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One of the ways in which the CGIARResearch Program on Water, Land and Ecosystems (WLE)
addresses the challenge of achieving sustainable growth is by improving our understanding of
tradeoffs and synergies related to water, food, environment and energy . Essential to the success
of these efforts is the availability of quantitative data on these tradeoffs and synergies, and how
they vary across space and time .

Specifically for the countries sharing the Mekong River, WLE Greater Mekong seeks to drive and
inform research and dialogue around the rivers of the region . Hydrological EcoSystem Services
(HESS)are heavily affected by intensive development across the region, such as the construction
of hydropower dams and land use changes - in particular deforestation, urbanization and
agricultural intensification . The full extent of such changes in the agro-ecological system is often
unknown, and it is a challenge to account for tradeoffs in HESSin policy processes.

As in many other areas of the world, improving governance and management of water resources
and associated land and ecosystems in the Greater Mekong region is not only a matter of
generating more data . Sharing of knowledge and practices is a key focus of WLEGreater Mekong,
which we strive to promote by enhancing the accessibility of valuable information to a wide
diversity of regional stakeholders, and promoting dialogue by facilitating the creation of
communities of practice .

This white paper demonstrates state -of-the -art methods for assessing different HESSand their
tradeoffs under different development scenarios . It explores opportunities for spatial monitoring
of HESSand predicting changes under different future scenarios, information that is essential for
achieving a balanced and healthy agro-ecological system . By relying on tools in the public domain
and leveraging the resulting HESSdata through online information platforms, this white paper is
an excellent example of current efforts supported by WLEGreater Mekong to stimulate uptake of
ecosystem services assessments in decision -making processes.

Kim Geheb
Regional Coordinator ɀGreater Mekong

CGIAR Research Program on Water, Land and Ecosystems
June, 2017
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1. Hydrological Ecosystem Services: an introduction

1.1 Introduction to ecosystem services

Ecosystems provide a wide range of benefits to
humans, but these ecosystem services (ESS)are
rarely accounted for in any proactive way by
decision makers . More typically, ecosystem benefits
are ignored until it is too late, at which point
expensive and reactive interventions are required
to address the loss of ecosystem benefits . Different
frameworks based on the general concept of
ecosystem services to humans were developed over
the past two decades, aiming to mainstream the
proactive consideration of ecosystem benefits in
planning and policy decisions .

Application of ESS frameworks is most
fundamentally about the quantification of tradeoffs .
When ecosystems are affected by economic
development, the benefits that the ecosystem once
provided may be compromised or eliminated . Some
such services, such as the regulation of water flows,
can be replaced via engineered solutions but the
cost of this replacement can be significant . In
contrast, many cultural services such as the
aesthetic or spiritual value of nature are often
irreplaceable . Quantification of these opportunity
costs can be compared to the economic benefits of
the development, allowing for a more holistic view
of costs and benefits . ESSframeworks are used not
only to look at the loss in services from
development, but also at the gain in services
achieved through effective ecosystem restoration
and its impact on people's livelihoods .

Despite the emergence of several classification
schemes, there is still debate about how ecosystem
services should be defined and categorized . One of
the most common systems of categorization is from
the Millennium Assessment (MA, 2005). It splits up
all ecosystem services into four overarching
functional categories .

Application of ecosystem services frameworks is most fundamentally 
about the quantification of tradeoffs
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Regulating services

Processes where nature regulates and mitigates the flow of both 

positive and negative processes that are essential to human 

survival, such as fresh water supply regulation and flood 

mitigation, respectively. Often a regulating service reduces the 

cost of production of a market good, such as in the case of 

pollination, where natural pollinators help increase crop yields.

Cultural services 

Those services that are based on human 

preference, like recreational opportunities, aesthetic 

views, education, and far more intangible services 

like spiritual value and existence value, or finding 

value in knowing that something simply exists. 

Supporting services 

These services do not directly benefit humans, but support the 

production of other services that do provide direct benefits. 

The distinction between some regulating and supporting 

services is often ambiguous, as the extent to which some 

regulating functions are seen as providing direct benefits 

depends on temporal and spatial scale. For instance, waste 

treatment is usually classed as a regulating service because it 

is short term and has a direct link to human welfare, while 

nutrient cycling is generally considered a supporting service 

with its long -term cycles and an indirect link to human utility.

