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5.1 Introduction
This chapter utilises the ecosystem services framework
to understand the consequences of change in forest ecosystem functions and water-related implications. Using a
scenario analysis, the chapter explores the likely changes
in attributes of forest-water systems (and associated services) that will translate to exogenous impacts, and their
consequences in the future. The narrative provides a foundation for the analysis of management options and policy
responses that will be discussed in Chapters 6 and 7. Ultimately, these responses are likely to affect the drivers
of change and thus highlight the interconnectedness of
coupled forest-water systems.

5.2 Conceptualising Forest-Water
Relationships in Terms of Ecosystem
Services
5.2.1 Origins and Evolution
The dependence of human life and well-being on finite natural resources has long been acknowledged
(Malthus, 1888; Meadows et al., 1972), and different

conceptualisations of human-nature relationships have
emerged over time (Raymond et al., 2013). The term ecosystem services (ES) represents one such conceptualisation (Martin-Ortega et al., 2015). The ES concept was
coined in the 1960s primarily to raise awareness among
policymakers about the implications of biodiversity loss
and environmental degradation by emphasising the benefits that nature freely provides to society (Gómez-Baggethun et al., 2010). The “Tragedy of the Commons” framed
by Hardin (1968) triggered the debate about open access
to natural resources. The natural processes of environmental degradation which have impacts on social-ecological systems, therefore, generate social change (Eckholm,
1975). Literature on ecosystem services grew exponentially from 1997 onwards, when Daily (1997) defined
the term as “the conditions and processes through which
natural ecosystems, and the species that make them up,
sustain and fulfil human life” and Costanza et al. (1997)
estimated the total economic value of the planet’s ecosystem services at USD 33 trillion/year. Despite criticisms
on methodological grounds (e.g., El Serafy, 1998), further publications consolidated this body of research (e.g.,
De Groot et al., 2002), until it firmly entered the policy
arena when the UN Secretary-General Kofi Annan called
for a global assessment of the world’s ecosystem services

Linkages between forest-water ecosystem services and human well-being
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(Millennium Ecosystem Assessment report, MEA, 2003,
2005). Ecosystem services were then defined as “the benefits that people obtain from ecosystems” (MEA, 2003)
and the dominant classification scheme of ecosystem services was established. In this scheme, ES were divided as
supporting (services required for the production of other
ecosystem services), provisioning (products that can be
directly obtained from the ecosystem), regulating (benefits that can be indirectly obtained from the regulation of
ecosystem processes), or cultural services (non-material
benefits that people obtain from ecosystems), which all
directly or indirectly contribute to human well-being.
Further to the MEA, there has been a proliferation of
ES frameworks and applications, including a multitude of
novel research directions and refined definitions and classification of the ES domain (Ojea et al., 2012). A major
difference between the ES frameworks is how intermediate ecosystem processes are treated. Some frameworks
only include final services consumed or valued directly
by humans (e.g., Hein et al., 2006; Haines-Young and
Potschin, 2013), while others also include intermediate environmental processes that contribute indirectly to
human-welfare (e.g., Boyd and Banzhaf, 2007). As ecosystems depend strongly on the water cycle, the complex
inter-linkages between ecosystems and the water cycle
make the classification of water-related services as supporting, regulating, or provisioning particularly complex
(Ojea et al., 2012). For example, water flows can be regarded as supporting services for maintaining terrestrial
and aquatic species and habitats, or micro and local climate regulation; or they can be regarded as regulating
services for aquaculture production or as provisioning
services for agriculture or drinking water supply; in a
way that simultaneously affects different components of
human well-being (Figure 5.1). Box 5.1 illustrates how
an ecosystem services-based approach would apply to the
understanding of water-related forest ecosystem services.

Box

5.1
An ecosystem services-based
approach to the understanding
of water-related forest ecosystem
services:


…
recognises that structural changes to forests can

influence several watershed processes (e.g., erosion
rates, sediment load, water chemistry, peak flow
levels, total flow, base flow, or groundwater recharge)
– in different ways and that, in turn, these changes result in different kinds of impact on human well-being
(e.g., increased costs of water purification, increased
fertilisation of floodplain lands, decreased reservoir
capacity due to siltation, flood damage, changes in
agriculture), (Lele, 2009).



…
requires the understanding of the biophysical

processes that determine the way forest cover, forest
structure, soil-vegetation dynamics, etc. affect the
amount and quality of freshwater to the extent that
it impacts on human well-being (through use or nonuse) by the beneficiaries.



…
combines knowledge of the service delivery pro
cesses that are based on natural sciences (e.g., plant
physiology, ecology, hydrology) with information from
social sciences (e.g., economics, psychology, political science) and (local) stakeholder knowledge (e.g.,
farmers, domestic water users, floodplain residents,
hydropower companies, regulators) that jointly help
to understand, for example, where benefits arise in
relation to where ecosystem change takes place.



…
requires at least some degree of quantification of

changes in the final services delivered (e.g., increase
of the flow of water associated with forest cover)
coupled with a qualitative interpretation of the
implications for human well-being, or the valuation of
associated benefits through, for example, willingness
to pay for increased water availability, so that these
benefits can be incorporated into decision making
(for example, on afforestation or the creation of
protected forest areas) (Martin-Ortega et al., 2015).

5.2.2 Valuing Ecosystem Services
Values and associated processes of valuation have been
of interest to researchers and philosophers since ancient
times, and the term has been ascribed a multiplicity of
meanings (Schulz et al., 2017). On the one hand, values can be conceptualised as abstract guiding principles
(fundamental or held values) that may inform preferences and decision-making. Examples are security,
achievement, or self-direction. On the other hand, values
can be understood as measurements of a certain quality
or of importance (i.e. assigned values). The ecosystem
service paradigm and environmental economics, which
are rooted in neoclassical economics, are examples of
strategies to describe assigned values. Human beings are
seen as rational actors that aim to satisfy their substitutable preferences and maximise their personal utility
through their choices (Pearce and Turner, 1990; Dietz et
al., 2005). Value is then defined as “the change in human
well-being arising from the provision of [an environmental] good or service” (Bateman et al., 2002). These
welfare changes can be compared through conducting

