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ABSTRACT 
This paper responds to responds to three challenges posed in the literature by 

measuring the importance of watersheds protection to poor farming communities in 

the developing world.  First, recent reviews show that (a) valuation studies have 

overlooked livelihood values of natural resources in developing countries, focusing 

largely on amenity values in developed countries, and (b) ecosystem valuation 

studies have framed the valuation question incorrectly and have applied 

inappropriate methods.  Second, a detailed consideration of the spatial aspects of 

ecosystems and ecological processes, such as spatial interdependence, has been 

omitted from most valuation studies.  Third, valuation of ecological services that 

are inputs into production processes have typically relied on data intensive 

approaches, such as the measurement of full profits, instead of focusing on demand 

for weak complement, which substantially economize on data requirements.  Our 

paper addresses these research issues with a case study from Indonesia in which 

forest protection policies in upstream watersheds in Ruteng stabilize soil and 

hydrological flows in downstream farms.  We focus on the demand for a weak 

complement to the ecosystem services—farm labor—and find evidence of spatial 

dependence.  The estimated economic models have theoretically expected 

properties that are robust across 12 different specifications.  The estimated 

coefficients show that forest ecosystem functions provide economically substantive 

benefits to local people.  Failing to account for spatial dependence leads to a 

substantial undervaluing of the ecosystem services in some of the models.  The 

overall findings suggest that protection of tropical forest watersheds is a direct way 

to meet the twin goals of conserving ecologically rich landscapes and developing 

poor economies. 
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Is deforestation rapid and or excessive?  If yes, what are the reasons?  To some extent, the answers 
to both questions lie with insufficient and unreliable data on the economic worth of forest 
ecosystem services.  Society will cut too many trees too quickly, if we do not consider the full 
range of goods and services provided by the forests, particularly any latent and complex 
ecosystem services.  Rapid and excessive deforestation can also irreversibly and substantively 
impair ecosystem functions, thereby endangering the flow of several socially valuable goods and 
services from standing forests.  Forests provide ecosystem services for example by sequestering 
carbon, maintaining habitat and biodiversity, stabilizing hydrological flows, mitigating soil 
erosion, and improving microclimates.  Public protection of tropical forests is necessary because 
the market mechanism cannot provide optimal level of ecosystem services.1  The level of public 
support for forest protection depends on the net benefits of providing these services.  However, 
economic benefits of forest ecosystem services are not well understood and rarely quantified.  
This paper illustrates a method for estimating watershed services from protected tropical forests in 
Indonesia.2   

Specifically, we respond to three challenges posed in the literature.  First, recent reviews show 
that (a) valuation studies have overlooked livelihood values of natural resources in developing 
countries, focusing largely on amenity values in developed countries (Dasgupta, 2001; Deacon et 
al., 1998).  Moreover, existing studies ecosystem valuation studies have framed the valuation 
question incorrectly and have applied inappropriate methods (Bockstael et al., 2000).  Second, a 
detailed consideration of the spatial aspects of ecosystems and ecological processes, such as 
spatial dependence, has been omitted from most valuation studies (Bockstael, 1996).  Third, 
valuation of ecological services that are inputs into production processes have typically relied on 
data intensive approaches, such as the measurement of full profit functions, instead of focusing on 
demand for weak complement, which substantially economize on data requirements (Huang and 
Smith, 1998).  Our paper addresses these research issues with a case study from Indonesia in 
which forest protection policies in upstream watersheds in Flores stabilize soil and hydrological 
flows in downstream farms. 

In Section 2 we begin by discussing the following kinds of questions:  what are forest ecosystem 
services?  How can and have they been valued till now?  Do they have a spatial dimension?  In 
Section 3, we summarize the simple analytics of our valuation methodology.  To ground this in 
reality, in Section 4, we present a case study and describe the available data.  This forms the basis 
of our empirical strategy that emphasizes the spatial econometric approach in Section 5.  In 

                                                
1Watershed services will not be traded in the market for several reasons.  Their quasi-public good feature implies that it 

is difficult, if not impossible, to exclude an individual from using watershed services (e.g., drought control), and 
several individuals can use the services simultaneously without diminishing each other’s use values.  Their externality 
feature means that the effect on economic profit and utility of users of these services (e.g., soil conservation) will not 
necessarily enter the decision calculus of the supplier of the services. Typically, these services are characterized by 
economies of scale in production and consumption, and by transaction costs in the form of incomplete information 
about the nature and magnitude of their value. 

2 This paper is part of a larger set of micro-econometric studies on ecosystem contribution of forest protection in the 
tropics that are described in Pattanayak and Kramer (2001), and Pattanayak and Butry (forthcoming).  
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Section 6, we present the results and finally, in Section 7 we discuss the policy and 
methodological insights of this study. 

ECOSYSTEM VALUATION 

In this section we briefly characterize forest ecosystem services, attempts to value them and their 
spatial dimensions.  Further details on these issues are presented in Pattanayak and Butry 
(forthcoming).  Adapting a definition by Daily (1997), forest ecosystem services are the conditions 
and processes through which forest ecosystems, and their constituent species, sustain and fulfill 
human life.  Forests maintain biodiversity and the production of ecosystem goods, such as timber 
and pharmaceutical precursors, and ecosystem services that are actual life-support functions, such 
as microclimate regulation and watershed services.  Forest ecosystems also confer many 
intangible aesthetic and cultural benefits as well.  Below we catalog a longer list of goods and 
services from forest ecosystems.  Perhaps the key point to note is that we qualify the potential list 
of goods and services to focus on direct and indirect benefits to human beings because valuation, 
as described here, is mostly by and for humans (Freeman, 1996).  The World Resources Institute 
(WRI, 2000) categorizes forest ecosystem services into two basic groups.  Goods include—timber, 
fuelwood, drinking and irrigation water, fodder, non-timber forest products (such as vines, 
bamboo, leaves), food (honey, mushrooms, fruits), genetic resources.  Services include—remove 
air pollutant, emit oxygen, cycle nutrients, maintain an array of watershed functions, maintain 
biodiversity, sequester carbon, moderate weather extremes, generate soil, provide employment, 
provide human and wildlife habitat, contribute aesthetic beauty and provide recreation.  The 
report also provides an excellent evaluation of the current state of forest ecosystems. 

