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ENVI RONVENTAL VALUATI ON: DAMAGE SCHEDULES

Abstr act

| ncreasi ng concerns over environnmental degradation have
anplified the role of environmental economcs and the
val uati on of non-pecuniary environnmental resources as tools
of analysis to facilitate the design of policies. To date,
however, environnmental valuation nethods have continued to
be wunreliable, msleading and contentious as a guide to
resource allocations and danage conpensati ons.

Damage schedul es, however, offer several advantages
over nost current post-incident econom c val uation nethods.
One such advantage is predictability by stipulating damage
or conpensation awards and renedies in advance instead of
waiting until the danmage has taken pl ace.

In this paper, a damage schedule is devel oped based on
the scales of relative inportance translated from people’s
j udgnment s about values of various environnental damages or
| osses. The variance stable rank nethod is applied to the
pai red conparison responses to obtain the scale values as
well as the inportance of rankings. Statistical tests of
significance are wused to determine the level of the
agreenent anong the survey respondents and the degree of
correspondence between different respondent groups. This
will determine the nunmber of relative inportance scales
required to adequately represent the responses from al
respondents. The scales of relative inportance will then be

transl ated i nto damage schedul es.



ENVI RONVENTAL VALUATI ON: DAMAGE SCHEDULES

1. | NTRODUCTI ON

I ncreasing concerns over environnental degradation
have anplified the role of environnental econom cs and the
val uati on of non-pecuniary environnmental resources as tools
of analysis to facilitate the design of policies. To date,
however, environnmental valuation nethods have continued to
be wunreliable, msleading and contentious as a guide to
resource allocations and danage conpensati ons.

Danmage schedul es, however, offer several advantages
over nost current post-incident econom c valuation nethods.
One such advantage is predictability by stipulating damge
or conpensation awards and renedies in advance instead of
waiting until the damage has taken place. In turn, this
advance know edge can lead to nore effective and efficient
deterrence incentives because parties responsible for
potential |osses are now nore aware of the penalties
i nvol ved, thereby causing themto be nore cautious in their

planning and taking appropriate levels of precaution.

Simlarly, enforceability of sanctions wll prove to be
much easier. |If the liability can be established in any
particular case, one sinply needs to ‘foretell’ the

consequence from the pre-determ ned damage schedule. In the
sane |ight, using damage schedules should be |ess costly
than engaging in present practices. One reason is that
| engthy and costly settlenent disputes are averted. There
is also no need for new assessnents and challenges for the
occurrence of new events or incidents as the schedul e can

be expanded through interpolation and extrapolation from



previously assigned damages. Thus, the damage schedul e
approach appears to be a serious contender in the domain of
envi ronment al val uati on.

This paper attenpts to devel op damage schedul es based
on scales of relative inportance translated from people’s
j udgnment s about val ues of various environnental damages or
| osses and further tests for the enpirical feasibility of
devel oping such a schedule for a basket of environnmenta
goods on the basis of the perceptions of Singaporeans.
Damage schedules base damage assessnents on a pre-
established fixed schedule of loss values to qguide
environnental resource allocations and to determ ne damage
awar ds. It is a non-nonetary valuation approach as
individuals are only required to indicate their preferences
and values about environnental |osses in consideration
W thout any reference to nonetary values of any kind. Thus,
it is not subjected to problenms such as the enpirical
i nequi val ence of wllingness to pay (WP) and wllingness
to accept (WA) neasures (Knetsch, 1988). In addition, it
has been shown that conparing suns of noney and goods using
the method of paired conparison can yield conservative but
robust estimates of WA wthout |oss aversion (Loms, et
al., 1998; Chanp and Looms, 1998). In this paper, we
attenpt to elicit mnimm WA wthout |oss aversion (i.e
from an individual’s reference point) using the nethod of
paired conparison as the underlying nethodology of the
survey.

The variance stable rank nethod (Dunn-Rankin, 1983) is
applied to the paired conparison responses to obtain the
scale values as well as the inportance of rankings.
Nonparanetric statistical tests of significance are used to

determine the |evel of agr eenent anong the survey



respondents and the degree of correspondence between
different respondent groups which will in turn determ ne
the nunmber of relative inportance scales required to
adequately represent the responses from all respondents.
Finally, the scales of relative inportance wll be
transl ated i nto damage schedul es.

The next section reviews a selection of related
literature and outlines the various existing danmage or
conpensati on schedules. The application of the nethodol ogy
adopted for this study and results of the enpirical
analysis is presented in section three, with section four
providing concluding remarks as well as a discussion of
possi bl e [imtations and correspondi ng suggestions
pertaining to potential areas for future research.

2. LI TERATURE REVI EW

2.1 Damage schedul es

Many environnmental policy and nanagenent issues focus
on the econom c value of changes in environnmental resources
and anenities t hat are consi st ent W th comunity
preferences and objectives. Consequently, nuch attention
has centered on nonetary assessnents of their degradation
or changes in their provision (Knetsch, 1998).

Anmongst various nethods and techniques to account for
people’s environnental preferences and objectives, the
alternative of basing damage assessnents on a pre-
established fixed schedule has, by far, received sonewhat
limted attention, relative to other neasures of providing
socially wuseful guidance to environnental nanagenent and

damage assessnent. To the extent that danage schedul es can



be made to reflect community preferences, they nmay capture
nost of the benefits of nore limted and problematic
nonet ary assessnments with mnimal costs (Knetsch, 1998).

