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This paper looks at the question of whether subsistence level/indigenous people place a
value on the preservation of ecosystems independent of direct impacts of environmental
change, such as impacts on their production activities. The economics literature generally
suggests that non-use values don't exist among the poor and in the informal sector of the
economy. We examine this issue through a choice modeling experiment. A survey was
conducted of rainforest communities who live on the banks of the Amazon River (Rio
Solimões), in the vicinity of proposed oil and gas pipelines. The data were analyzed in the
choice modeling framework, revealing relatively high amounts of compensation that were
necessary in order to accept the potential ecosystem damages associated with oil transport,
even if the people were completely compensated for direct damages such as loss of access to
productive resources. These results suggest that environmental quality is important for its
own sake, a result that is very different from the implicit assumption among many
economists.
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1. Introduction

The question of how changes in environmental quality affect
the poor has been at the heart of many debates about
environmental policy. The traditional economic wisdom is
that environmental quality is a luxury good that is too
expensive for poor people, especially people in subsistence
societies. This viewpoint is reflected in numerous places,
including Summers' famousWorld Bankmemo (1992) and the
EKC (environmental Kuznet's curve) literature (Grossman and
Krueger, 1994; Stern, 2004).

More recently, discussion has focused on two avenues by
which environmental quality may be important to the poor,
particularly the poor in developing countries. First, the
University, United States
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sustainable development literature suggests that environ-
mental capital is critical to maintaining productive capacity,
and that since the production methods of subsistence
societies are more closely tied to environmental capital, they
are more vulnerable to the degradation of environmental
capital (Pearce andWarford, 1993; Franceschi and Kahn, 2003).
This argument can be summarized with a simple production
function that includes environmental capital (E) in addition to
the traditional labor (L) and physical capital (K).

Y ¼ f L;K;Eð Þ ð1Þ
Second, the environmental justice literature suggests that

these segments of society may be more exposed to hazardous
pollutants and environmental degradation (Makhijani, 1992;
.
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Attfield andWilkins, 1992). For example, the poor in large cities
such as Mexico City and Beijing suffer disproportionately from
air pollution, nomadic herders in sub-Saharan Africa are
dramatically impacted by expanding desertification, and the
poor who reside in low-lying areas such as the Ganges River
delta are most vulnerable to the impacts of global climate
change, such as sea level rise and the increased frequency and
intensity of tropical storms. In other words, what environ-
mental economists tend to call the direct use values of
environmental change are increasingly being recognized as
important, particularly through impacts on human health and
diminution of the productivity of economic activities.

The other types of value associated with environmental
changes are called non-use, or passive use values, and
represent the direct impact of environmental change on
individual utility, independent of the production impacts on
specific activities such as fishery or forest related economic
productivity. In other words, environmental quality appears
as a first-order variable in the utility function of individuals.

U Y L;K;Eð Þ;Eð Þ ð2Þ

The impact of an environmental change on utility can be
better understood by totally differentiating Eq. (2), as pre-
sented in Eq. (3).

dU ¼ AU
AY

AY
AE

þ AU
AE

� �
dE ð3Þ

With the rearrangement of a few terms, Eq. (3) can be
rewritten as Eq. (4).

dU
dE
AU
AY

¼ AY
AE

þ
AU
AE
AU
AY

ð4Þ

The left hand side (lhs) of Eq. (4) represents the change of
utility associated with a change in environmental quality,
divided by the marginal utility of income. In other words, it is
the marginal willingness to pay (MWTP) for an incremental
change in environmental quality. As can easily be seen from
the right-hand side (rhs) of the equation, the MWTP can be
decomposed into two components. AY

AE is equal to the direct use
benefit of environmental change. In this instance, it is the
change in production associated with the environmental
change. The second term, AU

AE =
AU
AY represents direct impact on

utility of environmental change, divided by the marginal
utility of income. As such, it is the marginal non-use value of
environmental change.

Our goal is to investigate whether non-use values exist for
the communities of our case study. As might be expected, this
is a difficult task that could be approached from a variety of
directions. The basic problem is that a standard stated
preference valuation exercise, such as contingent valuation,
would only return the willingness to pay estimate that
corresponds to the lhs of Eq. (4). An estimation of the lhs will
not determine whether non-use values exist. A process must
be developed to distinguish these values from each other.