Valuation is typically conducted to (a) show that natural systems are indisputably linked to human 
welfare and that nature is represented in the decision making process, and (b) describe the 
relative importance of various ecosystem types (Pritchard et al., 2000).  In an assessment of 
ecosystem management, Arrow et al. (2000) state that “intelligent management requires detailed 
book keeping of costs and benefits and evaluation of tradeoffs, with cataloging of services being 
an important first step.”  Ecosystem valuation is complicated by the fact that ecosystem services 
are quasi-public goods and externalities are not usually well accounted for in market mechanisms 
(Arrow et al., 2000).  Economic valuation of forest ecosystem services can realistically address 
services that are only directly or indirectly useful to human beings including non-consumptive 
uses that provide some psychological benefit.  A critical review of a few crude and implausible 
attempts to value global ecosytems (e.g., Costanza et al., 1997; Pimental et al., 1997; Ehlrich and 
Ehlrich, 1996) recommends that ecosystem valuation focus on well-defined changes to specific 
ecosystems, cautions against scaling small changes in localized and specific components, and 
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argues for ensuring that values satisfy simple economic logic such as income constraints 
(Bockstael et al., 2000).3   

The key to valuing a change in an ecosystem function lies in establishing the link between that 
function and some service flow valued by people.  This is not a trivial endeavor because the 
analysis must reflect the intricate web of physical relationships between processes and conditions 
that link causes and effects in different parts of the ecosystem.  However, if that link can be 
established, the economist’s concept of derived demand can be applied (Freeman, 1996).  In 
general though, attempts to explicitly linking forest ecosystem functions to economically valuable 
ecosystem services are rare, in large measure due to few interdisciplinary ventures including both 
applied economists and ecologists.  While researchers have measured values for specific 
attributes of forests (particularly for recreation uses), their analysis has typically not included 
ecological models that link the attributes to specific forest ecosystem functions.4  Similar gaps 
exist in studies of two other ecosystems (a) wetlands (Swallow, 1994; Lynne et al., 1981), and (b) 
atmosphere (Garcia et al., 1986).  For both these resources, some proxy for the ecosystem service 
(e.g., saline concentrations in estuarine wetlands or ozone concentrations in farming counties) is 
related to a production activity (e.g., shrimp or corn).  However, the link between the ecosystem 
functioning and the service has not been spelled out.  

To our knowledge, the closest approach to linking ecosystem functions, services and the resulting 
services in an interdisciplinary framework have come from bio-economic models, many of which 
have focused on some form of soil conservation.  Although some economists (Gregersen et al., 
1987; Easter et al., 1986) have proposed conceptual frameworks for economic appraisal of 
watershed management projects, by building on Eckstein’s (1958) early insights, rigorous 

                                                
3Specifically Bockstael et al. (2000) provide three vital considerations for ecosystem valuation.  First, analysts should 

exclusively study well-defined changes to specific forest ecosystem conditions.  All or nothing changes are irrelevant 
for policy analysis and uninteresting, perhaps even trivial, from an academic perspective.  As Arrow et al. (2000) 
point out, ecosystem change is an idiosyncratic, highly constrained process, which makes generalization difficult and 
uncertainty high.  Second, because ecosystem valuation fail simple additivity tests analysts should not scale up small 
changes in specific and localized components of individual forest ecosystems to generate aggregate forest ecosystem 
values.  Such simplified addition is inappropriate because (a) forest ecosystem services are non-divisible and non-
exclusive, (b) ‘unit values’ do not reflect declining marginal WTP, (c) inter-dependence among and changes in other 
ecosystem conditions are not considered, and (d) income and general equilibrium price effects are ignored.  Finally, 
the analysis must satisfy the most fundamental economic valuation criteria that ecosystem values do not exceed 
ability to pay. 

4For example, Kramer et al. (forthcoming) review several stated preference studies—notably contingent valuation and 
conjoint analysis—to estimate values of forest ecosystem services.  All these studies assume the service exists or can 
be made available through a policy outcome, and focus on the task of inferring people’s values for these services 
based on survey questions.  The link between the functioning of the forest ecosystem and the provision of the service 
is not explicitly modeled. 
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empirical applications of their guidelines and conceptual models are scarce.5  Empirical 
economic analyses of soil conservation have used some form of simulation (Magrath and Arens, 
1989) or econometric production functions methods (Crosson and Stout, 1983; Walker, 1982)—
are their any forest ecosystem models?).  In the econometric approach, the production functions 
are usually either aggregative (nation or statewide), thereby losing site-specific details, or simple 
with just two or three arguments.6  In all cases the value of soil erosion is estimated in terms of its 
effect on economic productivity.  By proposing the use of econometric methods to analyze 
ecosystem services as production inputs, the approach proposed in this paper most resembles soil 
valuation studies that use production functions.  Again, the critical distinction between these 
studies and our proposal relates to the link between ecosystem functions and the resulting 
services.  Perhaps most critically the erosion studies focus on on-farm economic productivity 
losses from managed agronomic systems, and do not discuss or rigorously analyze off-site 
consequences of or the linkages with up-stream ecological phenomena—which rarely have 
included forest management.  The basic finding is that economic valuation of nature’s services is 
rare, particularly in tropical settings.  

Spatial Dimensions of Forest Ecosystem Valuation 

Economic models often do not exploit underlying spatial relationships, instead they tend to 
aggregate dispersed data causing artificially sharp intra-regional distributions and unrealistic inter-
regional uniformity (Bockstael, 1996; Anselin and Bera, 1998).  In the case of forest ecosystem 
valuation ignoring the spatial information could be especially costly in terms of statistical bias and 
inefficiency.  This is because spatial links are inherent characteristics of both the bio-economic 
process being studied and the analytical techniques employed to study them.  The ecosystem 
service flows can be conceived as ‘locational externalities’ that can set in motion a spatially 
dynamic domino effect (Bockstael, 1996).   

                                                
5The lack of empirical applications is surprising because the watershed services are similar to the ‘water project 

derivatives’ (flood control, navigation, irrigation, hydroelectric power) analyzed in the mid 1960s (Krutilla and 
Eckstein, 1958).  During this era, attention was on practical issues such as multiple purposes of river development, 
the optimum (size, sequence and timing of projects), and the conjunctive uses of surface water and ground water 
resources, i.e., issues of viability, as pointed out by a reviewer.  Two distinctions between those ‘water derivatives’ 
and our ‘watershed services’, may explain this apparent discontinuity in economic studies.  First, traditionally 
watershed management had a strong hydrologic focus, particularly on the structural (engineering) practices to control 
the quantity, quality, and timing of water flows.  In contrast, tropical watershed management has had broader socio-
economic objective, often relying on non-structural (vegetative) practices to generate soil and hydrologic benefits.  
Second, while the ‘water derivatives’ were the generated by sizeable public investments, watershed services in 
developing countries result from a more subtle management of forested watersheds.  Because planning for integrated 
water resources projects required great amounts of data and technical expertise, comprehensive economic 
evaluations of the projects were feasible. 

