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Willingness-to-pay valuation of ecosystem functions is introduced.
Stated preference methods We illustrate the ecosystem service approach by the valuation of a hydrological ecosystem
Information and function in rural Indonesia. Identification and representation of the ecosystem services
misspecification bias were based on extensive investigations of respondent perception of hydrological
Data requirements phenomena. The availability of irrigation water during the dry season turned out to be a

locally decisive ecosystem service. Within the case study, willingness-to-pay (WTP) values
were estimated for changes in the availability of irrigation water, rattan, shading in cacao
plantations, and in the population of an endemic mammal by Nested Logit (NL) analysis of
choice experiment data. Only few respondents lacked sufficient familiarity of the
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environmental goods to be valued. WTP for a reduction in water scarcity by one month was
~39-40,000 Indonesian Rupiah/household/year. A rating of respondent comprehension
correlates with preferences for water availability. For respondents with above average
comprehension (rated 4 versus mean of 3.12 at a 5-point scale), NL analysis predicts a 14.1%
increase in WTP. Interactions of attitudinal constructs support the notion that the WTP
estimate is an expression of underlying values and risk perceptions.

The ecosystem service approach comes at a cost. Because ecosystem services relevant to
local respondents are valued rather than scientifically described ecosystem functions,
typical ‘basic science’ models that represent ecosystem functioning cannot be used for the
analysis of valuation scenarios with direct policy relevance. Engineering-type models that
embody technical and, in our case study, agronomic knowledge are necessary to bridge the
gap between ecosystem functioning and their practical implications. A lack of this kind of

information also hinders a meaningful application of alternative valuation approaches.

© 2007 Elsevier B.V. All rights reserved.

1. Introduction

Ecosystem functions and the benefits humans derive from
them have become a central topic of research at the interface
of social and natural systems (Costanza et al., 1997; Daily,
1997; Carpenter and Turner, 2000; Farber et al., 2002; Alcamo
et al., 2003; Heal et al., 2005). Along with the recognition of
their economicimportance, there is an intensive debate on the
economic valuation of ecosystem functions and the services
they provide (Costanza and Farber, 2002).

In particular, there is substantial disagreement on the
suitability of stated preference methods (contingent valuation,
choice modeling) for the economic valuation of ecosystem
functions.” The Millennium Ecosystem Assessment, for exam-
ple, relies on contingent valuation as a “commonly used”
valuation method for the quantification of indirect use values
to which ecosystem functions belong (Alcamo et al., 2003). In
contrast, de Groot et al. (2002, p. 404; Table 2) suggest to restrict
stated preference methods to a valuation of “information
services”, such as ecosystem services for recreation and
tourism. While the German Council of Environmental Advisors
demands non-optimizing “categorical” valuation methods for
“essential” ecosystem functions (WBGU, 1999), stated prefer-
ence practitioners regularly include ecosystem functions along
with other passive use values in the set of suitable objects for
stated preference studies (e.g., Carson et al., 1999).

Echoing earlier critical assessments (e.g.,, Diamond and
Hausman, 1994), one particularly serious challenge for the
applicability of stated preference methods to ecosystem func-
tions was put forward by Nunes and Bergh (2001). They stress
that lay respondents surveyed in stated preference studies will
usually lack sufficient insight into ecosystem life support
functions and processes such as photosynthesis or biogeo-
chemical matter cycling. Without sufficient familiarity with
ecosystem functions, respondents are not able to make mean-
ingful preference statements. Although the critique is well
taken with regard to the valuation of ecosystem functions, it is
less clear, however, that the critique also applies to the

® Restricting this paper to a discussion of unfamiliarity effects
should not be construed as a denial of further issues that
continue to be a matter of intensive debate (e.g., Diamond and
Hausman, 1994; Sugden, 2005).

ecosystem services that the ecosystem functions provide. In
fact, it is the main purpose of this paper to show that stated
preference techniques can be successfully applied to the
valuation of ecosystem functions if they are translated into
ecosystem services. In line with the most recent recommenda-
tions by Heal et al. (2005, p. 121), this effort can be viewed as an
extension of insights of the general debate on the economic
valuation of ecosystem functions where it is stressed that the
economic value of ecosystem functions should be judged by the
value of the ecosystem service flows they provide (Freeman,
1998).

In this paper, we first outline the unfamiliarity critique at
stated preference methods, and sketch corresponding pro-
blems of alternative valuation approaches (Section 2). In
Section 3, we propose to regard the difference between
ecosystem functions and ecosystem services as an epistemo-
logical difference, which results in the proposal for the
ecosystem service approach. Based on these ideas, Sections 4
and 5 present and discuss a case study from Central Sulawesi,
Indonesia, focusing on the valuation of hydrological ecosys-
tem functioning via a central ecosystem service it provides.

2. Valuing ecosystem functions — the challenges

Unfamiliarity with an environmental good can result in
numerous biases that may distort valuation results. In parti-
cular, it can result in

e information bias: The less respondents are familiar with the
good to be valued, the more their response will be affected
by inaccurate, imprecise or even spurious information.

¢ methodological misspecification bias: Even if the information
provided is precise and accurate, there is a risk that
respondents do not understand the presented information
as intended. Other things being equal, it must be expected
that any distortion is the more severe the less familiar the
good is.

It is undisputed that these biases have to be taken into
account with high priority in the design of stated preference
survey instruments (Bateman et al., 2002, p. 76, p. 81, pp. 119ff).
For ecosystem functions, unfamiliarity is likely a major problem
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as non-expert respondents usually have very restricted know-
ledge of ecosystem functioning. For ecosystem functions that
fall into the indirect use category — including regulation
functions of the water cycle -, the suitability of stated preference
techniques was explicitly challenged on misspecification bias
grounds (Nunes and Bergh, 2001. p. 205). Stated preference
methods will fail to “value categories that the general public is
not informed about nor has experience with”, creating a
problematic situation for the valuation of changes in these
goods that are “far removed from human perceptions” (Nunes
and Bergh, 2001, p. 208, p. 217). Because of the complexity of the
ecological interactions that give rise to ecosystem functions, the
misspecification problems are unlikely to be remedied by
improved design of the survey instrument, Nunes and Bergh
claim. Thus, the case against the direct valuation of most
ecosystem functions of the indirect use value type by stated
preference techniques appears conclusive.

Revealed preference valuation methods provide an alter-
native valuation approach. These methods rely directly or
indirectly on market data. Reliable market data are rare and/or
difficult to interpret for many ecosystem functions, however.
Thus, it can be expected that revealed preference methods
feature their own set of restrictions and imperfections. For
example, travel cost and hedonic pricing techniques can only
be applied to ecosystem support functions related to tourism
and housing. For most ecosystem functions, this relation is
absent. For replacement cost calculations, Bockstael et al.
(2000) require compliance with three seldom met conditions:

(i) the replacement system provides functions that are
quantitatively and qualitatively equivalent to the origi-
nal ecosystem functions,

(i) the investigated replacement system is the least cost-
option of all potential replacement systems, and

(iii) aggregate willingness-to-pay for the replacement actu-
ally exceeds the cost for the replacement in face of the
loss of the original ecosystem functions.

