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Abstract

Few empirical studies have rigorously analyzed the downstream economic benefits of watershed protection to generate eco-
nomic values of watershed services. By developing a conceptual framework and using household level economic and environ-
mental data to illustrate its empirical tractability, this paper addresses the neglected, but critical, question of the importance of
watershed services to farming communities in southeast Asia. A case study from Flores, Indonesia provides evidence of a sub-
stantive, quantified economic benefit of watershed service based on a fixed-effects regression model of water collection costs.
The paper also offers lessons for researchers at all stages of data collection and analysis and a research agenda for enhancing o
toolkit for policy analysis. This discussion of conceptual, empirical and methodological issues collectively suggests that ecosys-
tem valuation can provide critical input into the design and evaluation of conservation and development policies in the tropics.
© 2004 Elsevier B.V. All rights reserved.

Keywords:Economic-ecological modeling; Watershed protection; Drought mitigation; Valuation; Collection costs; Tropical deforestation;
Indonesian national parks; Southeast Asia

1. Introduction of socially useful goods and services from stand-
ing forests. Watershed services such as mitigation
“The problem of analysis and management of water- of floods, droughts, and soil erosion by protected
sheds is fundamentally one of mixed impacts, mixed tropical forests are examples of unpriced and under-
institutional jurisdictions, mixed signals as to what are valued ‘life support services’ resulting from natural
costs and benefits. The economist examines the eco- ecosystem functions=(eeman, 1996that can serve
nomic implications of alternatives, calculates the costs as beneficial inputs to economic livelihoods in the
and benefits of each. [and thus] helps in the policy  tropics Dixon, 1997; Dasgupta, 201
maker’s search for effective, efficient and equitable  Public protection of tropical forest watersheds is
solutions to land and water resources management” necessary because the market mechanism cannot pro-
(Dixon, 1997 p. 353). vide optimal levels of watershed services. Watershed
Economists contend that unreliable information re- services will not be traded in the market for several
garding the value of services from tropical forests can reasons. Theiquasipublic goodfeature implies that
partly cause the rapid disappearance of the world’s it is difficult, if not impossible, to exclude an indi-
natural forest cover and therefore endanger the flow vidual from using watershed services (e.g. drought
control), and several individuals can use the services
% Tel.: +1-919-541-7355; fax:-1-919-541-6683. simultaneously without diminishing each other’s use
E-mail addresssubrendu@rti.org (S.K. Pattanayak). values. Theirexternalityfeature means that the effect
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on economic profit and utility of users of these ser- 1.1.1. Erosion control
vices (e.g. soil conservation) will not necessarily en-  The presence of a well developed understory or litter
ter the decision calculus of the supplier of the ser- layer, typically found under forests, minimizes surface
vices. Typically, these services are characterized by erosion. Further, in the case of forested hillslopes, the
economies of scale in production and consumption, greater slope stability imparted by the root network
and by transaction costs in the form of incomplete of well developed trees reduce the number of shallow
information about the nature and magnitude of their mass movements.
value.

The level of public support for watershed protec- 1.1.2. Enhanced soil quality
tion depends on the net benefits of providing these ser- The forest canopy and the litter layer protect the
vices. Recent reviews of surveys of valuation studies soil from the damaging influence of solar radiation
reveal, however, that economic benefits of protected and rainfall. As a result forest soils usually have very
watersheds are rarely quantifigggorgiou etal., 1997;  open structure and higher concentrations of organic
Dixon, 1997. This paper attempts to unravel what matter and faunal activity, thereby improving access
Dixon describes as the ‘mixed impacts and mixed to nutrients and water in the deeper soil profile for
signals’ of watershed management by (a) reviewing trees, plants and other flora.
the ecological and economic literature on watershed
services, (b) describing a framework for estimating 1.1.3. Increase in total water yield
watershed service benefits, (c) presenting a case study Even though both natural and planted forests use
that applies the proposed method to a specific water- more water than most agricultural crops and grass-
shed service, and (d) evaluating the valuation frame- lands, the better infiltration and water storage capaci-
work. ties of the surface layers of forest soils may result in

higher levels of flowj.e., net of evapotranspiration.
1.1. Influence of forests on soil and hydrological
processes 1.1.4. Stabilization of streamflow distribution
While the effect of forested watersheds on the hy-