monetary valuation studies that estimate relative values
and people’s willingness to pay to achieve an environmental change, such as improved water quality from forest conservation practices.
While being the most widespread conceptualisation of
(environmental) value, the neoclassical definition has also
attracted a lot of criticism for epistemological and moral
reasons (Gómez-Baggethun et al., 2010; Norgaard, 2010).
Other critiques reflect misgivings about related concepts
such as markets, capitalism, commodification and/or neoliberalism derived from monetisation (Brockington and
Duffy, 2010) and have been rejected by those defending
more eco-centric conceptualisations of human-nature relationships (Martinez-Alier, 2002; Schulz et al., 2017).
Another recent branch of literature on values focusses
on shared and social values, which Kenter et al. (2015)
present as those values that an individual holds on behalf
of a community or group of which they are a part. More
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recently, relational values, which are understood as ethical and moral principles that guide ‘good’ human-nature
relationships and may differ across cultures (Chan et al.,
2016), have emerged as a new conceptualisation more
coherent with the pluralistic views promoted by new
approaches to ecosystem services (Muradian, 2017), as
advocated by the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES).
Here, when we refer to the value of water services provided by forest, we refer to assigned values (i.e. the values
that people derive from forest and the water services they
provide) but recognise that these are underpinned by fundamental values that critically shape world views and the
relationship between people and forests.

5.2.3 Criticisms and New Conceptualisations: Nature’s Contributions to Humans
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The ecosystem services concept has arguably inspired
novel avenues for environmental research, enhanced communication, debates and cooperation between scientists
from diverse disciplines, policymakers, conservationists
and practitioners. Beyond the MEA, the global TEEB initiative (The Economics of Ecosystem Services and Biodiversity; Kumar, 2010), and related national ecosystem
assessments (e.g., the UK NEA, 2011) are testimony of
the concept’s wide-ranging appeal.
Inevitably, the popularisation of the ES approach has
also led to the emergence of new debates and criticisms.
While not questioning it, some see gaps in the practical
implementation of the conceptual advances made (Nahlik et al., 2012), such as deficient monitoring, and some
see the risk of the concept of ecosystem services losing
its original (or any) meaning as pre-existing environmental management approaches are simply relabelled. More
critically, many point at the risk of oversimplification of
ecological, economic and political processes (Norgaard,
2010). Ecological economists are critical of the neoclassical conceptualisation of environmental values and argue that some values cannot be measured with a single
measurement unit such as money (Martinez-Alier et al.,
1998). Ethical concerns have also been raised about the
potential misuse of the ecosystem services concept for
the commodification of nature where artificial markets
are created for public environmental goods (Kosoy and
Corbera, 2010; Peterson et al., 2010), as well as about the
marginalisation and crowding-out of non-anthropocentric
(often non-Western/utilitarian) ethical frameworks for nature conservation (Raymond et al., 2013).
The criticism is extended to the consideration of
equality in the distribution of ecosystem services, and
also to the interpretation of benefits in different sociocultural contexts. The power, gender and labour relationships which mediate access and capability to manage
ecosystem services need to be highlighted in an ecosystem service approach. The degree to which any individual
benefits from ecosystem services thus depends on a complex range of mechanisms of access including natural and
social capitals, both traditional as well as emerging and
evolving rights to natural resources (Ribot and Peluso,

2003). Also, the ecosystem services approach often does
not sufficiently take traditional ecological knowledge into
account (Xu and Grumbine, 2014a,b). Some argue that
a practical alternative to the problems of conventional
valuation would be to make use of a multi-criteria approach, enabling the inclusion of a wider range of issues
(Fontana et al., 2013). Others propose a less anthropocentric conceptualisation of values that encompasses other
worldviews (such as those of indigenous communities).
For example, in Australia, indigenous people believe that
all of the environment is interlinked and they are part
of that interlinkage (Altman and Branchut, 2008), having been created with forests and water, and all within
them at the beginning of time, remaining as custodians
of nature (Flannery, 1994; Skuthorpe and Sveiby, 2006).
Even today they engage in living cultural landscapes and
waterscapes, where water and forests are central to culture, spirituality and identity (Bark et al., 2011). A major
challenge remains as to how such deep understandings
can be incorporated into modern policy and institutional
arrangements relating to the management of forests and
water resources.

Uluru, also known as Ayers Rock, is a large sandstone rock
formation in central Australia, Uluru-Kata Tjuta National Park.
Uluru, including its rock caves, ancient paintings, and surrounding springs and waterholes, is sacred to the Pitjantjatjara
Anangu, the Aboriginal people of the area
Photo © Pixabay: Wallula

To address some of these challenges and criticisms,
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) has recently
developed a new framework that seeks to integrate different knowledge systems regarding human-nature interactions, including indigenous and local perspectives alongside western scientific models (Pascual et al., 2017). It
consists of six interlinked elements constituting a socialecological system that operates at various scales in time
and space (Díaz et al., 2015). These are nature; nature’s
benefits to people; anthropogenic assets; institutions and
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governance systems and other indirect drivers of change;
direct drivers of change; and good quality of life. While
shifting the focus towards relational values, a good quality of life and cultural specificities, the IPBES framework
essentially maintains the original anthropocentric perspective, but emphasises a less utilitarian philosophy and
pluralistic values.
In this assessment we adopt the ecosystem services
conceptualisation as the currently dominant way of expressing the relationship between humans and nature, so
that any existing evidence can be integrated more effectively here. However, we acknowledge other visions and
the fact that this is an evolving paradigm.

5.3 Consequences of Change
5.3.1 Consequences for the Delivery of
Water-Related Forest Ecosystem Services
Forest ecosystems provide timber, energy, food, fodder
and other goods while maintaining diverse ecosystem
services and functions (see Section 5.2) that are relevant
for human well-being.
Forests are spatially heterogeneous areas in which the
trade-offs and synergies in the provision of goods and services are governed by complex interactions of environmental factors and processes, with social and economic
forces operating at different spatial scales. The spatial
pattern of land uses, management intensity, land use
changes, climatic conditions, the resilience of forest ecosystems, and natural and anthropogenic stressors, such as
droughts, extreme climatic events, wildfires, atmospheric
pollution, or invasive species are the main factors affecting the provision of forest goods, and environmental
services and functions (Lawler et al., 2014; Millar and
Stephenson, 2015; Newbold et al., 2016; Castello and
Macedo, 2016; Seidl et al., 2016). Changes in coupled
forest-water systems can thus have significant impacts on
biota, and ultimately on human-well-being. Yet the consequences of natural- and anthropogenic-driven changes on
forest-water systems depend on their scale and intensity
(see Chapter 3). Where forest and water are concerned,
changes in land use and management would mainly affect
water quality and quantity.
The most significant contribution forests make to water for all living beings is in maintaining its quality (FAO,
2008). The role of forests in filtering sediments and other
pollutants from water before it reaches the stream has
increased the interest in conserving forest and restoring
riparian vegetation to protect water quality (Sweeney and
Newbold, 2014). Brogna et al. (2017) found that forest
cover has a positive effect on water quality, using a longterm and spatially distributed monitoring data set that
covered more than half of Belgium’s territory. The contribution of forest in protecting water quality can have economic implications. For example, Fiquepron et al. (2013)
and Vincent et al. (2016) found that a higher forest cover
can be translated into lower drinking water supply costs in
France and Malaysia, respectively.