A parallel line of reasoning holds for averting costs. The
averting measure must be effective in all regards, the least
cost-option must be identified, and its costs may not exceed
aggregate WTP. According to the review by Heal et al. (2005,
p. 191), replacement cost and avoided cost analysis are justified
under restrictive conditions only. Production function
approaches suffer from the fact that the opportunity costs of
switching to the second-best production technology must be
known. This can be difficult to achieve if complex substitution
and adaptation processes occur, or if policy or production
impacts are strongly non-linear. Combined with complex
ecological models, considerable progress has been achieved
here (Heal et al., 2005, pp. 113ff). However, many functional
ecosystem benefits include non-marketed, public option value
or insurance value components (Barkmann and Marggraf,
2004). Production functions approaches do structurally not
account for these value components.

Although we cannot provide an extensive review of currently
available methods for the economic valuation of ecosystem
functions and/or services here, we conclude that each method
comes with a specific profile of advantages and disadvantages.
In practical terms, this suggests that no single approach should

be dismissed prematurely as non-applicable — including stated
preference techniques.

3. Making sense from ecosystem functions via
an ecosystem service approach

3.1.  The background problem

Because of the multitude of different meanings of the function
concept among different sciences, ‘ecosystem function’ can be
interpreted in several, at times conflicting ways (de Groot et al.,
2002). The most important conflict exists between a descriptive
interpretation and a normative interpretation (cf. Whigham,
1996). In a descriptive interpretation, ecosystem function
merely relates to some ecosystem phenomenon that can be
thought of as contributing to something else. Accepting the
scientific fact of such a contribution does not entail any value
judgment. The complication arises, however, that many
phenomena to which ecosystem states, processes or structures
contribute can have some - sometimes essential - importance
for human well-being. Consequently, there exists a normative
interpretation, in which an ecosystem function is regarded as
an environmental value, as a source of ecosystem benefits in
social and/or economic terms. Both interpretations are, as
such, legitimate and ultimately a matter of terminological
taste. Problems can easily arise, however, in form of a serious
category error. This happens if the existence of a decision-
relevant normative ecosystem function is inferred directly from
the existence of a related ecosystem function in descriptive
terms.

Where ecosystem function is explicitly defined in the recent
literature, a descriptive interpretation dominates (e.g., Whig-
ham, 1996; Costanza etal., 1997; Freeman, 1998; Heal et al., 2005).
If a descriptive notion is favored, a decisively normative notion
of ecosystem services suggests itself. In a proposal for a
systematic description and valuation of the functions, goods
and services of ecological systems, de Groot et al. (2002)
“reconceptualise” or “translate” descriptive ecosystem func-
tions into the normative concepts of ecosystem goods and
services if and only if human needs or values are affected. Along
these lines, several valuation approaches focus on ecosystem
services. The Millennium Ecosystem Assessment (MA; Alcamo
et al., 2003), for example, concentrates nearly exclusively on
ecosystem services (also see, Toman, 1996; Heal et al., 2005).

In the MA, ecosystem services are defined as

“the benefits people obtain from ecosystems. These
include provisioning services such as food and water;
regulating services such as regulation of floods, drought,
land degradation, and disease; supporting services such as
soil formation and nutrient cycling; and cultural services
such as recreational, spiritual, religious and other non-
material benefits.” (Box 1, Key Definitions, Alcamo et al.,
2003, p. 3)

In line with MA terminology, we regard ecosystem services as
immaterial economic goods provided by ecological systems
including their elements, structures, processes, states, dynamics
etc. If an ecosystem provides a material good, such as water used
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for irrigation, the process of provisioning the material good is an
ecosystem service.

In their ecosystem and biodiversity valuation critique, Nunes
and Bergh (2001) develop a detailed classification of biodiversity
values. They do not differentiate systematically, though,
between functions and services. For example, “functional
diversity” (Nunes and Bergh, 2001, p. 204) encompasses
“primary ecosystem processes” (photosynthesis and biogeo-
chemical cycling) — ecosystem functions in a descriptive sense.
Functional diversity also encompasses “ecosystem life support
functions”, e.g., the regulation of water and carbon cycles - as
regularly included in lists of ecosystem services (e.g., Heal et al,,
2005, pp. 80-83). If combined with the unfamiliarity critique, the
lack of a clear differentiation may foster the impression that
stated preference methods are principally unsuitable for the
valuation of ecosystem functions.

3.2 The ecosystem service approach

Lay respondents are utterly unfamiliar with scientific descrip-
tions of the processes, structures and states that make up
ecosystem functions. Thus, it is virtually impossible to sample
meaningful economic preference statements for ecosystem
functions described by basic science models (Fig. 1a). As an
example, we included an exceedence time graph in the
following case study section that represents a central hydro-
logical ecosystem function in a small Central Sulawesi catch-
ment (Fig. 3). Although simple to interpret for the scientifically
trained analyst, very few stated preference respondents will
muster the patience to learn enough about hydrology during the
valuation interview to do so.

Even worse, without additional engineering and agricul-
tural data, even experts can only make an educated guess
how changes in the exceedence time graph may correlate
with improved water availability for wet rice cultivation in
the dry season in a heterogeneous multi-catchment project
area. Mismatches between the ecosystem function output of
basic science models and the requirements for economic
analysis are rather common (see example by Freeman, 1998,
p. 249f1).

The situation improves if we employ an ecosystem service
approach to environmental valuation (Fig. 1b). Precursors of
the ideas presented here are provided by Carson et al. (1999),
Pattanayak and Kramer (2001), and Bennett (2002). Using the
ecosystem service approach, we invest a certain measure of
normativity that allows us to differentiate between ecosystem
states, structures and processes that do in fact contribute to
human production and consumption, and those that - to the
best of our knowledge and with reference to the valuation task
athand - do not. With this differentiation in mind, engineering
models can be constructed that are concerned with socially
relevant ecosystem services (ecosystem services I). The
unfamiliarity of respondents with model outputs decreases.
For communication with lay stakeholders, however, model
outputs are often still not suitable because engineering models
themselves are usually expert models. An additional step is
required to translate ecosystem services I into the language of
the interests, concepts and perceptions of lay respondents
(transdisciplinary model; ecosystem services II). This step
requires substantial qualitative social science research into the
subjective, pre-theoretic patterns of perception and valuation
of the natural phenomena at stake (Barkmann et al., 2005a).