Forests are an important component of watershed drological cycle is complicated, stormflow and evapo-
protection because they maintain soil stability and wa- transpiration are the two most important components
ter quality, enhance nutrient and water use efficiency, of the hydrological system affected by forests. The ef-
and stabilize the hydrological cycle¢reira, 1989;  fects on evapotranspiration and stormflow are deter-
Lal, 1993. When forest conversion is followed by mined primarily by the geometry of the forest canopy,
land uses that interfere and alter natural bio-physical the eco-physiology of the dominant tree species, the
processes, it is the land use, rather than the forest re-litter layer, and the below ground soil structure of
moval per sg that is blamed for the adverse soil and forests. Under conditions of severe erosion or soil
hydrological consequences of deforestation. The re- compaction following forest clearing, the ability of the
lationship between forested land uses in the tropics soil to absorb water may be so reduced that dry season
and watershed services is surveyed in four studies: baseflow and ground water levels are not maintained
Hamilton and King (1983)Pereira (1989)Bruijnzeel and the area facedrought conditions. With regards
(1990) andBonell and Balek (1993)The broad con-  to floods forested areas usually register a lower fre-
clusions of these surveys regarding the provision of quency and rate of peakflow for small and medium
five watershed services by forest is discussed in com- size storms. For large river basins and big storms, how-
parisons with other land uses that follow deforestation, ever, other geological and climatic factors are more
e.g. mechanized forestry or agriculture, grasslands for important than the presence of forest cover.
grazing, open cast mining, roads, landings, and agri-
culture. Each service has a distinctly utilitarian char- 1.1.5. Control of sediment in streams
acter because the primary economic interest is in the By reducing soil erosion, forest cover decreases the
effect of watershed services on human welf&aster sedimentation and dissolved load in surface runoff and
et al., 1990. interflow. However, due to the complex trapping and
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storing process for sediments, there may be signifi- derivatives’ and our ‘watershed services’, may explain
cant time lags before downstream sediment loads arethis apparent discontinuity in economic studies. First,
noticeably lower in large basins. traditionally watershed management had a strong
The effect of forests on watershed services is impre- hydrologic focus, particularly on the structural (engi-
cise, and the surveys differ mostly in their assessment neering) practices to control the quantity, quality, and
of the extent of the soil and hydrological influences of timing of water flows. In contrast, tropical watershed
forests. Nevertheless, there is a general consensus thamanagement has had broader socio-economic objec-
forests play a protective role in various watershed pro- tive, often relying on non-structural (vegetative) prac-
cesses that is perceptible only at certain temporal andtices to generate soil and hydrologic benefits. Second,
spatial scaledfal, 1993. In summary, forests enhance while the ‘water derivatives’ were generated by size-
overall watershed quality by mitigating the adverse able public investments, watershed services in devel-
consequences of natural and human disturbances ofoping countries result from a more subtle management
small intensities at the meso-scale (less than 568 km of forested watersheds. Because planning for inte-
with time lags. Because individual farming households grated water resources projects required great amounts
are small in comparison to the time and space con- of data and technical expertise, comprehensive eco-
text of the watershed services discussed above, thesenomic evaluations of the projects were feasible.
services can significantly benefit the typical user of  Although some economist&¢egersen et al., 1987;
the tropical watershedD{xon, 1997; Doolette and Easter et al., 1986have proposed conceptual frame-
Magrath, 1990; Pereira, 1989%or example, even if ~ works for economic appraisal of watershed manage-
forests mitigate only small flood events, the benefit to ment projects, by building on thEckstein’'s (1958)
the poor and resource dependent farming householdearly insights, rigorous empirical applications of their

can be immense. guidelines and conceptual models are scarce and have
focused on soil erosion.

1.2. Previous economic studies of Empirical economic analyses of soil erosion have

watershed services used resource accounting approach€tark et al.,

1985; Magrath and Arens, 198%conometric pro-

Economic analyses of watershed services have typ- duction functions method<Cfosson and Stout, 1983;
ically concentrated on soil erosion effectsgorgiou Walker, 1982 or mathematical programming models
et al., 1997; IIED, 1994 A good example of thisisa  (Burt, 1981; Ribaudo, 19§9A resource accounting
recent summary article on the analysis and manage-approach is characterized by project evaluation in
ment of watersheds bixon (1997) While Dixon which intertemporal cash-flows are generated using
mentions all five watershed services, he only dis- parametric economic values drawn from secondary
cusses analytical methods and economic values of soilsources. In the econometric approach, production
erosion and sedimentation, primarily because analy- functions are estimated to relate agricultural produc-
ses of other watershed services, such as streamflowtion to soil erosion. Typically, the production functions
stabilization, water quality and quantity effects are are either aggregative (nation or statewide), thereby
rare—particularly for the tropics. losing site-specific details, or simple with just two or

The lack of empirical applications is surprising be- three arguments. The mathematical programming ap-
cause the watershed services are similar to the ‘waterproach seeks an optimum given an objective function
project derivatives’ (flood control, navigation, irriga- that is subject to constraints with pre-determined pa-
tion, hydroelectric power) analyzed in the mid 1960s rameters. In all cases the value of soil erosion is esti-
(Krutilla and Eckstein, 1958; Maas et al., 196Rur- mated in terms of its effect on economic productivity.
ing this era, attention was on practical issues such Our proposed approach also draws on empirical
as multiple purposes of river development, the opti- analyses of two classes of ecosystem services, most
mum (size, sequence and timing of projects), and the subject to economic analyses: (a) wetlands services
conjunctive uses of surface water and ground water (Swallow, 1994; Lynne et al., 1931(b) ozone pol-
resources, i.e., issues of viability, as pointed out by lution (Kopp et al., 1985; Garcia et al., 1986n
a reviewer. Two distinctions between those ‘water both cases, some proxy for the ecosystem service (e.g.
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saline concentrations in estuarine wetlands or ozone
concentrations in farming counties) is related to a pro- Watershed Protection (OT;)
duction activity (e.g. shrimp or corn) and the value of
the ecosystem service is estimated as the incremental
profits (lowered production costs).

