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Abstract
An Ecosystem Services approach can be used as an organizing framework to enhance the
management of ecosystems, as multiple values and trade-offs can be identified and
communicated through an ecosystem services lens. This can support more systemic, rather
than incremental, planning, decision-making, and longer term value propositions. As rivers
and their catchments/watersheds (RCW) are the lifeblood of many ecosystems, ecosystem
services must adequately be taken into account in RCW planning, decision-making, and
management to sustain and/or enhance this important natural capital. In this literature review,
we discuss if/how an ecosystem services lens has been applied in the peer reviewed literature
in the context of RCW management. Overall, the results reveal continual increases worldwide
in the popularity and importance of considering ecosystem services in terms of RCW. Our
findings also reveal that most of these studies have focussed on the themes of modelling,
valuation, and/or mapping, but have not necessarily comprehensively used all three. We
conclude that there is room for an ecosystem services approach to reach its full potential as an
organizing framework, in particular across regions/countries and at multiple levels of scale.
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1.0 Introduction
The primary purpose of this review is to assess if and how an ecosystem services approach is
being used as an organizing principal in relation to rivers and their catchments/watersheds
(RCW). In particular, we are interested in what we can derive from this body of literature
from the perspective of decision makers responsible for contemporary RCW management
and the use of an ecosystem services framework in a long term, transformative manner. To
accomplish this goal, we first detail the concepts of ecosystem services and the ecosystem
services approach. We then discuss our methods in relation to our RCW literature review and
present our findings to reach an audience of practitioners and researchers.
1.1 Ecosystem Services
Ecosystem services are the benefits people derive from ecosystems (Millennium Ecosystem
Assessment, 2005). Well-functioning ecosystems can produce a multitude of ecosystem
service benefits, while poorly functioning ecosystems frequently do not. These ecosystem
functions and their resulting services are necessary to sustain life on earth (Daily 1997 and
Costanza et al. 1997).
Bar place-based adjustments, the list of ecosystem services currently in use has
remained fairly consistent across various frameworks and typically closely follows the
classification of the Millennium Ecosystem Assessment of four general categories and 21
ecosystem services; these categories include provisioning services, regulating services,
cultural services and supporting services (Table 1). The first category, provisioning services,
are the products obtained from ecosystems, such as the water we drink and the food we eat.
Regulating services, the second category, are the benefits we obtain from the regulation of
ecosystem processes, which include the regulation of water (such as storm protection and
erosion control) and the natural purification of our air and water. The third category, cultural
services, is non-material in nature and includes recreation and educational values. Supporting
services, the fourth category, are the services necessary to produce other ecosystem services,
such as soil formation and nutrient cycling (Millennium Ecosystem Assessment, 2005).

Table 1: Millennium Ecosystem Assessment Categorization

Provisioning Services
Food
Fresh water
Fiber
Genetic resources
Fuelwood
Biochemicals

Regulating Services
Pollination
Climate regulation
Water purification
Water regulation
Disease regulation

Cultural Services
Aesthetic
Educational
Cultural Heritage
Recreation and ecotourism
Inspirational
Sense of place
Spiritual and religious

Source: Millennium Ecosystem Assessment (2005)
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Supporting Services
Nutrient cycling
Soil formation
Primary production

1.2 Ecosystem Services Approach
An ecosystem services approach can bridge the worlds of natural science, economics,
conservation, and development, as well as public and private policy (Braat and De Groot
2012). As such, an ecosystem services approach has the potential to be used as an organizing
framework to overcome fragmentation and constructively guide otherwise divergent
dialogues about the benefits that different stakeholders derive over space and time (Granek et
al. 2010, van den Belt and Blake 2014 and United Kingdom (UK) National Ecosystem
Assessment 2011).
Many people equate an ecosystem services approach with a monetary ecosystem
services valuation. Such a valuation involves the calculation of market and non-market goods
and services, where market values are what people pay for goods and services from
ecosystems (for example, income from logging and horticulture) and non-market values are
the use values and non-use values of ecosystems that people do not directly pay for; use
values refer to the use of a resource (for example, hiking in a forest, swimming in a lake),
while non-use values refer to the value of not directly using a resource (for example, knowing
that the blue whale exists) (Kaval and Baskaran 2015). While the valuation of ecosystem
services has heralded the popularity of an ecosystem services approach (Costanza et al. 1997
and Daily 1997), the monetary valuation of ecosystem services is only one component of the
ecosystem services approach. There are many other components to making the benefits of
ecosystems more relevant to decision making, and consequently, many tools are currently
available and evolving (Braat and de Groot 2012).
In gaining a better understanding of ecosystem services, it becomes clear that the flow
of ecosystem services is not linear or unidirectional, it is multidimensional. This
multidimensionality is what makes it both difficult to investigate and ground for the use of
tools that are suited to help our thinking with complexity, and consequently, support
transformative actions.
To help the multidimensionality aspect, The Economics of Ecosystem Services and
Biodiversity (TEEB) gave effect to the Millennium Ecosystem Assessment (2005) through
various applications, rather than through standardization. The TEEB framework clusters and
links themes into a process suitable for the decision support of projects, governments and
businesses (TEEB, 2010). Its strength lies in case studies identifying steps toward the
management of values that people derive from ecosystems (for example, TEEB processes are
ideally implemented systemically, with appropriate feedback mechanisms for on-going
assessments of all aspects, involved at multiple scales).
The TEEB is one of many frameworks developed for the transformative use of an
ecosystem services approach. Another framework is Haines-Young and Potschin’s (2010a,b)
‘cascading framework,’ where ecosystem services trickle down to provide value. A sample of
the other frameworks is illustrated in van den Belt and Blake (2014), who reviewed the agroecosystem literature for New Zealand.
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This literature review revealed again that, for RCW management, there is no ‘one’
mechanistic ecosystem services approach. In response to the lack of a single mechanistic
approach, the Ecosystem Services Partnership developed a set of thematic working groups, in
which team members work together to provide a more pluralistic approach. In this way,
advances in each theme will readily be taken into account, and hence, the themes will
constantly evolve. As of March 2016, there were 13 ecosystem services themes, some of
which have sub-themes (Table 2). Of these 13 ecosystem services themes, the Ecosystem
Services Partnership (2014) states that most studies focus on the themes of 4-Mapping, 5Modelling, and 6-Valuation; studies are also focussed on a set of ecosystem services for one
specific nation or region, instead of an entire RCW.

