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How Green Are These Valleys?  
Combining Revealed and Stated 
Preference Methods to Account for 
Ecosystem Costs of Deforestation 

Subhrendu K. Pattanayak♣ 

ABSTRACT 
The rising tide of worldwide deforestation is irreversibly and substantively 

impairing ecosystem functions, thereby endangering the flow of several socially 

valuable goods and services from standing forests.  Such seemingly irrational 

behavior arises, in part, from not considering the full costs of deforestation, 

particularly in terms of latent and complex ecosystem costs that are not well 

understood and rarely quantified.  In this paper, we account for one forest 

ecosystem service—drought conditions induced by deforestation by using author-

compiled survey data in the quasi-natural experimental setting of Flores, Indonesia.  

We apply two theoretically consistent economic valuation methods to estimate 

downstream drought costs of deforestation.  Spatial variation in current indices of 

drought are used to estimate the marginal value of forest induced droughts in terms 

of marginal profits for farming households in the affected watersheds.  Contingent 

valuation (CV) surveys complement such measures by measuring support for forest 

protection that mitigates droughts and by providing information on household 

perceptions of the size and value of drought mitigation by forest ecosystems.  

Because the profit and CV models utilize different types of information to explain 

essentially the same economic optimizing behavior, based on data from the same 

households, by using common variables, we exploit these commonalities by 

estimating a combined model with constraints.  Although we reject the restrictions 

across the combined profit and CV models, we achieve consistency across the two 

types of data by estimating a model that allows households to perceive different 

sizes of the ecological service.  In addition to methodological and policy 

conclusions, our results provide guidance for understanding the role of forest 

hydrology in the local economy and a benchmark for further research on estimating 

the magnitude of local ecosystem costs of deforestation. 
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1. LATENT ECOSYSTEM COSTS OF DEFORESTATION 
The rising tide of worldwide deforestation, at 15.5 million hectares annually, is irreversibly and 
substantively impairing ecosystem functions, thereby endangering the flow of socially valuable 
goods and services from standing forests.1  In part such seemingly irrational behavior arises from 
not considering the full costs of deforestation, particularly in terms of latent and complex 
ecosystem costs that are not well understood and rarely quantified (Panayotou, 1992; Sandler, 
1993).2  In this paper, we account for one forest ecosystem service—drought conditions induced 
by deforestation.  Using author-compiled survey data in the quasi-natural experimental setting of 
Flores, Indonesia, we apply two theoretically consistent economic valuation methods to estimate 
downstream drought costs of deforestation. 

Ecosystem valuation exercises of this type—be it estimation of preservation benefits or 
deforestation costs—are aptly described as the search for an integrative metric (Pritchard et al., 
2000) to show that natural systems are indisputably linked to human welfare and that nature is 
represented in the decision making process.  Consequently, valuation appeals to diverse 
constituencies ranging from free-market advocates who believe it will improve economic 
efficiency, to managers in search of integrative metrics to guide decision making, to 
environmentalists who believe that the standing of neglected natural resources will be enhanced 
by the recognition of their value (Carpenter and Turner, 2000).  Recent reviews show, however, 
that valuation studies have overlooked livelihood values of natural resources in developing 
countries, focusing largely on amenity values in developed countries (Deacon et al., 1998).  
Dasgupta’s (1996) contention that “rural poor are especially dependent” on their resource bases 
(and local ecosystem services) adds urgency to the need for careful accounting of the local 
ecosystem values.  Ecosystem valuation is complicated, however, by the fact that ecosystem 
services are quasi-public goods and externalities that are not usually well accounted for in market 
mechanisms (Arrow et al., 2000).  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.  If that link 
can be established, however, then the economist’s concept of derived demand can be applied 
(Freeman, 1996).  Freeman (1996) argues that products of natural ecosystem functions, e.g., ‘life 
support services’ such as downstream hydrological costs of upstream deforestation, have received 
inadequate attention from economists. 

The forested watersheds in the Ruteng area of Flores Island offer a natural experimental setting to 
study downstream ecosystem costs of deforestation.  In 1993 the government of Indonesia 
established Ruteng Park in the highest watersheds to officially protect against deforestation threats 

                                                
1Between 1990 and 1995, there was an estimated net loss of 56.3 million hectares of forests worldwide, representing a 

decrease of 65.1 million hectares in developing countries which was partly offset by an increase of 8.8 million 
hectares in the developed world (FAO, 1997). 

2This argument has moved beyond economics textbooks and seminars and is now widely accepted in the international 
policy circles.  See the report of the Interagency Partnership on Forests (1997), a consortium of United Nations 
agencies and world bodies whose concern range from forestry research to multilateral development aid.  
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and to initiate reforestation and land conservation.  Regional forest hydrology studies suggest that 
in many Ruteng watersheds, forests are net producers of baseflow, the non-episodic residual 
streamflow that is left over after rain has gone out of the hydrological system (Binnies and 
Partners, 1994; Intercooperation, 1996; Priyanto, 1997).  The forest hydrology literature posits 
that extensive tree cover helps maintain baseflow levels in areas with environmental 
characteristics similar to Ruteng, i.e., steep terrain, intense rainfall, and clayey and compacted 
soil (Bonell and Balek, 1993).  Therefore, increasing deforestation in the absence of Ruteng Park 
would create drought conditions for farming households living downstream from the protected 
area.  Because the primary economic role of baseflow is as a fixed input in agricultural 
production, we can use the spatial variation in baseflow to test for correlation with agricultural 
profitability.  Forest cover and the resulting ecosystem services vary across watersheds because 
they have been protected to different degrees since the Dutch rule. 

If markets for the critical commodities (labor and food) are complete, we can use survey data on 
farm production to estimate the marginal value of a unit of baseflow as the marginal profit.  Note, 
the marginal profit is an estimate of the marginal value of change in drought conditions, that can 
be used to estimate the cost of deforestation induced droughts or the benefits of conservation 
induced drought mitigation.  Increases in droughts (or decreases in baseflow) will impose cause 
losses in downstream agricultural profits.  Moreover, contingent valuation (CV) surveys can be 
used to understand local people’s demand for forest policies that prevent deforestation and 
mitigate local droughts.  That is, because the change in profit is a compensating variation 
measure, CV surveys can be used to directly question the agricultural households to elicit their 
willingness to pay for the drought control services.3  There is growing evidence that if carefully 
implemented, CV succeeds in uncovering nonmarket values even from rural households in 
developing countries (Shyamsundar and Kramer, 1996; Whittington, 1998; Carson, 2000).  These 
profit and WTP measures thus represent ‘revealed’ and ‘stated’ preference estimates of the value 
of drought conditions. 