Stage 1 l

2. Analytical framework
OWatershed Service (OW;)

The economic principles for valuation are straight-
forward Eckstein, 1958; Maler, 1991and can be
viewed as the outcome of three sets of functional
relationships Ereeman, 1993 Public policies com- Stage 2 ,L
bined with private decisions affect forested water-
sheds, change watershed flows, and, thereby, generate
changes in watershed services. These services affect | OEconomic Production (OYp;)
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 water- Stage 3 l
shed services. Although several authors have pro-
posed variations of this framework for the valuation
of watershed protection benefitéidveman, 1972; Money-metric of OUtility (V; =Oe;)
Gregersen et al., 1987the analytical and empirical
requirements for testing this logic have not been fully
specified. Using three general structural equations, Fig. 1. Conceptual framework for valuation of watershed services.
below we elaborate on this three-stage analytical

framework. watershed management that increase the vegetation
cover, Tq. Private choicesT; (e.g. number of trees
2.1. Three-stage approach or agroforestry practice on farmland) also generate

watershed services. The latter choices can also be in-
Because we conceive of watershed services as pro-directly influenced by public policie$;, such as sub-
ducer goods, the values of watershed services are cal-sidies, taxes, and provision of information, technical
culated in terms of increases in household incomes or expertise and credit. The variabieneasures the time
savings in household expenditures. The three arrowslag between a change in land use and its bio-physical
in Fig. 1correspond to Stages 1-3, in which the policy, effects. The vectoZ,, is comprised of environmen-
bio-physical and economic relationships are derived. tal characteristics, including geologic substrate (soil
The first stage irFig. 1relates some measure of wa- type), topography (aspect, slope and elevation), and

tershed servicé)V;, to public and private land useg climate (rainfall and temperature). Thug,; captures
andT,—decisions that are amenable to public policy, the influence of various bio-physical factors on the
G (Eq. (1) provision of watershed services.

Physical process-based models from agricultural
and forest hydrology can be used to establish the
W, is a vector of watershed services that can be mea- structural relationship described Bq. (1) (Moore
sured by quantity or rates of any of four measures of et al., 1991; Lal, 1998 This equation could be used
soil and water: runoff, streamflow, erosion, and sedi- to simulate the change in watershed service that can
ment. These natural processes can be affected directlybe expressed as the differeneélV;, between a base-
by public policies such as national parks and federal line (or natural rate)\\p, and elevated levelV;, of

Stagel: W; = W(Ty, T:(G); T, Zwi) 1)
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watershed service. (In this regard, change in water- the amount ofW; embodied in or attached to a mar-
shed servicesAW,;, represents a change (watershed ket good,Y(W;) or X(W;), is one of its differentiating
service) in a change (watershed stock). For example, characteristics, e.g., land quality (and therefore land
while floods are a change in water levels (stock), value) is characterized by the extent of its susceptibil-
flood control is a change in the flood levels (flow), ity to droughts.

i.e. a change in a change in water levels. Direct and  Knowledge ofEq. (2) would enable calculation of
indirect public policies, thus, provide the institutional changes in productiom\Yp;, that result from changes
or policy setting, which cause changes in watershed in watershed service®\W,. Models from agronomy
services, and variations in policy impacts within the and household production economics can be used to
available data set enable the analyst to compute val- describe the bio-physical production relationship be-
ues. Exclusive private provision, without any public tween the inputsW;, Zp;, X;), andYp; and to deduce
support (3) is not typical because of the inherent the production possibilities available to the household
characteristics of the provision process and of the (Point, 1994. In the case of agricultural production,

watershed services themselves. agronomic analyses use: (1) systematization of ob-
The second stage ifig. 1 quantifies human use of  served yield, or (2) statistical analysis of observed
the watershed servic&(. (2) yield or (3) bio-physical simulations to estimate yield
Stage2: Yp = Y(XLi, Wi, Zp) ) i\;gagfunctlon of soil or hydrologic propertiesutz,
Households use the non-market watershed servige, In Stage 3 offig. 1 the economic value of a wa-
in conjunction with laborX, ;, and other fixed inputs,  tershed servicey;, is determined in terms of market
Zp;, to produce a vector of commoditiegy; for mar- value of household commodities produced or used in

ket and domestic uses. Both the watershed service andconjunction with the watershed servideq (3). We
labor are assumed to exhibit positive marginal pro- will need to monetize the gains in household utility
ductivity within the relevant production rang@y; is that results from the increased availability of the wa-
considered a fixed input in either home production of tershed service. Models from welfare economics can
final services which yield utility (household produc- be used to express the money metric of utility changes
tion theory) or agricultural production (productionthe- (V;) in terms of expenditures changesg;, that will
ory). For example, undéenousehold production the- depend on the utility level and therefore consumption
ory, households may combine goods such as water choices Freeman, 1993 Note that household con-
(from the streams in watersheds) and labor to provide sumptionYc;, and home timeXy;, determine the level
aservicesuch as drinking or cooking, which enhances of economic well being, i.e. utility level obJ; that
utility. By comparison, conventiongroduction the- is embedded in the definition of the expenditueg,

ory would conceptualize streams (raw material) and given below.

labor asinputsin the production of water as asut-

putthat could then be sold or consumed. The relation- Stage3: V;= Ae;(Py, P.; Ui[Xni, Ycil,

ship between the non-market¥d and market com-
modities, X, ; and Yp;, fall under one of three gen-
eral categories: complements, substitutes, or differen- = Am;(Py, PL: Zpi, W;) ()
tiated goods Freeman, 1993 The definitions of the

three categories are: (apmplementaritythe degree ~ These choices are directly or indirectly driven by mar-
to which X; (or Yp;) is used (or produced) together ket prices for all outputs and inpuBy andP,, levels
with W; in the production process, e.g., inputs such as of watershed service);, other fixed inputs in pro-
labor and land are complements to the watershed ser-duction and consumptiodp; andHy;, and exogenous

x Zpi, Wi, Hh;, E;)

vice in agricultural production; (lgubstitutability the income,E;. ThusV is a function of all exogenous vari-
degree to which individual inputs (or combinations of ables listed above. Watershed services are valuable be-
inputs) can substitute faN; in the production ofy;, cause they are expected to increase utility (and prof-