basic science models
ecosystem functions
(process, structure...)

engineering models

ecosystem services I

transdisciplinary
models
ecosystem services IT

lay person concepts

life-world interests
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Fig. 1-Valuation of ecosystem functions versus valuation of ecosystem services: advantages and disadvantages in the face of
unfamiliarity of lay respondents with detailed scientific knowledge; (a) stated preference valuation of ecosystem functions;
(b) stated preference valuation of ecosystem services II (oringinal graph).
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Thorough qualitative investigations of the pre-theoretic
concepts, beliefs and values that non-expert respondents are
likely to bring to the valuation task are a standard requirement
for any lege artis empirical stated preference study (e.g., Arrow
et al, 1993; Bateman et al., 2002). The ecosystem service
approach differs from standard procedures in terms of an
additional restriction on commodity definition and the ensu-
ing quantitative description of CE attribute levels or CV
alternatives. First, the good to be valued must be described as
an ecosystem service, i.e. in terms of a benefit obtained from
ecological systems that respondents actually care for. This
requirement excludes those functional ‘commodities’ (i.e.,
ecosystem functions) from valuation for which the analyst is
unable to clearly identify such benefits. In consequence, the
quantitative description of stated preference attribute/alter-
natives levels must be given in benefit terms. A quantification
in bio-physical terms will usually not be sufficient. If valua-
tions are relative to some status quo situation, the benefits
associated with the status quo must also be spelled out.

4. Case study: valuating a hydrological
ecosystem service in rural Indonesia

Being aware of the criticism expressed at the application of
stated preference methods to hydrological ecosystem functions,
a valuation study was designed that aimed at minimizing
information and misspecification biases by a careful differen-
tiation between ecosystem structures and processes, and the
ecosystem services they generate (Barkmann and Marggraf,
2003, p. 248). Although the presentation below focuses on
hydrologic aspects, the case study itself deals with four
ecosystem services of which only one is related to ecosystem
hydrology (see Table 1). This broader scope is mainly due to the
institutional framework of the Indonesian-German collabora-
tive research project “Stability of Rainforest Margins in Indone-
sia” (www.storma.de). Here, not only hydrological but also
micro-climatical, pedological, zoological and botanical impacts
of forest conversion and agroforestry intensification are inves-
tigated (Steffan-Dewenter et al., 2007).

With only one choice experiment attribute devoted to hydro-
logical ecosystem services, the case study cannot provide
preference estimations for the full range of services that depend

on local hydrologic ecosystem functioning. Instead, the case
study (i) illustrates how the ecosystem service approach can be
implemented, and (ii) tests its applicability with a focus on an
ecosystem function for which the applicability of stated
preference methods has explicitly been challenged.

4.1. Description of the research area

The economic valuation exercise took place in the area of the
Lore Lindu National Park in Central Sulawesi, Indonesia. The
project area of about 7220 km? is inhabited by ~ 137,000 people,
mostly agricultural smallholders (data from 2001; Maertens
etal., 2004). The area is part of the globally important Wallacea
biodiversity hotspot.

The research area is characterized by substantial environ-
mental heterogeneity. The altitude ranges from just above sea
level up to 2500 m, and rainfall varies from 500 mm to
2500 mm/year (Maertens, 2003). For example, some villages
are located in the intensively used Palu River Valley, close to
the provincial capital and well connected to national markets.
The intensity of agricultural land use - including more
intensive cacao agroforestry devoid of a dense shading tree
canopy (Steffan-Dewenter et al., 2007) — decreases via villages
in the northeast of Lore Lindu National Park (Palolo Valley) and
the immediate east and west (Napu and Kulawi valleys) still
accessible by paved roads to upland villages in the remote
west not even accessible by motor bike. These differences
coincide partly with the local degree of rattan exploitation,
and with an altitude gradient that severely restricts cacao
production, e.g., in the mountainous west. Furthermore, the
local availability of irrigation water differs markedly depend-
ing on rainfall differences (semi arid climate in the Palu valley)
and on the type of irrigation systems available. While several
villages in the Palu River Valley are connected to the
(technical) Gumbasa Watershed Irrigation System, all other
villages use semi-technical or traditional irrigation systems
fed from local water sources.

In one of the research villages, Nopu (Palolo Valley), Keil et al.
(2003) investigated the effects of forest conversion on water
availability and local water use. For approximately ten years,
smallholders have cultivated cacao in the floodplains of the
catchment, where the village is located. Between 650 and 950 m
above sea level, the tropical forest is rapidly being replaced by

Table 1 - Attributes and attribute levels of the Central Sulawesi choice experiment

Attribute

Levels

Ecosystem service
category

Value type
(TEV)

Rattan Availability of rattan (Calamus spp.)
expressed in distance from village
Water Availability of irrigation water for wet rice

5, 10, 15, 20 [km]

0, 1, 2, 3 [number of months

Provisioning service Direct use/option value

Regulating service Indirect use value
Regulating services  Indirect use/option value

Cultural service

cultivation with water shortage]

Cocoa Preponderance of cocoa plantations differing 5, 35, 65, 95 [% under shade]
along a shade tree gradient

Anoa Population size of the endemic dwarf buffalo 10, 180, 350°%, 520 [No. of

anoa (Bubalus depressicornis/quarlesi)
Cost  Extra taxes or donation to village fund

animals]|

(Predominantly) Existence value

0, 18, 36, 54, 72 [1000 IDR/yr¥] - -

§ present state; ¥ split sampled attribute: cards with a monthly payment scheme display 1/12 of the yearly amounts; 1 €~11,500 IDR (winter/

spring 2005).
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Fig. 2-Monthly minimum, maximum and mean daily runoff of Nopu catchment, Central Sulawesi, in 2002 (Keil et al., 2003).

patches of slash-and-burn agriculture, pasture, secondary
forest, and cacao agroforestry. To varying degrees, these pro-
cesses characterise the entire project area around Lore Lindu
National Park.

Since September 2001 the Nopu catchment is instrumented
with water level recorders, hydrologic parameter sensors, rain
gauges, and meteorological stations. As an example of
scientific key findings on hydrologic ecosystem functions,
we present data from 2002 that were already available when
the economic valuation study started in July 2003. The river
discharge distribution (minimum daily runoff) shows a
seasonal pattern with a peak in June and a low in November
reflecting a spring/early summer peak in precipitation (max-
imum daily runoff (Fig. 2). Between months with a peak in
precipitation and months with a peak in minimum discharge,
there is a time lag of about two months.

One of the most appropriate scientific descriptions of the
hydraulic ecosystem functions with relevance to water supply
are exceedence time graphs (Fig. 3). Exceedence time graphs
indicate the number of days of a year in which river discharge
exceeds the values indicated by the ordinate of the graph.
Daily discharge values of Nopu river below 0.05 m* indicate
low water availability for about 2/3 of the year.