Given the absence of market price data to validate non-market values for ecosystem conditions 
such as droughts, we follow the environmental economics literature in testing for convergent 
validity of the value estimates by combining valuation methods (Carson et al., 1996; Laughland et 
al., 1996).  Estimates of ecosystem values from revealed (profit) and stated (CV) methods are 
compared to assess the convergent validity and determine which of the methods produces the 
most defensible estimates of values.  The different methods do not necessarily capture all of the 
same values; nevertheless, it is instructive to see whether the differences are consistent with the 
underlying theory.  Beyond simple comparisons of the value estimates, revealed and stated 
preference data can be used to jointly estimate the parameters of the models and impose 
construct (or theoretical) validity as well as convergent validity.  By restricting the model 
parameters to represent the same underlying preference structure (utility function), one can 

                                                
3Lack of data on land prices rules out the use of either hedonic property models to value drought control. 
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improve the efficiency of the parameters and therefore WTP estimates (Cameron, 1992; Ben-Akiva 
and Morikawa, 1990).  Much of the combined modeling in environmental valuation has been 
concerned with estimating value of recreational amenities.4  Eom and Smith (1994) and Dickie 
and Gerking (1996), represent a small sampling of non-recreational studies that value health risk 
by combining data on actual and stated (or intended) behavior.  As in the case of the broad 
literature on valuation, there are no combined or joint models to value livelihood contributions of 
natural resources in developing countries.  In this study, we use CV data to complement the profit 
data in a joint model and evaluate our estimated values of droughts. 

The rest of this paper is structured along the following lines.  First, Section 2 uses an agricultural 
household model to lay the foundation of our empirical strategy.  The empirical model 
comprising of the profit function, the willingness to pay function, and the joint model are each 
described in Section 3.  Section 4 briefly describes our data on forest hydrology, farm budget, 
attitudes, and contingent valuation.  Results are presented in Section 5.  Finally, we conclude in 
Sections 6 and 7 with some methodological lessons and policy implications. 

2. CONCEPTUALIZING ECOSYSTEM BENEFITS:  
AGRICULTURAL HOUSEHOLD MODEL  

Household production theory is used to show that the value of the droughts can be measured by 
marginal profits, the money metric of marginal utility differential.5  Even though drought 
mitigation influences household well being through production activities, it is important to 
develop a comprehensive model that relates drought mitigation, farming profits, and utility of 
farming households because welfare measures are characterized within a utility maximization 
framework in neoclassical economics theory. 

Agricultural households maximize their utility, U, which is assumed to be a concave, continuous, 
twice-differentiable function of agricultural commodities, X, (e.g., cereal) and inputs, Y (e.g., 
leisure).  The function is conditioned by household characteristics, H.  Utility maximization is 
subject to four constraints.  A convex, continuous agricultural production function, F, assumes 
that baseflow (W), which represents the background drought condition of the farm, is a fixed 
input.  We can assume that W is a weak complement to other production inputs, V, or outputs, 
Q.  Weak complementarity implies that if the demand (supply) for a necessary V (Q) is zero, the 
demand for W is zero, and for positive levels of V (Q), the economic contribution of W is nonzero 
(Mäler, Gren, and Folke, 1994).  So for example if a farming household does not use any of its 
own or hired labor in agricultural production (a necessary V), it does not value for drought 
mitigation.  Biophysical and socioeconomic inputs, Z, also mediate the production technology.  

                                                
4See Adamowicz, Louviere, and Williams (1994); Englin and Cameron (1996); and Adamowicz et al. (1997). 
5See Singh et al. (1986) for summaries of the application of household production theory to agrarian activities in 

developing economies. 
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The input constraint implies that the sum of “own” input supply, V, and “own” input 
consumption, Y, cannot exceed the household input endowment, T, which is conditioned by 
household characteristics, H.  There is a typical cash constraint such that household expenditures 
on agricultural commodities and inputs are less than or equal to the sum of agricultural profits, , 
and exogenous income, E.  The general form of the household’s budget constraint combines a 
typical cash income constraint with the endowment constraint such that expenditures are equal to 
the sum of the monetary equivalent of the household input endowment, agricultural profits, and 
exogenous income; this sum is the “Beckerian” full income constraint (Strauss, 1986). 

Given the importance of the market environment in establishing a theoretically correct measure of 
value, two additional constraints, collectively termed “market environment constraints,” are 
imposed.  If a perfect market exists for the particular output or input, then the output or input can 
be freely traded and the market constraint is not binding (the Lagrangian multiplier is zero).  If the 
constraint is binding, the good or input to which it relates cannot be freely exchanged, thus 
restricting the household’s feasible choice set.  In the general expressions for the market 
constraints on the output and input, MQ and MV are market restriction parameters.  The exact 
nature of the market constraint determines whether there is an equality or inequality and the 
magnitude of the restriction parameter. 

The utility-maximization problem is described by the Lagrangian in equation [1].  

 Y]  (H) T + V  M[   + X] + Q  M[   +  ] ) Z W, V; (Q, [F     

 

X]  p  Y  p  E + V)  p Q  p( + (H) T p [  +  ) H Y; (X, U = _

 

 Maximize

VVQQ

QVVQV

 , V, Q, Y, X,

−−µ−µψ−

⋅−⋅−⋅−⋅⋅λ

µλ

 [1] 

In the dual characterization, let e* be the minimum expenditure required to attain U*, the 
optimum utility that is consistent with production and consumption choices represented by the 
first-order conditions for [1].  Now consider a different kind of expenditure function.  Let 

Y + (H) T  V = M and X,  Q = M 0, = (.) F *,U= U(.)  .t.s

 

V)  p  Q  p(  (H) T  p  X  p + Y  p    min  
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VQ

VQVQVV Q, Y, X,

*
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−−

⋅−⋅−⋅−⋅⋅
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 [2] 

This  is the minimum exogenous income, E, necessary to achieve utility level U*, given the 
production function, production technology, and virtual prices.   meets all the conditions that a 
regular expenditure function does, and  
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We can take the first derivative of this quasi-expenditure function with respect to baseflow to 
derive a utility-constant WTP measure as the change in exogenous income that will compensate 
for a change in baseflow, W.  Note, that the virtual prices, rather than the market prices, will be 
the relevant prices for the expenditure and profit functions.  

