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Abstract

Rapid decreas of natural forest, and more frequent disaster related to the roles of forest on precipitation, flood,
drought, erosion, and sedimentation as well as landslides, biodiversity, and carbon sequestration have driven
initiatives to find out economic instruments for raising incentives for better land rehabilitation and forest
management. Payment or compensation for hydrological services of forest is one of economic instruments that was
initiated to address water availability, flood and drought, erosion, and sedimentation issues. Hydrological services
of forest to some extent are still debatable, and the magnitude of the services or influences of forest varies depending
on the quality of forest cover and soil, climate, and physical characteristics of land. In most cases, payment or
compensation schemes of forest services to the land owner or manager that have been implemented already, do not
consider the actual forest hydrological services yet. Nevertheless, those payment schemes have been driving the
activities of better land and forest uses, although they are still limited to small scales relative to the whole required
area to produce forest hydrological services. This article reviews the hydrological services of forests and their

compensation scheme developed in Indonesia.
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Introduction

Forest is believed to have important roles in controlling
hydrological cycle leading to a reduction in surface run-off,
erosion, flood and an increase in low flow during drought.
Those important roles of forest cover on water related
phenomena and climate are appreciated undoubtedly by
ancients, and up to know, by the common people (Lee 1980).
Decreasing forest cover and more frequent disaster related to
precipitation, flood, drought, landslides, and river
sedimentation strengthen arguments for the importance of
forest.

Many of the early concepts of forest roles on water related
phenomena were intuitive, based on legends originally, and
some were proved not always true (Lee 1980; Bruijnzeel
2004). The most persistent misconceptions are that forest
increases local precipitation, forest reduces the impact of
raindrops under the canopy, forest prevents disastrous floods,
and forest conserves water for streamflow during periods of
drought (Lee 1980; Bruijnzeel 2004). Cutting forest would
supposedly decrease gross precipitation, and cause the
drying up of springs and streams (Lal 1987). The role of
forests, their impact on precipitation, water yield, and the
hydrologic cycle more generally remain debatable
(Andre’assian 2004; Ellison et al. 2012). Under this
situation, reforestation and afforestation are still believed to
be the bestway to improve the water yield.

Rapid decrease in natural forest promotes the initiatives

to find out economic instruments for creating incentives for
better forest management and land rehabilitation. Payment
or compensation for hydrological services of forest is one of
economic instruments that is initiated to address water
availability, flood and drought, erosion, and sedimentation
issues.

The payment or compensation scheme of hydrological
forest services to the land owner or management in
Indonesia mostly is not based on achievement of
hydrological forest service indicators, but more based on the
agreement and belief in good forest services on hydrological
aspects. This paper presents the current status of forest
hydrogical research and some initiatives of payments or
compensation schemes development for hydrological forest
services in Indonesia.

Hydrological Services of Forest

Wether or not forest increases precipitation is still hard to
prove clearly. Evapotranspiration from forest is generally
higher than that from shorter crops (Bosch & Hewlett 1982;
Bruijnzeel 1990; Calder 1990; Stednick 1996; Calder 1998;
Ellison et al. 2012), and forest also has greater acrodynamic
roughness; therefore, creating higher atmospheric humidity
and moisture convergence. In such a situation, the
probabilities of cloud formation and rainfall are higher
(André et al. 1989; Blyth & Dolman 1994; Pielke et al.
1998), but based on early reviewers of the subject of forests
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and rainfall, there were no significant effect of forest on
precipitation (Bruijnzeel 2004). Increased percipitation due
to the forest service may occur in coastal and cloud forests
(Bruijnzeel 2004). The canopy of tall trees may capture
atmospheric moisture, and through canopy drips, the water
reaches the forest floor. The impact of land cover on the
precipitation is expected to be neglected in regions with a
large oceanic contribution, such as Southeast Asia and the
Pacific, West Africa, the Caribbean side of Central America
and northwestern South America (Bruijnzeel 2004).