One possibility formeasuring the non-use valueswould be to
construct a questionnaire which specifically asked people to
apportion their WTP into use and non-use categories. Unfortu-
nately, such a survey structure would be highly likely to
compound hypothetical bias. Even if people were to devote
sufficient effort to estimating their total willingness to pay, they
would be unlikely to devote sufficient attention to the appor-
tionment, which is not a decision frameworkwith which people
have much experience. Furthermore, this type of apportion-
ment question would appear non-sensical to the inhabitants in
the subsistence communities of our case study area.

The second possibility is to use a stated preferencemethod
tomeasure the lhs of Eq. (4) and thenmeasure the first term of
the right-hand side directly (from data on agricultural
production, etc.). This second estimate could then be sub-
tracted from the lhs term and the result, if everything was
measured appropriately, would be the second term of the rhs
of Eq. (4), non-use value. Although our project developed
relatively good production data, it is difficult to convert this
production data into either income or utility for several
reasons. First, prices vary widely in both spatial and temporal
dimensions. Second, the subsistence value of production is
likely to be higher than its market value, otherwise people
would sell all or most of their output and buy food. If we
under-estimated the value of production, thenwewould over-
estimate non-use values.

The third method for estimating the non-use component,
which we employ, would be to construct a question format
which would elicit only non-use values. We do this by
constructing a willingness to accept (WTA) format in which
direct use values are not measured, as respondents are told
that they would be compensated for these losses. The
respondents are then asked how much additional compensa-
tion they would require in order to accept particular environ-
mental risk scenarios. If the respondents do not embed other
values (such as uncertainty premiums) into their decisions,
then the value estimates would represent non-use values.
Although one can structure questions to minimize their
potential to generate embedding, and look for evidence that
embedding is not present, it is extremely difficult to prove
with statistical certainty that embedding does not exist.
Therefore, our results should be viewed as suggestive of the
existence of non-use values in these traditional communities,
rather than irrefutably proving their existence.

The rest of the paper is structured as follows. Section 2
provides background information on the current situation on
the Amazon River, the area of our case study. Section 3
describes the choice experiment. Section 4 presents results
and provides a discussion and Section 5 concludes the paper.
2. The Amazon River and oil spills

The Amazonian River system drains an area larger than the
contiguous United States, and contains 20% of the world's
freshwater. The area in which we conducted our study, the
State of Amazonas, is roughly 20% of the size of the contiguous
United States, and still contains 96% of its original forest cover.
There are two major reasons that it retains such a large
amount of its pristine rainforest. First, the capital city of
Manaus is a manufacturing and electronics center, with over
one hundred thousand direct manufacturing jobs, obviating
the necessity to over-exploit forest resources in order to
produce income. Second, the forested areas are inhabited
primarily by Caboclos who have been in the rainforest for
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many generations. They use indigenous agricultural produc-
tion techniques which do not result in the destruction of the
rainforest, and their cultural and value systems draw heavily
on those of the original Indians, who also inhabit the rural
areas but in lesser numbers. In contrast, states such as
Rondônia, Mata Grosso, Pará and Acre are characterized by
high immigrant (from coastal Brazil) populations who engage
in field agricultural techniques, which lead to permanent loss
of forest cover. These states have only 60 to 75% of their
original forest cover remaining.

In the 1980s, oil and natural gas production began in the
Urucu basin, more than 650 km upstream of Manaus on a
tributary of the Rio Solimões. The oil is shipped by pipeline to
the city of Coari, where it is loaded onto tankers and barges for
the 380 km trip to the refinery in Manaus. The policy question
that our study was charged with addressing was to measure
the extent of the risk associated with the transportation of
petroleum and gas and to quantify potential environmental,
social and economic impacts of these risks. Themeasurement
of these impacts has revealed important information about
the attitude of subsistence populations concerning the
importance of preserving ecosystems.

