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1. Project Objective and Summary of Recommendations
The goal of this project was to provide a guiding framework for successful development of a
payment for ecosystem services (PES) program that addresses water quantity challenges in
Coonoor, India, and secondarily addresses the issues of social equity in the region. An
interdisciplinary team of Cornell University graduate students, covering the areas of policy,
planning, economics, geography, hydrology, agriculture, and environment contributed. The
conclusions of this report have been developed by synthesizing the existing literature on PES
programs that have been developed and implemented around the globe, and then applying the
conclusions from the literature to site-specific issues in Coonoor, India where possible. A set of
recommendations was identified.

1.1 Key Recommendations
• What services should the PES pay for? - Restore native vegetation and use conservation
practices in agriculture to reduce water loss.
• Administrative - Obtain a clear sense of who the users and providers of PES are, and
include them all in the design and decision-making process.
• Where does the money come from? - Have a mixed pool of buyers to increase the
financial support and include representatives from government, private sector, NGOS and
households.
• How much is the payment and who gets it? - Understand the tradeoffs associated with
different criteria for selecting PES providers and estimate an efficient compensation for
them.
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1.2 Team members
Elena T. Bussiere, Cornell Institute for Public Affairs
Jose A. Casis, Environmental Policy and Economics
Samar Deen, Natural Resources
Kathryn Hofmeister, Water Resources
Alicia Leitgeb, Natural and Environmental Systems
Shiyi Li, Cornell Institute for Public Affairs
Lauren McPhillips, Biological & Environmental Engineering
Graciela Reyes-Retana, Environmental Policy
Melanie Sand, City & Regional Planning
Jansen Smith, Earth and Atmospheric Sciences
Project coordinator: Dr. Rebecca L. Schneider, Associate Professor, Natural Resources

2. Background
Payment for ecosystem services (PES) has arisen over the past 15 years as a potentially valuable
addition to the tool box of strategies for environmental protection and management. Its’
foundation is the nearly 50 years of ecological research which have clearly documented the
social and economic benefits provided by natural biophysical processes. These ecosystem
services range from water quality improvement to landscape cooling to habitat for game fish
and waterfowl. Frequently these services occur at a landscape location distant from where the
beneficiaries reside. Watersheds are a prime example of this situation, with headwater hilly
regions providing the source for freshwater supplies critical to downstream communities.

Over the past decade, several dozen PES projects have been initiated globally. Although they
differ in many ways, they are similar in the suite of decisions which need to be addressed for
the planning and implementation of the PES to be successful. However the range of responses
is great and to date the PES have had mixed success.

A new effort is underway to develop a PES to assist the city of Coonoor, India. The region
receives relatively scarce total rainfall of 1,675 mm annually, but is further limited by the highly
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seasonal or monsoonal precipitation pattern, with the dry season extending for 4 months.
There is a serious issue of growing scarcity of freshwater and the community is looking for
different options to address this issue. Attention is focused on the upstream watershed
activities which are believed to be contributing directly to decreased water quantity in the main
river which serves as the city’s water supply.

This report is organized as follows: First, a short biophysical and socioeconomic background
about Connoor river basin is provided. Then, we have an analysis of four main areas for PES
design: 1) What services to pay for?; 2) How to administer the PES?; 3) Who gets paid?; and 4)
How much is the payment and who gets the payment?. Finally, we have a summary of
potential relevant projects for Cornell undergraduates, who will be interning in Coonoor.

2.1 Study Region – Coonoor Watershed
The Coonoor River basin drains from the Western Ghats Mountains in the Nilgiris district of
Tamil Nadu, India (Figure 1). The Coonoor River watershed extends outside the Nigiris district
administrative boundaries. The Coonoor River watershed can be delineated as a smaller or a
larger watershed depending on whether only the eastern branch of the river is a primary source
of water for Coonoor or if both the eastern and western branches of the river are sources of
water (Figure 1). The Coonoor River watershed was delineated using ArcGIS (ESRI Arc Map 10.1)
from a topographic digital elevation model (DEM) data layer obtained from United States
National Aeronautics and Space Administration (NASA) and watershed outlets selected
downstream of the city of Coonoor. We have selected the larger watershed containing both the
eastern and western branches of the Coonoor River and draining approximated 100,000 km2 of
land for our analysis. The slope of the Coonoor River watershed is illustrated in Figure 2. The
majority of the watershed has a slope of 10% or greater, with some very steep areas (> 35%
slope). The slope and the land cover within the watershed can be used to inform
recommendations about how to improve water availability within the Coonoor River
watershed.
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Historically, the Nilgiri Plateau in which the Coonoor watershed is located was dominated by
two vegetation types. Shola grasslands were predominantly located on the plateau while dense
tropical evergreen forests dominated more sloped areas. With the influx of Europeans came
conversion of native vegetation to forest plantations and tea. Eucalyptus plantations became a
dominant forest type in the 1980’s, as this fast-growing tree was planted to reforest certain
areas (Prabhakar and Gadgil, 1995). A recent land use study surveying changes between 1990
and 2010 identified moderate increases (by 34%) in tea plantations during this period and an
immense increase (218%) in vegetable plantations, with much of this increase coming from
conversion of Eucalyptus plantations (Nalina et al. 2014). Within the Coonoor River watershed,
forest plantations are the dominant form of land cover (27%), followed by dry land agriculture
(21%), and tea estates (20%). Land cover in the Coonoor River watershed is displayed in Figure
3 and summarized by percentage and area covered in Table 1.
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Figure 1: Coonoor River watershed delineated for the eastern branch of the river (blue lines) or both the eastern
and western branches (solid blue and blue lines). The watershed extends outside the Nigiris district administrative
boundaries (red lines). The small first order streams are identified in light yellow and larger streams are identified
in blue.
Source: Own elaboration based on Keystone data and NASA digital elevation model (DEM)
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Figure 2: Topographic slope of the Coonoor River watershed with green indicating slopes less than 2% and red
indicating slopes greater than 35%.
Source: Own elaboration based on Keystone data and NASA digital elevation model (DEM)
Table 1: Land cover in the Coonoor River watershed by area covered (km2) and percentage (%).

Area (km2)
26,323
21,208
19,786
15,088
8,742
5,850
1,586
205
182
158
59

Land Cover
Forest plantations
Dry land agriculture
Tea estates
Discontinuous thicket to low scattered shrub
Grassland
Shola forest
Urban
Coffee estates
Dense forest
Swamp
Tree to shrub savanna
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Percent (%)
27
21
20
15
9
6
2
0.21
0.18
0.16
0.06
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Figure 3: Land cover within the Coonoor River watershed.
Source: Own elaboration based on Keystone data
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Socioeconomic context of Coonoor
In order to understand the potential buyers and sellers for water provisioning PES, a brief
review of the socioeconomic context of Coonoor is necessary. Coonoor is situated in the Nilgiris
district, located in the Western Ghats of southern India. The data for the socioeconomic context
have been taken from a report by the Human Development Research and Coordination Unit,
District Human Development Report.

The district registered a birth rate of 14.11, a death rate of 5.2 and an infant mortality rate of
16.03, which are all better than rates for the state and the country overall. The per capita
income for 1996-97 ranged from Rs 10,000 – Rs 14,000. Of the seven districts, Nilgiris
contributes roughly one fifth of the state per capita income. Regarding Human Development
Index (HDI), the Nilgiris ranked 6th among the thirty districts in Tamil Nadu. The Gender
Development Index (GDI) is 0.686. Both HDI and GDI are greater than those of the state (0.657
and 0.654) and the country (0.571 and 0.553). The poverty level in the district has been
documented as less than 30 per cent (SHDR, 2003). The overall Gini Index in relation to
inequality is 24.22, which is better than that of the state (28.2). Therefore, overall quality of life,
as measured by Nilgiris Human Development indicators, is comparatively much better than the
average Tamil Nadu state.

The Nilgiris has a population of 762,141 (census 2001) with the male population of 378,351 and
female population of 383,790 with a ratio of 101 females to 100 males (The Nilgiris District,
Dhan Foundation Maduri, 2011). Based on the UN 2010 population estimates, India’s sex ratio
is 1.07, compared to the Nilgiris population sex ratio of 0.98. This is indicative of the positive
gender bias towards women, given that it is a tea estate which heavily depends on women for
tea production. Studies suggest that increasing female income, holding male income constant,
leads to increases in survival rates for girls; whereas increasing male income, holding female
income constant, leads to decreases in survival rates for girls. Since women are more dexterous
at tea-picking, tea estates tend to have a higher female population (Qian, 2008).
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In Nilgiris, the industry consists of 223 registered working factories with 126 registered trade
unions. These factories provided 25.87 lakh man-days of employment during 2007-08. There
are large, small and cottage industries, which generate employment for a large number of
people in the district. Some of the important industries present in the district include Hindustan
Foto Films, Needle Industry, Sterling Biotech Ltd, Tea factories, TANTEA, Serve tea factories and
a Cordite factory. Another source of income and revenue generation to the Nilgiris district is its
tourism industry. Some of the famous tourist attractions include the boathouse, botanical
gardens, valley viewpoints, waterfalls, wild life sanctuaries, and national parks. In addition, the
Coonoor tea plantations are a UNESCO world heritage site.