Table 2: Ecosystem Services Partnership Themes
Ecosystem Services Partnership, 2014
Number Ecosystem Services Partnership Theme

Theme Description

1

Ecosystem services assessment frameworks and
typologies

2

Biodiversity and ecosystem services

3

Ecosystem services indicators

4

Mapping ecosystem services

5

Modelling ecosystem services
Valuation of ecosystem services, including: a.
Cultural
services and values, b.
Ecosystem services and public
health, c.
Economic and monetary valuation, and The development of guidelines and standards for integrating both market
d. Value integration.
and non-market ecosystem services values.
Ecosystem services in trade-off analysis and project
Evaluating how some ecosystem services can be enhanced at the expense
evaluation
of other ecosystem services.
How ecosystem services play a role in hazard mitigation and reducing
Ecosystem services and disaster risk reduction
vulnerability.
Application of ecosystem services in planning and
How ecosystem services can be used in the decision making and practical
management, including restoring ecosystems and their
planning process in terms of land management, land planning, decisionservices
making and governance.
Co-investment and reward mechanisms for ecosystem
services, including ecosystem services and poverty
alleviation
Using ecosystem services values in financing instruments and incentives.
The newest of the working groups; it focusses on the sustainability of
ecosystem services into perpetuity and how to account for ecosystem
Ecosystem services accounting and greening the economy services to accomplish this.
Using ecosystem services information to improve governmental and
Ecosystem services governance and institutional aspects institutional decision making.
Global ecosystem services flows
Acknowledging that ecosystems are not bound by political borders.

6
7
8

9

10

11
12
13

Determining the frameworks that are most suitable to guide the assessment
of ecosystem services.
Better understanding the biophysical structures and processes that provide
ecosystem services.
The indicators that are believed to be most appropriate in the other parts of
the ecosystem services approach (e.g., mapping, modelling, valuing,
scenario development, and biophysical quantification).
A technique used to integrate ecosystem services into conservation
programs and landscape planning; these maps can be made at a variety of
spatial and temporal scales to better understand the flows and values of
ecosystem services.
The development of tools, standards and guidelines to improve upon the
ecosystem service analysis process.

1.3 Rivers and their Catchments/Watersheds (RCW)
Water is essential for all life in all ecosystems; consequently, human activities that sustain
societies are highly dependent on water. Accordingly, water availability is one prerequisite
for a safe operating space for humanity (Rockstrom et al. 2009). Human demand for water
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has increased to the point that clean, fresh water around the globe is a critically scarce
resource (Hoekstra, Mekonnen, Chapagain, Mathews and Richter 2012 and Kummu, Ward,
De Moel and Varis 2010). When water is scarce and poses a health threat to humans (Myers
and Patz 2009), it also becomes scarce for many non-human organisms (Pittock and Lankford
2010) and, in turn, affects biodiversity. 1
People derive many ecosystem services from rivers and their catchments/watersheds
(hereafter RCW) when viewed over space, time, and value perspectives (Lautenbach et al.
2012). Perspectives on RCW providing services to people range widely from ‘waste
removal/nitrogen retention’ and ‘transport arteries’ to ‘cultural/spiritual values’ (Braat and De
Groot 2012). Consequently, a cultural RCW perspective likens water to the earth’s lifeblood
and has spiritual meaning extending far beyond human use value.
People have a tendency to segment challenges to keep tasks regarding RCW
manageable, rather than considering the interconnected social-ecological system. We
acknowledge that, from the perspective of the human system, water is systemically and
inextricably intertwined with topics such as food and energy. Hence, managing the true costs
and benefits of RCW, including the intangible benefits people derive from ecosystems in an
RCW, is complex. This is where an ecosystem services approach comes into play, as it can
help organize societal challenges and natural science measurements (Braat and De Groot
2012); the collected information can then, in turn, be used in strategic RCW management,
guiding both incremental and step changes. In this study, we conducted a literature review to
reveal how an ecosystem services approach has been used in the RCW literature. The
discussion will highlight opportunities for the alternative framing of value propositions using
an ecosystem services approach.

2.0 Methods
A worldwide literature search on RCW in relation to ecosystem services was conducted. The
primary literature search began on 10 December 2014 and ended on 20 January 2015. As this
article was written in 2016, to capture any new relevant studies, a second search was
conducted on 31 March 2016. The examination of the literature included a variety of searches
on Scopus, the Web of Science, EconLit, Google Scholar, Science Direct Freedom, and JStor,
as well as a request sent out to the ResEcon (Land and Resource Economics Network)
listserv. Keywords for the searches included: 'river management' or 'river' or 'watershed' and
'ecosystem services' and 'valuation'.
After removing the duplicates and irrelevant studies, 279 studies were left for review to
determine whether they were relevant to our project. As can be seen (Figure 1), the number of
studies located in the searches related to ecosystem services and RCW have been increasing
1

It is also important to note that while not enough of a supply of (clean) water is a problem, too
much water and flooding is also a problem.
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over time, from virtually nothing before the study in 1991 to 60 in 2015. Consequently, we
can conclude that the popularity and importance of considering ecosystem services in RCW
related studies has been increasing worldwide over time.
In manually reading through the studies in the database, it was discovered that even
though all the resources had the term ecosystem services in some location in the document,
many of the studies did not use the term ecosystem services in the main body of the text. In
these cases, ecosystem services was generally only located in the titles of other studies in the
reference list. In total, 68 studies (24 percent) did not use the term ecosystem services in the
main body of the text and were removed, leaving 211 studies.
Articles selected for review were based on the following criteria: (1) specific reference
to ecosystem services; (2) specific reference to RCW; and (3) studies conducted between
2010 and 2016. After making sure all studies corresponded to the criteria, we were left with
103 studies to review. Details from each of the 103 studies were placed into an excel sheet for
analysis. The primary categories included: year of publication, citation, whether the study
focussed on a specific RCW or not, number of countries investigated in the study, country
names, RCW names, water-related keywords used (for example, river, watershed, catchment,
basin, stream), the number of ecosystem services investigated, the ecosystem service types
investigated, whether they fell into the various 13 Ecosystem Services Partnership groups, the
focus of the paper, the type of data used, and the general results of the investigation.

