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Abstract

The scale-dependent feature of ecosystem services is embodied in the scale
dependency of ecosystem provider, ecosystem beneficiary, ecosystem service
measurement and ecosystem service management. This study discusses each
scale-dependent feature of ecosystem services, and two typical case studies are
presented to illustrate the scale dependency of ecosystem service. One case deals
with a park in one of the world’s largest and most developed metropolitan area
(New York), which represents local and regional ecosystem services of green
space in an urbanized area. The other case covers the Tibet plateau, which repre-
sents a nature-dominated ecosystem that provides ecosystem services with both
regional and global significance. Such hierarchically structured ecosystem ser-
vices underline the importance of understanding ecosystem service in an inte-
grated and comprehensive perspective.

Introduction

Ecosystem services, the basis for the existence and development of human soci-
ety, refer to the benefits human derive, directly or indirectly, from ecosystem
processes and functions (Costanza et al., 1997). An ecosystem service value is
determined by ecosystem structure and processes at certain temporal and spatial
scales. This chapter addresses the scale-dependent features of ecosystem service
by first discussing the concepts of spatial and temporal scales, then how the scale
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determines ecosystem service. Ecosystem service provider, beneficiaries and
management are all scale dependent and ecosystem services realized in various
scales belong to each corresponding category. The various ecosystem services
across scales are illustrated with two case studies ranging from a landscape to
regional biome scale.

Scale

Scale refers to the spatial or temporal dimension of an object or process (e.g. size
of area or length of time), characterized by both grain and extent (Peterson and
Parker, 1998). The grain is the finest level of spatial resolution possible with a
given data set (e.g. pixel size for raster data). The extent is the size of the study
area or the duration of time under consideration.

The emergence of scale issue in ecological research and its fundamental
significance to ecologists originates from the complex hierarchical organiza-
tion feature of natural processes. Scale is intrinsic to all natural processes and
rules (Farina, 1998). It can be classified as measuring scale and intrinsic scale.
Measuring scale is the scale humans depend on to perceive the world and
gauge the natural process and structure. It belongs to research techniques and
develops with technique advancement. The intrinsic scale is the object under
study and the ultimate goal of exploring across scales is to reveal the phenom-
ena and rule based on certain scales (Fu et al., 2008). Measuring and intrinsic
scales can be expressed as temporal or spatial scales. In describing natural
process function, organizational scale is also used. It refers to the ecological
hierarchy such as individual, population, community, ecosystem, landscape
and biome.

Ecosystem service is scale dependent

Ecosystem services are not provided homogenously across a spatial landscape
and they evolve through time. Some services are generated in one location at one
time, but the benefit may be realized in a location different from the generation
site or/and at another time. For example, the ecosystem service of regulated and
extended water provision develops through time by water regulation provided
by mountain-top forest that is often remote from the point of service.

The spatial and temporal features of ecosystem service refer to the different
services provided by an ecosystem at various temporal and regional scales. In
terms of temporal dimension, ecosystem service can be divided into long-term
service (decades), seasonal service (year) and short-term service (hours). In terms
of spatial dimension, ecosystem service can be considered as global service or
regional service. Ecosystem service can be realized at a range of spatial scales,
which can be a small wetland or a large forest ecosystem. At a global scale
(>10° km?), ecosystems provide services in regard to CO,, N and P cycling and
sequestration, and climate regulation (Hufschmidt, 1983). At a biosphere scale
(10*-10° km?), ecosystems provides services of curbing floods, protecting ground
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water, controlling soil erosion and species habitat. Atalandscape scale (1-10*km?),
ecosystem service can be reflected in decomposing pollutants and providing bio-
diversity, etc. An ecosystem composed of various species groups (<1km?) can
serve to decrease noise and dust. In general, ecosystem services at various scales
interact in ways that include mutual promotions and mutual constraints. Large-
scale and long-term ecosystem services tend to constrain small-scale, periodic
ones, while the groups of the latter ones converge to the former one (Clark et al.,
1979; Holling, 1992).

The ecosystem service provider is scale dependent. A segment of a population
or populations that provide ecosystem service in a given area is conceptualized as
a service-providing unit (Luck et al., 2003). The scale of the service-providing
unit determines the services output. For example, maintaining pest, weed and
disease resistance of crops is provided at the genetic level (Luck et al., 2003); the
biological control of crop pests is provided at the population and food-web level
(Wilby and Thomas, 2002); water flow regulation service by vegetation is
provided at the habitat and community level (Guo et al., 2000).

The ecosystem beneficiary is scale dependent

Since ecosystem service is provided in a scale-dependent pattern (Millennium
Ecosystem Assessment, 2005), the corresponding beneficiaries exist across a
range of scales as well. The beneficiary of ecosystem service can be classified into
a hierarchy of socioeconomic institutions (Becker and Ostrom, 1995; O’Riordan
et al., 1998), which ranges from the lowest institutional level, such as individuals
and households, to higher level such as communities or municipalities, then to
states or provinces, to nation, and the world. Stakeholders at each scale pay
attention to the ecosystem service in which they have an interest and their utiliza-
tion of ecosystem service likewise may vary greatly. For example, local residents
value the timber woods of a forest, while state government pays more attention
to its value for recreation or culture, and international communities see its value
in offsetting global warming. Since ecosystem service and the service beneficiary
both exist at a range of scales, participants are likely to step across their corre-
sponding scale boundaries and conflict of interest results. From the standpoint of
ecosystem service management, it is necessary to identify the complex ecosystem
service structure.