The area under forest in the district is 142,577 hectares of which the reserve forest consists of
137,192 hectares and reserved lands includes 5,777 hectares. The district produces different
forest products such as timber – 9584 cubic metre, pulp wood – 6911 MT, wattle bark –743.14
MT and other products such as fire wood, data leaves, eacham grass, Gall nut, Amla, soapnut
and tamarind. Forest resources provide valuable income sources for the district.

The Nilgiris District has a livestock population of cattle – 48,875, buffalo – 2,542, sheep – 3,671,
goats – 27,785 and poultry ( both broilers and layers) - 90,493. The data reveal that the people
depend on the livestock for their livelihoods; moreover, the climate is suitable for rearing the
animals. It is not known to what extent livestock production has degraded soils, and impacted
the natural vegetation. The Nilgiris district also has inland fish production of 4,228 tonnes
(average catch) in four reservoirs annually. There is no private fish production unit in the
district. A trout fish hatchery is maintained in the crystal clear water of the Avallanchi reservoir.
The fisheries producers are also potential beneficiaries of PES.
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3. What services should the PES pay for?
In order to identify how to improve water quantity in the Coonoor region, we must first
understand the current ecosystem and what has led to the water problems. Assessing the
overall state of water resources, precipitation, surface water and groundwater, as well as land
and water management practices, will allow us to suggest recommendations about how to
improve these resources. It is also critical to identify the current land use practices being used,
particularly with regards to agricultural crops and vegetation cover, and how these are different
than historical vegetation coverage. This is particularly important because different types of
vegetation require different amounts of water to transpire and grow, and thus can influence
how much rain is stored in groundwater.

3.1 Understanding the current ecosystem in the Coonoor region
Precipitation
Historical precipitation data (1936-2013) for Coonoor, India indicates that the region receives
1,675 mm rain per year, on average. The minimum annual rainfall during this period was 917
mm while the maximum was 2,953 mm. Annual precipitation is generally increasing over this
time period of analysis (Figure 4). Precipitation varies throughout the year, with highest rainfall
amounts typically occurring in October, November, and December (Figure 5).
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Figure 4: Annual precipitation (mm) in the Coonoor River basin from 1936-2013. Annual precipitation has been
increasing slightly over this time period.
Source: Own elaboration

Figure 5: Median monthly precipitation (mm) in the Coonoor River basin from 1936-2013. Largest precipitation
events occur in October, November, and December.
Source: Own elaboration
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Groundwater
As of 2004, a net total of 1839.36 hectare-meters (ha.m) of groundwater was available in the
Coonoor taluk and 84.93 ha.m was being withdrawn. At that time, the groundwater was
categorized as safe to drink and an annual balance of 1751.42 ha.m remained available for
future development (Subburaj, 2008). The Central Ground Water Board did not conduct
exploratory drilling to explore the potential for greater groundwater utilization, however, dug
wells represented the major source of water for irrigation in the Nilgiri District. Coonoor
irrigated a greater area of land (434 hectares) than all other taluks combined (Subburaj, 2008).
Dug wells draw water from shallow aquifers (5.00-20.00 meters) held in the fissures of the
underlying metamorphic rocks in the region. In localized low points, such as valleys along rivers,
alluvial and colluvial formations have provided additional aquifers, however, wells dug in these
shallow units are ubiquitously dry during drought years (Subburaj, 2008).

Recently, aspects of groundwater quality including pH, total dissolved solids, total hardness,
sulfates, chloride, calcium, turbidity, and temperature, were evaluated in the Coonoor taluk
(Subramani et al., 2012). Using data from 13 observation wells throughout the taluk, Subramani
et al. (2012) spatially analyzed the groundwater supply with specific attention to the
aforementioned quality parameters. Despite the authors’ reservations about increased
groundwater pollution in the taluk as the result of increased water scarcity, seven of the eight
quality parameters were within acceptable limits - total hardness surpassed the acceptable limit
in multiple wells, though hardness is more an aesthetic issue than a health concern. In
agreement with Subburaj (2008), Subramani et al. (2012) conclude that the groundwater is
generally of high quality and is suitable for consumption.

Vegetation & Land Use
Historically, the Nilgiri Plateau in which the Coonoor watershed is located was dominated by
two vegetation types. Shola grasslands were predominantly located on the plateau while dense
tropical evergreen forests dominated more sloped areas. With the influx of Europeans came
conversion of native vegetation to forest plantations and tea. Eucalyptus plantations became a
-15-
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dominant forest type in the 1980’s, as this fast-growing tree was planted to reforest certain
areas (Prabhakar & Gadgil, 1995). A recent land use study surveying changes between 1990 and
2010 identified moderate increases (by 34%) in tea plantations during this period and an
immense increase (217%) in vegetable plantations, with much of this increase coming from
conversion of Eucalyptus plantations (Nalina et al., 2014). The water use of these various
vegetation types is a critical control on how much water is available for groundwater recharge
and subsequently streamflow. The transpiration rates required to sustain growth can vary
widely across different plants, and thus it is important that the vegetation grown in a region not
transpire more water than is available through precipitation inputs.

In the Western Ghats of India, Krishnaswamy et al. (2013) studied fluxes of water in several
forest types (natural tropical evergreen forest, degraded forest savanna, and Acacia
plantations). While all three types had somewhat similar rates of evapotranspiration (about
1,500 mm/yr for natural forest, 1,300 mm/yr for Acacia, 1,200 mm/yr for degraded forest),
precipitation was lost more quickly as surface runoff in the degraded forest and Acacia
plantations. While this surface runoff can lead to greater streamflows for a short period of time,
there is also likely to be sediment carried into the stream, leading to water quality problems
(Krishnaswarmy et al., 2012). Since the natural tropical evergreen forests had less precipitation
flowing over the surface, these sites had more recharge to deep groundwater (46% of
precipitation inputs), compared to degraded forests (39%) or Acacia plantations (14%). This
increased recharge helped the natural evergreen forests sustain streamflow through the dry
season better than the other forest types (Krishnaswarmy et al., 2013).

Sharda et al. (1998) and Sikka et al. (2003) have studied the hydrological impacts of converting
native grasslands in the Western Ghats to bluegum Eucalyptus (Eucalyptus globulus)
plantations. They observed that a watershed dominated by Eucalyptus had lower annual
surface runoff by 25.4% (938 mm) and lower base flow (or groundwater flow into the stream)
by 27% (415 mm) compared to a watershed with natural grasslands and savanna vegetation.
Eucalyptus spp. has measured transpiration rates of 2-8 mm/day, which is much higher than
-16-
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rates for native grasses. Annual transpiration from Eucalyptus spp. and Acacia spp. have been
observed to be between 59% and 128% of annual rainfall in the Western Ghats (Venkatesh et
al., 2014); thus if the plants are using all the available water, there is little or none to recharge
the streamflow. During the dry season (January – April), sustained reductions in streamflow
have been observed in the Eucalyptus-dominated watersheds compared to the natural
grasslands, which is an issue not just for having drinking water but also for maintaining
reservoirs and hydro-electric power generation (Sharda et al., 1998; Sikka et al. 2003).

Tea generally has a transpiration rate of 800-1,200 mm/year, but this can vary based on
available water via precipitation or irrigation (Carr et al., 2010) or the sunlight intensity and
amount of shading (Anandacoomaraswamy et al., 2000). There are certain practices that can
help maximize the amount of incoming precipitation accessible by the tea plant, and thus
improve yields. Planting cover crops between tea, such as the leguminous French bean
(Phaseolus vulgaris), can help reduce the amount of precipitation that turns into surface runoff
and is routed away downstream. Staggered trenches dug with the contour of the land, between
rows of tea, can also help slow down any surface runoff and allow it to infiltrate into the soil
(Madhu et al., 2011). Madhu et al. (2011) observed that water use efficiency increased by 19%
when a cover crop (French bean) was planted between tea plants and cover crop use along with
contoured staggered trenches increased rainwater productivity by 16%. Along with the use of
these water conservation practices, the yield of tea leaves increased by 25-37% while runoff
was reduced by 29-51% and soil erosion was reduced by 25-68% (Madhu et al., 2011).

3.2. Recommendations for Keystone
The following suggestions for improving water quantity in the Coonoor watershed are based on
many assumptions about the hydrology and water budget of the region. Collecting
precipitation, streamflow, and groundwater data would greatly enhance our ability to make
more specific recommendations that could be more useful for increasing water quantity. We
suggest that Keystone invest in some relatively inexpensive data loggers that can be placed in
the stream to monitor stream flow as well as in groundwater wells throughout the city. One
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data logger that could be used is the OnSet HOBO U20L level logger
(onsetcomp.com/products/data-loggers/U20L-data-loggers). A Hach Flow Meter
(hachflow.com/flow-meters/fh950.cfm) could also be to measure stream discharge. In addition
to the streamflow, rapid habitat assessments along the streams of Coonoor could be useful in
evaluating the health of the stream and monitoring changes (Vermont Agency of Natural
Resources, 2008).

