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Since Westman (1977) and Ehrlich (1982) put forward the concepts of “the service of nature” and “ecosystem service functions”,
respectively, methods for conducting value accounting for them, and their practical application have become the subjects of in-
tense study. Based on an overview of available research findings, we discuss three scientific hypotheses. First, the terrestrial eco-
system offers both positive and negative service functions. Second, changes in terrestrial ecosystem service functions lie not only
in the number of ecosystem types and the coverage area of each type, but also in their quality. Third, the value of terrestrial eco-
system service functions should be assessed both in terms of the value stocked and the value added. We collected land use data
from China during the period 1999-2008, and Normalized Difference Vegetation Index data based on remote sensing images
from the Global Inventory Modeling and Mapping Studies for the same period. We then calculated and analyzed spatial and tem-
poral changes in China’s terrestrial ecosystem service values over the 10-year period. Considering temporal change, the total val-
ue (stocked) of China’s terrestrial ecosystem service functions decreased from 6.82 trillion Yuan RMB in 1999 to 6.57 trillion
Yuan RMB in 2008. During that period, the positive value decreased by 240.17 billion Yuan RMB and the negative value in-
creased by 8.85 billion Yuan RMB. The decrease in total value lies mainly in the humidity control, soil formation, and waste re-
cycling functions. The total value (added) of China’s terrestrial ecosystem service functions increased by 4.31 billion Yuan RMB
in 2000, but decreased by 0.13 billion Yuan RMB in 2008 (based on the constant price of China in 1999). The value (added) was
a negative figure. From the perspective of spatial change, we can see that the supply of China’s terrestrial ecosystem service func-
tions fell slightly over the past 10 years, mainly in Northeast and Southern China. As a result of human activities on ecosystems,
the loss of ecosystem service functions’ value was relatively prominent in Shanxi and Gansu provinces, compared with an in-
crease in value in Shaanxi Province. Terrestrial ecosystem service functions’ value per unit area was relatively high in mid- and
East China, showing a prominent spatial change over the 10-year period, but low in Western China. Some conclusions are drawn
after an in-depth analysis of the factors causing the spatial and temporal changes in China’s terrestrial ecosystem service functions,
in the hope that our suggestions will be helpful for the management of China’s terrestrial ecosystems.
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As an important part of the biosphere, ecosystems play an functions has become a significant strategic need for eco-
irreplaceable role in balancing the life-support system and system recovery, ecological function identification, the es-
the environment, and their functions have been recognized tablishment of ecological compensation mechanisms, and
worldwide [1]. Research on terrestrial ecosystem service protecting the ecological safety of countries [2]. Over the

last 30 years, assessments of natural resource value based
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been carried out from the perspectives of ecosystem ser-
vices, natural capital, ecological assets, and biological di-
versity, among others [3]. These assessments have achieved
unprecedented progress in terms of relevant theories, meth-
ods, and the breadth and depth of their application. Al-
though opinions on accounting methodology differ, the
framework and general idea of this research have come into
being and are gradually becoming clearer. In recent years,
more emphasis has been placed on the coupling research of
“structure-process-service functions” of the ecosystem, as
well as on human-influenced urban ecosystem service func-
tions [4]. In turn, natural resource value assessments pro-
vide strong support for further research on terrestrial eco-
system service functions.

The International Environment Research Group was the
first team to be engaged in probing ecosystem service func-
tions for humans. They have identified that environmental
deterioration (e.g. climate change, flooding) is related to
decreasing ecosystem service functions [5]. Westman [6]
first used the expression “natural services” with an attempt
to assess the natural ecosystem’s service value for humans.
Ehrlich and Ehrlich [7] first proposed the concept of “eco-
system services”, and conducted research on how both spe-
cies extinction and the compensative efforts of humans can
influence ecosystem service functions. Ehrlich and Ehrlich
[7] have systematically studied whether biodiversity loss
would influence ecosystem service functions. Vitousek and
Hooper [8] have conducted research on how ecosystem ser-
vice functions respond to changes in species composition by
applying computer simulation. In addition, many ecologists
and economists have jointly compiled a large number of
quantitative descriptions concerning different types of eco-
system service functions provided to humans. They have
also conducted a substantial amount of research on how to
assess the service value of different types of ecosystems,
which has accumulated a wealth of experimental research
data [9-14].

Since the publication of “Nature’s Services: Societal
Dependence on Natural Ecosystems” [15] and the article
“The value of the world’s ecosystem services and natural
capital” by Costanza et al. [16], many scholars worldwide
have conducted systematic research on the methodologies
for assessing natural ecosystem service functions and the
value of their assets from different perspectives [17-19].

Over the past few years, Chinese researchers have been
concentrating on scientific accounting of the quantity and
quality of ecosystem services, and the value of ecosystem
service functions. They have also focused on the study of
human-influenced complex ecosystem service functions and
ecological assets. Some Chinese researchers have conducted
a series of comprehensive assessments of the quantity and
quality of natural ecosystem service functions using remote
sensing images [20-22]. Based on a balance of the rela-
tionship between the supply and consumption of ecosystem
services, some studies have further probed into how artifi-
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cial ecosystems, in particular construction land ecosystems,
consume or affect ecosystem service value (ESV) [23,24].
Pioneering research on the positive and negative values of
complex ecosystem service functions from the perspective
of urban ecosystems has also been carried out [25,26].