6A resource accounting approach is characterized by project evaluation in which intertemporal cash-flows are generated 
using parametric economic values drawn from secondary sources.  In the econometric approach, simple production 
functions are estimated to relate agricultural production to soil erosion. The mathematical programming approach, 
which seeks an optimum given an objective function that is subject to constraints with pre-determined parameters, is 
not discussed further because of the incompatibility of data and goal with our research. 
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Spatial patterns can emerge as ecological services ‘flow’ across the forest ecosystem, affecting the 
bio-geo-chemistry as well as socio-economic activities.  At the same time, spatial patterns exist in 
pure economic behavior as economic agents (e.g., farmers in our case study) interact with, learn 
from and copy their neighbors (Case, 1992).  The definition of a neighbor need not be restricted to 
euclidean distances and can be extended to socio-economic and cultural ‘distances’ such as 
income levels and kinship ties and, perhaps more importantly, ecological distances such as 
proximity to streams.  Clearly, if economic activities such as farming are conditional on the 
natural environment such as soil and moisture, the flow of ecosystem services flow across the 
landscape could induce similar behavior (i.e., farming activities) among farmers along a 
ecosystem service gradient (i.e., watershed).  A second, perhaps equally important potential 
source of spatial pattern, are the techniques used in collecting and analyzing the data.  Omitted 
variables are the most obvious source of spatial correlation because they are likely to capture 
important locational characteristics.  Analyst can also induce spatial correlation by mis-matching 
spatial units.  For example, watersheds are not village level socio-economic or political clusters.  
Consequently, when we overlay watershed ecological data on village socio-demographics, we 
induce spatial patterns.   

Anselin and Bera (1998) point to two more reasons for considering spatial issues.  First, a number 
of important policies have taken on explicitly spatial dimensions, such as the designation of target 
area (in our case study target watersheds).  Second, a more practical reason is the availability of a 
large ecological and socio-economic data with detailed spatial information.  Anselin and Bera 
(1998) also list several recent examples of empirical studies in economics that explicitly 
incorporate spatial dependence in models of agricultural market prices, land values, and food 
demand.   

From a modeling perspective, the challenge lies in addressing spatial autocorrelation in the data, 
which occurs when the value of variable y for observation j is correlated to the value of 
observation i as a consequence of a spatial relationship.  The existence of spatial autocorrelation 
implies that a sample contains less information than an uncorrelated counterpart, which limits our 
ability to carry out statistical inference.  When we have a spatial relationship that results from the 
bio-physical process (e.g., water flowing across the landscape) or because of behavior of 
neighbors, we have the case of spatial lag dependence.  A spatial lag model can be defined as: 

 εβρ +Χ+= Wyy  (�) 

where y is the N by 1 vector of the dependent variable, ρ is the spatial lag parameter coefficient, 
W is the N by N spatial weight matrix, X is the N by K matrix of independent variables, β is the N 
by 1 vector of parameter coefficients, and ε is the N by 1 vector of the disturbance term.  Failure 
to estimate a spatial lag model when a spatial lag process exists may result in biased and 
inconsistent estimators (Anselin and Hudak, 1992).   
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The other, perhaps more innocuous, form of spatial autocorrelation is due to error correlation or εi 
being related to εj.  Spatial error dependence usually occurs from measurement error, or when the 
omitted variables spillover spatial units.  A spatial error model can be defined as: 

 ξελβ ++Χ= Wy   (2)  

where is ( the spatial error parameter coefficient, ( is the N by 1 linear model disturbance term, 
and ( is the uncorrelated and homoscedastic error term.  A non-spatial model that contains spatial 
error will yield inefficient model estimators due to its non-spherical error covariance (Anselin, 
1996).  We return to these issues when we present our model specification in Section 4.  

THE SIMPLE ANALYTICS OF ECOSYSTEM VALUATION:  WEAK 
COMPLEMENTARITY  

As suggested by Eckstein (1958) and Mäler et al. (1994), the economic principles for valuation are 
straight forward and the economic value of ecosystem services can be viewed as the outcome of 
three sets of functional relationships (Freeman, 1993).  Public policies combined with private 
decisions affect forested watersheds, change watershed flows, and, thereby, generate changes in 
ecosystem services.  These services affect private production activities of economic agents and 
consequently their economic welfare.  The change in welfare, evaluated in terms of market prices 
of private commodities, is the use value of ecosystem services.  

Much of the environmental valuation literature has pivoted off Mäler’s (1974) proposal to focus 
on a weak complement to the environmental good that must be a non-essential input to 
household consumption (Freeman, 1993).  Analysts estimate how the demand for the weak 
complement shifts in response to changes in environmental quality and measure WTP for 
environmental quality as the changes in consumer surplus.  Huang and Smith (1998) develop 
production analogs of this weak complementarity logic to show that input demand can be used to 
measure changes in producer surplus that is induced by changes in environmental inputs into 
production.  In this approach WTP for ecosystem services (E1 – E0) is estimated from the demand 
function for L using the formula in Eq. [3] because by Hotelling’s lemma profits can be calculated 
from the input demand curve, L(PL | E, • ).7  Specifically, profits can be measured by integrating the 
input demand function from the market price, PL0, to the choke price, PLC(E). 
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7Hotelling’s Lemma states that the derivative of profits with respect to input price is equal to the input demand 

(Chambers, 1988).  
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The choke price, at which labor demand (L) is equal to 0, depends on the ecosystem condition.  
An improvement in the ecosystem that generates ecosystem service will expand the demand for 
the weakly complementary production input, raise the choke price and increase profits.  WTP for 
the ecosystem service is, therefore, equal to the change in profits calculated from the two input 
demand curves.  This logic is illustrated in Figure 1.  The basic intuition is that increased 
ecosystem service raises the value of the marginal product of farm labor because it is a 
complement.  Consequently, the value of the ecosystem services or the amount the household 
will be willing to pay should equal to the increased marginal value product of labor, which is 
equivalent to the profit increase.   