Ecosystem service at certain spatial and temporal scales points to specific ben-
eficiaries. The value of ecosystem service is highly related to the action of the
beneficiary. It is perceivable that a service cannot be utilized if, for example, an
ecosystem is providing a product for a short period only (e.g. wild berries) and
immediate harvesting of this product is not possible.

Ecosystem service measurement is scale dependent

Ecosystem services are often ignored by policy makers since most of them have
no direct commercial market values. Calculating ecosystem service in economic
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metrics might assist in improving the awareness of the public and the policy
makers. However, ecosystem service measurement is highly likely to be biased
due to a number of constraints.

The value of ecosystem service providers is highly likely to be over estimated
since the same provider serves in different, often opposing, ways. To avoid such
duplicate calculation, it is necessary to frame the ecosystem service into corre-
sponding spatial and temporal scales. For example, a patch of forest interests
local people for its timber value. At a global scale, it serves in reducing CO,
levels. In this case, timber production service can not be counted at the larger,
global scale.

Ecosystem boundary delineation can affect ecosystem service assessment
fundamentally. Simply defining ecosystem boundaries based on easily identi-
fied physical boundaries, such as a lake or a stream, often is inadequate to
address the complexity of natural systems within the question being addressed.
However, some ecosystem processes or features coincide with the physical
boundaries of certain area. For example, productivity calculation of a lake
ecosystem can be simply conducted within the delineated lake boundaries,
while the nutrient cycling of the lake ecosystem involves many processes cross-
ing the lake boundaries, such as water flow and precipitation. It is challenging
to define ecosystem boundaries since highly mobile organisms and constitu-
ents interact at multiple spatial and temporal scales. The scale-dependent
features of ecosystem processes determine that the conceptualization of an
ecosystem and the scope and validity of questions being asked within that
ecosystem entail an appropriate choice of boundaries of an ecosystem (O’Neill
et al., 1986).

Ecosystem service value assessment is constrained by limited understanding of
ecosystem structures and processes across scales (Naeem, 2009). Ecosystem ser-
vice identification is the basis for evaluating ecosystem service. The features of
ecosystem service varying over temporal and spatial scales should be emphasized.
In light of the dependence of ecosystem service on ecosystem processes, under-
standing ecosystem processes is pivotal for assessing ecosystem service. An eco-
system includes all the organisms living in a particular area, and all the non-living,
physical components of the environment with which the organisms interact, such
as air, soil, water and sunlight (Odum, 1971). From the standpoint of valuing an
ecosystem, an ecosystem can be interpreted as interactions between biological
organisms and environment which as a whole can output services at various tem-
poral and spatial scales.

The ecosystem service assessment is a subjective process. The assessment result
can change with the distance of the ecosystem to a population centre, the frag-
mented nature of an ecosystem, the purchasing power of people and the spatial
scale (Konarska et al., 2002). Biological productivity capacity of an ecosystem
varies with product volume, as well as human’s preference, harvesting technique
and processing technique.

The organizing function of an ecosystem is complex to analyse since func-
tions vary spatially. For example, forest is effective in conserving water supply,
but the conserving efficiency changes with spatial scale. Lessening the flood risk
involves only the interests of some specific regions. Some ecosystem services,
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such as N, P and CO, cycling, occur only at global scales and analysis over
smaller scale is not entailed.

The process of calculating ecosystem service is constrained by lack of a stand-
ardized framework and methods (Post et al., 2007). Data utilized in calculating
ecosystem service are often in incompatible scales with the ecosystem service
itself and non-standardized methods or data would result in different conclusions
(de Groot, 2002). There are two conventionally used ecosystem service calcula-
tion paradigms. The first is to extrapolate estimated results of a few habitat types
to entire regions or the entire planet (Troy and Wilson, 2006; Turner et al.,
2007). The second is to focus on a single service in a small area (Kaiser and
Roumasset, 2002; Ricketts et al., 2004). The first paradigm is limited in that
spatial heterogeneity within one type of habitat is not considered; the second one
fails to include the scope (number of services) and scale (geographic and tempo-
ral) which are critical for most policy questions (Nelson et al., 2009). Ecosystem
service evaluation related to certain specific ecosystems or nations is inadequate
to characterize the ecosystem at the global scale. Evaluation at any scale can
benefit from the evaluation at higher or lower hierarchy scale (Millennium
Ecosystem Assessment, 2005).