Therefore, we can view the concept of “ecosystem ser-
vice functions” in two ways: The first is based on natural
ecosystem services whose corresponding carriers are natural
ecological assets [15,16]; the second is based on a “society-
economy-nature” complex ecosystem [26] and urban eco-
system service functions [25,26], whose corresponding car-
riers are complex ecological assets, including society,
economy, and natural resources [27]. Natural ecosystem
services are included in “society-economy-nature” complex
ecosystems, while the latter is an expansion of the former.
Natural ecosystem services are more mature in theoretical
research but have not yet reached a consensus methodology,
and “society-economy-nature” complex ecosystems are still
in the initial stages of both theoretical and methodological
research. We use the latter concept to conduct research on
terrestrial ecosystem service functions.

Although the theoretical and methodological studies of
ecosystem services are constantly updated, very few case
studies integrate new theories and methods into in-depth
research. Most research on China’s terrestrial ecosystem
service functions still fails to progress from research on the
natural ecosystem’s positive functions to research encompass-
ing “society-economy-nature” complex ecosystems. There-
fore, we consider three scientific hypotheses. First, the ter-
restrial ecosystem offers both positive and negative service
functions. Second, changes in terrestrial ecosystem service
functions not only lie in the number of ecosystem types and
the coverage area of each type, but also in their quality.
Third, the value of terrestrial ecosystem service functions
should be assessed in terms of both the value stocked and
the value added. Based on the above considerations, we
conducted a comprehensive analysis of the spatial and tem-
poral changes in China’s terrestrial ecosystem (including
urban ecosystems) from 1999 to 2008. Furthermore, we
explain the ecological achievements made, and the ecologi-
cal cost sacrificed by China’s social and economic devel-
opment over the 10-year period by accounting for positive
and negative values, and the value stocked and value added.
We also clearly describe how much value is provided by
China’s terrestrial ecosystem and how much value is added
or removed by human activities.

1  Methodologies and data collection

1.1 Terrestrial ecosystem classification based on Chi-
na’s Land Use Classification Criteria

First, we divided terrestrial ecosystems into three categories:
natural ecosystems, artificial ecosystems, and nature-alike
ecosystems. According to China’s Land Use Classification
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Criteria (LUCC; National Agricultural Division Office,
1984), we subdivided them into eight categories: farmland
ecosystem, garden ecosystem, forest ecosystem, grassland
ecosystem, wetland ecosystem, urban ecosystem, road eco-
system, and non-used land ecosystems (Table 1). Urban and
road ecosystems belong to artificial ecosystems, forest, grass-
land, and water ecosystems partially belonged to both natu-
ral ecosystems and nature-alike ecosystems, and farmland
and garden ecosystems belonged to nature-alike ecosystems.

1.2 Positive and negative values of China’s terrestrial
ecosystems per unit area

Currently, the majority of methods for ESV accounting only
consider the value of natural ecosystems, and assume the
value of artificial ecosystems (including construction land)
to be zero. In fact, human ecological construction and eco-
system control can have positive or negative effects on
ecosystem service functions and value [28]. Based on the
“society-economy-nature” complex ecosystem concept, we

Table 1 The classification of terrestrial ecosystems in China®
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considered the following functions provided by the natural
ecosystem as positive: production resources, environmental
regulation, material flow, and culture-cradling. Negative
functions include various natural-disaster-caused losses to
human social-economic development. An increase of the
complex ecosystem’s service value contributed by the arti-
ficial ecosystem as a result of human ecological construc-
tion is seen as a positive function. A loss of the complex
ecosystem’s service value caused by the artificial ecosystem
as a result of human activities is seen as a negative function.
Therefore, both the natural ecosystem and the artificial
ecosystem have positive and negative function values, as
shown in Figure 1.

Table 2 lists China’s different terrestrial ecosystems and
their corresponding service value parameters, which are
parameters for the positive and negative values of the ter-
restrial ecosystem’s service value per unit area [29-37].
Most of the parameters shown in Table 2 refer to natural
ecosystems, and some parameters for negative values have
not yet been assigned, as research on non-natural terrestrial

Ecosystem type Land use and land cover type (the standard of 1984)
Grassland Natural grassland (41), Improved grassland (42), Man-breed grassland (43), Rough grassland (81)
Garden land Fruit garden (21), Mulberry plantation (22), Tea plantation (23), Rubber plantation (24), others (25)
Farmland Irrigated farmland (11), Ordinary farmland (12), Dry farmland (14), Vegetable farmland (15)
Forest land Woodland (31), Shrub (32), Low density forest land (33), Cultivated forest land (34), Nursery (35)
Wetland River (71), Lake (72), Reservoir (73), Reed land (74), Beach (75), Pond (76), Channel (77), Marsh (83)
Urban land City (50), Urban (51), Rural Residential (52), Industrial land (53), Salt land (54), Special land (55)
Road land Railway (61), Highway (62), Village road (63), Airport (64)

Non-used land

Saline land (82), Sandy land and Desert (84)

a) Based on China’s Land Use Classification Criteria (National Agricultural Division Office, 1984).