Although the primary goal of this PES project is increasing water quantity to Coonoor,
improving or at least monitoring water quality could be beneficial. Field test kits for nitrogen,
phosphorus, and fecal coliforms are readily available and easy to use (hach.com/testkitsguide).
Collecting a baseline data set of the water available currently and the water use habits of the
citizens would enable Keystone to evaluate the success or failure of the PES project. The data
collection and monitoring projects could be carried out by undergraduates and even by citizens
in the region.

Additionally, it appears that there is some regional expertise on hydrology based on some of
the scientific studies that we have found. If you seek additional insight on landscape hydrology
in the Coonoor region, we recommend consulting some of these scientists that have been
recently studying the hydrology and vegetation influences in the Western Ghats and Nilgiri
Plateau (see Sikka et al., 2003; Krishnaswamy et al. 2013).
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Recommendations for Keystone for Improving Water Quantity
The following are suggested land use changes or conservation practices that could be options that
landowners or land managers would be paid for under a PES Program to improve water quantity.
For land planted with tea or vegetables:
 Plant leguminous cover crops between tea plants to reduce loss of incoming precipitation via
surface runoff and encourage infiltration - promoting groundwater recharge and improving tea
yields as well as reducing need for fertilizer, thus improving water quality


Use contour-staggered trenches (trenches that go perpendicular to the slope) to reduce water
loss and soil erosion between tea rows



Use organic matter amendments to improve soil water retention, and reduce tendency for
erosion



Replace some percentage of the tea with native grasses, preferably in strips to help reduce runoff
losses

For forest plantations:
 Replace Eucalyptus or Acacia plantations, already owned by the government in many cases, with
native tropical evergreen forests, since the native trees help sustain streamflows better
All land types:
 Install simple rainwater harvesting systems (which could be as simple as a cistern or barrel) to
collect water for drinking or irrigation
Additional considerations:
 Prioritize land with high slope, that would be most susceptible to generating lots of surface runoff
and soil erosion and potentially restore the native vegetation


Return lower elevation areas back to native Shola grasslands

-19-

Recommendations for Development of a PES for Coonoor, India

4. How to Administer the PES
4.1 Administrative Structure in the region
Within the state of Tamil Nadu, and furthermore within the district of Nigiris, are subdivisions
of the district called tehsils, also known as vattams specifically in Tamil Nadu. Furthermore, the
village functions as a revenue entity and is self-governed by the panchayat or village council.
PES payments would most likely be sanctioned at the state level. See below for the basic
administrative structure of India (Figure 6).

Figure 6: Administrative Structure of India
Source: District Councils of India, http://en.wikipedia.org/wiki/District_Councils_of_India
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Local Capacity
The view that large populations of impoverished people are bad for the environment is not new
nor profound. The simple feedback loop accepted by scholars is known as the populationpoverty-environment stereotype. As population increases, the environment degrades, poverty
deepens, and looping back again, the population increases (Chambers, 1997). Of course
population increase does not always result in environmental degradation in cases where
development density is high and therefore more landscape is preserved. What is important,
however, is the link between social capacity for positive environmental change and poverty
alleviation--an understanding providing support for a PES proposal which both considers
environmental efficiency and poverty alleviation. One may approach rural development
through participatory action research (PAR) or participatory rural appraisal (PRA). The pillars of
PRA come from practice and include the following:



The behavior and attitudes of outsiders, who facilitate, not dominate;



The methods, which shift the normal balance from closed to open, from individual to
group, from verbal to visual, and from measuring and comparing; and



Partnership and sharing of information, experience, food and training, between insiders
and outsiders, and between organizations. (Chambers, 1997)

Historic Governance
From a governance perspective, a basic knowledge of history, structure, and political process is
foundational. Following independence from British rule in the 1950s, the rural development
strategy became one of decentralization and participatory and self-governance. The
Community Development Programme of the 1950s sought to achieve these goals through the
revitalization of the panchayats, the basic unit of village democracy. These local councils were
to be appendages of the central administration and were meant to be responsible for road
maintenance, tree planting, hospitals, schools, drainage, health, etc. (Lieten 2003). In all, the
journey for decentralization has been historically fraught with difficulty.
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In practice, however, it soon turned out that the panchayats failed to function, and the
development structure remained very much dominated by the centralized departments. These
departments provided the access to infrastructure and finances, and little power was
delegated. From the late 1970s onwards, many attempts were made to reactivate the
panchayats. In some provinces, these attempts were successful, but in general, as aptly noted
by Jain (1985), the attempts to revitalize grass roots democracy showed feeble results. In 1994,
the 73rd Amendment to the Constitution of India recognized the panchayats as the lowest rung
of self-government, and gave them a greater share of financial resources. (Lieten 2003).

Some states have been more recently successful with working decentralized governance than
others due to individual socio-cultural and political dynamics. First, this can be exhibited by
varying levels of local knowledge. For example, in West Bengel, villagers know about the
panchayat, where the office is located, who the mayor is, and where the office is located. In
Utter Pradesh, however, it is difficult to learn about the identity of the panchayat, an office may
not exist, and the only person known by villagers to be associated with the panchayat is the
pradhan (a ministerial title in cultural Hindu tradition) (Lieten 2003).

Secondly, of considerable importance is the political culture among the caste systems within
each state. As of 2011, the census reports that 20% of the Tamil Nadu population is part of a
scheduled caste (Census 2011). Generally it is worth noting that a Varna, or the theoretical
classification based on one's occupation, can be divided in descending order of prestige as
follows: the Brahmins (priests and scholars), the Kshatriyas (kings, governors, warriors, and
soldiers), the Vaishyas (cattle herders, agriculturists, artisans, and merchants), the Shudras
(laborers and service providers), and the untouchables (street sweepers and latrine cleaners).
Separately, people are classified by Jāti or caste, which involves thousands of clans, tribes,
communities, and sub-communities in India. Jātis can overlap one another and may straddle
more than one Varna. A person's surname may correspond with their Jāti affiliation. Because
class and caste is so entrenched in the power dynamics of Indian governance, further
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exploration specific to the watershed is necessary to understand the potential capacity for trust
and power dynamics.

4.2 Administration in the PES context
There are different approaches to administration and, depending on the context in which a PES
program is implemented, a centralized or decentralized approach can be a significant factor as
to whether or not the program is successful. In the context of water project administration in
India, previous, top down efforts in water administration have been largely unsuccessful, with
current trends toward participatory and decentralized approach. Additionally, a grassroots
approach would be less expensive to implement (Ananda, 2012, p. 137). However, when it
comes to information-gathering and interpretation, Ananda (2012) reports that federal and
state governments have a more advanced capacity to interpret data (p. 143).

With regard to administration at the local level, it is important that PES watershed boundaries
match political and administrative boundaries. As Fisher et al. (2010) argue, “Spatial
concordance” of resource and user group is important (p. 1257). In order to implement the
PES, attention must also be given to the administrative structure of villages and farming areas
in the watershed. According to Ananda (2012), understanding of local property rights and
power structure is key (145).

Ananda (2012) also lists several project implementing organizations which can undertake
watershed management at the local level in India: “autonomous organizations under
state/central governments, government institutes/research agencies, intermediate panchayats
*village councils+ and voluntary organizations” (p. 137). Another important element is public
participation in the decision-making process. Without strong input from local farmers, it will be
difficult to tailor the PES intervention to local farming systems and local political structures. This
is particularly important when designating who is responsible for monitoring and enforcement.
After all, when rules are made collaboratively and openly, CPR management is likely to deliver
on its specific objectives” (Fisher et al., 2010).
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Roles in Implementation
The roles taken by different actors within implementation can also have a profound effect upon
the successful implementation of a project. Reis et al. (2007) designate some of the following
institutional conditions related to roles in implementation:
1.

Clear definition of suppliers and beneficiaries

2.

Cooperational institutions on the side of suppliers and beneficiaries

3.

Broad stakeholder representation and decisional autonomy within management

institutions
4.

Agents who fulfill monitoring and sanctioning are accountable to participants

5.

Functioning information flow amongst stakeholders and authorities

6.

Intermediary organization for connection of buyers and sellers (p. 27)

In a case study of water PES implementation in Tanzania, Lopa et al. (2012) also identify some
important conditions present in a successful outcome. These included the presence of an
intermediary organizations and agreement between the administering organization and village
authorities. In the case study, compliance was enforced through “signed agreements between
village authorities and CARE [the intermediary organization] and regular village meetings” (p.
39). Representatives from both farmers and the project kept records on payment and land
area, thus there were two mechanisms to verify compliance (Lopa et al., 2012, p. 39).

Efficiency and Equity
Coasean policy approaches, which assume that "efficiency gains can be achieved independent
of property rights," tend to disregard equity issues (Pascual et al. 2010: 1237). Nevertheless,
scholars and practitioners are finding ways in which PES can also be pro-poor. Essentially they
examine the conditions under which poor stakeholders can be efficient providers of
environmental services and create a win-win scenario. While the utmost priority for the
Coonoor PES project is to increase water quantity within the watershed, the government
regime will ideally promote poverty alleviation concurrently where possible. This is no easy
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task. Admittedly, Tallis et al. (2008) conducted a study analyzing World Bank projects aimed at
both conservation and economic development goals. Only 16% of these projects were
successful in achieving win-win scenarios, yet the authors emphasized that the major barrier in
understanding successful frameworks comes from a lack of standardized data and measures of
sustainable use of ecosystem services, tradeoffs among different services, the spatial flows of
services, and economic feedback in ecosystem services markets.