Common perception of forest role on water yield is that
forest increase water yield, and vice versa, deforestation
decrease water yield. This perception is supported by the
concept of forest ecosystem behaving as a sponge. Forest
ecosystem absorbs and stores water during rainy season, and
releases it during dry season. Clear cutting and deforestation
withdraw the effect of sponge and diminish water yield, dries
springs, and streams during dry season (Hamilton & King
1983; Pereira 1989; Valdiya & Bartarya 1989). Annual water
yield increases as percentage of forest removal increase
(Stednick 1996). But in relation to dry up streams, many
opposite phenomena are reported, i.e. streams drying up in
the dry season after reforestation of degraded land. Water
yield is not only dependent on land cover characteristics, but
also on climatic, soil, and geological characteristics, as well
as geomorphology (Guo et al. 2001; Andre assian 2004).

General trend of forest cover removal is to increase water
yield and vice versa (Vertessy et al. 2001; Brown et al. 2005;
Farley et al. 2005; Jackson ef al. 2005; Benyon et al. 2007,
Dijk & Keenan 2007). The magnitude effect of forest
removal on water yield is dependent on the percentage of
coverage removal, the level of soil disturbance during forest
cover removal, as well as on rainfall intensity. The increasing
water yield tends to increase the sediment load, even though
it is also determined by the management of land. The
existences of understory, litter, mulch, and proper
conservation measures are important to maintain low surface
erosion (Bruijnzeel 2004).

Reforestation and soil conservation measures can reduce
enhanced peak flows and storm flows associated with soil
degradation, but there is no well-documented case of a
corresponding increase in low flows (Bruijnzeel 2004).
Deforestation that can maintain the runoff coefficient not
more than 0.1 could maintain the interflow and base flow as
the same as forest does but it could increase water yield
through increase surface runoff (Bruijnzeel 2004). A good
plant cover can generally prevent surface erosion, and a well-
developed tree cover may also reduce shallow land sliding,
but more deep-seated (>3 m) slides are determined rather by
geology and climate (Bruijnzeel 2004).

Initiatives for Forest Services Payment

Payment for natural resources (including water)
utilization is actually common payment in governmental
system, i.e. through taxation system, retributions etc. Those
payments are the main source of fund for national as well as
regional development and expected to be allocated to
maintain the sustainability of resources uses for public
welfare. However, negative impacts, and disasters related to
natural resources utilization are still occuring, and even tend
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to occur more frequently and severely. This situation
suggests that the payment and allocation (budgeting) system
are not effective, or may not be sufficient to support
appropriate management of natural resources. Existing
taxation, retribution and other traditional common payment
systems for natural resources utilization more often suffer
from less consideration or calculation of negative as well as
positive impacts of natural resources utilization.

The concept of internalization of externalities (positive
and negative) in natural resources utilization was discussed
to reduce negative impacts and to utilize natural resources
more efficiently. Exploration on economic instruments to
maintain and develop positive externalities, such as
environmental services by internalizing benefits through
direct payment to the responsible parties on resources/land
management or market development was initiated in 1990's
(Rosa et al. 2004). Ecosystem services are the benefits
people obtain from ecosystems, including provisioning
services, regulating services, and cultural services such as
recreational, spiritual, religious and other nonmaterial
benefits (Millennium Ecosystem Assessment 2005).

The roles of forest on hydrological aspects become one
of the main issues in this environmental services payment
scheme, besides carbon sequestration and biodiversity.
Studies on economic values of hydrological services of
forest including agroforestry increases as well as the
development of their payment schemes.

The payment system or scheme of hydrological forest
services ideally should consider or be based on the economic
values of hydrological forest services, but in practice,
especially in Indonesia’s case, most of payment or
compensation schemes for hydrological forest services were
developed based on the agreement among related parties,
where the parties believed in the good roles of forests, less or
without considering the economic value of hydrological
forest services itself. The amount of payment or
compensation is often lower than the economic value of
hydrological forest services, whilst the indicators of success
are not based on the hydrological indicators.