Figure 1: Number of Ecosystem Service Related Studies

Note: The literature search for 2016 was conducted in March 2016. This explains the low
number of 2016 studies.
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3.0 Results
In our manual review of the 103 studies, we found that many of the investigations, some of
which that had ‘ecosystem services’ in their title, discussed ecosystem services in a
generalized manner and did not break down ecosystem services into specific services. More
specifically, some studies mentioned that they were looking at ecosystem services, but did
not say which specific services (for example, air pollution, water quality, rainbow trout
habitat) they were investigating. Others defined ecosystem services and its importance, but
did not specify how specific ecosystem services factored into their discussion. Overall, 69 (67
percent) of the 103 studies investigated specific ecosystem services, while the remaining 34
(33 percent) did not.
3.1 Locations and Water Resources
While we know that RCWs are not bounded by geographical borders (for example, the
Colorado River flows through many states in the United States and then into Mexico), the
majority of the 103 studies were conducted on RCWs in one specific country (93 percent of
the studies and 24 countries). Eight studies (7 percent) were conducted on RCWs contained
in more than one country or more than one RCW (5 country groupings); and three of the
eight studies were conducted on RCWs contained in both the United States and Mexico (that
is, Colorado River Basin and San Pedro Watershed).
The United States (28), China (18), and Australia (12) had the most studies, by far
(Figure 2). These were further broken down by countries with studies analysing specific
ecosystem services (Appendix A). When this was conducted, the United States (21), China
(16), and Australia (8) were still leading in the number of studies.
Figure 2: River (or Watershed/Catchment) Specific Ecosystem Service Studies
by Country/Countries

Note: There were six locations with two studies (namely, Belgium, England, Greece, Nepal, South
Africa, and Switzerland); and 17 locations with one study (namely, Austria, Benin, Canada, Ethiopia,
Germany, Iran, Ireland, Italy, Mozambique, Scotland, the Netherlands, Turkey and five multi-location
studies (4, 6, 7, 7 and 15 country studies).

8

When studies were broken down into specific water resources, we also found a range of
terms being used for the water systems (Figure 3). The most common terms were either river
or river basin and watershed, which was to be expected from our search terms, while other
terms included wetland, river delta, catchment, and estuary. It is important to note that the
terms watershed, wetland, estuary, river, and river basin were used by researchers in many
countries on many continents. Hence, we felt that we had located a good percentage of the
relevant literature for our investigation.

Figure 3: Various Water Resources
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3.2 Number of Specific Ecosystem Services
As stated previously, the Millennium Ecosystem Assessment classifies ecosystem services
into four general categories and approximately 21 ecosystem services. While the four general
categories were used commonly in the studies, the listing of 21 ecosystem services was not
specifically followed. Instead, the researchers chose to use the specific ecosystem services
that were more relevant to their own studies; that being said, these ecosystem services
typically fell into one of the 21 ecosystem services. This could mean that one of the services
in the Millennium Ecosystem Assessment (for example, fresh water) could be broken down
into many specific services (for example, fresh river water for fish, fresh river water for
invertebrates, fresh river water for humans, clean lake water for humans, clean lake water for
fish).
Of the 69 studies that conducted an active investigation of one or more specific
ecosystem services, it was determined that the number of ecosystem services focussed on in
each study ranged from one through 34. The results reveal that more studies focus on five or
fewer ecosystem services (55 percent) than 6 or more (45 percent). Only one considered 34
ecosystem services, while only two used the Millennium Ecosystem Assessment’s same list
of 21 (Figure 4).
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Figure 4: Number of Ecosystem Services Considered in Each Study
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3.3 Ecosystem Service Terminology

The terminology for ecosystem services used in the various studies was found to be
inconsistent. Rather than the 21 ecosystem services listed in the Millennium Ecosystem
Assessment (Table 1), we found 217 ecosystem services in the reviewed articles, with a large
majority of the 217 only being found in one study; as such, we will not list all of them here.
Many of these ecosystem services could potentially be grouped together (for example, some
researchers grouped research and education together, while others focussed only on research
or education; some were more specific in their descriptions, looking at the biological control
of pests and diseases, while others just discussed biological control). Some of the services
were related, but not the same (for example, there were 16 water related terms, but they could
not all be grouped together; some of these included water, water clarity, water smell, water
filtration, water flow, and water flow regulation).
For comparison purposes, the 21 most commonly used ecosystem services terminology
in the studies are listed in Table 4. The top three terms were: recreation (28 studies), food (20
studies), and climate regulation (18 studies). Other commonly used terms include: habitat,
water supply, aesthetic values, erosion control, and water quality. When comparing the top
21 ecosystem services with the 21 ecosystem services in the Millennium Ecosystem
Assessment, we find many similarities. However, due to the nature of our literature review,
RCW related ecosystem services are more commonly used (Table 4). While most of the
commonly used RCW ecosystem services fall into the provisioning and regulating services
category, this can be deceptive, as the ecosystem service found in the most studies was
recreation (28 studies), yet there were only three cultural services in the top 21 RCW
ecosystem services (that is, aesthetic values, cultural values and recreation).
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Table 3: Ecosystem Services Located in the Literature Review
compared to the Millennium Ecosystem Assessment Ecosystem Service List
Millenium Ecosystem
Assessment Ecosystem Service
List
Provisioning Services
Food
Fresh water
Fiber
Genetic resources
Fuelwood
Biochemicals
Regulating Services
Pollination
Climate regulation
Water purification
Water regulation
Disease regulation
Cultural Services
Aesthetic
Educational
Cultural Heritage
Recreation and ecotourism
Inspirational
Sense of place
Spiritual and religious
Supporting Services
Nutrient cycling
Soil formation
Primary production

Ecosystem Services from the Studies (number of studies)
Food (20)
Fresh water provision (9)
Fiber (8)

Water quality (14)

Water supply (13)