One must be specifically careful to understand the local conditions of a study area before
implementing a plan. As Pascual et al. explain, "...a water-related PES program might contribute
to changing historical inequities between upper and lower areas of a catchment, increasing the
bargaining power and status of poor providers of environmental services in the upland areas.
On the other hand, it may also legitimize large-scale water consumption downstream through a
payment scheme" (2010: 1237). Furthermore, scholars have found that without a continuous
process of social and political change, poverty alleviation programs under narrow management
can become "subject to manipulation by those who would enjoy the monopoly of social
knowledge" (Rahman 1984: 11; quoted in Lieten 2003:33). Either way, consideration of the
interconnectedness of efficiency and equity is crucial.

Need for Transparency
When working with official elected boards, first consider the internal social relations and
political motivations of each member. Members of a panchayat may be mere conduits of power
from village elites. Consider an example taken in Uttar Pradesh:
The pradhan [mayor] in a number of cases was the scion of an established landed family.
Invariably, he was associated with the dominant faction in the village. In other cases, the mayor
was a rather poor villager who acted as the rubber stamp of the dominant landlord, who due to
various reasons, could not stand for election to the post of mayor. The members were usually
not active on the public stage, and as a rule were not engaged in any organization, movement,
or institution. In fact, it was the less capable villagers rather than the better equipped who had
been asked by the prospective mayor to join his team (Lieten, 2003).
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Considering India's post-colonial experiences and more recently understanding their role in
globalization and neo-liberal society, citizens may remain wary of either outside intervention
through NGOs or internal governance through village councils. In fact, no study exists exploring
the relationships of NGOs and panchayats, and thus the question of which is more efficient and
less corrupt is ambiguous; though, it would seem that this would depend on levels of public
scrutiny (Lieten 2003:26). Therefore, no matter what role Keystone plays in this PES project, it
must remain committed to transparency.

4.3 The Role of Keystone
As an implementing organization, Keystone has several advantages and also a few challenges.
The organization boasts 32 staff people and seems to have extensive expertise and experience
working with farmers and administering grassroots projects. According to their website,
Keystone currently works actively with thirteen different farmers groups in the Nilgiri Biosphere
Reserve. The organization has also worked on other agricultural projects, including beekeeping
(Keystone Foundation, n.d.).

Although they have some experience working on a project to ensure drinking water supply, this
is Keystone’s first time implementing a PES project and they will need to establish a system for
implementation and administration, which will likely involve a learning curve. Additionally,
Keystone does not have experience working with the farmers in the PES project area, but rather
has previously worked with indigenous groups in other areas. Getting a sense of the needs,
priorities and administrative structures of the communities with which they are going to be
working is going to be critical to project success. Additionally, the organization will need to
establish trust and relationships with local stakeholders. This may be a process that involves
time and effort on the part of Keystone and a preliminary assessment is highly recommended.
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4.2 Recommendations for Keystone
Obtain a clear sense of who the beneficiaries are going to be and take into account socio-economic
and demographics, including caste, gender, ethnic group, and farming methods when deciding how
interventions should be made and include farmers/indigenous groups in the design and decisionmaking process – it is imperative to get stakeholder input and buy-in from the beginning of project
inception. Particularly due to Keystone’s lack of experience with the farmers in the area of the PES
watershed, it is important to assess local stakeholder needs and priorities. Examination of existing
data is recommended and some preliminary surveys – which will have the purpose of both educating
local farmers and providing Keystone with an accurate baseline of stakeholder data is advised.

Ensure that there is trust between PES administrator, payees, and beneficiaries –, Seeking out local
leaders and other people who are respected in the community will help facilitate trust and
understanding. However, in addition to the relationships between beneficiaries, government, and
other paying entities must be assessed and maintained.
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5. Where does the money come from?
According to Pagiola and Platais, (2007) PES is a market-based approach for conservation based
on two principles: those who benefit from environmental services should pay for such services
(users and buyers); and those who contribute to generating these services should be
compensated for providing these services (providers). Although there is an undebatable market
component in PES, in practice the majority of the PES projects depend strongly on the state
and/or community, and not only direct users (Vatn, 2010; Sattler and Matzdorf, 2013). A pure
direct transaction between environmental services (ES) providers and users is not always
suitable for PES as markets tend to be a more effective mechanism with private goods
(Muradian & Rival, 2012), and markets are not good when it is necessary to have a high degree
of cooperation (Williamson, 1991). In this section, we describe potential buyers of the ES for
the Coonoor hydrological PES, and describe their potential positive and negative outcomes. We
also use case studies to illustrate each type of buyer.

5.1 Public payment schemes.
In the PES public cases, various resource managers are involved in ecosystem services on behalf
of the wider public. For the case Coonoor, we analyzed three potential public schemes: Local
governments, public company, and federal government.

Local government. Tamil Nadu Water and Utilities Board
The Estate Government of Tamil Nadu through the Utilities Board could act as a representative
of the residents who will be paying for an increase in water quantity. This would mean that,
instead of dealing with several consumers as buyers (i.e. residents, industry, hotels), the
Government acts as a single buyer representing the interest of all the users. One benefit of this
approach is that it could reduce transaction costs. However, if the strategy is not backed up
with a formal agreement (for example a modification in the water law) this strategy could be
only a short term engagement. An example of strong institutional arrangements is the Quito
Water fund, where the municipality has now passed an ordinance requiring that at least 2% of
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the fees the water utility collects goes to the water fund but the fee for the individual user has
not increased (Goldman, 2012).

Government Company, for example hydroelectric
As well as in the previous example, the local government could act as a single buyer. In this
case, electric production would be directly linked to the provision of the ES (water quantity).
For this reason, for this scheme the conditionality is crucial, as the service provider should
ensure service provision. Depending on the institutional agreements with the hydro-electrical
company, the payment could be directly linked to the outcomes.
In the case of the hydrological component, the preferred hydrological ES is reduction in
sediments, and payments are usually linked to outcomes. For example, the case of La Esperanza
Hydroelectric in Costa Rica, the payment is linked to the power production and inflation. Also,
because the power tariff changes through time, the contract also allows for adjustments to be
made accordingly. Although this is an efficient arrangement in a pure market logic, there could
be some difficulties. As discussed in section 2, due to the complexity of the biophysical models
it would be difficult to predict outcomes. Therefore, the terms may be negotiated by “good
faith” and with uncertainties. Other potential issues are that some risk adverse service
providers may not enter into the PES program as there is uncertainty in the payment, and it
may not be at least equal to their willingness to accept.

Indian Federal Government
In some highly centralized governments, a Public National buying scheme is preferred because
of its potential simplicity. Also, the Federal Government could have the capacity to leverage
national and local resources. Costa Rica national program is the best known example of a
government-based PES. In this case, the bulk of financing for the PSA program comes mainly
from an earmarked portion of the fuel tax, and in some cases it is complemented by private
funds from businesses interested in protecting hydrologic services in an area (similar to a hybrid
mixed buyer). Another example is China’s Sloping Land Conversion Program (SLCP), where the
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Central Government is implementing a PES and taking advantage of economies of scale
(Wunder et al., 2008). However, within the geopolitical context of India, this arrangement may
not be the most appropriate.

5.2 Private payment schemes
Markets for ecosystem services have been advocated in international policy and development
practice as a means to enhance environmental conservation and to improve human well-being.
Pricing nature’s services and assigning property rights to them will provide conservation
incentives to resource users and ecosystem managers. Service providers often include farmers,
rural communities, and NGOs, while buyers are private companies, state agencies, and
individual citizens. Hundreds of PES schemes are now being implemented around the world
covering four main ecosystem services: water provisioning, carbon sequestration, landscape
amenity, and biodiversity conservation. Most current PES schemes are local level arrangements
and involve spontaneous, private market-type arrangements. Such schemes tend to be modest
in scale, and are very common in nature-based tourism and protection of small watersheds
(Arriagada and Perrings, 2009).

The Coonoor project is aimed at a water provisioning ecosystem service. In this section we will
do a case-by-case analysis of some PES schemes that involve users of PES in private market-type
arrangements: Households, industries, hotels and restaurants, and agricultural users. The four
case studies presented should help identify, and rule out potential buyers given the Coonoor
context.

Households
Working for Water Program, South Africa: Watershed and wetlands Water use charges in the
town of Pimampiro involved payments to upstream forest landowners located in the area of
the municipality water intake pipe. A 20% increase in water-use charges was paid for by the
households. There was a general perception from users that funding raised through the water
-30-

Recommendations for Development of a PES for Coonoor, India

fee was being invested in general water improvements (including infrastructure for increasing
water flow (i.e., water uptake and transport, treatment and distribution). A key takeaway is
that, in Pimampiro the institutionalization of a PES through a large seed funding resulted in
investments in infrastructure deficiencies. The author suggests that the latter was more
problematic compared to forest degradation. Had there not been parallel investments in the
supply system, potential benefits of forest protection would remain undermined by the
inadequate supply system. This project did not incorporate agricultural users of water in the
PES.

