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The India-UK Water Centre (IUKWC) promotes cooperation and collaboration
between the complementary priorities of NERC-MOoES water security
research.
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This State of Science Brief was produced as an output from an India—UK
Water Centre supported Researcher Exchange on Ecosystem Services
Assessment and its Implementation in UK hosted at Cranfield University, UK

in May-June 2017
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1. Background

The exchange focused on understanding the role Ecosystem Services
Assessment can play in supporting sustainable catchment management
in India, emphasising monitoring and modelling aspects. In particular,
mountainous catchments with less anthropogenic impacts can provide
key ecosystem services such as water provisioning, carbon sequestration
and erosion control that are crucial for wellbeing in the catchment and
downstream. The Aglar watershed in the Western Himalayas was used as
a case study to analyse the impact of catchment management measures
on the delivery of these three ecosystem services. The outcomes can
inform on the suitability, priority and efficacy of the measures defined
in the Uttarakhand Decentralized Watershed Development Project. The
findings and recommendations drawn from this activity could also be
generalised to other mountainous catchments in India.

2. Key Findings

Sustainable development requires the optimal utilization of natural
resources, including land and water. In a country like India, where 24.01%
of land area is under forest cover (2013) and aiming to achieve the
target of 33% under Green India Mission, forests play an important role
by providing various ecosystem services. Such services provide direct
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benefits to millions of people (for example, food, fibre, fuel and non-
timber forest products) and also indirect benefits (for example, water,
soil erosion regulation, carbon sequestration, habitat for various species
and support biodiversity). The quantitative assessment of the ecosystem
services for provision of water (streamflow), carbon sequestration and
soil erosion in an experimental watershed of the Western Himalayas has
identified the following:

2.1. Water provisioning

Rainfed Himalayan watersheds have the potential for water provisioning
throughout the year, with seasonal variations due to the combined effect
of monsoon-driven climate, land use and land cover, soils, geology and
topography. Models that are sensitive to all these factors can be very
useful to define and test the effects of catchment management measures
on the water provisioning service. Streamflow analysis of one of the
sub-catchments in the Aglar watershed highlighted the significant role
of soils and geology on annual water yield as compared to forest cover.
There is a need for development and collection hydrologic datasets in
the headwater catchments, especially in the Himalayan region, which is
significantly lacking.

2.2. Carbon sequestration
Forests sequester larger amounts of carbon than other land covers
in mountainous catchments. The type, density, and age of forests
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significantly determine their carbon sequestration capacity. Considering
an initial state of forests, some models can represent their growth taking
into account the influence of water availability and radiation. These models
are useful to analyse the impact of land conversion, forestry practices
and other measures on the ecosystem service of carbon sequestration.
Even though local studies in mountainous regions in India and global
information are available, there is need for direct observed data to validate
modelling outputs and reduce uncertainty.

2.3. Erosion control

Soil loss is a serious problem in mountainous catchments in India, as it
causes river siltation and subsequent flooding, increases water turbidity
and reduces soil productivity. Catchment management measures like
afforestation and terracing can be designed to reduce the problem. Models
can help identifying the best location and expanse of such measures to
improve the erosion control service in the catchment. However, there are
few catchments that count with sediment monitoring stations in rivers
that generate the data needed to set up these models. For example, there
are very few gauging stations on headwater streams, especially in the
Himalayan regions for sediment and discharge measurements.
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3. Specific Knowledge and Data Gaps

3.1. Full Assessment of Ecosystem Services

Watershed development projects being implemented in the Himalayan
region should include the quantification and economic valuation of
ecosystems services in order to consider the benefits that result from
the planned investments. Hence, interdisciplinary research teams that
involve hydrologists, ecologists, and social scientists are needed to
support integration of ecosystem services economics based ecosystem
services approaches in catchment planning and management.

3.2. Integrated modelling of Ecosystem Services

Relying on biodiversity and ecosystems processes, the different
ecosystem services are interlinked with each other. Because of this,
integrated analyses that include the relevant ecosystem services and their
trade-offs are needed. Models should reflect this to ensure that they do
not overlook any relevant impact of catchment management decisions.
Research for the selection and improvement of models is required for an
effective integrated modelling.
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3.3. More and better data

Sound decision making requires valuable information which can only
be produced with good data (e.g. hydrologic, carbon sequestration and
sediments datasets). The design of monitoring networks, and systematic
compilation and validation of information are vital to understand the
catchment behaviour and problems. These also support the construction
of reliable models that can be used to ensure the success of catchment
management projects.

4. Capacity Development Requirements

Ecosystem services science needs to be understood and considered
by the diverse parties involved in catchment management. Thus, the
introduction of its valuation and implementation in the curricula of
academic institutions is recommended to train future professionals.
There is a need to support more training programmes for capacity building
of the stakeholders in India, e.g. watershed managers, technicians, NGOs,
for better implementation of science to restore ecosystem services.
Another, important dimension of ecosystem services based decision-
making is to increase the awareness of relationship between ecosystems
and human well- being. The UK can be taken as a good example, with
the development of a National Ecosystem Assessment and its promotion
in the public and private sectors.
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5. Future

Ecosystem services assessment represents a promising approach
towards sustainable catchment management as it quantifies the benefits
of the efficient use of natural resources on the economy and human well-
being.

With the support of good quality data, models are useful tools to
evaluate the delivery of ecosystem services in a catchment under diverse
management strategies, aiding the decision making process.

Greater effort is needed by the scientific community to integrate disciplines
and improve modelling tools, while public institutions should increase
their commitment towards better catchment monitoring.

Increased knowledge about ecosystem services by current and future
professionals in the field of catchment management, as well as society
will enhance the evolution of this science.
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