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Linking ecosystem processes and ecosystem services
Bojie Fu1, Shuai Wang1, Changhong Su1 and Martin Forsius2

The metaphor of ecosystem service may blind us to the
complexity of the natural systems which underpin and produce
services. We reviewed key references and propose a
framework to illustrate the social system relying on the
ecological system and the relationships between ecosystem
composition, ecosystem structure, ecosystem processes and
ecosystem services, in order to reduce this complexity. We
argue that plans to manage ecosystem services will not be
successful without a deep understanding of their link with the
ecosystem processes that support them. By linking ecosystem
processes and ecosystem services, we explore the possible
determinants of the biodiversity components on the quantity,
quality and reliability of ecosystem services at all levels, and its
usefulness in making targeted decisions. Disentangling the
complex interrelationships among multiple ecosystem services
from the driven processes is helpful in lowering the risk of
unwanted trade-offs, and taking advantage of synergies. In
landscape management, it is advisable to design suitable
ecosystem structures for maximizing ecosystem services
based on knowledge of the natural ecosystem processes.

research has put much emphasis on ecosystem services
assessments at regional and national scales, trade-off
analyses and its role in decision making [12,13,14].
Although the concept of ecosystem service conveys the
social dependence on ecological life support systems and
facilitated interdisciplinary research, it may blind us to
the complexity of the natural systems underpinning the
ecosystem services. The generation of ecosystem services
relies on the ecosystem composition, structure and processes [15,16]. Accurately predicting the dynamic provision of ecosystem services requires a considerable
understanding of ecosystem composition, structure and
the processes that sustain them [17], especially the links
between ecosystem processes and ecosystem services.
We would like to contribute to the ongoing debate with
some proposals and analyses by examining these interrelations, based on reviewing the research progresses for a
better understanding of the Coupled Human and Nature
System (CHANS) and better environment management.
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Introduction
The ecosystem service concept was proposed to attract
public attention initially and to balance competing interests on natural resources [1,2]. During the past few
decades, progress has been made in understanding the
ecosystem services’ generating mechanism [3,4], calculating its value [5,6], mapping its supply and demand
[7,8], as well as analyzing threats faced by ecosystem
services [9,10], and its future consequences [11]. Current
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Ecosystem services are benefits that people obtain from
ecosystems; in the absence of people there are no services
[18,19]. The framework (Figure 1) illustrates how the
social system relies on the ecological system and the
relationships between ecosystem composition, structure,
processes and services. Ecosystem composition refers to
‘the comprising types and abundance of biotic and abiotic
elements in a defined ecosystem’ [15]. These interacting
biotic and abiotic components constitute natural biodiversity [20]. In other words, ecosystem composition is the
material base and driver of ecosystem processes and
services. Ecosystem structure refers to the distribution
and arrangement of ecosystem components [15], which is
subject to both physical and anthropogenic influences.
Ecosystem processes are the interactions among the
biotic and abiotic elements [21]. Some key ecological
processes, such as energy transfer, nutrient cycles, and
oxygen and water fluxes [15] are always regarded as
synonymous with ecosystem function. Ecosystem services are the conditions and processes that sustain and
fulfill human life [22]: the contents of which vary depending on the social-ecological context. Ecosystem processes
are the means to deliver ecosystem services; for example,
pollination, soil formation and water regulation provide
the services of food and potable water. Given the complexity of ecosystems, the processes and services cannot
be completely separated; some processes are themselves
also services, such as flood regulation by vegetation, while
www.sciencedirect.com

Linking ecosystem processes and ecosystem services Fu et al.

