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Abstract. As an important energy base and ecological barrier in China, the ecological security of the Yellow
River Basin has a very important strategic position in the pattern of high-quality development, but it is
threatened by human activities and climate change. In order to evaluate the degree of ecological security in
the Yellow River Basin and clarify the influencing factors of ecological security, this paper discusses the
advantages and disadvantages of the existing ecological security assessment methods and models. On this
basis, the system dynamics model is used to describe the process of ecological security threats, identify the
key factors that threaten ecological security, and then sort out the ecological security assessment indicators.
The ecological security assessment model composed of pressure(P), state(S), hidden dangers(D), response(R)
and management (M) (PSDRM) indicators is constructed, and the ecological security assessment methods
and processes are improved to provide theoretical guidance and technical support for improving the ecological

security assessment of the basin.

1.Introduction

The Yellow River Basin is an important ecological security
barrier in China, which plays an important ecological role
in water supply, climate regulation, water storage and
flood regulation. The Yellow River Basin is located in the
arid and semi-arid area, and the desertification area
accounts for about 44.2 % of the national desertification
area. At the same time, as an important energy base in
China, The Yellow River Basin has long been subjected to
high-intensity human development and construction,
resulting in prominent ecological and environmental
problems. The average annual ecological water loss is 2
billion m®, and the wetland shrinks by 402.2 km? .
According to statistics, in 2020, the grassland, wetland and
forest ecological damage loss in the nine provinces along
the Yellow River is about 321 billion yuan. How to
improve the ecological security of the Yellow River Basin
has become the focus of government management and
research scholars. Ecological security is an important part
of national security, and watershed ecological security
assessment is an important prerequisite for watershed
ecological protection. At present, the ecological security
assessment method has little consideration in ecological
management and ecological risk. In order to further
improve the ecological security assessment technology
and method of the Yellow River Basin, this paper screens
the ecological security assessment indicators of the Yellow
River Basin based on the system dynamics method. On the
basis of the pressure state response model, the two factors
of ecological management and potential ecological risk are
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integrated to construct the ecological security assessment
index system, which provides technical support for the
ecological security assessment of the Yellow River Basin.

2. Main methods of ecological security
assessment in watershed

2.1. Ecological footprint method

Ecological footprint refers to the regional space that
sustainably provides resources or is biologically
productive and consumes wastes 1. Ecological footprint
method is mainly used to measure ecological sustainability,
and can also be used to compare resource production and
consumption in a certain area to determine whether it
exceeds the ecological bearing range ['°, It can effectively
represent the pressure brought by the development of
human society on the ecological environment '], so it is
introduced into the field of ecological security assessment.

2.2, Ecological risk determination method

Ecological risk refers to the risk borne by an ecosystem
under the interference of natural or human activities,
which adversely affects the structure and function of the
ecosystem '], The higher the ecological risk, the lower the
ecological security degree. Therefore, ecological risk
assessment method is used to analyze ecological risk from
the perspective of risk sources and risk receptors '], and
grade scoring method is used to quantify risk sources and
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ecological environment. After calculating relative risk
value, ecological security is determined ['%], and ecological
security pattern is constructed on this basis.However, the
ecological risk method currently lacks complete
evaluation guidelines, and there are many intrinsic factors
involved in ecological risk, so the universality of
evaluation indicators needs to be further verified.

2.3. Model evaluation method

Ecological security assessment models mainly include
mathematical model, ecological model, landscape
ecological model and digital ground model '), At present,
the mathematical models widely used are as follows:
Pressure-State-Response (PSR) I8, Driving forces-State-
Response (DSR) [ Pressure-State-Function-Response
(PSFR) [ Driving forces-Pressure-State-Impact-
Response (DPSIR) 211, and the improved model proposed
on the basis of these models. The advantages and
disadvantages of each research model are shown in Table
1.

Table 1. Ecological security evaluation model

Model Advantages Disadvantages
It can better reflect the
causal relationship of
environmental When the index of

non-environment
variable is
represented, the
concept of criterion
layer is easy to be
confused.

degradation caused by

external environmental
PSR pressure , emphasize the
source of environmental

pressure, and is often

used to evaluate a wide

range of environmental

objects.

