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Abstract; Rapid urbanization has been a driving force behind the continuous increase in ecological risks in both urban areas
and their surrounding regions. Understanding these ecological risks in urbanized areas, exploring the factors responsible for
their changes, and proposing effective risk control strategies are of paramount importance for achieving harmonious

development between the ecological environment and socio-economics in urbanized regions. Taking Beijing as a case study,
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this study used ecosystem services to quantitatively characterize ecological risks, analyzed the influence of urbanization
factors on ecological risks, and explored the strategies for risk control. The findings reveal that the expansion of impervious
surfaces (IS), economic growth, and population growth have all had significant driving effects on ecological risks, with the
expansion of IS emerging as the dominant driver. Economic and population growth indirectly affect ecological risks by
impacting the impervious surface ratio. Notably, the direction and magnitude of their driving effects underwent substantial
changes after the year 2010. For Beijing, the ecological risk control strategies involve addressing the IS in different IS ratio
ranges. In areas with an IS ratios exceeding 70% , the primary strategy of risk reduction should be reducing the IS ratio.
However, these areas tend to have high urban economic and social activity levels, making measures to reduce IS ratios
socially and economically costly. Therefore, strict measures should be implemented to prevent further expansion of IS in
these areas. Additionally, new urban development should be carried out with IS ratios kept below 70%. In areas where the
IS ratio falls between 40% and 70%, the driving effect of IS expansion on ecological risks intensifies, while other factors
simultaneously contribute significantly to increased risks. In these areas, multiple measures are recommended for risk
control, such as increasing the permeability of paved surface, increasing the green space area, and building compact
construction land. In areas with IS ratios ranging from 0% to 40% , ecological risks in Beijing are primarily influenced by
factors other than IS. Thus, reducing the IS ratio alone is unlikely to effectively mitigate risks in these areas. Risk control
strategies in these areas should focus on increasing ecosystem quality, strengthening risk prevention measures, and reducing
exposure to risks. Furthermore, in districts such as Haidian, Changping, Tongzhou, and Shunyi, reducing ecological risks
should involve elevating the population and economic urbanization intensity. This study offers insights into the impact of

urbanization on regional ecological risks and can provide references for ecological risk control in Beijing.
Key Words:; urbanization; ecosystem services; ecological risk; driving force; risk control; impervious surface coverage
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Fig.1 Land use classification in 2015 and elevation of Beijing
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Table 1 Urbanization types and the corresponding indicators
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+Hb3kT7fk Land urbanization B FER %

22554k Economic urbanization BN T GDP/(T5/km?)
A4k Population urbanization TV F A AT (A km?)

AHFFE AR S T AR 0 AR BN AT 2005,2010,2015 47 A 2 KRS H8 AT 3 238 T AL 48 Bm 19 23 [) 2L
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Table 2 Description of population urbanization intensification index and economic urbanization intensification index
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Different PUIL ( EUIL) values Corresponding situation Description
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HhTEH1 PU (EU)>ISC TR B K bW TR 30F 2 B D B £
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PUIL: A 3R fb 45 2935 4% Population urbanization intensification index; EUIl; £ 3% 3k i fb 42 2035 44 Economic urbanization intensification
index; PU; A\ 1 3% 17 4k ¥8 ¥ Population urbanization index; EU; £& V5 Ik T Ak 48 %0 Economic urbanization index; ISC: A% 7K i 3 R Impervious
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Table 3 Fitting results of Logistic regression coefficients in three years

Ay R R i K MR XA = A N}

Year R Tntercept Tmpervious surface coverage GDP POP

2005 0.720*** 0.241*** 3.142 (0.766) *** -0.004 (-0.092) ***  0.002 (0.178) ***
2010 0.741*** 0.170*** 2.928 (0.746) *** 0.001 (0.181) ***  —0.002 (-0.053) ***
2015 0.749*** 0.145*** 3.009 (0.783) *** 0.001 (0.129) ***  —0.001 (-0.032) ***
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Table 4 Permanent resident population and ISC in different districts of Beijing in 2005 and 2015 and the growth rate

UNCE 2PN IS RifK % »
#IX Population Population 1SC/ % ISC # K%
Districts ISC growth rate/%
2005 4F 2015 4F growth rate/% 2005 4 2015 4F
TR IX 86 90.5 5.23 91.34 89.58 -1.92
P X 119.2 129.8 8.89 92.55 93.00 0.48
R IX 280.2 395.5 41.15 68.78 73.86 7.39
FHKX 156.8 232.4 48.21 65.47 67.53 3.15
AslX 52.4 65.2 24.43 61.20 59.81 -2.27
T PE X 258.6 369.4 42.85 49.52 54.39 9.81
Pl X 87 104.6 20.23 13.64 17.19 26.02
T X 86.7 137.8 58.94 26.96 32.90 22.03
it S BX. 71.1 102 43.46 22.87 29.21 27.74
BT IX 78.2 196.3 151.02 18.28 22.04 20.51
KX 88.6 156.2 76.30 25.80 32.70 26.76
[13REX 27.7 30.8 11.19 4.28 4.67 9.11
X 322 38.4 19.25 4.12 4.56 10.62
THX 41.4 42.3 2.17 9.89 11.63 17.59
FHrIX 43.9 47.9 9.11 5.00 5.85 16.95
FEPEIX 28 31.4 12.14 4.14 4.79 15.89
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Fig.2 Residuals and R? of the linear regression models between ISC and the ecological risk index in Beijing in 2015
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Fig.3 Population urbanization intensification index of each district of Beijing in 2005 and 2015
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