5

Figure 1
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A framework linking ecosystem processes with ecosystem services. The blue triangle represents the social system and the green rectangle represents
the ecological system. The interactions among compositions, structures and processes of the ecological system underpin the social system with
various ecosystem services.

others are not, such as evapotranspiration by forest. On
the basis of the classification system of Millennium Ecosystem Assessment (MA), within the process-services
chains, supporting and regulating services are mainly
intermediate, while provisioning services are definitely
at the end point [23].
The biophysical components and structure underpin the
ecosystem processes. When the latter are consumed by
humans they are translated into ecosystem services [24].
Ecosystem processes interact with ecosystem components and structure. Humans manage ecosystem processes through arranging the ecosystem components and
structure to deliver ecosystem services that better meet
their needs, such as altering land cover/land use to safeguard a human’s well being. In the Loess Plateau of
China, a vast area of natural vegetation has been
reclaimed as farmland in the last century for grain production. The past three decades saw the inception of a
series of large-scale reforestation projects, which significantly increased the vegetation coverage percentage from
6.5% in the 1970s to 51.13% in 2010 and improved the
ecosystem services of soil conservation, water regulation
and carbon sequestration [25]. As the ecosystem
processes, ecosystem services and their driving mechanisms are the key components of the CHANS [15],
www.sciencedirect.com

understanding the links between ecosystem processes
and ecosystem services is essential for making a prudent
ecological policy.

Basic ecosystem processes and services
Ecosystem composition, structure and processes can be
summarized as ecosystem integrity, which depict the
ecosystem resistance and resilience, represent its capacity
or potential to provide ecosystem services. Within the
ecological factors, water, soil and carbon play central roles
in regulating ecosystem processes with strong spatial/
temporal scales dependence, and providing key services
for human beings.
Water-based services

Water is an important ecosystem factor, as it can provide
the medium for multiple ecosystem processes. At a
microscopic scale, researchers have done a multitude of
explorations on water movement, especially within the
Soil-Plant-Atmosphere Continuum (SPAC). The challenges lie in the spatial heterogeneity of the transporting
medium (e.g. root and branch structure) and the temporal
variability of the external drivers. Stable-water-isotopes
tracing is widely used in capturing water movement.
Braud et al. [26] integrated the isotope method with
the Soil-Vegetation-Atmosphere (SVAT) model and
Current Opinion in Environmental Sustainability 2013, 5:4–10

6 Terrestrial systems

successfully tested water movement of bare soil. At a large
scale, topography, microclimate, vegetation and the
hydrological process gradually demonstrate their roles
in soil-water movement.
Water movement is critical in delivering the services of
potable water, irrigation and industrial production, as well
as indirectly influencing food production, microclimate
regulation, the esthetic view and more.
Soil related services

The effectiveness of runoff control/soil erosion at the
individual-plant scale depends on plant morphology. As
the scale increases, land use gradually shows its role in
curbing soil erosion. Research in the Guadiana Watershed, Puerto Rico indicated that reforestation of 5% of the
highest-eroded watershed would decrease erosion by
20%, and the erosion will be decreased by 37% if the
entire watershed were reforested [27]. Jordan et al.’s [28]
investigation in the Kali Basin, Hungary showed that
expansion of uncultivated land and its spatial fragmentation greatly decreased the average sediment production.
Fu et al. [29], using radionuclide 137Cs, quantitatively
assessed the effects of the land-use combination on soil
erosion. The results showed that the configuration of
‘grass (6 years old) + mature forest (25 years old) + grass
(25 years old)’ from the foot to the top of the hill could
lower soil erosion by 42%.
Rational soil movement helps to consolidate soil fertility
and improve water availability; moreover, it helps to
eliminate silting in rivers and reservoirs off-site.
Carbon sequestration services

