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Econom ¢ Val ues, Ethics, and Ecosystem Health

Thomas P. Hol nes and Randall A Kraner

Abstract - Econom c val uations of changes in ecosystem

heal th can provide quantitative information for social

deci sions. However, willingness to pay for ecosystemhealth
may be notivated by an environnental ethic regarding the
right thing to do. Counterpreferential choices based on an
environnmental ethic are inconsistent with the nornative
basis of welfare economcs. |In this paper, we exam ne sone
of the characteristics of willingness to pay values elicited
usi ng the contingent valuation nmethod. Sequenti al

contingent wllingness to pay values for different |evels of
protection of high-elevation spruce-fir forests in the

sout hern Appal achi an Mountains were elicited froma random
sanpl e of househol ds al ong wi th soci o-econom c and ot her
information. An enpirical analysis indicated that

w llingness to pay distributions and average w llingness to
pay did not vary with the level of protection. W discuss
various factors that may explain our results including

| exi cographi c preferences, |ow nmargi nal val ues, |ack of
instrunent sensitivity, or msrepresentation of the

ecosystem servi ces val ued by the public. W concl ude that



further theoretical devel opnent of the rel ation between

ethical notivations and econom c val ue i s warrant ed.

I ntroduction

Public concern wi th sustainabl e econom c devel opnent
has hel ped bring prom nence to ecosystemhealth as a broad
soci al objective. As a nornative concept, ecosystemhealth
is an endpoint that captures an array of values related to
noral, aesthetic, and instrunental concerns [Sagoff 1992].
The ability to articul ate ecosystemhealth val ues in ways
that are neaningful to policy fornulation is a critical step
in the design of inproved prograns of ecosystem nanagenent.

In this paper, we present a welfare econom c approach
to articulating values associated with forest health in the
hi gh-el evati on spruce-fir ecosystem of the southern
Appal achi an Mountains. W recogni ze that econom ¢ paradi gns
are one of many potentially inportant methods for
articul ati ng ecosystemval ues. However, because welfare
economc nethods reflect the practical necessity of
translating values into policy statements we argue that the
economc nethod is particularly well suited for policy
anal ysi s.

Devel opnent of the contingent valuation nethod has
al l oned economc benefits to be estinmated for environnental
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anmenities that were previously non-quantifiable. However,
significant concerns have been rai sed over the
interpretability of suggested el enments of anenity benefits
including altuistic, intrinsic, and existence values. To
the degree that willingness to pay val ues represent
counterpreferential choi ces based on commtnent to an
ethical principle, they are not in accord with standard

wel fare econom c theory.

Il. GConceptual |ssues

Econom c val ues are derived fromactual or intended
behavi or where the decision naker is faced with a trade-off.
I n maki ng an econom c deci sion, sonething of val ue nust be
sacrificed in order to gain the object of choice.

The wel fare economc paradigmis concerned with the
desirability of various policies that the government m ght
undertake. The operational criterion that welfare
economsts utilize to evaluate a given policy is the Par et o
criterion. This criterion states that a policy should be
undertaken if it nmakes at |east one person better off
w t hout naki ng anyone worse off. Because there are very
few, if any, policies that nmake no one worse off, this
criterion is operationized by allow ng the gainers froma

policy change to potentially conpensate the | osers fromt hat



change. |If the net gain of the potential transfers is
positive, then the potential-Pareto inprovenent criterion
says that the policy is socially desirable.

The val ue neasure used in the inplenentation of the
potential -Pareto i nprovenent test is known as Hi cksi an
consuner surplus. This neasure is based on the principle of
consuner sovereignty or the belief that the individual is
the best judge of what provides her utility. H cksian
surplus is sinply the area under the denmand curve for a good
or service that keeps the individual's utility constant at
sone reference |evel

The reference level of utility for preventing an
anticipated decline in ecosystemhealth is the utility
associ ated with an unheal thy ecosystem The equi val ent

variation formof the H cksian surplus neasure for

Total value TV [ep,d,U,) Yl [epepa,.U) Y Y, Y, (1)

preventing antici pated ecosystemdecline may be witten as:
where p is a vector of prices, q is a sumary neasure of
ecosystemhealth, Uis utility, and Y is the m ni nrum anount

of income required to maintain the reference utility |evel
given prices and the | evel of ecosystemhealth. Because ¢ 0

represents a higher |evel of ecosystemhealth than q 1



equation (1) represents an individual's w | lingness to pay
(WP) to prevent a decrease q , - (g, i n ecosystem health.

