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Abstract

Tropicad moist forests provide a range of goods and services to society. Traditionally, decisons
regarding tropica forest land use have been made on the basis of major direct uses of forest land that
generate local and nationa benefits. Typicdly, this has meant timber extraction and the conversion of
forest to agricultural or livestock uses. In recent years increasing attention has been given to the
important economic role non-market benefits may play in providing incentives for the conservation of
tropica forests. A number of studies have explored the local, national and global benefits generated by
non-timber forest products, ecotourism, pharmaceutical prospecting and carbon storage.

Another important ecologica service that is often cited as an economic justification of conservation
activities is the watershed protection function provided by tropical forests. Soil and water conservation
may yield benefits to land-owners and dleviate damage to downstream economic activities.
Nevertheless efforts to conserve watersheds are plagued by the difficult nature of the externaities
involved. The off-site nature of many of the benefits of conservation activities makes both valuation
and internalization of these externdities difficult, thereby preventing the development of 'sustainable
watershed protection programs. This is even the case in areas where pristine, mountainous forests
provide downstream national benefits to hydroelectricity and irrigation schemes. The establishment of
incentive systems that solve market, policy and ingtitutional failures impeding watershed protection in
such areas remains a vexing problem for policy-makers, scientists and communities in developing
countries. Drawing on the literature and on-going research in Costa Rica, the paper outlines a
collaborative research project investigating the potential for economic incentives for watershed
protection in the Arenal region of Costa Rica

Resumen

Los bosques tropicales humedos ofrecen a la sociedad una gran variedad de bienesy servicios.
Tradicionalmente, las decisiones tomadas con respecto al uso de la tierra de los bosques tropicaes
tienen como base @ uso directo de las tierras forestales que generan beneficios locales y nacionales.
Tipicamente, esto es la extraccion de madera y la conversion del bosque hacia usos agricolas o
ganaderos. En afos recientes, se ha prestado una mayor atencion a importante papel que pueden
desempefiar los beneficios fuera del mercado para dar incentivos para la conservacion dd bosque
tropical. Un nuimero de estudios ha explorado los beneficios locales, naciondes y globdes que
generan los productos no-madereros de la selva, € ecoturismo, las prospecciones farmacéuticasy el
amacenamiento de carbon.

Otro importante servicio ecoldgico citado a menudo como justificacion econdmica de las actividades
de conservacion, es la funcién protectora de las cuencas que presta € bosque tropicd. La
conservacion de latierray d agua puede ofrecer beneficios para los propietarios de la tierray diviar
e dafio a actividades econdmicas rio abgjo. Sin embargo, los esfuerzos por conservar las cuencas
estan acosados por d dificil caracter de las externaidades envueltas. El caracter no-local de muchos
de los beneficios de las actividades de conservacion hace que la valuacion e internalizacion de estas
externalidades sea dificil, de ese modo impidiendo & desarrollo de programas "sostenibles' para
protegjer las cuencas. Este también es el caso en areas donde bosques pristinosy montafiosos ofrecen
beneficios nacionales rio abgo para planes de hidroelectricidad e irrigacion.  Un punto de discordia
para los tomadores de decisiones, cientificosy comunidades de paises en via de desarrollo, es el
establecimiento de sistemas de incentivos que resuelvan las falas paliticas, indtituciondes y del
mercado que impiden la proteccién de las cuencas en estas &reas. Con base a informacién obtenida
en la literatura 'y a la investigacion que continua en Costa Rica, este ensayo disefia un proyecto de
investigacion colaborativa sobre € potencial de los incentivos econémicos para la proteccion de las
cuencas en laregion de Arenal en Costa Rica.



Abrégé

Les foréts tropicales humides apportent aux sociétés humaines toute une gamme de produits et de
services. Traditionnellement, les décisions relatives a I'utilisation des terres forestiéres tropicales ont
été prises sur la base de grandes catégories d'utilisation directe des foréts aboutissant a des résultats
bénéfiques au plan locd et national. Cela sest traduit, typiquement, par I'exploitation du bois et la
conversion de ces terres forestieres en terres arables ou pastoraes. Ces dernieres années, on a
accordé une attention croissante a l'important réle économique que des produits forestiers non
directement commercialisés sont susceptibles de jouer en tenant lieu d'incitation a la préservation des
foréts tropicales. Un certain nombre d'éudes ont traité des bénéfices locaux, nationaux et mondiaux
engendrés par les produits forestiers non ligneux, par I'écotourisme, la prospection pharmacol ogique et
le stockage du carbone.

Il est un autre service écologigque majeur souvent cité comme justification économique des activités de
conservation, a savoir la fonction de protection des bassins hydrographiques qu'assument les foréts
tropicales. La conservation des sols et de |'eau est susceptible de retombées avantageuses pour les
propriétaires fonciers et peut remédier aux dégéts subis par les activités économiques daval.
Néanmoins, les efforts de conservation des bassins hydrographiques sont handicapés par la nature
délicate des facteurs externes qui les touchent. Le caractére éloigné de nombreux avantages tirés des
activités de conservation rend difficile tant I'évaluation que l'internalisation de ces facteurs externes,
bloquant ains I'@aboration de programmes «durables» de protection des bassins hydrographiques. On
rencontre ce cas de figure méme dans les régions ou des foréts vierges montagneuses ont en aval des
effets pogtifs, d'ampleur nationale, pour les réseaux hydroélectriques et dirrigation. Dans les pays en
développement, les palitiques, les scientifiques et les communautés locales restent confrontés aux
difficultés subies pour établir des systemes d'incitations permettant de contrer les impasses (celles du
marché, des politiques suivies e des inditutions) faisant obstacle a la protection des bassins
hydrographiques de ces régions. Sappuyant sur la littérature publiée et sur des recherches en cours au
Costa Rica, ce texte esquisse les grandes lignes d'un projet de recherche en collaboration, dans le
cadre duque on étudie le potentiel dincitations économiques favorables a la protection du bassin
hydrographique de larégion de I'Arend, au Costa Rica
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Introduction

This paper presents an overview of an ongoing collaborative research project entitted Economic
Incentives for Watershed Protection: A Case Study of Arenal, Costa Rica. The project is
conducting an examination of soil and water conservation/degradation issues in the upper watershed
areaof Lake Arend in Costa Rica. From a biophysical standpoint, actud land use dlocation in the
study area suggests that land resources are ‘over-used’. The study team will employ economic and
biophysicad andyses to assess whether land use dlocation in the area is economicaly efficient from
private and socid perspectives. In particular, the sudy seeks to include explicitly both the on- and
off-ste soil and water impacts of land use activities into the calculation of costs and benefits. Where
inefficiencies are found, the role of market, policy and inditutiona factors in determining individua
land use decisions will be highlighted. Critica falures in this regard will be investigated in further
detall and potentia changes in exiding incentives systems and/or the design of new incentives
schemes proposed and eval uated.

