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Abstract: Rapid urbanization processes result in the losses of ecosystem services in the surrounding areas of cities and
cause ecological risks. Currently, there is a lack of ecological risk characterization methods for urbanized areas based on
ecosystem services. This research developed an ecological risk characterization method based on ecosystem service values,
which use multiple ecosystem service types as the ecological risk assessment endpoint. Moreover, we applied this risk
characterization method to evaluate the ecological risks in Beijing and analyzed the uncertainties and the parameter
sensitivities in the risk assessment. The results of the case study show that the ecological risks can be separated into five
levels according to the frequency distribution of the ecological risk index values in Beijing in 2015. The mean values of the
risk index was 0.64, meaning that the ecological risk was overall at the low level, but very close to the middle level in
Beijing. The areas showing low and very low risk levels occupied about 50% of the total area of Beijing, distributing mainly

in the west and north of the region; the areas presenting high and very high risk levels accounted for about 20% of the total
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area of Beijing, which were mainly distributed in the central areas of the region. Overall, the ecological risks exhibited an
apparent spatial heterogeneity and urban-rural gradient characteristics in Beijing. Moreover, the ecological risks showed a
generally similar declining trend to the artificial surface ratio from the urban areas to the rural areas in space. The spatial
pattern of ecological risks implies that the expansion of the urban areas in Beijing caused the decline of the ecosystem
services in the surrounding areas, which led to the increase in ecological risks. The proposed ecological risk index exhibits a
highly significant linear relationship with ecosystem service equivalent weight factors and therefore, can be used to estimate
the total value of ecosystem services. The calculation generates results with small variations using the risk index proposed in
this study to estimate the ecological risk in a region with fixed land use composition, meaning that the proposed ecological
risk index has a relative high reliability. The method proposed in this study can comprehensively characterize the ecological
risks in urbanized areas and generate results that are easy to understand for decision makers, and therefore, has potentials to
be applied in the practice of risk assessment and management. Future studies using the ecological risk index we propose
need to choose more reliable methods to calculate ecosystem service values, so as to obtain more accurate risk assessment

results.

Key Words: ecological risk index; beijing; value equivalent factor; risk level; Monte Carlo simulation; uncertainty

analysis

FETEE 2 40 ARy T PGEI T AL A R, FEAE S A5 3 DXCRE S 2R B DR R TR A [RT IS 0 DX A 25
BEre A TR AR AR P A T P A (R Vs Yo i i T AR S RS DB AR
AU A 5K B T P I AR R TR AR A HARECE B RS R G AT R, SOULBE SRR, I
WA RGMRS BT, WA B0 A 25 R G AR AR AT R 2= O R s el T

Sl T A ) A 25 XU SR AR Il T 22 55 A Je I DX A B ARl T A 28 A 7 A TR T 2l i 3 B A A8 R G 55 1 A A2
Pl XeF A ZS At B s S R S R R T BB 3o e Tl i A A 2 XUBS B9 5 S R4 v 7 - b R
AL ANIRGE 15 Y A J7 T - (1) LADK 05 WA R A Dy AR 285 IRURS: PN 28 i, 6 7 S5 WL B0 -+ A T 28 845 03
Py 25 IR 8 5, FE A STA b ) P 28 Al ok 14 2 25 R 0 32 45 A KU T 5 (2) Sl A s i v oK Vs e )
(1HI IO T A e R R X 3l 25 R e T RE R 1 DL IR A XU B ¢ s A HUR A E S R SR
B FhIE BGOSR ASRELR G b S M T A S X IR AR ) 2R 25 KU K-

ARG S5 B8 A 25 R GE R R (VAN 7 RE % B O AP e e m vk, LA TR U DA 45 2R
1T R DRSR AU, 2 B A 2 KU T A 28 1 AR LAAE 25 3R G IR 551 g 26 25 KU IPA 26 AR
GG %  Thomsen 55" SeF H3EAE S RG M IS A T H 5075 Y 25 25 KUK PPASG ME A5 s Munns 251 42
H T LUV R GRS AR IR A St A 25 AU P A0 AR BEUR IR AT A A AE A HE A s W SO A 0 4R T
TAS RGNS 1 FVES S TPAHESL . SEEIIFSE 5 1, Kang %2V B & XA S R GRS MEFAAES R
G T AN T T BI04 2 25 XURS: s Pl 252 5 FAL G0 LR 52 SO A 25 3R 2 IR 55 1) A4k 40 M 555 B3 R XL
VA B R WA I T, DA T AN O 255 AR A U K- o SR, H FITE T AR 28 R G IR 55 1Y A 25 XU
PR BFTEAT AL T AL B B, A DG KU RAE DT ik A F S IR AR B =, A, ol Tk 2 ] A 25 28 G0 I 55 4 5G9 IXURS:
(L, i A5 8 9 XU, R SR AE D7 I AN RBSE H o PRI , R B0 PS80 45 B R TP HE 2R B S B i B, 552 451
e s

BEXF ARSI R  AWTSE B TR SIS T i A X i T AR S R GE R S5 1 AR S B RN T ik .
LRI A S R GRS A BN A SR AL H, 22 TOPSIS (Technique for Order Preference by Similarity to
an Ideal Solution) A (L4 MR ESTR) , LAAS 0] L4284 38 R G R 55 I (8 00 e RV AR M XU =% {H, 14
T RS KBRS TRE N T LR R G SS PP 2 s 9 A 28 KU R AE D7 k| T A i) 7 vk a0 A 1
FU T A AR 2 KUK 5 B ol FH RS T SR IR I AL AR AN 5 e A R 2 BB e o A ) A 25 XU 5 i) v

http ; //www.ecologica.cn



9 1 IR A5 T A S AR GRS 3T A DX 3 A 285 AU AR T v 5 3345

AT T 5H7
1 HRF*

1.1 S KBS HELS

A 25 XU DAk FE 2 = B A 55 ) AU i XU 43 B R RUBS: FAE =i B ARBIFSE S 1 () S 3k i Ak X A 25
RGMRSS T I RS I - b 5K IR DX el 3l i e o R e B S A R i AR W5 3R I - b ) AR
IS BUER RGNS AR EZE R R 5 DR 3k i fhe X 3l g JXUS: P2 2 82 S 3o T Ak ok 1 = b ) P 25
NZETE Bl FH LA KU DA ¢ SR IR S R G MR S5, MRS5S [ AU J 3 77 A AR AR 23800 (BT 1)

TR
RURHHE R&2 PR
Sk L | | HA-ZE-ERE [ | S A
45 N 2352 BEARYS FHS
R4
AR E AN
B FY T TTH - EARBIRS TG
eI
R AT
ARG Bk B Bk

B 1 ETESRERSHE T RKEBESREITNERIER

Fig.1 A basic ecological risk assessment framework for urbanized areas based on ecosystem services
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Table 1 Equivalent weight factors per hectare and weights of various ecosystem services
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Fig.3 The frequency histogram and normal distribution fitting curve of ecological risk index
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Table 2 The training results of the Gaussian mixture model
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Table 3 Test results of normal distribution for every mode
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Table 4 Ecological risk levels and the corresponding risk index ranges
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ecological risk index ecological risk index

AR Very low risk level 0—0.39 RS High risk level 0.81—0.89
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Table 5 Statistical description of Monte Carlo simulation results
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