In addition, there appears to be an intuitive appea
i n damage schedul es which other alternatives fall short of.
Not only do these schedules exist in various fornms but they
al so have been widely utilized and applied in many other
areas. Hence, damage or conpensation schedul es are objects
of famliarity. They also seemto provide a w dely accepted
basis for actions in various circunstances in which
nmonetary values or other indices of comunity values are
not readily apparent, costly to produce, or intractable.
Though danmage schedul es nay not be a new concept, interest
in it has certainly been rekindled for a new area, i.e.
val uati on of non-pecuniary environnental goods, as a nore
reliable and less costly alternative to the prevalent
contingent valuation (CV) nethod typically plagued wth
problenms such as the anchoring bias and the enbedding
effect (Knetsch, 1998).

2.2 Sone exanpl es

At present, danage or conpensation schedules conme in
various fornms and have been extensively utilized in dealing
with non-pecuniary |osses or danages. One area isS in
wor kers’ conpensation schemes. QO her existing applications
of damage schedules include danage schedules for tort
reforns and environmental value schedules (Rutherford et
al ., 1998).

The ampunt of conpensation that can be clainmed by
enpl oyees for permanent workplace injuries varies with the
| evel of severity specified in a predeterm ned workers’

conpensati on schedul e. In the event of a pernmanent



wor kpl ace injury, the value of the injury in question wll

typically not be assessed as enployees are guaranteed ‘no-
fault’ adm nistrative recovery of conpensation for not only
econonm ¢ | osses such as | ost wages and nedi cal expenses but
also, inplicitly, for non-pecuniary |osses such as pain and
suffering. However, Rutherford et al. (1998) cautioned that
wor kers’ conpensati on schedules are, in principle, designed
to conpensate pecuniary or economc losses inplying that a
direct conparison wth non-pecuniary environnental damage
schedules is not possible. On the other hand, they
mai ntained that the broad acceptance of these workers’
conpensation schenmes mght substantiate the set-up of
nonetary damage awards for |losses that are found to be
exceptionally difficult to value based on the relative
inportance of Jlosses. Finally, it is believed that the
benefits derived from ‘predictability, efficiency and
dependability’ wll outweigh the inherent inaccuracy of
such conpensati on schenmes based on perceptions of average
| osses when applied to uni que circunstances.

Schedul es of personal injury |osses have also been
extended to tort refornms in several areas, for instance,
no-fault conpensation for non-pecuniary |osses as a part of
non-fault car insurance schenes in Canada. However, the
inmpairment in question nust be objectively determned in
order for the appropriate no-fault conpensation award to
take place. The key reason is that uncertainty and disputes
(hence, costs) can be mnimzed. Nonetheless, it ought to
be noted that the relative pain and agony wll reflect,
quite fairly, the degree of inpairnent.

Tort reformin the United States has been triggered by
the high transaction costs of assessnment and recovery as

well as the excessive wvariability of jury-determ ned



conpensati on awards for non-pecuniary danage. As Bl unstein
et al. (1990) puts it, ‘determnation of awards on an ad
hoc and unpredictable basis, especially for “non-economc”
| osses, also tends to subvert the credibility of awards and
hi nder the efficient operation of the tort |law s deterrence
function’. In light of this, Blunstein et al. propose three
alternatives in a bid to reduce the variability of personal

injury awards as well as to standardi ze these non-economc
personal injury awards. One such proposition includes the
specification of a fixed damage schedule for non-econom c
| osses. This proposition (as well as the other two proposed
alternatives) hopes to ensure a nore just, predictable and
| ess costly conpensation schenme for personal injuries.

Nonet hel ess, should the wvariability in jury awards be
partly due to the problem of naking nonetary assessnents of
non- econom ¢ values, a fixed damage schedul e based on past
values may in fact institutionalize errors instead of
advancing towards an accurate representation of the actua

values (Blunstein et al., 1990). Hence, if there exists
difficulty in expressing non-pecuniary |osses in nonetary
terms, a damage schedule established using judgnents of
relative inportance is a nore superior tool of assessnent
than one which is established upon past values. In New
Zeal and, personal injury damage schedul es have taken a step
further, displacing common law rights of action. In place
of it is a statutory conpensation scheme which includes a
conpensati on schedul e for non-pecuni ary | osses.

Environnmental val ue damage schedules with the aim of
standardi zing natural resource damage assessnents and
reduci ng costs of assessnment have been predom nant in the
United States. Many states are found to have adopted pre-

establ i shed damage schedules based on formal replacenent



cost calculations or on informal replacenent cost tables
Such damage schedules allow for easier, nore effective and
| ess expensive post-incident danage assessnents.