W
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Recognizing that the market constraint will introduce a non-zero shadow price when the 
constraint is binding, virtual prices is a sum of observed and shadow prices.  Therefore, as shown 
in Pattanayak and Kramer (2001), marginal profit can be decomposed into its constituent parts of 
observed and shadow prices, such that 

W
  +  
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 [5] 

When the market constraint is not binding ( Q = 0 = V), the marginal value of drought mitigation 
is equal to the marginal observed profit.6 The measure of value is in terms of a virtual profit; 
whether virtual profit is equal to or greater than observable profit depends on the market 
environment.  d  is an appropriate measure of the marginal WTP for drought mitigation as long as 
the household production and consumption decisions are separable, which occurs when 
production is independent of consumption even though consumption depends on production 
(Singh et al., 1986).   

Under separability, household characteristics, H, that influence consumption, do not affect 
production allocations Q and V.  Thus, an empirical test of separability is the statistical 
significance of H in estimated output supply and input demand functions or in the profit function.  
Statistical or economic insignificance of H coefficients is tantamount to insignificance of the 
shadow profit, implying that changes in observed profit are a theoretically correct measure of the 

                                                
6The empirical implication of a non-zero and unknown shadow price or mismeasured virtual price is that neither the 

original parameters (and the constraints they are supposed to satisfy) nor the equilibrium level of profit can be 
identified and, therefore, measurements of profits are problematic.  The “endogenous price” problem has been 
discussed in the literatures on nonlinear hedonic price functions and on estimation of demand for public goods from 
household production functions, both of which suggest that additional information on the household is necessary to 
identify structural equations or endogenous prices (Bockstael and McConnell, 1983).  Jacoby (1993) illustrates the 
estimation of shadow wages using socio-demographic characteristics of farming households. 
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value of drought mitigation.7  Scitovoszky (1943) was one of the first to recognize the importance 
of perfect markets in equating utility-profit maximizing choices for owner-firms.8  

Integration of the marginal profits over the range from baseline (‘with Park’= W0) to changed 
(‘without-Park’ = W1) baseflow generates the change in profits, i, that results from change in 
drought conditions, Wi. (Equation [6]).  

W d  =   =  WTP  :Value  Wi

W

W

ii

i1

i0

ππ∆ ∫   [6] 

This is equal to the change in area under the profit curve, or the area bounded by the input 
demand or output supply curve (Freeman and Harrington, 1990).  As shown subsequently, this 
change in profit is the amount households would be willing to pay to secure an increase in 
drought control services ceteris paribus. 

Figure 1 illustrates the valuation logic for a typical household who lives in the affected watersheds 
experiencing the drought mitigation service, or baseflow increase from W0 to W1.  The associated 
increase in utility from baseline levels, U1 � U0, measures the change in household welfare 
attributable to a drought mitigation and the WTP for drought mitigation is the exogenous income 
that can be taken away to leave the household at U0.  Because W affects utility only through the 
profit level and markets are perfect, 1 � 0 ( ) is a money metric of the welfare gains resulting 
from W, ceteris paribus.  The existence of perfect markets for key inputs and outputs 
(separability) is reflected by the separating hyperplane that ensures the equivalence of  and 
WTP.   

3. MODEL SPECIFICATION:  PROFITS AND WTP 
The normalized Quadratic, a second order flexible approximation of the profit function, is used to 
establish the relationship between baseflow and household agricultural production.  

εβββββπ 10iiw iZi
2

PiP0i  + W . P .  +Z . P .  + P .  . 0.5 + P .  +   =   [7] 

In Equation [7], annual household profits, i, are estimated as a function of baseflow, Wi, vector of 
output and input prices, Pi, and a vector of fixed inputs, Zi.  The subscript, i, refers to the 
household.  The associated forms of the output supply and input demand functions are derived by 
taking the first derivative of the Quadratic specification with respect to price (Hotelling’s Lemma).  
This implies cross-equation restrictions on all coefficients, i.e., coefficients on the baseflow-price 
interaction terms in the profit equation are equal to the coefficients on the baseflow term in the 

                                                
7Using a similar test, Pitt and Rosenzweig (1985) and Benjamin (1992) present evidence for perfect markets in agrarian 

communities of Java, Indonesia.  Such tests are similar in spirit to those employed to empirically test models of intra-
household behavior (Doss, 1996) and latent separability (Blundell and Robin, 2000). 

8This derivation draws on Thorton and Eakin (1992)’s excellent discussion of the role of complete markets and the 
formalization of Scitovoszky’s (1943-44) conditions for the equivalence of utility and profit maximization. 
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output supply (and input demand) equation.  The separability (complete market) assumption can 
be tested by studying the statistical significance of household compositional variables, Hi, in 
estimated output supply and input demand equations. 

As illustrated in Figure [1],  generated by drought control service measures compensating 
variation or WTP for this ecological service (Mäler, Gren, and Folke, 1994).  Therefore, in theory 
WTP for drought mitigation can be measured by directly questioning the agricultural households, 
using the CV method.  In practice however, because this service is a proposal in a CV question, 
household stated willingness to pay, WTPS, could diverge from  for at least two reasons.  
Laughland et al. (1996) build a convincing case for the role of empirical work in analyzing 
divergences between theoretical and observable measures of WTP. 

The first reason for the divergence is that household responses to the CV question depend on their 
perceptions of the service, W.9  A perceptions process posits that the perceived drought control 
service, W, is reflected in the household response to the CV question.  We contend that the 
WTPS amount reflects households combination of perceived value and perceived increase, i.e., 
perceived d  multiplied by W, they expect to receive.  A second reason for the divergence 
between theoretical and stated WTP is that households consider the context within which this 
contingent service is provided and take into account other commodities and conditions, not just 
drought mitigation.  An adjustment mechanism, , by which households either discount or mark-
up their perceived profit increase, S( ), is similar to “non-use” components of estimated WTP in 
many CV studies.  In part, the adjustment is due to the public dimension of drought mitigation, 
given that joint private-public features are inherent to most contingent goods evaluated in CV 
studies (Whittington, 1998).  In this case the discounting could be, for example, because the farm 
households are not familiar with drought mitigating options or local forest hydrology conditions.  
Similarly, an example of a reason for a mark-up is the public good nature of an ecological service 
that benefits the entire community.  Thus, households adjust their WTPS by  depending on the 
environmental conditions, R, and demographic attributes and opinions, H. 