There are three important theoretical conditions for the applications of the weak complementarity 
logic in ecosystem valuation.  First, the production input in question must be non-essential such 
that we can define a choke price.  Without this binding price, the compensation or surplus 
measure would be infinite (see Freeman [1993] and Bockstael and McConnell [1983] for further 
details).  Second, at the choke price, the marginal productivity of ecosystem service must be zero, 
implying that the production input is a necessary complement to using the ecosystem service.  If 
this were not the case, then we could not value the ecosystem service by analyzing only this 
production input because the service would be productive irrespective of the demand for this 
input.  In addition, the induced change in labor demand should not be large enough induce labor 
price effects.  Huang and Smith (1998) suggest that by focusing on the demand function for weak 
complement (e.g., labor), researchers could substantially economize on the data demands for 
valuation and therefore can avoid the measurement of full profit functions.8  Third, the weak 
complement must be traded in a functional and complete market at exogenously determined 
market prices.  That is, the implied separability of the production (‘profit’) or consumption 
(‘expenditure’) spheres of the household simplifies the analytical tasks for deriving welfare 
measures (Thorton and Kelley, 1992) and ecosystem values can be measured in terms of producer 
surplus measures.9  Therefore, profit or quasi-expenditure functions can be used to value 
environmental services even for consumer-producer households (for example] 

DROUGHT MITIGATION AND SOIL CONSERVATION FROM FORESTS IN 
RUTENG, INDONESIA 

Since Dutch colonial rule, the forests of the Manggarai region on Flores island have been 
protected to different degrees across watersheds.  In 1993, the government of Indonesia 
established Ruteng Park on 32,000 hectares with the primary goal to prevent further deforestation 
threats, initiate reforestation and land conservation, and enhance watershed protection.  A recent 

                                                
8In a systems approach we would estimate equations of profit, output supplies, and input demands as functions of prices 

and fixed inputs.  Using weak complementarity, we could focus on one essential output supply or input demand and 
estimate it as a function of prices and fixed inputs; we would not need data on all quantities. 

9See Pattanayak and Kramer (2001) and Mäler et al. (1994) for additional discussion of this point. Scitovszky (1943) was 
one of the first to recognize the importance of perfect markets in equating utility-profit-maximizing choices for 
owner-firms. 



8 RTI Working Paper 02_01 Pattanayak and Butry 

evaluation of water and soil resources in the region finds that the forests conserve soil 
conservation and mitigate droughts by protecting streams and rivers and reducing erosion 
(Binnies, 1994).  Two forest hydrology studies in addition to the Binnies’ study suggest that in 
many Manggarai watersheds, forests are net producers of baseflow and soil (Swiss 
Intercooperation, 1996; Priyanto, 1997).10  Economic value of these ecosystem services, however, 
is unknown even though there is substantial bio-physical evidence that Ruteng Park provides 
drought mitigation and soil conservation to the downstream farmers.  Although, this is one of 
several potential benefits and costs of a large forest park, we focus on it to illustrate our proposal. 

We can apply Freeman’s three stage framework to better describe the basis for ecosystem 
valuation.  In Stage 1, we propose that the establishment of Ruteng Park produces drought 
mitigation and soil conservation service that can be measured as a change in baseflow and 
erosion, respectively.  The forest hydrology literature posits that extensive tree cover helps 
maintain baseflow and soil levels in areas with environmental characteristics similar to Ruteng, 
i.e., steep terrain, intense rainfall, and clayey and compacted soil (Bonnel and Balek, 1993).  The 
studies by Binnies (1994), Swiss Intercooperation (1996) and Priyanto (1997) suggest that Ruteng 
forests are net producers of baseflow and conservers of soil.  The studies do not, however, report 
precise estimates of enhanced baseflow or soil erosion by watershed protection.  In Stage 2, the 
primary economic role of baseflow and soil is as a fixed input in agricultural production; i.e., it is 
the part of the hydrological cycle—soil moisture and soil matter—that enhances farm 
productivity.  In Stage 3, improved agricultural production changes the economic welfare of 
agricultural households downstream of Ruteng Park.  This change in welfare is a measure of the 
value of drought mitigation and soil conservation and can be measured by estimating the 
incremental producer surplus resulting from the incremental baseflow and soil.   

The empirical model, presented next, is based on secondary hydrological and forest statistics and 
household survey information on the economic activities of the Manggarai people.  Priyanto 
(1997) describes the forest hydrological modeling to derive baseflow and erosion volumes for 37 
sub-watersheds in the buffer zone of the park, which correspond to current land use.  This cross-
sectional variation in current baseflow and erosion is sufficient to econometrically establish the 
influence of baseflow on agricultural profits.11 Note our soil variable is erosion, whereas the 
ecosystem service provided by forests is the inverse of erosion or an increase in soil.  We use GIS 
to integrate the soil and hydrology data from the forest hydrology models with the socio-
economic survey data.  By merging the two data sets within a geographical information system 
(GIS), we can potentially improve the general precision of the data set and compute spatially 

                                                
10Baseflow is the non-episodic residual streamflow that is left over after rain has cycled out of the hydrological system.  

The soil conservation service of forests results from a mitigation of the erosion process, and an improvement in soil 
quality and quantity.  See Hamilton and King (1983) for additional details. 

11While cross-sectional data was sufficient for our purposes, undoubtedly, time-series data would have been useful to 
validate such a model. 
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explicit ecological indices.12  Additionally, GIS allows us to calculate the spatial weights matrix, 
derived on the basis of intra-village distances.   

The household data are drawn from a socio-economic survey of 500 households that was 
conducted in the Ruteng area in 1996.  Because the hydrological effects of the park dissipate over 
geographical distance, the survey was restricted to the 47 villages in the buffer zone of Ruteng 
Park, contiguous to the protected area.  The average Ruteng household exhibits a heavy reliance 
on agriculture, primarily growing coffee and rice, and keeping chicken and pigs.  In 87 percent of 
the local people are employed in agriculture.  Non-agricultural employment opportunities exist, 
which includes positions with the local government, NGOs, kiosks, and logging crews.  The 
statistics on both hiring-in and hiring-out labor, the fact that a large proportion of households 
report input and output prices, and the proximity of roads and other market infrastructure (e.g., 
stores and credit facilities) provides some evidence that markets are complete for agricultural 
products and labor.  While the Ruteng region receives on average 2.5 meters of rainfall annually, 
only about 40 percent stays in the system as baseflow—suggesting drought conditions in many 
sub-watersheds.  The average level of erosion is 2.1 tons/hectare/year. 