A payments for ecosystem services (PES) system came about in South Africa with the
establishment of the government-funded Working for Water (WfW) programme that cleared
mountain catchments and riparian zones of invasive alien plants to restore natural fire regimes,
and improve the productive potential of land, biodiversity, and hydrological functioning. The
success of the programme is largely attributed to it being mainly funded as a poverty-relief
initiative, although water users also contribute through their water fees. The WfW programme
was initiated in 2005 in response to the realization of the threat that alien plants posed to
water supplies. The Department of Water Affairs and Forestry (DWAF) includes a water
resource management fee in the water tariff charged to consumers. The water charge levied for
catchment management does not distinguish between richer and poorer consumers per se, but
it is superimposed on a stepped pricing system that does. This is unlike most other PES systems
where conservation action carries a significant and on-going opportunity cost, typically as a
result of decreased agricultural or forestry production from the lands in question. In this case,
total costs are low because no land use is displaced, and in fact treated land (if used for
agriculture or natural resource harvesting) is likely to be more productive, so the opportunity
cost portion of the total cost is low or even negative. (Ordóñez, n.d. ; Turpie, Marais, and
Blignaut, 2008)

-31-

Recommendations for Development of a PES for Coonoor, India

Industry
France Perrier Vittel: Voluntary markets are a category of private payments for ecosystem
services. Other private PES deals also exist in contexts where there are no formal regulatory
markets (or none are anticipated in the near term) and where there is little (if any) government
involvement. In these instances, buyers of ecosystem services may be private companies or
conservationists who pay landowners to change management practices in order to improve the
quality of the services on which the buyer wishes to maintain or is dependent. The motivations
for engaging in these transactions can be as diverse as the buyers.

Perrier Vittel (now owned by Nestlé) discovered it would be cheaper to invest in conserving the
farmland surrounding their aquifers than to build a filtration plant to address water quality
issues found in 1990. Accordingly, they purchased 600 acres of sensitive habitat and signed
long-term conservation contracts with local farmers. Farmers in the Rhine-Meuse watershed in
northeastern France received compensation to adopt less intensive pasture-based dairy
farming, improve animal waste management, and reforest sensitive filtration zones.

This is an example of a self-organized deal let by a large multinational industry, which is
essentially when an individual beneficiary of an ecosystem services contracts directly with
providers of those services. In this case water-related ecological service was quality drinking
water. The suppliers were upstream dairy farmers and forest landholders. The buyer was a
bottler of natural mineral water, Perrier Vittel. The mechanism employed by the bottler was to
make payments to upstream landowners for improved agricultural practices and reforestation
of sensitive filtration zones. In addition, Vittel paid each farm about $230 per hectare per year
for seven years. The company spent an average of $155,000 per farm or a total of $3.8 million.
(Forest Trends, The Katoomba Group, and UNEP, 2008).

Other option of industry for Keystone could be Hotels and Restaurants, negotiating for example
a flat voluntary donation of tourist after the visit.
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Direct Agriculture Users
Irrigators Finance Upstream Reforestation of Macquarie River sub-watershed: In Australia, land
clearing has exacerbated salinization problems in many parts of the Murray-Darling Basin. This
occurs because the lost vegetation no longer takes up water and transfers it back to the
atmosphere, so water tables rise and bring dissolved mineral salts to the surface. In response to
increased salinity problems the New South Wales State Forests, a state government agency,
launched a pilot project in which downstream irrigation farmers started purchasing
transpiration credits from State Forests, who were planting trees on state land upstream. The
downstream irrigation farmers were part of the Macquarie River Food and Fiber (MRFF)
association. It consisted of 600 irrigation farmers in the Macquarie catchment area.

MRFF paid for the environmental service that were provided by SF and private upstream land
owners, who represent the third party at the scheme In 1999, SF entered into a 'Pilot Salinity
Control Trade Agreement' with MRFF, according to which MRFF pays the agency to replant
trees in the upper catchment area. The public-private partnership worked as follows: The
irrigators paid ca. $US 42 per ha reforested land per year for 10 years to State Forests NSW,
purchasing transpiration or salinity reduction credits which were earned before by the agency
through reforestation of 100 ha of land.

The revenues of this trading scheme were used by SF to replant more trees on public and
private lands. Private landowners received an annuity but the forestry rights remain with SF.
Until today, there have been little problems with implementing the scheme. Because it was
mainly intended as a trial of the use of a market based approach to help control dryland
salinity, it already provided valuable insights in the working of such a scheme (e.g. possible
buyers and sellers, definition of the product). If a full trading scheme is ever to be implemented,
one has to deal with the fact that causes and effects are difficult to determine and that it is
therefore not easy to predict the improvement in water quality downstream that will result
from a lower water table due to increased transpiration in the upstream area. One also has to
deal with the free-rider phenomenon, i.e. that MRFF is paying to achieve the benefits of
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improved water quality downstream, while all other water users receive those benefits for
nothing (Koch-Weser and Walter, 2002).

Hotels
Amigos de Sian Kaan, Mexico and Cancun Hotels: In the touristic region of Quintana Roo,
Mexico, 73% of the tourist are willing to pay at least US $1 for the preservation of the visited
resorts. Two NGOs, The Nature Conservancy and Amigos de Sian Ka'an are coordinating a PES
scheme, which has an agreement with the main beach hotels in the Cancun area to ask tourists
for voluntary flat donation after their stay of US $2 for local conservation of mangroves. At the
time of check out, the hotel employees ask if tourists are willing to donate to promote
conservation of local mangroves/environment. The employees are trained on the importance
of the environmental resources of the region. In the first year, the scheme earned $37,000 from
the tourists. The NGOs compensate the local communities for providing hydrological and
biodiversity services (Bosques, Sociedad y Desarrollo, 2011).
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Table 2: Potential trade-offs and examples of PES
Potential buyer for the Coonoor
case and description

Potential positive outcomes based on the Coonoor
characteristics

Potential negative outcomes based on the Coonoor
characteristics

Case studies and sources that
used that type of buyer and
further readings

Local government
Tamil Nadu Water and Utilities
Board

· Deal with a single buyer representing water
consumers
· Could improve other aspects important for the
local government (i.e. health, development)
· Could ensure budget for medium term

· If it is not supported by a law, it could be just a
weak, short term strategy.
· Efficiency of a market transaction is lost, and works
similar to a subsidy

Quito, Ecuador
(Goldman-Benner, 2012)

Government company
Electricity Board

· Deal with a single buyer representing water
consumers

· Difficulty to ensure conditionality and to calculate
the payment before implementation, as it is directly
tied to power generation.
· If paid by outcomes, biophysical detailed
information is crucial.
ES tend to be very specific (i.e. reduction of
sediments)

La Esperanza, Costa Rica
(Blackman & Woodward, 2010 and
Rojas & Aylward, 2002)

Indian Federal Government

· Larger budget that could ensure long term
sustainability
· Capacity to engage other government actors
Economies of scale, and relative simplicity

· Indian Federal government does not has a strong
presence at local level, lo may be not aware of the
regional needs.
Federal government could not be interested in
increasing the amount of water, as it is a task of the
Estate and local Governments

China, Costa Rica, Mexico
(Bauche and Sandoval, 2013 and
Rojas & Aylward, 2002)

· Although there is an increased demand for water
in Coonoor it is still not known whether the
residents of Coonoor will be willing to pay for
improved water quantity provisioned by the
municipality.
· Payment for ecosystem services do not solve all

· Low collection rates for water billing from
households was experienced in Pimampiro. Coonoor
does not have a water billing/ water tariff system inplace.
· High monitoring and administration costs for the
government, and there is a chance that funds

Working for Water Program, South
Africa (Ordóñeziid, Robert
Yaguache, n.d. ; Turpie, Marais,
and Blignaut, 2008)

GOVERNMENT AS A BUYER

DIRECT USERS AS BUYERS
Direct household users
Residential use from Coonoor
inhabitants
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Direct industry users Needle

the socio-environmental problems, so it should not
be considered as the only livelihood improvement
tool.
· The Nilgiris District Human Development Report
suggests that Coonoor households have a
relatively higher income, and therefore it can be
inferred that there is sufficient purchasing power
amongst households to pay for ecosystem services.
· The Nilgiris district has a forest and non-timberforest (NTFPs) industry. NTFPs can be developed as
an alternative ecologically beneficial alternative in
regions, which were originally forested, and have
been converted to pastures for livestock, tea
plantation zones, or simply deforested.
Reforestation must take into account replanting
native tree species to regulate the hydrological
regime.

collected from bills will not cover implementation
costs.
· The municipality needs to determine the need for
and the costs associated for improvement in
infrastructure development
· Both case studies have successfully utilized existing
water tariffs as a basis for charging urban water users
· Unlike in the case in WWP, the provision of water
will be done through a municipality and not from a
larger programme that has sizeable budget for
operation. Implementation and coordination costs
might be significantly higher, that will be translated
to users, who might not have the willingness to pay
higher tariffs.
· Tea plantation regions might need to be converted
to grassland or some other land-use type that will
have a high opportunity cost in terms of decreased
tea production. Prior to the institutionalization of
this PES, the land area displaced for conservation
needs to be determined in Coonoor.
· If the Coonoor households in general are also
suppliers of the PES, that is tea plantation owners
reside in Coonoor, then it will be difficult to separate
the two groups. A more detailed profiling of tea
plantation owners and Coonoor residents should be
conducted before Coonoor households are
recommended as potential buyers of the PES.
· The WfW programme had an annual budget of
more than R400 million-the largest single natural
resource based poverty relief and public works
expenditure in the country. This implies that
sustainability of a PES that relies on payments from
households will be ensured in the presence of a
larger federally/state owned, well-funded, umbrella
natural resource management project.