The study evolves out of two related research themes. The first area concerns the gpplicability of
economic anayds to the issue of land use decision-making. The second theme (an extension of
the firs) is the integration of environmental functions (in this case the watershed protection
function of forested land) into the economic andyss of land use decison-making. Through the
Arend case sudy the project ams to demondrate the utility of including economic factors into the
land use planning process and the practica significance of including erosion and hydrologica impacts
into an economic andysis of incentives for watershed protection. The effort to link biophysica
agpects of the problem with economic valuation of environmenta impacts and, then, proceed to the
identification and evduation of practicd solutions should provide an important example in this
context. It is hoped that the sudy will add vaue to current efforts to coordinate land use activities in
the Arena area. It is aso hoped tha the study will provide methodological guidance to other
agencies and organisations interested in evaluating Smilar cases in the region.

Following a brief summary of the project, two background sections describe the origins of the
project regarding the attempt to gpply the theories and tools of environmenta economics to the
andyds of land use decison-making and the economic evauation of environmenta functions, in
particular, that of watershed protection. An outline of the problem of land use and watershed
protection in the case study dtein Arend, Costa Ricais followed by an exposition of the conceptua
framework underpinning the study.

CREED Working Paper SeriesNo 3 1



Economics and L and Use Decision-M aking

Actud land use patterns often do not correspond to assessments of potentid land use capacity
based on biophysicad andyss; this leads to the designation of such lands as ether ‘'under-used' or
‘over-used.’ Inthe case of 'over-use the inference normaly drawn is that environmental degradation
is occurring. In other words unsustainable production patterns will erode the future productivity of
the land in question (and, possibly that of adjacent areas) in the absence of a correction to the
prevaling land use.  Accordingly policy recommendations semming from a biophysca
determination of 'over-use is amply that land use activities be ‘reduced’ in order to reflect more
adequately potentiad land use capacity. Thisis viewed as necessary in order to ensure sustainability
(of abiophysica nature) in the long-run.

However, viewed from an economic perspective a number of questions and criticisms can be
levelled at this gpproach. Firdt, assuming that society is trying to maximise economic welfare rather
than optimise the match between actud land use and land use capacity, it is possible that certain
activities that degrade the environment may prove to be rationd (and even contribute to sustainable
development) from an economic standpoint.” Thisis essentidly the same asindicating that economic
optimain terms of land use alocation are unlikely to be equivaent to such optima determined soldy
on biophysical grounds. Put smply, theincluson of economic objectives, condraints and agents into
the sysem under evauation is likely to lead to the determination of a different optimum for the
sysem.

For example determination of a biophysicd optimum for land use is often arrived at through the use
of land use classfication or capability systems that combine a variety of biophysica data (such as
soil type, eevation, dope, climate) to predict the most intensive type of land use that is 'sustainable.”

Such systems often ignore important socio-economic variables (eg, proximity to market, loca
tastes) as wdll as failing to account for the economic trade-offs between different production and
land use management systems.

Another oft-cited biophyscd optimum for land use is the soil loss tolerance factor. In theory this
factor sets the maximum permissble amount of soil eroson egud to the amount of soil formation.
The dow rate of soil formation and practica difficulties with estimating these rates have led to the
use of soil loss tolerances that are dubious at best (Morgan 1986). In any case, such tolerance
levels completely ignore the dynamic nature of investment decisons regarding soil conservation. For
example, if both farm output prices and the costs of soil conservation technology are expected to
decline over time, it may be economicaly optimd for aland user to alow a greater than ‘tolerance
level of eroson in the short- to medium-term and, at the same time, maintain the option to invest in
s0il conservation in the future. In other words, smple biophysical assessment of tolerances does not
account for the fact that soil eroson is not an irreversble process, but is rather a matter of
invesment timing (ie, at what point is the cogt of adding or consarving an additiona margina unit of
soil or nutrients back to the soil outweighed by the benefit of doing s0).

Thus, from an economic standpoint there are reasons to question the use of such biophysica optima
as the last word on land use planning.  This problem is exacerbated in most developing countries
where the information and/or the methodology required to determine precise, Ste-specific optimum

!In other words the view taken here isthat there is a degree of substitutability between different types of capital
stock (e.g. natural, physical, human and financial) implying that sustainability does not necessarily mean the
maintenance of a constant physical stock of natural capital (see Pearce, Barbier and Markandya (1990) for more
on an economic definition of sustainability).
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land uses may be lacking. For example, it is not unusud to find tropical countries using a land use
classfication system origindly developed for temperate zones. Thisis not to say that it is eeser, or
less expendive, to derive land use optima based on economic criteria. Rather it is to make the point
that land use prescriptions emerging from land use classfication sysems in developing countries are
incomplete & best. This may in part explain the frequent finding that existing land uses represent an
‘over-use according to land use capacity maps.

A second limitation to biophysica assessments of land use capacity is that they may not adequately
account for actual land use and inter-temporal degradation. In the first case, the failure to consider
the difference between the actud use of the land and its cgpacity means that policy
recommendations based on use capacity do not account for the costs of dtering land use or the
opportunity costs of doing so. For example, given an exising 'over-use of the land the direct,
transaction and opportunity costs of initiating and carrying out a change in land use may outweigh the
net benefits generated by the more 'optimd’ land use.

In the second casg, if use capacity assessments fail to incorporate the effects of degradation over
time, they may fail to account for the increasing time or money costs of moving back to the use
dictated by biophysical assessment. This may occur if land use capacity is not regularly updated or
if degradation is not adequately accounted for in the andysis of land use capacity. These costs may
be substantia when the case refers to an indicated use of protection forestry as versus an actud use
in pasture or agriculture. In such cases, atempts to push land use dl the way towards the perceived
biophysicd optimum may fail to account for the trade-offs implicit in land use change and the
potentid for decreasng economic returns to investment in such activities as environmenta
degradation progresses. In other words, the more degradation occurs the more it will cost - in terms
of up-front investment in ecosystem restoration or in reductions to future benefit streams resulting
from delaysin the restoration of ecosystem services - to convert to the more 'sustainable€ land use.

For the above reasons, economists cannot take a biophysica indication of land ‘over-use as
necessarily indicetive of an inefficient use of land. It is likdy that an economic optimum in such
case will fall short (in terms of environmenta conservation) of the biophysical optimum.?

Determination of an economicdly inefficient dlocation of land resources would lead to policy
recommendations having the same direction of change in resource use as that resulting from a
biophysica determination of inappropriate land use. In the case of 'over-used' land, change is
clearly needed to move the ecosystem back towards a more optimal use of resources. The
difference between economic and biophysica gpproaches to land use decison-making is not only
that the ‘optima may be different, but that the economic gpproach is likely to provide better clues
on how changesin management and land use can beinitiated.

