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Abstract: Taking Tongren City in Guizhou Province as the research object, we establish an ecological security evaluation
framework based on the PSR ( Pressure-State-Response) model. Using system dynamics theory, we construct a simulation
model of the ecological security system for Tongren City and conduct a comprehensive assessment of its ecological security
from 2005 to 2020. This study aims to reveal the spatiotemporal evolution patterns and elucidate the influencing factors of
ecological security in Tongren City. The research involves analyzing various indicators to understand the pressures, states,
and responses within the ecological security framework. We incorporate data from multiple sources, including

environmental , economic, and social parameters, to ensure a holistic evaluation. The assessment period from 2005 to 2020
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provides insights into how ecological security has evolved over time and the factors that have contributed to these changes.
Specifically, the analysis focuses on changes in land use, forest cover, water quality, and pollution levels. Our findings
indicate that from 2005 to 2015, the average ecological security index in Tongren City increased by 14.34% , with 80% of
the districts and counties showing an upward trend. This improvement can be attributed to enhanced environmental policies,
increased investment in ecological protection measures, and improved public awareness and participation in environmental
conservation efforts. However, from 2015 to 2020, the ecological security index decreased in all districts and counties
except Wanshan District and Jiangkou County, with the average index dropping by 7.18%. This decline highlights emerging
challenges such as rapid urbanization, industrialization pressures, and inadequate wastewater management, which have
adversely impacted ecological security. The study identifies the added value of forestry and investment in environmental
protection as the main factors positively influencing ecological security in Tongren City. Increased forestry activities have
contributed to better air quality and biodiversity conservation, while substantial investments in environmental protection have
helped mitigate pollution and restore degraded ecosystems. Conversely, urbanization level and wastewater discharge are the
primary reasons for the decline in the ecological security index. High levels of urbanization lead to habitat loss, increased
waste production, and higher pollution levels, while inadequate wastewater treatment exacerbates water pollution issues.
These findings underscore the need for balanced development strategies that mitigate negative impacts on ecological systems
and promote sustainable practices. To further understand future trends, we set up three scenarios: natural growth,
sustainable development, and resource depletion, to simulate the spatiotemporal changes in ecological security from 2020 to
2035. The results show that under the sustainable development scenario, the ecological security of Tongren City improves,
demonstrating the benefits of sustainable practices such as green infrastructure, renewable energy adoption, and
comprehensive environmental regulations. In contrast, the resource depletion scenario leads to a decline in ecological
security, highlighting the risks associated with unsustainable resource exploitation, deforestation, and over-extraction of
water resources. This study suggests that implementing strategies such as tourism urbanization, balancing resource
development and protection, and conducting ecological environment restoration can effectively address the challenges posed
by different future development scenarios in this region. These measures are crucial for ensuring the long-term ecological

security and sustainable development of Tongren City.
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Fig.1 Administrative divisions of Tongren
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Fig.2 Structural flowchart of the ecological security system dynamics model in Tongren
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Table 1 The indicator system of ecological security index in Tongren

Hirz BEZ ity T AR TN RAL &N
Target layer Feature layer Index layer Index properties Evaluation function Weight
Al ERLZREAREL Bl JE7J) Cl NA%EE - PN BV RENiiE A 0.05
Ecological security C2 ALK - b YNV -YNu| 0.02
comprehensive index C3 ket FH it - — 0.04
C4 SO, HEt = - — 0.04
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C6 S HF i - — 0.03

B2 kA C7 GDP + — 0.12
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B3 M i C11 FfRAR 3t + — 0.09
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Table 2 Main parameter values in different development scenarios in Tongren

£zt SR Sig S CIESEy 330 PR T
Index Natural growth Sustainable development Resource depletion
A K Population growth rate 0.96% (¥41H) 0.39% 2.16%

WAL Urbanization rate AERE TN 2% AR 1.5% AEHEIN 2.5%
FRMAE 5% Forest coverage I A1 4 AEHETN 0.5% AN 0.5%
RGNS 1.5% (¥91H) 1.9% 1.0%

Proportion of investment in environmental protection funds
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3.1 RGN IE EA R
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Table 3 Verification results of simulation data on key variables of ecological security in Tongren (2005—2020)

WEAD/A JSYNEVIN GDP/{Z7t A/t
iy Urban population Total population GDP Grain yield
YU s G wome RS G pobe RS Gl Dot AR iy Lfi /%
2005 23600 24246 2.74 214000 214000 0.00 6.9152 9.778 41.40 90100 90117.5614 0.02
2006 24900 24912 0.05 219800 219879 0.04 7.7825 9.800 25.92 92600 92593.1399 0.01
2007 25800 25841 0.16 229200 229494 0.13 9.3558 10.186 8.87 94500 94613.12469 0.12
2008 26900 26940 0.15 228400 228692 0.13 11.1697 10.258 8.17 93700 93776.72684 0.08
2009 27600 27630 0.11 231100 231407 0.13 12.3644 11.401 7.79 91600 91708.47882 0.12
2010 28100 28128 0.10 235300 235581 0.12 14.5092 13.704 5.55 90200 90345.8734 0.16
2011 28700 28739 0.14 237300 237708 0.17 17.7112 17.014 3.94 66600 66722.38748 0.18
2012 29300 29335 0.12 241500 241841 0.14 23.2635 22.364 3.87 71000 71123.32266 0.17
2013 29400 29481 0.28 239200 239881 0.28 28.6935 27.510 4.13 66900 67117.4096 0.32
2014 30000 30060 0.20 243600 243995 0.16 33.4181 33.504 0.26 67200 57261.60174 14.79
2015 31700 31764 0.20 246500 246996 0.20 41.43 38.936 6.02 66740 66874.21685 0.20
2016 32200 32289 0.28 246600 247237 0.26 49.05 47.170 3.83 66900 67033.61851 0.20
2017 41200 41316 0.28 246300 246960 0.27 56.07 54.592 2.64 74000 74208.29453 0.28
2018 42000 42088 0.21 248500 249042 0.22 59.39 63.939 7.66 50400 50460.79246 0.12
2019 99100 99341 0.24 249900 250482 0.23 67.13 64.997 3.18 117215 117487.8627 0.23
2020 102700 102937 0.23 251500 252080 0.23 70.11 65.179 7.03 130700 131018.3915 0.24
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Fig.3 Changes in key variables under different simulation step sizes
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Fig.6 Changes in simulation results of key variables in three scenarios
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