On the contrary, a decline in forest cover may have a
negative effect on water quality. Large scale deforestation
can affect the physicochemical properties of downstream
waters (Dessie and Bredemeier, 2013). In studying the
impacts of deforestation in Amazonia, Langerwisch et
al. (2016) found that deforestation will decrease riverine
particulate and dissolved organic carbon amount by up
to 90% and the discharge of organic carbon to the ocean
will be reduced by about 40% under a severe deforestation and climate change scenario. This will have local and
regional consequences on the carbon balance and habitat
characteristics in the Amazon Basin itself as well as in the
adjacent Atlantic Ocean. Changes in forest structure can
also affect water temperature, with the removal of riparian canopy, generally leading to increased energy loading
to the stream and higher stream temperatures (Bladon et
al., 2016). Likewise, forest management can affect water
quality. Higher management intensities can raise concentrations of suspended sediment and nutrients following
silvicultural operations (e.g., Eriksson et al., 2011; Laudon et al., 2011; Siemion et al., 2011). The effects of harvesting will be higher when timber and biomass extraction bares the soil surface, thereby increasing the erosion
risk (FAO, 2008).
Where timber and water are concerned, researchers tend
frequently to think in terms of trade-offs between timber
and water provision. Those trade-offs may go beyond timber and water, as trade-off between carbon sequestration
and water provision services have been also reported in areas with water scarcity problems (Chisholm, 2010; Ovando et al., 2017). Similarly, forests also provide non-timber
products, which should be considered in evaluating options
(see Box 5.2). Trade-offs can also involve erosion regulation and water yields, whereas afforestation can provide
relevant erosion reduction benefits while reducing water
yield (Dymond et al., 2012). Large scale forest plantations
can control sediment and nutrient loads and protect water
quality (depending on their management), but this can lead
to conflicts between beneficiaries of upstream plantations
and downstream water users, where there is a demand for
irrigation water (e.g., Nordblom et al., 2012).
Changes in coupled forest-water systems have significant impacts on biota. For instance, Ricketts et al. (2004)
found that forest-based pollinators increased coffee yields
by 20% and improved coffee quality within 1 km of forests
in Costa Rica. Similarly, coupled forest-water systems
support a large variety of birds, with a high percentage
being dependent on forest habitats. Among the benefits
that birds provide are pollination, insect pest control, seed
dispersal and nutrient cycling (Wenny et al., 2011), but
they also add substantial value to the economy through
tourism, with bird-watching being one of the faster growing subsectors of ecotourism (Callaghan et al., 2018).
The direct dependence of aquatic biodiversity on water
quality and quantity render it specifically vulnerable to
change. One of the ways for citizens to support informed
policy development and decision-making is through applying local and traditional knowledge to local solutions
and feeding those through to policy and management domains (see Box 5.3).
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The importance of non-timber
products for millions of forest
dwellers and indigenous people

Box
5.2

Poor people throughout many parts of the world depend heavily on the direct use of natural capital for their
livelihoods. The multi-functional use of natural capital
can be exemplified by Non-Timber Forest Products
(NTFPs) which are essential inputs to forest people. In
the burgeoning discussion around ecosystem services,
the safety net that NTFPs provide for subsistence
households must not be forgotten (Vira et al., 2015).
In the development of more effective macroeconomic
policies for forest and water management, it is vital that
we recognise that contrary to conventional production
theory (Simon and Khan, 1984; Beckerman, 1995), other
forms of capital (finance, infrastructure) cannot infinitely
be substituted for natural capital (Daly and Cobb,
1989; Daly, 1999). As such, in the development of forest
and water policy, we must recognise the multitude of
disparate values held by different social groups in different ecological contexts. In an example provided from a
study of Amerindian communities in Guyana (Sullivan,
2002), the ways people use forest resources have been
identified and quantified. The monetary value of this use
is calculated using an income accounting approach, and
these use-values demonstrate the importance of nontimber forest products and services to people in these
subsistence communities.
Findings of this study show that depending on location, the value of forest inputs amounts to between
33% and 63% of productive values in these communities. Whereas benefits derived from the harvesting of
timber products are limited by forest production, the
livelihood support that can be generated from the use
of non-timber forest products and services are not
limited in the same way. This has significant implications
for sustainability, and it is important that if the quality of this income stream is to be preserved for future
generations, action must be taken to ensure that this
dimension of forest resources is not depleted by the
decisions and actions of either local residents or global
policymakers.
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Forest-water services are about hydrological dynamics, and the socially-constructed relationships that underpin humans and ecosystems; for example, the rules,
infrastructure and access to benefits and substitutes. The
ability for humans to receive ecosystem services varies
from place to place and from time to time, with the socialecological system or political economy often playing a
role in shaping the distribution of benefits of ecosystem
services (Ostrom, 2009). For instance, frequent extreme
weather and floods cause more loss of human life and
property due to poor land use practices, poor planning
and urbanisation on flood-prone areas and the poor often suffer the most due to lack of protection (Agrawal et
al., 2008). Since these impacts are more severe at downstream locations, such communities are often willing to
pay more to upstream communities for forest/water services. Therefore, the impacts of change on ecosystem services are varied in space and time and case-specific due

