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Valuation of Ecosystem Services: Research Pro-

gress and Prospects
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Abstract The ecosystem services are material base and natural capital for sustainable development of human being. Valuation of ecosystem serv-
ices is favorable for people realizing the importance of natural ecosystem to human being, and considering its long-term influence on sustainable de-
velopment of human society when making decisions. Besides, it is an attempt of ecology, geography and other natural sciences to influence social
decision process by economic methods. The Value of the World’s Ecosystem Services and Natural Capital, written by Robert Costanza et al. , in
1997, is generally regarded as a masterpiece for the research of valuing ecosystem services. However, the classifying standard of ecosystem serv-
ices, the method of various services summation and the purpose for static global value, had confronted many criticisms. Still to now, accurately val-
uing ecosystem services is not easy, because of the complexity of natural ecosystem, the weak capability of economic system to pricing ecosystem
services and the lack of more study in this field. Based on the criticisms summarizing and comprehensive analysis, further study suggestions of eco-
system services valuation is presented: multi-scale integrated and community participation applied in evaluation, dynamic changes of material value
and intangible value of ecosystem services, investigation and simulation studies of the marginal value when ecosystem services changed, associat-
ed with related areas like ecological compensation research, and research on the market-oriented evaluation of ecosystem’s intangible values.
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1 Research progress

1.1 International research progress The services of eco-
logical systems and the natural capital stocks that produce them
are critical to the functioning of the Earth’s life-support sys-
tem!”. Natural capital, artificial capital, human capital and so-
cial capital constitute together the capital foundation of welfare
of human society’. Valuation of ecosystem and its service
functions is favorable for clearly understanding the importance
of support, adjustment, product and culture provided by eco-
system. The valuation of ecosystem services can be traced
back to the second half of the 19th century. In the 1970s, Hold-
er and Ehrlich et al. "®! pointed out that the loss of bio-diversity
directly influences ecosystem services. By then, the concept of
ecosystem services was clearly established. In 1997, research
achievements of Daily and Costanza lifted the study in this field
to a new height. Nature’s Service Societal Dependence on Nat-
ural Ecosystem written by Daily et al. not only summarizes con-
cept of ecosystem services, but also takes special research on
value of various ecosystem services'''. The Value of the
World’s Ecosystem Services and Natural Capital®® , written by
Costanza et al. and published in Nature, makes the principle
and method of valuation of ecosystem services more definite.
This research achievement rapidly evoked great reaction in the
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world. Ecological Economics collected relevant ecosystem
services and valuation research achievements in the form of fo-
rum or workshop. In 2002, the United Nations organized the
Millennium Ecosystem Assessment, which further deepens re-
searches on ecosystem services™®. MA’s research promotes
change of academic research of ecosystem services to practical
research. However, due to much more attention paid to supply
and demand of service and product, the research fails to go
deep into valuation period of ecosystem services.

1.2 Domestic research progress In China, the research
on ecosystem services started in the 1980s, for example,
Zhang Jiabin et al. adopted Shadow Project method and Sub-
stituted Expense method to valuate ecosystem of forest re-
source in Yunnan regions'®’. Since the middle and later period
of the 1990s, relevant research achievements successively
spring up. At theoretical level, Ouyang Zhiyun introduced con-
cept of ecosystem services and elaborated the concept conno-
tation and valuation method™®’. Zhao Jingzhu et al. compared
quantitative evaluation and value evaluation methods for eco-
system services'”'. Zhang Zhigiang et al. elaborated the signit-
icance of research on valuation of ecosystem service and natu-
ral capital to the establishment of " integrated ecological, envi-
ronmental and economic accounting system" ®’. On the basis
of valuation model of Costanza, Xie Gaodi put forward " Form
for equivalent value factor of ecosystem services" '°'. Li Wen-
hua™’, and Li Jinchang!" "™ et al.""" =" further studied eco-
system service functions and value structure from the perspec-
tive of ecology and environmental economics. Most empirical
cases of domestic ecosystem service value at early stage are
oriented towards forest ecosystem, such as Hou Yuanzhao'' |
Jiang Yanling™’ , and Xue Dayuan'*" valuated functions of
forest ecosystem services of the whole country or some impor-
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tant forest regions. Around 2000, research achievements of the
nation-wide or regional ecosystem appear one another. For ex-
ample, Ouyang zhiyun'”', Chen Zhongxin'® 6 Zhao
Tonggian™’ | Pan Yaozhong'®’, and He Hao™®'' made prelimi-
nary estimation for value of functions of land ecosystem serv-
ices in China. Since methods and calculation procedures are
different, the results are also significant different. Xie Gaodi™’
and Lu Chunxia'' assessed separately economic value of
China’s natural grassland, Qinghai-tibet Plateau and colony
ecosystem. Xu Qiao™’, Xiao Yu™', Wu Lingling™’, and
Yang Qingwei®' evaluated service value of typical ecosys-
tems, such as urban, wetland, estuary and coastal zone. Cai
Bangcheng™’' and Wang Zongming™ respectively studied
changes of service value of Jiangsu Kunshan urban ecosystem
and Sanjiang Plain regional ecosystem. At present, Chinese
scholars begin to systematically sum up and review past resear-
ches. Li Wenhua et al. published The Theory, Method and Ap-
plication of Valuation of Ecosystem Service Functions'®' . In
2009, he wrote the article Review and Prospects of Researches
on Ecosystem Services in China, which summarizes achieve-
ments and existing problems and pointed out that it is required
to change the current approximate calculation to deeper level
researches.