0.6

4.2. Design and application of the choice experiment

4.2.1. Design of the attributes

Blamey et al. (1997) differentiate between demand-relevance
and policy-relevance of goods included in stated preference
studies. Demand-driven goods are expected to show up spon-
taneously in focus groups or semi-structured interviews
because respondents perceive the natural resource manage-
ment issue as pressing. If the issue is not mentioned sponta-
neously, there is a higher risk that respondents are not familiar
with the issue. Consequently, information and misspecification
biases are a more serious threat to validity than for demand-
driven attributes.

Information gathered from 120 households in 12 villages of
the project region did already suggest in 2002 that there is a
high awareness of drought and flooding related problems
(Birner and Mappatoba, 2002). Keil et al. (2003) specifically
addressed perceived water availability in a one-day Participa-
tory Rural Appraisal (PRA) held in Nopu in May 2002.
Participants were asked to assess monthly rainfall and local
water availability for a ‘normal’ year (Fig. 4). The subjective
assessment of water availability follows perceived rainfall
patterns with a delay of up to two months. Although the
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Fig. 3-Exceedence time graph 2002, Nopu catchment, Central Sulawesi (Keil et al., 2003).
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Fig. 4- Average rainfall distribution and water availability in Nopu, Central Sulawesi, for a ‘normal’ year (PRA results, modified

from Keil et al., 2003).

seasonal distribution of precipitation and river discharge in
2002 differed from that of a ‘normal’ year, the gap between
peaks in precipitation and minimum river discharge is
mirrored in the perceptions of PRA participants. Additional
focus group and semi-structured in-depth interviews were
conducted in several villages of the study region in 2003.
Problems with water regulation and water shortage figured
prominently as resource management issues in a forest-
related context, i.e. at an ecosystem level (Fig. 5). Conse-
quently, we encountered favourable conditions for the identi-
fication of demand-driven hydrological ecosystem functions.

In a study exclusively focusing on the valuation of hydro-
logical ecosystem services, water availability for irrigation as
well as the provision of potable water or flood protection could
have been included as separate choice experiment attributes.
Because of pragmatic reasons, only one CE attribute could be

devoted to the valuation of hydrological ecosystem services,
however (for a list of attributes, see Table 1). We decided to focus
on water availability during the dry season for wet rice farming
because most water in the project area is used for irrigation of
wet rice. The attribute levels are quantified by different
combinations of months with enough, hardly enough, and not
enough water. By focusing on this aspect, we deliberately ignore
other hydrologic ecosystem services also deserving close
investigation. It was considered to use a more general attribute
on water availability thatincludes water for wetrice irrigation as
well as water for human consumption. However, as benefits and
water quality requirements differ (e.g., turbidity, human patho-
gens), this would have resulted in a more comprehensive but
also substantially more complex attribute. In sum, an attribute
on water availability for wet rice farming during the dry season
appeared to be a suitable — albeit partial - translation of the
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Fig. 5-Perceived forest benefits: results of 26 pre-study interviews conducted in several villages of the Lore Lindu area in 2003

(original data).
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scientific description of hydrological processes into a demand-
driven ecosystem service.

In addition to the water availability attribute, we selected
the population size of an endemic local species, the dwarf
buffalo Bubalus depressicornis/B. quarlesi (‘anoa’), the amount of
shade in local cacao plantations, and the availability of rattan
as additional attributes (Table 1). In exact analogy to the water
attribute, the rattan attribute was operationalised via the
ecosystem service approach (distance to next commercially
exploitable rattan site in km). Due to conservation policy
interest in the local economic perception of varying cacao
shading levels by Central Sulawesi small holders (cf. Steffan-
Dewenter et al., 2007), the cacao attribute was not operatio-
nalised via the ecosystem service attribute but presented in
structural terms. For the anoa attribute, the ecosystem service
approach was inappropriate as the anoa population is not
valued because of any ecosystem function in the sense of an
indirect use value but mainly for existence value reasons.
Although hunting anoa is illegal, we cannot rule out that some
respondents also attributed a direct use value to the anoa
population. In any case, this direct use service can be
considered highly familiar to respondents, and not in need
of a specific translation into respondent ‘benefit language’.

Although most respondents are involved in agricultural
subsistence production, pre-studies had shown that virtually
all households are also involved in money-based economic
transactions, either via the purchase of agricultural inputs, or
via selling raw materials for internationally traded commod-
ities cacao and rattan. Thus, we opted to use the monetary
standard version of the payment vehicle. Because of the
severe poverty of many respondents, we restricted maximum
monetary levels — accepting an underestimation of WTP by
ignoring potentially higher WTP of a low percentage of rather
well-off respondents. The ‘cost’ attribute was double split-
sampled. One half of respondents were confronted with a rise

in “house-and-land” tax (Pajak Bumi Bangunan), the other half
with a donation to a village fund (Iuran dana pembangunan desa)
affecting every household of the research region. Both
payment vehicles are familiar and widely accepted within
the region. The second split sample involved monthly versus
yearly payments. Results of the split sample analysis will not
be reported here.

To alleviate the cognitive burden of the choice task, we
used visualizations for the attributes and attribute levels
crafted by a local artist. The choice task was framed as a
selection between different versions of a village development
program to which a financial contribution was required if
implemented.

4.2.2. Administration and analysis of the choice experiment
The choice experiment (CE) instrument was pre-tested and
piloted (n=96) in 2004. The main survey was conducted from
December 2004 to March 2005 as a random face-to-face survey
in 12 of the about 120 villages in the project area (n=301). The
interviews were conducted by six well-trained local enumera-
tors. Thirteen respondents consistently chose the status quo
without quoting lack of money or low attractiveness of the
offered alternatives as reasons. These respondents were
classified as not responding to the CE task and omitted from
parameter estimation (Adamowicz et al., 1998, p. 68). Quanti-
tative analysis is performed on a subset of 249 households for
which an extensive set of socio-demographic variables is
available (for descriptive statistics, see Table 2).

Because of the variability of ecological conditions across
the project region, the choice sets presented to a respondent
included a self-explicated status quo (Bennett and Blamey,
2001, p. 138; for details of application, see Glenk et al., 2006a).
Because of these pronounced differences in the project region
with regard to the water, the rattan and the cacao attribute,
respondents were asked which of the attribute levels (see

Table 2 - Socio-economic and attitudinal description of the sample of Central Sulawesi respondents/respondent households

Variable Type Coding Scale construction Mean S.D.