The analysis of a potential spill is made complicated by the
flood regime of the river. The river rises and falls 15 m with the
annual variation in rainfall, and spreads horizontally for dozens
of kilometers. A spill could occur at times of high water, rising
water, falling water or low water. There are different levels of
damages associated with a spill at the different stages of the
river. A discussion of the implications of these complexities for
the implementation of the data collection is presented in the
next section.
1 Extensive focus group work and pre-testing with Caboclos
indicated they thought Petrobras was a trustworthy company and
that if Petrobras said they would be compensated for lost income
then they would be compensated.
3. The oil transport choice experiment

3.1. The survey

The first step in the research process was to understand the
way communities interact with their environment. Research-
ers from the Universidade Federal do Amazonas, with
experience in the ribeirinho communities, went to these
communities and talked to people about their day-to-day
existence, in what ways they depend on water resources, and
how their activities were at risk from potential spills. In these
conversations it became quite clear that ribeirinhos had non-
use values associated with ecosystem preservation and that
the same dichotomy between use values and non-use values
existed in these communities as has been revealed to exist in
developed countries. Direct use values included access to
drinking water, ability to bath and wash clothes, changes to
crops on riverbanks and availability of fish — the primary
protein source for these communities.

The characterization of economic activity and potential risks
from spills was complicated due to unique conditions in each
community. One of the major differences among communities
is the type of water body the community depends on for its
livelihood. For example, if a community is located on the main
stem of the Amazon River, there is a greater probability of
experiencing contamination from a spill. However, the impacts
of the spill will have a shorter duration as currents will quickly
carry the oil downstream. There are many communities that
depend on lagoas (lakes) that are connected by channels to the
river. If oil were to be carried into a lagoa it would remain there
for a long time. This could have potentially devastating
impacts, as these communities depend on the lagoas for their
primary source of food — fish.

Different communities also have different topography and
different crop planting patterns. If a spill were to occur during
low water season, the potential for damage is lower, because
the oil is unlikely to escape the main channel of the river and
move into areas where it can cause the greatest damage. If a
spill were to take place at high water, the oil will be move to
areas where fruit, manioc, beans and rice are harvested during
the low water season. This has the potential to kill perennial
plants and contaminate the soil for extended periods of time.
Moreover, the high waters connect the lagoas (lakes) to the
main stem of the river, providing a channel for the oil to enter
the lakes. The only mitigating factor of high water is that the
flow is so immense and powerful the oil would be flushed
rapidly and diluted by the high volume of water. The worst of
all possible scenarios is if the spill occurs during high but
fallingwater. The highwater would transport the oil into lakes
and agricultural areas and as the level of the river falls it would
strand the oil in these areas.

Since the research team conducted a detailed analysis of
the economic and social activities of each community in the
study area, it was possible to quantify the magnitude of
potential direct impacts, and the costs of remediation. This
provided the opportunity to exclude questions about direct
impacts and focus on the design of a choice experiment
evaluating only the non-use values associated with the
preservation of the ecosystem. Consequently, the question-
naire's initial discussion of the risks associated with a
potential spill stipulated that if a spill were to occur, Petrobras
would provide direct compensation for direct production
losses associated with loss of access to water for drinking
and other household purposes, agricultural impacts, fishery
impacts, damage to structures, and other direct production
impacts.1

The choice sets were then constructed to ask the ribeir-
inhos their willingness to accept compensation for exposure to
the risk of spills, given that their direct losses would be made
whole in the event of a spill. In other words, compensation for
direct losses was made a part of every choice set scenario.
Then, in the choice sets, they were asked to accept or not
accept different spill risk scenarios, with various benefits
accruing for accepting the risk. Since direct losses are directly
made whole, the willingness to accept compensation for
exposure to risk should reflect the compensating surplus
associated with changes in non-use values.