e.g., additions of chemical fertilizers can potentially its). If markets are complete, it can be calculated as
compensate for soil erosion; (d)fferentiated goods profit increasesAn; (Pattanayak and Mercer, 1998;
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Pattanayak and Kramer, 20Q1@he change in expen-  tershed service, e.g. labor, rice, coffee, fertilizers, etc.
ditures Ag) or profits (Arx;) results from changes in  The value of watershed service is revealed in terms of
production,AY;, caused by changes in levels of wa- market values of these commodities ($eegttanayak

tershed servicep\W,. and Kramer (2001afor additional discussion of this
issue). When markets are incomplete, additional in-
2.2. Empirical implementation formation on the household is necessary to identify

structural equations or endogenous prid@sdkstael

Empirical application of the proposed three-stage and McConnell, 1983
framework suggests the need for at least three kinds Fifth, the model imposes a short run static per-
of data for valuation purposes. First, we need forest spective, i.e., household choices are not influenced
hydrology and soils data to index the watershed ser- by natural and financial capital allocations over time.
vice. Second, technical production data is critical to While dynamic issues are potentially important, they
link the index of watershed services to economic ac- cannot be addressed effectively with the data typically
tivities. Finally, economic preference and price data is available. Sixth, the model assumes away general
necessary to quantify changes in production possibili- equilibrium price effects and considers the individ-
ties and therefore value watershed services. Statisticalual household to be a price taker. This is reasonable
variation in each of the three kinds of data is neces- for the case study presented in the next section be-
sary to estimate and calibrate parameters of the threecause the geographical impact of watershed protec-
functions associated with each of the three stages. tion is limited and the individual farmer is small in

Changes in household shadow prices (see case studyomparison to the markets in which the goods are
below) or profits can provide the value of watershed traded.
services that we seek. There are nevertheless several
maintained hypothesis underlying this strategy.

First, this approach assumes the analyst has ac-3. The case of drought mitigation in
cess to indices of watershed services that vary over Manggarai, |ndonesial
space or time, as exemplified by the Manggarai case

study inSection 3 Second, this approach chooses the  Since Dutch colonial rule, the forests of the Mang-
dual (shadow prices or profit function) over the pri- garai region on Flores island have enjoyed conserva-
mal (production function) representation of the pro- tjon levels that vary across watersheds. In 1993, the
duction technology. By using profit functions, we can government of Indonesia established Ruteng Park on
obtain both theoretically correct measures and empir- 32,000 ha with the primary goal to prevent further
ically meaningful insights without explicitly estimat-  deforestation threats, initiate reforestation and land
ing the econometrically more problematic production conservation, and enhance watershed protection. A re-
functions only when data are sufficient for calcula- cent evaluation of water resources in the region finds
tion of profits Diewert, 1974. This strategy of using  that the forests provide drought mitigation service by
dual functions reduces the three-stage framework to a protecting streams and riverBifinies, 1993, We ap-
two-stage model by combining stages two and three. ply the three-stage framework because though there
Third, our example considers the case in which wa- s substantial bio-physical evidence of the drought
tershed protection directly results from a public pol- mitigation services of Ruteng Park to the downstream

icy that is exogenous to the hydro-economic system farmers, the economic values of this service are
and the individual households. Even though the frame- ynknown.
work suggests sequential links between the land use
policy and the welfare effects, the system could be si- 1 This case study draws on a presentation made by the author
multaneous in that the welfare change (last box) may at the Association of Environmental and Resource Economists
influence the land use choice (first box). We return to Workshop on “The Economic Analysis of Ecosystems” in An-

. . . L napolis (MD, USA) in 1997. The case study was further developed
a discussion of an_ alternative approachSEctl(_)n 4 in a master’s project supervised by the author at Duke University
Fourth, the basic model assumes the existence of ang is documented bgurita (2000) Comments from workshop

complete markets for the commodity related to the wa- participants and Patricia Zurita are gratefully acknowledged.
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3.1. Conceptual framework for valuation of Ruteng 1996. Nevertheless, they represeamtl costs to the
watershed services households that can be lowered by increased avail-
ability of water or baseflow, in this cas®4sgupta,

In Stage 1, we propose that the establishment 2001). Thus, the change in opportunity cost of collec-
of Ruteng Park produces drought mitigation that is tion is a measure of the value of drought mitigation,
measured as a change in baseflow. Baseflow is thewhich is one of several potential benefits (and costs)
non-episodic residual streamflow that is left over af- of a large forest park such as Ruteng. We estimate a
ter rain has gone out of the hydrological system in model of water collection cost—a type of a hedonic
the form of either stormflow (runoff) or evapotran- cost function—to implement this framework.
spiration. The forest hydrology literature posits that
extensive tree cover helps maintain baseflow levels 3.2. Data collection
in areas with environmental characteristics similar to
Ruteng, i.e. steep terrain, intense rainfall, and clayey The empirical model is based on secondary en-
and compacted soilBpnell and Balek, 1993 Two vironmental statistics that describe the hydrological
forest hydrology studies in addition to the Binnies’ situation in the study area and household survey infor-
study suggest that in many Manggarai watersheds, mation on the economic activities of the Manggarai
forests are net producers of baseflow. First, researchpeople. The hydrological analysis is based on data
by a local non-governmental organization finds that from: (1) regional soil and water conservation depart-
during the previous 25-year period, flow has de- ments that supplied information on evapotranspiration,
creased in 9 out of 10 streams studied in regions interception, stormflow, and ground water recharge;
of Manggarai that are experiencing deforestation (2) precipitation records from the regional meteoro-
(Swiss Intercooperation, 1996Second, analysis of logical department; (3) topographic, vegetation, and
cross-sectional variation in hydrological, topographic, soils data from the national ministries of public works
and vegetation data from the 37 principal watersheds and agriculture. A water balance model was used to
within Ruteng Park shows that reforestation can in- derive baseflow volumes for 37 sub-watersheds in the
crease ground water replenishment and springs andbuffer zone of the park. Calculations of evapotran-
river discharge during the dry perioBriyanto, 1995 spiration, interception, stormflow, and ground water
The park management believes that “revegetation for recharge, which correspond to current land use, are
water conservation will reduce runoff during the rainy combined with precipitation records to simulate the
season and increase infiltratioh@onesian Ministry annual baseflow volume in each of 37 watersheds
of Forestry, 1995vol. 2, p. 5). (Priyanto, 199% This cross-sectional variation in cur-

