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Key issues on watershed ecological security assessment”
Jixi Gao', Xianghui Zhang®, Yun Jiang' , Xiaokun Ou’, Daming He*, Jianbin Shi’

(1. Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2. Civil
and Environmental Engineering School, University of Science and Technology Beijing,
Beijing 100083, China; 3. School of Resource Environment & Earth Science, Yunnan Uni
versity, Kunming 650091, China; 4. Asian International River Center, Yunnan University,

Kunming 650091, China; 5. EU-China Biodiversity Programme, Beijing 100044, China)

Abstract: Based on analyses of key issues concerning watershed ecological security assessment including
the subject, content, and methodology of assessment, this paper points out that ecological security should
be assessed dynamically at different levels (e. g. watershed and ecosystem levels) with human being as the
main assessment subject. Both the functional security and the structural security must be considered in wa-
tershed ecological security assessment. In order to reflect the overall and timely security status of the water-
shed, the PSR ( pressure — state — response) method should be employed. Longitudinal Range — Gorge Re-
gion (LRGR) was researched as an example. An index system of watershed ecological security assessment
has been proposed, which includes structural index, functional index, pressure and response index, and

the state of ecological security is analyzed for LRGR in Yunnan Province.

Key Words: ecological security; assessment; Longitudinal Range-Gorge Region

Ecological security is an important aspect of the national security, and more and more facts have
shown that ecological security is one of the most important bases of national security’' "*'. As a
result, countries all over the world, especially developing countries, have paid great attention to
ecological security'* ™', Since the 1990s, a great deal of research has been done in China to
study ecological security assessment, and some important results have been obtained'’ "', Nev-
ertheless, tesearch on ecological security is still at the level of constructing oconcept system and
discussing assessment methods, and no good index system and assessment method have been es-
tablished. The reason is that no consensus has been reached among different researchers regard-
ing some basic questions such as the concept of ecological security, assessment scale, assess-

ment subjects and assessment contents'”* ™"

. The underlying reason is thal no profound anatomy
on key issues of ecological security.

Thus, upon analysis at the scale of watershed, this paper raises a series of key issues concerning
regional ecological security assessment, including scale, subject, method and index system of
the assessment. This paper tries to propose a relatively comprehensive and consistent framework
for watershed ecological security assessment, which hopefully may provide some basic theories
and methods as guidance to full scale watershed ecological assessment in China. On top of the

study on theories, this paper takes LRGR as a case study, where the theories are applied for a-

% This article is cited from Chinese science Bulletin, 2007, 52 (suppll ). 251 -261.
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nalysis.

1 Key points of watershed ecological security assessment

1.1 The main subjects of watershed ecological security assessment

Ecological security is proposed to address the insecurity of ecology when human survival is
threatened and human development is restricted by resources and environment. The ecological
security therefore implicates that human is its main subjects. Therefore, generally speaking eco-
logical security is human-oriented, in other words, human is the main subject of ecological secu-
rity assessment.

Treating human as the main subjects is more important for the security assessment of water-
shed because, although biodiversity conservation is probably very important for local regions, the
core factor of the whole watershed must be the human society. The main subjects of the water-
shed ecological security assessment must be human.

However, it should be clear that biodiversity is essential to human survival and development
and it is an important aspect of ecological security. Under the present situation when biodiversity
cannot be well conserved and is threatening human survival and development, biodiversity secur-
ity must be considered as an integral element of ecological security. At the scale of watershed
particularly, two factors of biodiversity, namely species security and eco — system security, shall
be first ensured.

1.2 The spatial scale of watershed ecological security assessment

The ecological security assessment can be done at different scales. In the sense of spatial scales,
ecological units can have several levels including biosphere, region, landscape, ecosystem,
community and species. The study on ecological security whereas is meant for slightly different
aim, therefore is usually carried out at global, national, watershed, ecosystem and species lev-
ols! 618

Since ecological security at a lower-level is the precondition and basis for that at a higher-
level, the assessment of higher-level ecological security should take into account the assessment
of lower-level ecological security. As a result, in addition to consideration at the whole water-
shed level, watershed ecological security assessment cannot do without consideration of ecosys-
tem heath and species security.