· The industry in Coonoor should have an economic

· Given the competing uses of water in Coonoor, it is
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chemical and tea factories

incentive to directly invest in conserving tea
plantations regions and gain access to the aquifer
for industrial processing.
· The presence of industrial unions in the Nilgiris
District suggests that there might also be some
industrial associations, which can be involved in
PES. Further information must be gathered
regarding the presence of industrial unions and
associations and their tendency to collaborate for
economic efficiency.

unlikely that the industry downstream in Coonoor will Trends, The Katoomba Group, and
be able to be the sole beneficiary of such an
UNEP, 2008)
arrangement, and hence it diminishes the industries
incentive to make long-term conservation contracts
with tea plantation owners to manage their
watershed.
· Water usage of tea factories, small cottage
industries, needle industries and other chemical
industries is not known. Industries can be targeted as
potential payers for PES, given a sound knowledge of
utilization, demand and willingness to pay for water
supply.
· If these industries are using ground water supplies,
then their water usage is difficult to monitor and it is
also difficult to implement a PES where the source of
water is not visible. This issue arises for all the other
PES buyers.

Direct hotel and restaurants
· It is difficult to separate hotels, restaurants and
users
the other all tourism industry from residential
Hotels, restaurants and tourists in users since they are probably using/connected to
Coonoor town
the same municipal water supply. In which case
the municipality can charge these users a similar
water tariff as proposed for residential users.
· Given the case study of the Cancun hotels, it is
possible for hotels to independently work with
local NGOs to request tourists to donate funds for
PES on a voluntary basis. The staff’s level of
knowledge, experience and adequate training
regarding the PES is an important component for
its success.

· Within Coonoor, hotel and restaurant users have
Amigos de Sian Kaan, Mexico and
a large demand for water. Instead of viewing them
Cancun Hotels (Bosques, Sociedad
as separate entities, they can be included as
y Desarrollo, 2011)
commercial users.
· If commercial users are using a separate water
supply, (e.g) are directly using ground water, then
the municipality can charge these commercial
enterprises based on water drawn and transfer
funds to the providers of the PES. This will require
an efficient monitoring system, whereby water
drawn from the aquifer is kept in check. There are
implementation and institutional capacity barriers to
such a recommendation. Further information is
needed on the quantity of water use and source of
water supply of these commercial enterprises.

Direct agriculture users
Tea estates and small farms
downstream

· Given the Coonoor context, there is little
Macquarie River Food and Fiber
documentation of tea estates and small farms
(MRFF) association, Australia
downstream. It is currently documented/known that (Koch-Weser and Walter, 2002)

· The case for small farmers purchasing PES can
only be strengthened if there are currently smallfarmer associations, which have a collective vested
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interest in getting increase water supply for
irrigation.

majority of the tea estates are upstream, given the
higher elevation requirement of the plantation itself,
therefore, smaller farms may exist downstream that
utilize water for irrigation. A socioeconomic profiling
of small-scale farmers, and the presence of possible
small-farmers associations needs to be determined.
· According to the Nilgiris Human Development
Report, the main source of irrigation is wells which
irrigate about 300 hectares of agriculture lands in
the District. Therefore like in the case of commercial
users, the municipality, or whichever organization is
overseeing the PES will have to closely monitor
water drawn from the ground water aquifer.

OTHER
Hybrid, mixed buyers
Two or more of the above

· A hybrid system could use stakeholders’
characteristics as synergies and strengths (i.e.
for monitoring, research, communication, etc.)

· Difficulty to coordinate a wide range of
stakeholders.
· Market efficiency is lost.

-38-

Mexico’s Matching Funds
(Bauche and Sandoval, 2013)

Recommendations for Development of a PES for Coonoor, India

Hybrid, mixed buyers
In mixed PES, a variety of stakeholders contribute to a pool of resources. They could be direct
users, donors, or the government representing users. An example of this scheme is the
Mexican PES Fondos Concurrentes (Matching Funds, PES MF). In 2008 the Mexican Government
launched the PES, which provides up to 50 percent of the total cost with contracts from 5-15
years. In medium-term the participants are expected to independently negotiate a deal,
directly with ES users (FONAFIFO, et al., 2012).
The payment to the beneficiaries is stated by a local partner, who is also in charge of designing
the rules for proposal, selecting viable proposals, monitoring and making the payments. From
the total local partners, near 50 percent are NGOs, but there are also local Governments, water
utilities and Private Sector. Depending on the local arrangements, the local matching amount
can be from a variety of actors, from water users (business or residential), farmers,
hydroelectric, private sector, NGOs, tourists, State government, and Municipal government.
Their contribution could be through a voluntary transaction, a voluntary contribution in water
billing, to arrangements for fixed payments from hydroelectric plant. Although all actors in are
all buyers, not all of them are ES users. Some buyers contribute economically due to their
mission or as an act of legitimacy (for example, Coca Cola as a corporate social responsibility
action in). The projects from 2008 to 2012 had a total of 1,451 ES providers, having in each
project from 1 provider to 501, with a median of 4 ES providers per project (Bauche and
Sandoval, 2013).
However, this strategy could be institutionally challenging, as requires high degree of
coordination. Also, the efficiency under a market rationale (direct market transaction between
ES buyer and seller) maybe is not going to be met, but it could succeed empowering local
institutions, being an innovation arena, and serving as a local engagement tool.
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5.2 Recommendations for Keystone
We recommend that the initial start-up investment will benefit from support from external sources
(such as International NGOs). However in the longer term, it would be beneficial to move towards a
mixed model, with some of the money originating from within the basin. Three internal potential
sources would include: a) local government payment from the overall tax base; b) engaging industry
and tourism to pay on a voluntary basis; c) voluntary contributions from residential users
downstream. We note that there could be challenges associated with high transaction costs which
need to be included in the overall cost and sourcing of funds. However, Keystone should be aware
that the efficiency of a direct PES transaction will be lost.
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6. How much is the payment and who gets the payment?
6.1 Who gets the payment?
As we know, PES is a mechanism which tries to link “providers” of ecosystem services (ES) with
“users” of ES through a market (or market-like) relationship. Hence, the users of the ES (i.e.
people that are benefited from the provision of the service) pay certain amount of money to
the providers of the services (i.e. people that are internalizing the costs of providing these
services) (Wunder, 2005; Pagiola et al., 2005). The rationale behind the payment is that the
money will be used to incentivize land uses that support the provision of ecosystem services. It
is important to state that there is a need for an institution to play the role of linking the
“suppliers” and “demanders” of the ES; i.e. an institution that reduces transaction costs to
eventually create the market. This is why we recommend that Keystone creates a working
group in which they decide which institution will play this role and what will be the financial
instrument to manage the money. One of the responsibilities of this working group should be to
create a set of criteria to target the farmers (or group of farmers) that will receive payments in
exchange for the provision of ES.

The design of a system to prioritize the selection of farmers to receive compensation in
exchange for adopting practices that provide ES should be performed with care. Keystone will
have to be very careful in anticipating the different political interests from different
stakeholders that will comprise the working group. According to Pascual et al. (2010), in
contexts where environmental degradation and poverty share the same geographical areas,
practitioners often face the desire of implementing projects that can achieve win-win
situations. Furthermore, Muradian (et al., 2010) explain that practitioners in these contexts will
often face political pressure from different stakeholders (whose participation is indispensable in
the project) to try to achieve different goals with one same policy instrument.
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Although the idea of achieving different goals with one common instrument is attractive, there
is an agreement within political economics that the number of policy instruments should be at
least the same as the goals that want to be achieved (Alix-Garcia et al., 2014 forthcoming).
Especially in the case of the use of PES as a tool for both conservation and poverty alleviation,
different authors have written about the importance of evaluating the trade-offs between
these two goals (Pagiola et al., 2005; Engel et al., 2008; The Katoomba Group, 2008; Zilberman
et al., 2008). Most of them they have concluded that it is unrealistic to expect PES to achieve
both conservation and poverty alleviation; especially because PES is an instrument that has
been designed for resource management purposes; not poverty alleviation (Engel et al., 2008).