In Equation [8] we propose a linear adjustment as a first approximation of a general WTPS 
function 

] H R, W,  Z, P, [ WTP   =  H) (R,   +  W]  Z, P, [    =   WTP SSS θρθπ∆  [8] 

Thus, a household would be willing to pay no more than S( ) +  for this service.  Whittington 
(1998) cautions against the cavalier use and interpretation of stated preference values that are not 
bounded by respondents’ ability to pay since disposable incomes are typically low in developing 
countries.  By virtue of its derivation from and dependence on agricultural profits, the WTPS 
measure in Equation [8] reflects “ability” to pay not just “willingness” to pay. 

                                                
9Using similar logic, Choe, Whittington, and Lauria (1996) reason that the difference between WTP from CV data and 

from travel cost data is partly because CV responses are based on perceived water quality, which is different from 
actual water quality (from travel cost data). 
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Using the normalized quadratic profit function, we can specify WTPS as 

θ⋅ββε⋅⋅⋅⋅β

ε⋅⋅π∆

  =   where        +  R  a  +  H  a  +  a + W  P   =     

 

  +  R  a  +  H  a  +  a +   =  WTP

Wn
*
Wnirih0ii

*
W

irih0SiSi

 [9] 

This specification of the WTPS function simultaneously maintains consistency with the profit 
function and with standard CV models (Cameron and James, 1987; Hanemann et al., 1991) in 
that it includes a variety of demographic, behavioral and environmental variables.  

This study uses dichotomous choice CV questions that asked Manggarai households if they would 
be willing to pay proposed annual fees for drought mitigation services provided by Ruteng Park.  
In this format, the household would agree to pay an annual fee, Bi, if WTPSi exceeds Bi.  Even 
though the household response is a binary variable, the variation in the proposed annual fees (Bi) 
allows direct estimation of WTPSi as a function of Pni, Zi, Ri, Hi and W0i by using a “censored 
regression” approach (Cameron and James, 1987).  Equation [10] models household response to 
the contingent valuation question, where Ji = Yes if household agrees to pay Bi.   

B  >  ] )H ,R(   +  ]W  ,Z ,P [    =   WTPiff Yes = J ihiiDiPiiSwii ρθπ∆   [10] 

Combining Profit and CV Data 

Until this stage in the paper, the models of farm profit and stated willingness to pay have been 
developed separately around two kinds of data, farm production (revealed) and CV responses 
(stated).  However, the two models utilize different types of information to explain the same 
economic optimizing behavior, based on data from the same households, by using common 
variables.  These commonalities can be exploited to build a constrained joint model with 
potential statistical gains from stacking the equations.  In addition to the imposed theoretical 
consistency across the two data sources, the benefits of joint estimation are (a) reduced bias 
through inclusion of additional variables from RP data, balancing the hypothetical nature of SP 
choices, (b) efficiency through exploitation of the correlation of the two data sets, (c) efficiency for 
small data sets, and (d) gains in identification of the scale parameter (in discrete choice models) 
and any other variables that have little variation in the RP data alone.10 

Joint estimation requires (1) restrictions on the coefficients of variables that are common to both 
models such that the coefficients are equal to each other, and (2) compatibility of functional forms 
across the two models.  The log-likelihood for combining the two models in a theoretically 
consistent manner is given in Equation [11].  

                                                
10Cameron (1992), and Eom and Smith (1994) are examples of studies that combine revealed and stated preference data 

within a common and consistent framework.  Kling (1997) offers caveats and identifies cases where joint 
estimation may be problematic. 
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The first two terms on the right hand side of Equation [12] refer to the willingness to pay function, 
the third term refers to the profit function, and the fourth term (a sum of m terms for m inputs and 
outputs) refer to the output supply and input demand functions.  Thus, the coefficients on the Pi, 
Zi, and Wi variables in the likelihood functions of the profit and WTP models would be 
constrained to equal each other.11  The log-likelihood for the WTP part follows Cameron and 
James (1987), but modifies the WTPSi structure to include  and i.  Note, for the Quadratic 
specification, the likelihood function is non-linear in the parameters,  (updating factor), and the 
baseflow coefficients, W, with these appearing as a product.  The variability in the offered WTP 
allows the identification of  (the standard deviation of the error term in the WTP equation).  In 
addition, we can identify household specific perception or updating factor, i, by combining the 
two kinds of data. 

The imposed convergence of stated and revealed preference measures can be evaluated by (a) 
comparing distributions of profit and stated WTP, and (b) testing the equality of parameters that 
are common to profits and WTP functions in the system of estimated equations.  Expected signs 
and significance of estimated parameters provide evaluation criteria for construct validity.  In 
cases where we can only impute marginal profits, joint models of revealed profits and stated WTP 
data allow us to calibrate measures of non-marginal profits and evaluate convergence validity. 

4. DATA COLLECTION AND SUMMARY DESCRIPTION OF 
STUDY AREA 

The models are based on two kinds of data:  secondary environmental statistics that describe the 
hydrological situation in the study area and household survey information on the microeconomic 
of farm production and consumption in Ruteng.  In addition, socio-economic data at different 
levels of aggregation (sub-district, district, province) were collected from the various statistical 
bureaus as well as from local consultant reports. 

The hydrological analysis is based on secondary data derived from:  (1) hydrological models from 
the regional soil and water conservation departments that supplied information on 

                                                
11This approach assumes that the errors in the five equations (WTP, profit, inputs and outputs) are not correlated.  The 

issue could be resolved by estimating an additional error correlation parameter in the statistical model.  Given the 
other more fundamental challenges of this study, the task of specifying a multinomial distribution (of five variables) is 
not pursued further. 
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evapotranspiration, interception, stormflow, and ground water recharge, (2) precipitation records 
from the regional meteorological department, and (3) topographic, vegetation, and soils data from 
the national ministries of public works and agriculture.  Priyanto (1997) used a water balance 
model to derive baseflow volumes for thirty seven sub-watersheds (j) in the buffer zone of the 
park.  Process based hydrological models were used to simulate the evapotranspiration (Etjk), 
interception (Injk), stormflow (Sfjk), and ground water recharge (Gwjk) that correspond to current 
land use, k.  These simulations are combined with precipitation (Pptj) records in Equation [12] to 
calculate the annual baseflow volume (WDjk), simply referred to as ‘baseflow’.  