As remotely sensed images are becoming increasingly available for global cov-
erage and at a continuous temporal scale, they become an important data source
for calculating ecosystem service. These images have the advantage of providing
spatially explicit information that is readily accessible, as required in assessing
ecosystem services, such as land use and land cover, areal extent of each land use
type, etc. As a result, the ecosystem functions, goods and service can be evaluated
and reported in a spatially explicit manner. A summary of large-scale ecosystem
service entails remotely sensed raster data, whose resolution will affect ecosystem
service calculation significantly. The various resolutions of remote sensing data
might alter the extent of fragmented land cover or leads to disappearance of
certain land-cover types (Turner et al., 1989; Moody and Woodcock, 1994). The
extent and the land-cover types normally determined from remotely sensed data
can significantly influence the ecosystem service values. When remotely sensed
land cover is used as a proxy for ecosystem service, the spatial scale at which the
land cover is measured significantly influences measurements of both the ecosys-
tem service extent and its valuation (Konarska et al., 2002). Results for individual
trees can only be identified with fine-resolution data. On the other hand, fine-
resolution data can identify the small coverage area, such as a small lake corner
or a narrow river. Then extent of these complex landscape bodies will be
expanded by fine-resolution data. Consequently, the related ecosystem services
will be increased. For example, NOAA-AVHRR imagery and National Landcover
Dataset (NLCD) are the two commonly used remote sensed imageries that have
entire US coverage. The prior one has a spatial resolution of 8 km and the latter
has a spatial resolution of 30m. When they were used in calculating total
ecosystem service value of the USA, it was found that ecosystem service in all
states except New Mexico had higher ecosystem service values when measured
in NLCD data than AVHRR data. The total ecosystem service value of the USA
measured using fine-resolution data is 198% higher than measured using lower-
resolution data (Konarska et al., 2002).



112 Measuring and Monitoring ES at Multiple Levels

Ecosystem service management decision making
is scale dependent

The interests that humans obtain from an ecosystem are highly related to its
spatial and temporal scales. Ecosystem management should be in accordance
with the characteristics of the ecosystem. The primary ecosystem service can
only be realized at certain temporal and spatial scales, which means that ecosys-
tem process and service is constrained to a certain extent and period. Ecosystem
valuation results at a global scale are unable to meet the need of the policy mak-
ing for a nation or a region. Appreciating the scale dependency of ecosystem
service is pivotal for determining the interests of different stakeholders and
establishing compensation payments to local stakeholders that face opportunity
costs of ecosystem conservation. It is critical to make decisions on landscape-
level conservation and management plans and ecosystem management at an
appropriate institutional scale and implement ecosystem conservation and land-
use planning (Tacconi, 2000). Separating ecosystem services into distinct scales
is important in allocating interests appropriately to the stakeholders. Examples
are determinations of the forest area in a watershed that help maintain clean
water downstream, distribution pattern of natural habitat patches that provide
pollination and pest control services for crops, effect distances of adjacent land
uses that affect the capacity of forest and soil ecosystem to purify water
(Houlahan and Findlay, 2004). All these services need to be assessed at their
corresponding scales.

Ecosystem service types

Ecosystem service can be broadly classified as operating on local, regional,
national or global scales (Kremen, 2005). For example, pest controls in crops
using native parasitoids and predators conventionally operate at a local scale,
while forest contributions to carbon sequestration function at a global scale.
Ecosystem services value can be categorized into four types (de Groot et al.,
2002; Hein et al., 2006):

1 Direct-use values are all production services and some cultural services
(such as recreation) that human can utilize directly (Pearce and Turner,
1990). Typical examples include the wood timber produced by forest, fruits
and water (Balick and Mendelsohn, 1992; Pearce and Moran, 1994).
Cultural services can be exemplified as benefits people obtain from actual
visits, recreation, cognitive development, relaxation and spiritual reflection
(Aldred, 1994).

2 Indirect-use values arise from the positive functions provided by ecosystems
that humans can utilize indirectly (Munasinghe and Schwab, 1993). The
indirect-use value is commonly related to the regulation service provided to
society, such as water conservation, carbon sequestration, erosion and flood
control, regulating climate, hydrological and biochemical cycles, earth surface
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processes and a variety of biological processes which account for a significant
proportion of ecosystem service (Tobias and Mendelsohn, 1991; Chopra,
1993; Smith, 1993).

3 Option values are characterized by the willingness to pay in order to keep
the option of using a resource in the future (Pearce and Turner, 1990).
Ecosystem service is temporal-scale dependent, which means that actual and
potential future services provided by ecosystems need to be considered in the
valuation (Maler, 2000). A future resource can be any current ecosystem
service value.

4 Non-use values can be considered anthropocentric (such as natural beauty),
or ecocentric (e.g. relating to the notion that animal and plant species may
have an existence right) (Hargrove, 1989) and are inherent to the ecosystem
(Van Koppen, 2000). Non-use values vary with the moral, aesthetic and other
cultural perspectives of the stakeholders involved. Kolstad (2000) further
divides non-use value into three categories: existence value, altruistic value
and bequest value.

Some agents provide services related to several values. For example, water
provides materials related to human daily lives, such as freshwater and fishes, etc.
In addition, freshwater provides a range of services related to regulating services
and cultural services, such as tourism, natural flood control and erosion control
(Van Jaarsveld et al., 2005).

Each category has a distinct scale-dependent feature. Production service can
be accounted for by quantifying the flows and goods harvested in the ecosystem
in a physical unit. The regulation service entails spatially explicit analysis of the
biophysical impact of the service on the environment in or surrounding the eco-
system. For example, fire impact and hydrological services of a forest need to be
evaluated across scales. Carbon sequestration service is an exception that is not
scale dependent.