CO2 levels in the atmosphere are rising faster recently
and pose a daunting challenge for those attempting to
staunch global-climate warming. Carbon cycle refers to
the biogeochemical cycle by which carbon is exchanged
among different ‘reservoirs’ (the atmosphere, the terrestrial biosphere, the oceans, the sediments and the earth’s
interior). In the terrestrial biosphere, forests store 86% of
the above-ground carbon and 73% of the planet’s soil
carbon. Carbon is sequestrated from the atmosphere by
photosynthesis. Portions of the carbon return to the air via
respiration or wood burning. Land use is the major factor
affecting carbon cycling, which accounts for 17.4% of total
anthropogenic greenhouse-gas emissions.
Carbon cycling plays an important role in buffering the
global temperature within a range tolerable for human
beings. In addition, it indirectly influences other services
such as biodiversity conservation.
Ecosystem processes are not independent; rather they are
intermingled. Changes in the water cycle (e.g. precipitation, runoff, stream flow, as well as soil moisture and
atmospheric vapor) have strong impacts on carbon stocks/
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fluxes and disturbance events (e.g. fire frequency and
intensity). These interactions within ecosystem processes
partially explain the inherent links among ecosystem
services; for example, maintaining carbon stocks can
generate co-benefits other than the climate change mitigation, such as biodiversity conservation and agricultural
production.

Understanding the relationship between
biodiversity and ecosystem services
Ecological interactions are both causes and consequences
of biodiversity [30]. The relationship between biodiversity and ecosystem services is still under debate [31–
34]. There are many qualitative reviews about the effects
of biodiversity on ecosystem properties and services [4].
Balvanera et al. [35] conducted the first extensive quantitative meta-analysis on the relationship between biodiversity and ecosystem services and found that
biodiversity has positive effects on regulating and supporting services, which is positively echoed by Cardinale
et al. [36], who, through searching the ISI Web of knowledge, drew the conclusion that biodiversity per se either
directly influences or is strongly correlated with provisioning and regulating services (Figure 2). Usually there
are two approaches to fitting biodiversity into ecosystem
services. One is the ‘ecosystem service perspective,’
which equates biodiversity with ecosystem services.
Although this approach reflects the mutual enhancement
between biodiversity and ecosystem services, it fails to
explore the role of ecosystem processes pertaining to
biodiversity and cannot reflect its values. Alternatively,
the ‘conservation perspective’ regards biodiversity itself
as an ecosystem service. This leads to ignoring the function of biodiversity in underpinning ecosystem services
[30]. In order to resolve this confusion over the role that
biodiversity plays in ecosystem services, Mace et al. [30]
recognized three different relationships: biodiversity acts
as regulator for key ecosystem processes, biodiversity is a
final ecosystem service itself and biodiversity provides
goods valued by humans [30]. By distinguishing and
linking ecosystem processes with ecosystem services, this
analysis elucidated the multi-layered relationship between biodiversity and ecosystem services, and can help
to enact targeted policy to ensure the continued maintenance of ecosystem processes (e.g. carbon sequestration), or to deliver a final ecosystem services (e.g. water
supply), or to provide a specific conservation goods (e.g.
saving giant pandas).

Designing ecosystem structures for
optimizing services
Changes of community structure can both affect the
provision of ecosystem services directly and indirectly
[37]. For example, a decline in the abundance of keystone
species directly leads to the loss of food production,
infringing upon the esthetic values and option values,
and indirectly resulting in a potential decrease in
www.sciencedirect.com
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Biodiversity either directly influences or is strongly correlated with certain provisioning and regulating services. The dark green boxes show
biodiversity’s direct impacts on provisioning services, whereas the yellowish boxes show its indirect impact on regulating services.

ecosystem resistance/resilience to change. At the landscape and regional scales, the ecosystem structure influences the ecosystem processes and subsequently the
services by the spatial pattern configuration [36]. For
example, forest patches near coffee plantations are helpful to increase coffee production [38]; the possible reason
lies in the forest’s alteration of key processes of the coffee
plantation, such as increasing pollinator population and
thus promoting a fruit set of coffee [39]. At the hill slopes,
Fu et al. [29,40] indicated that patterns with contrasting
hydrological response units, such as the fallow land–
shrubland–intercropping land–woodland structure would
increase the discontinuous runoff on a slope and thus
control soil erosion better. Relationships between landscape pattern and processes constitute the key principle
of landscape ecology. Nassauer and Opdam [41] went
one step further by embedding the concept of ‘landscape
design’ into the pattern–process paradigm (Figure 3).
Landscape design needs to focus on both the individual
ecosystem components (e.g. a species) and their combined effects. Moreover, the concept of landscape designs
is applicable to various scales, for example, the windbreak-forests arrangements at the agricultural ecosystems
scale and the planning of China’s principal function zone
at the national scale. Landscape design is conducted
collaboratively by scientists and practitioners based on
www.sciencedirect.com
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A framework linking landscape pattern, ecosystem process, and
ecosystem services, as well as landscape design. At a large scale,
humans exert their role on ecosystem management through land-use
policy. Tradeoff analysis among ecosystem services can be of great
significance in sustainable ecosystem management.
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the ecosystem processes. Nassauer and Opdam [41]
designed a model in which landscape-pattern design
was divided into process-knowledge, generalizablepattern-rule and place-specific design.