Positive value provided by human eco-construction (+)

Positive value provided by ecosystem (+)

Nature

Human being

Negative value resulting from human activity (=)

Negative value resulting from natural disaster (-)

Figure 1 The connotation and composition of each positive and negative values of the ecosystem.
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ecosystems, such as urban and road ecosystems has not
been widely carried out.

1.3 GIMMS-NDVI-based modified value coefficients

Using the Normalized Difference Vegetation Index (NDVI)
dataset compiled by the Global Inventory Modeling and
Mapping Studies (GIMMS; collected annually each August)
of the Western China Environmental and Ecological Scien-
tific Data Centre (Figure 2) [38], we were able to modify
the per unit area service-to-monetary value conversion rates
for all functions provided by grassland, garden, and forest
ecosystems. The A function is the modified coefficient for
the value, which reflects ecosystem quality change in dif-
ferent areas of China each year:

1 2,(NDVI, —min (NDVD),/(max (NDVI) ~ min (NDVD))
n

k)

ey

where NDVI; is the NDVI’s exponential value in grid i,
min(NDVI) is the minimum value of the NDVI values in all

Chin Sci Bull

June (2012) Vol.57 No.17 2123

grids, max(NDVI) is the maximum value of the NDVI val-
ues in all grids and 7 is the number of grids. The size of
GIMMS image data is 8 km x 8 km.

1.4 Consumer price index-based modification of values
in different periods

To conduct ESV accounting it is important to first choose a
specific year as the price basis. By adopting these methods
we can determine how much input is required to deal with
pollution, conduct ecological constructions, and replace
some distinguished species’ value [39]. This study aims
primarily at determining China’s various terrestrial ecosys-
tems’ total service values (including natural ecosystems,
nature-alike ecosystems, and artificial ecosystems) and fo-
cuses on the proportion of positive and negative values,
total value (stocked), total value (added), and its spatial al-
location in China. Therefore, we introduced the concept of
comparable prices and comparable growth rates from eco-
nomic sciences, and unified China’s ESV in different peri-
ods to the constant price in 1999 (Table 3). Taking 1999 as

Table 2 The empirical parameters of China’s terrestrial ecosystems’ function values®”

Indirect value

Direct value

Ecosystem Total value
type Climate  Atmosphere Humidity Water & soil Soil Waste Biological Food Raw Culture & per hm?
regulation  regulation regulation conservation formation  recycling control supply material _ recreation
Farmland” 4424 787.5 530.9 - 1291.9 1451.2 628.2 884.9 88.5 8.8 6114.3
Garden” 1265.5 1170.3 415 796.8 1291.9 722.1 16.6 356.9 11454 547.8 7354.8
Forest? 1902.5 1592.8 1769.7 796.8 2588.2 1159.2 1924.6 177 11724 584 13667.2
Grassland® 707.9 796.4 707.9 102.9 1725.5 1159.2 964.5 265.5 442 354 6509.4
Wetland - 407.0 18033.2 - 8.8 16086.6 2203.3 88.5 8.8 3840.2 40676.4
Urban” - - -6678 3480 - -2174.1 - - - - -5372.1
Road” - - - 3480 - - - - - - 3480
Unused - - 26.5 - 17.7 8.8 300.8 8.8 - 8.8 371.4
Total value  4318.3 4754 14431.7 8656.5 6924 18413 6038 1781.6 2459.3 5025 72801.4

a) Unit: Yuan RMB/hm?; b) from [35], 2007; ¢) from [36], 2009; d) from [37]; e) from [34]; f) from [23].

2 The distribution of GIMMS-NDVI
for China in 1999
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N The distribution of GIMMS-NDVI
for China in 2008

-62-172
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Fe km

Figure 2 The spatial distribution of China’s NDVI based on GIMMS data for the years 1999 (left) and 2008 (right).
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Table 3 China’s CPI values for 1999-2008
Inflation Inflation

Year CPI value rate (%) Year  CPI value rate (%)

1999 -1.4 0 2004 3.9 3.79

2000 0.4 1.28 2005 1.8 2.29

2001 0.7 1.5 2006 1.5 2.07

2002 -0.8 0.43 2007 4.8 443

2003 1.2 1.86 2008 5.9 5.21

the base year,

Comparable growth rate of ESV in 2008 =ESV of 2008/
(ESV of 2008 x (1 + Inflation rate))— 1, )

where Inflation rate = (CPI of the current year — CPI of the
base year)/CPI of the base year x 100%.

Therefore, the comparable ESV of the current year =the
ESV of the base year x (Comparable growth rate +1) = the
actual ESV of the current year/(1 + Inflation rate). 3)

1.5 Stocked, added, and intensity of ecosystem service
value (ESV)

First, we used the value stocked to quantitatively describe
the terrestrial ecosystems’ inherent service value

ESV, o =2 0.8+ > a8, 4)

where o is the service-to-monetary value conversion rate
when class i terrestrial ecosystem provides class j service
function, namely the parameter for a terrestrial ecosystem’s
service value per unit area. We have a;=aj;+a, if ;>0
then ;= o}, if @;<0 then a;=ay. S; is the equivalent value
of class i terrestrial ecosystem which can be substituted with
the ecosystem’s current coverage value.