Ecosystem service studies need to consider scale

The multiscale feature of ecosystem services is becoming more evident in the
increasingly interconnected global economy environment. Ecosystem services
provided at one location can have important implications in far away places. As
environmental effects on ecosystem service may be uncorrelated across scales,
studies should be ideally carried out at multiple, nested scales (Sayer and
Campbell, 2004). Ecosystem service research conventionally treats an ecosystem
as an integral entity, while the spatial heterogeneity within an ecosystem is
ignored. Ecosystem services can move out of the ecosystem boundary and gener-
ate services in areas beyond the system. For example, water conserved by forest
in an upper river area can generate ecosystem service outside the forest. The
water leaving the system can be used to generate power and irrigate farmland in
a downstream area. One type of ecosystem process can generate various types of
ecosystem services. Some types of ecosystems services are realized by certain
ecosystem processes in the same spatial range. Some ecosystem services can be
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accumulated in the process of ecosystem processes being converted into ecosys-
tem services, and the accumulation process might involve the spatial shifting
from within the ecosystem to outside. In addition, the spatially heterogeneous
structure within an ecosystem entails the spatially explicit information as revealed
in the ecosystem service result. The spatially heterogeneous features of ecosystem
service, including within and outside the ecosystem entity, underpins the neces-
sity for accurately identifying, quantifying and spatially locating it in achieving
the goal of precisely valuing the ecosystem service.

Recently, research evaluating ecosystem service across spatial and temporal
scale has been increasingly reported (Holmes et al., 2004; Swift et al., 2004; Van
Jaarsveld et al., 2005; Yue et al., 2005; Zhang and Lu, 2010). The study con-
ducted in the 20000 km? Ruoergai Plateau Marshes in the northeastern fringe of
Qinghai-Tibetan Plateau found that the ecosystem service value of gas regulation
and water regulation accounts for 49.9% and 45.6% of the total ecosystem ser-
vice value, respectively. While the other ecosystem service items, including live-
stock products, waste treatment and recreation, account for only 4.5% of the
total (Zhang and Lu, 2010). The dominance of regulation service is related to its
strong water-holding capacity and carbon sequestration capacity. The extremely
harsh living condition makes the marshes less suitable for producing goods to
support human life. Another study assessing ecosystem service across spatial
scales in the De Wieden wetland in the Netherlands concluded that goods pro-
duction service, including reed and fish provision, accounted for 14% of the total
ecosystem service value. Recreation accounts for 37% and nature conservation
accounts for 49% of the total (Hein et al., 2006).

A city can be developed to provide a balanced proportion of each category of
ecosystem service. Shenzhen is a typical city in China that experienced rapid
development from a village of hundreds of residents since the opening of China
to the world. Now the total land area of Shenzhen is 0.19 million ha and the
total population is 10.4 million. In 2004, the woodland, cropland, wetland and
built-up land accounted for 31%, 18%, 10% and 43% of the total land, respec-
tively. The ecosystem services of water supply, waste treatment and food and raw
material provision at the scale of Shenzhen city accounted for 64% of the total,
while the ecosystem services at the province scale, including waste treatment and
recreation, accounted for 7% of the total. The ecosystem services related to the
global scale, including gas and climate regulation, biodiversity protection and
recreation, accounted for 29% of the total (Li et al., 2010).

Case studies

Scale dependence of ecosystem service, as discussed above, is illustrated with two
cases that consider different ranges of scales and different types of service. The
first is a large, polluted, former brownfield site located in Liberty State Park
(New Jersey, USA), which developed into an unmanaged wild area and represents
a small-scale island of wildland within an urban, metropolitan landscape. The
second is the Qinghai-Tibet Plateau (QTP), China, which represents a case in a
natural and wild area at an ecoregion scale.
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Liberty State Park Interior

Liberty State Park (LSP) Interior is an approximately 100-ha brownfield wild
area located in Jersey City, NJ (40° 42’ 16, 74° 03’ 06). For much of the twen-
tieth century, the site at LSP was used as a rail yard and experienced heavy
industrial use while acting as a major hub for New York City. By the late 1960s,
the rail yard was abandoned and since then the wild area of LSP has undergone
a natural, unaided succession that resulted in a diverse mosaic of plant commu-
nities. Today, at first glance, the site appears to be a fairly healthy urban ecosys-
tem consisting of a rather eclectic collection of early and mid successional
habitats, including shrublands, pioneer hardwood forested wetlands, emergent
marsh and more open forb-dominated old field communities and grasslands
(Gallagher et al., 2008, 2011). Because of this variety in habitat and the large
area of contiguous open space in the middle of a dense urban environment, LSP
supports a diverse fauna and flora (US Army Corps of Engineers, New York
District, 2004) and there is little doubt that LSP has an integral role in support-
ing wildlife in the greater New York City area. Thus this area developed into
what we define here as an ‘urban wildland’, an urban habitat initially created by
human impact (e.g. by severe disturbance) that either developed naturally and
unaided and/or is now in a state of wild (i.e. has no or little direct, continued
human impact).