For example, in the case of the Mexican federal program of payment for hydrological
environmental services, Muñoz-Piña et al. (2007) explained how the program is not being
efficient in targeting the providers of the ES because it is paying farmers in areas with low risk
of deforestation. Moreover, Alix-Garcia et al. (forthcoming) have shown that although the
Mexican PES program run by the federal government has been successful in both diminishing
deforestation and achieving some social effects, the areas where the PES has reduced
deforestation the most are areas with low poverty levels, and the areas where households have
reported gains from the program are those with low risk of deforestation. Although the scale of
the example is quite different from Keystone’s project, the rationale behind the trade-offs
between conservation and poverty alleviation is similar.

Summing up, Keystone will have to be careful in choosing the variables that will conform the
selection criteria to choose farmers to join the program. Even if the idea of using the PES
program to achieve both conservation and poverty alleviation goals might be tempting, the
team should keep in mind the difficulties of achieving both goals. Keystone will face the
challenge of working with different stakeholders who will aim to include different goals within
the program. While this is what different authors describe as political costs that reduce the
efficiency of the program (Wunder, 2005; Engel et al., 2008) others see the issue of
incorporating poverty alleviation criteria as an inherent process of the design of a PES
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(Muradian et al., 2010; Pascual et al., 2010). Nevertheless, basically all authors concur on the
importance of understanding the trade-offs involved in the consideration of both goals. Hence,
Keystone and their colleagues will have to be careful in trying to understand these tradeoffs.

Also, in order to define the criteria for choosing who will be paid for the provision of ES it is
necessary that Keystone has a detailed understanding of the land use at the Coonoor River
Basin. Hence, Keystone needs to gather or generate as much information as needed to be able
to map the different social, economic, political and bio-physical variables that are relevant to
the design of the PES. This process might involve obtaining general information about the area,
compiling relevant studies of the territory, and political and institutional information.
Furthermore, Keystone should be able to have complete understanding about the issues of
property rights in the area. There are some examples in the literature regarding the design of
models to support the targeting of the most efficient sites for investment in providers of ES.

In the case of Mexico, the federal government -through the Instituto Nacional de Ecologia y
Cambio Climatico (National Institute of Ecology and Climate Change), the research branch of
the Ministry of Environment- developed an Index of Economic Pressure to (Risk of)
Deforestation (available at: inecc.gob.mx/irdef-eng). Based on the literature concerning the
main drivers of deforestation (Angelsen and Kaimowitz, 1999), this index is constructed with
biophysical variables (e.g. slope, altitude, access to roads or cities, etc.), socio-economic
variables (e.g. indigenous population in the communities, income, etc.), and institutional
variables (e.g. the organization of the community, etc.). This index allows the government to
identify the areas in the country with the highest risk of land use conversion (deforestation).
Hence, this index is one of the criteria that the government uses to select the communities that
will receive the payment. In the case of Keystone such a model might not be necessary because
of the scale of the project. Nevertheless, Keystone might get some ideas on which variables to
include in their prioritization criteria by analyzing the variables used in the creation of this
index.
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6.2 How much to pay?
The issue of how much to pay to ES providers in order to incentivize the adoption of practices
that will deliver the desired ES has been studied by many authors (The Katoomba Group et al.,
2008; WRI, 2008; Wünscher et al., 2011). Literature agrees that the main variable that
practitioners need to understand is opportunity costs. According to Wünscher (et al., 2011),
landholders are most likely to participate in PES programs as long as they receive a
compensation that exceeds their opportunity costs. The general theory behind the estimation
of opportunity costs explains that in order to understand farmers’ opportunity costs, Keystone
should work closely with farmers to understand the main costs and profits generated by their
farming activities. Another way of viewing these opportunity costs consists in understanding
the difference for farmers in terms of utilities between being providers of food, fuel or fibers
(or tea) –which are the three main ES-; and becoming providers of other ES, such as soil
improvement or water quality or quantity (Kroeger and Casey, 2007). Once Keystone is able to
understand the foregone utilities generated from agricultural activities, they will be able to
estimate the minimum amount they need to offer to farmers to foster the adoption of different
farming practices.

However, recent research shows that estimates that only consider foregone utilities might not
be capturing the whole drivers of farmers’ decisions to join a PES (Wünscher et al., 2011).
Estimates should also consider personal landholder’s characteristics such as risk considerations,
information access and personal preferences regarding farming (ibid). Hence, Keystone should
work with farmers to really understand their preferences and true willingness (beyond
monetary issues) to join the program.

Furthermore, in their research, Alix-Garcia et al. (forthcoming) explain that in some cases, the
costs for farmers related to maintaining the provision of the ES are not completely captured by
the practitioners. This results in a failure to incorporate this costs into the compensation
amount, which in turn might discourage farmers to stay in the program. According to Kroeger
and Casey (2007), the costs that farmers can face in terms of changing their practices can be
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traced to activities both in their cultivated lands and in non-crop areas. Change of practices in
their cultivated lands include all the activities that farmers will need to do within their land in
order to deliver more (or better) ES; e.g. substitution or elimination of fertilizers, herbicides,
fungicides, etc; conservation tillage; etc. Practices in non-crop areas refer to those activities
outside their farming areas. An example of such practice could be the conservation of patches
of forests close to their farms in order to increase pollinators’ populations or other insects to
control pests (ibid). Hence, Keystone should be very careful to understand the costs of the
practices that they want to foster to increase the provision of ES. Figure 7 provides an example
of this integral approach to understand the compensation.

Figure 7: Integral conceptualization of opportunity costs of farmers to join PES programs
Source. Own elaboration based on Kroeger and Casey (2007) and Wünscher (et al., 2011).

6.3 How to manage the money?
Besides the issues discussed above regarding whom to charge, whom to pay, and how much to
pay, another important issue is related to how the program will manage its financial resources.
In this regard, we recommend that Keystone consider the possibility of using environmental
trust funds.
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Environmental Trust Funds (ETFs) are progressive mechanisms used for distributing monies
from a large pool to fund protected area management and conservation programs. This
structure provides a more stable source of income for a variety of small- to mid-scale
environmental programs compared to each project seeking funding individually. Establishing an
EFT would require initial capital, prudent investment, and distribution of the interest to finance
conservation efforts. Theoretically, a well-planned ETF could provide long-term financial
security. An Environmental Trust Fund might be managed in one of the following ways:

Endowment Funds - A large sum of money is invested in various places, producing significant
interest that can be used to fund conservation programs for an indeterminate period of time.
For example, a fund of US$15 million could produce up to US$0.7-1 million in interest annually
(if well managed). Some of the interest would have to be re-invested, but the rest could provide
regular funding. This is best used for long-term funding requirements.

Sinking Funds - A large sum of money is placed into an account to be drawn from over a defined
period of time. This allows rapid use of large amounts of money (in the case for large or urgent
conservation issues, and when proper management enables the money to be spent
appropriately). This kind of funding is usually for short-term projects, and has a finite lifespan
(usually 6-15 years with regular payouts each year until funds run out.)

Revolving Funds - Funds are put into place and regularly supplemented from new sources on a
regular basis, often from special taxes (e.g. on tourism) or fees and levies specially set aside for
conservation. If the sources are regular and predictable (as would be the case if a government
allotted a certain amount of its budget for conservation efforts), the goal would be to spend
only as much as is invested each year.
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An example of savvy conservation funding would be the Nature Conservancy’s Water Funds,
which take the investments of large businesses and government agencies to fund conservation
efforts of ecologically important upstream lands that control the quality and quantity of water
flowing out of them. The specific investors vary from place to place, depending on the players
involved in each area. The governments and companies see their investments as a way to
minimize the cost of water treatment and to mitigate potential water shortages in the future.
For instance, FONAG (the Quito Water Fund) was the first water fund established with the
support of TNC, and it yields successful results. FONAG is a private endowment fund with a
planned life of 80 years and began with seed funding of $21,000.

6.4 Recommendations for Keystone
Keystone will have to work closely with farmers to understand different elements that will allow them
to estimate a competitive compensation for farmers. Firstly, Keystone will have to understand the
monetary trade-offs for farmers between being providers of usual ES such as food, fiber or fuel, and
becoming providers of regulatory ES such as water quantity. Hence, Keystone will have to survey
different farmers to understand the profits (profits = income - costs) generated by agriculture. Also,
Keystone will have to work to understand the non-monetary aspects of farmers that affect their
decision in joining the PES. Following Wünscher et al. (2011), we recommend that Keystone
emphasize the understanding of farmers’ risk considerations, information access and personal
preferences regarding farming. Finally, we recommend that Keystone works towards completely
understanding the costs related to the practices that farmers will have to conduct to increase the
provision of the desired ES. It is convenient that Keystone keeps in mind the difference between
practices on cultivated lands and on non-crop areas (Kroeger and Casey, 2007).
Along with the working group, Keystone should decide a set of criteria to choose/prioritize the farmers
that will receive a payment for the provision of ES. They should keep in mind that other agencies will
try to impose their own priorities in the criteria for choosing the farmers to join the program.
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7. Potential Research Projects for Students
This is a list of potential activities and projects that students could be carrying out as part of the
Cornell- Keystone partnership. Keystone could additionally engage with other local students in
the development of a citizen science program for these tasks.

Hydrologic Projects
Undergraduates can conduct habitat assessments along the streams in Coonoor
1.

Install and monitor data loggers deployed in the streams

2.

Measure discharge of the stream

3.