The positive ecological constructions carried out by hu-
mans, such as the protection of farmland, forest and wetland
ecosystems, lead to enhancements in regional ecosystem
service functions and thereby increase its ecological value.
Human destruction of natural ecosystems, such as occupy-
ing farmland, forest, and wetland ecosystems, as well as
causing functional degradation of them, results in declines
in regional ecosystem service functions and thus a loss in
ecological value. Therefore, we can use the value (added) to
quantitatively describe the influence of human activities on
terrestrial ESV:

BV = 2040 C +,C)
+ 2 2 (AaC +agCy), ©)

where A is the modification coefficient for the GIMMS-
NDVI value, a;; is defined as above, and C; stands for the
equivalent value of class i terrestrial ecosystem type varia-
tion caused by human activities and is substituted with its
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coverage value. C;= C; +C;, if C;>0, then C;=C}. If C;<0,
then C;= C;.

Through spatial analysis, we found that the value (stocked)
and the value (added) of regional ecosystems are relatively
higher in some areas than in others. However, the per unit
area service value and the per unit area value (added) of the
ecosystem services in areas with higher value (stocked) and
value (added) is relatively lower than those with lower val-
ues in other areas. Therefore, we used the ecosystem service
intensity to compare an ecosystem’s service function in one
area with that of another area:

ESVb‘fintensity = ESVD‘—stock /SD ’ (6)
ESV&-imensny = ESV; sitea / S (7)

where ESV ok stands for the ecosystem service value
(stocked) in area &, ESV s.,q¢eq Stands for the ESV (added) in
area 0 and S5 is the coverage value of area J.

1.6 Data collection

To meet our study objectives, we undertook the following
steps for data collection:

(1) Searched ecosystem service function literature in
China and abroad, with an emphasis on different types of
ecosystems to provide different service function evaluations
for Chinese ecosystems;

(2) Searched China’s Land Resources Yearbook to col-
lect land use area and change situation tables for 1999-2008,
then referring to the classification of terrestrial ecosystems
in China classified the different types of ecosystem areas
and change situation tables;

(3) Collected long-term time-series GIMMS vegetation
index data sets from the Western China Environmental and
Ecological Scientific Data Center, then used Formula (1) to
determine the ecosystem service function quality change of
value correction factor;

(4) Unified the values of the Chinese ecosystem service
functions to 1999 prices referring to Formulas (2) and (3),
and the table of consumer price index (CPI) presented in the
China Statistical Yearbook .

2 Results
2.1 Analysis of positive and negative values (stocked)

The positive values (stocked) provided by China’s terrestri-
al ecosystems over the 10-year period were essentially sta-
ble, without any significant fluctuations in terms of total
value, the values of different functions, or in terms of the
values provided by different ecosystems (Figure 3). The
total positive value provided by China’s terrestrial ecosys-
tem services decreased from 7.04 trillion Yuan RMB in
1999 to 6.8 trillion Yuan RMB in 2008 (based on the con-
stant price of China in 1999).
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Figure 3 China’s positive ecosystem service values in a recent 10-year period.

By considering the values contributed by different ser-
vice functions (Figure 3), it can be seen that between 1999
and 2008 the gas regulation value decreased from 691.26 to
668.41 billion Yuan RMB; the climate regulation value de-
creased from 698.86 to 671.08 billion Yuan RMB; the water
regulation value decreased from 1.17 to 1.14 trillion Yuan
RMB; the water and soil conservation value decreased from
322.39 to 310.57 billion Yuan RMB; the soil formation val-
ue decreased from 1.23 to 1.18 trillion Yuan RMB; the
waste recycling value decreased from 1.21 to 1.17 trillion
Yuan RMB, and the biological control function value de-
creased from 917.90 to 882.93 billion Yuan RMB. The val-
ue jointly provided by water regulation, soil formation,
waste recycling, and biological control functions accounted
for nearly 63.2% of the total value in each year, whereas the
climate regulation value only accounted for 10%.

Considering the values contributed by different types of
ecosystems, it can be seen that between 1999 and 2008, the
farmland ecosystem’s service value dropped from 789.97 to
707.45 billion Yuan RMB; the garden ecosystem’s service
value increased from 73.55 to 82.49 billion Yuan RMB; the
forest ecosystem’s service value decreased from 3.12 to
3.07 trillion Yuan RMB; the grassland ecosystem’s service
value decreased from 1.72 to 1.62 trillion Yuan RMB; the
wetland ecosystem’s service value increased from 1.126 to
1.126 trillion Yuan RMB; the urban ecosystem’s service
value increased from 85.61 to 89.09 billion Yuan RMB, and
the road ecosystem’s service value dropped significantly
from 19.72 to 8.16 billion Yuan RMB. The forest ecosys-
tem’s service value ranks highest with a contribution of
almost 50% to the total value, followed by the grassland
ecosystem and the wetland ecosystem, accounting for 25%
and 17% respectively. A yearly service value drop in the
farmland, grassland, forest land, and road ecosystems is
apparent over the 10-year period. However, a yearly service
value increase can be seen in other ecosystems. This shows
that China’s ecological problems lie mainly in the gradual
reduction of arable land, the gradual degradation of grass-
land resources, and the ecological destruction caused by
road construction. However, the urban ecosystem’s service
value has increased alongside the accelerated pace of Chi-
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na’s ecological urban construction.