Shoebill (Balaeniceps rex) in Mabamba swamp in Uganda.
The shoebill attracts many bird-watchers
Photo © Marius Claassen

to the ecological relationship between forest and water, as
well as the socioeconomic relationship between humans
and nature. Water is perceived to be useful only when
people have access to it or have the ability to benefit from
it (Brauman et al., 2007), however, the indirect benefits of
water to people go beyond this narrow view.
A limitation of the literature in this area is that many
recent forest hydro-economic studies apply engineeringoriented bottom-up models based on a combination of
empirical relationships and theoretical control factors,
such as behavioural responses or hydro-ecological processes (e.g., Garcia-Prats et al., 2016; Susaeta et al., 2016;
2017; Ovando et al., in press). These have been used to
estimate the response of a production function (and associated revenues and/or costs) to specific interventions
(Brouwer and Hofkes, 2008). Such relatively simple
input-output production relationships examined at the
individual plot level provide only a static view of the supply or demand of water ecosystem services (Harou et al.,
2009). Only a few studies explicitly analyse the effect of
forest interventions on water supply and demand, water
prices and their welfare effect on economic sectors competing for water use (e.g., Nordblom et al., 2012; GarciaPrats et al., 2016).
In arid and semiarid areas, the substitution of natural
grasslands, shrubs and croplands with fast growing plantations, is often associated with decreases in streamflows
and groundwater recharge, leading to potential conflicts
between upstream plantations and downstream water users (e.g., Nordblom et al., 2012). At the local scale, increased tree cover can also be associated with reduced
streamflow (Chapter 3). However, depending on the baseline conditions, the opposite may be true. Reforestation of
degraded agricultural lands with heavily compacted soils
may raise dry season stream flows by increasing infiltration rates and soil water holding capacity (Garcia-Chevesich et al., 2017). The role of forests in filtering sediments and other pollutants from water before it reaches
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the stream, has increased the interest in using forest to
increase water quality, thus reducing drinking water supply costs (Abildtrup et al., 2013; Vincent et al., 2016). An
analysis of the relative magnitude of ecosystem services
provided by forests can inform decisions on species selection, forest density and management options in relation to
the regulation of water flow and quality under changing
climatic conditions (Box 5.4).

5.3.2 Consequences of Change at Different
Scales
Forest-water related services are dynamic and complex
across scale and time. Each service has attributes of
quantity, quality, location and timing of flow (Brauman
et al., 2007). Scale is still considered to be the unresolved problem in the relationship between forests and
water (Malmer et al., 2010). Knowledge about hydrologic
services from forests are often based at catchment scale
(Bruijnzeel, 2004). Such forest and water relationships
are varied or dynamic in terms of the time scale. While
in some cases (particularly in tropical areas), forest cover
may be restored in a relatively short time, many forestrelated water services (such as reducing sediment and
enhanced water quality) may take much longer to recover
(Malmer et al., 2010).
The impacts of changes in coupled forest-water systems are sensitive to boundaries in biophysical systems
as well as jurisdictional boundaries. Natural boundaries
include climatic zones (defined by altitude, rainfall, temperature, ocean proximity, etc.), surface water catchments
(defined by topography) and groundwater basins (defined
by hydrology, geology and topography). Anthropogenic
alterations to these boundaries include inter-basin water
transfers and changes in land cover. Eco-regions, discussed in Chapter 2 represent the combined impact of the
above boundaries. Societal boundaries include differences in cultures and practices, economic conditions and jurisdictional boundaries. Since social values and practices
can vary within and between communities, the impacts of
change in forest and water systems and related services
will also vary between different societal contexts, whereas economic circumstances influence development priorities and options. Jurisdictional boundaries, which can be
sub-national (e.g., districts), national (sovereign countries) or regional (e.g., regional economic commissions)
are associated with different policy contexts, economic
conditions and societal perspectives. The determinants of
change (Chapter 3), changes to the forest/water system
(Chapter 4) and response options (Chapters 6 and 7) are
all sensitive to natural and societal boundaries. Temporal
scale is another type of boundary, since the time scales of
political, policy, economic and social process are not always aligned with the time frames of environmental (forest/water) impacts and responses.
The delivery of water-related forest ecosystem services is scale-dependent in terms of biophysical processes
(Chapters 3 and 4), but also in terms of governance processes. More recent literature on forest-water interactions and dynamics suggests that the boundaries for the

Toad’s eye views and water
quality

Box
5.3

Science and technology as concepts, howsoever varied
might be the understanding behind them, underlie any
discussion of water and forest management. It is when
deconstructing these concepts with questions like
whose science? What kind of technology? Which methods? What inherent capacity for maintenance? etc. that
the hegemony of particular technologies and scientific
approaches expose themselves. Research methods can
be classified as those primarily aimed at external learning (‘extractive science’), those primarily supporting
local learning, and methods that explicitly aim for both
(Mehmood-Ul-Hassan et al., 2017).
Methods that match local concerns over water and are
yet understandable by scientists and forest management officials can play a substantial role in negotiations
on clarifying sources of pollution and changes in flow
regime linked to local land uses (Tomich et al., 2004;
van Noordwijk et al., 2016). Biological water quality
monitoring methods (Rahayu et al., 2013a, b) have been
used to support local stakeholders in forest mosaic
landscapes where land use patterns are contested.
In water management, there is growing awareness
that there are traditional technologies, some of them
centuries old, which are perfectly well-suited to the
hydro-ecology of the region in which they are found in
as well as to the availability of local raw material and
skills for their use. On the other hand, modern ferrocement technologies or piped water systems may be
efficient, but beyond the capacity of the local people or
their raw material resource base to maintain or restore
if damaged by a disaster. Brushwood dams still account
for over two-thirds of actual irrigation in the Himalayas
and the technology they deploy is dependent on the
collective capacity of the local irrigation community.
These dams are built at the start of the dry season to
divert water to the fields and are washed away during
the monsoon, only to be re-built in the next dry season.
When they are replaced by modern ferro-cement dams,
the modern technologies are very efficient as long as
they operate, but when a major flood occurs that damages or washes them away, they are abandoned as unrestored relics and people revert back to their traditional
technology (Gyawali, 2004). A similar story is unfolding
in the semi-arid zones of western India with traditional
water harvesting technologies as modern technologies
fail to deliver (Agarwal and Narain, 1997)
If technology is defined as science which has commercial implications, the disjuncture between modern and traditional technologies is explained by the
power and bias of the most powerful market players.
The decision-making process remains dominated by
investments backed by modern technologies involving cement, steel, petroleum-based plastics and other
such powerful artefacts, while local communities are
alienated and disempowered, and their traditional
technologies marginalised. Ethnographic and anthropological studies of science and technology have tried
to distinguish between ’toad’s eye’ or civic science and
’eagle eye’ or modern western science to reveal this
contrast in approaches to knowledge.
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An attempt to quantify the value of forest-based ecosystem services