Envi ronnent al econom sts have devel oped a taxonony of
values related to natural areas. Al though conplete
agreenent on the definition of terns has not been reached,
it is generally agreed that total economc val ue can be
defined as the sumof wuse value and passive-use value (US
Department of Conmerce 1993). Use val ue is the value
experienced by individuals who actually use a natural
resour ce. Passi ve-use value is the sumof existence val ue,
or the value of sinply knowi ng a natural resource exists
even if active use is never intended, and val ues associ ated
with potential future use either by oneself or others
(Pearce and Turner 1990).

Qur concern in this paper is that elicited wllingness
to pay values for anmenities that contain substantial passive
use conponents of value may reflect counterpreferenti al
choices. A counterpreferential choice refers to choice
based on commtnent to an ethical principle (Brookshire,
Eubanks, and Sorg 1986). Commtnent nay cause an indi vi dual
to choose a less preferred itembecause it is the right
thing to do: "(One way to define coonmtnent is in terns of a
person choosing an act that he believes will yield a | owner

| evel of personal welfare to himthan an alternative that is



also available to himt (Sen 1977, p.327). Traditional
wel fare econom c nodel s are solely based on the concept of
preferential choice - individuals make econom c choi ces
based on what they think will increase their personal
wel fare. Consequently, enpirical evidence of
counterpreferential choice will necessitate a rethinking of
the standard econom c nodel s used for natural resource
aneni ty val uati on.

Wthin the economcs profession it has been proposed
t hat passive-use val ues nay reflect |exicographic
pref erences (Edwards 1986, Edwards 1992, Stevens et al.
1991). The | exi cographi c decision rule uses a ranking
criterion simlar to that used for ordering words in a
dictionary. The |exicographic rule always ranks one
attribute of a decision probl emabove another. For exanpl e,
a | exi cographi ¢ deci sion maker that favors ecosystem health
woul d al ways rank increnments to ecosystemhealth as nore
inmportant than any |evel of another attribute, such as cost.
Because the | exicographic rule violates the continuity
assunption, | exicographic preferences cannot be represented
by a continuous utility function (Varian 1984).

Consi der a mninmumlevel of income Y * bel ow which nore
inconme is always preferred to ecosystem health and above
whi ch greater ecosystemhealth is alway preferred to i ncone.
Under this sinple nodel, an individual wth |exicographic
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preferences would be willing to pay the sane anount to avoid
any reduction in ecosystemhealth. Therefore, narginal
ecosystem heal th val ues are zero (Edwards 1986) .

V& can eval uate the hypothesis that ecosystemheal th
val ues represent | exicographic preferences by evaluating the

the derivative of total economc value with respect to Q:

MY TV(p,,Y;q) ©

q

If the marginal value W/ > 0, then we can reject the
hypot hesi s of | exi cographi c preferences.

Following MIler (1981), we represent passive-use by
including resource stock in the individual's utility
function. This representation is in keeping wth other
econom c studies that use, for exanple, the nunber of
aninmals protected as the exi stence good (Boyle et al. 1994).
It is not clear that resource stock is the best neasure of
ecosystemhealth in terns of exactly what it is that people
value. W return to this issue in the discussion of our

resul ts.

I1l. Procedures

Qur experinent focuses on protection of the boreal
nont ane forest ecosystemin the southern Appal achi an
Mountai ns. This ecosystem covers 26,610 hectares on the
mountain tops and high ridges in Virginia, North Carolina,
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and Tennessee. The Great Snoky Muntains National Park
contains about three-fourths of this ecosystem

Since the 1950' there has been a dranmatic increase in
spruce-fir nortality occurring in this ecosystem Using
aerial photography, a recent inventory determned that in
one-fourth of this area greater than seventy percent of the
standing trees were dead (Dull et al. 1988). Decline of the
spruce-fir forest is highly visible fromroads and trails.
The cause of the decline is generally attributed to the
bal sam wool y adel gi d, an exotic forest pest accidently
introduced fromEurope. Also, there is professional concern
that air pollutionis a factor in the decline of these
forests (I nnes 1993).