As the amount of research and available data are limited,
we have only analyzed the negative value provided by the
urban ecosystem and concentrated on two of its functions,
the water regulation and the waste recycling functions (Fig-
ure 4). The negative value provided by China’s terrestrial
ecosystem’s inherent services increased from —217.76 bil-
lion Yuan RMB in 1999 to —226.61 billion Yuan RMB in
2008, displaying slight yearly growth.

2.2 Analysis of the human-created ecosystem service
value (ESV)

From changes in land use and NDVI in China over the past
10 years, it can be seen in Figure 5 that ESV created by
human activities fluctuates wildly, showing a yearly down-
ward trend from 2002. The ESV was 14.97 billion Yuan
RMB in 2000, peaked at 83.03 billion Yuan RMB in 2002,
and plunged to 3.46 billion Yuan RMB in 2008. Taking the
peak of 2002 as an example, value was primarily added by
water conservation and waste recycling, with values of 29.1

Year
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Figure 4 China’s negative ecosystem service values in a recent 10 year
period.
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Figure 5 ESVs for ecological construction and degradation in a recent 10-year period in China.

and 25.38 billion Yuan RMB, respectively, primarily as a
result of the construction of wetland and forest ecosystems,
which added values of 59.4 and 20.87 billion Yuan RMB
respectively. Taking 2008 as another example, value was
also mainly created in water conservation and waste recy-
cling, with values of 1.14 and 1.02 billion Yuan RMB, re-
spectively, primarily as a result of the construction of wet-
land and urban ecosystems, which provided values of 2.58
and 0.88 billion Yuan RMB, respectively. Before 2007, the
human-created ESV was primarily derived from forest eco-
system construction.

The ESV loss reflected by land use change and NDVI
over the past 10 years appears as a yearly downward trend,
dropping from 10.66 billion Yuan RMB in 2000 to 3.59
billion Yuan RMB in 2008. Taking 2002 as an example, the
loss was mainly in the value of water and soil conservation
functions and the waste recycling function, reaching losses
of 13.97 and 3.37 billion Yuan RMB, respectively. These
losses were primarily caused by the disruption or quality
degradation of farmland and road ecosystems, causing loss-
es of 10.15 and 12.94 billion Yuan RMB, respectively.
Taking 2008 as another example, the loss was mainly in the
value of the humidity adjustment function (1.85 billion Yu-
an RMB), which was primarily caused by urbanization and
land depletion, causing a loss of around 2.24 billion Yuan

RMB. Finally, the ESV loss caused by land-use change be-
fore 2006 was most evident in farmland ESVs.

2.3 Analysis of the ecosystem’s spatial intensity

Table 4 shows the total ESV of various regions in China in
both 2000 and 2008, and Figure 6 displays changes in ESV
for the regions identified in Table 4. The following six
provinces (or autonomous regions) account for the highest
proportions of terrestrial ecosystem value stocked (ESVci):
Inner Mongolia Autonomous Region (Inner Mongolia for
Short), Heilongjiang Province, Sichuan Province, Yunnan
Province, and Tibet Autonomous Region and Xinjiang Uygur
Autonomous Region (Xinjiang for Short), accounting for
11.82%, 6.68%, 6.3%, 5.4%, 10.62% and 8.1%, respectively,
in 2000 and 11.54%, 6.42%, 7.2%, 6.3%, 8.91% and 7.6%,
respectively, in 2008. China’s terrestrial ESV declined mainly
in Northeast and Southern China. For the change in total
value over the past 10 years, the ESV increased significantly
in Southwest China and declined prominently in Northwest
China, while the tendency was unclear in mid-East China.
In terms of the value added (ESV,44.q), SOmMe provinces or
cities of Northern, East, Southern and Northwest China had
negative growth in their ESV in 2000; that is, in those re-
gions ESV loss was greater than the value created as a result
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Figure 6 The change in ESV of each province in China from 2000 to 2008.
Table4 The ESV of each province in China in 2000 and 2008"
2000 2008 2000 2008
No. Region No. Region
Esvsmck Esvadded Esvslock Esvadded Esvsmck Esvadded Esvs!ock ESVadded
1 Beijing 133.39 -0.75 129.78 —-0.04 17 Hubei 2099.56 5.67 2022.94 -0.04
2 Tianjin 126.97 —-0.31 115.81 0.00 18 Hunan 2394.59 —-0.56 2460.99 0.01
3 Hebei 1252.27 —-1.05 1352.28 -0.07 19 Guangdong 2019.61 -3.72 1914.88 —-0.03
4 Shaanxi 904.82 -17.51 1139.09 —-0.03 20 Guangxi 2146.42 1.95 2184.60 —-0.04
5 Neimeng 7956.46 —4.61 7573.73 0.07 21 Hainan 329.13 0.39 311.54 -0.02
6 Liaoning 1280.81 -0.41 1242.68 —-0.03 22 Chongqing 663.48 0.77 943.45 -0.15
7 Jilin 1901.56 —-0.10 1796.16 -0.02 23 Sichuan 4240.56 17.51 4696.93 -0.19
8 Heilongjiang  4494.37 5.10 4212.75 0.03 24 Guizhou 1497.56 —-0.40 1833.97 —-0.03
9  Shanghai 93.40 4.52 39.37 —-0.04 25 Yunnan 3652.04 10.24 4105.33 0.02
10 Jiangsu 1316.65 —-0.78 852.11 -0.21 26 Tibet 7149.53 0.17 5850.30 -0.01
11 Zhejiang 1144.16 —-1.84 1084.97 -0.16 27 Shaanxi 1936.45 27.48 1922.78 0.00
12 Anhui 1515.31 0.00 1431.42 —-0.05 28 Gansu 1878.88 -11.43 2243.62 —-0.03
13 Fujian 1381.61 2.06 1383.10 —-0.05 29 Qinghai 3696.25 2.08 3041.94 0.04
14 Jiangxi 2025.23 0.04 1863.10 -0.07 30 Ningxia 312.52 -6.42 345.22 —-0.01
15 Shandong 1170.99 -1.76 1327.46 -0.14 31 Xinjiang 5433.61 14.31 4966.80 -0.01
16 Henan 1166.68 2.50 1250.95 —-0.03 Total 67314.88 43.16 65640.1 -1.32