) Gw + Sf + In + Et(  Ppt  =  W jkjkjkjkjDjk −   [12] 

At the hydrological scale in this study, the type of land use and vegetation cover affects all 
components of the water balance model except for precipitation.  This water balance model was 
used to calculate baseflow in each of the thirty seven sub-watersheds.  Cross-sectional variation in 
current baseflow is sufficient to econometrically establish the profitability effect of droughts 
because current baseflow is the indicator of drought conditions. 

The household data are drawn from a socio-economic survey conducted in the Manggarai district 
in 1996 as part of a larger project on the economic analysis of protected areas.12  Because the 
hydrological effects of the park are likely to dissipate over geographical distance, the study area 
was restricted to the forty eight village clusters (desas) in the buffer zone of Ruteng Park that are 
contiguous to the protected area.  Of the 13,700 farming households in the buffer zone, five-
hundred were chosen on the basis of stratified random sampling in which the weights reflected 
the population density of the desas.  The survey was administered by sixteen Indonesian 
undergraduate agronomy students who spoke the Manggarai dialect.  The interviewers received 
three days of training.  The nineteen page survey, translated into Indonesian, was comprised of 
five sections:  demographic characteristics, biophysical profile of farm land, farm production 
budget, labor and financial allocations, and contingent valuation.   

The CV questions were developed with feedback from focus groups and pre-tests in several 
Manggarai households.  The payment vehicle in the CV instrument was a fee to be collected by 
park officials for preventing deforestation and promoting reforestation, and thereby mitigating 
droughts.  All households in the sample were asked if they would be willing to pay an annual 
monetary amount for proposed supply of drought mitigation.  Six fee amounts were chosen from a 
distribution of values recovered from the focus groups and pre-tests.   

Based on summary statistics reported in Table [1], that are drawn from household survey and a 
secondary source (Priyanto (1997), the buffer zone of Ruteng Park is described below in terms of 
the typical or average household.  The average Manggarai household has little education and 
wealth.  They exhibit a heavy reliance on agriculture, primarily growing coffee, rice and cassava, 
and keeping chicken and pigs.  The statistics on both hiring-in and hiring-out labor indicate that 

                                                
12Kramer et al. (1997) describe the larger project and the data collection procedures. 
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the labor markets in Manggarai region are important.13  Fertilizers and insecticides are the other 
important inputs.  Typically, the Manggarai farm small, steep, and unirrigated parcels of land that 
has primarily volcanic soil.  The average household is not aware of Ruteng Park and its activities, 
and believes that farming is not very productive.  While the Manggarai region receives on the 
average 2500 millimeters of rainfall annually, the fact that only about forty percent stays in the 
system as baseflow indicates that many sub-watersheds are likely to frequently experience 
drought situations especially during the dry season. 

Model specifications for the profit and WTP functions are summarized next.  Annual agricultural 
profits, i, is the dependent variable in the profit model and is calculated as total revenue less total 
variable costs.  The independent variables are prices, fixed inputs and recursivity test variables.  
The set of prices, Pi, include two chief outputs—coffee and rice, and one primary input—labor.  
Fixed inputs, ZPi, are grouped into two sets:  (1) conventional private quasi-fixed inputs—amount 
of farm land and extent of private irrigation, and (2) bio-physical fixed inputs—baseflow and slope 
of land (measured on a 4-point Likert scale).  In addition, three ‘consumption side’ household 
variables (Hi), an illness index, a count of adults, and annual expenditure on food, are included to 
test for the completeness of markets as introduced in Section 2 in the description of the empirical 
profit function.  If these three variables are statistically unrelated to profits, it suggests that 
production decisions are made independent of consumption decisions because the labor and the 
food market are complete and hired labor and purchased food can be substituted for family labor 
and own production.  Quantities of coffee, rice and labor are the dependent variables in the 
output supply and input demand functions.  The prices, fixed inputs and household variables 
constitute the independent variables. 

In the WTP function, the dependent variable is the binary response (Yes=1 or No=0) to a CV 
question on households’ willingness to pay a proposed annual fee for drought control service.  In 
addition to the three prices and baseflow described above, the willingness to pay function 
includes the updating factor, i, and adjustment, i.  Socio-economic attributes, Hi, and 
environmental conditions, Ri, comprise the adjustment mechanism, i.  Environmental conditions 
include the annual rainfall and the extent of primary forest cover in their watershed.  Socio-
economic characteristics include household average education level, a count of consumer 
durables (approximating wealth) and percent of land farmed in cassava as a proxy for drought 
coping.  The opinions affecting i include three binary responses (1 = yes; 0 = no) to questions 
that (a) it is possible to control droughts through the purchase of irrigation, (b) they are familiar 
with park management activities, and (c) droughts have increased over the past ten years. 

                                                
1358% of all households sampled reported hiring-out labor, whereas 31% reported hiring-in labor.  At the village level, 

for a hundred percent of the villages sampled, at least one household was hiring-out labor, and in 87% of the villages 
at least one household was hiring-in labor.   
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5. MAXIMUM LIKELIHOOD ESTIMATES OF PROFIT AND WTP 
FUNCTIONS 

We estimate the Quadratic WTP-Profit system with maximum likelihood procedures.  Estimates 
for the coffee, rice, and labor function are reported in Table 2, whereas estimates for the 
Quadratic profit and WTP functions are reported in Tables 3 and 4.  The Likelihood Ratio statistic 
for the constraints on the coefficients of the baseflow variables in the WTP-profit system is a non-
central 2(3) of 294.  This suggests that the restrictions across the two components of the joint 
model should be rejected at a 95% confidence level.14  However, by combining information from 
the two sources, we obtain two important results.  First, we improve the statistical significance of 
some of the coefficients, notably of the baseflow variables.  Second, we identify the determinants 
of household’s perception of the environmental service, that is elements that constitute the θ 
vector.  Thus, the discussion here is limited to the conceptually correct restricted system, 
acknowledging that the exclusive attention to these coefficients implies an efficiency versus bias 
tradeoff. 