Box
5.4

Figure
5.2

An approach to quantify service domains is to divide the world into regions and calculate the amount of tropical and
temperate/boreal forest for each region. These estimates are then grouped into provisioning, regulating and cultural ecosystem services (ES), summed to estimate the total valuation per category, and then multiplied by the area of tropical and
temperate/boreal forest in each region to produce an estimate of the total ecosystem service category value for each region. While the value of supporting services can also be calculated in this way, these services are deemed as intermediate
services that are implicitly embedded in the final value of regulating, provisioning and cultural services (Hein et al., 2006).
The portfolio and relative magnitude of the different ES types, based on the above calculations and ES values from De
Groot et al. (2012) are presented in Figure 5.2, with the supporting services being superimposed on the other three
types of services to denote their intermediate nature. The figure illustrates the variation in different ecosystem services
provided by forests in different regions of the world. Based on this approach, northern regions generally provide more
cultural services than southern regions, which may reflect differences in sustainable forest management between these
two regions (Fisher et al., 2009; Chan et al., 2012). These north/south differences may be attributed to the differing
ecosystem service values for tropical and temperate/boreal forests, with tropical forests providing a larger amount of
provisioning and regulating ecosystem services and temperate/boreal forests providing a larger amount of cultural and
supporting ecosystem services. The loss or degradation of a forest in one region may have different consequences for
water security than in another region. Forest provisioning and regulating ecosystem services – in particular – have important implications for water security. To mitigate the potential loss of specific ecosystem services, a portfolio of functions
should be maintained on the landscape. A portfolio of function approach ensures that there exist forests in a specific
region that provide low, medium and high levels of each of the categories of ecosystem services. This portfolio approach
illustrates that the ecosystem can better buffer against change and ensure that forests provide a suite of ecosystem services to the landscape’s inhabitants.

Source: Authors’ own elaboration based on calculations from De Groot et al., 2012

Figure 5.2. Map illustrating the portfolio and relative magnitude of ecosystem services provided by forests.
The relative magnitude of ecosystem services for each region is illustrated by the relative size of the circles,
whereas the relative size of each segment represents the value of each service
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political governance of these interactions need to be greatly extended in space (Ellison et al., 2017). Most crossregional and international water management frameworks
for negotiation consider only the catchment (watershed)
boundaries and include actors situated at least in part
within the catchments. However, in order to adequately

address water availability concerns and impacts with respect to forests and land use change, it is necessary to
redesign these frameworks such that they can actually
take into account the principal contributions from a much
broader concept of hydrologic space. The ‘precipitationshed’ approach is currently perhaps the best example of
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this concept. Since land use practices, both upwind and
within the given catchment, ultimately influence the total amount of water that is either consumed locally or redistributed onto other downwind basins (Dirmeyer et al.,
2009), it is of explicit interest to be able to harness these
factors in the service of the larger framework of forest
and water management strategies. Thus, both local, regional and larger forest and water management strategies
and institutional systems need to find meaningful ways of
not only incorporating and involving up- and downstream
interests, but also of involving up- and downwind communities in the larger overall forest and water management framework.

5.3.3 Consequences for Human Well-Being
As described earlier, changes in forest status can lead to
significant changes in hydrological functions, which in
turn translate into changes in the provision of ecosystem
services (Lele, 2009). Besides the biophysical repercussions, these changes have direct and indirect socio-economic consequences well beyond forests’ boundaries
(Gregory, 2006; Wang-Erlandsson et al., 2017). For example, in China controversial resettlement schemes have
been a key instrument for the government to address poverty and environmental degradation in the past two decades, with up to 6 million of the 120 million internallydisplaced people qualifying as environmental migrants
(Myers, 2002). These schemes have been associated
with both ecological and social consequences (Fan et al.,
2015) with some cases showing that resettlement promotes ecosystem recovery by removing human pressures
(notably from grazing livestock) and improving access to
infrastructure, education, and health care. In other cases,
however, there are also negative social and ecological
impacts in newly resettled areas, including a disruption
of the coupled social-ecological system among resettled
communities.
One conceptualisation which helps to understand the
well-being implications of changes in hydrological functions is derived from neoclassical economics, based on
the measurement of welfare changes in monetary units
(Pearce and Turner, 1990; Bateman et al., 2011). Under
this conceptualisation, changes in well-being are directly linked to the value that humans attach to ecosystem
services, measured through the monetary trade-offs that
individuals are willing to undergo to secure the service.
As an illustration, Box 5.5 provides current evidence of
the monetary value of water ecosystem services delivered by forests, focusing on two forest systems of global
relevance: tropical forests in Central and South America
and mangrove forests in South East Asia. This evidence
provides some basis for the general understanding of the
welfare benefits that forest conservation provides in relation to water ecosystem services and, as a corollary, of
the welfare loss associated with the decline in the state
of ecosystems. However, it should be noted that this literature is very heterogeneous in purpose and approaches,
providing a very fragmented view of the value of forest
water services (Lele, 2009; Ojea et al., 2012).

Despite their limitations, a growing number of studies
offer some insights into the economic implications of forest conservation and management for the provision of water ecosystem services. For example, some econometric