EMPIRICAL STRATEGY FOR VALUING ECOSYSTEM SERVICES OF 
RUTENG PARK 

Applying the Huang and Smith logic and focusing on demand for agricultural labor, we see that 
baseflow and erosion can be conceived as a weak complement to agricultural labor because they 
satisfy the two necessary conditions for weak complementarity.  First, it is possible that labor 
demand is nonessential, so that at a choke price of PLC, demand for labor is zero.  Because non-
agricultural sources of income contribute to household full income (note, not cash income), 
agricultural labor is a non-essential input to household full income as households switch to other 
activities when the price of labor is too high.  Second, the marginal productivity baseflow and 
erosion are zero at the choke price, implying that that change in baseflow has no welfare 
significance unless the effective wage is low enough to make labor demand positive.  This follows 
from the fact that baseflow and soil are useful to the farming households only as a farming input 
and it is impossible to farm without labor.  Our empirical study, therefore, is one of the first 
implementation of the Huang and Smith’s proposal regarding demand for weak complements to 
natural resources.  We estimate the three most common functional forms of labor demand:  
linear, log-linear and semilog that are described in Eqs. [4] through [6]:   

β−
−

=γ+β+α=
�

����
����	�


�

�

�

���������	
����	
  (4) 

                                                
12For example, if portions of two streams contribute baseflow to a particular village, we can use GIS to compute the 

fraction of the total baseflow from any one stream that goes to the particular village by first calculating the fraction of 
the total stream that passes over the specific village.  The contributions of each stream can then be summed.  Without 
GIS, we would calculate a crude weighted average of the baseflow in the two streams. 
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where 0L̂  and 1L̂  are the predicted baseline labor demand evaluated at mean wage with and 
without the ecosystem services—drought mitigation and soil conservation, β is the regression 
coefficient for wage, and Z is a vector of all other variables including output prices. 

SPECIFICATION OF LABOR DEMAND FOR FARMING 

Labor demand is hypothesized to be a function of the price of labor, the price of the primary 
outputs (coffee and rice) and fixed inputs, including baseflow, farm size, soil condition (erosivity), 
and an irrigation index.  Table [1] summarizes the expected relationships.  The signs, sizes and 
significance of the estimated coefficients will provide criteria with which we can evaluate the 
theoretical performance of our models.  We expect labor demand to be negatively correlated with 
the price of labor.  Because prices of rice and coffee reflect returns to labor in farming or the 
effective productivity of labor, output prices should be positively correlated with labor demand.  
By similar logic, fixed inputs raise the return to farming and the productivity of labor, therefore we 
expect all fixed inputs—farm size, irrigation, and baseflow—to be positively correlated with labor 
demand.  Note that the coefficient on erosivity will be negative because it is a negative fixed 
input.  The key parameters in our model are the coefficients on the baseflow and soil variable; 
their sign and the size will reflect the relative contribution or value of drought mitigation and soil 
conservation from the forests of Ruteng Park for the farming households.  

Testing for Complete Labor Markets 

Our labor demand specification also includes a set of household ‘compositional’ characteristics—
family size, average age, ratio of ill, adult, and male family members—test for the assumption that 
labor markets are functional.  If this set of five variables is statistically unrelated to labor demand, 
it suggests that production decisions are made independent of consumption decisions because the 
labor market is sufficiently complete and hired labor can be substituted for family labor.  Using 
similar tests,  Pitt and Rosenzweig (1986), Benjamin (1992) and Pattanayak and Kramer (2001) 
present evidence for perfect markets in agrarian communities of Indonesia.   

Testing for Spatial Dependence 

In Section 3 we discussed the idea that spatial dependence is likely to exist in cross-sectional data 
set such as the one used in this study for at least two reasons.  First, the villages are clustered and 
the farm households share many watershed features and fixed ecological inputs such as drought 
mitigation and soil conservation provided by the forests.  Second, farm neighbors engage in socio-
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cultural exchanges such as knowledge regarding current agricultural technologies.  Unlike most 
micro-econometric analyses of cross-section data, one of our main objectives is to explicitly 
address the spatial concerns such as spatial lag and spatial error dependence.   

The Moran’s I, the most widely used statistic to test for spatial dependence, can be defined as 
follows (Griffith, 1999): 
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where W is the spatial weight matrix W, and e is the disturbance vector.  The distribution for 
Moran’s I follows the standard Z distribution, where:13 
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A high Moran’s I (as I approaches 1) indicates the present of positive spatial dependence, whereas 
a low value (as I approaches -1) signifies negative spatial dependence.  No spatial dependence is 
found when Moran’s I approaches its expected mean (-1/(n-1)), which asymptotically approaches 
0.   

The Moran’s I is not completely appropriate for lag dependence because spatial lag dependence 
is often a form of misspecification.  Thus, the least squares model should be tested rather than 
solely examining the dependent variable.  Simply because the dependent variable is itself 
spatially correlated does not, however, necessarily cause misspecification.  Misspecification 
occurs if the explanatory variables fail to capture the spatial variation.  Therefore, it may be more 
appropriate to test for the significance of ρ in the spatial lag model determines whether or not a 
spatial model is appropriate.   

A key element of the spatial models the spatial weight matrix that captures the extent of 
‘neighborliness’ of observations.  The spatial weight matrix is a N by N matrix representing the 
spatial relationship between observations i and j.  As described in Eqs. (1), (2), (7) and (8), it is 

                                                
13The Moran’s I is analogous to the Pearson product moment correlation coefficient; it is different because it measures 

the correlation of a single variable across space.  The formula for the Moran’s I is different when applied to variables 
other than the residuals (see Griffith, 1999).  
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used to model and test spatial dependence and thus becomes an essential part of spatial 
econometrics.14 

We construct a row-standardized, inverse distance spatial weight matrix to test and model the 
spatial processes in the Ruteng data.  We use a distance metric is used, given the relatively small 
sample size.  The maximum distance between any two of the 47 villages, measured as the length 
between village centers, is roughly 33 miles.  The inverse distance (wij = 1/d) is used so that as 
distance increases between villages wij approaches zero, and as distance decreases wij 
approaches +∞.  Nearest neighbors, who are likely to have the most influence, have the greatest 
weight.  We do not have estimates of distances within the same village observations, and assume 
it to be 1/2 that of the nearest neighbor.  This is consistent with the approach recommended by 
Anselin (1996), that is when multiple observations belong to the same aerial units (e.g., different 
banks located in the same county) the distance between them must be set to something other than 
zero (or 1/dij → ∞).   