An example of implementation of payment
environmental scheme that was driven by hydrological issue
was payment scheme in Cidanau Watershed in Banten
Province, Java Island. There were 2 main driver factors to
implement the payment scheme in Cidanau Watershed. The
first was the situation where water demand for domestic,
industrial as well as farming uses was increasing, while on
the other hand, the water supply was decreasing. There was a
severe low discharge that happened in 1997 (Budhi et al.
2008). Those situations raised the awareness and concern of
a big company who managed water delivery to consumer in
Cilegon City. The second was the forest encroachment and
conversion into farmland. Budhi ef al. (2008) reported that
almost 71% of the catchment was critical lands, resulted in
the annual erosion of about 146 t ha' and sedimentation
479,488 t year', and decreasing discharge, where the
average discharge in 2007 was about 9 m'sec” and the lowest
discharge was 1.7 m’sec”. Those 2 facts of critical land and
low water yield raised issue that criticals lands in Cidanau
Watershed causes low water yield. This issue drove the
initiative to develop payment scheme for hydrological forest
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service in Cidanau Watershed.

The transaction on that payment scheme was between
water user and farmers. Water user in this case was water
provider company. Payment scheme development was
facilitated by Communication Forum for Cidanau Watershed
and multi-stakeholders institution. The company pays a
certain amount of money to farmers, and the farmers are
obligated to grow perennial plants or trees. The number of
tress was at least 500 trees ha” at the end of the first year, and
at least 200 trees ha' at the end of fifth year (Budhi et al.
2008). The transaction, interms of number of payment and
farmers obligation was more based on plantation costs,
without or less consideration the hydrological impacts of
plantation or forest development, as well as the economic
value of hydrological impacts.

According to the statement (personal communication
2012) of Head of Forestry Agency of Banten Province, the
number of farmers participated in this payment scheme
increased, so did the payment from the company, and this
scheme becomes a model for some of “Forums of Watershed
Management” in other watersheds.

Other similar schemes are also implemented in other
watersheds. Governments of Kuningan District and Cirebon
City signed memorandum of understanding (MoU) in 2004.
This MoU was developed based on facts that Drinking Water
Company (PDAM) owned by Cirebon City Government
utilized water from a spring located in Kuningan District
region. Both governments agreed that Cirebon Government
as water user would allocate budget as compensation to
Kuningan District for managing the environment of springs
to maintain the appropriate water yield of springs used by
PDAM Cirebon City.

The difference from the payment scheme in Cidanau
Watershed is in the method of determining of payment
amount. The amount of payment or compensation in
Kuningan-Cirebon Government Payment Scheme was
determined by considering the value of water. In this case, the
value of water was determined by using raw water price, i.e.
the price of water before processing and the volume of water
utilized by PDAM-Cirebon City. The amount of payment for
the first year was settled on Rp1.75 billion. That was equal to
the price of water per cubic meter of Rp65 (= US $0.68 cent; 1
US $=Rp9,500). This value was close to the average water
value calculated by considering forest management cost of
Perhutani and Forestry Agency of Kuningan District.
Perhutani calculated the water price of about Rp76 m” and
Forestry Agency of Kuningan District was about Rp45 m®
(Sumarman 2006). The difference was due to the difference
in determining forest management costs.

Kuningan District Government received payment and
redistributed to district government office for overall
management fund (62.5%), Forestry and Estate Agency of
Kuningan District for operational fund to conserve forest in
Ciremai Mountain (30%), and for villages related to
catchment area of Paniis Springs (7.5%) as the source of
drinking water of Cirebon City (Sumarman 2006). These
funds principally must be utilized for maintaining and
rehabilitating the catchment area. Hydrological indicators
are still less considered in this agreement.

People of Lombok Island also have been implementing
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this kind of payment scheme. Initiatives were started in
2002-2003, and the program was named as the Payment for
Watershed Services (PWS). The issue as a basis to develop
the payment scheme was the same, i.e. a lot of springs were
drying or disappeared, which were believed due to forest
degradation.