Another important choice in the design of the survey was
how to specify the paymentmechanism for compensating the
ribeirinhos for their willingness to accept risk. In discussions
with the communities it became apparent that cash payments
were not a meaningful mechanism, because the ribeirinhos



Table 1 – Oil transport scenario attributes, levels, and
descriptions

Attribute Level Name of variable
used in the
regression

Chance of a spill Every 3 years Three
Every 5 years Five
Every 10 years –

Size of a spill Large Large
Small Small
Very small –

Water contamination
(lack of access to water for
household use)

2 weeks Two weeks
4 weeks –

Compensation
(private—liters of gasoline
plus liters of diesel) a

76+3 –
45+4 –
25+1 –
10+2 –

Compensation (education) More schools Schools
Better teachers –
Adult education Adulted

Compensation (health) Boat, doctor,
medicine (BDM)

Allhealth

Boat, doctor (BD) –

a Each of these discrete compensation variables was transformed
into a continuous compensation variable in Brazilian dollars called
Price. This price variable will be a lower bound on the marginal
value of fuel, since it does not include inconvenience costs
associated with access to fuel in rural locations. Consequently,
the value estimates will be lower bounds on true value.
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operate largely outside the market economy. Consequently,
asking them to evaluate environmental risk/cash payment
trade-offs would force them into a process with which they
were not familiar. Better opportunities for education (both for
children and adults), better community level medical care,
and less arduous labor where cited as major factors in
improving the quality of life. Better education and medical
care are easily specified in the choice sets, but the definition of
a variable associated with a reduction in the hard labor
associated with ribeirinho life is more difficult. These com-
pensation mechanisms are described in Table 1.

One way to reduce labor is to substitute capital. Although
opportunities for this may seem somewhat limited in a
subsistence economic system, these opportunities are quite
vast. In particular, it is possible to substitute motor power for
musclepower through theuseofmotors for small boats (instead
of paddling) and through the use of chain saws (instead of axes
andmachetes). The ribeirinhos often own these types of capital,
butbecauseof their isolationoftenhavedifficulty gainingaccess
to gasoline or diesel fuel for utilizing the capital as often as they
would desire. Additionally, fuel can be used to run community
diesel electric generators for longer periods.2 Therefore, the
payment mechanism in the choice sets is specified, both, in
terms of the public goods (education and health care3) and the
delivery of free fuel. It ismore important to include fuel directly
(rather thancashwithwhich tobuy fuel) since fuel vendorsmay
be quite distant from the communities. Under these circum-
stances, fuel becomes a desirable commodity for bartering.

In the choice sets, respondents trade-off alternative levels of
risk with alternative levels of fuel, education and public health.
This not only provides an opportunity to assess their willingness
to accept risks of an oil spill in terms of these goods (which could
bemonetized through the price of fuel), but it provides the ability
to measure the importance of improved education and health
care, which is the subject of another paper.

The questionnaire consisted of four parts. The first part
contains an introduction to the research and description of the
project. The second part contained questions regarding the
respondent's socioeconomic status. The third part contained
the choice experiment and the fourth part followed up with
questions regarding perception of the environment and of
Petrobras. Numerous focus groups were conducted in the
region, as well as a pilot study.

The choice sets were constructed using Bretton-Clark
Conjoint Designer to design the most efficient fractional
factorial main effects design.4 This process generated 33
2 The municipal and/or state government occasionally provides
enough fuel for the communities to have electricity between 6:00
PM and 10:00 PM.
3 Education improvement attributes in the choice sets include

the availability of school past the primary level, better trained
teachers and adult education program. Health improvement
attributes included the provision of circuit medical clinics based
on boats, the provision of doctors and better accessibility of
medicine in village health care clinics.
4 The use of the efficient fractional factorial design has the

advantage of reducing the number of choice sets that must be
presented to respondents in order to have a statistically efficient
estimation process. Unfortunately, this efficiency property does
not apply to the estimation of second-order effects and we cannot
rule out the possibility that second-order effects may be important.
individual risk and compensation profiles, of which 8 were
eliminated due to inconsistent levels of characteristics. For
example, a large spill could not be associated with a short
duration of lack of access towater. These 25 remaining profiles
are then associated with 625 choice sets. Table 2 contains an
example choice set. Of these, 300 were randomly chosen5 and
randomly placed into surveys containing a total of six choice
sets each. The surveys were then administered in the field as
in-person interviews.