A research team, consisting chiefly of scientists from Rutgers University, is
currently investigating the ecosystem functions and their services of this urban
wildland with the ultimate goal of developing a ecosystem service metric typical
for and usable in urban areas in general (Hofer et al., 2010) For this, the research
concentrates on the following services: (1) islands of biodiversity in a matrix of
‘urban desert’, oasis effects; (2) bioclimatology: amelioration of urban heat
islands and air pollution; (3) wildland vegetation as carbon sinks; (4) ground
water: improvement of infiltration and filtering functions of urban wetlands;
(5) soil amelioration; (6) spaces where natural processes continue to work,
including evolutionary processes; and (7) human interface: place for contact with
nature and natural processes.

The ecosystem service of urban green space can be realized mostly in providing
islands of biodiversity, ameliorating urban heat island effect and air pollution,
sinking carbon and providing places for human contact with nature and natural
processes. In many cases, an area of urban green space of the same size as an area
of rural land can provide a much larger ecosystem service in such aspects as
maintaining biodiversity. By definition, urban areas are characterized by strong
human impacts. As such, urban ecosystems are expected to be impoverished in
species richness compared to regions where human impact remains relatively low
(McKinney, 2002). That urban areas, however, can harbour a relative large num-
ber of wild species comes for most people, urban and rural dwellers alike, as
quite a surprise. Plant species richness and evenness of plant communities often
increase in urban environments as compared to rural areas (Hope et al., 2003;
Marzluff, 2005; Grove et al., 2006). This appears to be due to high spatial
heterogeneity of urban habitats in combination with introductions of non-native,
but urban-adapted species (Grimm et al., 2008). Bird diversity as well can increase



116 Measuring and Monitoring ES at Multiple Levels

due to limited urbanization (Marzluff, 2005). This is mainly the consequence of
the opening of homogenous, natural habitats such as forests. It can be shown that
the green spaces set aside from overly strong anthropogenic pressures (vacant
lands, less frequented and less manicured parts of parks, public rights-of-way,
residential yards, etc.) act as biodiversity hotspots that contribute to the ecologi-
cal functions of urban areas. Besides providing such basic ecosystem service func-
tions, these areas provide the unique opportunity for nature~human contact even
in cities (Dunn et al., 2006; McKinney, 2006; Grimm et al., 2008). Such contacts
are being increasingly recognized as crucial for the welfare of urban humans, as
demonstrated by a recent correlations of health aspects with exposure to natural
environments (Mitchell and Popham, 2008).

The wildland of LSP is an example of a species-rich island in a matrix of low
diversity within a sea of low diversity typical for the built-up and developed
urban matrix. Table 7.1 provides an overview of this biodiversity concentration
for a number of plant and animal taxa. Table 7.1 illustrates that the precipitous
differences in species richness and therefore biodiversity between wildland and
urban matrix is consistent between scales. Regardless of whether one considers
small-scale community level (here 1000 m?), metacommunity scale (here 200 ha)
or regional scale (state wide scale =22 590 km?), wildlands tend to harbour much
larger biodiversity. Such scale-independent differential effects when considering
intensively human-used patches and landscape with lesser-used sites has been
noted before (Savard et al., 2000). Table 7.1 provides an overview of this
biodiversity concentration for a number of plant and animal taxa. Currently, a
frame-work is being developed to assess a network of wildlands on different
scales. New Jersey is an ideal proving ground for such studies as the state has a
sizable percentage of vacant, postindustrial sites (Lurie and Wacker, 2009). As
such, the work will allow meaningful comparisons with other industrialized
region of the world.

Table 7.1 Scale-dependent richness within the urban wildland of Liberty State Park
and the surrounding matrix. These numbers are preliminary and unpublished data,
provided and assembled by a variety of sources and authors; regional data are
estimates. Only regularly occurring species are included.

Taxa Region:
Region: New Jersey,
New Jersey, undeveloped
Urban matrix in urban, % of  Urban, % of
Liberty State Park  New Jersey state state
0.1ha 200 ha 0.1ha 200ha 26.3% 1.1%
Vascular plants  20-65 185 6-12 45 210 560
Birds 8-17 87 4-7 21 45 210
Mammals 2-8 11 2-4 6 17 45
Odonata 5-7 12 1-3 6 14 35
Lepidoptera 12-14 25 4-5 11 24 50

(butterflies)
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Qinghai-Tibet plateau

Qinghai-Tibet plateau (QTP) is the largest and highest plateau in the world. It
covers about 2 500 000 km? and hosts about 8 000 000 people. Qinghai-Tibet pla-
teau has a unique feature in terms of ecosystem service since its global and conti-
nental ecological services have a much more significant meaning than the goods
it provides. QTP ecosystem plays an important role in regulating atmospheric
chemical composition because forest and grassland can be a huge sink or source
for such atmospheric gas as CO, and O, etc. The critical role of QTP in regulat-
ing climate stems from its extensive areas and high plateau. Due to its existence,
the area lying to the east of QTP in mid-latitude China receives more rainfall
than other areas in the mid-latitudes of the world. There are 29 182 km? of lakes
and 65 548 km? of glaciers. The vegetation, lakes and glaciers set the stage for the
critical role of QTP in supplying and regulating water for China and other
southern Asian countries.