2 Research disputes

The Value of the World’s Ecosystem Services and Natural
Capital, written by Costanza et al. in 1997, made the research
on ecosystem service value rise to a new peak. Their achieve-
ment is not only helpful for calculating total amount of global
natural ecological capital, but also provides a basic research
frame for evaluation of ecosystem services. In the paper, Cost-
anza et al. also stated that the purpose of writing the article is
mainly to attract attention of academic circle to this field, as a
result, to make the ecosystem service research more deep and
mature. From then on, academic circle begins to debate on
evaluation of ecosystem service functions. The focus is mainly
on following points.
2.1 Characterization of ecosystem service functions Re-
search achievements made by Costanza et al. in 1997 divide
the global ecosystem into 15 biomes according to land cover,
divide functions of ecosystem services into 17 main types, esti-
mate values of service functions of each biome, and add up to
the total value of global ecosystem. The implied assumption is
that every ecological unit is independent in space and every ec-
ological service is irrelevant, which are opposed by some
scholars. Because there is no serious limit of every ecosystem
in space, the ecosystem is always connected with surrounding
environment'®’. Ecosystem is a non-linear, diverse and dy-
namically changing complicated system, and an integration of
internal structure and external functions'®’. Artificial division of
functions of ecosystem services is random, and dynamic along
with change of social preference. Therefore, functions and
services of ecosystem are not corresponding one to one. In ad-
dition, research achievements of Costanza et al. are extrapola-
ted from typical values of many sample cases, which will lead

to inconsistency of calculated total value with actual value of
functions of global ecosystem services.

2.2 To be valuated or not? Costanza et al. believe that
improvement or deterioration of functions of ecosystem services
will definitely influence sustainability of human welfare, so it is
required to take account of its importance in decision mak-
ing™’. Nevertheless, due to loss of market or low price at cur-
rent stage, it fails to reflect actual social value of most ecosys-
tem service functions. Therefore, it is imperative to carry out
research of valuation. They also contend that it is more impor-
tant to arouse attention of the public to protection of natural
ecosystem. Besides, valuation is not necessarily monetary,
but compared to a certain objective, is people’s weighing on im-
portance of matter and their choice. Even if it is doubt about
valuation of ecosystem service functions, it is still a kind of
weigh and choice. Thus, it constitutes a kind of value cogni-
tion®/. Contrary to opinions of Costanza'®’, some scholars
think that natural ecosystem plays an inestimable role of spiritu-
al and moral principle and support, and it is unnecessary to
measure the total value.

2.3 Total global value and regional marginal value As
stated by Costanza et al. , it is difficult to accurately measure
total value of the function of natural ecosystem and it is more
realistic to evaluate marginal value of ecosystem change. In re-
ality, however, it is the calculation of total static value based on
regional balance. Along with environmental deterioration and
population growth, functions of ecosystem services will gradual-
ly rare. Consequently, its social value will be greater and grea-
ter, so it will be much more significant to predict trends of value
of ecosystem service functions'®’. Furthermore, most deci-
sions on ecosystem management are based on understanding
of local communities and government. Therefore, evaluation of
local ecosystem service functions has greater warning signifi-
cance and decision guidance significance than evaluation of
global ecosystem®’,

2.4 Calculation of marginal value Since most social ac-
tions and decisions are based on economic analysis of " cost —
benefit" , it will be more significant to evaluate marginal value
influenced by changes of ecosystem service functions than to
evaluate its static value. The determination of marginal value
not only needs actual value of ecosystem services, but also
needs quantification of people’s satisfaction at changes in eco-
system service functions. Most scholars agree that it is possi-
ble to obtain value of non-commercial articles through surveying
willingness to make payment™ | to bring decisions closer to
actual social public preference'™ ~*!; however, there is still no
ideal methods for solving the problems of how to make interest-
ed people realize the irreplaceability of ecosystem service func-
tions and non-linear relation of ecosystem structure, and reflect
the real willingness of payment, and how to guarantee deci-
sions reflecting preference or willingness of the majority.