Managing ecosystem services by ecosystem
processes
Degradation of ecosystem services is the root cause for
many ecological problems embodied by structural
damage and functional disorders. Ecosystem processes
are the means for ecosystem services; the essence of
ecosystem management lies in managing the ecosystem
process to maximize the delivery of services such as food,
fiber or spiritual experiences for humans, and minimize
the harm caused to the ecosystems [15]. Various processbased mechanism models were developed to predict the
performance of natural systems. Aitkenhead et al. [42]
developed the model of Modelling Soil Ecosystem Services (MOSES) to simulate soil processes and ecosystem
services. Laurel and Harvey [43] modeled the hydrological feedbacks to predict landscape pattern, process and
restoration potential in a shallow aquatic ecosystem.
When people modify ecosystems to increase specific
ecosystem services, it often results in substantial declines
of others; the deterioration of supporting services also
affects the sustainability of the whole social–natural system [18]. Thus, managing multiple ecosystem services
concomitantly poses a tough challenge for ecosystem
management. At present, most studies use land use/land
cover as a proxy to ecosystem services providers [44]; this
taken-for-granted linear relationship between ecosystem
structure and services which cannot reflect the competition or sharing relationships between different services
and is likely to cause double counting [45]. Trade-offs are
usually caused by scale mismatch between ecosystem
processes and social governance [46], and avoiding such
requires an in-depth knowledge of ecosystem processes
and services (Figure 3). As trade-offs among ecosystem
services are strongly scale-dependent [46], quantifying
trade-offs and synergies at one point in time or merely
examining the spatial concordance among multiple services cannot reflect the panorama of the ecosystem services. It is necessary to understand the underlying
mechanisms of ecosystem services linked through processes [15]. Bennett et al. [18] proposed a typology of
relationships between ecosystem services by the role of
drivers and the interactions between services. They also
developed three propositions on services-based ecosystem management: identifying the relationship through
integrated social-ecological approaches, tapping the
underlying mechanism to maximize the management
effects and strengthening the research on ecosystem
resilience [18]. Lautenbach et al. [47] compared the
ecosystem services’ trade-offs using map comparison,
scenario analysis and optimized landscapes, an approach
that is questioned by others for merely applying to a small
Current Opinion in Environmental Sustainability 2013, 5:4–10

set of ecosystem services and underestimating the consequences of social choice.

Conclusion
It is beyond doubt that ecosystem services play significant roles in shaping humans’ well-being. In-depth
understanding of the relations between ecosystem processes and ecosystem services plays a significant role in
ecosystem management [17,48]. Only then could we
disentangle the roles of biodiversity components in
determining the quantity, quality and reliability of
ecosystem services, and make more targeted decisions
[30]. In addition, examining the complex relationships between multiple ecosystem services from the
underpinning driving processes is necessary to avoid
the risk of unwanted trade-offs, and helps to take
advantage of synergies [18]. In landscape design, the
physical and biological processes underpinning ecosystem services should be paid due attention [41], as
processes are the means for services pursuit. In conclusion, ecosystem services are generated by several
interacting processes related to the composition and
structure of the ecological systems, also influenced by
human inputs. This reminds that the ecological processes cannot be ignored in ecosystem service planning
and managing procedures. We hope this examination
helps ecosystem service becoming a really good instrument for environmental management.
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