The ecosystem services that the QTP can provide include: (1) food production
and provision of raw materials; (2) the provision of opportunities for recreation
and culture; (3) generic resources; (4) waste treatment; (5) soil formation and
reserve; (6) water regulation and supply; (7) global climate regulation; and (8)
atmospheric gas regulation.

The QTP ecosystem services include the provision of goods in the form of
grass for livestock grazing and agricultural products to local residents, which
form the livelihood of the people. The QTP ecosystem produces 1790000 tons
of food supply, 345950tons of oil, 438750tons of meat and 419700tons of
milk. The total provision of goods and food amount to about 623 x 10® Chinese
yuan, which accounts for only 6.5% of the total ecosystem service values

(Table 7.2).

Table 7.2 Qinghai-Tibet Plateau: ecosystem service values for each service item
(108 yuan year~") (based on data from Xie et al., 2003)

Farm Water
Forest Grassland land  Wetland body  Desert Total

Gas regulation 470 500 13 5 0 0 988

Climate regulation 362 562 24 50 12 0 1010

Water regulation 430 500 16 46 526 25 1543
and supply

Soil formation 523 1218 39 5 0.3 17 1802.3
and reserving

Waste treatment 176 818 44 54 469 8 1569

Genetic resources 438 681 19 7 64 286 1495

Food production 13 187 27 1 3 8 239

Raw materials 349 31 3 0.2 0.3 0 383.5

Recreation and 172 25 03 16 112 8 333.3

cultural
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The unique natural beauty, history and culture of the area attract millions of
tourists each year. The opening of Qinghai-Tibet railway greatly improved the
transportation conditions to Tibet and the number of tourists visiting Tibet is
increasing rapidly each year. In 2002, the recreation and cultural ecosystem
service value reached 333.3 X 10® yuan, and this number has been increasing
annually. In 2009, the Xizang and Qinghai provinces lying in the Tibet plateau
attracted over 12 millions of Chinese and foreign tourists.

The ecosystem services with continental and global significance, including
atmospheric gas and global climate regulation, and water regulation, soil forma-
tion and genetic resources account for 73% of the total. QTP as the ‘roof of the
world’ is the largest ‘water tower’, from which many of major river systems
originate. It hosts unique biodiversity in the high plateau area. Due to its unique
high altitude, mountainous topography and climatic conditions, there are large
number of species that found refuge during the ice ages and a number of new
species evolved in situ, all of which contribute to a rich genetic resource. The
relatively young geological history and the extreme high plateau climate make
soils in the QTP high plateau diverse and unique. They also serve as huge reserves
of plant nutrients.

Tibet is a typical case that has regional, continental and global ecosystem
service significance and the continental and global ecosystem service might have
higher significance than the local one due to its ecological significance to the
region and globe. At the intrinsic scale, the interests of the local stakeholders of
QTP are related mainly to raw materials provided and food production. At a
national scale, the interested stakeholders will consider recreation and cultural,
water regulation and supply, and waste treatment. At a continental scale, the gas
regulation and climate regulation, soil formation and reserves, and genetic
resources functions of QTP play a critical role. In addition, the gas and climate
regulation function and the genetic resources function have a global impact
considering the wide-ranging effect of QTP.

Conclusions

Ecosystem service is scale dependent as revealed by the scale-dependent ecosys-
tem service provider, scale-dependent beneficiary and management. Here, eco-
system service are exemplified in hierarchical levels as characterized in the various
types of ecosystem service provided by a park in a metropolitan New York area
and the nature-dominated Tibet plateau. To effectively manage and fully utilize
ecosystem service of each ecosystem, we need to understand the scale depend-
ency of ecosystem functions. This work was supported by the “One Hundred
Talent Plan” of Chinese Academy of Sciences.

References

Aldred, J. (1994). Existence value, welfare and altruism. Environmental Values, 3, 381-402.
Balick, M.J. and Mendelsohn, L. (1992). Assessing the economic value of traditional
medians from tropical rain forest. Conservation Biology, 6, 128—130.



Scale-dependent Ecosystem Service 119

Becker, C.D. and Ostrom, E. (1995). Human ecology and resource sustainability: the
importance of institutional diversity. Annual Review of Ecology and Systematics, 26,
113-133.

Chopra, K. (1993). The value of non-timber forest products: an estimation for tropical
deciduous forests in India. Economic Botany, 47, 251-257.

Clark, C.W,, Jones, D.D. and Holling, C.S. (1979). Lessons for ecological policy design:
a case study of ecosystem management. Ecological Modelling, 7, 22-53.

Constanza, R., d’Arge, R., de Groot, R., et al. (1997). The value of the world’s ecosystem
services and natural capital. Nature, 387, 253-260.

de Groot, R.S., Wilson, M.A. and Boumans, R.M.]. (2002). Typology for the classifica-
tion, description, and valuation of ecosystem functions, goods, and services. Ecological
Economics, 41, 393-408.

Dunn, R.R., Gavin, M.C., Sanchez, M.C. and Solomon, J.N. (2006). The pigeon para-
dox: Dependence of global conservation on urban nature. Conservation Biology, 20,
1814-1816.