3.2. Model specification

We utilize the random utility framework in order to explain
individuals' preferences for alternative states of the Amazon
River. Survey respondents are asked to choose among alternative
states of the world, each with different environmental risk and
cost characteristics. The responses are then used to measure the
value people place on environmental characteristics.6
5 Holmes and Adamowicz (p.13) have an extensive discussion o
the benefits of randomly choosing profiles. They argue that as
long as the sample will be large enough, this is an effective
strategy for covering the design space.
6 Other studies that use choice experiments in environmenta

valuation include Holmes and Adamowicz (2003) and Hanley et al
(1998), Li et al. (2004), Stewart et al. (2005), Stewart and Kahn
(2005). Swallow et al. (1992), Stevens et al. (2000), Stevens et al
(1997) Roe et al. (1996) and Matthews et al. (1998).
f

l
.

.



Table 2 – An oil transport choice set

Attribute Alternative A Alternative B Alternative C
(status quo)

Chance of spill Every 10 years Every 3 years –
Size of spill Very small Large –
Contamination 2 weeks 4 weeks –
Compensation 10+2 73+3 –
Education Better teachers More schools –
Health BDM BD –
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Using the choice experiment we consider the attributes
associated with a state of the river after a spill as alternative j
in choice set c. The alternative j represents a specific state of
the world with a change in environmental quality, due to the
“spill scenario”, with its conditional indirect utility level Vj for
individual i expressed as

Vij ¼ vij þ eij ð5Þ

where vij is the deterministic component and εij is the random
component. If the individual is observed choosing alternative j
over alternative h it is implied that the utility of Vij is great-
er than that of Vih. Now, the probability of an individual i
choosing alternative j, p(.) can be expressed as

p ij=cð Þ ¼ p VijNVih
� � ¼ p vij þ eij

� �
N vih þ eihð Þ� �

; jph ð6Þ

If we assume that the utility function's error terms are
independently and identically distributed (IID) and follow an
extreme-value distribution then it is appropriate to estimate
the utility functions with the multinomial logit (MNL) model
(McFadden, 1974; Shrestha and Alavalapati, 2004). The MNL
model represents the probability of choosing alternative j over
all other alternatives and takes the following form

p ijð Þ ¼ exp uvij=
X
ijac

exp uvih ð7Þ

where u is the scale parameter (Louviere et al., 2000), which is
often normalized to one. Assuming vij is linear and additive in
the attributes gives the following utility function

Vij ¼ υ bþ b1Z1 þ b2Z2 þ N þ bnZn þ baS1 þ bbS2 þ N þ bmSkð Þ
ð8Þ

where β is the constant term, which can be separated into
alternative specific constants (ASC), and β1 though βn are
vectors of coefficients attached to spill scenario attributes (Z1

through Zn) and βa through βm are coefficients associated with
respondents' individual characteristics (S1 through Sm) that
are assumed to influence utility.

The respondent's WTA, represents the compensating
surplus for a decrease in environmental quality.7 Compensat-
ing surplus (CS) is the amount of money that must be given or
taken away froma person tomake himor her aswell off after a
change as they were before a change. If the change leaves the
personworse off then CS is equivalent to willingness to accept
7 Haab and McConnell (p.9) provide an excellent justification for
using WTA in a situation like ours.
(WTA). More specifically, this can be estimated using the MNL
model as follows

CS ¼ � 1
bc

ln
X

exp bx0ij
� 	

� ln
X

exp bx1ij
� 	� i�h

ð9Þ

where βc is the marginal utility of income. The x terms
represent the state of the environment before and after the
change under consideration. The marginal value of a change
within a single attribute can be represented as a ratio of
coefficients, where the previous equation reduces to

W ¼ �1
ba
bc


 �
ð10Þ

This part-worth formula provides the marginal rate of
substitution between income change and the attribute in
question.
4. Results and discussion

4.1. Demographics

One thousand and eleven households were interviewed,
representing 68 different communities. The communities of
Codajás and Manacapuru had the highest levels of response,
with 99 and 98 households interviewed respectively. On
average, the respondent had lived in the community in
which he was surveyed for over 31 years. The respondent
pool is almost equally divided among gender lines with 49%
males and 50% females, the remainder did not respond to the
gender question. The average age of survey participants is
nearly 41 years of age, and nearly 66% of respondents
indicated that they are the head of household. The majority,
almost 66%, of participants were married with 19% indicating
that they were single. Eleven percent of the respondents were
either widowed or divorced.