It can better reflect the
causal relationship
between human and
environment and

When driving force
is directly substituted
for pressure, the

DSR emphasize the social flexibility of driving
factors that increase or  force cannot be fully
decrease environmental reflected.

pressure.
At present, it is in
the development
It can accurately reflect stage, and the
PSFR the degree of human method of
comprehensive constructing index
interference. system and dividing
evaluation unit needs
to be improved.
It cannot fully reflect
It has the characteristics the diversity
of strong dimension of
comprehensiveness, environmental and
complete and clear socioeconomic
DPSIR logic, and the circular causal relationship,

and the state of
ecosystem security

closed structure formed
by it can effectively

measure the running cannot be
state of the ecosystem. comprehensively
evaluated.

Because the model method can clearly express the
interaction between human activities and ecological
environment, and has the characteristics of integrity,
comprehensiveness, systematicness and flexibility, it has

become the main method of ecological security
assessment. However, the existing research models ignore
the potential threat of ecological disaster to ecological
security, and the research on ecological management, the
last line of defense to ensure ecological security, is
relatively weak.

3.The system construction of watershed
ecological security evaluation indexes

The construction of evaluation indexes system is very
important in watershed model assessment. In recent years,
relevant scholars have established different watershed
index evaluation systems according to the characteristics
of the studied watershed. The ecological security of
Dagqing River Basin was evaluated by 23 indicators which
were constructed from 10 criteria layers such as
population, economy, land use and water resources
utilization, based on the DPSR model(SIMA wenhui et al.,
2021) 2?1, The ecological security of the Huaihe River
Basin was evaluated by 20 indicators based on the model
of Pressure-State-Response(RUAN jun et al., 2021) 23],
The ecological security of the Taolai River Basin was
evaluated by 10 indicators which were constructed from
the criterion layer of contribution, vitality, organization
and resilience(PAN jinghu et al., 2021) 4. Although
several evaluation index systems have been constructed
for watershed ecological security, the classification of
evaluation indicators is complicated and there is no clear
standard. It is necessary to carry out targeted research
based on the natural, economic and social characteristics
of the study area.

3.1. The thought of index system construction

The factors within the ecosystem are interrelated. And the
interaction can be expressed by causal feedback loop. The
Yellow River Basin is a complex ecosystem integrating
nature, economy and society. The core of river basin index
system construction is to clarify the complex relationship
between watershed ecological environment and human
economy and society!?s). The selection of indicators
follows the principles of comprehensiveness,
representativeness, independence, and accessibility!?6].
And the indexes need to fully reflect the main factors
affecting the ecological security of the basin, which are
vegetation degradation, soil desertification, water
resources distribution, etc. Then, according to the dynamic
and preventable characteristics of river basin ecological
security, the ecological security of the Yellow River Basin
can be studied based on the PSR model and
PSDRM(Pressure-State-Hidden Danger-Response-
Management) model which is added ecological security
risks and management module. The relationships between
multiple ecological indicators need to be analyzed
according to the theory of system dynamics, and it is
important to highlight the core management role of people
in the watershed ecosystem, so as to ensure the ecological
security of the basin through multiple departments and
economic interests such as government and market.
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The evolution process of ecological security lies in the
triggering or development of hidden danger factors which
are the potential factors for the deterioration of ecological
security status or mutual security relations. The greater the
hidden danger, the greater the possibility of deterioration
of ecological security!?”. The hidden danger emphasizes
the occurrence of ecological security problems at the
watershed scale and the transfer process between
watersheds, and analyzes the evolution mechanism of
watershed ecological security.

Ecological security management is a powerful
guarantee measure for human beings actively intervene
and restore ecology. However, it is difficult to achieve the
ideal ecological restoration effect, only relying on the
voluntary or diversified cooperation of various
management departments and environmental supervision.
So the efficient management is required to make multi-
sectors and interest groups work together to restore the
ecological environment.