Climate regulation (18)
Water purification (8)
Flood control, protection
or regulation (10)

Gas regulation (10)

Raw materials (7)
Habitat (16)
Pollination (7)
Carbon sequestration (8)
Waste treatment (12)
Erosion control (14)

Water regulation (11)

Aesthetic values (12)
Cultural values (6)
Recreation (28)

Nutrient cycling (7)
Soil formation (15)

3.4 Ecosystem Services Partnership Classification
As stated previously, the Ecosystem Services Partnership takes on an ecosystem services
approach while focussing on thirteen thematic working groups. Consequently, the primary
working groups from each study were determined and placed into the database. Every study
fell into at least one of the 13 working groups or categories; however, there were studies that
included up to seven working groups.
Three of those working groups found to be commonly applied in the literature were
modelling ecosystem services (92 studies), mapping ecosystem services (81 studies), and
ecosystem services monetary valuation (64 studies) (Figure 5). This is consistent with the
findings of the Ecosystem Services Partnership (Ecosystem Services Partnership, 2014). It is
worth noting that 51 studies applied all three working groups (that is, mapping, modelling,
and economic values) in their investigation (that is, 40 ecosystem services specific studies).
Of the 69 studies focussed on specific ecosystem services, 55 used a mapping approach, 63
used a modelling approach, and 50 used an economic monetary value approach. Hence,
studies that are focussed on investigating specific ecosystem services are highly likely to
conduct mapping, valuation, and/or modelling.
11

Figure 5: Thematic Working Groups of the Ecosystem Services Partnership
Found Among the Reviewed Literature

4.0. Discussion
RCWs are extremely important to all life on earth, as without water, life as we know it would
not exist. Human society alone is extremely dependent on RCWs as part of the global waterenergy-food nexus, as a large percentage of our water resources are directed to agriculture,
given we depend on food to live (Hellegers et al. 2008 and Bennett et al.. 2016). That being
said, the costs of RCW management are continually increasing worldwide. In their 2016
article, Bennett et al. (2016) found that a minimum of $1 billion USD went towards
watershed investment programs related to the water-energy-food nexus in 2013 alone. They
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also stated that the amount that is currently being spent on watershed investment is not
matching our dependency of the water-energy-food nexus on healthy landscapes.
Consequently, the sustainability of our RCW systems requires long-term RCW management
schemes. Within these schemes is the importance of people, cities, regions, and countries
working together, as RCWs are not bounded by artificial governing borders, but rather by
geophysical characteristics.
In looking at RCWs across governing borders, our review located eight studies where
more than one country was considered in the case study; only five of these were for RCWs
that crossed country borders. The La Notte et al. (2015) case study covered all European
river basins that drain into the Mediterranean Sea; this includes the Baltic Sea, North Sea,
Celtic Sea, Northern Atlantic Ocean, Western Mediterranean Sea, Eastern Mediterranean Sea,
Black Sea, Barentz Sea West, Norwegian Sea, Tuz Salt Lake, and Prespa Lake. The Bagstad
et al. (2013) and Bagstad, Semmens and Winthrop (2013) studies examined the San Pedro
River watershed in the United States and Mexico. Kaval (2011) focused her work on the
Colorado River Basin, which is located in the United States and Mexico. And Becker,
Helgeson and Katz (2014) investigated the Jordan River, located in Israel, Jordan, Syria, the
West Bank, and Lebanon.
In looking at the map of the world in terms of areas where we found two or more
relevant studies, we find that the map is very bare (Figure 6), especially when the majority of
studies were conducted in the United States, China, and Australia. While this illustrates
where the ecosystem service approach work is being used, it also illustrates that more work
needs to be done in terms of ecosystem services worldwide and ecosystem service studies of
RCWs that do not consider the geographical barriers.