a) Unit: Billion Yuan RMB.

of human activities.

ESV loss was evident in Northern China (represented by
Beijing, Hubei, Shanxi and Inner Mongolia), East China
(represented by Jiangsu, Zhejiang and Shandong), Southern
China (represented by Guangdong) and Northwest China
(represented by Gansu and Ningxia Hui Autonomous Re-
gion (Ningxia for Short)). In Shanxi and Gansu, ESV loss
reached 1.751 and 1.143 billion Yuan RMB in 2000, re-
spectively, accounting for 34% and 22% of China’s total
ESV loss. However, ESV (added) was evident in other parts
of China, in particular in Heilongjiang (Northeast China),
Hubei (mid-China), Henan, Sichuan (Southwest China),
Shaanxi, and Xinjiang (Northwest China), among which the
ESV of Shaanxi experienced the largest increase of almost 3
billion Yuan RMB, accounting for 30.8% of China’s total

value (added). In 2008, however, all the provinces and cities
in China suffered slight ESV loss except for Tianjin, Inner
Mongolia, Heilongjiang, Hunan, Shaanxi and Qinghai.

The per unit area terrestrial ESV intensity shows differ-
ent results (Figure 7). First, considering the intensity of the
value stocked (ESVck-intensity), the per unit area terrestrial
ESV appears relatively high in Mid- and East China,
whereas it is relatively low in Western China. Taking 2000
as an example, the ESV ,einensiy Was over 12 million Yuan
RMB/km’ in Jiangsu and Anhui, and over 9 million Yuan
RMB/km?in Heilongjiang, Jilin, Henan, Hubei and Hunan,
as well as in some provinces and cities in East and Southern
China. In 2008, the regions with an ESVci-inensity O over
12 million Yuan RMB/km* were Hunan and Chongging,
while other regions, for example, Sichuan, Guizhou and
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Figure 7 The spatial distribution of China’s ESV intensity in 2000-2008.

Jiangxi had an ESVgck.inensiiy Of over 9 million Yuan
RMB/km?. Second, considering the intensity of the value
added (ESV ygded-intensity) in 2000, the per unit area terrestrial
ESV (added) appeared higher than the ESV loss in many
places, for example, most parts of Western China, Hei-
longjiang (Northeast China), and some provinces in mid-
East China (including Henan, Hubei, Zhejiang, Anhui and
Fujian), and Hainan (Southern China). Whereas ESV loss
was evident in Shanxi and Shaanxi, in 2008 the ESV jaded-intensity
appeared as a negative figure in all regions of China with
the exception of Inner Mongolia, Tianjin, Heilongjiang,
Shaanxi, Qinghai, Guangxi and Hainan. However, the posi-
tive figures within these regions were low.

3 Discussion
3.1 Comparison with other relevant studies

Currently, most Chinese research on ESV change (follow-
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ing human activities) is restricted to certain areas or certain
ecosystem types instead of including China as a whole to
identify changes in total service value [39,40]. Our study is
only comparable with others in terms of China’s total
stocked ecosytem value and the ecosystem’s value intensity
in different provinces or regions.

Having balanced all the positive and negative values,
China’s total terrestrial ESV was 6.82 trillion Yuan RMB in
1999 and 6.57 trillion Yuan RMB in 2008. The figures are
similar to, but higher than, the figure of 6.44 trillion Yuan
RMB obtained by Pan et al. [20], who analyzed remote
measurements of ecological assets, and the figure of 5.61
trillion Yuan RMB obtained by Chen et al. [29]. There are
three reasons for the differences. First, the data sources and
accounting methods used are different. Our study is based
mainly on LUCC, summarizing the coverage values of dif-
ferent terrestrial ecosystem types and taking into considera-
tion the empirical parameters for different service function
values (where the parameter is the per unit area of terrestrial
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ESV), whereas Pan et al. [20] conducted value accounting
based on remote sensing data of China’s vegetation. The
final accounting results are therefore bound to be different
to some extent. Second, the time periods during which the
data were collected are different. Pan et al. [20] obtained
value accounting results based on remote sensing image
datasets of China’s vegetation in the 1980s and early 1990s,
whereas we focused on data from 1999 to 2008, when Chi-
na’s ESV appeared to show an upward trend, which is in
line with the Chinese government’s yearly increased input
into ecological construction [41]. Third, the most influential
reason is that Pan et al. [20] calculated China’s ESV by an-
alyzing the spatial allocation of China’s vegetation types
without considering the possible positive values provided
by artificial ecosystems, such as urban construction land
and road ecosystems.