2.5 Science of value coefficient Costanza indicated that
most values of ecosystem service functions are generated from
survey of willingness to pay. However, since the previous work
is expanded on the basis of few sample data collected, the val-
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ue coefficient of every ecosystem type is not universal and can
not reflect actual value of global ecosystem services'™’. In
fact, for the same type ecosystem, social willingness to pay for
functions of ecosystem services will be greatly different because
there are differences in economic development level, residents’
income, value cognition and consumption preference between
different countries and regions. Therefore, the determination of
values of ecosystem services must consider various factors, in-
cluding time, region, environment and object. Only from this,
can results be objective and actual. Besides, researches of
Costanza et al. are mainly based on survey on payment willing-
ness of residents in developed countries. If using this criterion
in the world wide range, it is easy to result in too high evalua-
tion value. Therefore, many scholars think it is not believable
for the value close to double GNP of global ecological cap-
ital™~*"). Some scholars think that research of Costanza is not
scientific because of too high pricing of wetland and too low pri-
cing of cultivated land™*®’.

3 Difficult points in research

Valuation of ecosystem services is favorable for people re-
alizing the extreme importance of natural ecosystem to human
being, and considering its long-term influence on sustainable
development of human society when making decisions. In addi-
tion, it is an attempt of ecology, geography and other natural
sciences to influence social decision process by economic
methods. Even though there are various valuation methods,
such as Surrogate Market Approach, Simulation Market Meth-
od, and Contingent Valuation Method, etc, it is difficult to ac-
curately measure total value of the function of natural ecosys-
tem. In fact, by now, the dispute over the above researches
has not stopped. The reasons can be summarized as follows.
complexity of ecosystem itself, uncertainty of reflection of eco-
system service functions from economic system, as well as lim-
itation on period of valuation researches.
3.1 Complexity of ecosystem Complexity of ecosystem in-
cludes dynamic heterogeneity of time and space and non-linear-
ity of ecological process and diversity of ecological functions.
Space heterogeneity of ecosystem service value comes from
heterogeneity of distribution pattern of biological productivity
and biological diversity™®’. Besides, since value of some eco-
logical service functions may be generated within the region and
be realized outside the region through energy and material flow,
it is extremely important to make clear regional difference and
space circulation of ecological service functions™~*’. Valua-
tion of ecosystem services should also pay attention to
ecosystem’s dynamic change of time. Long-term change of
ecosystem is often hidden in " intangible now" ™’ | so the re-
search of ecosystem by measure of specific time can not reveal
trend of long-term dynamic change, and thus the valuation
must be based on research of ecosystem by different time
measure. Outside a specific ecosystem, there will always be a
series of factors influencing functions of ecosystem. And due to
constant change of external driving factors, simple expansion of
time and space measure will lead to hysteresis effect in under-

standing of ecological process'’. The time and space hetero-
geneity of ecosystem determines that the valuation of ecosys-
tem service functions must clearly recognize timeliness and
space of ecosystem process. For this, the research on integra-
tion of multiple space and time scales becomes particularly im-
portant'®’. The complexity of ecosystem also depends on its
composition structure, diversity of acting mechanism and non-
linearity of ecological process. The action and feedback within
the ecosystem and between different types of environment are
mainly shown in complex relationship of non-linearity and unbal-
ance'’.