A contingent valuation nail-out nail-back survey was
used to gather information about household' s willingness to
pay for protection of the renaining healthy spruce-fir
forests. The format of the survey and its inplenentation
closely followed the DIl man (1978) nethod. The sanpling
frame was households living within a 500 mle radi us
(approxi mate one days drive) of Asheville, North Carolina.
A sheet of col or phot ographs representing three stages of
forest decline and a nmap identifying the study area were
included with the survey along with information about forest

damage and forest protection prograns.



V¢ asked the foll owing WIP questi ons:

(1) Wat is the nost noney you woul d pay each year in
addi tional taxes to provide protection prograns for
spruce-fir forests along roads and trails in the
sout hern Appal achi an Mountai ns (which is about one-
third of the remaining forest areas)? (circle one
anmount )

(2) Wiat is the nost noney you woul d pay each year in
addi tional taxes to provide protection prograns for all
of the remai ning spruce-fir forests in the southern
Appal achi an Mount ai ns? (circle one anount)

A conparison of responses to these questions forns the basis

for our enpirical analysis.

Two net hods were used to elicit contingent val ues -
paynment card and di chotonmous choice. In this study, we only
reports results fromthe paynent card observations. A
conpari son of results across value elicitation nethods is
presented el sewhere (Hol mes and Kraner, forthcom ng).

For the paynment card nethod, respondents consider a
list of values and circle a value that indicates their WP
for forest protection. Because paynent card data presunably
indicate the interval within which respondent's true
valuation lies, a statistical nmethod nust be used to
estinmate the true underlying value. Sinply choosing the
m dpoi nt of the interval and estinmating a response surface
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with QLS regression |l eads to potentially biased paraneter
estimates and m sl eadi ng i nferences regardi ng average WP
(Caneron and Huppert 1991). To avoid these probl ens, we use
the conpl etely censored regression nodel .

Thi s nodel assunes that the respondent's true but
unobserved value (WP ;) lies within the interval defined by
| ower and upper limts t |, and t , specified by adjacent
paynent card values. The probability that the respondent's
true value falls within the interval reported by the paynent

card can be witten as:

Pr(WTP, (t.t,)) Pr(t, x&/0 <z <(t, x&)0) (3)

where x; is a vector of explanatory variables for individual
i, z; is the standard nornal random vari abl e, ais a vector
of behavioral paraneters, and O is the square root of the
error variance. Because we assune that WP is distributed
lognornmally, we use the log of the circled value as the
dependent value in our analysis. Man WIP ; is therefore

estinmated as exp(x ;' a)exp( 6%2).

V. Enpirical Results
The overall response rate was 52 percent of delivered
surveys. Descriptive statistics for the variables used in

the analysis are presented in Table 1. G rcled WP val ues
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ranged from$0 to $300. Thirty-four percent of the
repondents gave a $0 WIP response to protect transportation
and trail corridors while thirty-two percent of the
respondents gave a $0 WP response to protect all the

remai ning forests in this ecosystem

For respondents who indicated that their WIP was $0 a
foll owup question was asked to determ ne whether or not the
response was a "protest response". Protests were identified
if the respondent indicated either that they "shoul d not
have to pay" or that they "object to the question”

Sevent een protest responses were identified and were del eted
from subsequent anal ysi s.

Table 2 shows the distribution of circled WP val ues
for protecting transportation/trail corridors and protecting
all remaining forests. As can be seen, the distributions
are quite simlar. Alikelihood-ratio test statistic for
mul tinomal probabilities was conputed (Kal bflei sch 1985,
p.161). The results of this test provided no evidence that
the WIP distributions were different.

Tabl e 3 presents the conpl etely censored regression
nodel s for protecting corridors and all reamning spruce-fir
in the southern Appal achians. As can be seen, specific
prior know edge of the cause of forest decline, the nunber
of days per year spent in outdoor recreation, and the | og of
incone all have a positive effect on WIP while age has a
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negati ve effect. Because the dependent variable in these
regressions is the logarithmof WP, the values of the
paraneter estimates on the | ogarithmof incone represent
inconme elasticity of demand. Qur results indicate that
demand is relatively incone inelastic and elasticity is
sonewhat higher for protecting all forested areas than for
protecting corridors only.