Clearly, a purely biophysica approach to land use decison-making is likely to be limited in its ability
to prescribe solutions.  Such an gpproach often leads to recommendations regarding  desired land
uses, management strategies and technologies. In order to arrive a these uses quantitative land use
regulations g, zoning) or technology transfer mechanisms (through extenson programmes) are
often employed in an atempt to correct over-use. These progranmes may suffer from ther
dependence on fairly rigid, technocratic, and top-down planning efforts, and the need for
gopropriation and expenditure of public funds. In addition, if such programmes do not take into
account the farmer's sdf-interet, they may fail to deliver on their objectives. Financid incentives,
€g, easy credit, subsidies, etc, may aso be employed to reach a more desirable pattern of land use
dlocation. However, if such incentives are based merely on biophysica data and objectives - ig,

2 See Bishop (1992) for a comparison of economic and biophysical positions on ‘optimal’ rates of soil erosion.
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they are unsupported by any underlying economic andysis or rationae indicating the preferred type
or magnitude of such incentives -they may end up cregting more digtortions than they solve in the
economy-environment relaionship.

Asde from its potentid role in assgting with the formulation of objectives for land use alocation,
another advantage, then, to the integration of economic andysis into the process of land use planning
isthat additiona information is provided to guide the selection of interventions that influence land use
decison-making.® By andlysing the economic incentives driving current land it is possible to widen,
in an informed fashion, the number of available mechanisms for enabling individud land use decison-
meakers to make improved alocation decisions* This can be done through the use of measures of
private and socid profitability (Gittinger 1982). For example, government policies such as input
subsidies, cheap credit or export promotion programmes may exaggerate the profitability of farming
activities relative to more ‘conservation’ oriented land uses. In turn these ‘ conservation’ land uses
may lower downsream sedimentation levels, thereby providing important regiond or nationd
positive externalities such as reducing damage to hydropower and irrigation schemes.  In many
cases, then, an undergtanding of why private actions seem to be in conflict with the public (or socid)
good isthefirgt step towards the design of more effective policy.

®Indeed, there are some 'environmental-economists who feel that economics sole participation in policy and
planning should be this role: the determination of 'efficient’ means of reaching allocation and distributional goals
previously specified on the basis of biophysical and social efforts respectively (Daly 1992).

“The popular term 'disincentives isimplicit in the use of the word 'incentives.
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Economic Evaluation of Environmental Functions

The second issue that the study will tackle is the incorporation of environmenta functions into the
economic evauation of land use decison-making. Environmental functions, or ‘ecosystem services
are not directly used in productive or consumptive activities, but rather support and protect these
economic activities Extenson of neoclassca economic theory to include these environmenta
functions is afairly recent phenomena (Barbier 1989). The database of applied research into the
indirect’ use vaue of the services provided by environmenta functions in developing countries is
limted (Aylward and Barbier 1992). Nor is it often connected to an effort to resolve the
inefficdencies identified. As such, this project provides an opportunity to conduct not only applied
economic research into the watershed protection function of tropical forests and its economic
importance, but to link such studies with the identification of policies and instruments that may asSst
in moving land use in amore economicaly sustainable direction.

Valuation and tropical forests

For the purposes of this study the focus is on the services provided by tropica moigt forests, in
particular the watershed protection function. Tropicd forests provide arange of goods and services
to society (as shown in Table 1). These goods and services may be distinguished by the type of
vaue they provide - direct or indirect use values or non-use vaues. They may aso be distinguished
in terms of the digtribution of the benefits they produce. Economic benefits derived from tropica
moigt forests are captured a the locd, nationd and globd levels. Traditiondly decisons regarding
tropical forest land use have been made on the basis of mgor direct uses of forest land that generate
tangible local and nationa benefits that pass through markets. Typicaly, this has meant timber
extraction and the conversion of forest to agricultura or livestock uses.

In recent years increasing atention has been given to the important economic role non-market
benefits - including those generated by environmenta functions - may play in providing incentives for
the conservation of tropica forests. Peters, Gentry and Mendelsohn (1989) used an andysis of the
returns to non-timber forest products in Mishan, Peru to demondtrate that traditiona extractive use
of the Amazon was a superior economic use of the forest to plantation forestry and caitle ranching.
The list of non-timber forest products is practicaly endless (Duke 1991) and arange of subsequent
gudies have attempted to show the economic importance of traditiona uses of forest products in
locdl livelihoods (Scoones, Menyk and Pretty 1992). Frequently, however, public policies are set
a the naiond levd that ignore locd use values and lead to perverse incentives to degrade and
convert tropica forest lands to inferior uses (Browder 1985).

At the globd leve, research efforts have focused on the importance of tropical forests in providing
habitat vauable for its ecotourism potentid, ameiorating the effects of globa climate change and
providing a rich source of species for indudria research and development. While ‘rainforest
ecotourism’ has yet to play as pervasive arole in the economics of forest ecosystems as it does in
coadta ecosystems, a amdl number of studies have emphasized tourists willingness to pay for vidts
to rainforest parks in developing countries. Studies of Costa Ricas Monteverde Cloud Forest
Reserve have demonstrated that use of the Reserve for ecotourism generates socia benefits that
exceed loca aternative uses of the forest Echeverria, Hanrahan and Soldrzano (forthcoming);
Tobias and Menddsohn (1991)). The difficulty with rainforest ecotourism - and ecotourism in
generd - is that the benefits accrue to globd, nationa and local actors, often falling to provide
financial incentives to private or public park operators to maintain or upgrade their services.”

°Note that this is not always the rule. For example, the Monteverde Cloud Forest Preserve is largely self-
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The threat of damage to the internationd economy from the accumulation of greenhouse gasesin the
amosphere and subsequent changes in climatic conditions has led economists to devote
condderable energy to estimating the magnitude of these effects. Van Kooten et al. (1992) report
on a number of studies suggesting carbon sequestration vaues of from $2 to $275 per ton of
carbon. Fankhauser (1993) has suggested a central value of $20 per ton of carbon. Following on
Pearce (1990) this would imply that the damage done by deforesting a hectare of tropical forests
would be worth $2,000. At this level the value of tropica forests for carbon storage is likely to
outweigh the benefits of most dternative land uses® The agreement on climate change signed at the
Rio Conference in 1992 involved dgnatories committing their countries to a reduction of emissons
to 1990 levels by 2000. Currently - through the mechanism of joint implementation agreements -
we are seeing the first opportunity to capture the value of carbon offsets through this artificia
market. Such progress notwithstanding, scientific uncertainty over the direction and magnitude of
the long-run effects of climate change continues to bedevil efforts to achieve widespread politica
agreement on a comprehensve action plan in thisfield.

The economic vaue of biodiverdty - of which a good share resides in tropicd forest ecosystems -
for use in the derivation of new indugtrid products is often cited as an important globd rationde for
conserving tropica forests. Aylward (1993) reviews studies of the vaue of biodiversty in a
particular industrid area - as an input in the pharmaceuticd R&D process - and finds a range of
vaues between $15.00 per species to $24 million per species (on an annua basis). Recent
cdculaionsfrom Aylward (1993) indicate that not only is the biodiveraty vaue likely to be a the
lower end of this range, but that the capturable vaue of biodiversty from indudtrid sources is smal
relaive to the cods of conservation. Practica initiatives, such as revenue-sharing, that provide
incentives for conservation activities are more advanced in the case of biodiversity prospecting than
in the case of the other globd vaues of tropicd forests, yet their impact is likely to be margind on
the overdl leve of forest conservation.