Respondent age SD n.a. 45.8 14.0

Respondent education [years]® SD n.a. 7.6 3.2

Relative poverty SD see Zeller et al. (2003) 0.02 0.81
Rattan collector® SD 01 n.a. 0.12 0.33
Wet rice involvement® SD 0;1 n.a. 0.60 0.49
Cacao farmer® SD 0;1 n.a. 0.76 0.43
Perception of % shading in SSQ respondents choose from cacao shading 42.8 18.2

local cacao plots attribute levels (5%; 35%; 65%; 95%)

Rattan value PMT 1...; mean of two items 1.55 1.05
Probability of rattan loss PMT 1;...; 4 mean of two items 2.26 0.97
Water value PMT 1;...; 4 one item 3.10 1.34
Severity of forest loss PMT 1;..54 one item 3.25 0.98
Cacao shade value PMT 1;...;4 one item 1.51 0.96
Probability of cacao problems PMT 1;..54 one item 3.00 1.06
Severity of anoa extinction PMT 1;...; 4 one item 1.29 0.59
Government response efficacy PMT 1;..55 mean of two items 4.08 0.47
Respondent comprehension rating RCR 1..55 n.a. 3.12 0.85

SD: socio-demographic variable; SSQ: self-explicated status quo; PMT: Protection Motivation Theory (Rogers and Prentice-Dunn 1997); RCR:
rating of respondent comprehension performed by enumerators immediately after the choice experiment; * of the mean, 6 years are primary
school; ® mean indicates share of households involved in respective activities; n=249.
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Table 3 - Valuation of functional ecosystem services in Central Sulawesi (Indonesia)

Variable (a) Base (b) Direct (c) PMT and relative (d) PMT and respondent
model utilisation poverty comprehension
Rattan availability -0.0457*** -0.0334"** -0.0707** -0.0267
Water for irrigation in the dry season -0.9771** -0.5742"** -0.0102 0.4222
Cacao Shade (linear) 0.0173* 0.0288"* 0.0447*** 0.0458"*
Cacao Shade (quad.) -0.0003"* -0.0003"** -0.0003"* -0.0003"*
Anoa Population Size 0.0013** 0.0014"* -0.0007 0.0001
Cost -0.0247"* -0.0256™* 0.0174 -0.0029
Cost*Response Efficacy -0.0107** -0.0107**
ASC (non-status quo) 1.4081*** 1.4106™* 1.5461%** 2.1543"*
ASC*RCR -0.2735" -0.3021** -0.3261** -0.5322*
Rattan *rat. collector -0.1101***
Water *involvement -0.7305"*
Cacao *cacao farmer -0.0130**
Rattan*rattan value -0.0286™ -0.0281*
Rattan*Probability 0.0284"* 0.0279*
Water* water value -0.2181"* -0.2077*
Water*severity of forest loss -0.1033* -0.0925™
Cacao *value -0.0043* -0.0041*
Cacao *probability -0.0061"* -0.0060"*
Cacao *relat. poverty -0.0042(M -0.0039
Anoa*severity 0.0017** 0.0016™
Rattan*RCR -0.0146
Water *RCR -0.1658*
Cacao*RCR -0.0006
Anoa*RCR -0.0002
Cost*RCR 0.0048
Log-likelihood -728.2 -690.0 —-680.6 -678.1
P(Chi?; DF <0.0001; 9 <0.0001; 12 <0.0001; 18 <0.0001; 23
Inclusive value (IV)* 0.8576 0.8695 0.8563* 0.7789*
Adj. p” (Pseudo-R?)* 0.273 0.3117 0.319 0.3198

™ tendency at p<0.1; cost coefficients for 1000 IDR/yr; & IV of non-degenerated branch; degenerated branch set to 1.0; § Pseudo-R? values in
reference to a constants only model — values between 0.3 and 0.4 correspond to R? values of 0.6 to 0.8 value in ordinary least squares regression
(Hensher et al., 2005, p. 338); * all IV statistics are highly significantly different from 0, asterisks denotes difference from 1; RCR: respondent
comprehension rating; DF: degrees of freedom; Nested Logit models based on 249 respondents with 4 choices each: n=996 observations.

Table 1) most closely described the local situation of their
village.® For each respondent, these levels were individually
affixed to the status quo choice card. For the anoa population
of the research region, an expert estimate of 300 animals was
uniformly used as the status quo level.

For all attributes, linear utility functions were assumed. For
cacao shading, an additional quadratic term was included in
order to allow for a shading optimum at intermediate shade
levels. Preliminary analyses indicated the risk of violations of
the independence from irrelevant alternatives (IIA) condition
necessary for the application of multi-nomial logit analysis.
Because Nested Logit (NL) analysis does not rely on the IIA

¢ Some people were not confident or able to state a perceived
level for some attributes. In such cases, we drew on information
from meetings with village officials and, especially for rattan, a
range of farmers more intensively involved in rattan extraction.
There were cases where substantial deviations were reported
(e.g., no water scarcity vs. 3 months of scarcity). Invariably, these
cases were due to intra-village heterogeneity, e.g. regarding the
performance of the local irrigation system. This observation
further supports the case against an identical status quo — even
at the village level.

assumption, an eligible NL tree structure was identified, and
the corresponding models estimated with NLOGIT 3.0. The
inclusive value was set to 1.0 for the degenerated branch, and
the model initiated with starting values obtained from a non-
nested NL model (Hensher et al., 2005, pp. 530ff). All scale
parameters were normalized at the lowest level (RU1). Will-
ingness-to-pay calculations are based on extrapolations from
mean marginal WTP values. Individual self-explicated status
quo levels were accounted for in calculation of WTP values of
the cacao attribute: (i) For respondents perceiving 5% shading,
scenario change was restricted to —5%,; (ii) mean scenario
WTP/household was calculated separately for each group of
respondents with differing status quo self-explications; (iii)
average scenario WTP per household is the weighed mean of
the WTP values across the groups. For the final aggregation of
WTP across the households of the project region, we regarded
13 non-responding participants as filing protest statements
indicating zero WTP.

4.2.3. Validity tests and influence of respondent comprehension
Four NL models are calculated that show basic results (Table 3,
model a), and allow for the evaluation of a number of validity



ECOLOGICAL ECONOMICS 65 (2008) 48-62 57

issues (Table 3, models b-d). The validity tests address three
potential challenges to the results of the case study.

First, it could be claimed that we do not measure the value of
functional indirect use benefits at the ecosystem level, but the
value of direct use benefits at the level of the individual farm
household that, e.g., directly uses irrigation water. Although the
actual irrigation water needs to be “produced” from the water
available at the ecosystem level by the construction and
maintenance of irrigation systems and, thus, cannot be used
directly for irrigation, we decided to conduct a simple test if
preferences are exclusively linked to the economic activities of
the individual households (model b). We do so by including an
interaction term with a dummy variable indicating if a house-
hold is involved in wet rice farming, extracts rattan, or owns a
cacao plot.