Another important factor of watershed ecological security assessment at the space scale is the re-
gional spatial characteristics of the watershed. The ecological security of the upper reaches of a
river does not equal that of the lower reaches, and vice versa. The spatial harmonization and
common ecological security between the upper, middle and lower reaches of a river are extremely
important, and the ecological security at the upper reach is particularly important to that at the
lower reaches of the river. It is therefore worth noticing that watershed ecological security assess-
ment shall not only be carried out at various ecological unit levels, but also at least be done at

three spatial levels of upper, middle and lower reaches of the riven'"? "'
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1.3 Relativity and dynamics of watershed ecological security assessment

Ecological security is a relative concept. There is no absolute security, but only relative security
in the world. The differences in environmental condition, custom and social development level
result in differences in livelihood and degree of satisfaction of different communities, which in
turn determine the differences in understanding and significance of ecological security'”>!. So,
different benchmarks and standards should be employed in watershed ecological security assess-
ment for different regions and human groups.

Ecological security is a dynamic concept too. No ecological security, either at the watershed lev-
el or at the national level, can be ensured once and for all. It can be changed either from safety
to unsafety or from unsafety to safety. The human survival and development have been threat-
ened with deterioration of global environment, which resulis in continuous change in security de-
gree. Moreover, human life quality and demands are changing with the development of human
society, and the degree of ecological security is changing correspondingly. Therefore, watershed
ecological security assessment should be analyzed dynamically and historcally.

1.4 Adjustability of watershed ecological security assessment

Ecological security is adjustable. Unsafe situation and region can be changed to safe ones
through human’ s measures and self-adjustments, which can reduce unsafe factors and change

[24 ~26])

unsafe situation to safe Therefore, the adjustability must be considered in watershed eco-

logical security assessment.

2 Key points on the content of watershed ecological security assessment

As is talked above, the concept of ecological security has been raised as the resources and envi-
ronment are not able to secure human survival and development. Therefore, previous studies on
ecological security have focused on the aspects of the security of ecological functions. However,
since structural security is the basis of ecological function security and suitable structure is the
premise of sound ecological functions, il is not sufficient to study only function security without
considering structural security. In fact, to a certain extent, structural security is more important
than function security for an ecosystem or a watershed because normal functions can only be a-
chieved and sustained with appropriate structures. Thus, structural security and function security
must be considered in the study of watershed ecological security assessment'” "%},

2.1 Structural security

Structural security means sound ecosystem structure and sound relationship between ecological
elements and components. For watershed ecosystem, structure security should be considered from
three aspects: human-land structure, land-land structure and biology-land structure. The hu-
man-land structure means the relationship between human and land use, and the ways and de-
gree in which human uses land in a watershed scope. The land-land structure means the rela-
tionship among different parts of a watershed, especially between the upper and middle reaches,
the middle and lower reaches of the river. The biology-land structure means the relationship be-

tween biodiversity conservation and land in the watershed. Only when the relationships between
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different reaches of a river, between human and land and between biodiversity conservation and
land are harmonious and sound, can the overall, integral and harmonious development as well as

the ecological security be safeguarded in the watershed'® ~*'! (Figure 1) .

Upper Land-land harmony -
reaches T

Bio-land

Fig.1 Framework of ecological security in a watershed

2.2 Function security

The basic condition of watershed ecological function security is that, through material and energy
exchanges inside and outside the whole watershed and every ecosystem or ecological units, all
kinds of resources needed for human survival and development can be provided, all kinds of
waste discharged in human life and production can be absorbed, sustainable development of hu-
man society can be sustained, and biodiversity conservation demands can also be met!*> ™%,
Harmonizing regional ecological functions is another key issue of watershed ecological security.
For example, if the upper reach of rivers only takes its own development into account, but ig-
nores the security and development of middle and lower reaches of the river, this watershed ecol-

36,37)

ogy will not be safe' , and vice versa. So, the key to the watershed ecological security is to

set up appropriate functions for different reaches of the river according to the overall resource and
environment conditions in the whole watershed in order to maximize the ecological function of the
whole watershed.