Eighteen percent of those surveyed have completed high
school and 12% of people claimed to be illiterate. However,
almost 62% of respondents indicated that they had not
received greater than an elementary school education.
Respondents indicated that the average personal annual
income was $R3952 (US$1456), while the average annual
household income was slightly higher at $R5746 (US$2128).
Forty-two percent of those surveyed indicated that agriculture
is their primary source of income, with commerce and
retirement next at 15% and 12% respectively. Thirty-nine
percent of all respondents indicated that they live on the
margins of the river, with 35% saying that they own the land
on which they live.

4.2. Perceptions of Petrobras

Sixty-three percent of respondents said that the boats
operated on the river by Petrobras do not bother them, while
27% indicated that they did. Forty-six percent of respondents
feel that boats are a safe form of transportation. Only 15% feel
that boats are unsafe. The use of tanker ships for petroleum
transportation is favored by 40% of respondents, buried
pipelines are favored by 28%, and 31% are not sure which
alternative is better. The majority, 57%, of respondents gave



Table 3 –MNL estimates

MNL MNL with
covariates

MNL with
covariates

Variable Coefficient Coefficient Coefficient
(standard
error)

(standard
error)

(standard
error)

Three − .324⁎⁎⁎ − .342⁎⁎⁎ − .324⁎⁎⁎
(.055) (.055) (.054)

Five − .227⁎⁎⁎ − .223⁎⁎⁎ − .228⁎⁎⁎
(.08) (.08) (.08)

Small − .103⁎ − .103⁎ − .103⁎
(.063) (.063) (.063)

Large − .428⁎⁎⁎ − .427⁎⁎⁎ − .427⁎⁎⁎
(.068) (.068) (.068)

2 weeks .046 .047 .046
(.054) (.054) (.055)

More Schools − .125⁎⁎ − .123⁎⁎ − .124⁎⁎
(.062) (.062) (.062)

Adult
Education

.049 .049 .049
(.051) (.051) (.051)

BDM .062⁎ .063⁎ .062⁎
(.039) (.039) (.039)

Price .008⁎⁎⁎ .008⁎⁎⁎ .008⁎⁎⁎
(.0007) (.0007) (.001)

Income – − .00002 –
(.00004)

Pincome – – − .0000005
(.0000006)

Pipeline – .041 –
(.042)

RiverPollution – .007 –
(.095)

OwnProperty – − .049 –
(.097)

Riverfront – .072
(.095)

Priverfront – – .001
(.0007)

Male – .025 –
(.037)

Age – .001 –
(.001)

Page – – .000003
(.00002)

Constant − .197⁎⁎ − .283⁎⁎⁎ − .198⁎⁎
(.085) (.102) (.085)

N 12,096 12,096 12,096
LR chi2 297.71⁎⁎⁎ 300.63⁎⁎⁎ 302.05⁎⁎⁎
Pearson chi2 76.19⁎⁎⁎ 8522.61⁎ 9528.83⁎⁎

*=.9; **=.95 and ***=.99.
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Petrobras an overall rating of “good”, with another 16% rating
Petrobras “excellent”.

4.3. Model results

The first step in the analysis is to convert the categorical
payment variables into a continuous price variable. We used
prices of gasoline and diesel fuel (in the communities) and
multiplying by the liters of fuel to yield dollar equivalent
weekly compensations of $R12, $R28, $R53 and $R87 for the
four levels of compensation.8 All models are then estimated
using this variable. Since we are asking for the respondent's
willingness to accept, this coefficient represents the negative
of the marginal utility of income.

There are several different empirical specifications that
can be used to estimate the probability function in Eq. (3) and
the corresponding value measures of Eq. (4). Initially, we
specified a multinomial logit model without covariates, then
with covariates and lastly with interaction terms.9 Results are
presented in Table 3.

All three models are strongly significant according to
standard likelihood ratio chi2 and Pearson chi2 tests and
individual coefficients have expected signs. Starting with the
constant term, there is a negative preference for the status quo.
This result is fairly intuitive in that there is already some oil
transport andno compensationmechanism in place. Also quite
intuitive is the strong preference for a spill to occur every
10 years rather than every 5 or 3 years. This is seen through the
negative coefficients on Three and Five (which are relative to the
dummy variable left out — Ten). Results also suggest prefer-
ences for very small spills (although only slightly to small spills)
and a strong aversion to large spills. There is a preference for
better teachers in the communities, but not for more schools
and the health compensation mechanism shows a slight
preference for having all three goods over just two.