In Stage 2, the one economic role of baseflow is rent baseflow is sufficient to econometrically establish
as a fixed input in the consumption of water for do- the influence of baseflow on water collection costs.
mestic purposes such as drinking, cooking, cleaning, The household data are drawn from a socio-eco-
bathing, etc. In the absence of a piped water infrastruc- nomic survey conducted in the Manggarai area in 1996
ture, households invest their labor in collecting water as part of a larger project on the economic analysis
from streams for domestic purposes. In this context, of protected areaKfamer et al., 1997aBecause the
baseflow can be conceived as a form of ‘natural’ water hydrological effects of the park dissipate over geo-
utility because improved services (greater availability) graphical distance, the study area was restricted to the
reduce the labor requirements for households. This 47 villages in the buffer zone of Ruteng Park, con-
case exemplifies the household production model dis- tiguous to the protected area. Of the 13,700 farm-
cussed inSection 2.1and illustrated byGerking and ing households in the buffer zone, 500 were chosen
Stanley (1986) on the basis of stratified random sampling in which

Finally in Stage 3, the opportunity cost of the time the weights reflected the population density of the
spent in collecting water or its ‘shadow price’ reflects villages.
the economic welfare impacts on households around The average Manggarai household has little edu-
Ruteng Park. The label ‘shadow’ prices suggest these cation and wealth. They exhibit a heavy reliance on
are thehiddencosts of a resource constraibigsgupta, agriculture. The 87% of the local people are employed
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in agriculture, in their own or other's farms and Table 1
non-agricultural employment includes local govern- Fixed-effects regression analysis of water collection costs in Mang-
ment, NGOs, kiosks, and logging crews. The statistics 923 households

on both hiring-in and hiring-out labor, the fact that Coefficient  P-value
a large proportion of hous_eh_olds report input and ayerage education (vears) _331 0.814
output prices, and the proximity of roads and other Average number of iliness (count) 31.05 0.059
market infrastructure (e.g. stores and credit facilities), Annual baseflow (mm) ' —0.30 0.004
and the statistical tests reported Byttanayak and  Region-team dummy (& region 1;  —326.07 0.000

. . 0 = otherwise)
Kramer (2001a)provides some evidence that mar Region-team dummy (i region 2: _86.69 0.068

kets are complete for agricultural products and labor.  g'_ otherwise)

The Manggarai farm on land parcels that are small, Region-team dummy (& region 3; —95.09 0.003
steep, and not irrigated. While the Manggarai region 0 = otherwise) ‘
receives on average 2.5m of rainfall annually, only Region-team dummy (&= region 4; 103.36 0013

about 40% stays in the system as baseflow (a more 0 = otherwise)

. . Region-team dummy (% region 5; —250.73 0.000
appropriate drought measure)—suggesting that many ¢ _ gtherwise)
sub-watersheds experience drought situations duringRregion-team dummy (& region 6;  —235.55 0.000
the dry season. 0 = otherwise)
Regression constant 654.87 0.000
3.3. Econometric model of water collection cost Number of observations 392
Adjusted R? 0.34

Our empirical analysis focuses on the relationship F-statistic (9, 382) 23.27 0.000

between opportunity costs of water collection and

baseflow, and thus, the water collection cost function flow impacts water collection costs, controlling for a
is the key estimated relationship. The dependent vari- variety of other factors. In this regard, the use of the
able is the cost of a typical water collection trip;, fixed-effects model allows us to retain a parsimonious
measured in terms ‘time per round trip’ multiplied specification, without introducing significant omitted
by the weighted wage rates of family members who variable bias.

collect (seePattanayak et al. (2004nd MacDonald Results of the estimated model are reported in
et al. (2001)for a similar computation). This data Table 1 As shown by the model statistics, the overall
was available for 392 households. The independent model is statistically significant and has reasonable
variables are household characteristics and fixed in- fit for a small cross-sectional data set, explaining
puts, including baseflow. Household characteristics 35% of the variation. We find the expected result
such as average education and illness levels are in-that households with higher iliness rates have higher
cluded to capture household choices of who to send costs, offering some evidence of the complementari-
for collection and how far to go, both of which affect ties of health and environment. The significance of the
the opportunity costs. We include six region specific region-team dummies reflects the differences in the
dummy variables to measure impacts of fixed inputs. collection costs across regions. Instead of dwelling on
Since different interviewer teams administered sur- these differences, we focus on the economic impacts
veys in different regions of the buffer zone, these of ecosystem services—the baseflow coefficient. We
dummy variables could as well reflect interviewer find that it is negative and significant, lending sup-
effects. Nonetheless, our intention is to control for port to our central hypothesis that watershed services
these ‘nuisance’ parameters that would otherwise can improve livelihoods, in this case by lowering the
confound the signals related to our primary variable costs of water collection for domestic water uses.
of interest—baseflow. The estimation of a price as a For example, the estimated coefficient suggests that
function of environmental characteristics is common a 100 mm increase in baseflow (10% increase from
to environmental economics, and in this sense our current levels) can lower per trip collection costs by
case study is an example of a hedonic cost model. 30 Indonesian rupiahs. We conduct some illustrative
Our central goal is to statistically evaluate how base- simulations below to further examine this result.