Evidence of the monetary
value of water services
provided by forests

Box
5.5

Tropical forests in South and Central America
Ojea and Martin-Ortega (2015) undertook a meta-analysis of 25 primary valuation studies of water services
of tropical forests in Central and South America, which
served to identify some factors that systematically influence forest values.
The review of this literature reveals how the definition
and classification of water ecosystem services is highly
inconsistent (Ojea et al., 2012), which can generate
problems such as double counting (Fisher et al., 2009).
The meta-analysis shows that the relationship between
the value and type of service is complex and is mediated by the type of beneficiary. Extractive water supply
services (involving mostly agricultural and human water
consumption) have, in general, relatively high values;
although the value of flow-regulating services (in-stream
water supply) when the beneficiary is an industrial user
(i.e. mostly used for hydropower production) is significantly higher than when used for agricultural and human
consumption (but not as high as extractive water supply
generally).
There is much less consolidated evidence on the
monetary value of damage mitigation and water cultural
related benefits in comparison to provisioning services.
Mangroves in South East Asia
Brander et al. (2012) undertook a meta-analysis of 41
studies assessing the value of mangrove ecosystem
services around the world to project values for South
East Asia.
The range of ecosystem services represented in the
collected studies includes provisioning services (fish,
fuelwood, materials) and regulating services (coastal
protection, flood prevention, water quality). Similarly to
the case of tropical forest, the value of cultural ecosystem services is under-represented in the literature.
The type of service significantly affects its value,
with water quality and fisheries having a positive and
significant effect on this value. Mangrove value is also
influenced by the existence of other mangrove forests
in the area. This seems to indicate that fragmentation
of mangroves and their surroundings (e.g., by road
infrastructure) has a negative effect on the value of
mangrove.
The median mangrove value in the sample is USD 239
per hectare per year (2007 prices).
Brander et al. 2012 also forecast the value change associated with a projected 2000 – 2050 scenario and
estimate an annual value of lost ecosystem services
from mangroves in South East Asia, which amounts approximately to USD 2.16 billion in 2050 (2007 prices).
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studies provide empirical evidence on the positive effect
of forest cover (thus conservation) in reducing the costs
of drinking water supply (Ernst et al., 2004; Abildtrup et
al., 2013; Fiquepron et al., 2013; Vincent et al., 2016).
Forest conservation is also expected to generate positive
income and welfare effects by controlling dam sedimentation and increasing hydropower generation (Arias et al.,
2011), or by reducing flooding damages for downstream
farmers (Kramer et al., 1997). A number of other studies suggest trade-offs between the production of timber
and water ecosystem services, implying an opportunity
cost (revenues foregone) for landholders, in cases where
no compensation schemes are in place (Eriksson et al.,
2011; Kucuker and Baskent, 2015; Simonit et al., 2015;
Garcia-Prats et al., 2016). A small number of studies are
also starting to look at the economic implications of the
trade-offs between water quantity and quality associated
with forest practices, trying to integrate economic values
associated with water ecosystem services into decision
support systems (Keles and Baskent, 2011; Kucuker and
Baskent, 2015; Mulligan et al., 2015; Garcia-Prats et al.,
2016). These studies reveal that internalising water values
leads to different optimal forest management decisions
than are based on the single maximisation of timber net
benefits, which highlights the need for advancing water
ecosystem services valuation and integration into decision-making processes.
Further inspection of the literature also demonstrates
how most of the existing evidence on the value of (water) ecosystem services provided by forests focuses on
limited types of ecosystem services: predominantly
provisioning and some of the regulating services; other
regulating services and especially cultural ecosystem
services, are limited in the monetary valuation literature. There are studies on the recreational value of forests (Chiabai et al., 2011 reviewed some of them) but
the link to water ecosystem services is often unspecified which is consistent with the fact that less tangible
services are harder to measure and hence tend to be
ignored. This represents a critical limitation since the
tendency to avoid services that are difficult to measure
creates a bias in resultant policy choices. Moreover, it is
increasingly argued that water-based ecosystem services
provide benefits that go beyond what can be monetised.
Even in the realm of human health alone, poor management of water and forest systems has been shown to result in increases in water borne diseases, increasing risk
to humans from flooding and coastal inundation, and
reducing food security (Corvalan et al., 2005).

5.3.4 Social Consequences and Distributional
Considerations
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The consequences of changes in forest-based water ecosystem services are not evenly distributed. While aggregate availability of water, as well as its quality, might be
reflected in catchment level or system-wide analyses, the
spatial distribution of this water, as well as the social and
political context within which people have access to or are
able to benefit from such services can be highly unequal

(Mollinga, 2008; Loftus, 2015). When considering the
forest-water relationship in terms of impacts, it is thus
important to be mindful of questions of distributional equity, fairness and justice (Sikor et al., 2014), the political
economy of water allocation which underpins who gets

Water allocation in the Murray
Darling Basin, Australia: conflicts and consequences

Box
5.6

The Murray Darling basin, located in southeastern
Australia, covers over 1 million km2 (14% of Australia’s landmass) and contains over 30,000 wetlands. It
provides water storage and multiple other ecosystem
services across its vast floodplain. Throughout human
history the river has played an important role, providing sustenance for Aboriginals and supporting national
economic development (Bark et al., 2012). Today some
65% of all irrigated land within Australia lies within its
boundaries, accounting for over 95% of total irrigation
water withdrawals (Tan et al., 2012).
By the 1990s, threats to the basin’s capacity to deliver
water for multiple uses across its complex social and
political boundaries led to recognition that the river
had to be managed holistically, in a more integrated way.
As a result, the Murray Darling Basin Authority (MDBA,
2012) was formed. Although at first these institutional
developments were positively received at the state and
local government levels, many farmers depending on
irrigation continued to resist water allocation change.
Exacerbated by extreme drought conditions in the first
decade of the new millennium, and over-allocation of
abstraction licences (Crossman and Overton, 2011), the
federal government decided to implement a more stringent plan for water allocation, based on the concept
of Sustainable Diversion Limits (SDLs). Key ecosystem
functions such as sediment loads, nutrients, carbon
exchange, habitat maintenance and connectivity (Falkner
et al., 2009) were to be monitored to ensure compliance with the objectives of the plan, and a framework
for transferable water rights through a water market
were identified (Qureshi et al., 2009), based on water
‘buy-backs’ being strictly made on the basis of ‘willing
seller, willing buyer’ agreements.
Unexpectedly for the government, when this plan was
first released for public consultation in 2011, (MDBA,
2011) panic and chaos ensued among farming communities across the basin. This resulted in demands for
a series of additional special studies (Bark et al., 2012;
Mooney and Tan, 2012; Jiang and Grafton, 2012), and
much debate about what the appropriate level for the
SDLs should be (McKay, 2011; MDBA, 2012), causing
long delays in the implementation of the plan. Even by
early 2018, the debate over ecological water allocations remains unresolved. Making the situation worse,
evidence has recently come to light of illegal water
transfers being made in many areas of the basin, with national newspaper headlines drawing attention to ‘water
theft’. Meanwhile, many areas of the floodplain forests of
iconic Red Gums continue to decline, conflicts between
land and water users remain, and many forest and
former wetland areas are consumed by the increasing
number of bushfires occurring every year.
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how much water, when and where, and to recognise that
this is likely not to be equally available to all stakeholders
across a landscape. Importantly, environmental flow requirements should be considered in allocation processes. A
reflection on access and distribution is provided in Box 5.6.

undesirable, but some changes can also translate into new
opportunities. Response options can include preventative
measures (to counter undesirable change) and mitigation
measures to reduce the impacts of such change or measures to exploit the opportunities brought about by change.