The second challenge refers to the general validity of CE
results in face of the hypothetical character of stated
preference methods. In model (c), we use attitudinal items
that operationalise risk and coping appraisal variables from
Protection Motivation Theory (PMT, Rogers and Prentice-
Dunn, 1997). PMT is a social-psychological action theory that
has been used successfully for the explanation of economic
preferences calculated from stated preference data (Menzel,
2003; Barkmann et al., 2005b). An additional set of PMT items
was sampled on forest-related attitudes. Six items were
sampled that refer to respondent attitudes towards the
government’s ability to use taxpayer money successfully and
responsibly for village development. For quantitative analysis,
we use a two-item subscale singled out by factor analysis that
focuses on attitudes beyond village government (for details,
see Table 2).

A standard procedure to test for validity in stated
preference studies relies on the expected positive influence
of income on WTP. Under the semi-subsistence conditions
prevalent in the project area, we tested for more broadly
defined wealth effects on preferences using a relative poverty
index (Glenk et al., 2006b; Zeller et al., 2003).

The third challenge refers to respondent unfamiliarity
with the ecosystem services sampled. Unfamiliarity may
result in poor comprehension of the subject matter of the
choice experiment. Enumerators rated respondent compre-
hension directly after the choice experiment on a scale from
1 (= insufficient understanding) to 5 (= very good under-
standing). The average comprehension rating was 3.12 with
only four respondents in the ‘insufficient’ category (Table 2).
With this indicator of respondent comprehension, we test
three hypotheses:

1. Respondent comprehension influences preferences for
ecosystem services. Influences are tested by constructing
interaction terms between attributes and comprehension
rating.

2. Inclusion of the interaction terms does not result in
materially differing preference estimates.

Both hypotheses are tested in model (d), into which the
interaction terms are introduced in addition to the inter-
action terms from model (c).

3. Lower comprehension as a result of unfamiliarity results in
a less thorough cognitive integration of the information
given in the choice sets. We test this hypothesis

a. by observing the sign of a dummy variable representing
the non-status quo alternatives (‘ASC’). If respondents
feelill-informed with regard to the costly alternatives to
the status quo, one would expect a negative sign of the
ASC (Kontoleon and Yabe, 2004);

b. by constructing an interaction term between the
respondent comprehension rating and the ASC. If
hypothesis 3is true, the interaction term should become
a significant predictor of choice, and its sign should be
opposite to the sign of the ASC.

The ASC dummy and the interaction term with the ASC
dummy are included in all four models. Details on the
econometric treatment of interaction terms in utility and
WTP calculation can be found in Barkmann et al. (2007).

4.3. Results

4.3.1. Base model, validity tests

All NL models are highly significant (P<0.0001; Table 3). The
base model (a) displays the expected signs for the attribute
terms: disutility for longer distance to the next rattan site,
disutility of decline in water availability, positive utility for
bigger anoa populations, disutility of higher costs. For shading
in cacao plots, we find positive utility for more shade along
with a negative sign of the quadratic term indicating an
unimodal response to shade. The attribute on preferences for
the hydrological ecosystem service availability of irrigation
water in the dry season is highly significant (P<0.0001).

Model (b) reveals that for rattan, water and cacao shade, the
direct utilization terms become highly significant; the non-
interacted attributes indicating non-production preferences
are also highly significant. Taking the fraction of households
into account that are involved in rattan extraction and wet rice
farming (Table 3), a comparison of the rattan-and water-
related coefficients suggests that about 71% of the preferences
for improved rattan availability are attributable to non-
production benefits of the individual household; for improved
availability of irrigation water, about 57% are attributable to
non-production benefits.

Comparing model (c) with the base model (a), inclusion of
significant interaction terms with PMT variables and with
relative poverty improves adjusted Pseudo-R*> by more than
four percentage points to a very reasonable value of 31.9%. Log
Likelihood ratio-tests show that model specification (c) improves
model fit compared to models (a) and (b) (P<0.0001; P=0.027).
Significant interaction terms are found for all attributes. Two
interactions with the water attribute are significant, water value
(P<0.0001) and severity of forest loss (P=0.037). The more
respondents agree on average with the statement that they
“very much need water for irrigation in the dry season” (water
value) the higher is the disutility of more months with low water
availability. Likewise, a more concerned attitude towards loss of
“trees on the hillsides” correlates with higher preferences for
water availability. Both interaction terms explain variation in
choice behavior as expected. In fact, they explain the variation so
well that the non-interacted water attribute becomes statisti-
cally and materially insignificant. The cost attribute displays the
same pattern with a highly significant influence of the perceived
response efficacy of government (P=0.0039).
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Table 4 - Impact of the inclusion of the respondent comprehension rating on disutility for one additional month with water

scarcity for an “average” household

Variable Model coefficients Mean of Interacted coefficients
interacted
Model (c) Model (d) vEEblE Model (c) Model (d)
Water for irrigation in the dry season -0.0102 0.4222 -0.0102 0.4222
Water* water value -0.2181 -0.2077 3.10 -0.6770 -0.6449
Water*severity of forest loss -0.1033 -0.0925 3.25 -0.3360 -0.3008
Water *RCR -0.1658 3.12 -0.5167
Sum Water -1.0232 —-1.0403
Cost? 0.0174 —-0.0029 0.0174 0.0029
Cost*response efficacy -0.0107 -0.0107 4.08 -0.0436 -0.0438
Cost*RCR 0.0048 3.12 0.0149
Sum cost -0.0262 -0.0261
Marginal WTP® [IDR/yr] -38,979 -39,927

RCR: Respondent Comprehension Rating; ® all cost coefficients for 1000 IDR; § marginal WTP=—(Sum Water/Sum GCost)*1000.

Under model specifications (c) and (d), none of the
theoretically expected linear influences of relative poverty
on preferences could be detected at standard significance
levels. Only the interaction with the cacao attribute displays a
tendency (P=0.075) in model (c); only the interactions with
cacao are retained in the final models.

Model (d) addresses respondent comprehension. Only the
interaction of the comprehension rating and the water attribute
influences choices (P=0.019). Model (d) predicts that a better
comprehension rating results in higher disutility of water
scarcity, i.e., better understanding respondents have stronger
preferences for the ecosystem service water availability than
respondents with a lower comprehension rating. The next best
interaction term is the interaction term with rattan (P=0.194).
Table 4 details that the inclusion of the respondent comprehen-
sion rating results in virtually identical coefficients of models (c)
and (d) when summed up across all relevant terms (see
hypothesis 2). Accordingly, the two marginal willingness-to-
pay estimations for one month of reduced water scarcity around
39,000-40,000 IDR/yr hardly differ.