Figure 6: Countries with a Minimum of Two RCW Related Ecosystem Services Studies
Highlighted in Red
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In our literature review, we found that the number of ecosystem service studies in
relation to RCW’s has increased significantly since the first study we found in 1991. We also
found the RCW ecosystem service literature to be very fragmented; results that agree with the
findings of Abson et al. (2014).
More specifically, fragmentation, in our review, occurred in many ways. First,
fragmentation occurred in the use of the ecosystem services, as some studies appeared to use
the term ecosystem services as more of a buzz word, while others conducted in depth
investigations directly related to specific ecosystem services. We therefore believe that the
use of ecosystem services as an organizing framework to bridge natural capital and wellbeing is still developing.
Fragmentation also occurred in the terminology, as there was no strong consistency in
the ecosystem services terminology. The four categories of ecosystem services described in
the Millennium Ecosystem Assessment (2005) seemed to hold as broad categories across the
literature reviewed. The 21 ecosystem services also hold, but more as general categories,
rather than as specific services (for example, water regulation includes flood control and
erosion control). Overall, 217 specific ecosystem services were located, where 21 ecosystem
services were more commonly used than others. This was to be expected, as each study
would focus on specific aspects that were relevant to their particular investigation. As an
example, Qin, Yang and Yang (2014) conducted a study of China’s Yellow River Delta,
mapping the distributions of biomass production, nutrient cycling, local climate regulation,
and plant diversity. Morrison and MacDonald (2010) conducted an economic valuation of the
environmental benefits of the Murray-Darling Basin in Australia and focussed on waterbased recreation, native vegetation, native fish, colonial waterbird breeding, and waterbirds
and other species. Wainger et al. (2013) looked at ecosystem service trade-offs in the
implementation of the Chesapeake Bay total maximum daily load in the United States and
investigated duck hunting, air quality, non-waterfowl hunting, carbon sequestration and
reduced greenhouse gas emissions, brook trout habitat, and wetland water storage. Hence,
ecosystem service studies need to be specific to the location and what is being investigated.
To achieve consistency in future work, it may be useful to define and adhere to the
broad and general categories, while developing a protocol for making deviations to suit
specific RCW challenges and focussing on the specifics of importance in a particular
situation. In this way, the ecosystem services approach for RCW can be compatible at
multiple scales and across landscapes and seascapes. The United Nations System for
Environment and Economic Accounting (United Nations, 2014) is working on such
guidelines from a top down perspective.
Fragmentation also occurred in the ecosystem services partnership themes usage. This
was expected, as not all studies will focus on all 13 themes. That said, the use of valuation,
mapping, and modelling was commonly applied.
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It was not surprising to see valuation being used commonly, as one of the earlier
ecosystem studies by Costanza et al. (1997), a study frequently cited in ecosystem services
studies, focussed on placing monetary values on ecosystem services through the benefit
transfer method. Nevertheless, this study was primarily undertaken as a conversation starter
to introduce a broader value proposition, rather than as a focus on solely establishing exact
monetary values to commodify all ecosystem services. Regardless, it has led to much
valuation work, such as that of Johnson et al. (2012), who conducted a valuation and found
that the quantification and valuation of ecosystem services can enhance policies and
regulations and, if linked with payments or incentives, can properly reward private decisions
that yield public benefits. They found that addressing uncertainty in ecosystem service
valuation was critical for accurate assessment of trade-offs in land use (Johnson et al. 2012).
Kaval (2011) believes that more complete ecosystem service valuations can improve the costeffectiveness of fish and wildlife recovery policies, which would, in turn, improve the
ecosystem service functions (and sustainability) of the watershed, as well as increase
economic returns to the community (Kaval 2011).
It was also encouraging to see the mapping theme frequently used, as it is important to
understand spatial distinctions in particular, because of their ability to deal with the multiscale aspect of ecosystem services. In addition, with the rapid development of remote sensing
and the use of Unmanned Aerial Vehicles (UAV), the potential for mapping capabilities of
ecosystem services is expanding. Su et al. (2012) used mapping to assess the variation of
ecosystem services and human activities in the Yanhe Watershed in China for grain
production, soil conservation, water conservation, net primary productivity, carbon
sequestration, and oxygen production. They found that strong trade-offs exist between
regulating and provisioning ecosystem services.
Liu et al. (2013) modelled the production of multiple ecosystem services from forested
and agricultural landscapes in the United States. They also conducted mapping that involved
the illustration of trade-offs between crop yield and environmental flow, flood risk, nitrogen
concentration, and phosphorus concentration.
One recurring theme in the work conducted in China was that of co-investment and
reward mechanisms, specifically in evaluating payments for ecosystem services. One such
study was conducted by the UNEP (2014) on Chongming Island, an eco-island. This report
recommended strengthening the eco-compensation program through payments for ecosystem
services and compensating for the loss of habitats and wetland ecosystems through habitat
banking and/or the restoration of other degraded wetlands and habitats to ensure no net loss
in biodiversity (UNEP, 2014). Qin et al. (2014) supported the calculation of ecological
compensation payments for wetland damage by valuing the loss of ecosystem services and
functions in monetary terms (Qin et al. 2014). Zheng et al. (2013), investigating the Paddy
Land-to-Dry Land program (a payments for ecosystem services program), found that it
generated benefits of improved water quantity and quality that far exceed the costs of reduced
agricultural output.
15

The literature review also illustrates how an ecosystem services approach aims to make
more visible the benefits people derive from ecosystems, which often complements ongoing
attempts to protect and maintain (and increase) ecosystem areas (for example, wetland
areas). As societal demand for ecosystem services and the restoration and enhancement of
ecosystems is increasing, due to the continually increasing human population, a home-grown
ecosystem services approach, as an organizing framework, can be further explored.
When considering an ecosystem services investigation, rather than suggesting only
stakeholder or local citizen participation or science, we suggest a toolbox approach to
iteratively design and use appropriate tools to reveal and design value propositions (van den
Belt et al. 2013). The challenge then becomes the design of an interconnected toolbox that
can be consistently and quickly used. Relevant and timely knowledge can be generated using
data and information where available, while accepting there will always be gaps in the
scientific evidence base. The ideal toolbox offers approaches across the spectrum of low to
high decision stakes and uncertainty.
4.1. Example of a Modelling Toolbox
To illustrate what we mean by a ‘modelling toolbox’, we include an example from the
Manawatū River (MR) watershed in New Zealand (van den Belt et al. 2011). The MR
watershed (594 000 ha) is located on the North Island; approximately 200 000 people live in
the MR watershed area. The land is intensively used for agriculture, particularly dairying.
Historically, the steep hills in the area were forested, but the forest is now reduced to 20
percent of the original cover (Dymond et al. 2010). Wetlands have also been reduced, with 97
percent converted to other land use types (Dymond et al. 2010). The Māori, the indigenous
peoples of New Zealand, have settled in the Manawatū area for centuries, but pakeha (people
of European descent) and other non-indigenous people also live there.
The Integrated Freshwater Solutions (IFS) project researched collaborative decision support
tools to connect local and regional freshwater management. This resulted in the development
and testing of an ecosystem services modeling toolbox to support adaptive management (van
den Belt, 2009) including:
1. Mediated Modelling (MM). MM refers to a process for building a model with, rather
than for, stakeholders (van den Belt, 2004). MM was used to support the collaborative
effort to better understand the underlying systems driving poor water quality, specifically
those causing eutrophication, erosion and habitat destruction. System dynamics (using
STELLA software) is an appropriate modelling approach for MM.2 The strength of the
MM process generally lies in the collaborative process (van den Belt et al. 2013); in this
case, three 1-day workshops were conducted over 6 months. The generic overview of the
MM model is illustrated in Figure 7. Particularly important is the closing of the feedback
loop from the Action Plan and ball park levels of funding to the anticipated improvements
in Natural Capital.
2

A description of a scoping model detailing the context, process and content is available in van den
Belt and Cole (2014).
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Figure 7: Generic Overview of Interlinking Issues from an Ecosystem Services Perspective
Providing a Starting Point for a Stakeholder Dialogue