5.4 Scenario Analysis: Consequences
of Change in the Future

5.4.1 Future Impacts and Consequences

Anticipating changes under the ‘new normal’ is necessary in order to establish likely changes to the forest-water-climate-people system and to determine appropriate
measures based on desired objectives. A scenario analysis
helps to project into the future.
‘Normal’ generally refers to conditions that are similar
to what they have been in the past (Hulme et al., 2009).
The ‘new normal’ describes future conditions that are
markedly different from the past (see Chapter 1). An
example of such a ‘new normal’, is the anthropocene as
a new geological epoch, where humans predominantly
drive planetary changes (Zalasiewicz et al., 2010). The
new normal in the context of impacts and consequences
for changes in coupled forest-water systems will be characterised by greater complexity and uncertainty and shifts
in risk perceptions. Such changes are generally viewed as

Representations of future possibilities can be useful for
long term strategy development, but also to direct actions
in the short term to promote a desired future state (Funke
et al., 2013). Scenario planning originates in military applications, with Sun Tzu acknowledging the importance
of planning in the face of uncertainty 2,400 years ago
(Giles, 1910), whereas contemporary applications of scenarios include the RAND Corporation that started to investigate the scientific use of expert opinion in planning
for the future in the 1940s (Landeta, 2006) and Royal
Dutch Shell that used scenario tools to good effect in the
1970s, leading to a competitive advantage that enabled
them to act quickly during the oil price shock of 1973
(Daum, 2001; Wilkinson and Kupers, 2013).
The determinants of change discussed in Chapters 2
and 3 include societal dimensions and environmental dimensions. In this chapter we aggregated the drivers in two

Figure
5.3

Scenarios for the forest and water domains by 2050

Global Environmental Change (low)

Rigid
Reactive
Known knowns
Structured
Coping

Deterministic
No surprises
Stagnant
Stable

Chaotic

Complacent

Creative

Adapt
Pro-active
Anticipate
Transform
Flexible

Human Capacity to Adapt (high)

Human Capacity to Adapt (low)

Constrained

Dynamic
Extremes
Uncertain
Stochastic
Opportunities

Global Environmental Change (high)
Source: Authors’ own elaboration
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Impacts and consequences of coupled forest-water systems in relation
to scenario contexts
“Chaotic”

Human Capacity to Adapt (low)

“Constrained”

Human Capacity to Adapt (low)

In a ‘Constrained’ future, where environmental change is low and human capacity
to adapt is low, there is a stable resource
base but a constrained societal capability to
service growing demands. The structure and
function of the coupled forest-water system
is variable, but with little directional change.
Consequently, there is high confidence in
the goods and services that the system
can provide. The utilisation of these goods
and services to meet societal development
objectives is however constrained by limited
innovation and adaptation and societal
needs are not met in the future.

Box
5.7

Global Environmental Change (low)

Global Environmental Change (high)

“Complacent”

“Creative”
Human Capacity to Adapt (high)

Human Capacity to Adapt (high)

A ‘Chaotic’ future has high levels of global
change and low human capacity to adapt.
The structure and function, and associated
goods and services, of the coupled forestwater systems change, as do the benefits
that society obtain from those services. This
can lead to societal losses, compromising
livelihoods and affecting human well-being.

A ‘Complacent’ future combines low
levels of environmental change with high
levels of adaptive capacity. The goods and
services that are provided at a high level
of confidence allow for deliberation on
Global Environmental Change (low)
Global Environmental Change (high)
the best portfolios of social and economic
development opportunities. The adaptive
capacity furthermore allows for learning by doing, thus ongoing adjustments to translate goods and services into development outcomes. However, unexpected impacts such as political dynamics, technological innovations or societal values can
lead to unintended consequences, such as inequitable consumption and benefits at different temporal and spatial scales.
A ‘Creative’ future combines a high rate of environmental change with a high level of adaptive capacity. This can lead to
continuously changing goods and services, and adaptation to the change through ongoing evolution of social and economic activities to harness the dynamic potential. Since the growing demand is met with dwindling resources, incremental
improvement is generally not sufficient. Radical and disruptive innovation is needed to meet development aspirations
while countering environmental change. This scenario can either spark creative thinking or lead to despair if the challenges are deemed too great to overcome.
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higher order drivers: the rate of environmental change
and human capacity to adapt, as juxtaposed axes for scenarios related to forest and water by 2050. The resultant
scenarios are presented in Figure 5.3. Perspectives on the
impacts and consequences of these scenarios are outlined
in Box 5.7.
In the scenario analysis presented here, the environmental change components and the relation with demand for these resources are represented by a tree (forest system) and blue arrows (water cycle). Considering
future scenarios of environmental change, two options
are possible: low levels of change in the forest system,
represented by a symmetric tree, or high levels of change,
represented by an asymmetric tree. Likewise, in future
scenarios where environmental change in water systems
is low, the water cycle is shown as a symmetric blue colour, whereas high levels of change in the water systems
are indicated by an asymmetric colour of the water cycle.
The human dimensions of change include societal
perspectives and solutions. Where there is a low capacity

to adapt, the external circle is composed of rectangles,
whilst when there is a high capacity to adapt, the circle is
composed of arrows.
Under future scenarios with low levels of global environmental change, the coupled forest-water system can be
expected to function as a dynamic system with natural variability, but within known ranges of variability. The flow
regimes, linkages between climate and vegetation, and
forested landscapes will be dynamic, but remain within
boundaries that do not cause a major change in the coupled
system.
Future scenarios with high levels of global environmental change, however, can cause disruptions in the
natural systems and processes. Examples can include
shifts in oceanic currents and sea surface temperatures
with drastic effects on local climates beyond what can
currently be predicted with any confidence or precision.
Variation along the other axis, human ability to adapt,
will first of all depend on increased communication
and synergy between the different knowledge systems
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(including local knowledge and values, physical, biological and social science-based knowledge and current policies) that may currently compete. If the various
knowledge-to-action chains can be connected, societal
adaptation may keep up with the environmental change
and avoid the passing of irreversible thresholds.