Log Likelihood of Estimated Models 

Least-square estimation of a model with spatial lag dependence has shown to produce biased and 
inconsistent estimators, and a model with spatial error dependence will prove inefficient.  In 
contrast, maximum likelihood methods have shown to produce unbiased and consistent 
estimators in the spatial lag case, and efficient estimators in the error case, respectively (Anselin, 
1980).  The log-likelihood function for the spatial lag model is defined as (Anselin, 1992): 

 222 /)(5.0)ln(5.0)2ln(5.0)1ln( σβρσπρ iiiii xWyywL −−−−−−=   (9) 

The log-likelihood function for the spatial error model is defined as: 

222 /)()ln(5.0)2ln(5.0)1ln( σβλβλσπλ iiiiii WxxWyywL +−−−−−−=  (10) 

where wi representing the eigenvalues of the weight matrix.15  Eqs. (9) and (10) are not the only 
spatial models, but perhaps the most common.  Other models may resemble a combination of the 
two above and/or include higher order terms (Anselin, 1996).  The correct specification should 
                                                
14The simplest spatial weight matrix is a binary matrix where each element receives a one if j and i are adjacent, and 

zero otherwise.  The appropriate spatial weighting scheme should be determined apriori and may be more involved 
than this simple binary example.  Anselin (1988) warns that the weights chosen “should bear a direct relation to a 
theoretical conceptualization of the structure of dependence” because “improperly specified” weighting may affect 
the power of the test for spatial autocorrelation.  The potential for spurious conclusions is not as great as in the 
functional specification of a model. Several types of weighting schemes have been proposed, including a simple 
contiguity measure (similar to the above mentioned binary example), share boundary measures, distance metrics, and 
a variation of the latter two-the ‘Cliff-Ord’ weight (Anselin, 1988).  Using GIS techniques all of these measure 
become fairly straightforward to compute.  The row-standardized approach is the recommended spatial weight 
matrix when examining the spatial lag process such that Wy “becomes essentially a weighted average of observations 
at neighboring locations” (Anselin and Hudak, 1992). 

15Some of the eigen values of a row-standardize weight matrix will be imaginary, so Ord (1975) developed a method 
which yields real eigen values using a re-symmetrized weight matrix.  The re-symmetrized matrix can be constructed 
by W* = D1/2W1D1/2, where W1 is the original symmetric weight matrix (before it was row-standardized) and D is 
a diagonal matrix of the inverse of the row sums from the W1 matrix. 
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approximate the true spatial process.  A first order spatial autoregressive lag, coupled with a first 
order spatial autoregressive error is defined as (Case, 1991): 
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ESTIMATED MODELS 

Twelve labor demand models are estimated- four versions for each of the three functional forms 
(linear, log-linear, and semi-log).  The four versions consist of least-square, spatial lag, spatial 
error, and a spatial lag/error combined model.  Based on likelihood ratio statistics, we find that 
the first order lag/error spatial model appears the most appropriate regardless of the functional 
form.  All least-squares models are statistically significant, with the model probability value that is 
less than .001 percent.  Each model explains about 14 to 20 percent of the variation in labor 
demand, which is not unusual in a cross-sectional data set.  All five household compositional 
variables are individually and jointly insignificant in all models—validating the complete market 
test as in Pitt and Rosenzweig (1986), Benjamin (1992) and Pattanayak and Kramer (2001). 

The Moran’s I statistic for the least square linear model is 0.019, with a z score of 4.99, offering 
clear evidence of spatial dependence in our labor demand data.  We do not compute Moran’s I 
statistics for the other models, but find that the λ parameter is significant in all spatial error 
models.  These models do assume, however, that ρ = 0, a potential source of misspecification that 
may affect hypotheses testing (Anselin and Hudak, 1996).  Furthermore, the spatial lag models 
indicate the presence of spatial lag autocorrelation, although these models assume λ = 0.  This is 
not a fatal assumption, since at worst the model parameters are inefficient.  However, the same is 
not true of the error model.  If ρ ≠ 0 in the error model, the parameter estimates will be biased 
and inconsistent. 

The likelihood ratio tests reveal that, regardless of the functional form chosen, the restricted 
spatial lag and spatial error models are significantly different from the unrestricted spatial lag/error 
combined model at the 10 percent level.  The one exception to this being the semi-log error 
model (p=.196).  These results indicate both forms of spatial dependence are present, although 
only weakly in the semi-log case.  This necessitates the use of a combined model.  In the semi-log 
case it could be argued that the error model is more appropriate, which explicitly accounts for the 
error dependence and correctly models the spatially autoregressive process of labor demand.   

If we use the t-statistics, we see that the spatial parameter estimates of the combined model are 
insignificant.  The p-values, however, are based on the asymptotic t-tests, which rely on the 
standard errors that appear to be six to ten times bigger than those of the individual lag and error 
models.  One potential problem is multicollinearity of the lag and error parameters.  In contrast, if 
we use the more robust likelihood ratio statistics, we find significant spatial parameters.   
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The results are reported in Tables 2 through 4, corresponding to the linear, log-linear and semi-
log specifications.  Each table reports the results of 4 specifications—least squares, spatial lag, 
spatial error, and spatial lag/error.  In each of the four linear models estimated, all variables have 
expected signs and significance, although coffee price is only weakly related to labor demand (p-
values around 0.15).  Correcting for spatial autocorrelation has the effect of producing more 
efficient, unbiased estimates.  The spatial lag/error model increases the relative importance of 
baseflow, irrigation, erosion to labor demand, yet decreases the importance of farm size and 
coffee, rice, and labor prices. 

As in the linear form, all significant parameter estimates have the expected signs in the log-linear 
models.  The GIS variables have less overall importance to labor demand and in each model the 
price of rice is insignificant.  In each of the spatial models coffee price is insignificant parameter 
and the two ecosystem variables (baseflow and erosion) have larger sized coefficients, except in 
the semi-log case.  The price of coffee is not significant in any model, although all other 
parameters have expected signs and significance.  Our proxies for ecosystem services—baseflow 
and erosion—are significant in all 12 models and the coefficient sizes depend on the functional 
form.   

Among all models, the spatial lag/error combined models have the greatest statistical power and 
are the most consistent with theory, at least as it applies to labor demand.  Overall, it appears that 
when spatial processes are accounted for, ecosystem services have more influence on the demand 
for labor.  Input prices (labor wages), output prices (coffee and rice), and fixed environmental 
inputs (baseflow, soil condition, and irrigation) all have expected signs and significance; an 
exception being price of coffee in the log-linear and semi-log model.   

ECOSYSTEM VALUES:  CONTRIBUTIONS OF BASEFLOW INCREASE 
AND EROSION DECREASE 

All the estimated models show that baseflow has a positive and significant impact on labor 
demand while erosion has a negative and significant impact.  Together, these lend credence to 
the hypothesis that ecosystem services in the form of drought mitigation and soil conservation 
enhance agricultural profits.  As mentioned above, failing to recognize spatial nature of the data 
set, understates the true benefits from ecosystem services.   

