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Foreword

The biota and physical structures of ecosystem provide a wide variety
of marketable goods. Moreover, society is increasingly recognizing the
myriad life support functions, the observable manifestations of ecosystem
processes that ecosystems provide.and without which human civilizations
could not thrive. Recognition that ecosystems or ecosystem services are
valuable, it is necessarily to quantify their value. Ecosystem services and
how to assess their value have become the researching hot spots in the
fields of ecology and ecological economics. This book is aimed at the key
to the questions of the study on the ecosystem services value. Through
penetrating analysis of the connotation of the ecosystem services value, a
new theoretical framework has been advanced. The framework is
composed mainly of economic vatue, emergy value and footprint value of
ecosystem services, The innovative study have made on ecological risk
evaluation by integrating the quantification of the value of ecosystem
services with the model of risk analysis, and case study have made. The
main research works are as follow:

(1) As the human population has grown and the power of technology
has expanded, the scope and nature of this modification has changed
drastically. Many ecosystems are dominated directly by humanity. The
conceptual challenges of valuing ecosystem services involve explicit
description and adequate assessment of the link between the structure and
function of ecosystems and the goods and services derived by humanity.
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The first step towards a comprehensive assessment of ecosystem goods
and services involves the translation of ecological complexity (structures
and processes) into a more limited number of ecosystem functions. These
functions, in turn, provide the goods and services that are valued by
humans. In this book, ecosystefn function is explicitly defined as the
capacity of natural processes and components to provide goods and
services that satisfy human needs, directly or indirectly. Here, ecosystem
functions are grouped into four primary categories: regulation functions,
habitat functions, production functions and information functions.

(2) The major methods that are currently available for estimating
economic (monetary) values for ecosystem services are outlined. These
methods are all based on a total ecohomic value framework. These
methods are grouped two categories: revealed preference methods and
stated preference methods. The market valuation method, shadow
engineering method, opportunity cost method and substitute expense
method are used to value the functions of the forest ecosystem services of
Qilian Mountain national natural reserve. The valuation results reveal that
the average annual total economic value of the reserve is 4.58 X 10° Yuan
{Chinese RMB), of which, the direct value is 2.06 X losyuan the indirect
value is 4.37X 109yuan

(3) Emergy analysis has been developed over the past 20 years by
H.T.Odum, Emergjf measures both the work of nature and that of human
in generating products and services, as a science-based evaluation system
that represent both natural values and economic vafues with a simple,
universal unit. An Emergy analysis of Gansu ecological-econoniic systems
has performed in order to study its sustainability and emergy use. Indices
and ratios of Gansu based on Emergy flow were evaluated and a
comparison with indices and ratios of other countries or areas was
performed. The Emergy flow of Gansu was divided into 5 parts: Emergy
flow of renewable resources, Emergy flow of products of renewable
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resources, Emergy flow of non-renewable resources, Emergy flow of
money and Emergy flow of waste. In 2000, The total Emergy use of
Gansu was 1.41 X 1023sej, it includes Emergy flow of renewable resources
2.99 X 10%sej; Emergy flow of non-renewable resources 1.15X 10%sej;
Emergy flow of import 1.03X 10213ej; Emergy flow of export 4.24 X
10*'sej. Emergy flow of money was 1,08 X 10%'sej, Emergy flow of waste
8.51X10*'sej. Some main indices and ratios of Gansu based on Emergy
flows were performed: Emergy self-sufficiency ratio was 99.27%. Emergy
per person was 5.62% 10'’sej. Emergy density was 3.11 X 10"sej/m?.
Emergy/dollar ratio was 1.19X 10"sej/$. Ratio of Electric Power to total
Emergy use was 11.36%. Environmental loading ratio was 3.8672.

(4) Ecological footprint has been developed by Wackernagel and
Rees. To translate the supply of natural services into the understandable
concept of areas is the main idea of ecological footprint. Here, the yields
of four ecosystem types: arable land, pasture, forestland, and water area
are translated into the areas. These area amounts are regarded as the
ecological footprint value of ecosystem serviges. We select Gansu
province in western China, as an example for application of our study. The
results shows that the per capita ecological footprint value of Gansu
province was 1.2129hm’, of which, arable land value was 0.2929hm?,
forestland value was 0.0152hm? pasture value was 0.9010hm?, and water
value was 0.003%hm’. Some researchers claim that emergy assessments
can be converted into numerical values of space equivalents, providing
another venue for calculating ecological footprints. In this book, a new
method of ecologlcal footprint calculation-emergy footprint is presented,
based on the emergy analysis. To demonstrate the mechanics of this new
method. We select Gansu province in western China, as an example for
application of our study. The resuits show that the carrying capacity of
Gansu province was 3.8326hm’. The ecological footprint of Gansu
province in the year 2000 was 5.1538 hm’/cap. With 12% set aside for
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biodiversity protection, the carrying capacity of Gansu province dropped
from 3.8326 hm%cap down to 3.3727 hm%cap, We can draw this
conclusion: the ecological footprint of the region is larger than the
carrying capacity. Consequently, the regional ecological deficit was 1.7811
hm?, Through the comparison with the conventional ecological footprint,
the emergy footprint has more practicality and manipulation.

(6) Ecological risk analysis is'a new marginal subject that studies
issues on risk theory, modern ecology and environmental science, etc,
Currently, quantitative assessing and integrative study of ecological risk is
a significant issue in the world. At the macrocosm scale, I have a practice
study on risk analysis based on the value of ecosystem services by
integrating the quantification of the value of ecosystem services with the
model of risk analysis. I establish an ecological risk analysis models: the
model of ecological value at risk (EVR) and the information diffusion
model. Based on the models and the method for evaluating the value of
ecosystem ‘services: emergy value of ecosysteni services, I select Gansu
province in western China, as an example for application of our study.
According to the historical data (1980-2001), I calculate the emergy value
of ecosystem services in Gansu province and use the EVR model to
estimate value of ecosystem services at risk under certain confidence level.
First, we calculate the value of EVR. Such as the confidence level is 95%,
the value of EVR of the emergy value is 6.30X 10%'sgj. Secondly, we
evaluate the risk index of Gansu’s ecosystems. Finally, we evaluate the
estimated value of ecosystem services at risk. when the given emergy
value is 4,00X% IOZISej, the estimated value is 0.6685. It means that the
probability of the emergy value at risk in next year bigger than 4.00X
10”'sej is 0.6685. As was stated above, it provides theoretical data and
quantitative analysis data for the sustainable development of the Gansu
province, |
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