The same issue of different methodologies applies to the
accounting of the Total Service Value Stocked of China’s
various terrestrial ecosystems and to the accounting of the
Total Service Value Stocked of different types of service
functions. In this paper, the forest ecosystem’s service value
ranks at the top, accounting for almost 50% of the total val-
ue, although its value dropped from 3.12 trillion Yuan RMB
in 1999 to 3.07 trillion Yuan RMB in 2008. Ranking in the
second and third places, the shrub-grassland ecosystem’s
and wetland ecosystem’s service values account for 25%
and 17% of the total value, respectively. However, accord-
ing to the results presented by Pan and other scholars [20],
the forest ecosystem’s service value, which mainly com-
prised tropical and sub-tropical forest ecosystems (88.92%),
accounted for 24.76% of the total value, while the wetland
ecosystem accounted for 41.02%. According to that study,
these two types of ecosystems jointly accounted for 65%
(24.76% plus 41.02%) of China’s terrestrial ecosystem’s
service value. The differences between the two groups of
data resulted from having used different ecosystem classifi-
cation criteria. In this paper, forest ecosystems include
woodlands, coppice woodlands, open forest lands,
in-forestation lands, and nursery gardens; whereas in Pan’s
research, forest ecosystems only covered tropical and
sub-tropical forests and temperate forests. If we added the
shrub-grassland ecosystem’s service value to the corre-
sponding result in Pan’s research, then Pan’s research re-
sults would be in accordance with ours.

From the perspective of China’s total terrestrial ecosys-
tem service value for each year in the period 1999-2008, we
find that China’s total terrestrial ecosystem’s service value
(stocked) increased by 1.32%. During this period, the water
regulation function’s value increased the most rapidly
(2.96%), which was primarily because of the enhancement
of the forest, grassland, and wetland ecosystems’ service
functions. The results presented by Ran et al. [41] in 2006,
are similar to our own. According to their analysis, China’s
ecosystem service value increased by 0.91% in the period
1996-2004. During those years, the climate regulation func-
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tion’s value increased the most rapidly (3.43%), which was
primarily the result of an increase in the coverage area of
water, forest, and garden ecosystems. The difference in the
ecosystem’s Service Value Increase between our research
results and Ran’s (ours is 1.32% while theirs is 0.91%) re-
sulted from using different time periods for the analysis. For
a given ecosystem’s function value, our estimated value
increase is different to theirs. This is because we have used
different ecosystem service function classification criteria.
In this paper, ecosystem service functions are divided into
gas regulation, climate regulation, water regulation, water
and soil conservation, and so on. In Ran’s research, the gas
regulation, climate regulation, and water regulation func-
tions are all classified into the climate regulation function.
We found that in terms of the ESV intensity in different
regions of China, China’s terrestrial ESV falls mainly in
Northeast and Southern China. In terms of per unit area
ESV intensity, mid- and East China enjoy a relatively higher
intensity, whereas Western China has a lower intensity. Our
findings are in accordance with results of Bi et al. [21] and
He et al. [22]. In terms of the value added (ESV.4geq), SOMeE
provinces or cities in Northern, East, Southern, and North-
west China have experienced negative growth in their ESV,
while growth was evident in Heilongjiang (Northeast Chi-
na), Hubei and Henan (mid-China), Sichuan (Southwest
China), and Shaanxi and Xinjiang (Northwest China),
which is in accordance with the results of Ran et al. [41].

3.2 Explanation of findings

The dynamics of the positive and negative valued stock of
China’s land ecosystem service functions changed over time.
Although the total amount did not significantly change, the
various service functions provided by different ecological
systems changed significantly.

For example, in China, farmlands, forests, and grasslands
ESVs have been falling each year, while the urban ecosys-
tem service function increased. This shows that ecological
problems such as the reduction of arable land resources, and
degradation of forest and grassland resources are still seri-
ous, and that as the pace of ecological urban construction
increases gradually, the terrestrial ecosystem service func-
tion supply will play an increasingly important role. The
changing negative value of urban ecosystems also demon-
strates this point.

With regards to human activities, China’s land ecosystem
service function value dynamic changes according to human
influence. Overall, it decreases each year. However, the
decreasing trend for lost value is much more obvious than
the decreasing trend for created value. This means that the
relationship between China’s social and economic activities
and the natural ecological environment is sustainable, and in
general, heading in the right direction.

From 1999 to 2002, the increase in ecosystem services in
China is mainly because remarkable achievements in the
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construction of wetland and forest ecosystems had been
made. However, since 2003, although forest and wetland
ecosystems are still the main focus of socio economic activ-
ities that have a positive influence on the value of the natu-
ral eco-environment, the construction of urban ecosystems
has gradually become a prominent reason behind the rising
value. From the negative value perspective, the blind ex-
pansion of cities and disorderly land development are still
the largest causes of a reduction in the ecosystem services
of China.