Sone fifteen years ago, a survey revealed that nine US
states adopted damage schedules on the basis of formally
conputed replacenent costs while another thirteen states
relied on replacenent cost tables as informal guides for
post-incident damage assessnents. Furthernore, this survey
found that sone jurisdictions did not rely on the use of
repl acenent cost but instead, establish arbitrary nonetary
charges. On the other extrene, sone states enployed nore
extensi ve neasures of value (conpared to replacenent cost)
to set up pre-established charges for environnental harns.
An exanple of this can be found in Texas where species are
ranked according to a set of eight criteria of value. The
rankings are subsequently converted to a nonetary
l'i qui dat ed damages scal e. Damage schedul es for
environnental |osses such as oil or other harnful liquid
spills attenpt to ‘quantify and standardize the expected
damage from a given spill in a given area . Thus the
damages in a given schedule are specified ‘in terns of the
type and volunme of liquid spilled and the type of
environnment affected’ (Rutherford et al., 1998). Meanwhil e,
efforts are made to incorporate non-pecuniary values into
the assessnent. Existing applications of environnenta
damage schedules, as briefly discussed previously, specify
the conpensation or damage awards based on the follow ng
repl acenent or restoration cost; openly arbitrary nonetary
suns; estimates derived from contingent valuation studies
or other valuation nmethods; judgnents of physical and
bi ol ogi cal i mportance by different i nt erest gr oups.

However, the pre-determ ned conpensation figures set up



using these above approaches are either problematic or

limted in their applications to val ue assessnents.

2.3 Further research on damage schedul es

Rut herford et al (1998) suggested that a damage
schedul e based on consistent judgnments of environnental
i nportance may be capable of providing nore accurate and
acceptabl e indicators of community values if such judgnents
can be elicited directly from the public. In particular,
survey respondents are nmade to choose between pairs of non-
pecuni ary environnental |osses whereby the results are then
used to construct an interval scale of relative inportance
of these |osses which can be developed into an interim
damage schedul e. Fifty two graduates were given a
guestionnaire whereby four different environmental | osses
resulting fromoil spills were presented in pairs. For any
given pair, respondents were required to select the |oss
whi ch would warrant a greater sum of conpensation. A brief
hypot het i cal description of each spill site and the
relative magnitude of three characteristics of resource
vul nerability were given. Al though hypothetical, such oil
spill settings enabled +the assigning of approximte
nunerical rankings. To sinplify and standardize oil spil
and habitat description, factors such as size of oil spill,
oil type, season, dissipation tine and effect on comrerci al

and recreational fisheries ought to be held constant. This

is intended to provide respondents wth sufficient
information to make informed choices. | ncl uded were
descriptions of spill sites to help invoke intrinsic

feelings. For the sane reason, vulnerability rankings were
given in words like “high, low or mediumi rather than in

guantitative ternms. Also, in order to invoke a sense of
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loss as well as to elicit non-use values and use val ues,
the spills were outlined as ‘danmage to publicly owned
| ocations’. The majority of the respondents made consi stent
choices between all the pairs presented, inplying that
rati onal and consi stent choices can be made anobng such non-
pecuni ary |l osses (Rutherford et al., 1998).

Chuenpagdee (1998) investigated the applicability of
two kinds of damage schedules i.e. a loss schedule and an
activity schedule in each of the tw coastal areas of
Thailand. In an attenpt to assess the relationship between
the nost damaging activity and the nost inportant resource
| oss, the correlation of the two schedules was exam ned.
Two different groups of respondents were studied, nanely
formal experts and lay experts. The results show a
significant agreenent anong respondents, both in the total
sanple and in all sub-groups, in the rankings of inportance
of resource |losses and activities. The scale values and
ranki ngs were insensitive to the level of intransitivity.
Overall, her study showed that neaningful scales of
relative inmportance of resource |losses and inpacting
activities could be obtained based on people’s judgnents.
Wen |osses of different magnitudes occur over tine,
adjustnments can be mde to these schedules through
interpolation or extrapolation of the initial scale val ues.
Danage schedules are relatively faster and |less costly to
devel op, conpared to current valuation nethods. To a |arge
extent, the efficacy of the damage schedule pivots on it
being wutilized by policy-nakers as guides for their
deci si on- maki ng process on envi ronment al resour ces
(Chuenpagdee, 1998).

11



In the next section, the nethodology of the damage
schedul e approach wll be discussed in relation to its

findings when applied to a basket of environnmental goods.

3. EMPI RI CAL APPL| CATI ON AND ANALYSI S

3.1 Methodol ogy for the damage schedul e approach

There are several nethodol ogies that can be applied to
evaluate comrunity preferences and choices. A sinple and
promsing nethod is the nethod of paired conparison. This
is a well established psychonetric nethod for ordering
preferences anong the elenents of a choice set. Hence it is
by no means nere coincidence that the damage schedul es
devel oped by Rutherford et al. (1998), Chuenpagdee (1998)
and Chuenpagdee et al. (2001) nmade use of this nmethod to
elicit scales of relative environnental inportance.

The paired conparison nmethod is used primarily in
cases where subjective judgnments are called upon to conpare
between objects (David, 1988). The nmethod involves
presenting a given set of objects independently in pairs as

bi nary choices to each respondent. The set of objects could

be gains, |osses, activities, environnental resources or
whatever is being scaled. If the choice set does not
contain too nmany objects, all possible pairs can be

presented to each respondent. The total nunber of possible
pairs of n objects is n(n-1)/2.