Areas along transportation corridors and trails
represent about one-third of the remai ning extent of
sout hern Appal achi an spruce-fir forests. Estinmates of
average WP indicate that the margi nal value of protecting
this area is about $30.20 per househol d per year. The
mar gi nal val ue of protecting all the renaining spruce-fir
area in the southern Appal achians is $36.91 - $30.20 = $6. 71
whi ch represents an increase in value of about 22% At-
test of the hypothesis that average WIP for corridor
protection is not different than average WIP for protecting
all remaining areas cannot be rejected at the 0.05 | evel.
Froma purely statistical standpoint, our results are

consistent with a nodel of |exicographic preferences.
V. D scussion
Various explanations for our results can be suggested.

VW consider the follow ng propositions:
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1. Exi stence val ues dom nate the set of individual values
for protecting ecosystens, and expressions of existence
val ue refl ect | exicographic preferences.

2. Preferences for ecosystemvalues are relatively flat,
but not [ exi cographi c.

3. Peopl e hol d non-zero nmarginal values for forest health
but renaining stock of healthy forests is not an
appropriate way to quantify forest health condition.

4. Peopl e hol d non-zero nmarginal values for forest health
but the paynent card nmethod is not sensitive to snall

mar gi nal changes.

Mtchell and Carson (1989) describe four strategies for
seperately estimating conponents of amenity value. Here we
briefly review two strategies that can be used to estinmate
passi ve-use values. W are interested in eval uati ng whet her
passi ve-use val ues dom nate val uati ons of forest health and
whet her estinated passive-use val ues are consistent with
| exi cographi c preferences.

The first strategy we used to estinate val ue conponents
is a deconposition strategy. Follow ng our second WP
guestion (see above) we asked the follow ng:

O the anmount of noney you circled above in question

#13, what percentage of that amount woul d you assign to

13



each of the follow ng reasons? (wite a percent in each
bl ank)

9% USE OF FORESTS FCR MYSELF

9% USE OF FORESTS FCR OTHERS (| NCLUDI NG FUTURE
GENERATI ONS)

% PROTECTI ON OF THE FORESTS EVEN | F NO ONE USES

THEM

% OTHER (pl ease specify)

From the perspective of the individual, categories (2) and
(3) represent passive-use val ues.

The average proportion of value, by category, was 10
percent for category (1), 33 percent for category (2), 53
percent for category (3), and 4 percent "other". Al though
this strategy is subject to the "fallacy of notivationa
precision" (Mtchell and Carson, 1989) it is clear that
passi ve-use val ue dom nates use val ue. These proportions
are also quite simlar to values reported by Peterson et al.
(1987) for protecting forests fromozone danage i n sout hern
Cal i forni a.

Anot her strategy for eval uati ng passive-use value is
avai |l able that is not subject to the fallacy of notivational
precision. Based on self reports, we created a subset of
the data representing respondents who had never used the
resource in the past and never intended to use the resource

14



in the future. Then we estinated the WP nodel s as before.
The WIP val ues estimated for this group can be viewed as an
expressi on of passive-use val ue.

Using this strategy, we estinated the average WIP to
protect corridors and all renaining spruce-fir areas are
$23. 49 and $31. 09 per househol d per year, respectively.
These val ues represent 78 percent and 84 percent of WP
estimated using the entire sanple. These proportions are
quite simlar to the proportions reveal ed by the
deconposition strategy and tend to confirmthat passive-use
val ues domnate use values for this anenity. However, we
note that margi nal existence val ue using the second strategy
i ncreases by $7.60 (or 32 percent), although this anount is
not significantly different than zero.

Regardi ng the second proposition, is it possible that
mar gi nal ecosystem heal th val ues are | ow but non-zero?

Al t hough we do not have all the information required to
fully evaluate this issue, we consider a sinple statistical
reason for rejecting the hypothesis of no significant
difference in average WIP val ues based on statistical power.
It is well known that the power of a statistical test
increases with with the sanple size given the standard error
and the difference in value being tested for. Using the
sanpl e size tables presented by Mtchell and Carson (1989,
p.365), we estimated that we woul d need about 800
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observations to conclude that our narginal WP val ues are
non-zero at the 0.05 significance |level using a two-tailed
test. About 600 observations would be required to detect
significance using a one-tailed test. Therefore, if our
data set were two to three times larger, we would likely
reject the hypothesis that nargi nal ecosystem health val ues
are zero (and that preferences are | exicographic).