S.K. Pattanayak/Agriculture, Ecosystems and Environment 104 (2004) 171-184 179

3.4. Discussion of Manggarai case study by cloud cover Binnies, 1993, consistently realize
positive drought mitigation from increases in forest
We need estimates of projections of the baseflow cover. Perhaps in these moist watersheds, trees are less
levels that will result from forest protection and re- competitive with agricultural crops. Finally, where in-
generation in Ruteng Park to fully evaluate these re- creased watershed protection mitigates droughts, the
sults. Unfortunately, these were not available from savings in water collection costs can be sizeable.
the hydrologic analysis. Instead of evaluating a hy-  This case study shows that hydrological modeling
pothetical baseflow change, we rely on a exploratory can be combined with micro-econometric techniques
forest hydrology model described Battanayak and  to value drought mitigation provided by forested wa-
Kramer (2001a,bfo predict baseflow by analyzing the tersheds in an agrarian region of Indonesia. The multi-
cross-sectional hydrological data. Projected increase dimensional hydrological service is made analytically
in baseflow levels from 25 to 50% increases in for- tractable by approximating it as a change in baseflow.
est cover (bounded above by 100% forest cover) in Spatial variation in current baseflow is used in econo-
nine Manggarai countiek¢camatansare reported in metric models to estimate a value of the drought miti-
Table 2 (columns 4 and 5). Baseflow can decrease gation as the marginal savings in water collection costs
even as forest cover increases because of the mixed into households in the affected watersheds. The esti-
fluences of forest conditions, topography, climate and mated coefficients on the baseflow variable in a fixed-
land use peculiar to some watersheds. Assuming oneeffects model of water collection costs, validate the
water collection trip per day, we multiply these pre- central hypothesis that additional baseflow can lower
dicted baseflow changes with the per trip savings in real, though typically hidden, costs to the households.
collection costs for each household in our sample to If our baseflow prediction model is correct, however,
construct an estimate of the annual savings in water then it suggests that forest protection will not always
collection costs. These are reported per household pergenerate cost savings because baseflow will decrease
year for nine counties ifable 2(columns 6 and 7). for some households. The message for policy mak-
The distribution of costs savings across counties of- ers and local managers is that they should consider
fers three insights. First, increased forest cover will not a selective approach targeting specific watersheds for
necessarily increase baseflow (mitigate drought con- forest conservation to fulfill the management goals of
ditions) for all households in all watersheds. Second, providing watershed protection benefitedonesian
there is a spatial pattern to the drought mitigation. Ministry of Forestry, 199% Given that the baseflow
The wetter watersheds (in P. Borong, Borong, Ruteng, prediction module of our study is an exploratory at-
and Satarmese) that are frequently exposed to moisttempt to model bio-physical features, a more rigorous
winds from the southern seas and continually shrouded forest hydrological analysis is necessary to identify the

Table 2
Savings in water collection costs from baseflow increases in Manggarai
Kecamatan (county) Baseline Baseline forest Baseflow change Savings in water

baseflow (mm) cover (%) (mm) collection costd

25% 50% 25% 50%

Borong 1071 75 16 19 1724 2084
Elar 1075 48 -17 -20 —1886 —2180
Langke Rembong 904 27 -25 —44 —2803 —4838
Pembantu Borong 870 71 9 -3 959 —284
Pembantu Elar 1043 88 24 24 2669 2669
Pembantu Lambaleda 1144 50 —-23 —45 —2599 —5052
Pembantu Ruteng 904 59 -12 0 —1372 -2
Ruteng 848 56 16 16 1773 1773
Satarmese 816 85 9 16 981 1773

2Median in Indonesian rupiahs for the set of sampled households within the county.
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precise bio-physical factors that condition the relation- hunting and fishing activities of agrarian and pastoral
ship between forest protection and baseflow. Itis worth communities. Any of these three classes of services
reiterating that regardless of the mechanism that ef- could be addressed with a similar framework.

fectively mitigates drought, it is clear that increases in ~ Although this framework lacks provision for
baseflow can generate real savings for households whofeedback effects between farmers and their natural
spend time and effort in collecting water for domestic environment across time, it is useful under certain
uses. Finally, we clarify that the value of drought mit- circumstances. Because biogeochemical processes are

igation constitutes just one element in the calculation
of the net present value of the overall integrated con-
servation and development project for Ruteng Park.
Thus, the net impact of reforestation may be positive
in all counties, when a full suite of benefits are taken
into account.

4. Discussion of valuation methodology

This section draws on the application of this ap-

slow relative to human time frames and humans exhibit
positive time preference, some of the feedbacks be-
tween human induced land uses and the delivery of the
watershed service can be safely ignored. This is par-
ticularly true of those feedbacks that occur in a ‘sec-
ond round’ (currently) as the environment responds
to changes in human activity caused by changes in
their environment. An example of such model simpli-
fication is the use of the time lag variable in an agro-
forestry study Pattanayak and Mercer, 1998The
variable relates the history of agroforestry to current

proach in the Indonesian case study described abovesoil condition and agricultural profits, thus explicitly

and in Pattanayak and Kramer, 20Q1la study of
soil conservation from agroforestry in the Philippines
(Pattanayak and Mercer, 1998nd other literature to
highlight the methodological lessons.

