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Classification of ecological risk warning levels and simulation of evolutionary

trends in Chongqing Municipality

CAO Jiameng, GUAN Dongjie* , HUANG Danan, YIN Boling, HE Xiujuan
School of Architecture and Urban Planning, Chongqing Jiaotong University, Chongging 400074, China

Abstract; The level assessment on the ecological risk early warning and the simulation on evolutionary trend can provide
reliable auxiliary decision making for the ecological risk management. Taking into account the Driving-Pressure-State-
Impact-Response model, this paper establishes an index system for ecological risk early warning to quantitatively analyze the
temporal and spatial differentiation characteristics and evolution trend of ecological risk in Chongqing Municipality, using
the normal cloud model and the set-pair analysis method. The results demonstrate that; (1) from 2013 to 2019, the
ecological risk value of Chongqing presented a “rise-decline” fluctuation trend, and the comprehensively ecological risk was
ranked as heavy warning level, while the comprehensive ecological risk value decreased from 0.295 to 0.278, denoting that
the ecological environment had been improved. (2) There were five evolutionary trends of ecological risk in Chongging:
decreasing, unchanged, increasing-decreasing, decreasing-increasing and always increasing, accounting for 39%, 16%,
5%, 21% and 24% of all regions, respectively. (3) The ecological risk transferred to ward two orientations in Chongging.
From 2013 to 2016, the medium-alert, light-alert and no-alert risk areas continued to spread to the northeast, southeast and
west of Chongqing, which intensified the spatial differentiation of ecological risks; whereas from 2016 to 2019, the high-

alert risk areas were concentrated in the east, suggesting the little change in the ecological risk distribution pattern. (4) The
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simulation results of evolution trend revealed that 13 counties, accounting for 34% of all areas, would experience the
declining ecological risk and subsequently improving ecological environment in Chongqing in the future; additionally 25
counties, accounting for 66% , would maintain the deterioration of ecological environment to small extent. The combination
of ecological risk classification with early warning evolutionary trend can contribute a scientific basis to urban ecological risk

management.

Key Words: ecological risk assessment; warning; normal cloud model; set pair analysis
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Fig.1 A schematic diagram for DPSIR model structure
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Table 1 An index system for ecological risk early warning in Chongqing

REINE bR fEbR it B

Evaluation system Evaluation indicator Index description Weight

Kz 1 A#) GDP FAEALSZBKT 0.0701

Driver UNEE; S FAEN oA 0.0158
WL FAETT K 0.0731
il S A FAEAE 23K T 0.0205
Fickll S R T o [ 0.0322

£ 2R AR R WIS Y R 0.0417

Pressure PR L Tl AR VS 2 it S ERE IR AR L ) 0.0197
LG SIS R il 0.0276

W& A K FAEAE T T it 0.0403

State BT RN ) B FAEE KT 0.0405
AR 35 J2 e A 45 o DR ZS 0.0489

AL TP T FRE S AL FAENR T EB RGE M 0.0243

Impact RS W R AL R 0.0553
BEL S5 W WL e AL e 0.0258
LT R T WILERE B2 A 4 J A 34 0.0428
Shannon's ZFEHEFEEL S W 5 W 22 RPN e 0.0261

M 1 b AR 5 e DX B T 7 LA R R 0.0530

Response H=7"i5 GDP [LE S WIER Y77 Ml 54 ) 0.0656
TR R e X I 5 i) 0.0764
AR X T R Wk £ k55 ie 1 0.0877
MR REL 52 e XS T 7 A R R 0.0456
NS SR E R RE T 0.0672

F2 ESKEFRERIRRE
Table 2 Indicator criteria for ecological risk early warning
- US4 4% Risk classification
£t
Indicator Ei K i e e
Serous-alert High-alert Medium-alert Light-alert No-alert
4 GDP

g;f’jcapila GDP/CNY [28011,47318] (4731864284 (64284,90889 ] (90889,138718]  (138718,196816]

Zﬁiﬁzm e/ [36.51,38.41] (3841,52.17] (52.17,64.08] (64.08,71.27] (71.27,100]

;Ji :’jdj iimms 1083 [0.10,2.45] (245,7.69] (7.69,15.27] (15.28,24.32] (24.32,44.60]

fj}{’; ﬁiﬂfﬁfi Eiy industry in GDP/% [32.80,40.70] (40.70,48.20] (48.20,55.20] (55.20,68.20] (68.20,90.60]

i YN SEI AN

Per capita disposable income of [26958,30466 ] (30466,35322] (35322,38396 ] (38396,41096] (41096,44209]

urban residents/ CNY

iﬁiiﬁi with good aie/d [281,298] (298,311] (311,324] (324,342 (342,354]