The profit, coffee, rice and labor functions are estimated as a system with cross-equation 
parameter restrictions on all variables.  For example, the coefficient on coffee price in profit 
equation is equal to the constant in the coffee supply equation.  The profit and prices are 
normalized with respect to the price of fertilizer, and the fertilizer demand equation is dropped to 
ensure linear independence of the equations.  Before turning to these equations, note that we do 
not report the results of the separability test here.  However, we find that all variables are 
individually and statistically insignificant, therefore, legitimizing the complete market assumption.  
(See Pattanayak and Kramer [2001] for complete description and details on this test). 

The own price coefficients in the profit system show that profits are increasing in output prices 
and decreasing in input prices.  The associated price elasticities, calculated at the means, are 
equal to 0.09 for coffee, 0.55 for rice, and -0.76 for labor.  The cross-price elasticity of coffee and 
rice with respect to labor also have the expected negative sign.  Coefficients on farm size and 
irrigation show that profits are positively related to larger farms, and understandably irrigation has 
a greater effect on the water-intensive output, rice.  Steep slopes are negatively correlated with 
rice supply.  The elasticity of labor demand with respect to the four fixed inputs are 0.21, 0.14, 
0.07 and 0.19 for farm size, baseflow, irrigation and slope respectively.  The fact that all 
elasticities are between 0 and 1 is indicative of substitution possibilities between labor and fixed 
inputs, and the essentiality of labor input in agricultural production.  Critically, the baseflow 
variable has a positive and significant coefficient in both the coffee and rice supply equations, 
lending support to the central hypothesis that drought control services make positive contributions 
to agricultural profits, in this case through increased production of the chief crops, coffee and 

                                                
14To evaluate this restriction two steps are necessary:  (a) conversion of a non-central 2 statistic to non-central F statistic 

since asymptotically J*F has a 2 distribution, where J is the number of restrictions, and (b) evaluation of the non-
central F statistic by making degrees of freedom adjustments to the critical values from the central F distribution in 
order to approximate the non-central distribution.  Both procedures are described in Greene (1997:  341, 406-407).  
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rice.  Based on the coefficients for the estimated profit equation in Table [3], for the ‘typical 
household’ the estimated elasticity of profit with respect to baseflow is 1.14.  The marginal annual 
profit is $0.39 per mm of baseflow.15 

The estimates of the Quadratic WTP function are reported in Table [4].  The Likelihood Ratio 
statistics of 62 (10) measures overall ‘goodness of fit’.  The expected signs of the coefficients on all 
statistically significant variables lend credibility to this model.  Such validity is an important 
benchmark given the criticisms of the CV method (Portney, 1994).  Households expecting 
increases in profits through rice and coffee are willing to pay more.  Given that rice is the water 
demanding crop, it is not surprising that respondents are willing to pay substantially larger 
amounts for rice induced profits, as seen by the relative size of the rice and coffee coefficients.  
Based on the estimated coefficients from the WTP function, the mean annual willingness to pay is 
$3.9.  The coefficients in Table [4] can also be used to subtract out the adjustment, i, and 
calculate a pure profit based WTP of $6.4, which is derived exclusively from the baseflow 
contributions to profit.  The implied negative adjustment of -$2.5 for the typical household 
indicates that the negative influences outweighed the positive adjustments. 

By construction, the model allows us to decompose the adjustment factor and uncover the 
influence of various environmental and socio-economic characteristics.  The coefficient on forest 
cover (though significant only at 87%) indicates that households living in watersheds with higher 
levels of forest cover may feel that there is no need for forest protection because they are not 
exposed to droughts.  As a result of this indirect ‘scope’ effect, households discount any perceived 
drought benefits of forest protection and are willing to pay less.  The coefficient on cassava 
variable (though significant only at 82%) indicates that those who plant cassava are willing to pay 
more.  Because cassava is a hardy crop that is often grown as a drought-coping strategy in drier 
regions, these households are more sympathetic to drought combating efforts.  We find that more 
educated households may have a better understanding of the implications of forest protection for 
water supplies, and therefore mark-up their perceived benefits.  Finally, the coefficient on the 
wealth index indicates that wealthier households are willing to pay more, perhaps because the 
environmental conservation is a normal good. 

The main informational gains from joint modeling lies in the ability to identify the updating or 
perception factor, θ, and we test for the influence of perceptions by including dummy variables 
that record household responses to questions regarding environmental services.  We find that 
households who believed in the possibility of mitigating drought conditions through investments 
such as irrigation expected larger sized watershed services.  A similar response was seen amongst 
households who were familiar with the park management.  Both these are credible correlates of 
the size of the expected watershed service. 

                                                
15The typical household is characterized by the sample mean value of all the regressors in the statistical model. 
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6. DISCUSSION OF METHODS 
We combine hydrological modeling with micro-econometrics to estimate downstream drought 
costs of deforestation in the Ruteng region of Flores, Indonesia.  By exploiting the spatial variation 
in the current baseflow, production economics theory is applied to estimate a technical measure 
of drought impacts in terms of marginal profits accruing to agricultural households in the affected 
watersheds.  Moreover, contingent valuation (CV) surveys complement such measures by 
providing information on household perceptions of the size and value of drought mitigation by 
forest ecosystem services.  CV surveys also allow us to measure support for forest protection 
policies that mitigate local drought conditions.  The positive estimates of mean marginal profits 
and profit elasticities validate the hypothesis that watershed protection activities that increase 
baseflow make positive contributions to agricultural profits.  The estimated WTP value indicates 
that the potential beneficiaries do demand the drought control service, even though socio-
economic and environmental conditions influence them to discount the environmental 
conservation package. 

A key benefit of valuation through joint estimation is that it allows us to use the estimated 
parameters for the perception variables and calculate the perception factor.  For the typical 
household we calculate the expected watershed service to be equal to 1.6% increase in baseflow.  
This perception is not at odds with the debate among tropical forest hydrologists (Bonell and 
Balek, 1993).  Given that there is uncertainty regarding the magnitude and spread of drought 
mitigation from forest protection, small-sized drought mitigation is credible (Bruijnzeel, 1990).  
This compatibility of household perceptions with the hydrological assessments of the size of 
watershed protection offers evidence of content validity of the CV survey. 

