

V. Discussion

Overall, the econometric models are highly significant
and our survey passes the scope test. People are willing to

TABLE 4.—PREFERENCEHETEROGENEITY

Parameter

60 Years 150 Years

Mean St. Dev.
Probability of Liking (L)

or Disliking (D) Mean St. Dev.
Probability of Liking (L)

or Disliking (D)

2,500 ft. loss 211.19 8.82 0.10 L 214.45 12.99 0.13 L
1,200 ft. loss 25.16 5.05 0.15 L 25.75 6.90 0.20 L
600 ft. loss 21.95 3.24 0.27 L 21.71 3.74 0.32 L
Forest 1.37 1.26 0.14 D 1.55 0.58 0.004 D
Lim. abate 3.28 3.55 0.18 D 4.75 5.10 0.18 D
Vig. abate 1.53 6.86 0.41 D 3.12 9.28 0.37 D

TABLE 5.—WTP TO PREVENT FOREST LOSS ($ PER MONTH)

RPL Models

Amount of
Forest Loss

60-Year Horizon
Estimated Mean
(95%-Confidence

Interval)

150-Year Horizon
Estimated Mean
(95%-Confidence

Interval)

600 ft. loss $16.44 $11.76
(9.06–25.55) (5.45–18.79)

1,200 ft. loss $43.53 $39.62
(28.33–63.68) (25.51–56.31)

2,500 ft. loss $94.41 $99.77
(60.74–138.21) (52.87–153.99)

MNL Models

Amount of
Forest Loss

60-Year Horizon
Estimated Mean
(95%-Confidence

Interval)

150-Year Horizon
Estimated Mean
(95%-Confidence

Interval )

600 ft. loss $23.81 $18.34
(13.29–42.11) (8.68–31.39)

1,200 ft. loss $58.54 $41.22
(37.12–98.68) (22.87–67.29)

2,500 ft. loss $79.31 $41.59
(47.90–135.55) (16.48–74.47)

The confidence intervals are based on 100,000 replications of the Krinsky-Robb (1986) method.
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pay more for greater losses. In short, our survey yields
estimates of preferences that behave just as economists think
they should—including the result that the marginal cost of a
negative externality (forest loss) is nonlinear. One provoca-
tive result is that the preferences elicited for the two vastly
different time horizons are the same.

We can dismiss two explanations for the equality of WTP
between sixty and 150 years. One is that the models were not
powerful enough to reject the null hypothesis of the same
preferences, and the other is that respondents just missed or
ignored the time attribute. As is clear from table 2, the
models are highly significant and so there should be
adequate power to find that WTP for the 150-year time
horizon was 41% of the sixty-year value, which would be
the implication if respondents used just a 1% discount rate.
Note that, in the RPL model for sixty years, the 95%-
confidence intervals for a 600 ft. and 1,200 ft. loss do not
overlap, even though the mean value of a 600 ft. loss is 38%
of the 1,200 ft. loss. This demonstrates that such magnitudes
are in principal rejectable. Given the fact that the time
horizon was twice listed in boldface in each alternative, that
the other attributes matter even with a reasonably unrestric-
tive functional form, and that the survey was extensively
pre-tested, it strains belief that respondents ignored or
missed the timing of the event.

We are aware of no markets that reveal the preferences of
those alive today to help others 150 years in the future. Short
of a national plebiscite, survey or other experimental
methods will be the only way to determine whether those
alive today are willing to spend hundreds of billions of
dollars annually to mitigate uncertain damages in the future.
The WTP of the public to mitigate the impacts of climate
change and other very long-term problems is crucial to
making informed decisions about how much mitigation to
actually undertake. We do not know the preferences of future
generations, but this first study indicates that stated prefer-
ence surveys can elicit both statistically significant and
economically reasonable preferences of those currently alive
for goods like the impacts of climate change. It indicates that
preferences are heterogeneous and that preferences over the
timing of long-term impacts that will occur in the far-off
future may be much less sensitive to the timing of the impact
than economists would generally assume. This is an impor-
tant area for further economic research. Understanding the
structure of the public’s preferences over long time horizons
is critical to formulating welfare-improving public policy.
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Appendix A

The Survey Instrument

The basic survey design involved presenting respondents in Denver,
Colorado, with a description of potential ecological impacts of global
climate change on Colorado, focusing on forest loss along the Front Range
of the Rocky mountains. The instrument offered respondents a set of
programs to mitigate these effects that had different costs, impacts, and
methods, which were defined by the four attributes listed in table 1. The
respondents were asked to choose their most preferred program from each
of four different menus. The survey was in booklet form and self-
administered in a controlled setting (a hotel ballroom reserved for this
purpose). The respondents were randomly recruited by telephone and paid
$30 for attending the survey session. A sketch of the survey instrument
follows. A complete survey is available from the authors upon request.

The Survey

Section 1: The Issue: Greenhouse Gases and Global Climate Change—
This section describes how human activities, primarily the burning of
fossil fuels, have added to naturally occurring greenhouse gases. Respon-
dents are informed how the buildup of greenhouse gases is expected to lead
to an increase in the earth’s average temperature.

Section 2: How the Greenhouse Effect Works—This section included
both a written and graphic description of the greenhouse effect. Care was
taken to explain that this is a natural process which human activity is
augmenting. In this section, respondents are informed that ozone depletion
is a separate problem from the greenhouse effect. They are given
information on the latest predictions for global rises in temperature and sea
level. It is explained that regional impacts are much harder to predict than
global averages.

Section 3: Global Climate Change and Colorado—It is explained that
one impact of global climate change in Colorado may be the retreat of
forests along the Front Range of the Rocky mountains. Currently, the Great
Plains meet the Front Range and the ecosystem vegetation changes

623HETEROGENEOUS PREFERENCES REGARDING GLOBAL CLIMATE CHANGE



abruptly from almost exclusively prairie grasslands to mostly forest. One
outcome of GCC may be that forests retreat from their current elevation
boundary of approximately 5,400 ft. (essentially at the bottom of the
foothills) and are replaced by grasslands. A picture of a typical Front Range
forest is provided.

Section 4: Changes Affecting Colorado in the Next Sixty Years[or 150,
depending on the variant]. (The sixty- and 150-year variants are the same
in all respects except for the timing of the impact). In this section, it is
explained that the pace of GCC may be slowed if an international
agreement that limited carbon emissions were signed. It is explained that
this has associated costs due to higher fuel prices, product prices, and so
on. It is also explained that the forest retreat can be reduced by forestry

practices that help the trees reproduce and other practices that discourage
the encroachment of the prairie as the climate changes.

At this point the respondent is instructed that he/she will be asked to
consider four different scenarios (menus) for how GCC will impact the
forests of the Front Range, along with associated costs. They are informed
that they will be able to select from among programs that differ in terms of
the method (no action, forestry practices alone, a limited emissions-
reduction agreement, a vigorous agreement, and combinations of forestry
and abatement). They are reminded to take into account how much each of
the agreements will cost their household.

Section 5: About You and Your Household—Standard demographics
were collected here.
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