Farina, A. (1998). Principles and Methods in Landscape Ecology, pp. 35-49. Chapman
and Hall, London, UK.

Fu, B., Lu, Y. and Chen, L. (2008). The latest progress of landscape ecology in the world.
Acta Ecologica Sinica, 28, 798-804.

Gallagher, E.J., Pechmann, 1., Bogden, J.D., Grabosky, J. and Weis, P. (2008). Soil metal
concentrations and vegetative assemblage structure in an urban brownfield.
Environmental Pollution, 153, 351-361.

Gallagher, E.J., Pechmann, 1., Holzapfel, C. and Grabosky, J. (2011). Altered vegetative
assemblage trajectories within an urban brownfield. Environmental Pollution, 159,
1159-1166.

Grimm, N.B., Faeth, S.H., Golubiewski, N.E., et al. (2008). Global change and the ecol-
ogy of cities. Science, 319, 756-760.

Grove, ].M., Troy, A.R., O’Neil-Dunne, J.PM., Burch, W.R., Cadenasso, M.L. and Pickett,
S.T.A. (2006). Characterization of households and its implications for the vegetation of
urban ecosystems. Ecosystems, 9, 578-597.

Guo, Z.W., Xiao, X.M. and Li, D.M. (2000). An assessment of ecosystem services: water flow
regulation and hydroelectric power production. Ecological Applications, 10, 925-936.

Hargrove, E.C. (1989). Foundations of Environmental Ethics. Prentice-Hall, Englewood
Cliffs.

Hein, L., van Koppen, K., de Groot, R.S. and van Ierland, E.C. (2006). Spatial scales,
stakeholders and the valuation of ecosystem services. Ecological Economics, 57,
209-228.

Hofer, C., Gallagher, F.J. and Holzapfel, C. (2010). Metal accumulation and performance
of nestlings of passerine bird species at an urban brownfield site. Environmental
Pollution, 158, 1207-1213.

Holling, C.S. (1992). Cross-scale morphology, geometry and dynamics of ecosystems.
Ecological Monographs, 62, 447-502.

Holmes, T.R, Bergstrom, J.C. and Huszar, E. (2004). Contingent valuation, net marginal
benefits, and the scale of riparian ecosystem restoration. Ecological Economics, 49,
19-30.

Hope, D., Gries, C., Zhu, W, et al. (2003). Socioeconomics drive urban plant diversity.
Proceedings of the National Academy of Sciences USA, 100, 8788-8792.

Houlahan, J.E. and Findlay, C.S. (2004). Estimating the critical distance at which adja-
cent land-use degrades wetland water and sediment quality. Landscape Ecology, 19,
677-690.

Hufschmidt, M. (1983). Environment, Natural Systems and Development, and Economic
Valuation Guide. John Hopkins University Press, London.

Kaiser, B. and Roumasset, J. (2002). Valuing indirect ecosystem services: the case of trop-
ical watersheds. Environment and Development Economics, 7, 701-714.

Kolstad, C.D. (2000). Environmental Economics. Oxford University Press, New York,
Oxford.



120 Measuring and Monitoring ES at Multiple Levels

Konarska, K.M., Sutton, PC. and Castellon, M. (2002). Evaluating scale dependence of
ecosystem service valuation: a comparison of NOAA-AVHRR and Landsat TM data-
sets. Ecological Economics, 41, 491-507.

Kremen, C. (2005). Managing ecosystem services: what do we need to know about their
ecology? Ecology Letters, 8, 468—479.

Li, T., Li, W. and Qian, Z. (2010). Variations in ecosystem service value in response to
land use changes in Shenzhen. Ecological economics, 69, 1427-1435.

Luck, G.W,, Daily, G.C. and Ehrlich, PR. (2003). Population diversity and ecosystem
services. Trends in Ecology and Evolution, 18, 331-336.

Lurie, M.N. and Wacker PO. (eds) (2009). Mapping New Jersey. An Evolving Landscape.
Rutgers University Press, New Brunswick.

Maler, K.G. (2000). Development, ecological resources and their management: a study of
complex dynamic systems. European Economic Review, 44, 645-665.

Marzluff, J. (2005). Island biogeography for an urbanizing world: how extinction and
colonization may determine biological diversity in human-dominated landscapes.
Urban Ecosystems, 8, 157-177.

McKinney, M.L. (2002). Urbanization, biodiversity, and conservation. BioScience, 52,
883-890.

McKinney, M.L. (2006). Urbanization as a major cause of biotic homogenization.
Biological Conservation, 127, 247-260.

Millennium Ecosystem Assessment (2005). Ecosystems and Human Well-being:
Biodiversity Synthesis. World Resources Institute, Washington, DC.

Mitchell, R. and Popham, F. (2008). Effect of exposure to natural environment on health
inequalities: an observational population study. Lancet, 372, 1655-1660.

Moody, A. and Woodcock, C.E. (1994). Scale-dependent errors in the estimation of land-
cover proportions: implications for global land-cover datasets. Photogrammetric
Engineering and Remote Sensing, 60, 585-594.