The third proposition concerns whether our
representation of forest health using neasures of aeria
extent were meani ngful to respondents. The focus groups and
pre-tests we conducted indicated that the approach using
aerial extent was readily understandabl e by respondents and
portrayed a realistic approach to managenent. Wet her
changes in the experinental design would have yi el ded
different responses is difficult to judge. For exanple, we
m ght descri be changes i n ecosystem heal th usi ng ecosystem
stress concepts described by Rapport et al. (1985). Using
t hi s approach, changes in ecosystemhealth status mght be
described as inpacts resulting fromparticul ar stressors
(eg., pollutant discharges or extrene natural events) or by
| oss of specific ecosystemfunctions (eg., |oss of primary
productivity or systemretrogression). Incorporation of
ecosystem stress concepts in future ecosystemval uation

research i s recommended.
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Finally, our fourth proposition concerns the
sensitivity of the paynent card responses to increnental
valuations. Qur listed paynent card val ues were based on
the distribution of responses to an open-ended WP question
conducted during a pre-test. The values fromour pre-test
suggested a | og-normal distribution of WIP values. D screte
paynment card val ues were chosen to represent and
subsequent |y nodel the underlying continuous WP
distribution. Conseqgently, circled val ues were considered
toindicate the interval within which the true but
unobserved WP val ue woul d occur. True increnents in value
woul d not be observed, therefore, if the increnent to val ue
was | ess than the width of the appropriate paynent card
interval. Because the nunber of intervals can have a
significant effect on the estimati on of WIP val ues (Caneron
and Huppert 1989), further research investigating the use of
this value elicitation nmethod for estinmating margi nal

ecosystem val ues i s warranted.

VI. Concl usions

d ven our experinmental evidence, it is not possible to
nmake an unanbi guous concl usi on about whet her conti ngent
val ues for forest ecosystemhealth represent | exicographic
preferences. Al though margi nal value estinmates were not
significantly different than zero the power of the tests
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were noderately weak. About 80 percent of the respondents
circled the same paynent card value for protecting part and
all of the ecosystem However, true positive margina
val ues nmay have been hidden by the paynent card intervals
used.

Qur data strongly suggest that passive-use val ues are
very inportant in the valuation of ecosystemhealth. A
full er understanding of the nature of these values is
required to interpret their economc content. Econom sts
need to expl ore nodel s of ethical behavior beyond the
| exi cographi c nodel to inprove the distinction between
econom ¢ and non-economc value. If economc reasoning is
to be applied to i nproved nmanagenent for protecting
ecosystem heal th, | ogically consistent nodels are

prerequisite.
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Table 1. Descriptive statistics for explanatory vari abl es

Vari abl e acronym Descri ption Mean (standard
devi at i on)
KNOW =1 if have 0. 232

previ ous know edge
of insect damage,
= 0 otherw se

DAYS Nunber of days 22.96 days
recreate nore than (36. 884)
10 mles from hone

per year

ACE Respondent age 46. 99 years
(15. 288)
[ n( 1 NCOVE) Logari t hm of $10. 376
househol d i ncone (0.774)
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Table 2. Maximum i kel i hood test for nultinom al
probabilities conparing WIP responses for two | evels of
forest protection.

Paynment card (observed frequency (observed frequency
anmount of WP for of WP for
protecting protecting al
corridors remai ning forests
$0 77 71
23 21
16 13
4
10 35 38
15 6 4
20 19 19
25 11 13
30
40
50 14 15
75 2 1
100 9 14
125 1 1
150 0 2
175 0 0
200 1 0
250 0 0
300 1 1
500 0 0
Nunber of 225 225

observati ons

Note: the likelihood ratio statistic, D, is 13.1 indicating
that we cannot reject the null hypothesis of no significant

difference in the distribution of val ues.
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Table 3. Conpletely censored regression

for two |levels of forest protection.

model s esti nat ed

Vari abl e Prot ecti on al ong Protection of all
transportation remai ning forests
corridors and
trails

Const ant -0.737 -1. 6452

(-0.400) (-0.899)

KNOW 0. 792 0. 627

(2.727) (2.160)
DAYS 0. 009 0. 008
(2.509) (2.212)
ACE -0. 029 -0. 029
(-3.425) (-3.392)
[ n( 1 NCOVE) 0. 352 0. 460
(2.138) (2.809)
0 1. 555 1.577
(14. 814) (15. 274)

Nunber of 170 174

observati ons

mean WP $30. 20 $36. 91

(26.99) (28. 40)

Note: t-statistics are I n parentheses.
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