4.1. Generalizing the conceptual framework

incorporating the impact of previous agroforestry and
farming, but effectively ignoring the impact of current
agroforestry and farming, on current soil conditions
and profits.

This framework can be used for valuation of wa-
tershed services in a variety of institutional settings,
ranging from national protection of the environment

The three-stage conceptual framework described in to village management of common pool watersheds.

Section 2organizes the valuation of watershed ser-

The first box in the three-stage diagrafid. 1) is

vices in terms of changes in economic welfare (money not limited to a policy choice, but could represent a
measure of utility change). The framework presents a variety of institutional arrangements (policy scenar-
unified way to measure the economic value of water- ios, market structures, and property rights arrange-
shed services as they contribute to economic activities. ments) which generate watershed services, behavioral
This is evaluated by considering the framework’s use- responses and welfare changéseeman (1993pro-
fulness in the context of different classes of services, vided a broad discussion of several policy questions
institutional settings, and valuation methods. In all that can be addressed with this framework. Finally,
cases the primary influence of the watershed service iswithin the conceptual framework, several methods
assumed to be on economic production activities—be can be used to value watershed services, including
that household production or traditional production.  but not limited to the hedonic cost function method
The first class of services is desirable service used in the Indonesian example. Below we discuss
flows such as sediment and flood contr&lrdmer how other methods can be utilized to value watershed
et al., 1997k, water purification, nutrient recycling, services.
and microclimate stabilization. The second class is
comprised of watershed pollution flows (essentially 4.2. Indexing the watershed service
negative externalities) which have been considered

in studies using dose-respong&deman, 197Pand
duality (Garcia et al., 1986; Kopp et al., 1985A
final class of services include collection of water,
fuelwood, and minor forest products, as well as the

The specific index of the watershed service must be
carefully defined for the following three reasons. First,
the definition of the variable influences the choice of
the functional form in estimating economic values as
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a function of the watershed variable. Drought miti- shed light on the significance of intra-household dif-
gation in Indonesian study is measured in terms of ferences.
annual baseflow. Given that baseflow is a level (not In the case study presented 8ection 3 water-
incremental or change) and water is an essential input shed services in the form of baseflow affects house-
in domestic consumption, baseflow can be linearly or hold production of water for domestic uses. These
non-linearly related to shadow prices. In the analysis services could impact agricultural production as well.
of soil conservation benefits in the Philippines by Pattanayak and Kramer (2001stjow that the estima-
contrast, the soil variable is an incremental measure tion of agricultural profits as a function of baseflow
of the farmers’ perceived changes in soil attributes. and other variables provides a complementary mea-
These incremental changes are not necessary for consure of the economic value of watershed services.
tinued agricultural production in the short run, i.e. if In Section 2ve showed that the value of a watershed
the soil condition does not improve, the farmer can service is the money equivalent of a change in util-
still produce some positive amount of crop. There- ity or in effect a “willingness to pay” (WTP) amount.
fore, the soil variable can enter the profit function in Pattanayak and Kramer (2001&howed that agricul-
an additive manner implying non-essentiality. tural households can be directly questioned to elicit
Second, spatial variation in the watershed variable their WTP for drought mitigation using contingent val-
allows us to estimate a function that can predicted uation (CV) surveys. In CV methodology, values are
changes in the watershed service as a consequencelicited by first describing a proposed (hypothetical)
of public or private land use changes. Absent such service and its market to survey respondents and then
predictions, measurement of values of watershed ser-asking them directly to state their WTP for the pro-
vices would be limited to marginal costs estimated posed service. In the case of watershed services, the
from cross-sectional variation in current levels of the link between WTP and profits guides the specification
watershed service. Finally, only one dimension of the of WTP models, including the choice of independent
hydrological service, annual baseflow, is used in the variables such as input and output prices and fixed in-
Indonesian study. By contrast, the Filipino study com- puts.Pattanayak (200Q)ses the CV method in addi-
bines changes in four attributes of soil quality (depth, tion to the profitability method to estimate the worth
color, texture, and fertility) by experimenting with  of drought mitigation in Indonesia and finds incon-
various indices. While the results are robust across clusive evidence regarding the convergence of values
indices in general, the soil conservation values are from the two methods (without clear evidence in favor
larger for the multiplicative indices than for the lin- of any one method).
ear indices. This indicates input from an agronomist  Averting expenditure methods can also be used to
on the relationship between yield and soil quality is estimate changes in welfare due to ecosystem inputs.
critical. Without such input, the analyst must report a Annual expenditures on irrigation in the Indonesian

wider range of values. data or on fertilizers and pesticides in the Filipino
data result partly because of water and soil fertility
4.3. Applying different valuation methods constraints. Through the process of natural irrigation