If we stipulate counter-factually that respondents had a
mean comprehension rating of 4 instead of just above 3, model
(d) predicts that the sum of the water coefficients would
increase by 14.1% (-0.146). In this calculation, we keep the
coefficient of the interaction cost attribute-comprehension
rating constant because it is clearly not significant (P=0.215).

In addition to the analysis of respondent comprehension at
the level of individual attributes, we tested if potential
unfamiliarity effects influenced choice between the status quo

option and the village development program — i.e., the non-
status quo alternatives. As hypothesized, the interaction term of
the ASC-dummy representing the non-status quo alternatives
consistently influenced choices (Table 3, models a-d). The
significance and positive sign of the ASC itself indicate that
respondents favor the proposed village development program
beyond the actual ecosystem service change presented in the
scenarios. This effect is partially counterbalanced by the
interaction term between ASC and respondent comprehension
rating because its sign is opposite to the sign of the ASC
coefficient. For respondents with average comprehension, the
effect is reduced by nearly one half. Thus, hypothesis 3 that
claims that lower comprehension results in worse cognitive
integration of the information actually offered in the choice
experiment could not be rejected. The sign of the ASC is not
consistent, however, with high levels of subjective uncertainty
caused by unfamiliarity (test 3a). In this case, the uncertainty
should have lead to a rejection of the offered choices in favor of
the status quo beyond the information given. This would have
been expressed by a negative sign of the ASC.

4.3.2.  Willingness-to-pay calculation

For an estimation of marginal WTP values, we return to model
(c), which fits the data no worse than model (d) but which
contains only one insignificant interaction term (cacao*relative
poverty; Log Likelihood ratio-test of model fit improvement:
P=0.834). Marginal mean values range from about 400 IDR/
household/yr for cacao shading to about 39,000 IDR for improved
water availability (Table 5). Additionally, Table 5 presents a

Table 5 - Marginal WTP and exemplary scenario calculation based on model (c) statistics

Water Cacao Anoa

Rattan
Marginal Unit harvesting location
1 km closer
Marginal mean WTP/household [IDR/yr] 1,936
Scenario change -10 km
Mean scenario WTP/household 19,362
Aggregated scenario WTP/project area [10° IDR/yr] 431.8

1 month less with 1% less shading in 1 individual

water scarcity plantations of village more
38,979 408" 49

-1 month -20%* +150
38,979 4,438 7,386
869.2 98.8 164.7

$

accounting for self-explicated status quo (see explanation in Section 4.2.2); * for respondents perceiving 5% shading, scenario change = —5%;

# because of non-linear preferences for cacao shading, mean scenario WTP # marginal mean WTP*scenario change; aggregation based on
23,307*(301-13)/301=22,300 households in the project region accounting for 13 protest responses; 1 € ~11,500 IDR (winter/spring 2005).
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simplified scenario calculation to indicate the magnitude of
potential policy implications. The scenario assumes that the
next commercially exploitable rattan sites are 10 km closer to
the villages, water shortage is reduced by one month, cacao
shading is reduced by 20%, and anoa numbers increase by 150.
With respect to scenario WTP values, the improvement of
hydrological ecosystem services is the most valued change. A
methodologically more intricate WTP and scenario analysis
with three differing scenarios is provided by Glenk et al. (2006a).
Extrapolating household WTP/year to the entire project region
of approximately 23,300 households based on the above
scenario results in an aggregated annual WTP of about 870
Mio. IDR (~ 76,000 €) for improved availability of irrigation water,
and about 1,560 Mio. IDR (~ 136,000 €) for an implementation of
all improvements.

5. Discussion
5.1. Unfamiliarity aspects

The case study documents that unfamiliarity of lay respon-
dents with the scientific details of ecosystem functioningis no
principal objection against the application of stated prefer-
ence techniques for a monetary quantification of ‘functional’
indirect use values. In particular, we showed that unfamiliar-
ity with technical descriptions of a hydrological ecosystem
function represented by the discharge characteristics of a
small catchment does not prevent a meaningful economic
valuation of a closely related ecosystem service.

Apart from statistical evidence such as the high signifi-
cance of all calculated NL models and the water availability-
related attributes, we base this optimistic view on several
observations. At the most fundamental level, water avail-
ability is clearly a demand-driven environmental valuation
issue of high economic and social relevance in the project
region. This is an important factor that helps avoiding
information and misspecification biases. The relevance and
realism of the entire valuation exercise is mirrored by the fact
that only 13 protest responses were filed by 301 respondents.

We investigated if the ecosystem services at hand could be
explained completely by motivations for direct resource use at
the household level. If so, the need to apply stated preference
techniques could be questioned. In particular, for the avail-
ability of irrigation water, a substantial share of benefits (57%)
could not be attributed directly to wet rice production
activities at the household level. Thus, the measured prefer-
ences are likely to include non-use and/or indirect use values
not captured by standard production economic analysis.

Two variables from Protection Motivation Theory inter-
acted with the water attribute, water value and severity of
forest loss, explain variations in choice behavior so well that
the water attribute itself became insignificant. Thus, prefer-
ences stated in response to the chosen representation of water
availability relate well to underlying values and risk percep-
tions of respondents derived from social-psychological theory.

Preferences for the availability of water and rattan, and for
a larger anoa population did not increase linearly with relative
poverty. In more detailed analyses to be published elsewhere
(Glenk et al., 2006b), preferences for shading in cacao had

displayed a (negative) linear correlation with relative poverty.
This tendency is also visible here in model (c). As there are
indications for a systematically non-linear relationship
between relative poverty and preferences for these ecosystem
services (‘middle class goods’), the results of this validity
analysis are inconclusive.

To test for unfamiliarity effects, the comprehension of
respondents was rated directly after the CE by local, well-
trained enumerators. Only four respondents were rated to
have insufficient comprehension. The average comprehen-
sion rating was 3.12 with about 80% of respondents in the
average to very high comprehension range. Although the
comprehension rating influenced the probability with which
the village development alternatives were chosen over the “do
nothing”-status quo option, the sign of the non-status quo
dummy does not give any indication of comprehension
problems. With unfamiliarity issues looming, one would
have expected a status quo bias (negative sign of the non-
status quo ASC) as respondents choose the save haven of the
current situation instead of paying for a change in a good
troubled by unfamiliarity. Instead, respondents favored the
non-status quo alternatives strongly (for a more detailed
discussion, see Glenk et al. 2006a).