It is very important to correctly interpret the results of the
model, as the process is more complex than just reading
coefficients and computing part-worth. In the choice process,
the respondents are asked to choose among three options,
consisting of two hypothetical situations where the risk (and
payment) are defined, and the status quo, where the risk is
individually evaluated by the respondent and not defined by
the survey or queried from the respondent. Under these
circumstances, it is not really possible to measure the will-
ingness to accept compensation in terms of the change in risk
in moving from the status quo to one of the other risk
structures. It is only possible to compare the value of alternative
risk structures, such as moving from a spill of expected
8 Since there are also inconvenience and transactions cost
associated with purchase of fuel by Caboclos, the prices should be
viewed as lower bounds on the marginal value of fuel. Therefore,
our value estimates also represent a lower bound.
9 We also estimated a random parameter logit model in an

attempt to control for individual specific heterogeneity in a less
ad-hoc fashion. The results suggested that individual specific
heterogeneity was not a significant factor in the choices made by
respondents. The coefficients and standard errors from the RPL
models were nearly identical to the MNL and the proportion of
the total variance contributed by the panel was only .0000002 and
was not statistically different from zero.
frequency of one in 5 years to expected frequency of one in
10 years, or from a small spill to a large spill. This could lead to
an additional valuation problem if a high number of respon-
dents chose the status quo in comparison to other risk
structures. The problem is that we would be trying to compare
the movement from one risk structure to another, but the
respondents would not be choosing any of these risk structures
as themost preferable option, leading to a question of what the
estimated coefficient would actually signify. Fortunately, this is
not a problem inour study, as the statusquowas only chosen in
17 of the approximately 12,000 choice sets evaluated.

The coefficient on the Price variable is perhaps the most
important result, as it enables the derivation of measures of
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compensating surplus. Using Eq. (7) we are now able to
estimate the CS associated with changes in the levels of the
attributes and to determine overall levels of CS for specific
scenarios. For example, following Rolfe et al., (2000) the
change from a world with the potential for a spill every
10 years to a riskier world with a spill every 3 (ceteris paribus)
would require compensation of [(−1/ .008) ⁎ (− .324−0)] $R2106
annually. The change from a risk of a spill every 10 years to
one every 5 years would require $R1475 each year in order to
fully compensate for the potential loss.

Using a very small spill as the baseline, in order to move to
a world with small spills would require $R669 and to move
from very small spills to large spills (which would obviously
cause much more environmental damage) would require
$R2782 in annual compensation.

Our statistical analysis shows the existence of a will-
ingness to accept compensation for increases in environ-
mental risk associated with oil transportation. Unfortunately,
the t-statistics associated with the coefficients on the risk
variables do not test whether this is a non-use value or a direct
use value. However, further analysis of the data can shed
some light on this question.

If one believes that non-use values are unlikely to occur in
traditional and indigenous populations, then one would look
for the existence of this compensating surplus measure as an
explanation of direct damages that would exceed the pro-
mised compensation by Petrobras. One possibility might be
that the population in the region believes that Petrobrasmight
pay less than the true damages, either as a measure of policy
or because the honest efforts of Petrobras do not measure the
true level of damages.

It is unlikely that the respondents believe that Petrobras is
trying to cheat them, because they express a high degree of
respect for the company. Questions in the survey concerning
the perceptions of Petrobras' performance in the area of social
responsibility indicated that approximately 75% of those
surveyed thought that Petrobras was either a good (bom) or
excellent (optimo) corporation. In light of these responses, it is
unlikely that the ribeirinhos believed that Petrobras would try
to cheat then by deliberately defaulting or underpaying on the
compensation for direct losses. Therefore, it is unlikely that
the willingness to accept compensation in exchange for
greater environmental risk that is reported in Table 3 is pri-
marily compensation for the risk of default or defraud by
Petrobras. The possibility that a portion of this willingness to
pay estimate is due to perceptions of deliberate default or
fraud cannot be completely discounted, because even if there
was one person in the sample that believed this, it would
influence the magnitude of the estimates.