Note that a sinple ordinal ranking of all objects may
be preferred when the conparison of these objects
simul taneously can be easily achieved. However, when the

di fferences between objects are subtle, it is desirable to
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make the conparison between the pair as free as possible
from any extraneous influences caused by the presence of
other objects. Thus, paired conparison offers certain
advantages when a fine judgnent is needed. Nonetheless,
pair-w se ranking can only be done quickly when differences
bet ween objects are fairly clear. Also, if there are too
many objects, pair-wi se ranking becones inpracticable and
neither is it necessarily possible to achieve a wholly
satisfactory ranking (David, 1988).

An advantage of the paired conparison nethod is that
repetitive choices between different objects in the choice
set can reveal inconsistent choices as circular triads. If
no circular triads are produced, the result wll be a
perfect rank ordering of the objects. However, we cannot
expect all the respondents to be perfectly consistent in
their choices. Inconsistency nmay be due to systematic
intransitive choice, inconpetence of the respondent, random
choice when the pairs are too close to call or sinply pure
errors. Systematic intransitive choice is nore probable
when the objects are nultidinmensional such that the
prom nence of different characteristics my vary according
to the pair of objects that is being conpared (Kahneman et
al., 1999). In a study to evaluate the transitivity axiom
for the nethod of paired conparison, Peterson and Brown
(1998) found that a large proportion of the circular triads

in their data were due to close calls.

3.2 Experinental design
In this study, tw series of paired conparison
guestions were admnistered by neans of two simlar

conputer prograns. Tables 1 and 2 Ilist the options and
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provide brief descriptions. There are eight options in
Table 1 and fourteen options in Table 2. Respondents are to
refer to Table 1 for the first survey and to Table 2 for
t he second.

(Tables 1 and Tables 2 here)

Bot h conputer progranms present the pairs of options on
the screen and require the respondents to nake a choice. No
ties are allowed. The pairs of options are presented in
random order to the respondents so as to control for order
effects. The prograns automatically record the respondents’
choice for each question. If there is an inconsistent
choice, the response will be marked as a contradiction.
Such inconsistent responses are repeated at the end when
al | possible paired options have been asked. Thr ee
consistent pairs, chosen at random by the conputer, are
al so repeated and randomy mxed with the repeats of the
inconsistent pairs. There is nothing to indicate when al
the possible paired conparisons ended and when the repeats
began. This is done to ascertain preference switches for
i nconsi stent choi ces.

A sinple random sanple of 100 respondents is taken for
each of the surveys. In each of the sanple, the respondents
are then segregated by age, incone and educational |evel
At any point in tinme during the survey, respondents are
able to clarify with the investigator if any doubts arise
The respondents only need to use the nouse to click on the
option selected. Several pre-tests were done to fine-tune
the procedures for the survey. From these pre-tests,
revisions were nmade to the procedures and instructions
until it was felt that the respondents were fully capable

of understanding what is required of them
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3.3 Enpirical application of the damage schedul e approach

A damage schedule is developed based on the
preferences of Singaporeans using the nethod of paired
conparisons. The first series of paired conparisons is
between different states of environnental quality for
different resources. A pilot survey was conducted to
determine the four nost inportant environnental goods
percei ved by Singaporeans. Table 3 shows the results of the
pil ot survey.

(Tabl e 3 here)

The four nost inportant environnmental problens are
degradation of coastal and marine environnent, polluted
air, ozone depletion and unhygienic environment relating to
food and water. Each of the four different environnental
problenms was further varied at two different I|evels of
environmental quality nanely, noderate and severe. Hence
there will be a total of eight options for conparison (see
Table 1), giving rise to a total of 28 possible pairs.
However, it is assuned that the severe environnenta
probl em of each type always matters nore relative to the
noderate level of the same type. Thus, such pairs are
excluded leaving 24 possible pairs for conparison in the
first survey.

A sinple way to evaluate paired conparison data is to
use the preference score for each item which is defined as
the nunber of tines the respondent prefers that item over
other itenms in the choice set (Peterson and Brown, 1998).
Thus, each item has a maxi mum score of (n-1) where n is the
total nunber of items in the choice set. The individual
preference scores wll be obtained from the paired

conparison results and aggregated across all respondents.
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The nobst straightforward nethod that nmay be used to
summari ze the respondents’ choices anong the pairs is the
vari ance stable rank method (Dunn-Rankin, 1983). In this
nmet hod, the proportion of tines that each item is chosen
relative to the maxi num nunber of tinmes it is possible to
be chosen by all respondents in the sanple is calcul ated.
This proportion indicates the collective judgnent of the
relative inportance of the different itens being conpared
(Chuenpagdee, et al. 2001). A scale from O to 100 is
obt ai ned when nultiplying this proportion by 100.

3.4 Data analysis and results

The results fromthe 100 respondents are summarized in
Table 4 where the scale values for all eight |osses are
listed for the entire sanple and for each sub-sanple
divided by age, nonthly income and educational |level. A
striking finding is the close correspondence of the scale
val ues across nost of the sub-sanples as indicated by the
relatively large Kendall’'s Wor coefficient of concordance.