As a result, watershed ecological function security is achieved if the following aspects are true.
Vertically speaking, the ecological functions of upper, middle and lower reaches of a river match
each other. In the sense of service objects, the watershed shall be able to not only mainiain hu-
man survival and development, but also satisfy biodiversity conservation. In the sense of service
type the watershed provides, it shall have the functions of land production, water supply, envi-

ronmental carrying capacity, environmental adjustability and biodiversity conservation ( Figure

2) .
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Lower
reach

Land production function
1 carth

|1 Water Supply Function

Ecosystem security

Ecological adjustment

Middle - function

reach

Human security

Environmental carrying
— capacity

Species
security

Biodiversity conservation
function

Upper
reach

Vertical security-function match in each part of the basin

Ecological securi
gsubjec\ v Factors Index

Fig. 2 Horizontal security to satisfy human demands and

biodiversity conservation need

3 Key points on technics of watershed ecological security assessment

In the system of pressure-state-response ( PSR), pressure is the prime driver for ecosystem
changes, while response is the measures adopted to adapt to the ecosystem changes' ™ 1. So,
watershed ecological security should accord with two conditions. Firstly, pressure must be within
threshold. Secondly, systems can response in time when inside and outside conditions of the sys-
tem change. Therefore, pressure in the endurable range is a precondition for ecological security.
Then under the pressure, security condition is decided by the timely response measure. Water-
shed ecological security assessment should be siudied within the system of pressure security,
state security, and response security.

However, the system of PRS cannot reflect a watershed ecological security state completely. PRS
aims at an ecological unit or an ecosystem. The watershed ecological security can be evaluated
from the harmonization between upper, middle, and lower reaches of a river. Thereby, watershed
ecological security should be evaluated both vertically and horizontally (Figures 1 and 3) .

3.1 Pressure assessment

Pressure is the power for social development. However, it is just pressure that changes a safe re-
gion into unsafe, and vice verse **!. So if pressure is beyond the critical point of a system, the
system would break down. The driving force which has affected the whole process of human soci-
ety in the history can be divided into human factors and natural factors. Therefore, ecological
security pressure can also be assessed from these two as pects.

3.1.1 Human factors

Human factors include the variation in population size, continuous development of economy and
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progress of the society. Watershed ecological security can therefore be studied from the three as-

pects.

3.1.2 Natural factors

Natural factors which affect ecological security are different in different historical periods. In the
human history, several great environmental evolvements have been caused by natural changes.
At present, global climate change, including changes in temperature and precipitation, is the
main pressure for human ecological security. So temperature and precipitation are the main natu-
ral] factors affecting watershed ecological security.

3.2 State assessment

State security which includes structural security and functional security is the basis and core of

. . (47,48
ecological security .

Therefore, assessment of state security should be done from these two
sides as discussed before.

3.3 Response assessment

Response is the ability of a system to respond to changes both inside and outside the system, and
is the hinge of ecological security.

Whether change is caused by human activities or natural pressures, as long as human be-

ings can take appropriate and effective measures to address the changes, the ecological security

47,48]
*

can be maintained. Otherwise, ecological security may change into ecological insecurity!
and the ecological security would be in danger. Response can reflect directly or response to the
pressure directly, so the response assessment can be done on both the pressure response side and
the state response side.
3.3.1 State response
State response means inner adjustment or some measures taken to adapt to the changes when the
state of the ecosystem changes. Human being can adapt to the change by adjusting its state once
the inner conditions of the system have changed, and can therefore maintain themselves at the
safe state. So, the state adjustment is one of the important measures to ensure the ecological se-
curity.
3.3.2 Pressure response

Pressure response means the reaction of the system to the changes when in pressure. Pres-
sure is the basic factor which changed watershed ecosystem from unsafe state to safe state. Time-
ly response to pressures and effective measures therefore are fundamental to adjust sustainable

development in the whole watershed.

4 The outline of establishing index for watershed ecological security assess-
ment

Assessment index system is the basis of ecological security assessment and the selection of index
has direct impact on the assessment results. Following the principle of integration, pertinency,
science, expressive and measurable features and maneuverability, the system of watershed eco-

logical security assessment index is established, which consists of structure security, function
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Fig.3 Framework plot to show watershed ecological security assessment

security, human pressure, natural pressure, state response and pressure response. The indexes
and principle of selection are as follows.

4.1 State index

The system of state assessment index is established from ecosystem structure and function, which
is shown in Figure 4.

4.1.1 Structure index

(1) Human-land structure index; Comprehensive studies have demonstrated that human-land