Provisioning services

Goods directly gathered from nature, such as food, 

fresh water, fiber, firewood and building materials

Ecosystem services are typically classified in Provisioning, Cultural, 
Regulating, and Supporting services
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After the Millennium Assessment, one of the most significant attempts at categorizing ecosystem

services came out the Economic of Ecosystems and Biodiversity (TEEB)project , which proposed a

variant on the MA framework . This variant keeps two of four primary categories, slightly alters the

cultural category and replaces the Supporting Services category with ɈHabitatServicesɉ. TEEBɅs

strong focus on habitat and biodiversity is based on the contention that these two things

underpin almost all other services. The Ecosystem Services and Resilience Framework (ESR)of

the CGIARResearch Program on Water, Land and Ecosystems (CGIAR,2014) builds on the TEEB

concept, and emphasizes the interplay between agricultural systems and ecosystems . In this

concept of integrated agricultural landscapes, communities are supported by stocks and flows of

ecosystem services that they are able to manage at different scales, in order to ultimately

improve human well -being and alleviate poverty .

Some types of ecosystem services are impossible to value or quantify . For instance, spiritual,

religious, educational, or bequest values (feeling of value associated with providing for future

generations) are of great importance for ecosystems across the world, but they do not lend

themselves to quantification in most circumstances . Nor do non -use values, such as existence or

option value, which is the value that people ascribe to a place for its mere existence, or for the

fact that it may be useful at some time in the future . Even habitat value is not generally

considered quantifiable as it is not a service that is directly consumed by human beneficiaries, but

rather supports the creation of other services that humans consume .

An extensive discussion of different ESSframeworks goes beyond the scope of this white
paper . Excellent resources on ESSand their classification are found at:

ǒ wle.cgiar.org/research/themes/ecosystem-services-and-resilience
ǒ www.teebweb.org/resources/ecosystem-services
ǒ biodiversity.europa.eu/topics/ecosystem-services

For more in-depth literature including many case studies, debates and proposed nuances, the
reader is referred to papers by Costanza et al. (1998), Wallace (2007), Farber et al., 2006, Boyd
& Banzhaf (2007), De Groot et al. (2010), Fisher & Kerry Turner (2008), Fisher, Turner, & Morling
(2009), and Fisher et al. (2009).

Nonetheless, many other servicesɁparticularly those that involve the need to engineer

replacements Ɂcan be quantified and even monetized . Many services that involve water fall

under this category : water supply regulation, nutrient and sediment regulation, waste

assimilation, flood regulation, and carbon sequestration can all be quantified by using state -of -

the -art tools . A value can subsequently be ascribed to them when there are human beneficiaries

downstream . All of these services depend on healthy upstream ecosystems and we can evaluate

the extent to which land change will compromise the flow of these services which, in turn, will

require expenditures to engineer replacements to maintain a certain level of well -being among

downstream beneficiaries .

Many services can be quantified and even monetized 
by using state-of-the-art tools
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Figure 1: Ecosystem service classification system, color -coded by suitability for quantification 
(based on Saah and Troy, 2016).

1.2 Hydrological Ecosystem Services : the link to water

Water underpins many of the services that ecosystems provide and is a critical component in

maintaining ecosystem functions . Hydrological EcoSystem Services (HESS), also known as

Water -related Ecosystem Services, comprise those ESS that explicitly describe the services

rendered from water resources .

The water cycle at the river basin scale in relation to ecosystem services is illustrated in Figure 2.

For a clear accounting of water flows, it is recommended to distinguish between the vertical and

horizontal components of water flow and fluxes . The soil water balance describes the essentially

vertical flows and the interaction between land and atmosphere, as well as the moisture

exchange between unsaturated and saturated soil. The regional water balance describes

horizontal flows that convey water through streams, rivers and aquifers . Information on

horizontal flows can be derived from adding together all spatially distributed vertical soil water

flows across a certain spatial domain . A domain can be a single catchment (e.g. the catchment of

a reservoir) and should always be studied in the context of the river basin for having access to an

estimation of the lateral flows from the upstream part .

The benefits associated with HESSare not only determined by the spatial distribution of volumes

of water, but is equally dependent on timing of water flows . In case the volume of water supplied

is too large to be put to beneficial use at a certain point in time, the extent to which certain HESS

can be provided will depend on the presence of natural or artificial storage mechanisms .
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Figure 2: Hydrological and water management processes in relation to their ecosystem services 
(after Coates et al. , 2013).