(Tabl e 4 here)
The null hypothesis that Kendall’s Wis zero is rejected in
the each of the <cases judging from the very snall
associated asynptotic p-val ues. Hence, there 1is good
consensus anong respondents in the ranking of the relative
i mportance of envi ronnent al probl ens. The cl ose
correspondence of the scale values anong the sub-sanples is
further evident in the high Kendall’s Tau correlation
coefficients shown in Table 5. The null hypothesis of no
correlation is rejected at the 5% | evel of significance. It
is thus concluded that all sets of rankings were rel ated.
(Tabl e 5 here)
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Severe air pollution is ranked either first or second
and has scale values of at |east 80, except for the *‘Bel ow
800 SCGD sub-sample which appears to be specifically nore
concerned with food and water contam nation. Air pollution
is generally not perceived to be as inportant (ranked third
for severe and seventh for noderate). A plausible
explanation is that people with |lower inconme may care nore
for basic healthcare needs such as food and water hygiene.
Only for the '31-40 years’ group is severe ozone depletion
viewed as slightly nore inportant than severe food and
wat er contam nation, even though ozone depletion is not a
prom nent issue in Singapore. A possible reason could be
that respondents in this age group are nore exposed to
international nedia and hence nore aware and concerned
about international environnental issues.

Thirty six percent of the paired conparison responses
are found to be intransitive. The effects of intransitivity
was tested using Kendall’s W and Tau. For the transitive
respondents, Kendall’s Wis 0.6379 and its asynptotic p-
val ue (based on a chi-square distribution with 7 degrees of
freedom) is 0.0022. Thus the null hypothesis of no
agreenent anong the respondents’ rankings can be rejected.
Agreenent anong intransitive respondents is also found to
be very significant as shown by the small asynptotic p-
value of 0.0059 and Kendall's W of 0.6169. Next, the nul
hypot hesis of no correlation between these two respondent
groups is rejected as Kendall’s Tau is 0.7857 with a p-
value of 0.0062. Finally, the null hypothesis of no
correlation between the transitive group and the entire
sanple is also rejected at the 1% |level of significance.

The correlation coefficient for this two groups is 0.9286.

17



The findings suggest that inclusion of intransitive
responses into the sanple did not significantly alter the
resulting scale values of the environmental problens in the
choice set. Qut of a total of 60 inconsistent responses
recorded, 51 of them were reversed on retrial. Thus, a
| arge proportion of the inconsistent choices are, in fact,
swi t chi ng behavi our on indifferent choices and hence do not
violate the transitivity axiom Hence, it is appropriate to
use a single scale of relative inportance to represent all
t he respondents as shown in Figure 1

(Figure 1 here)

3.5 Conparison of denpbgraphics across sanpl es

Before applying the data from the second survey to
measure WA, we need to test if the two sanples are from
popul ations which are identically distributed in terns of
t he denographics, nanely, age, inconme and education. Using
the Kruskal-Wallis test, for age the test statistic was
0.04762 wth p-value of 0.8273, for incone the test
statistic was 0.0833 wth p-value of 0.7728 and for
education the test statistic was 0.04762 with p-value of
0.8273. Thus the null hypothesis of the populations being

identically distributed cannot be rejected.

3.6 Using the paired conparison nethod to neasure WA

Using the paired conparisons in the second survey,
each respondent will be asked to nake a choice between two
alternative gains, for exanple, a gain of 4,700SGD (i.e.
Singapore dollars) or an air quality inprovenent from an
unhealthy level to a good level (see Table 2 for the
conplete list of gains). |If air quality inprovenent is

chosen, one can infer that the |ower bound for WA for air
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is greater than 4,700SG. Gven that the individual is
conparing two alternative gains, the apparent |oss aversion
associated with the standard CV nethod is avoided as the
choice is made from the chooser reference point (Loom s et
al ., 1998).

Only the two nost inportant environmental problens,
air pollution as well as food and water contam nation, from
the pilot survey results are included in the choice set
together with ten suns of noney. Again, the environnenta
problens are varied at two levels, noderate and severe,
each. Hence the total nunmber of possible pairs for

conparison is 9l However, conpari sons between the
environmental problens will not be needed as they have been
previously done in the first survey. Al so, it IS

unnecessary to include paired conparisons between suns of
noney. Hence, the only neaningful conparisons are those
between environnental problenms and nonetary suns. The
nunmber of such pairs for conparison reduces to 40. It was
carefully explained to the respondents that the different
levels of noney are not wused as conpensation for not
receiving the environnental inprovenent.

The nmethod used here allows us to bracket the WA
within two values. For exanple, the point of indifference
can be identified by asking respondents if they would
choose 2,700SGD or an air quality inprovenent from a very
unhealthy to a good level, and a second choice between
3,200SGD or an air quality inprovenent from a very
unhealthy to a good |evel. Rejecting 2,700SDG but accepting
3,200SGD would inply that the mninmum WA |lies between
2,700SGD and 3,200SDG. A nonparanetric nethod is used to

calculate the WA  From the responses, an enpirica
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cumul ative distribution function is calculated and the
medi an esti mat ed.