An important environmental service that is adso often cited as an economic judification of
consarvation activities is the watershed protection function provided by tropical forest. Watershed
protection, it is commonly held, conserves soil and water, thereby yielding locd and nationa
benefits. For example, in Ruitenbeek’s (1989) vauation of the Korup Project in Cameroon, the
benefits from watershed protection were estimated to be dmost haf of the direct conservation
benefits. Nonetheless, watershed degradation continues to be widespread in developing countries.

This is, in pat, because establishing incentive systems that solve market, policy and inditutiond
falures that hamper watershed protection efforts remains a vexing problem for policy-makers,
scientists and communities in those countries,

Progress is being made on resolving the difficulties inherent in ensuring thet these less recognised
vaues of tropical forests are incorporated into the decison-making process. Whilst the 'globd’
vaues are the mogt in vogue a the moment their potential impact on the conservation of tropica
forests may be limited. Only so many aress in a country are likely to receive high tourist vigtation
rates and the number of days the average tourig is likdy to spend 'in the forest’ is dso
circumscribed.  Biodiversity prospecting has a long way to go to demondrate it can make a
sgnificant contribution even in isolated cases and countries. Policy initiatives to ‘capture carbon
gorage benefits appear promising, but remain in their infancy and are likely carry a high degree of

sustaining based on tourism revenues. For more on profitability of private parkssee Langholz (1994).

®A subtle distinction that may prove important in this regard is that sequestration - i.e. permanent ‘ putting away’
of carbon - is different than the more temporary ‘storage’ of carbon in forests. Thisis particularly the case for
plantations where a good portion of the carbon stored will be liberated at harvest. As a result carbon storage
may not provide the same level of valuein the near term as do true carbon‘sinks.’.
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political risk.

Indeed, it may be that recent preoccupation with capturing these 'globa values have diverted
atention (and funds) away from localy and nationdly motivated actions and policies that would
promote sustainable management of tropicad forest lands. Such efforts, for example, might be
undertaken with the express purpose of supporting locd livelihoods and providing watershed
protection to important productive activities. Finding and achieving local and nationd solutions to
the problems at hand will not be painless - therefore the enthusiasm at the prospect of capturing
outside funds to avoid difficult choices. However, it can be argued that it would be preferable for
countries and communities to first eiminate the perverse incentives leading to degradation of soil and
water resources and then consider which global vaues can be captured to add additiona impetus to
conservation activities. An internally motivated step towards reversal of resource degradation may
ultimately prove more sustainable than one based, in the first ingtance, on expectations regarding
inflows of foreign conservation funding.

The economic value of water shed protection

The biophysicd bass for providing incentives for watershed protection are wel known, adthough
there remain areas in which the impacts of land use change are not yet fully understood. Probably
the mogt vishle impact of watershed degradation linked to poor land use alocation in developing
countries has to do with water quality, specificaly sedimentation of streams and rivers. Watershed
protection stabilises soil, thus preventing surface soil eroson, gully erason and mass soil movement
(Gregerson et al. 1987). Soil degradation - due to changes in land use practices and changes in
forest cover - rapidly, and often irreversibly ,degrades the productive vaue of forest land. In
addition, productive activities downstream, such as hydropower facilities, irrigation projects and
fisheries, are often damaged by sedimentation resulting from upstream changesin land uses.

A number of methodologies for evauating the on- and off-site costs of soil degradation exist (Bishop
1992; Eadter, Dixon and Hufschmidt, 1986; Gregerson et al., 1987). Techniques based on market
prices, land values (hedonic pricing), productivity effects, replacement costs, and relocation costs
may dl be employed in estimating the on- and off-Ste costs of soil degradation. Much of the
empirica work on on-dte costs concerns temperate Sites, eg in the USA, or African ecosystems
such as Zimbabwe (Stocking 1986), Mdli (Bishop and Allen 1989) and Maawi (Bishop 1990).
Only asmal number of researchers have studied the on-gte costs of soil degradation in the context
of deforestation of tropical moist forest ecosystems (Cruz, Francisco and Conway 1988; Magrath
and Arens 1989; Vdozet al. 1985). A number of sudies have estimated the off-site cogts of soil
degradation in tropical moist forest environments (Cruz, Francisco and Conway 1988; Hodgson and
Dixon 1988; Magrath and Arens 1989; Ruitenbeek 1989).

The biophysica impacts of converson of tropica forests on water yield are less well understood. It
is generdly agreed that totd water yield in greams is inversdy rated to the leve of vegetdive
cover. A review of 94 catchment studies by Bosch and Hewlett (1992) indicated a very condstent
linkage between deforestation and increased run-off, and reforestation and decreased run-off. In
the case of reduction of deciduous hardwood or scrub a decrease in watershed forest cover of 10
percent is corrdated with an increase in annua flow of 10-25 mm. Mogt of these studies, however,
dedt with the impacts of logging and not with converson to dternative uses. Nonethdess, it isfarly
well established that evaporation (interception) is higher in forests as opposed to grasdands, and that
in dry conditions transpiration from forests exceed that of grasdands due to degp-rooting of trees.
While increased run-off following deforestation does increase the risk of locd flooding, mgor flood
events are often more closaly linked to mgor climatic and geomorphic events than to land use per se
(Hamilton and Pearce 1986).
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These factors dso explain why it would normaly be expected that average dry season flows will
increase following remova of forest cover. Hamilton and Pearce (1986) suggest that the common
conception of the forest as a 'sponge - soaking up weter in the rainy season only to release it during
the dry season - has no scientific bass and is in fact contrary to redity. Neverthdess, two
exceptions to the impact of deforestation on dry season flow exist. Firdt, forest converson and
subsequent uses may lead to increased soil compaction and surface run-off (as opposed to
infiltration) during rainfal events. This can cause areduction in the recharge of the soil reservoir and
consequently a reduction in base flows during the dry season. The second exception is in the case
of fog or cloud forests where the forest actudly ‘captures additiond precipitation. In such cases,
horizonta precipitation may make an important contribution to dry season flows in forested areas
(Cdder no date).

According to Gregerson et al. (1987), vauation of changes in water quality and quantity effectsis
possible usng much the same types of vauation techniques as employed in valuing soil degradation
However, there exids little to no empiricadl work estimating the economic benefits of water
conservaion benefits - both in terms of totd flow and flow variability - generated by tropica
watershed protection. Ruitenbeek (1989) provides some rough estimates of flood control benefits
to be generated by the Korup Project in Cameroon; however no empiricd verification of the
physical or economic relationships and data utilised in the study is provided.