To assess the potential values of drought mitigation and soil conservation provided by Ruteng 
Park, we consider two alternative forest hydrology scenarios in which forest protection causes 
baseflow to increase and erosion to decrease by 10 percent and 25 percent.  Using the formulae 
presented in Eqs. (4) through (6) and the estimated parameters, we find that a 10 percent increase 
would be worth 1 to 2 percent in increased agricultural profits to the typical household, 
depending on which model and functional form we choose (Table 5).  Note, the typical 
household is defined by as the average household with profits equal to $325 annually.  A 
25 percent increase in ecosystem services would increase profits baseflow would increase profits 
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by 2 to 6 percent.  The results are reasonably similar across specification of spatial dependence 
and functional forms.  The spatial models in general produce higher estimates of ecosystem 
values in comparison to the non-spatial models (except for the semilog models).  Collectively they 
suggest that ecosystem services in the form of increased baseflow and soil can potentially make 
substantial economic contributions to the farming households in the immediate downstream of 
the park.   

SUMMARY AND CONCLUSIONS 

Hydrological and soil stabilization such that downstream droughts and erosion are mitigated are 
among several ecosystem functions of the forested watersheds within Ruteng National Park.  
These ecosystem services can be measured in terms of baseflow and soil and can be considered 
to be fixed inputs into farm production in the immediate downstream of the park.  Thus, values of 
forest ecosystem services can be measured in terms of profits (quasi-rents) accruing to 
downstream farmers.  By applying the weak complementarity logic, the change in profits can be 
measured by focusing on the demand for a weak complement such as farm labor.   In applying 
this logic, we must recognize that spatial patterns can emerge as the ecological services ‘flow’ 
across the forest ecosystem, affecting the bio-geo-chemistry as well as socio-economic activities.  
Moreover, spatial pattern can also result from the techniques used in collecting and analyzing the 
data such as omitted variables and mismatched spatial units.   

In this paper, we integrate farm budget data with baseflow and soil data from a forest hydrology 
model within GIS to improve precision and calculate a spatial weights matrix, derived on the 
basis of intra-village distances.  Moran’s I statistics indicates the presence of spatial dependence.  
Farm labor demand is estimated as a function of labor price, coffee and rice prices, baseflow, 
erosion, and other fixed inputs using maximum likelihood estimation, with spatial weights to 
account for spatial lags and error correlation.  The estimated labor demand model has 
theoretically expected properties and shows that baseflow and erosion are complements to labor 
demand for coffee and rice production.  Based on the estimated coefficients of the labor demand 
equation, we find that forest ecosystem functions provide economically substantive benefits to 
local people.   

The major advantage of applying a weak complementarity approach, as opposed to estimating the 
full profit systems (Pattanayak and Kramer, 2001), is data efficiency.  In comparing ecosystem 
values for commensurable baseflow measures, we find that the welfare estimates are close—on 
the order of only a few dollars.  The similarity of the two results suggests that the weak 
complementarity logic presents significant methodological efficiencies by using considerably 
fewer data.  It is true, however, that estimates based on demand for weak complement may be a 
lower bound of ecosystem loss is when there are more than one such complements.  As shown by 
Bockstael and Kling (1988), the weak complementarity logic can be applied to multiple market 
complements.  In application the trick will be to find the most relevant or substantive 
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complement.  Agricultural labor productivity is the primary economic contribution of 
hydrological stabilization in our study area.16   

Explicitly accounting for spatial dependence, where it exists, lead to more consistent and efficient 
models.  From a policy perspective it means better, more precise estimates of ecosystem values.  
In the Ruteng case we find that failing to account for spatial dependence leads to biased estimates 
of the value of drought mitigation and soil conservation.  This result is conditional on the 
functional form chosen; i.e., spatial models generate higher values for the 6 linear and semilog 
models, and lower values for the 3 log-linear models in comparison to the non-spatial (OLS) 
models.  The biases are the greatest for the spatial error models.  We also find that the precision 
gained from GIS based measures of ecosystem services influences the parameter estimates and the 
implied ecosystem values.17   

In conclusion, although forest protection is professed to generate several soil and hydrological 
benefits, the magnitude of these benefits are typically unknown.  By applying a transparent 
economic model, testing for and modeling spatial dependence, and finding credible estimates of 
values for two forest ecosystem services, this research addresses question of the importance of 
forests to poor farmer in Indonesia.  Ecosystem values are measured in terms of changes in 
demand for a weak complement—farm labor.   The weak complementarity logic and spatial 
econometrics approach illustrate the potential for efficiency and precision in estimation.  
Estimated positive values of drought mitigation and soil conservation in the data from Ruteng 
(Indonesia) provide evidence of substantive, quantified economic benefits of forests to farmers.  
However for a variety of factors, not least the precision of economic and ecological data, these 
our estimates should be treated as indicative rather than absolute.  Ultimately, estimates of forest 
ecosystem values show that it is possible to “... draw more income from the wildlands without 
killing them, and so to give the invisible hand of free market economics a green thumb” (Wilson 
1993:283). 

                                                
16In principle, we could estimate demand for each weak complement and calculate the relevant welfare values.  

Another an advantage of this approach in the production setting, unlike the consumption setting where weak 
complementarity is a maintained hypothesis, the analyst can test for the complementarity given that the relationship 
is a physical/technological association.  Our results show that this physical complementarity of labor and baseflow 
holds. 

17 In the Ruteng example we compare two definitions of baseflow and erosion.  These include a crude (non-GIS) version 
that is based on eyeballing the overlay of villages and watersheds, and a GIS stream-weighted measure.  While 
various weighting scheme could be envisioned, the GIS version adds precision in that it uses the data, although some 
additional data, in a more meaningful way.  Welfare differences between the non-GIS and GIS versions are 
substantial, with the cruder non-GIS version overestimate the importance of ecosystem services.     
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Table 1. Descriptive Statistics and Expected Signs 

Variables Units Mean Expected Sign 

Labor  Days 111.6  

Price of coffee $ per kilogram 10.6 (+) 

Price of rice $ per kilogram 1.0 (+) 

Price of labor $ per day 5.4 (–) 

Farm size Hectares 1.2 (+) 

Water Condition  Baseflow in mm / year 0.4 (+) 

Irrigation Index % of farm irrigated 0.1 (+) 

Soil Condition  Erosivity in tonnes / ha/ year 2.1 (–) 

Family size Number 4.3 ~ 

Ratio of adults in family Ratio 0.77 ~ 

Ratio of Ill in family Ratio 0.77 ~ 

Average age Years 24.6 ~ 

Ratio of males in family Ratio 0.49 ~ 
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Table 2.  Parameter Estimates—Linear Model 