The MM scoping model is spatially homogeneous. An example of a scenario is the
funding to reduce erosion by retiring land and planting trees as part of the Sustainable
Land Use Initiative (SLUI). Figure 8 illustrates sediment loading in tons per year, when
the impact of the SLUI is taken into account. Ecosystem services were briefly discussed in
concept, but not readily taken up in the stakeholder dialogue.
2. A small System Dynamics (SD) model drew attention to an ‘investment trap’ in river
management (van den Belt et al. 2013), using natural capital and ecosystem services
framing in a teaching context.
3. The MM effort and SD model were subsequently translated and enhanced to develop a
spatially explicit, dynamic Multi-scale Integrated Model for Ecosystem Services
(MIMES) (Altman et al. 2014). Instead of stakeholders, MIMES involved scientists from
different disciplines and research organizations. MIMES uses Simile software and links
multiple databases in stacked arrays that allow for the bundling and trading off of
ecosystem services over time and space. A generic overview of MIMES for the Manawatū
watershed is shown in Figure 9.
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Figure 8: Mediated Modelling: Sediment Loading in Tons Per Year
Taking the Impact of the Sustainable Land Use Initiative into Account

Figure 9: Overview of MIMES (Multi-Scale Integrated Model for Ecosystem Services)
Manawatū, New Zealand
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MIMES can be used to output scenarios, as shown in Figure 10. Here, erosion control
(as undertaken, for example, by the SLUI programmer) is mapped to highlight the change
in ‘hotspots’ over time and space (Crossman and Bryan 2009).3 The progression of
model development from MM to MIMES required a transition from interpreting
stakeholder perceptions as a facilitated group to a more data-intense, specialist, modelling
by the science community, which can use ‘demand profiles’ for various stakeholder
perceptions.

Figure 10: MIMES (Multi-Scale Integrated Model for Ecosystem Services)
Sediment Loading in Tons per Year
Taking the Impact of the Sustainable Land Use Initiative into Account

Figure 11 emphasizes the gap between the supply and demand of ecosystem services.
The value (as opposed to price) of ecosystem services is based on whether there is an
abundance or a shortage of ecosystem services over time and space, taking the perceptions of
both market and non-market stakeholders into account (van den Belt and Blake 2014).
Ecosystem services as an organizing framework was deliberately used in MIMES.

3

No research funding available to fully validate and ground-proof the MIMES model.
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Figure 11: Schematic Overview of the Supply of Ecosystem Services from Multiple Ecosystems
and the Demand for Ecosystem Services from Market and Non-Market Sectors
The arrows flow in the S(ame), O(pposite) or an unknown (?) direction.

The toolbox approach allowed for a combination of (1) direct and indirect involvement
of various stakeholders and scientists, (2) simulation of changes over time, and (3) spatial and
non-spatial scenarios. It also allowed for a progression from scoping to research modelling,
but did not reach the level of the ‘management model’ (Costanza and Ruth 1998). The
modelling toolbox approach, in this case, included themes 1–10 listed in Table 2 based on the
Ecosystem Services Partnership framework.
5.0 Conclusions
Protecting, restoring and/or enhancing public and private RCW assets through RCW
management is both important and increasingly expensive, if carried out with built capital.
Hence, it is important to consider how investments in natural capital (e.g., the reforestation of
steep hills; using floodplains and wetlands more effectively) are considered in long-term
RCW planning. An ecosystem services approach considering the provisioning, regulating,
supporting, and cultural ecosystem services provided may help make visible a multitude of
connections and pathways to gather broad support for the transitioning towards long-term
RCW management planning.
This investigation revealed an extensive amount of fragmentation in the currently
available RCW ecosystem services literature. Of the 103 RCW publications reviewed, 67
percent focussed their investigation on specific ecosystem services, while the rest did not.
This illustrates a lack of consistency in the use of an ecosystem services approach. Upon
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further investigation, 217 specific ecosystem services were evaluated in the studies; this
result revealed a lack of consistency in the terminology of ecosystem services. Consequently,
specific ecosystem services were categorized according to the Millennium Ecosystem
Assessment categories. These results revealed that the most commonly studied RCW
ecosystem service studies focussed on regulating services (nine ecosystem services, for
example, pollination, carbon sequestration, water treatment, erosion control) and provisioning
services (seven ecosystem services, for example, food, fresh water provision, fibre, raw
materials, habitat). Fewer cultural (only three ecosystem services) and supporting services
(only two ecosystem services) were a focus; hence, this may be something to consider in
future RCW studies.
Another finding was that of the 13 Ecosystem Services Partnership themes, a majority
of the 103 studies primarily focussed on mapping, modelling and/or valuation. Hence, there is
a lack in the consistency of the use of the Ecosystem Services Partnership themes. That
being said, we do believe that the use of mapping and modelling at multiple scales and
resolutions is important, with a specific focus on spatially dynamic changes and trade-offs.
While valuation remains important, it should be used with great care to avoid further
commodification of ecosystems; we recommend the valuation toolbox to be expanded for
inclusion of systems based tools. We also believe that the toolbox approach can be used to
include most, if not all, of the Ecosystem Services Partnership themes.
Consequently, we recommend that future RCW ecosystem services research
unnecessary fragmentation in terms of the use of ecosystem services, the terminology of
ecosystem services and the use of the Ecosystem Services Partnership themes. In addition,
we recommend future research to consider appropriate governance systems (for example,
payments for ecosystem services), long term (sustainability) in RCW management, and that
RCWs are not bounded by geographical borders. We conclude that there is room for an
ecosystem services approach to reach its full potential as an organizing framework, in
particular across regions/countries and at multiple levels of scale.
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Appendix A
Studies by Country

Study Location
United States
China
Australia
Spain
New Zealand
Portugal
United States and Mexico
Belgium
England
Greece
Nepal
South Africa
Switzerland
Austria
Benin
Bulgaria; Serbia; Turkey; Bosnia; Herzegovina; Croatia;
Macedonia; Albania; Greece; Spain; France; Andorra;
Switzerland; Italy; Slovenia
Canada
China; Vietnam; Bangladesh; Indonesia; Egypt; the
Netherlands; the United States
Ethiopia
Germany
Iran
Ireland
Israel; Jordan; Syria; West Bank
Italy
Mozambique
Scotland
Spain; England; Austria; Italy; the Netherlands; France
The Netherlands
The Netherlands, Denmark, Sweden, Finland, Poland,
Czech Republic, Austria
Turkey
Total

29

Total Number
of Studies
28
18
12
6
4
3
3
2
2
2
2
2
2
1
1

Number of
Studies with
Specific
Ecosystem
Services Focus
21
16
8
5
4
1
3
2
0
0
0
1
1
0
0