In sum, maintenance of tropicd forest cover conserves both water and soil within the forest
ecosystem.  Soil conservation means maintaining on-ste productivity of forest lands and preventing
damage to off-gte economic activities. Water conservation implies that the forest appropriates a
share of the water in the hydrologica cycle for its own use in trangpiration whilst returning an
important portion back to the hydrologica cycle through interception and evaporation. Thus, the
soil and water conservation functions of tropical watersheds are intertwined, ie there may be trade-
offs between different agpects of the two functions a varying levels of provison of forest cover.

Aylward and Barbier (1992) have suggested that consideration of trade-offs between environmenta
functions will be an important dement in the economic analyss of these services. Congderation of
the economic vaue of watershed protection should, therefore, examine the interrelationships
between the soil and water conservation components of the watershed protection function. Such an
andyds must incorporate the contribution of water and soil conservation to the production of other
economic goods and services - the timber, non-timber, ecotourism, carbon sequestration and
biodiversity benefits referred to earlier. Thus, the andyss of trade-offs between soil and water
conservetion activities must acknowledge their respective margind roles in the production of these
economic goods and services. Clearly, the nature, extent and complexity of these tradeoffs will vary
from one forest ecosystem to the next, depending on biophysical, socia and economic conditions.

Economic incentives for water shed protection

Maintaining the watershed protection function may entall cessation of al but the leest harmful
extractive activities, as well as ensuring careful conservation practices and investments are in place.
Theory suggests that, in the absence of market, policy or ingtitutiona failures, landowners would be
inclined to adopt soil conservation practices that lessen the impact of the on-Ste codts that result
from soil degradation. However, where conservetion activities influencing the leve of off-ste costs
from soil degradation and water quantity/quality effects are concerned, there islittle incentive for the
private land owner to provide proper watershed management. Thus, economic andysis of the
incentives for watershed protection must consder the factors that influence the decisons to
internaise the user cost and external cost of land use practices.
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In some regions, the exisence of government subsidies for agricultural development may be directly
influencing private landowners to cultivate on steep dopes, thus precipitating watershed degradation
(Barbier, 1989, ch 4). Public ownership of forest lands as ‘catchment' reserves is often decreed in
an effort to ensure the integrity of criticd watershed areas. However, the leve of protection
afforded to such reserves is often minima due to budget condraints. Reserving land smply for the
purposes of watershed protection is seen to be a luxury for some developing regions where arable
land is scarce, population pressure is increasing and agricultura productivity remains low. In other
countries indtitutiona factors such as tenure systems and the prospect of compensation for land
clams may lead settlersto invade virgin forest aress.

In consdering potentia solutions to the difficulties encountered in providing an 'optima’ socid leve
of watershed protection it isimportant to include the full range of possible management regimes:

private ‘for profit ownership of land
private management by ‘'non-profit’ organizations
public ownership of land - ie. setting aside of protected areas

mixed private/public system, ie private ownership with market-based incentives such as
taxes, subsdies etc, that are designed ether:

to promote water and soil conservation, or

to ameliorate perverse incentives for watershed degradation

common property management by collective groups of watershed resdents or land-owners
Management of a given watershed may clearly involve some combination of the above regimes.

No matter which of the above regimes is in place, the exigence of some form of financid
‘compensation,” or resource transfer, in return for the off-gte benefits provided by watershed
protection would greetly increase the likelihood of success. [If the indirect benefits provided by the
environmenta function of watersheds could be directly marketed or otherwise exchanged in return
for financid compensation, a clear incentive for the maintenance of watersheds would be devel oped.
In particular, this would be the case if the opportunity cost of ‘idling' land were not too high (e
poverty and population pressure coupled with land scarcity were not driving watershed degradation
out of short-term subsistence needs) and if the mgjority of the benefits of watershed protection
accrued 'off-gte' in terms of affecting water supplies and qudity by downstream users.

Under these conditions, it may be possble to devise incentive systems whereby downstream
gakeholders provide financia compensation to those underteking watershed protection or
consarvation activitiesin the upper watershed:

‘polluter pays - ie government action to pendise (eg, through taxes) upstream users

contractua arrangements - ie agreement between watershed managers and downstream
stakeholders

development of property rights - ie naiond legidation of right to receve market
compenseation for generating environmenta functions (water conservation) or their end products
(water)
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development of marketable permits and transferable development rights - ie establishment of
permissble locd sedimentation or water yield limits (a hydrological ‘bubble’), adlocation of
‘pollution’ permits and development of a market in the permits.

There are severd problems facing any proposed incentive scheme.  Firet, a dgnificant mord
problem may exist in defining the basdine for some of the above schemes.  Expectations regarding
the onset of incentive schemes may lead landholders to ‘pollute more in the short-term in order to
obtain alarger dlocation of pollution permits or to strike alarger contract. Second, negotiation and
agreement are never codless, paticulaly when unidirectiond environmentd externdities are
involved. Recent economic evidence on internationa environmental agreements suggests that
successful conclusion of agreements involving financid compensation depends subgtantidly on the
number and diversity of economic agents involved, the existence of conditions encouraging agents to
free ride on agreements, and the degree to which agents face different cogts of abating any harmful
activities or of investing in conservetion activities (Barrett, 1990).

Similar problems are likely to be faced by any loca or nationa leve incentive scheme for watershed
protection management. A scheme is likely to be more successfully established if the watershed
conservation activities are being undertaken by a single entity, such as a forestry commission or a
large landowner, who in turn seeks compensation from a single downstream entity, such as a utility
company owning areservoir or aloca government agency. On the other hand, it may be possible
to 'poal’ many upstream agents into a single representative body for negotiation purposes eg, the
local farmers association or cooperative on behdf of watershed farmers undertaking conservation.

Many downstream users, such as municipdities, faamers groups, eic, may dso be collectively
gpproached for negotiating and extracting compensation. However, if the cogts of compliance are
too high or the returns to compensation too low for many of the agents involved in the scheme, then
the incentives for participation may break down, and those not participating may seek to ‘free ride

on the scheme as much as possible.
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L and Use I ssues and Water shed Protection in
Arenal, Costa Rica

In order to examine incentive issues of land use decision-making related to the economic evauation
of the watershed protection function, the project will undertake a case sudy in the Arena watershed
of Coda Rica. In this section we present a brief overview of the biophysica characterigtics of the
Arend areg, review the higtory of land use development in the watershed and summarise the
incentive issues that the study will address.”

The watershed surrounding Lake Arend is located in northern Costa Rica, lying just on the Atlantic
sde of the Guanacaste and Tilaran ranges that form the continenta divide between the Atlantic and
Pecific zones of the country. For the purposes of this study the watershed can be divided into (1) an
upper watershed area comprising three micro-watersheds Rio Chiquito, Cafio Negro and Aguas
Gatas, (2) the remaining micro-watersheds on the northern and western sides of the lake, and (3)
the lake itsdlf.