These survey responses do not explain whether ribeirinhos
believe that there is an unintentional risk of underpayment,
because of inadvertent mis-measurement of direct losses.
However, insight on this question can be gained by looking at
the impact on the choice decision of the durations of the spill.
The t-statistics indicate that ribeirinhos do not require
additional compensation in the form of gasoline and oil to
accept the risk of a longer spill. Thismakes sense in the case of
non-use values, because it is likely that most non-use values
would not differ significantly between a spill of 2 weeks and
4 weeks duration. Existence values, ecosystem health and
similar values are unlikely to vary much with duration, as the
time needed for the ecosystem to restore itself is unlikely to be
different in these two cases. The only exception to this is that
if a longer spill occurred during the falling water period the
spill would be more likely to be stranded on land as the water
receded. In addition, aesthetic damage (having to look at or
smell the oil) could be a function of the length of the spill.

In contrast, all losses associatedwith direct uses are likely to
be proportional to the duration of the spill. Primary impacts
include loss of access to water for drinking, washing clothes,
transportation and similar aspects of daily life. The losses
would vary directly with the duration of the spill. Therefore, if
the ribeirinhos believed that there was a significant probability
that theywould be unintentionally (or evendeliberately) under-
compensated by Petrobras for their direct losses, then they
should have a higher willingness to pay to accept the risk of a
longer spill in comparison to a shorter spill. This is an indication
that the willingness to accept compensation measures we
estimate are likely to be primarily non-use values rather than
the risk of default on compensation for direct use losses.

In addition to the possibility of an embedded risk premium,
other values could be potentially embedded into the value
estimates. Although we cannot conclusively rule out this
possibility, our results are suggestive that non-use values for
environmental preservation exist in these communities.

One can also look at the coefficients and calculate the value
of the public good attributes incorporated in the survey. For
example, individuals prefer better teachers and the CS
associated with a world in which they receive more schools
instead of more teachers would require compensation of
$R811. Lastly, the addition of medicine to the boats and
doctors is worth $R403.

In addition to being able to derive CS for these marginal
changes, we can also derive CS estimates for entire choice
scenarios. For example, we can derive the weekly CS for the
difference between the two scenarios presented in Table 2
as �1=bprice

� 	
T Dbspill þ Dbsize þ Dbcontamination þ Dbeducation þ
h

Dbhealth� ¼ �1=:008ð Þ T 0� :324ð Þ þ 0� :428ð Þ þ :046� 0ð Þ þ½
0� :125ð Þþ :062� 0ð Þ� ¼ DR96:12:

This indicates an annual difference of $R4992 between the
values of these two profiles. The model can then be used to
generate differences for any two profiles that can be con-
structed from our attributes and levels.
5. Conclusions

Many economists argue that environmental quality is a luxury
good that developing nations simply cannot afford. The
central thrust of Larry Summers' famous memo was the
value of environmental improvement or environmental
protection in developing countries is low because income is
low. Many economists have rejected this argument, empha-
sizing the importance of direct use values such as inputs to
agricultural activity or human health. However, to our knowl-
edge, there has been little discussion of the importance of
non-use values in a developing country context, particularly
within the informal sector of the economy.

Our research in the ribeirinho communities of the Rio
Solimões finds evidenceof the existenceof non-use values.We
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construct a conjoint analysis survey where scenarios indicate
direct compensation for direct use losses, such as access to
drinking water or reduced agricultural productivity. Despite
this assured compensation, the research shows ribeirinhos
have an additional need for compensation to accept the
environmental risk. Our work suggests that even very poor
people care about protecting the environment for the sake of
protecting the environment. Evenverypoor people believe that
the existence of healthy ecosystems creates benefits indepen-
dent of direct use of the environment in productive processes.

The implications of these findings for environmental policy
could be profound. Althoughmore research needs to be done to
test the existence of non-use values in other developing
country contexts, our work suggests that policy makers at the
sub-national, national and global level need to incorporate the
potential existence of these values into their decision-making
processes. That is, improving the quality of life of small
communities in developing countries requires more than
improving income — it also requires the preservation of
ecosystems and maintenance of environmental quality.
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