5.4.2 Governance Responses under Different
Scenarios
Under conditions of ‘Low human capacity to adapt’,
governance systems can be structured and efficient under stable conditions (thus ‘Low global environmental
change’). A policy that assumed such a scenario is the
US Endangered Species Act, which pursued a return of
ecosystems to their ‘historical’ natural conditions and
emphasised restoring habitat for single species, often to
the exclusion of other species, but with increasing rates
of global environmental change, those systems have been
transformed beyond return, precluding more adaptive responses (DeCaro et al., 2017).
Under conditions of ‘High global environmental
change’, the same ‘robust’ systems can be slow to adapt
to changes, which can render seemingly good policies
less effective. An example of such a situation is Lake
Chad, which shrank by 90% over a period of 35 years,
which is putting pressure on sustainable food production, wetland habitat conservation, water management in
transboundary basins and adaptation to climate change
(Zieba et al., 2017). This situation must be taken into account in the formulation of enabling framework policies
for managing resources in the Lake Chad area.
A scenario that seems to be a desired future is where
‘Low global environmental changes’ are prevalent and
where there is ‘High human capacity to adapt’. Although
there are fewer uncertainties about environmental conditions in this context, the opportunities brought about by
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change are also limited. Policy options under these conditions will focus on sustainable practices on the supply
side (forests and water) and greater efficiencies in the
ever-increasing demand side (social and economic activities). There is a danger of complacency in this scenario,
where environmental change may not be immediately
apparent, such as the case in southeastern Spain, where
intensive groundwater use and mining often exceed replenishment of supplies (Aldaya, 2017).
‘High human capacity to adapt’ is best demonstrated
in conditions with ‘High global environmental change’.
In such contexts, the ideal policies are framework policies that enable adaptive approaches and are supported
by rapid feedback loops and learning systems. Ultimately,
adaptive governance consists of a range of interactions
between actors, networks, organisations, and institutions
emerging in pursuit of a desired state for social-ecological systems (Chaffin et al., 2016).
The drivers of change are relevant at global, regional,
national and local spatial scales, however, their manifestation would be different at each scale. Environmental
change may be driven by global systems but has significant implications for local conditions. Likewise, the
capacity to adapt to change can be facilitated through
policies and processes at scale, but also depend on local capacity for action. These dimensions emphasise the
need for cooperation across scales to mitigate change and
increase adaptive capacity.
The implication of this scenario approach for water
and forest interlinkage lies in its reframing of the social
response to risk and uncertainties and in viewing policy
as not just something within the government domain but
also within that of markets and civic movements (Gyawali and Thompson, 2016). Such a triad understanding of
power and policy is also what has been described by
other schools of thought (e.g., Karl Polanyi (1944) with
his concept of exchange, redistribution and reciprocity,

December 2016

Lake Chad, straddling Cameroon, Chad, Niger and Nigeria, has shrunk by 90% over a period of 35 years
Photo © Mapdata: Google; NASA, U.S. Geological Survey, Landsat/Copernicus
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as well as Lukes (1974) with his triad understanding of
power). Such a framing will also have implications for
management and governance (discussed in Chapters 6
and 7): firstly by defining policy as not just an action by
governments but also by markets and civic movements;
and secondly by bringing uncertainty and surprise – and
the plural social response to them – to the centre stage.

5.5 Data Needs and Knowledge Gaps












T
 here is still much to learn about the ways eco-hydrological and socioeconomic processes can be integrated
into forest and water resources management and planning strategies.
M
 ore recognition of the shortcomings of current
knowledge of biophysical processes is needed, along
with relationship of these to the generation of ecosystem services and their values.
W
 e need further integration of biophysical information into the design of valuation scenarios, including
new and innovative epistemological approaches for
integration which can cope both with biophysical uncertainty and human ‘ambiguities’ (Byg et al., 2017).
i.e. the agenda on valuation should be driven by a better representation of both the biophysical and social
complexities (rather than necessarily on instrumental
sophistication) (Martin-Ortega et al., 2017).
A
 lso, new efforts should be directed towards integrating monetary and non-monetary values, and operationalising these and other forms of value into decision
making including relational values.
W
 hile there is expertise concerning integrating monetary and non-monetary values at lower geographical
scales, challenges remain in scaling up the analyses to
regional and global scales.
T
 here is a need to build more sophisticated forest
hydro-economic models based on integrated frameworks, to guide optimal resource allocation between
forests (and other land uses) and water ecosystem services. Such models would need a detailed representation of forest functionality and its explicit relationship
to watershed-based ecosystem services and their values (Ferraz et al., 2014)

5.6 Conclusions
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Linkages between coupled forest-water systems and benefits to people are generally well understood but there are
some limitations, specifically across spatial and temporal
scales. The ability to attach values to these benefits is often lacking in terms of monetary metrics and even more
so for non-monetary metrics.
The lack of a systematised approach to the valuation
of water ecosystem services provided by forests hinders
their incorporation into mainstream decision-making.
Coupled forest-water systems’ interactions are characterised by great complexity and uncertainty across space and
time, in which trade-offs and synergies of goods and services are governed by complex environmental and management factors and interactions. Those environmental

and management interactions are magnified when linked
to the complex socio-economics and political boundaries
given the multiple human well-being dimensions that can
be affected by forest-water related ecosystem services.
That leads to a recognition that complex socio-ecological
forest and water interactions need to be managed holistically and in a more integrated way.
Changes to the underlying structure and function of
coupled forest-water systems will affect available goods
and services and consequent development options. While
these linkages are conceptually well-understood, we need
to improve our ability to characterise the relationships to
support choices about management and policy options.
Under future scenarios with low levels of global change,
the coupled forest-water system can be expected to function as a dynamic system with natural variability, but
within known ranges of variability.
The ‘new normal’ in the context of impacts and consequences for changes in coupled forest-water systems
is characterised by greater complexity and uncertainty
and shifts in risk perceptions. Such changes are generally viewed as undesirable, but some changes can also
translate into new opportunities. However, consequence
of changes in forest-based water services are not evenly
distributed, affecting unequally people’s rights and responsibility. Social justice and institutional arrangements
need to be examined within the particular political and
historical settings.
Responses under different future scenarios incorporate
state, market and civic domains. For the coupled complex
system to evolve towards sustainability, it is necessary for
all these voices (including those of women and other marginalised groups) to be heard and responded to in a spirit
of constructive engagement.
Current knowledge suggests that there is well established evidence on the fact that changes in the structure
and functions of forests result in changes in the delivery
of water ecosystem services, and these have consequences for the benefits people can obtain from forests. However, substantial levels of uncertainty remain in elaborating the details of the direction and magnitude of these
relationships, but methods for improving our understanding of these consequences are rapidly developing. These
methods are improving at the local/lower levels (e.g.,
catchment or lower levels), which means that the evidence they provide is quite solid, although still limited to
specific places where data and monitoring systems are in
place. However, there is more work to be done in terms of
expanding this understanding to ‘data scarce’ locations.
Much more needs to be done in terms of understanding
and bringing this up to broader and global scales.
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