Surface area and respective dope classes of these areas are shown in Table 2. The table amply
demonstrates the abrupt relief present in the watershed. Note that the terrain in the upper watershed
area is proportionately steeper than that of the remainder of the watershed. Fully 90 percent of the
upper watershed has a dope of greater than 25 percent, whereas the corresponding figure for the
remaining area of the watershed is 67 percent. Sope is one of the principal factors in determining
land use capacity from a biophysica standpoint. In particular, dopes of the severity found in Arend
are likely to play an important role in eroson, streamflow and sedimentation. In other words, the
Arenal watershed - in particular the upper watershed area - is often conddered to be of great
importance in terms of its watershed protection vaue (CCT 1980; ACA 1993).

Other important biophysica factorsthat characterise the Arenal and upper watershed aress include
soilsand climate. The mgority of the soilsin the Arena watershed are deep, sandy soils of volcanic
origin possessing good naturd drainage and of low fertility. In terms of climate, eight of the twdve
Holdridge Life Zones are found in the watershed, with the predominant zone being premontane wet
forest. Rainfdl varies between 2,000 and 6,000 mm per year with R. Chiquito reporting average
ranfal of 2,400 mm compared with 4,000 mm per year in the adjacent watershed of Cafio Negro.
Average annud maximum temperatures are around 28°C, with mean minimum temperatures of
19°C. Annud average relative humidity is about 80 percent. Wind is an important climatic factor at
the northern end of the watershed where there is a naturd saddle between the Pacific and Atlantic
zones and on the exposed ridges of the upper watershed aress.

Data on land use capacity for the Arena watershed (Table 3) suggests that the land in the region is
primarily suited to production forestry and protection forestry. In the Arend watershed none of the
land is congidered suitable for annud cultivation. The diagnogisis similar for perennid cultivation and
pasture. For example, in the upper watershed areaonly 1 percent of the areais deemed suitable for
ether perennid cultivation or pasture. Meanwhile, 19 percent of the land is indicated for use in
production forestry and 80 percent for complete protection - ie. no ‘productive’ use or at least no
activitiesinvolving dteration of the forest.

The history of locd land usein the Arend areais clearly contrary to such recommendations. Kauck
and Tos (1989) identify four important eventsin the history of land usein Arend. From 1880 to the

For more detailed reports on biophysical conditions in the area see CCT (1980) and ACA (1993). The
biophysical datain this section comes from these sources. For an overview of the Arenal area and its economy
see Echeverriaet al. (1994).
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1950s, demographic pressure in Costa Ricas Centrd Valey - the ste of most of the country's

population and productive activities - led to the colonisation of lands in other regions of the country.
Increasing production of coffee in the Centra Valey meant the displacement of many other

agriculturd and livestock activities to the hinterlands - such as the Guanacaste region and Arend.

The second event of consequence for the Arend area was the mgor commercial expansion of catle
ranching from the 1930s to the 1970s. Low up-front costs, plenty of available (though forested)
land and the ease of running cattle in areas without roads and other infrastructure made ranching a
practica choice of land use to immigrants in frontier areas such as Arend. The growth of the
national market, technologica improvements (including importation of improved breeds) and public
policies favouring the development of the sector spurred stocking levels to ever higher numbers
during this period. With the rise in export markets from the 1950s, Costa Rica entered a "Golden
Erd' of meat production. By the 1970s Codgta Rica was the fourth largest exporter of mest to the
United States.

The third and fourth events occurred in the late 1970s with the congruction of the Arend
Hydroelectric Project and the creation of the Arend Forest Reserve (later renamed the Arend-
Monteverde Protected Zone). In 1979 the Sangregado dam was completed with an operationd
level of 546 meters above sea levd. The result was a 34 meter rise in the level of the old Arend
Lake and the diversion of water from the new Arena Lake watershed over to the Pacific Sde of the
continenta divide. The discharge from the lake - roughly 100 cubic meters/second - is now used by
three different power plants with atotal generating capacity of 362 megawatts - 33 percent of Costa
Ricastota capacity and up to 70 percent of its dry season capacity. The water is then passed on to
the Arend-Tempisgue Irrigation Project where it currently services gpproximately 6,000 hectares of
agriculturd land. An estimated 54,000 hectares remains to be added to the tota of irrigated land in
subsequent phases of the project.

Displacement of loca towns and ranching activities on to the higher and stegper dopes of the upper
aress of the watershed accompanied the building of the dam.  The declaration of the Arend-
Monteverde Protected Zone - which included most of the land not yet occupied in the Cafio Negro
and Aguas Gatas micro-watersheds introduced additiona uncertainty in local land markets. Kauck
and Tos (1989) suggest that the principa effect of these two events - which perssted into the
1980s - was to promote land colonisation, regigtration and speculation in efforts to capitaise on the
prospect of government land purchases in the protected zone.

In the 1980s, however, little land purchase took place in the upper watershed area - at least not by
the government. Neither MIRENEM, the ministry in charge of parks and forestry, nor ICE, the
semi-autonomous indtitution in charge of the hydroe ectric scheme, purchased land (except lake-side
property obtained by ICE). This, despite suggestions made by the Tropical Science Center in 1980
(as part of its environmenta study of the hydropower project) that the government should creete a
nationa park inthe areain order to protect the hydrological resources of the areain perpetuity.

Notwithstanding, the Arend area has recently seen an increase in land transactions for both
conservation and tourism. In the late 1980s and early 1990s the M onteverde Conservation League,
aloca non-profit conservation organisation, began purchasing land in the Cafio Negro and Aguas
Gatas micro-watersheds forest area.  Funds for land purchase have come mainly from foreigners
and interested conservation organisations. In addition, Costa Ricas popularity as an ecotourism
degtination for foreigners has led to additiona land speculation, though in the firgt instance, this has
occurred outside of the upper watershed ares, ie, in lake-side areas where dl-weather roads exist.
Locd tourig atractions include the mgestic Arend Volcano to the southern end of the lake, fishing
on the lake and other water sports at the northern end of the lake.
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In October of 1994, MIRENEM and the Arend Conservation Area (ACA) signed a declaration
establishing the Arenal National Park.® In addition to the Arenal Forest Reserve which protects land
around the Arena volcano, the park incorporates 12,000 hectares at the lower fringes of the
Arena-Monteverde Protected Zone in the Aguas Gatas and Cafio Negro micro-watersheds, as
well as additiond land adjacent to the volcano. Of this area ACA had purchased roughly half
before making the declaration, leaving another 6,000 hectares in private hands (La Nacion 1994).