3.2 Difficult to catch ecosystem service information The
difficulty in accurately valuating ecosystem services is also
manifested in that economic system often fails to accurately
catch and adapt to complex information change of ecosystem
service functions. Most ecosystem service functions have the
nature of natural public goods or quasi public goods. For indi-
vidual members, people would like to act as hitchhikers, rather
than dealers. As a result, even if social groups have the will-
ingness and ability of supply and demand, the product and
service provided by ecosystem will not be shown by economic
rareness'®’. Besides, complex non-linearity of ecosystem will
make the valuation expression much more difficult™!. Acts of
government, such as adjustment of property system and trans-
fer payment, will to a certain extent realize static value of eco-
logical service functions, but the evaluation of marginal value
will be more difficult. Extensive survey on payment willingness
and making decisions accordingly may solve such problem. In
the context of reasonable system, decision-makers, local com-
mon people and scientists form real cognition of natural ecosys-
tem through mutual exchange, and can obtain real value of re-
gional ecosystem service functions.

4 Research prospects

The research on valuation of ecosystem services is not
started till the late of the 20th century, so it needs further deep-
ening. At present, the valuation of regional ecosystem service
functions is mainly oriented towards those types of ecosystems
with single function. Most researches adopt method of first
classification and then calculation; few researches touch on val-
uation of compound ecological functions of many ecological
types. Most researches focus on fixed space or instantaneous
time, and few are continuous researches on dynamic change of
marginal value of ecosystem in different regions and time se-
quence.

According to the above analysis and summary, it is be-
lieved that valuation of ecosystem services should be started
from following five aspects.

4.1 Multi-scale comprehensive research and evaluation
with dynamic participation Based on dynamic time and
space heterogeneity of ecosystem, combined observation and
research of biological productivity and diversity by multiple time
and space scales and integration of multiple sciences are evalu-
ation of ecosystem service values. Exchange and integration of
multiple value concepts and dynamic feedback process of
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" evaluation - adjustment — reevaluation" are social basis for
obtaining real values of ecosystem services.

4.2 Separation of material value and nonmaterial service
value People’s production activities in farming, forestry, hus-
bandry and fishing have nearly extended to all global regions
and ecological types. In the context of gradual establishment of
agricultural and sideline product market and trading system,
material value of foods and raw materials of ecosystems have
been realized through market trading, and directly converted in-
to economic welfare of producers. Therefore, it is easy to ob-
tain results according to statistical analysis. In the condition of
stable utilization technology, material value of ecosystem is in
general inversely proportional to nonmaterial service value. In
the past, researches neither distinguish these two points, nor
touch on growth and decline relationship of time and space.
4.3 Survey and simulation research of marginal value
Marginal value of ecosystem services is the change of social
payment resulted from change of quantity and quality of ecosys-
tem services. The research on marginal value needs continu-
ous tracing of social payment willingness on the basis of con-
stant change of ecosystem itself. In fact, on the basis of theo-
retical analysis of ecological economics, according to typical
survey data of payment groups’ income level, consumption
habit and rareness of ecosystem services, it is able to carry out
dynamic simulation of marginal value. At present, relevant re-
searches basically remain blank.

4.4 Comparison with relevant fields or combined resear-
ches The most direct application of valuation of ecosystem
services is to provide practical compensation standard for eco-
logical compensation policies. Both ecosystem service valua-
tion and ecological footprint research take regional biological
productivity (/. e. land) as starting point of researches. They
have common features and also have differences, so it is re-
quired to carry out combined or comprehensive research. With
monetary valuation of ecosystem services, the contribution of
ecological system and economic system to social welfare can
be calculated together, and finally it is able to obtain real capital
accounting result.

4.5 Market-oriented trend of nonmaterial service values
With rise of social payment willingness and decline of transac-
tion costs such as transportation and communication, those
nonmaterial ecological services with higher recreational or aes-
thetic value have been manifested in various forms like ecologi-
cal tourism. Therefore, it is urgent to follow up this trend and
study factors influencing realization of the trend.
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Province, such as low efficiency of moisture production, low
use rate of irrigation water and serious waste of water. There-
fore, based on the regional characteristics of Hebei Province
('such as water resource shortage and serious overexploitati-
on of groundwater), we seriously implement the Hebei Pro-
vincial Party Committee and Provincial Government’s strategic
plan on the transformation of economic development pattern;
on the basis of giving full play to the role of the scientific and
technological innovation in promoting technical progress in tra-
ditional industries and cultivating strategic emerging indus-
tries, carefully study issues concerning efficient water use in
agriculture first started by Hebei Provincial Department of Sci-
ence and Technology in March 2010.

We try to predict the efficient water use in crop farming,
in order to alleviate the grim situation of groundwater overex-
ploitation in Hebei Province, and promote the sustainable use
of water resources in Hebei Province, achieving the goal of
efficient water use in crop farming, stable production and high
yield during the future period 2011 —2020 in Hebei Province.
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