The median for each environnental gain for the tota
and various sub-sanples are rank ordered. Subsequently, the
WA estimates will be determi ned by these nedian rankings
For exanple, the median ranking of the entire sanple for an
air quality inprovenent from a very unhealthy level to a
good level is 9. As it is only conpared with the ten
nmonetary suns in the paired conparisons, the nedian ranking
of 9 inplies that nore than half of the sanmple of
respondents chose this particular air quality inprovenent
over the first nine nonetary suns, that is from 700SGD to
4700SGD, except the tenth anpunt of 5200SGD. The m ni mum
WA is thus estimated by calculating the md-point of the
interval (4700 to 5200SGD) which is 4950SGD. Table 6 shows
the nmedian rank orders for the total sanple of 100
respondents and their correspondi ng m ni num WA esti nmates.

(Tabl e 6 here)

The findings shown in Table 6 seem to be rather
consistent with those obtained in the first survey where
severe air pollution is ranked the nobst inportant (scale
value of 81), followed closely by severe food and water
contam nation (scale value of 80). Mdderate air pollution
(scale value of 33) is ranked just above noderate food and
wat er hygi ene (scale value of 32) in the first survey while
in the second, the inprovenent in food and water hygi ene
from noderate to mnimal contamnation and air quality
i nprovenent from a noderate to a good level are equally
ranked.

In the second survey, inconsistency is no |onger
detected by means of circular triads. A response is found

to be inconsistent when a resource gain is chosen as nore
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i nportant than say 4700SGD but is chosen as |ess inportant
than any of the anbunts |less than 4700SGD. It is found that
only five respondents made inconsistent choices. Al of
them switched their inconsistent choices on repeats,
inmplying that such inconsistencies are random and not
systematic. Hence, the overall consistency of all the
respondents is deened to be quite high.

As in the first survey, the total sanple is divided
using the three denographic characteristics, age incone and
education. Tables 7, 8 and 9 give the nedian rank orders by
each of these characteristics and their correspondi ng
m ni rum WFA esti mat es.

(Tabl e 7 here)

The nedian rankings of the various age groups are
rather simlar, thereby inducing rather simlar m ninum WA
estimates too. This suggests that the WA of such
envi ronmental goods does not vary nuch across individuals
of different ages. From Table 8, the nedian rankings of
different inconme groups are quite close, thus suggesting
that there are no large differences in their mninmm WA
estimates. It can also be noted that the two higher incone
groups appear to rank air quality above food and water
hygi ene. One suggestion could be that |ower inconme groups
tend to be nore concerned with basic healthcare needs while
greater af fl uence will i nduce one to be nor e
environnmental ly conscious. As can be seen from Table 9,
respondents with different educational levels do not seem
to differ much in their perceptions of WA for air quality
as well as food and water hygiene. Al three educationa
groups ranked air quality inprovenent from a very unhealthy

level to a good level as the nost inportant. This suggests
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that regardl ess of educational |evel, individuals feel that
air quality matters the nost to them

In general, these findings show that mninmm WA
estimates do not vary by nuch across age, incone and
education. Thus, it is evident that Singaporeans not only
di splay consistent judgnents of relative inportance for
various environnmental problens and issues in the first
survey, but also consistent mninmm WA conpensation to
forego inprovenents in air quality as well as food and
wat er hygiene across different age groups, incone groups
and educational |evels.

4. CONCLUSI ON

The damage schedul e approach shows great promse in
the valuation of environnental goods. First, internally
consi stent judgnents of relative environnental inportance
can be elicited wthout any reference to nonetary val ues
as shown by the findings of the first survey. Furthernore,
there exists a high degree of agreement anong respondents
in the total and all various sub-sanples, divided according
to age, incone and education. Also, there is a relatively
hi gh |l evel of correspondence between all the different sets
of rank orders by all the various sub-sanples. Intransitive
responses have a negligible inpact on the scale values and
i nportance of rankings, inplying that a single scale of
relative inportance can be used to represent the entire
sanple. The findings of the second survey show that
Si ngaporeans, regardless of age, income and educational
| evel, can provide consistent mninum WA conpensation to
forego inprovenents in air quality as well as food and

wat er hygi ene.
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The study found that Singaporeans perceived severe air
pollution (scale value of 81) as the nobst inportant
envi ronmental problem followed closely by severe food and
water contam nation (scale value of 80). Severe ozone
depletion (scale value of 78) ranks third followed by
severe damage to coastal and narine environment (scale
val ue of 49). Likew se, the sanme environnental problens at
the noderate l|level are ranked in a simlar order wth
noderate air pollution at fifth position (scale value of
33), followed by noderate food and water contam nation
(scale value of 32), noderate ozone depletion (scale value
of 29) and noderate damage to coastal and nmarine
environment (scale value of 19). The conmputed m ni mum WA
estimates that Singaporeans are willing to accept 4950SGD
to forego an air quality inprovenent from a very unhealthy
to a good level, 4450SGD to forego an inprovenent in food
and water hygiene from severe to mniml contam nation,
1950SGD to forego either an air quality from a noderate to
a good level or an inprovenent in food and water hygiene
from noderate to mninmal contam nation. Though these WA
estimates are very rough neasures, they are at the very
| east, reflect some form of nonetary valuation based on
community preferences that can be wused as provisional
damage or conpensation awards.

Paired conparisons have the added advantage of
detecting inconsistent choices through circular triads in
the data. The results show that a |arge proportion of the
i nconsi stent responses are reversed on retrial, inplying
that these inconsistencies are nostly not a consequence of
intransitivity but rather close calls or indifference.