3.2. Threat factors analysis of watershed
ecological security based on system dynamics

The system dynamics model emphasizes the interaction,
connection and dynamic evolution process between
watershed ecosystems?®). The research problem is

described by a causality diagram consisting of
interconnected feedback loops?’l. The evaluation index of
watershed ecological security was research from the
perspective of system dynamics to define the potential
impact factors that threaten the ecological security of the
basin within a certain spatio-temporal window. Therefore,
it is necessary to abstract the objects that threaten the
ecological security according to the ecosystem, and
decompose them by layers to find the bottom direct threat
unit. The direct results and relationships of resources
exploitation , vegetation coverage, land desertification,
water conservation function, water resources, geology and
geomorphology, soil erosion, sediment deposition, river
connectivity, landscape fragmentation, natural disasters,
biodiversity, the proportion of secondary industry, GDP,
environmental protection investment, environmental
protection technicians and environmental pollution
control in the basin are simulated by analyzing the causal
relationship of their interactions and establishing causal
effect diagram. On this basis, the main factors affecting
ecological security are recognized (Table 2). The influence
mechanism of each index on ecological security is
analyzed to construct the possible risk causal feedback
loop diagram of the Yellow River Basin (Fig.1), which
lays a foundation for combing the ecological security
evaluation index.

Table 2. Analysis of ecological security threat factors in the Yellow River Basin

Serial  Potential risk ~ Remarks (Determine parameters according to ecological status and human . .
C Subordinate unit
number factors activities)
The secondary industry in the Yellow River Basin largely determines its
economic focus. The improvement of GDP can promote investment in
. . . : . Pressure layer,
The weight environmental protection which can be used to train a large number of
1 . . L . . response layer,
of industy environmental technicians. By improving the sewage treatment rate and
. e . . . management layer
the comprehensive utilization rate of solid waste, environmental pollution
can be reduced and the threat to ecological security can be reduced.
Population The increase of population promotes GDP growth, but aggravates the
2 dpensi " adverse impact of human activities on the ecological environment, and the Pressure layer,
y personal average resources are reduced.
Destruction of surface vegetation, resulting in land desertification, water
conservation function decline, is detrimental to the storage of water
. . ) . Pressure layer, state
Resource resources. The destruction of geological landforms causes soil erosion. .
3 . . . layer, hidden danger
exploitation The gob area caused by resource exploitation destroys topography, which laver
induces soil erosion, causes sediment deposition, destroys river Yy
connectivity, induces natural disasters, and threatens biodiversity.
The Yellow .
. e Pressure layer, hidden
River The unreasonable development and utilization of water resources,
4 R . . . T . danger layer,
diversion Ecological water is occupied and biodiversity is declining.
water response layer
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Fig.1. Causal feedback loop diagram of risk in the Yellow River Basin

3.3. The design of Index system framework

The index system constructed by PSDRM model covers
social economy, ecological environment, threat hidden
danger, government behavior, management regulation and
so on, which can fully and accurately reflect the impact of
human activities and natural factors on the ecological
security of the basin. The pressure module is the direct
cause of changes in the degree of ecological security.
Ecological security pressure is analyzed from social,
economic and environmental aspects. The state indicator
module includes the consumption and impact of pressure
indicators on natural resources and the environment.
Therefore, the ecological security status of the basin is
analyzed from resources and environment. The Ecological
security risks discussed in this article are induced by the
main threat factors of resource development and fragile
ecological environment in the Yellow River Basin, which
are controllable or semi-controllable. Ecological security
risks are analyzed from three aspects of the Yellow River
watercourse and its environment and biology. Response
refers to a series of corresponding countermeasures made

by human owing to the stress of the river basin. The
ecological security management of the Yellow River Basin
is carried out from two aspects: behavioral measures and
economy. Countries or regions adopt relevant ecological
security strategies and actions and use relevant
professional knowledge to design appropriate control
methods.