 Least Squares Spatial Lag Spatial Error Spatial Lag & Error 

Constant 87.88 0.074 –3.29 0.955 73.31 0.181 –2.81 0.970 

Price of coffee 23.72 0.103 22.16 0.154 23.03 0.142 22.19 0.155 

Price of rice 233.75 0.003 216.16 0.003 214.87 0.005 212.08 0.004 

Price of labor –127.97 0.000 –114.27 0.000 –112.28 0.000 –111.34 0.000 

Farm size 18.72 0.000 18.09 0.000 18.39 0.000 18.06 0.000 

Baseflow 74.39 0.000 69.19 0.000 88.36 0.000 72.80 0.000 

Irrigation Index 36.96 0.026 38.01 0.035 36.83 0.044 37.91 0.036 

Erosion –11.91 0.000 –10.98 0.001 –13.88 0.000 –11.51 0.001 

Family size 0.50 0.852 1.14 0.688 1.58 0.583 1.41 0.621 

Ratio of adults in 
family 

30.05 0.320 28.69 0.450 27.91 0.463 28.22 0.461 

Ratio of Ill in family –4.13 0.647 –2.98 0.734 –3.22 0.729 –2.84 0.751 

Average age 0.03 0.769 0.02 0.976 0.02 0.973 0.02 0.978 

Ratio of males in 
family 

–2.89 0.913 –3.38 0.893 –5.13 0.840 –4.01 0.874 

Rho   0.76 0.001   0.73 0.103 

Lambda     0.61 0.050 0.19 0.814 

Variance   7,045.91 0.000 7,118.08 0.000 7,046.84 0.000 

Adj. R2 0.169        

χ2 statistic (model) 104 < 0.000 111 < 0.000 107 < 0.000 111 < 0.000 

χ2 statistic (spatial 
parameters)a 

  6.47 <0.05 2.54 >0.10 6.59 <0.05 

Sample Size 494  494  494  494  

aThese spatial models are being compared to OLS, which is the most restricted model. 
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Table 3.  Parameter Estimates—Log-linear Model 

 Least Squares Spatial Lag Spatial Error Spatial Lag & Error 

Constant 5.80 0.000 2.79 0.003 7.29 0.000 3.27 0.145 

Price of coffee 0.54 0.001 0.02 0.945 0.07 0.810 0.02 0.937 

Price of rice 0.11 0.652 0.53 0.003 0.58 0.002 0.54 0.003 

Price of labor –0.93 0.000 –0.80 0.001 –0.68 0.009 –0.75 0.002 

Farm size 0.21 0.000 0.19 0.000 0.20 0.000 0.19 0.000 

Baseflow 0.24 0.006 0.29 0.001 0.33 0.001 0.31 0.001 

Irrigation Index 0.06 0.000 0.06 0.000 0.06 0.000 0.06 0.000 

Erosion –0.17 0.017 –0.22 0.005 –0.25 0.004 –0.23 0.005 

Family size 0.09 0.432 0.13 0.252 0.13 0.260 0.14 0.233 

Ratio of adults in 
family 

0.29 0.167 0.33 0.187 0.32 0.226 0.34 0.186 

Ratio of Ill in family –0.02 0.455 –0.03 0.248 –0.02 0.326 –0.03 0.250 

Average age 0.00 0.342 0.00 0.991 0.00 0.992 0.00 0.991 

Ratio of males in 
family 

–0.01 0.854 0.00 0.923 0.00 0.962 0.00 0.950 

Rho   0.81 0.000   0.73 0.084 

Lambda     0.73 0.000 0.22 0.723 

Variance   0.66 0.000 0.67 0.000 0.66 0.000 

Adj. R2 0.17        

χ2 statistic (model) 98 < 0.000 117 < 0.000 111 < 0.000 117 < 0.000 

χ2 statistic (spatial 
parameters)a 

  18.25 <0.000 12.64 <0.000 18.62 <0.000 

Sample Size 470.00  470.00  470.00  470.00  

aThese spatial models are being compared to OLS, which is the most restricted model. 
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Table 4.  Parameter Estimates—Semilog Model 

 Least Squares Spatial Lag Spatial Error Spatial Lag & Error 

Constant 4.33 0.000 1.57 0.063 4.93 0.000 1.64 0.452 

Price of coffee 0.08 0.571 0.03 0.865 0.05 0.758 0.03 0.864 

Price of rice 1.80 0.025 2.11 0.009 2.12 0.015 2.12 0.013 

Price of labor –1.15 0.000 –1.02 0.000 –0.95 0.001 –1.01 0.000 

Farm size 0.18 0.000 0.17 0.000 0.17 0.000 0.17 0.000 

Baseflow 0.69 0.000 0.63 0.000 0.75 0.000 0.64 0.000 

Irrigation Index 0.55 0.001 0.53 0.006 0.53 0.007 0.53 0.006 

Erosion –0.12 0.000 –0.11 0.000 –0.13 0.000 –0.11 0.000 

Family size 0.02 0.577 0.02 0.496 0.02 0.428 0.02 0.489 

Ratio of adults in 
family 

0.36 0.240 0.39 0.313 0.37 0.350 0.39 0.316 

Ratio of Ill in family –0.02 0.836 –0.04 0.646 –0.04 0.660 –0.04 0.642 

Average age 0.00 0.993 0.00 0.985 0.00 0.989 0.00 0.985 

Ratio of males in 
family 

–0.03 0.915 –0.05 0.832 –0.06 0.805 –0.06 0.829 

Rho   0.71 0.000   0.69 0.139 

Lambda     0.61 0.002 0.04 0.959 

Variance   0.68 0.000 0.69 0.000 0.68 0.000 

Adj. R2 0.15        

χ2 statistic (model) 91 < 0.000 104 < 0.000 99 < 0.000 104 < 0.000 

χ2 statistic (spatial 
parameters)a 

  12.73 <0.000 8.35 <0.000 12.73 <0.000 

Sample Size 470  470  470  470  

aThese spatial models are being compared to OLS, which is the most restricted model. 
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Table 5. Ecosystem Valuation:  Simulated Values for 10 and 25 Percent Increase in Baseflow 
and Soil 

 Linear Log-Linear Semi-Log 

 10% 25% 10% 25% 10% 25% 

OLS W/GIS 5.14 13.35 4.20 10.90 4.13 10.78 

Spatial Lag Model 5.33 13.78 2.13 5.59 4.26 11.07 

Spatial Error Model 6.94 18.11 3.01 7.93 5.35 14.00 

Spatial Lag/Error Model 5.75 14.91 2.53 6.65 4.34 11.29 
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Figure 1.  Study Area—Ruteng Park in Manggarai—Flores Island, Indonesia  
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Figure 2.  WTP for Ecosystem Service as Change in Area Under Demand Curve of a Weak 
Complement:  Agricultural Labor 

 
 
 
 