Many ecosystem services relate to the consumptive use of water . Water resources are

consumed when traversing from the point of entry in the river basin ɀusually through rainfall or

interbasin flow ɀtowards the downstream end of the river system . Water is considered to be

consumed when it is no longer available to downstream users. The most common process of

consumption is actual evapotranspiration, where water moves from liquid to vapor phase. The

water is literally disappearing and cannot be conveyed to water user groups, unless it is returned

by local rainfall . Another example of water becoming a sink term of the water balance, is when it

is part of products (e.g. inside banana or bottled water) or cannot be economically exploited

because it flows through faults and cracks into very deep layers. When water gets very polluted by

wastewater discharge or non -sources pollutants from agriculture, the quality can reach

deterioration levels that no longer meet minimum quality standards . Under such situation we

also refer to water as being consumed .

Water plays an important role in 
ecosystem service valuation
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The process of water consumption provides several benefits and services, and its irreversible

character prompts humans to acquire maximum benefits from it . The transpiration of trees will

provide timber products because carbon is taken up when water vapor flows out of the stomata .

Simultaneously, sap flow will transport the required minerals for sustaining tree health .

Transpiration from vegetation provides biomass production, both above and below ground . The

biomass accumulation is a result of Net Primary Production (NPP)1 which is the basis for food,

feed and fiber ; the intended primary and economic benefit which links to the provisioning

category of ecosystem services.

Figure 3: A wide range of economic and ecological benefits are a result of consumptive water use
and the total services can be improved through proper planning of land use in relation to the green
and blue water resources in river basins .

Ecological production also has several secondary benefits that provide a pleasant living

environment . Evapotranspiration requires large amounts of energy and this energy is no longer

available for heating of the atmosphere . Therefore, air temperature over evaporating land

surfaces is often several degrees lower than over moderately moist surfaces . This physical

process is exploited, among others, by creating green parks, city ponds and roof gardens in urban

areas to reduce the impact of urban heat islands . Further to atmospheric cooling, the process of

evapotranspiration sustains rainfall and sequesters atmospheric carbon . Healthy vegetation

supports biodiversity and conserves land and soil resources by reducing erosion .

Unfortunately, however, a large fraction of consumptive use is non -beneficial . This relates

mainly to the evaporation from wet leaves ɀinterception ɀand wet soils. While they indirectly

contribute to micro -climatic cooling and sustaining rainfall, the direct benefits are little . It is

therefore important to prevent water logging by introducing proper drainage technologies .

1NPP is defined as Gross Primary Production (GPP),the total amount of chemical energy produced by the
plant, minus the energy used for respiration

The process of water consumption provides many 
primary and secondary benefits and services
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1.3 Objectives of this white paper

A global revolution in the planning of scarce water resources to secure food production and

economic growth without degradation in biodiversity is urgently required . Hence, efforts to

realize green growth must be well -managed to avoid unintended social, economic and ecosystem

consequences across landscapes . This requires a thorough understanding of water flow paths

and associated hydrological ecosystem services.

The objective of this white paper is to demonstrate that, by leveraging state -of -the -art

technologies and remote sensing data, HESS at the river basin scale can be effectively

described, quantified and compared in space and time . While discussions on the theoretical

framework are infinite, it is urgently needed to develop procedures to quantify HESSand make

them accessible to a large audience . Such efforts are undertaken, for example, in the CGIAR WLE

Greater Mekong 1 and SERVIR-Mekong programs 2. This white paper demonstrates collaborative

efforts that draw from state -of-the -art technologies to achieve this vision of enhanced quality and

accessibility of spatially explicit HESSinformation .

An operational reporting system is a prerequisite for managing scarce water resources wisely.

Responsible authorities can make better plans if they have a measurement and monitoring

system in place. The link to water resources is inevitable and this white paper defines a number

of key HESSindicators as recognized by the WLEprogram . We showcase a set of open -access data

and hydrological modelling tools which help to produce spatial, quantitative datasets on HESSto

bridge existing knowledge gaps. These datasets should be distributed through online information

platforms such as the SERVIRglobal and regional websites, which will serve to increase the use of

HESS-related information by planners, policy makers, and other decision makers . Readily

available information on HESSis expected to foster the implementation of this concept in longer

term water resources management plans .

Ɉ
The objective of this white paper is to demonstrate that, by 
leveraging state -of -the -art technologies and remote sensing 

data, Hydrological EcoSystem Services (HESS) at the river 
basin scale can be effectively described, quantified and 

compared in space and time

ɉ

1wle.cgiar.org, 2servir.adpc.net

12