Set up staff gauges at key points in Coonoor
o

Educate the public about how to read a staff gauge

o

Support a citizen monitoring network of stream height and flow measurements

4.

Install piezomenters and wells to measure groundwater flow

5.

Take water quality samples of the water in the stream

Socio-economic Projects
Cornell undergraduate seniors and graduate students from the Professional Development
schools, such as CIPA, MBA, and the IARD International development MPS degrees can address
some of these questions:
1.

Work with communities in understanding opportunity costs (both monetary and nonmonetary)

2.

Work in the accountability of costs related to practices on-farm and off-farm

3.

Assist in the development of the surveys and their analyses

4.

Conduct a feasibility study for Public Sector financial capacity for sustainable PES from
tax base

5.

Feasibility study for Private Sector voluntary investments in PES

6.

Feasibility study for Residential voluntary involvement in PES

7.

Geospatial mapping of users and buyers for PES
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8.

Geospatial socioeconomic mapping of users and buyers for PES

9.

Evaluating willingness to pay and willingness to accept PES amongst potential users and
buyers of PES

10.

Reviewing Keystones development sector engagement in Coonoor - Capacity to
spearhead PES initiatives

11.

Baseline assessment of stakeholders and farming systems in the intended PES area.

-49-

Recommendations for Development of a PES for Coonoor, India

8. References
Ananda, J. (2012). Watershed Development, Decentralisation and Institutional Change:
Insights from the Mechanism Design Theory. In Muradian, R. and Rival, L. Governing the
Provision of Ecosystem Services. Springer: Netherlands.
Anandacoomaraswamy, A., DeCosta, W.A.J.M, H.W. Shyamalie, & G.S. Campbell. (2000).
Factors controlling transpiration of mature field-grown tea and its relationship with yield,
Agricultural and Forest Meteorology, 103, 375-386.
Arriagada, R., & Perrings, C. (2009). Making Payments for Ecosystem Services Work. Ecosystem
Services Economics. UNEP. Niarobi.
Bauche, P. & Sandoval, A. (2013). Forest Conservation in Mexico. Ten years of Payments for
Ecosystem Services. Food and Agriculture Organization.
Bosques, Sociedad y Desarrollo. (2011) Mescansimo local de Pago por Servicios Ambientales
en Quintana Roo. 22-25 Septiembre 2011. Cuidad de Mexico.
https://www.youtube.com/watch?v=ECE65lkOPNc#t=30.
Carr, M.K.V. (2010). The role of water in the growth of the tea (Camellia sinensis) crop: A
synthesis of research in eastern Africa. 2. Water productivity, Experimental Agriculture,
46(3), 351-379.
Census 2011. (2011). Directorate of Census Operations--Tamil Nadu.
Chambers, R. (1997). Whose reality counts?: Putting the first last. Combat Poverty Agency.
Fisher, B., Kulindwa, K. Mwanyoka, I., Kerry Turner, R. and Burgess, N. (2010). “Common pool
resource management and PES: lessons and constraints for water PES in Tanzania.”
Ecological Economics, 69, 1253-1261.
FONAFIFO, CONAFOR & Ministry of Environment. (2012). Lessons Learned for REDD+ from PES
and Conservation Incentive Programs. Examples from Costa Rica, Mexico, and Ecuador, s.l.:
The World Bank.
-50-

Recommendations for Development of a PES for Coonoor, India

Forest Trends, The Katoomba Group, and UNEP. (2008). Payment for ecosystem services:
Getting Started. A Primer. UNEO. Nairobi.
Goldman-Benner, R. L., Benitez, S., Boucher, T., Calvache, A., Daily, G., Kareiva, P. & Ramos, A.
(2012). Water funds and payments for ecosystem services: practice learns from theory and
theory can learn from practice. Oryx, 46(01), 55-63.
Human Development Research and Coordination Unit, State Planning Commission, Chennai.
District Huma Development Report. The Nilgiris District. Dhan Foundation Maduri. (2011).
Keystone Foundation. (n.d.) Keystone Foundation. Retrieved from Keystone Foundation
website: keystone-foundation.org
Koch-Weser, Maritta and Kahlenborn, Walter. (2002). Legal, economic, and compensation
mechanisms in support of sustainable mountain development. German Sustainable
Investment Forum, Berlin, Germany.
Krishnaswamy, J., Bonell, M., Venkatesh, B., Purandara, B.K., Lele, S., Kiran, M.C., Reddy, V.,
Badiger, S., & Rakesh, K.N. (2012). The rain-runoff response of tropical humid forest
ecosystems to use and reforestation in the Western Ghats of India, Journal of Hydrology,
472-473, 216-237.
Krishnaswamy, J., Bonell, M., Venkatesh, B., Purandara, B.K., Rakesh, K.N., Lele, S., Kiran, M.C.,
Reddy, V., & Badiger, S. (2013). The groundwater recharge response and hydrologic
services of tropical humid forest ecosystems to use and reforestation: Support for the
“infiltration-evapotranspiration trade-off hypothesis,” Journal of Hydrology, 498, 191-209.
Lieten, G. K. (2003). Power, politics, and rural development: essays on India. New Delhi:
Manohar.
Lopa, D. et al. (2012). “Towards operational payments for water ecosystem services in
Tanzania: a case study from the Uluguru Mountains.” Fauna & Flora International, 46(1),
34-44.

-51-

Recommendations for Development of a PES for Coonoor, India

Madhu, M., Sahoo, D.C., Sharda, V.N., & Sikka, A.K. (2011). Rainwater-use efficiency of tea
(Camellia sinensis (L.)) under different conservation measures in the high hills of south
India, Applied Geography, 31, 450-455.
Nalina, P., Meenambal, T., & Sathyanarayan Sridhar, R. (2014). Land use land cover dynamics
of Nilgiris District, India inferred from satellite imageries, American Journal of Applied
Sciences, 11(3), 455-461.
Ordóñez, Robert Yaguache. (n.d.) iied watershed markets. Payments for watershed markets.
Information for schemes from developing countries: Case Studies. Accessed 28 April, 2014.
http://www.watershedmarkets.org/casestudies/Ecuador_Pimampiro_E.html
Pagiola, S. & Platais, G., 2007. Payments for Environmental Services: From Theory to Practice.,
Pascual, U., Muradian, R., Rodriguez, L. and A. Duraiappah. (2010). Exploring the links between
equity and efficiency in payments for environmental services: A conceptual approach.
Ecological Economics 69, 1237–1244.
Prabhakar, R. & Gadgil, M. (1995). Maps as markers of ecological change: a case study of the
Nilgiri Hills of southern India, In D. Arnold & R. Guha (Eds.). Nature, Culture, Imperialism:
Essays on the Environmental History of South Asia. Delhi, India: Oxford University Press.
Qian, N. (2008). Missing women and the price of tea in China: The effect of sex-specific
earnings on sex imbalance. The Quarterly Journal of Economics, 123(3), 1251-1285.
Rahman, A. (1984) Grassroots Participation and Self-Reliance, New Delhi: OUP.
Reis, N. Sydness, G. S., and Barton, D. N. (2007). Feasibility of payments for watershed services:
Part I: A methodological review and survey of experiences in India and Asia. Oslo, Norway.
Sharda, V.N., Samraj, P., Samra, J.S., & Lakshmanan, V. (1998). Hydrological behaviour of first
generation coppiced bluegum plantations in the Nilgriri sub-watersheds, Journal of
Hydrology, 211, 50-60.

-52-

Recommendations for Development of a PES for Coonoor, India

Sikka, A.K., Samra, J.S., Sharda, V.N., Samraj, P., & Lakshmanan (2003). Low flow and high flow
responses to converting natural grassland into bluegum (Eucalyptus globulus) in Nilgiris
watersheds of South India, Journal of Hydrology, 270, 12-26.
Subburaj, A. (2008). District Groundwater Brochure Nilgiri District, Tamil Nadu. Chennai, Tamil
Nadu: Central Ground Water Board.
Subramani, T., Krishman, S., & Kumaresan, P. (2012). Study of groundwater quality with GIS
application for Coonoor Taluk in Nilgiri District, International Journal of Modern
Engineering Research, 2(3), 586-592.
Tallis, H., Kareiva, P., Marvier, M., & Chang, A. (2008). An ecosystem services framework to
support both practical conservation and economic development. Proceedings of the
National Academy of Sciences, 105(28), 9457–9464. doi:10.1073/pnas.0705797105
Turpie, J.K., Marais. C, and J.N. Blignaut. (2008). The working for water programme: Evolution
of a payments for ecosystem services mechanism that addresses both poverty and
ecosystem service delivery in South Africa. Ecological Economics, 788 – 798.
Venkatesh, B., Lakshman, N., & Purandara, B.K. (2014). Hydrological impacts of afforestation A review of research in India, Journal of Forestry Research, 25(1), 37-42.
Vermont Agency of Natural Resources. (2008). The Vermont Agency of Natural Resources
Reach Habitat Assessment (RHA). Waterbury, VT: Departments of Environmental
Conservation and Fish and Wildlife. Retrieved from:
http://www.uvm.edu/~watercmp/students/reading/RHA%20Instructions.pdf

-53-