Number of
Studies That
Were Not
Specific
Ecosystem
Services Focus
7
2
4
1
0
2
0
0
2
2
2
1
1
1
1

1
1

1
0

0
1

1
1
1
1
1
1
1
1
1

0
0
1
0
1
0
0
1
1

1
1
0
1
0
1
1
0
0

1
1

0
0

1
1

1
1

1
1

0
0

103

69

34

Appendix B
Specific Ecosystem Service Articles

#

Citation

Bryan et al.
1 (2013)
2 Chong (2012)
CSIRO
3 (2012)
Larson et al.
4 (2013)
Morrison and
MacDonald
5 (2010)
Morrison et
6 al. (2012)
Zander and
Straton
7 (2010)
Zander et al.
8 (2010)
Boerema et
9 al. (2014)
Chen et al.
10 (2014)
Bai et al.
11 (2013)
Feng et al.
12 (2012)
Fu et al.
13 (2014)

Haas et al.
14 (2014)
Li et al.
15 (2014)
Lu and He
16 (2014)
Qin et al.
17 (2014)
Sawut et al.
18 (2013)
Si et al.
19 (2014)
Su et al.
20 (2012)

Loc ation
River Murray

Country

Aim of researc h

Spec ified
number of
ec osystem
servic es

Australia

Developed an information base for integrated environmental
flow management.

5

Murray-Darling
Basin
Australia
Murray-Darling
Basin
Australia
Australia

Evaluates whether legislative arrangements support ecosystem
services analysis into water resources planning.
Identify and quantify ecosystem service benefits from water
recovery.
Use public perceptions to Identify policy and management
priorities for Australian Tropical Rivers.

Murray-Darling
Basin
Australia
Murray-Darling
Basin
Australia

Describes how to use environmental valuation to support
sustainable diversion limit development.
Synthesis of the costs and benefits of the Murray-Darling Basin
plan.

Daly, Mitchell
and Fitzroy
Rivers
Daly, Mitchell
and Fitzroy
Rivers

Conducted a choice experiment study to determine the impact
of development/management strategies on rivers in Australia
with emphasis on Aboriginal and non-Aboriginal preferences.

Tropical rivers

Australia

Australia

Antwerp

Belgium

Halle City
Baiyangdian
watershed

Belgium
China

Manas River
China
Zagunao River
Basin
China
Jing-Jin-Ji,
Yangtze, and
Pearl River
Deltas
China
Yangtze River
Shaying River
watershed
Yellow River
Delta
Ugan-Kuqa
River Delta
Oasis
Zhifangou
watershed
Yanhe
watershed

Conducted a choice experiment study to determine the impact
of development/management strategies on rivers in Australia.
Determine whether all water management costs should be
charged for in aquatic vegetation removal.
Determined the importance of ecosystem services via
willingness to pay surveys for a restoration project.
Present a framework to integrate direct human benefits and
ecosystem services in policy planning.
Quantify land use change impacts on ecosystem service values.
Surveyed hydropower plants to determine the impact on
ecological compensation.

1
11
9

5
4

4

4
11
5
3
9
2

China

Use landscape metrics and ecosystem services to evaluate
environmental effects of land cover changes.
Determine the value of wetland services by looking at physical
dimension measurement and monetary evaluation.

11

China

Assess the effects of a water quality intervention policy.

1

China

Assess the loss of ecosystem service value from water stress.

5

China
China
China

Determine the ecosystem service value changes from different
land uses.
Conduct an ecosystem service analysis of a watershed using
historical data on land use changes.
Value the variation of ecosystem services and human activities
in different years.

30

9

9
9
5

#

Citation
Tao et al.
21 (2012)
Wang et al.
22 (2010)

Ye et al.
23 (2016)
You et al.
24 (2014)
Zhao et al.
25 (2013)
Zhao et al.
26 (2015)
Grossmann
27 (2012)

28

29

30
31
32
33
34

Loc ation
Heshui
watershed
Jiulong River
watershed
Common Reed
Wetlands in
the Liaohe
Delta

Country

Tianjin
Zhangjiabang
Creek
Shiyang River
Basin

China

River Elbe

Germany

China
China

China

China
China

Aim of researc h
Determine the economic value of forest ecosystem services.
Develop a framework to value watershed ecosystem service
effects by hydropower development.

Determine the value of wetland ecosystem services to guide
management decisions.
Develop an interval-fuzzy regional ecosystem management
model.
Determines the value of ecosystem services with a contingent
valuation study.
Verify the existence of heterogeneity and use choice
experiment surveys to examine impact factors.
Present an indirect alternative or replacement cost method to
value a regulatory ecosystem service.

Bulgaria;
Serbia;
Turkey;
Bosnia;
Herzegovina;
Croatia;
Macedonia;
Albania;
Greece;
All water
Spain;
basins that
France;
drain into the Andorra;
La Notte et
Mediterranean Switzerland;
Presents an approach to support conservation policies by
al. (2015)
Sea
Italy; Slovenia
assessing the monetary value of ecosystem services.
China;
Vietnam;
Bangladesh;
van der Most
Indonesia;
and
Egypt; the
Determine how to sustainably manage deltas by striking a
Marchand
Netherlands;
balance between economic development and environmental
(2011)
8 deltas
united states
stewardship.
Southeast
Applied two modeling tools (i.e., Artificial Intelligence for
Arizona and
Ecosystem Services (ARIES) and Integrated Valuation of
Bagstad et al. northern
United States
Ecosystem Services and Tradeoffs (InVEST) to conduct a
(2013)
Sonora
and Mexico
quantitative analysis.
Colorado River United States Literature review to determine the value of ecosystem services
Kaval (2011) Basin
and Mexico
for the Colorado River Basin.
Doherty et al.
Explore preferences of Ireland's residents for ecosystem
(2014)
Ireland
Ireland
services.
Fanaian et al.
Use a holistic approach to conduct an ecological economic
(2015)
Zambezi Basin Mozambique
assessment of a river's flow regime.
Hearnshaw et
A report on the methods used in assessing ecosystem service
al. (2010a)
Canterbury
New Zealand
impacts of a water storage dam.