When conparisons are only made between suns of npney

and environnental problens, individuals may feel that the
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two are incomensurate, inplying an unw llingness to nake
the trade-off between noney and environnental goods.
However, as long as sone form of conparison can be
consistently rmade either in ternms of severity or
i nportance, a useful scaling can be attained (Sunstein,
1994).

The damage schedules established based on public
j udgnment s of relative i nportance of changes in
environmental quality my not necessarily bring about
optimal deterrence as well as maxinmum efficiency in the
all ocation of environnmental resources. However, for many
purposes, inclusive of the provision of socially useful
incentives and dependable consistent conpensations, the
objective of optimal deterrence and maxi mum efficiency is
not essential, provided that sanctions, incentives and
awards are in accord wth the relative inportance of

envi ronnent al changes.
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Table 1

i on

Severe food and water contani nation causing
di seases such as cholera, typhoid etc with sone
of them bei ng cont agi ous

i on

Moderate food and water contam nati on where
hygiene is not at its highest level. It nay cause
slight food poisoning or feeling of nausea.

i on

Moderate | evel of damage to coastal and mari ne
envi ronment where mangrove forests are only
partially cleared and coral reefs are marginally
t hreatened, inplying that such | osses are |ess
irreversible,.

Opt i

on

Severe damage to coastal and marine environnent
where coral reefs are badly destroyed and
mangrove forests are extensively cleared. Habitat
| oss thus occurs, in turn causing |osses of
various inportant marine and coastal species.

Opt i

on

Moderate | evel of air pollution, PSI between 51
and 100, where the concentration of pollutants is
such that adverse health effects are not
observed. Unpl easant snells fromlandfills and
slight haze prevail.

i on

Severe air pollution, PSI between 200 and 299,
where air quality is at a very unhealthy |evel
Respiratory health and vision is adversely
af f ect ed.

Opt i

on

Severe ozone depletion |leading to a sharp rise in

UV-B radi ation (UV i ndex above 7) where sunburn

time is roughly 20 mnutes or less, resulting in

heal th problens |i ke skin cancer, eye danage and

premature aging as well as harnful effects |ike
i ncreased gl obal warm ng and climate change.

Opt i

on

Moder at e ozone depl eti on where sunburn tinme is
nore than 30 m nutes, inplying m niml biological
effects to living organi sns. Adverse harnfu
ef fects such as skin cancer, eye damage nay only
result after constant prolonged UV exposure.
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Table 2

Option A | A gain of 700SGD every year.

Option B | A gain of 1200SGD every year.

Option C | A gain of 1700SGD every year.

Option D | A gain of 2200SCGD every year.

Option E | A gain of 2700SCGD every year.

Option F | A gain of 3200SCGD every year.

Option G | A gain of 3700SGD every year.

Option H | A gain of 4200SCGD every year.

Option | A gain of 4700SGD every year.

Option J | A gain of 5200SCGD every year.

Option K |Ar quality inprovenent from a very unhealthy
| evel (PSI between 200-299) to a good |evel (PSI
bet ween 0-50). Adverse health effects are
conpletely renmoved. Air quality is restored to a
safe and healthy |evel.

Option L |Ar quality inprovenent from a noderate |evel
(PSI between 51-100) to a good |evel (PSI between
0-50). Unpleasant snells from landfills and
slight haze are elimnated in order to restore
air quality to a safe and healthy | evel.

Option M | Inprovenment in food and water hygi ene from severe
contam nation to mniml contam nation. Chances
of food and water borne diseases are being
greatly reduced so that food and water hygiene
are being restored to its highest |evel.

Option N |Inprovement in food and water hygiene from
noderate contam nation to mninmal contam nation.
Chances of slight food poisoning are reduced in
order to restore food and water hygiene to its

hi ghest | evel.
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Tabl e 3: Sinple Ranking of Environnental

Respondent s

Probl ens by Sixty

Li st of Environnental Problens Rank | Fr equency each
itemwas chosen

Noi sy envi r onnent 5 27

Loss of scenery 8 15

Degradation of coastal and marine| 4 29

envi r onnent

Loss of biodiversity 6 25

Pol | uted waterways and surrounding| 7 23

seas

Pol luted air 1 43

Ozone depl etion 3 38

Unhygi eni ¢ envi ronnent (relating| 2 40

to food and water hygi ene)

O hers 9 0
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Tabl e 6: Medi an Ranki ngs and Correspondi ng M ni mrum WA
Esti mates for 100 Respondents

| nprovenent in Environnment Quality Medi an M nimum WA
Ranki ngs | Esti mat es

Air quality inprovenent froma very 9 4950

unhealthy to a good | evel

Air quality inprovenent from a 3 1950

noderate to a good | evel

| mpr ovenent in food and water 8 4450

hygiene from severe to m ninal

cont am nati on

| mpr ovenent in food and water 3 1950

hygi ene from noderate to m ninal
cont am nati on
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Tabl e 7: Medi an Ranki ngs and Correspondi ng M ni mrum WA
Esti mates for Various Age G oups

| npr ovenent

in 15- 20 21-30 31-40 Above 40
Envi ronnment al years years years years
Quality

Rank | WA Rank | WTA |Rank |WTA |Rank |WTA

Air quality | 8 4450 9 4950 9 4950 9 4950
i mpr ovenent
from a very
unhealthy to
a good | evel