The amount of payment in this scheme was determined
through a long process, using the approach of willingness to
pay (WTP), and finally, the people in Mataram City agreed
to pay as much as Rp1,000 month™ per household of drinking
water utilization, and Rp1,500 month” per company for
industry's needs. Payment collection was started in 2005.
Legal aspects of this payment were developed in 2006, and
the independent, multi-stakeholder institution (IMP) was
established in 2009 with main obligation to manage
conservation funds, audit fund allocation and uses, and
conduct management conflict related to PWS (LPM-
Equator2011).

LPM-Equator (2011) explained that collected funds
were allocated for IMP management (25%) and
Conservation Farmer Group (CFG) 75%. The total amount
received by CFG was allocated for restoration program
(85%) and the rest (15%), for institutional development and
creating alternative economic activities. Up to 2011, there
are 3 CFGs funded by this scheme (PWS). Payment scheme
in Lombok (PWS) is the same as payment schemes in
Cidanau Watershed and Paniis Spring Catchment in
Kuningan-Cirebon, i.e. there is no indicators or guaranty
related to improvement of forest services in water yield.

Reward for Use of and Shared investment in Pro-poor
Environmental Services (RUPES) program introduces
different scheme of compensation as described previously. A
program implemented in Sumberjaya Lampung paid or
rewarded farmer involved in a group named “RiverCre
group” who was able to reduce sedimentation in the river
succesfully. The amount of payment is depending on the rate
of sediment reduction ranging from US$250 for 10%
reduction up to US$ 1000 for 30% and more sediment
reduction (Leimona 2009). This scheme of payment is
different from the 3 other payment schemes, in which
payment is based on outcome i.e. water quality of the soil
and water conservation measures, while the other schemes
are still based on output i.e. number of planted trees or agreed
existing conditions, without monitoring the outcome (water
yield). Those 4 payment schemes are driven by hydrological
forest services issue which are relatively more popular then
many other similar initiatives conducted in Indonesia.
Similarities and differences among 4 those payment
schemes are presented in Table 1.

Payment Schemes, Hydrological Impact and Forest
Development

Payment or compensation schemes developed in
Indonesia as described earlier were initiated and developed
based on hydrological forest services issue, i.e. the role of
forest on water yield issues, or in other words, the payment
or compensation was aimed to pay or compensate the
positive impacts of land, forest management to hydrological
function of watershed, especially good water yield. The level
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Table 1 Similarities and differences among 4 payment schemes
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Monitoring
. L Payment amount Performance .
Location Driven issues . N hydrological
determination approaches indicators _
indicators
Cidanau C.r1t1cal land-low Land rehabilitation cost Number of trees ha™ Do not conducted yet
Watershed discharge
Kuningan- Spring quantity and Progress of land-forest
Cirebon Raw water price Do not conducted yet

quality -forest management

Districts

Lombok Island Water yn.eld-forest
degradation

Sumberjaya Sediment load of river-soil

Lampung conservation measures

Willingness to pay (WTP)

Rate of sediment reduction

conservation

Progress of land-forest

X Do not conducted yet
conservation

Sediment load

. Sediment load
reduction

of payment scheme development is still limited to small area
relative to whole catchment area that influences water yield,
the responsible actors are limited to upper part of watershed,
and the beneficiaries of water yield who pay are limited to big
(drinking water) companies. The payment schemes mostly
have not yet employed the performance indicators of land
and forest management related water yield aspects, but have
been focused more on the performance indicators of forest
development.

Those payment schemes give benefit to farmers who
involved in the payment schemes. Farmers earn income from
cash payment as well as from the yields of trees such as fruits
and other non-timber products. The schemes, potentially be
able to motivate farmers to develop forest plantation and
perhaps will be able to save the existing natural forest, and
furthermore, to give benefit to public through the role of
forest on carbon sequestration to reduce CO, in the
atmosphere. Nevertheless, the impact of those payment
schemes on hydrological aspects as the initial and main
objectives of payment schemes are still questioned, because
measurement, monitoring of hydrological impacts of
planting, and other related activities are not involved yet in
the payment schemes, while the impacts of afforestation,
reforestation on hydrological aspects are uncertain,
depending on intensity of activities, climate, and land
characteristics as mentioned before in the section of
“hydrological services of forest™.