Based on the thought of PSDRM model, combined
with the ecological security threat factors of the Yellow
River Basin, a four-level ecological security evaluation
index system for the Yellow River Basin was established.
The ecological security index of the Yellow River Basin as
the first layer represents the comprehensive status of
ecological security in the Yellow River Basin, that is, the
target layer ( V ). The second layer is the criterion layer
(A), which is used to establish the “pressure-state-hidden
danger-response-management” framework. The third
layer is the factor layer ( B ), which classifies the factors
affecting the criterion layer!!?l, The fourth layer is the
index layer ( C ). The positive index value is proportional
to the ecological security, and the negative index value is
inversely proportional to the ecological security. Specific
as Table 3.

Table 3. Evaluation Index System of Ecological Security in the Yellow River Basin

The target The criterion The factor layer The index layer Indicator
layer (V) layer (A) (B) (C) direction
Social pressure Urban population density -
Per Capita GDP (+)
Economic pressure Energy consumption per GDP )
Water consumption per GDP )
Pressure Industrial wastewater emissions )
Ecological Environmental Industri:.ﬂ solid waste emisgions )
security of pressure Water mtakf: of Yellow River )
the Yellow diversion
River Basin Coal production €]
Annual mean precipitation (+)
Landscape fragmentation )
State Environmental state The prpportion of days with air (+)
quality greater than level 2
Soil and water conservation (+)

capacity
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Resource state

River hazards

Environmental
hazards

Hidden danger

Biological hazards

Government

Response
response

Measures
management

Management .
Economic

management

Water quality composite score (+)
Per capita water resources +)
Per capita public green space area (+)
River connectivity +)
Riparian zone vegetation coverage +)
Soil erosion rate )
Land use type transformation

coefficient )
Bio-diversity (+)
Reformation area (+)
Sewage treatment rate (+)

Comprehensive utilization rate of
industrial solid waste e
Water resources utilization ratio +)
Number of technician (+)
The proportion of education ()

investment in GDP
Second industry ratio )
The proportion of environmental
L . €]
protection investment in GDP

4.Conclusion and suggestion

4.1. Conclusion

(1) PSDRM model is a continuous improvement of PSR
model, which is composed of five factors including
pressure, state, hidden danger, response and management.
In other words, on the basis of PSR framework, ecological
security hidden danger and management are added, and
the index system is more systematic and comprehensive,
and makes up for the deficiencies of static indicators of
PSR.

(2) In terms of index selection, indicators with
characteristics of the Yellow River basin are selected,
such as water resource exploitation and utilization rate,
raw coal production, water consumption of ten
thousand yuan GDP, vegetation coverage of riparian
zone, etc., which can better reflect the interaction
between human society and ecological environment
and reflect the importance of ecological security
management of the Yellow River Basin.

(3) Compared with the traditional ecological security
research model, this paper determines the hidden
ecological security indicators according to the threat
factors, in order to take measures to control the adverse
development trend before the evolution of ecological
security, and to manage the ecological security from the
source, so as to lay the foundation for the regional
differential control of the Yellow River Basin.

4.2. Suggestion

(1) At present, no unified evaluation method has been
developed for ecological security evaluation standards,
which is also a major difficulty in ecological security
research. Most scholars adopt certain dimensions for
evaluation indicators based on existing research results,
conduct quantitative processing for participating index

factors, and use standardized methods to convert
standardized values and comprehensive index values of
indicators into grade values, so as to conduct quantitative
classification. The subjectivity is strong, so it is necessary
to consider the threshold values of multiple unbalance
states in the basin ecosystem, and the quantification
classification based on the threshold value is more
objective. However, the ecological security threshold is
dynamic in time and space, which needs to be determined
according to specific spatio-temporal conditions.
Therefore, the quantitative research of ecological
threshold value should be strengthened.

(2) With the continuous development of remote
sensing technology, image classification technology and
computer technology, remote sensing image is more
convenient for calculation and interpretation. Therefore,
geographic information system software can be used to
realize ecological security assessment at different time and
space scales. However, due to the lack of relevant index
system, standards and assessment guidelines for
ecological security assessment, ecological security
assessment service has not been fully realized. Therefore,
it is suggested to compile guidelines for ecological
security assessment in different areas such as mines,
sensitive areas, water erosion and wind erosion areas, and
key functional areas, so as to realize operational ecological
security assessment and provide technical support for
natural resource assets leaving office audit.
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