The upper watershed area of Lake Arend makes an interesting case study of the incentive issues
connected with the watershed protection function of tropicd forests. Together these three
watersheds comprise 46 percent of the land areain the Arenal watershed and provide 48 percent of
the water (CCT 1980). Measurement stations operated by ICE are sSituated at the mouths of these
micro-watersheds and provide hydrologica, sedimentation and meteorologica data which may be
used in the assessment of off-dte costs and benefits of watershed protection. While livestock and
agricultura uses in the remainder of the watershed have resulted in the converson of dmog Al
primary forest, these three micro-watersheds have large tracts of both pasture land and primary
fores. As shown in Table 4, the Rio Chiquito basin is largely deforested and under pasture for
dairy farming and ranching (63 percent in 1992). The other two watersheds retain a large portion of
land in primary forest - land used for production and protection forestry (roughly 80 percent in
1992). The comparison of land use data from 1980 and 1992 (shown in Table 4) revedls that
during this period continued conversion of forest to pasture occurred in al three micro-watersheds.
Mogt notably in the Aguas Gatas micro-watershed - the amount of protected primary forest fell from
87 percent to 63 percent. These numbersindicate that in Arend, unlike in other areasin Costa Rica
and indeed in Central America, pasture lands are not being abandoned.

In sum, studies of land use cagpacity and actud land use in the upper Arend watershed indicate that a
sgnificant proportion of the watershed continues to be overused according to biophysica criteria
Principdly, land that should be held as protection forest (according to its land use capahility) is
dedicated to pasture for dairy farming and beef ranching. Lake Arend, meanwhile, sudtains the
country's largest hydrodectric facility and irrigation scheme. Over the years this Stuation has led to
repeated suggestions from environmentaists that the benefits that would be provided by protecting
the watershed would far outweigh the benefits generated by current land use practices. As aresult,
S0 the story goes, theinitiation of a system of economic incentives for encouraging more appropriate
land use in the area would be awin-win Stuation.

The principa objective of the project is to assess how changes in existing incentives can lead to the

incorporation of watershed protection values - those received by both farmers and society-at-large -

into land use decison-making. In this regard the upper watershed area provides a suitable gte for

evauating two particular incentives issues.  The first has to do with the issue of what, if anything,

should be done about the use of land for pasture, particularly in R. Chiquito. More specificaly, will

dairy farming and ranching prove inefficient from an economic standpoint and, if so, what are the

incentive issues that need to be addressed to ensure that private land use incentives produce a
socidly desrable pattern of land use. Second, given that there remain Sgnificant areas of primary
forest under private control - in this case the lands purchased by the Monteverde Conservation
League - how can the benefits they provide to society in the form of watershed protection be
captured for use in funding operationd activities?

®ACA is one of the new Costa Rican conservation areas. It includes 204,000 hectares of land, including the
Arenal watershed and adjoining lands. The composition of ACA isan amalgamation of different ‘protected' areas
(39 percent) and 'non-protected’, or buffer zone, lands (61 percent). ACA also refers to an administrative body
that is coordinating efforts to achieve sustainable development in the area with the help of the Canadian
government and World Wildlife Fund - Canada.
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The study will investigate the vauation and incentives issues associated with land currently under
pasture. Nonetheless, the information developed by this study should provide an ample database
for future work on the incentives issues linked to maintenance of exigting primary forest in the Arena
area.
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Conceptual Framework

In this section, the conceptua framework for isolating incentives issues criticd to land use decison-

making in the study areais developed. The framework presented below represents the flow of such
an anadyss for the case of land dedicated to pasture. Although it would involve scrutiny of a
different set of benefit and cost streams and, hence, incentives issues, the analyss of the decisons
facing private land-holders engaged in the protection of primary forest would proceed in much the
same fashion.

In the discussion that follows we assume that the land-owner is the land use decison-maker. For
convenience the term "rancher’ is used to refer to the land use decison-maker who may be either a
rancher or a dairy farmer, or engaged in a combinaion of both activities. Findly, and again for
convenience, we ignore the possibility of transfer of land-ownership to the state, an NGO or other
producer, in the discussion of incentives, dthough dearly such possihilities will be taken into account
in the study itsdf.

Phase 1. Privateincentivesissues based on actual private returns.

The first step is to determine the benefits and costs of ranching (BY, C7) from the private
perspective, that is, how ranchers view them. This gives us the private returns to ranching:

NBr = BR - CR

If NBr < O we have a bit of a paradox as ranchers are gtill engaging in ranching despite it being a
money-losing propostion. This might point to fallures to accurately reflect ranchers expectations
about the future direction of important economic and ingtitutional variables (e, discount rates, land
tenure, taxes and subsdies, the internationa price of beef) as well as the future likdihood of
additiond land purchase by conservetion organisations. With these expectations taken on board
NBr would presumably become positive.

If NBp > 0 we move to Phase 2

Phase 2: Privateincentivesissues based on hypothetical private returns - ie. without policy
distortions and market imperfections but excluding off-site exter nalities

Next, we determine the net benefits of ranching from the private perspective, given the remova of
any exiding policy or inditutiond digtortions that factor into private decison-making (ie. not induding
off-dte environmenta impacts). This phase involves two digtinct steps. (8) standard project
evauation types of adjusments for disortions of input and output prices and (b) more
‘environmentd" adjustments to account for land-related indtitutiona or policy distortions.

Phase 2a. Remova of Policy Digortions. First, benefits and costs as currently percelved by ranchers
are adjusted to account for market distortions introduced by policies that drive a wedge between
actua and 'economic’ prices. This transformation of actual prices to ‘economic' or shadow prices,
B¥ and C~', is likdly to involve examination of any distortions in beef or milk prices, the pricing of
labour, and any taxes/subsidies on other inputs. The result isthe standard economic assessment of
net benefits in the absence of such digtortions:

NBss =B¥ -CF
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If NBse < O then alocation of private resources to ranching is maintained only as a result of the
digortionary policies identified. The incentives issue then becomes assessing the means of removing
the digtortions currently in place. If the ditortions can be removed, the implication is that ranchers
will turn their land over to the next best use,

As aresult, the study may then turn to a comparison of the potentid vaue of dternaive land uses
such as protection forestry and production forestry.  These alternatives could incorporate aternative
scenarios for restoring forest cover, such as naurd regeneration, enrichment and plantation
activities. The study would then need to investigate the private and socid returns of these uses and
any incentive problems and solutions involved in order to reach the more economicaly preferable
dternative’ At this point it would be important to consider not only the transaction costs of initiating
land use change, but the actud nature of the benefits and costs incurred by replacing pasture with
forest cover.™

If such firgt best solutions to achieving private efficiency through the remova of existing distortions
are not feasible, we may choose to continue on to Phase 2b in the search for second-best
dterndtives.

In any case, should the analysis demondirate that NBse > O, then ranching remains a profitable
activity following the remova of distortions we move immediately to Phase 2b.

Phase 2b. Removd of on-gte Market Imperfections. In this part, we assess the land-related policy
and inditutiond failures that may be inducing managers to ignore important land and environment
related impacts of their land use and, thereby, fall to achieve private efficiency. There are two likely
processes that may be driving ranchers to make less than perfect decisons in this regard: (1) falure
in the asset markets for land and (2) failure to properly account for the on-site, or user, cost of soil
eroson.