Therefore, according to the above conclusions, the pace
of China’s urban ecological construction is still behind the
pace of its ecological destruction. China has a long way to
go to achieve its urban ecological construction goals.

With regards to the spatial distribution of China’s land
ecosystem service function and the changes in its strength,
we offer the following explanations. First, China’s regional
ecological systems differentiation is the cause of such dif-
ferent distributions of unit value and total value. Second, it
is the regional differentiation of China’s socio economic
system that caused the observed differences in the increase
of total value and unit value among different areas. For
example, Western China has much more natural ecological
resources than the east, and can provide much more ecolog-
ical service. However, it requires much more advanced
ecological repair work and ecological construction ideas to
maintain its resource services.

3.3 Analysis of uncertainty

Ecosystems feature multiple strata, and the current assess-
ment method and practice fail to conduct strictly compre-
hensive assessments for all of the service functions, let
alone conduct comprehensive assessments of different eco-
systems’ various service functions based on different scales
[28]. Therefore, this study provides a modest verification
and analysis of three hypotheses based on previously pub-
lished results, and fails to propose perfect methods for value
accounting practice. There are two main issues.

The first issue relates to ensuring the precision of data
used for ESV accounting. Generally, when LUCC image
data are used for ESV accounting, there are two problems to
deal with, namely, scale and classification criteria. Land
cover could be miss-classified as a result of various image
definitions, or different classification criteria [21]. If an im-
age involves more than one type of land cover, the image
will only be classified into the land type that accounts for
the majority of the image unit; other land cover types in the
image will be neglected. For example, if an image depicts
wetland and forest areas, and the forest is much bigger than
the wetland, then this image will be classified into the forest
ecosystem image database. However, the wetland ESV is
higher than that of a forest ecosystem of the same size, so
the actual service value of the land cover that the image
represents is higher than we believe. This research did not
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use the remote sensing image data of LUCC directly, as we
used the GIMMS Vegetation Index Data to scientifically
modify the image data. However, the potential error intro-
duced by the definition of images still cannot be avoided.
Therefore in the future, we should enhance the image defi-
nition to reduce the error in ESV accounting and thereby
increase the accounting precision regardless of whether we
use the remote sensing image data directly or use it after
modification.

The second issue relates to the scientific methods for ac-
counting for an ecosystem’s negative service value. In con-
trast to the theory that holds that the natural ecosystem has
only positive service values, we believe the terrestrial eco-
system’s service value includes both positive and negative
values provided by natural ecosystems, as well as positive
and negative values provided by artificial ecosystems (in-
cluding construction land) [28,39]. The service value (added)
should be the sum of the positive value (added) and the
negative value (added). Therefore, if the positive value de-
creases and the negative value increases, then the service
value has negative growth. Similarly, if the positive value
(added) is less than the negative value (added), then the
service value has negative growth. Although this study has
proposed the scientific rationale of, and the accounting
frames for the positive and negative values of ecosystem
services, when it comes to accounting practice, it fails to
offer the methods to account for the natural ecosystem’s
negative service value. In addition, this study fails to offer
perfect methods to account for the positive and negative
values of artificial ecosystems, such as urban ecosystems.
This is because good methods for conducting quantitative
research on urban ecosystems’ service values have yet to be
found. Therefore, regarding the future of ESV research, not
only should the scientific accounting methods for ecosys-
tems’ various service values be refined, but more research
on positive and negative values should be undertaken. In
particular, we should pay more attention to the changes in
urban and infrastructure constructions’ ecological service
values, as they are special terrestrial ecosystems. As re-
search on urban ecosystems’ service values is conducted
worldwide, research on urban ecosystem structures, func-
tions, and construction processes will draw increasingly
more attention.

4 Conclusions

When considering temporal change, it can be seen that the
total value (stocked) of China’s terrestrial ecosystem service
functions decreased from 6.82 trillion Yuan RMB in 1999
to 6.57 trillion Yuan RMB in 2008. During that period, the
positive value decreased by 240.17 billion Yuan RMB and
the negative value increased by 8.85 billion Yuan RMB.
The decreased positive value lies mainly in the humidity
control, soil formation, and waste recycling functions, while
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the increase in negative value lies in the functions of water
and soil conservation. The total value (added) of China’s
terrestrial ecosystem service functions increased by 4.31
billion Yuan RMB in 2000, but decreased by 0.13 billion
Yuan RMB in 2008, and thus the value (added) was a nega-
tive figure.

Considering spatial change, the supply of China’s terrestrial
ecosystem service functions decreased mainly in Northeast
China and Southern China, emerging as a very slight change
over the 10-year period. As a result of human activities on
ecosystems, the loss of ecosystem service functions’ value
was relatively prominent in Shanxi and Gansu provinces,
compared with an increase in value in Shaanxi Province.
The terrestrial ecosystem service functions’ value per unit
area was relatively high in mid- and East China, but low in
Western China, emerging as a prominent change during the
10-year period.

The reduction of cultivated land resources, the degrada-
tion of forest grassland resources, and a series of other eco-
logical problems are still severe ecological problems in
China. Although eco-city construction is increasing each
year, relative to ecological destruction, the pace of China’s
urban ecological construction still has a long way to go.

This work was supported by the Key Project of National Natural Science
Foundation of China (71033005).
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