The strength of this argument is qualified by the statistical rejection of the restriction across the 
profit and CV models.  That is, on purely on statistical grounds, the two data sets are somewhat 
incompatible.  One explanation for this incompatibility is a divergence between technical 
(marginal profits) and perceived values (stated WTP) of the natures services, which would suggest 
that the two methods are recovering values of correlated but different commodities.  Divergences 
of this nature are not uncommon in the environmental valuation literature.  The joint model does, 
however, generate some signals and not all noise if we consider another way of evaluating the 
consistency accomplished by jointly estimating the profit and WTP models.  We can statistically 
correlate the calculated values from the two models.  That is, we can correlate household specific 
calculations of WTP (from CV part) with (a) the marginal values (from the Profit part) and (b) the 
product of the marginal value and perception factor (from the joint part).  These correlations are 
statistically significant and equal to 0.37, between the marginal profit and WTP, and 0.89, 
between WTP and the product of marginal profit and perception factor.  The correlation estimates 
are robust to the use of non-parametric measure such as the Spearman rank correlation.  Clearly, 
by estimating a model that allows households to perceive different sizes of the ecological service, 
these results show that we achieve consistency across the two types of data.   
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7. THE GREENESS OF THESE VALLEYS:  SOME POLICY 
INFORMATION 

So what do these estimates imply about the economic contribution of watershed services, as 
measured by baseflow.  The estimated marginal profitability of $0.4 provides a credible 
approximation of the economic contribution of drought control service to agricultural profitability 
in Manggarai.  The estimated WTP of $3.9 offers evidence of local demand for ecosystem services 
from forest protection.  These claims rest on the fact that the values are derived from various 
estimated parameters that are economically meaningful and statistically significant.  Moreover, 
the joint estimation allows us to use the estimated parameters for the perception variables and 
calculate local perceptions of watershed services.  The typical household expects a 1.6% increase 
in baseflow from Ruteng Park.   

The estimates generate the following kinds of policy signals regarding the forest ecosystem costs 
of deforestation.  The marginal profit of $0.4 suggests that a 10% increase in deforestation 
induced droughts could decrease annual agricultural profit for each household by $40.  Using the 
estimated profit elasticity of 1.14, we see that a 10% increase in droughts due to deforestation 
could decrease current annual agricultural profits by as much as a 11%.  A comparison of the 
baseflow elasticity of 1.14 with an estimated irrigation elasticity of 0.16, suggests that some of the 
funds allocated to irrigation projects may be profitably diverted to natural irrigation effects of 
watershed protection. 

Continuing to build on the results of the profit analysis, assuming a representative sample, a 10 % 
decrease in baseflow is worth $546000 annually to just the 13650 households in the buffer zone 
of the park.  To the extent that the hydrological service extends further downstream, this is an 
under-estimate of the overall annual cost of deforestation induced droughts on Flores Island.  
While it is not our purpose to conduct a comprehensive cost-benefit analysis, the estimates of 
annual minimum costs ($40) of deforestation reported above can be compared with watershed re-
greening costs, computed as an average annual amount of $5 – $13 per household.16  This type of 
cost comparison could help policy makers to judge the overall worthiness of reforestation 
investments in Ruteng Park.  To the extent that the hydrological service extends further 
downstream to counties not included in this study, the results reported above understate the 
overall worth of preventing deforestation on Flores Island. 

Based on the WTP model results, the per household willingness to pay amount of $3.9 serves as 
evidence of local demand for watershed services from policies to prevent deforestation.  To place 
this value in context, it is 13% of average annual expenditures for agricultural production.17  
                                                
16This number is computed by multiplying an estimate of annual per hectare re-greening cost (available from Binnies 

and Partners, 1994) with the planned hectares of reforestation, and dividing the product by the number of 
households in the study area.  These average costs do not reflect any differences attributed to terrain and pre-existing 
forest conditions.  Thus, we consider such cost-benefit comparisons to be illustrative. 

17It is also 92% of annual irrigation related expenditures.  These percentages are based on data from the household 
survey which show that average annual agricultural costs (hired labor, fertilizer, seeds, insecticides, irrigation, and 
tools) are $30.5 and, annual irrigation expenses are $4.25.  
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Moreover, non-commercial users of water on Flores Island currently pay an average annual fee of 
$24 for consumption of 190 cubic meters of water (Binnies and Partners, 1994).  In the spirit of 
recent environmental financing initiatives sponsored by the World Bank (Pagiola, 2000), the WTP 
information suggests two uses for the watershed managers.  First, given that some farmers are both 
familiar with water fees, and willing to pay as much as 13% of their current outlay for agricultural 
inputs, managers may succeed in collecting annual fees for watershed protection activities.  
Toward this end, managers should focus collection efforts on households who have high WTP, 
i.e., farmers who grow rice, are educated and wealthy, grow cassava, and live in watersheds with 
less forest cover.  However, such a revenue collection venture may be inequitable and politically 
difficult because disposable incomes are low in this region.  To the extent that the aggregate WTP 
amount of $53250 (evaluated at the mean WTP of $3.9) is a referendum of support for watershed 
management, it still may provide politically valuable information.  Proof of an aggregate WTP 
amount of $53250 may enable watershed managers to obtain larger shares of the public 
expenditure budget on the grounds that watershed management activities generate locally 
desirable and valuable drought services. 

Deforestation can impair the flow of several ecosystem services, but the magnitude of such losses 
is unknown typically.  This study applies two theoretically consistent methods to account for a 
forest ecosystem service—deforestation induced droughts in a quasi-natural experimental setting 
in Ruteng, Indonesia and.  Based on the econometric performance of the estimated profit and CV 
models, we find that deforestation induced ‘droughts’ can hurt the livelihoods of local people 
who express support forest protection policies that generate drought mitigation.  Because our 
economic data, forest hydrology links, and household opinions are imprecise, we do not, 
however, recommend using the model estimates to predict precise ecosystem costs of 
deforestation in terms of loss in ecosystem services.  Our results are better used, perhaps, to 
understand the role of forests in the local economy—that is, the links between forest ecosystem 
services and farming systems and awareness and appreciation of local external effects of forest 
policies.  The results can also serve as a benchmark for further research on the magnitude of 
deforestation costs.  We reiterate that our assessment constitutes only one element in the 
calculation of the deforestation costs because we do not have the data to evaluate other 
ecosystem costs such as loss in biodiversity, microclimate regulation, and carbon sequestration.  
Given interactions among ecosystem functions, future research must seek opportunities to 
carefully account for direct and indirect ecosystem costs of deforestation within an integrated 
framework.  Ultimately, such ‘green accounting’ exercises make a persuasive case for greener 
development paths. 
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Table 1.  Summary Description of Ruteng Park Buffer Zone (Flores, Indonesia) 

Variable Mean Std. Dev. 