When interacted with the water attribute, the comprehen-
sion rating significantly influenced choices. Potential unfami-
liarity effects were stronger for the hydrological ecosystem
service than for other ecosystem services, such as availability
of rattan or shading in cacao plantations. While the inclusion
of the comprehension rating had hardly any effect on WTP
estimates, improved familiarity may result in different - in our
case higher - WTP estimates. If we attribute comprehension
deficits completely to persisting unfamiliarity — which is
certainly an exaggeration -, the comprehension rating indi-
cates that unfamiliarity may continue to be a problem for
about 20% of respondents. NL model (d) predicts that
respondents with a comprehension rating of 4 are expected
to value improved water availability by about 14% more than
respondents with an average rating. While perceived response
efficacy of government activities strongly impacts monetary
preferences via an influence on the cost attribute, no evidence
was found that unfamiliarity exerts a similar influence.

The comprehension analysis suggests that our implemen-
tation of the ecosystem service approach solved the compre-
hension problems sufficiently when applied to a respondent
sample with an average of 7.6+3.2 years of formal education
(Table 2). For remaining comprehension problems caused by
unfamiliarity, the inclusion of a comprehension rating vari-
able allows for an assessment of the maximum unfamiliarity
impact — and a correction of WTP estimates if desired.

The calculated WTP values per household of a few Euro/year
appear low. However, WTP for improving water availability by
one month equals about 1% of mean cash income of households
in the project area (total mean income including non-cash
farming income in 2002: ~5.9 Mio IDR; Schwarze and Zeller,
2005). WTP for the implementation of all scenario improve-
ments covers the basic needs of one household member for
abouthalf a month (van Rheenen et al., 2004). To our knowledge,
the only stated preference study on the valuation of a similar
ecosystem service in Indonesia was conducted by Pattanayak
and Kramer (2001). They conducted a contingent valuation



60 ECOLOGICAL ECONOMICS 65 (2008) 48-62

study on improved drought mitigation services by watershed
protection around Ruteng Park (Flores Island). They report a
comparable WTP of 2-3 $ per household/year.

Also the WTP value aggregated across the about 23,300
households of 76,000 €/yr for one month of improved water
availability appears low. For the conservation of Leuser National
Park on Sumatra, van Beukering et al. (2003) calculated annual
net benefits for averted losses in water supply alone equivalent
to 98 Mio. US$/year. Even considering the fact that Leuser
National Park is about three times the size of the Lore Lindu
project area and taking vastly differing scenario assumptions
into account, differences of about two orders of magnitude
remain. These differences are most likely caused by

(i) the restriction of our study to water availability for
irrigation (versus drinking water and industrial uses),

(ii) a different stakeholder definition (inhabitants of the
project area versus inclusion of local and national
governments), and

(iii) the implications of severe budget constraints operating
at the household level versus unconstrained cost
calculations in van Beukering et al. (2003; see also
discussion in Section 2).

Higher WTP may have been obtained if the proposed village
development program had included micro-credit and agricul-
tural extension schemes. Such a valuation frame may have
alleviated existing budget and know-how constraints during
the valuation interview. Also, the levels of the cost attributes
did not exhaust the maximum WTP of the few ‘rich’ res-
pondents. As an estimation of current local WTP for an
important but narrowly defined ecosystem service in the face
of severe poverty — 63% of project area inhabitants are not
able to meet basic needs (van Rheenen et al.,, 2004), the
seemingly low values reported here appear realistic.

In sum, the applicability of the CE instrument, the statistical
significance of preferences for water availability, and most
validity tests support the conclusion that the ecosystem
service availability of irrigation water in the dry season was
successfully valued. While most respondents sufficiently
understood the ecosystem services to be valued, precautionary
measures may be advisable to quantify the maximum impact
of remaining unfamiliarity/comprehension problems.

5.2. Data and modeling aspects

Compared to the direct valuation of ecosystem functions, an
ecosystem service approach places seemingly high demands
on models and data needed to actually use WTP estimates to
generate policy advice. Why demands may be hard to meet,
can be explained from the modeling perspective introduced in
Section 3.2 (Fig. 1). Because the ecosystem service approach
does not confront respondents with technical descriptions of
changes of ecosystem processes, structures and states (‘eco-
system functions’), changes in these phenomena are not
directly valuated. Therefore, the basic science models that
represent these phenomena cannot be used directly to relate
the valuated changes to changes in ecosystem functioning.
One example is the land use change in the Nopu catchment
in Central Sulawesi. Detailed hydrological data exist how land

use change affects variables of the hydrological cycle in this
catchment (Kleinhans, 2004). While the underlyingbasic science
model gives a precise description of hydrological ecosystem
functioning, it cannot translate the land use changes into
changes in the months with enough, barely enough and not
enough water for irrigation purposes. This is no problem for
Nopu where wet rice fields have been converted to cacao plots. It
is a problem for the project area at large, however, where wet
rice is a highly important subsistence crop. Still, village-specific
engineering models that are capable of the necessary transla-
tions have not been completed, yet.

This is a typical situation for early phases of planning pro-
cesses (Cerda et al. 2007). Here, economic valuation is not used
for the appraisal of detailed project proposals. Instead, it is
used for the identification and quantification of local prefer-
ences in order to improve the design of project or policy
options. For informing early planning phases, choice experi-
ments are particularly well-suited because (i) they do not have
to assume linear preferences across the potential range of
attribute level changes, and (ii) they generate trade-off
information not only between a bundle of changes in environ-
mental goods and income but also among the components of
the bundle. These characteristics facilitate the meaningful
application of stated preference results for the economic
valuation of the final set of project or policy options.

6. Conclusion

Descriptive and normative interpretations of the ecosystem
function and the ecosystem service concepts should be
carefully distinguished. On this basis, the Central Sulawesi
case study presents evidence for the applicability of an
ecosystem service approach to the environmental valuation
of potentially unfamiliar ecosystem functions. Three recom-
mendations emerge from the case study to confront unfami-
liarity in stated preference valuation:

(i) After extensive qualitative pre-studies, select demand-
relevant ecosystem services for the description of the
ecosystem function(s) to be valued,

(ii) use utmost care in the design and representation of the
chosen set of ecosystem services, and

(iii) include variables that assess the potential impact of
remaining unfamiliarity/comprehension problems.

To ensure the eventual policy relevance of valuation results,
enough applied science and engineering expertise has to be
available to translate changes in ecosystem functioning into
meaningful ecosystem service descriptions, and to relate these
changes to realistic policy or project interventions. Such
translations remain a challenge for the entire discipline that
only few studies - including revealed preference studies — have
met (Heal et al., 2005, p. 154).

We conclude that the proposed ecosystem service approach
can reduce the degree of unfamiliarity to a point where it does
not pose a principal obstacle to the application of stated
preference techniques. Because the number of ecosystem
services that can be included in a survey study is limited, it
will often only by possible to establish lower bounds of the total
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economic value of an ecosystem function. Still, it would
constitute an unwarranted limitation of the diverse set of
economic valuation techniques to exclude stated preference
methods from the valuation of ecosystem functions on
unfamiliarity grounds.
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