31

Spec ified
number of
ec osystem
servic es
5
21

10
8
3
4
1

1

10

3
4
4
5
17

#

Citation
Loc ation
Hearnshaw et
35 al. (2010b)
Canterbury
Tompkins et
36 al. (2011)
Canterbury

Country
New Zealand
New Zealand

van den Belt
37 et al. (2013)
Pinto et al.
38 (2010)
Gilvear et al.
39 (2013)

Manawatu
watershed
Mondego
Estuary
Eddleston
Water river

Le Maitre et
40 al. (2014)
Boithias et al.
41 (2016)
Dupras et al.
42 (2015)
GarcíaLlorente et al.
43 (2011)

Diep River
Catchment
South Africa
Llobregat River
Basin
Spain

Tordera River
Donana social
ecological
system
Almeria
Iniestaprovince;
Arandia et al. Granada
44 (2014)
province
SanchezCanales et al. Llobregat River
45 (2015)
basin
Ryffel et al. Kleine Emme
46 (2014)
catchment
Regge River
(The
Netherlands),
Skjerna River
(Denmark),
Morrumsan
River
(Sweden),
Vaarajoki River
(Finland),
Narew River
(Poland),
Becva River
(Czech
Republic), Enns
River (Austria),
Vermaat et al. and Drau River
47 (2015)
(Austria)
Tezer et al.
Omerli
48 (2012)
Watershed

Aim of researc h
Conduct an ecosystem service review to evaluate ecosystem
services using indicators.
Use an ecosystem service approach to determine the impact of
dam projects on river values.

Spec ified
number of
ec osystem
servic es
17
17

Spain

Develop a simulation models to determine potential investment
traps in relation to using man-made river engineering.
Analyzed the economic, ecological and societal relationship
with estuarine services.
Present a framework and methodology to assist with river
rehabilitation outcome optimization.
Use a hydrological model to simulate and quantify plant
invasion effects on land cover, soil characteristics and
catchment responsiveness in relation to flow regulation.
Quantified uncertainty sources when conducting ecosystem
service monetary valuations.
Evaluate economic impacts of land-use changes on ecosystem
services.

14

Spain

Conduct an integrated analysis of ecosystem services from
providers to beneficiaries.

12

Spain

Analyze stakeholder perspectives of ecosystem services in semiarid watersheds.

25

New Zealand
Portugal
Scotland

Spain
Switzerland

Conduct a sensitivity analysis of the sediment retention model
to determine which parameters have the most influence.
Conducted a choice experiment study to determine individual
preferences for long term land use changes.

The
Netherlands,
Denmark,
Sweden,
Finland,
Poland, Czech
Republic,
Determine the success of river restoration using the ecosystem
Austria
services approach.
Discuss a management framework for urban riverine systems
Turkey
that is ecosystem service based.

32

7
5
6

1
4

2
2

12
14

#

Citation

Batker et al.
49 (2010)
Batker et al.
50 (2010)
Carpenter et
51 al. (2015)

Loc ation
Puget Sound
Basin,
Washington
Mississippi
River Delta
Yahara
Watershed in
Wisconsin

Country

Aim of researc h

United States

Determine value of ecosystem services in Puget Sound Basin.
Conducts an economic valuation of the Mississippi River Delta
United States
ecosystems.

Analyzed a watershed to determine its responses to a variety of
changing drivers.
Conducted a sociocultural preference assessment for
Castro et al. Kiamichi River
watershed ecosystem services in an area of intense water
52 (2016)
watershed
United States
conflict.
Chamberlain Pee Dee region
and Miller
of South
Presents a linear profit model for a switchgrass-for-biofuels
53 (2012)
Carolina
United States
agricultural system.
Elias et al.
Converse
Determine the value of forested watersheds to improve water
54 (2014)
Reservoir
United States
quality.
Elsin et al.
Neuse River
Uses the benefit transfer method to determine the drinking
55 (2010)
Basin
United States
water quality benefits.
Isely et al.
Examination of the differences of water management and
56 (2014)
Michigan
United States policy development when approaching different stakeholders.
Jenkins et al. Mississippi
Conducts an assessment of the value of restoring forested
57 (2010)
Alluvial Valley United States
wetlands.
Johnson et al. Minnesota
Addresses uncertainty in ecosystem services valuation in the
58 (2012)
River Basin
United States
Minnesota River Basin.
Middle Cedar
Kocian et al. Watershed,
Quantify the economic value of the Middle Cedar River
59 (2012)
Iowa
United States
Watershed.

60
61
62
63

Kozak et al.
(2011)
La Peyre et
al. (2014)
Liu et al.
(2013)
Melstrom et
al. (2015)

Nicosia et al.
64 (2014)
Raheem et al.
65 (2015)
Russell et al.
66 (2011)
Van Houtven
67 et al. (2014)
Wainger et al.
68 (2013)
Weber et al.
69 (2010)

United States

Des Plaines
and Cache
Conducts an exploration of the geography of ecosystem service
River Wetlands United States
benefits.
Determine the extent, methods and outcomes of inshore
Gulf of Mexico United States
artificial sub-tidal oyster reef creation.
Beaver River
Conducts a spatial quantification of hydrological ecosystem
Watershed
United States
services.
Develops a model that links fish biomass with recreational
United States United States
stream fishing.
High school biology class conducted willingness to pay for
New Jersey
ecosystem service restoration in a coastal watershed (Barnegat
(Barnegat Bay) United States
Bay, New Jersey) (US).
Upper Rio
Grande
Create a framework to assess ecosystem services of
Watershed
United States
landscapes using traditional Spanish terminology.
Tampa Bay,
Quantify and value ecosystem services in Tampa Bay
Florida
United States
watershed.
Chesapeake
Bay watershed United States Determines willingness to pay for lake water quality changes.
Chesapeake
Develop a framework to determine the total maximum daily
Bay Watershed United States
load for the Potomac River.
Albuquerque,
Develop a framework to compare benefit-cost ratios of
New Mexico
United States
investment strategies for riparian restoration.
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Spec ified
number of
ec osystem
servic es

14
18

9

8

3
1
1
4
3
3

21

7
3
2
2

4

34
8
2
6
5