The impact of land rehabilitation through tree planting
(reforestation and afforestation) and soil conservation
measures in relation to water yield should be paid attention,
that is in a certain period, it potentially results in something
beyond our expectations. As mentioned before, reforestation,
afforestation, and soil conservation measures reduce peak
flows and storm flows, but there is no well-documented case
of a corresponding increase in low flows (Bruijnzeel 2004).
It means, that land rehabilitation through reforestation as
well as afforestation will reduce average water yield, and
perhaps it also will not increase low flow during dry seasons,
atleastata certain period.

Reduction in peak flow means reduction in run-off during
rainy season, and it reduces the potential of flood, and may
also increase water quality. The impact of rehabilitation
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should consider the area of reforestation, afforestation, and
or soil conservation measures relative to area of catchment
area of concern and also the quality of those measures related
to hydrological aspects, such as vegetation density, level of
soil disturbance, quality of terraces, etc. If the area of
reforestation, afforestation, and or soil conservation
measures is relatively small to catchment area of interest, it
may not significantly influence water yield, as well as the
quality of measures. Less density of vegetation, absence of
litter or cover crops, soil disturbance, and unappropriate
constructions of teraces will have no or less impact on water
yield, even the opposite results that are worse then
expectation and an increase in soil surface erosion are
possible.

The impacts of reforestation, afforestation, and soil
conservation measures on low flow are less scientifically
proven, some evidences occur such as in Sikka Catchment in
Flores, where the dried-up spring restored after reforestation
(Bruijnzeel 2004). The same phenomenon also occurred in a
small catchment in Megamendung, Bogor (Istiawan 2012,
personal communication and field observation). All those
things mean that the impact of reforestation, afforestation
and soil conservation measures on low flow are uncertain.
Factors other then tree planting and soil conservation
measures might play more important roles.

Considering the uncertainty, wide variation in impact
magnitudes of reforestation, afforestation, and soil
conservation measures on hydrological aspects, thereby,
monitoring on hydrological aspects, such as discharge,
sediment load of the stream is necessary, and important to be
done to know whether or not the impact is positive, and to be
considered to be involved in payment schemes. It is
important in order to avoid and anticipate negative reaction
or complaints from water users who pay the expected benefit
ofbetter hydrological aspects.

Forest development driven by initiatives and
implementation of payment or compensation for
hydrological forest services, actually produces other
benefits, such as fruit production or other products resulted
from unharvested trees, carbon sequestration, increasing
biodiversity, etc. Some benefits are public benefits,
therefore, public should also pay the benefit. The
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government as a public entity should reasonably pay more
attention to generate and allocate fund from public for
awarding, compensating or other kind of incentive to the
parties who produce public benefit. Public participation
through government and other schemes incorporated in
payment or compensation schemes for hydrological forest
services is possible to extend the activities toward more
effective results to address the hydrological forest issues.

Payment or compensation scheme for hydrological forest
services as initiatives should be appreciated. But it needs
continous improvement to empower payment scheme and
implementation management institution toward more
effective payment schemes and more accountable
implementation management institution.

Conclusion

Hydrological forest services payment schemes were
initiated and developed under situation of uncertainty of
hydrological forest services, and wide range magnitude of
forest development impacts on hydrological aspects, while
monitoring hydrological aspects are not included in most
hydrological forest service payment schemes. Monitoring
hydrological performance indicators are needed to be
involved in hydrological forest service payment schemes to
avoid and anticipate negative reaction or complaints from
water users who pay the expected benefit. Regardless of the
lacks of hydrological aspects of the payment schemes, the
developed payments schemes have motivated farmers, and
raised awareness of the people, especially farmers and water
consumer involved in the payment schemes in developing
new forest and maintaining existing good forest; and in fact,
the established new forest, and maintained existing good
forest driven by these payment schemes produce
environmental services benefit by public. Therefore, the
government as a public entity should reasonably pay more
attention to generating and allocating fund from public for
awarding, compensating or other kind of incentives, and
those are involved in the payment schemes.
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