Air quality | 2 1450 3 1950 3 1950 3 1950
i mpr ovenent
from noderate
to good | evel

| mpr ovenent 8 4450 9 4450 8 4450 9 4950
in food and
wat er hygi ene
from severe
to m ni mal
contam nati on

| mpr ovenent 2 1450 3 1950 3 1950 3 1950
in food and
wat er hygi ene
from noderate
to m ni mal
cont am nati on
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Tabl e 8: Medi an Ranki ngs and Correspondi ng M ni mrum WA

Esti mates for | nconme G oups

D fferent

| nprovenent in
Envi r onnent al

Quality

Bel ow 800

801- 2000

Above 2000

Rank

WI'A

Rank

WTA

Rank

WTA

Air qual ity
i mpr ovenent
from a
unheal t hy
good | evel

very
to a

8

4450

4950

4950

Air qual ity
i npr ovenent
from noder at e
to good | evel

1950

1950

1450

| mprovenent in
food and water
hygi ene from
severe to
m ni mal

contam nati on

4950

4450

4450

| mprovenent in
food and water
hygi ene from
noder at e to
m ni mal
cont am nati on

1450

1450

1950
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Tabl e 9: Medi an Ranki ngs and Correspondi ng M ni mrum WA
D fferent Educati onal

Esti mates for

Level s

| nprovenent in
Envi r onnent al

Quality

Secondary

School
bel ow

or

A-| evel
D pl oma

or

Degr ee

Rank

WI'A

Rank

WTA

Rank

WTA

Air qual ity
i mpr ovenent
from a
unheal t hy
good | evel

very
to a

9

4950

9 4950

9

4950

Air qual ity
i npr ovenent
from noder at e
to good | evel

1450

3 1950

1950

| mprovenent in
food and water
hygi ene from
severe to
m ni mal

contam nati on

4950

8 4450

4450

| mprovenent in
food and water
hygi ene from
noder at e to
m ni mal
cont am nati on

1950

2 1450

1950
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Figure 1: Scale of Relative Inportance of Environnental

Probl ens Based on

t he Perceptions of Singaporeans

100

Severe food & ------1

Severe air pollution (81)

= Severe ozone depletion (78)

wat er contam nati on
(80) - 1

Severe damage to
coastal & marine -
envi ronment (49)

Moder ate food &
wat er contam nation --
(32)

Moder at e damage to
coastal & marine -
envi ronment (13)

Moderate air pollution (33)

- Moder at e ozone depl etion (29)



Tabl e 4: Scal e Val ues of Environnental Problemnms
AGE (in years) I NCOVE (in SQD) EDUCATI ON
Envi ronnent al Total | 15-20 | 21-30 31-40 | Above | Bel ow | 801- Above | Sec. A- Degr ee
probl em 40 | 800 2000 |2000 | Sschool |level/
or Di pl oma
bel ow
Severe air 81 83 85 84 80 74 88 87 84 80 87
pol I ution
Severe food | 80 90 80 80 82 83 80 82 79 82 82
and wat er
cont am nati on
Severe ozone | 78 71 78 81 75 82 77 76 77 80 76
depl eti on
Severe dammge | 49 43 48 43 43 40 47 47 52 42 44
to coastal and
mari ne
envi ronnent
Moder at e air 33 27 37 34 35 34 37 33 30 33 37
pol I ution
Moderate food | 32 42 31 34 42 42 34 31 27 39 34
and wat er
cont am nati on
Moder ate ozone | 29 28 31 36 31 37 26 33 37 35 28
depl eti on
Moder at e 13 17 11 8 13 8 12 12 13 9 12
damage to
coast al and
mari ne
envi r onnent
Number of 100 15 41 33 11 28 30 42 18 38 44
respondent s
Kendal | ' s . 6240 | . 6050 |.6336 . 6559 . 5517 | . 5895 . 6626 | .6451 |.6383 . 6156 . 6473
coefficient of
concor dance
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Table 5: Kendall’'s Tau Correl ations of Scal e Values of Environmental Problens
AGE (in I NCOVE (in SQD) EDUCATI ON
years)
15- 21-30 | 31-40 | 40- < 801- Sec. A- Degr ee
20 800 2000 | >2000 | School |1 evel/dipl oma
or
bel ow
15-20 1.00|.7857|.7500|.9286 |.8571|.7857 |.7638 |.7857 |.9286 . 7857
21-30 1.000|.7500|.8571|.6429 |.9867 |.9092 |.8571 |.7143 . 9891
AGE 31-40 1.000|.6786|.6183 |.7638 |.8889 |.9092 |.6910 . 7638
40- 1.000|.7857|.8571|.7638 |.7143 |.8571 . 8570
<800 1.000|.6429 | .6071 |.6429 |.9285 . 6407
I NCOMVE 801- 2000 1.000|.8929 |.8571 |.7140 . 9823
>2000 1.000|.9820 |.6910 . 9099
Sec. School or 1.000 |.7143 . 7143
bel ow
EDUCATI ON | A- 1. 000 . 8571
| evel / di pl oma
Degr ee 1. 000
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