and natural fertilization, the watershed services would

We could use other methods to value watershed ser-lower ‘averting expenditures’ on irrigation and fer-
vices, in addition to the hedonic costs function, for tilizers and thus generate savings. Such an approach
at least three reasons. First, the results obtained withwould also provide information on the degree of eco-
other methods can be compared and used to judge thenomic substitution between natural watershed services
robustness of the conceptual framework. Second, theand human-made agricultural inputs.
literature and the Indonesian data suggest that water-
shed services are multi-dimensional. Different meth- 4.4. An agenda for future research
ods are most appropriate for valuation of different
uses of the watershed services. Finally, because some The discussion so far also generates some insights
elements of watershed services have gender specificfor enhancing the policy toolkit and for refining the
users, the alternative method (e.g. travel cost) may model structure. Although household and sample level
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values of watershed services are desirable policy in- two fundamentally different “world views” regarding
formation, their usefulness is limited to the socio- risk and intra-household heterogeneity. Watershed
economic and geographic context in which the values protection could influence the probability distribution
are derived. Given the costs of conducting new re- of the watershed variable. Risk can be considered in
search for site-specific environmental resources, care-the framework by (a) incorporating entire distribu-
ful value or benefits transfers offer a resource-saving tions, rather than single point mean measures, of the
way to transfer benefit estimates from one site to watershed and other key economic variables in the
another geographically and socio-economically sim- system, and (b) characterizing households’ attitudes
ilar site Brookshire and Neill, 1992 To success-  towards risk, possibly derived from some behavioral
fully transfer benefit estimates, an analyst must (a) traits (e.g. investments in irrigation) or opinions (e.g.
identify key features of this analysis which must be about their future). The second modification would
matched when extrapolating to other sites, and (b) pro- entail replacing the basic economic unit as a single
vide transferrable values by combining the results of consensual and efficient household with a household
this analysis with the broader empirical literature on that is a grouping of men, women, and children.
estimated values of watershed services. Unfortunately, Household members may have different objectives
the typical transfer of benefits or values has been crit- and choices that are guided by the intra-household
icized for failing to satisfy basic theoretical require- distribution of endowments and by traditions vested
ments concerning income constraints and substitution by the prevalent culture, rather than just an efficiency
effects. Smith and Pattanayak’s (200pyoposal for criterion Strauss and Thomas, 199Because allo-
‘structural meta-analysis’ presents one approach for cations within households may no longer be efficient,
estimating or calibrating a value function of water- there may no longer be a single household water
shed services in a manner consistent with economic collection cost, but a distribution of individual costs,
theory. which may not maximize welfare due to the con-

A related issue is the need to consider inter-house- straints imposed by prevalent culture. An important
hold heterogeneity when aggregating unit values, mea- research question would be whether spatial autocor-
sured for the typical or average household, over the relation, risk and intra-household considerations are
entire affected population. There are at least two ways significant in terms of the estimated values, i.e. what
to take inter-household differences, for example be- is the nature and extent of the bias. Clearly, quan-
tween income groups, into account: (a) use householdtitative evidence on the extent of the bias will be
specific weights, as some function of income, for a available only if data on the spatial error structure, the
weighted aggregation; (b) re-estimate the models with probability distributions of all relevant factors and the
additional interaction terms that allow income levels criteria for intra-household allocations are available.
to influence the effect of watershed services on collec-
tion costs. Such careful attention to inter-household
differences would increase confidence in transferring 5. Conclusion
values of watershed services.

Given the spatial nature of the watershed services, Few rigorous empirical studies have analyzed the
econometric refinements of the error structure of the downstream economic benefits of watershed protec-
estimated models, by correcting for any spatial lag and tion. By developing an organizing framework, finding
or autocorrelation, may improve the parameter esti- credible estimates of values for a watershed service,
mates Pattanayak and Butry, 20p3The correlation and offering lessons for researchers at all stages of
of errors across space could occur in many ways in- data collection and analysis, this paper addresses the
cluding the simple case of watershed contiguity and neglected, but critical, question of the importance of
more complicated patterns based on rainfall levels watershed services to farming communities. A case
(iso-hytes), elevation (contour lines) and road connec- study from Flores, Indonesia provides evidence of a
tions. substantive, quantified economic benefit of watershed

Relaxing two critical assumptions of the agricul- service based on a hedonic regression model of water
tural household model could allow the model to reflect collection costs. We want to be clear that the reported



S.K. Pattanayak/Agriculture, Ecosystems and Environment 104 (2004) 171-184 183

estimates are indicative rather than precise and ab-Dasgupta, P., 1996. The economics of the environment. Environ.
solute values of a complex ecosystem service. The Dev. Econ. 1, 387-428. _
paper also generates a research agenda for enhancin2s9uPta, P. 2001 Human Well Being and the Natural

th i lvsis toolkit. Ultimatel Ui Environment. Oxford University Press, Oxford, UK.
€ policy analysis toolkit. Imately, valuing wa- Diewert, W., 1974. Applications of duality theory. In: Intrilligator,

tershed services can help to protect the world’s fast ., Kendrick, D. (Eds.), Frontiers of Quantitative Economics,
deteriorating tropical forest ecosystems by providing  vol. Il. North-Holland, Amsterdam, pp. 106-171.
critical input into the evaluation of a whole host of Dixon, J., 1997. Analysis and management of watersheds. In:

policies and programs for conservation and devel- ~D3s9upta P, Goran-Maler, K. (Eds), The Environment and
Emerging Development Issues, vol. |. Clarendron Press, Oxford,

opment in the tropics, thereby allowing us to “give ), 371 308,
the invisible hand of free market economics a green Doolette, J., Magrath, W. (Eds.), 1990. Watershed Development
thumb” (\Nilson, 1993 p. 283)_ in Asia: Strategies and Technologies. Technical Paper No. 127,
The World Bank, Washington, DC.
Easter, K., Dixon, J., Hufschmidt, M. (Eds.), 1986. Watershed
Resources Management: Studies from Asia and the Pacific.
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