In the fird case, inditutiond problems in land markets may be giving land owners unredigtic
expectations regarding future land prices or may be giving owners the wrong sgnas with regards to
how their current land use effects the asset value of their land. Note that if land purchase price
expectations and tenure insecurity are distorting land markets, we may need to jump ahead and
caculate the user cost of soil eroson. Thiswould enable us to develop a measure of the opportunity
cost of land under ranching to compare with actua (and potentidly distorted) land prices. If such
problems are of sufficient severity to drive returns into the red, then the study will need to consider
how to solve these incentives problems and to consider subsequent land uses and their incentives
issues (as above).

Another more specific aspect of these land-related problems is that of the user cost of soil erosion
(UC) - ie on-gte productivity losses incurred by ranchers. This can be calculated by means of an
erosionlyidd relationship based on primary biophysical and economic data.

If UC » O then the on-gite impacts of soil loss on productivity are not important and, thus, soil

®Note that we may then be faced by the problem of incentives for internalizing off-site benefits under an
absolute protection scenario - which would be identical to the analysis of incentives for the problem faced by
non-governmental conservation organizations trying to manage forested land providing watershed protection
benefits.

1%t ismust be born in mind that once policy distortions are removed in the analysis of ranching a level-playing
field must be maintained henceforth. That is, subsequent analysis of different land uses must be conducted as if
these distortions did not exist.
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management is not an issue from the farmer's perspective.  We thus jump to Phase 3 and a
congderation of the off-gte impacts of soil erosion from ranching.

If UC > 0 then the impacts of soil loss on productivity are sgnificant and we must include this
environmenta cogt into the economic evauation of ranching profitability and assess famer's
responses to these user costs.  In other words, we need to see what the returns to farmers would
be with user costs included:

NBuc =B¥ - C¥ -UC
If NBuc <0 we must address the question of whether ranchers are taking user costsinto account.

If the answer is yes, then we would expect UC to be at its optimd level. In other words there
would likely be no soil conservation technologies that generate net incrementd returns (ie. that
increase C* but not by as much as the ensuing decrease in UC). At this point (given that NBuc is
negative) we would need to return again to the generd policy digtortions involved in Phase 2a asit
is these policy falures that are actudly driving continued ranching activities (once the negeive
impacts of user cogts perceived by ranchers are incorporated into the andyss).

If farmers are not taking productivity losses due to soil erasion into account they will be unlikely to
be properly managing their soil assets properly (from their perspective). In such a case it may be
that there are conservation technologies that, if employed, would generate net returns. Should these
net returns be sufficient to make NBuc positive we would need to focus not only on the distortions -
such as tenancy issues, lack of information, etc. - that may be preventing farmers from incorporating
user codts into their decisions, but assess any incentive measures necessary to ensure adoption of
these 'ranching' conservation technologies. If no profitable 'ranching' conservation technologies exist
then emphasis on dedling smply with the digtortionsiis cdled for in order to aid farmersin coming to
the redlization that they would in fact be better off not ranching.

Agan, if incentives issues can be solved we could then move to an analys's of subsequent land uses
and rlated incentive issues. If the incentives problems cannot be solved - or in fact if the solutions
have prohibitively high transaction costs - we may then turn to Phase 3.

If NBuc > 0 then ranching remains economic even when on-site impacts of erosion areincluded. At
this point we may (as above) want to consder if farmers are incorporating these impacts into their
decison-making process and whether there exist any soil conservation technologies that would
generate net incrementd returns. This may be useful because any improvements of such a type will
not only raise NBuc, but will aso be likely to lower the impact of the external costs of soil erosion
quantified in the next step.

Phase 3: Societal incentivesissues based on external costs

For the purposes of this project this phase involves both quantitative and qualitative evauation of
potentia market failures - in particular externdlities.

On the quantitative Sde, estimates of the off-Ste, or externd, costs associated with the watershed
protection function need to be developed and included into the andlyss of returns from society's
perspective. This is necessary because the market provides no incentive to ranchers to incorporate
off-gte impacts of their land use into their own decison-making framework. This can be
accomplished by modeling how land use change leads to changes in water and sedimentation fluxes
that affect dam Storage capacity, with knock-on effects on hydrodectric generation and the
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availability of water for irrigation. As aresult we include the externd cogts, EC, into our analys's of
net benefits from society's perspective:

NBs= BY - Cf -UC-EC

If NBs < O then the market failure that precludes the interndization of these externd effects into the
farmer's land use decision framework is causng net economic losses to society.  Incentives for
watershed protection are needed to move land use towards aternatives that provide postive rates
of overdl economic return. Note that a this sage we may want to verify that there are no
improvements in ranching technology that through soil conservation would have a mgor impact on
socid returns. This is doubly important because any reduction in on-site erosion is likely to dso
reduce off-gte sedimentation amounts. Failing possihilities in this regard, we may then proceed to
assess incentives required for moving to aternative land uses such as those specified above.

If NBs > O then current use of land for ranching remains efficient from an economic perspective,
even once the external impacts of watershed protection are included in the andyss. If thisis the
case we may have demondrated that an economic gpproach to land use capability andyss
produces different recommendations to that generated through a purely biophysica gpproach.

However, this presumes tha the full environmental and socid impacts of ranching have been
incorporated. We would need therefore to speculate the nature and magnitude of other
environmental vaues, such as carbon and biodiversity vaues, that may be diminished by keegping
land in pasture as opposed to primary forest. In addition, we may need to congder the impact of
any observed differences in the private and socid rate of time preference. If the addition of any, or
al, of these factors is likely to change caculations of socia profitability, then the above conclusion
might well be premature. Further research on such impacts and evauation of available incentive
mechanisms would then be needed in such aress.
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Conclusion

This paper reviews how economic information can be included into the land use planning framework
and, in particular, how information on the economic vaue of environmenta functions can be
important in such a framework. In the case of watershed protection it is argued that it is important
to include both the on-gte impacts on farm productivity as well as the off-site impacts on economic
activity into the analyss of ‘optima’ land use. Such information is also useful in assessing the role of
different stakeholders and the potentid for different incentive schemes for promoting more efficient
watershed management. The paper then goes on to a brief review of land use issues in the Arend
Watershed in Costa Rica. The paper closes by presenting the conceptua framework that will be
used to analyse incentives for watershed protection in the upper area of this watershed.

Land use dlocation will probably never be ‘optimd’ as defined by a top-down biophysical or
economic approach based on extensive research studies.™ Bethat asit may, this study is attempting
to demondrate that the addition of economic evauation - in particular that of the environmental
services provided by the watershed protection function - can play an important role in providing
information that can lead stakeholders to condder the benefits of changing exigting land use
dlocations. However, only by a careful, step-by-step evauation of the costs and benefits, and their
distribution across members of society, can this sort of analysi's expect to capture the richness of the
relationships between biophysca and economic impacts and the incentive systems governing land
use.

“Examples of participatory approaches to watershed issues are available from a collaborative research project
entitled New Horizons being conducted by IIED's Sustainable Agriculture Programme and research partners in
developing countries.
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