Munasinghe, M. and Schwab, A. (1993). Environmental Economics and Natural Resource
Management in Developing Countries. World Bank, Washington, DC.

Naeem, S. (2009). Biodiversity, ecosystem functioning, and ecosystem services. In: The
Princeton Guide to Ecology (ed. S.A. Levin), pp. 584-590. Princeton University Press,
Princeton.

Nelson, E., Mendoza, G., Regetz, J., Polasky, S., Tallis, H. and Cameron, D.R. (2009).
Modeling multiple ecosystem services, biodiversity conservation, commodity produc-
tion, and tradeoffs at landscape scales. Frontiers in Ecology and the Environment, 7,
4-11.

Odum, E.P. (1971). Fundamentals of Ecology, 3rd edn. Saunders, New York.

O’Neill, R.V,, DeAngelis, D.L., Waide, J.B. and Allen, T.F.H. (1986). A Hierarchical
Concept of Ecosystems. Monographs in Population Biology, Vol. 23. Princeton
University Press, Princeton, New Jersey.

O’Riordan, T., Cooper, C., Jordan, A., et al. (1998). Institutional frameworks for political
action. In: Human Choice and Climate Change, Vol. 1. The Societal Framework,
pp. 345-439. Battelle Press, Columbus, OH.

Pearce, D. and Moran, D. (1994). The Economic Value of Biodiversity. International
Union for the Conservation of Nature and Natural Resources, Cambridge, UK.

Pearce, D.W. and Turner, R.K. (1990). Economics of Natural Resources and the
Environment. BPCC Wheatsons, Exeter, UK.

Peterson, D. and Parker, V.T. (1998). Ecological Scale: Theory and Application, 1-34.
Columbia University Press, New York, USA.

Post, D.M, Doyle, M. W, Sabo, ]J.L. and Finlay, J.C. (2007). The problem of boundaries in
defining ecosystems: a potential landmine for uniting geomorphology and ecology.
Geomorphology, 89, 111-126.

Ricketts, T.H., Daily, G.C. and Ehrlich, PR. (2004). Economic value of tropical forest
to coffee production. Proceedings of the National Academy of Sciences USA, 101,
12579-12582.



Scale-dependent Ecosystem Service 121

Savard, J.PL., Clergeau, P and Mennechez, G. (2000). Biodiversity concepts and urban
ecosystems. Landscape and Urban Planning, 48, 131-142.

Sayer, J. and Campbell, B. (2004). The Science of Sustainable Development: Local
Livelihoods and the Global Environment. Cambridge University Press, Cambridge.

Smith, V. K. (1993). Nonmarket valuation of environment resources: an interpretative
appraisal. Land Economics, 69, 1-26.

Swift, M.]., Izac, A M.N. and Noordwijk, M.V. (2004). Biodiversity and ecosystem ser-
vices in agricultural landscapes-are we asking the right question? Agriculture, Ecosystems
and Environment, 104, 113-134.

Tacconi, L. (2000). Biodiversity and Ecological Economics. Participation, Values, and
Resource Management. Earthscan, London.

Tobias, D. and Mendelsohn, R. (1991). Valuing ecotourism in a tropical rain-forest
reserve. Ambio, 20, 91-93.

Troy, A. and Wilson, M.A. (2006). Mapping ecosystem services: practical challenges and
opportunities in linking GIS and value transfer. Ecological Economics, 60, 435-449.
Turner, M.G., O’Neill, R., Gardner, R.H. and Milne, B.T. (1989). Effects of changing

spatial scale on the analysis of landscape pattern. Landscape Ecology, 3, 153-162.

Turner, W.R., Brandon, T. and Brooks, M. (2007). Global conservation of biodiversity
and ecosystem services. BioScience, 57, 868-873.

US Army Corps of Engineers, New York District (2004). Hudson-Raritan Estuary. Liberty
State Park Ecosystem Restoration Draft, Integrated Feasibility Report and Environmental
Impact Statement.

Van Jaarsveld, A.S., Biggs, R., Scholes, R., et al. (2005). Measuring conditions and trends
in ecosystem services at multiple scales: the Southern African Millennium Ecosystem
Assessment (SAfMA) experience. Philosophical Transactions of the Royal Society
Biological Sciences, 360, 425-441.

Van Koppen, C.S.A. (2000). Resource, arcadia, lifeworld. Nature concepts in environ-
mental sociology. Sociologia Ruralis, 40, 300-318.

Wilby, A. and Thomas, M.B. (2002). Natural enemy diversity and pest control: patterns
of pest emergence with agricultural intensification. Ecology Letters, 5, 353-360.

Xie, G., Lu, C, Leng, Y., Zheng, D. and Li, S. (2003). Ecosystem service assessment of
Tibet high plateau. Journal of Natural Resources, 18, 189-196.

Yue, T.X, Liu, J.Y. and Li, Z.Q. (2005). considerable effects of diversity indices and spa-
tial scales on conclusions relating to ecological diversity. Ecological Modeling, 188,
418-431.

Zhang, X. and Lu, X. (2010). Multiple criteria evaluation of ecosystem services for the
Ruoergai Plateau Marshes in southwest China. Ecological Economics, 69, 1463-1470.