Average Education of Household (years) 6.00 1.89 

Average Farming Experience (years) 15.1 12.4 

Illness Index (average count) 1.01 0.62 

Number of Adults 3.42 1.52 

Wealth Index (number of consumer durables) 0.82 1.28 

Electricity (1=available, 0=not available) 0.14 0.35 

Expenditure on Food (million rupiahs) 0.31 0.41 

Annual Agricultural Profits (million rupiahs) 0.74 1.10 

% of Annual Income from Agriculture 85 29  

Annual Production of Coffee (kilograms) 120.5 137.2 

Annual Production of Rice (kilograms) 431.9 431.1 

Annual Production of Cassava (kilograms) 174.3 327.0 

Number of Pigs Owned 1.7 0.9 

Number of Chickens Owned 5.5 4.5 

Labor Hired Out (days) 56.0 91.6 

Labor Hired In (days) 21.4 14.5 

Fertilizer (kilograms) 38.7 54.7 

Fuelwood (cubic meters) 0.07 0.05 

Farm Size (hectares) 1.27 1.1 

% Farm with Contour Farming 32 38 

% Farm with Irrigation 14 25 

% Farm with Slope facing North 23 35 

% Farm with Volcanic Soil 32 39 

Steepness of the Farm (Likert Scale:  1- 4) 2.25 1.00 

Annual Baseflow (meters) 1.02 0.16 

Annual Rainfall (meters) 2.50 0.33 

Dry Season (months) 4 (May-Aug) 1  

% Purchase of irrigation can mitigate drought?  81 39 

% Droughts have increased over last 10 years? 46 50 

% Heard of the park? 34 47 

% Farming is sufficiently productive? 10 31 

Sample Size (N) 494  
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Table 2.  MLE of Output Supply and Input Demand Functions 

 Variable � P-Value 

Coffee    

Pn  Coffee Price –3.45 0.29 

 Rice Price 160.57 0.00 

 Labor Price –5.29 0.15 

ZP Farm Size 81.42 0.00 

 Level of Annual Baseflow 161.02 0.00 

 % Farm with Irrigation 26.49 0.30 

 Steepness of Farm Land 2.43 0.78 

 Constant –148.01 0.09 

Rice    

Pn  Coffee Price 160.57 0.00 

 Rice Price 388.70 0.02 

 Labor Price –75.39 0.00 

ZP Farm Size 320.28 0.00 

 Level of Annual Baseflow  643.14 0.01 

 % Farm with Irrigation 1262.60 0.00 

 Steepness of Farm Land –95.64 0.07 

 Constant –657.96 0.05 

Labor    

Pn  Coffee Price –5.29 0.15 

 Rice Price –75.39 0.00 

 Labor Price 13.96 0.00 

ZP Farm Size –17.59 0.00 

 Level of Annual Baseflow –10.39 0.76 

 % Farm with Irrigation –43.24 0.04 

 Steepness of Farm Land –9.87 0.02 

 Constant –59.85 0.14 

†† The coefficients in the labor equation are the negative of coefficients of corresponding variables in the profit equation.   
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Table 3.  MLE of Normalized Quadratic Profit Function 

Variable � P-Value 

Coffee Price –148.01 0.090 

Rice Price –657.96 0.050 

Labor Price –59.85 0.140 

Coffee Price2 –3.45 0.290 

Rice Price2 388.7 0.020 

Labor Price2 13.96 0.000 

Coffee Price * Rice Price 160.57 0.002 

Coffee Price * Labor Price –5.29 0.150 

Rice Price * Labor Price –75.39 0.002 

Coffee Price * Farm Size 81.42 0.000 

Coffee Price * Baseflow 161.02 0.000 

Coffee Price * Irrigation 26.49 0.300 

Coffee Price * Slope 2.43 0.780 

Rice Price * Farm Size 320.28 0.000 

Rice Price * Baseflow 643.14 0.006 

Rice Price * Irrigation 1262.6 0.000 

Rice Price * Slope –95.64 0.070 

Labor Price * Farm Size –17.59 0.000 

Labor Price * Baseflow –10.39 0.760 

Labor Price * Irrigation –43.24 0.040 

Labor Price * Slope –9.87 0.020 

Constant 14.98 0.99 
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Table 4.  ML Estimates of WTP Function ~ N( µ, �2) 

Variable � P-Val 

��:  Perceived Profit Change   

Baseflow*Coffee Price 161.02 0.000 

Baseflow*Rice Price 643.14 0.006 

Baseflow*Labor Price –10.37 0.760 

�:  Updating   

Can Purchased Irrigation Mitigate Drought?  0.009 0.050 

Have Droughts Increased? 0.001 0.320 

Heard of the Park? 0.006 0.080 

Constant 0.007 0.300 

�:  Adjustment Function   

Amount of Annual Rainfall –9.11 0.440 

Primary Forest Cover in Watershed –8.06 0.130 

Plant Cassava? 9.36 0.180 

Average Education of Household Members 17.66 0.003 

Wealth Index 7.64 0.010 

Constant –29.82 0.360 

   

N 483  

Non-central χ2 (3) 294 0 
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Figure 1.  Value of Drought Mitigation to Representative Household18 

 

 

                                                
18Q is the numeraire such that PQ = 1 and Pv������ are normalized by PQ. 

Q, X (Composite Agricultural Commodity) e 1 (PV, U1)

U 1 (Y1, X1) Q1 (V1, W1)

e 0 (PV, U0)

U 0 (Y0, X0)

Q0 (V0, W0)

�1 (W1, PV)

�0 (W0, PV)

V (Labor)

Y (Home Time)
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APPENDIX.  DERIVATION OF THE SEPARABILITY TEST 
Because virtual prices, P*, equilibrate the supply and demand sectors of the household such that 
V* = MV + T(H) – Y*(., H), PV* is a function of household characteristics, H, by virtue of being the 
sum of the exogenous market price and the ‘endogenous’ shadow price, which is a function, 
g(H, .). 
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By similar logic 
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Shadow prices, g(H, .) and h(H, .), imply that profits, output supply and input demand will be a 
function of H, a set of >consumption side= characteristics that would not belong typically in the 
argument of a neoclassical profit function if allocations were separable and markets were perfect.  
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