LHEE [0,0.08] (0.08,1.34] (1.34,2.27] (2.27,2.9] (2.99,3.93]

Road density/ (km/km?)
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- KU ZE9% Risk classification
£t —
dicator R T s o I
Serous-alert High-alert Medium-alert Light-alert No-alert
25 th— S AV R
oo Rk ., (17,21 (14,17] (11,14] (8,11] [6,8]
Sulfur dioxide concentration in the air/ (pug/m’)
ARl
1 4 294, 4 130, 2 1
Consumption of chemical pesticides/t (698,1795] (490,658 (294,40] (130,294] [0,130]
o 2
FRMBLE R [31.20,38] (38,47.40] (47.40,55] (55,64.50] (64.50,70.20]
Forest cover rate/%
RS
A &E . N (3032.06,21917.39] (974.95,3032.06]  (516.46,974.95] (281.65,516.46] [76.47,281.65]
Population density/ ( A/km?)
RIS
Rl W o (224.57,463.50] (109.01,224.57] (74.11,109.01] (42.20,74.11] [8,42.20]
Total tourist revenue/10°CNY
FUBLLL L Tl REIH 2 B
Energy consumption of enterprises
above designated size by region/ 1000 tons of (479.61,989.64] (282.26,479.61] (135.68,282.26 (50.60,135.68] [2.10,50.60]
standard coal
ERY S
ERERAR . . " (7120,9209] (4334,7120] (2835,4334] (2033,2835] [972,2033]
Water consumption for living/10%t
pisy B3
ﬁl?ﬁiﬂk? (4,5.50] (3.40,4] (2.79,3.40] (2.10,2.79] [1.62,2.10]
Registered unemployment rate/ %
5 g ¥
Bﬂiﬁﬁ},\lﬁ,@jﬂz . (1.29,2.18] (0.99,1.29] (0.67,0.99] (0.40,0.67] [0.19,0.40]
Coefficient of patch area variation
b
%%E}Dﬁ [36.50,41.77] (41.77,45.30] (45.30,49.01] (49.01,56.45] (56.45,68.28 ]
Contagion index/%
LT RO
XLET}—Eﬁ [21.53,25.46] (25.46,33.91] (33.91,38.02] (38.02,46.71 ] (46.71,59.06]
Sprawl index/ %
L , e b3
Shannon's ZFHHERAL 10,0661 (066,1.46] (146,1.72] (172,189 (1.89,2.04]
Shannon’s diversity index
BN
. ) [0,19500] (19500,71900] (71900,105900] (105900,146700]  (146700,205200]
Cultivated land/hm
BE
0.24,0.35 0.19,0.24 0.17,0.19 0.13,0.167 0.10,0.13
Patch density/ (3&/100hm?) ( ’ ] ( ’ ] ( ’ ] ( ’ ] [ ’ ]
AR TR
KT [500,2500] (2500,4400] (4400,7500] (7500,15000] (15000,30900]

Build-up land/km?
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Ex;=(x; +x))/2 (3)
Ao AR BRI J o Fabs i BT i A 25 XU SR 20, B, R AR b i AR XU S5 0 1128, X B0 X, T o
ABUEAER P AL A A S AF A I FHE TR ¢ A FHE SRR T A A AU A,

(95,'!i - x?_

exp| — /712 =0.5 (4)
8 (Enij)

En, = |xf - x) /2355 (5)

2 En R ZHEARAE XTI A 25 XU ST (A

FEW He R o iMILAE N = 2 WA ORE B, A nT L = T S R R o= TSR, B A T Rk == L A
FOREBEBUA , AR S8 L He = 0.01, ARAEFE 2 Has BB hR S5 2%, i 3 (3) AR (5) A 455 A A 301 S g
HEERWE 3,

R3 ESRERERERESZREMBENE
Table 3 Expectation and entropy of normal cloud models for ecological risk warning indicators

U 252 Risk classification

£ s s ik i 1%
Indicator B o e ®BE o
Serous-alert High-alert Medium-alert Light-alert No-alert
¥ GDP (37664.50, (55801, (77586.50, (114803.50, (167767,
Per capita GDP/CNY 8189.30) 7204.25) 11297.24) 20309.55) 24670.06)
AR (37.46, (45.29, (58.13, (67.68, (85.64,
Urbanization rate/% 0.81) 5.84) 5.06) 3.05) 12.20)
KB (1.28, (5.07, (11.48, (19.79, (34.46,
Total water resources/10%m? 1.00) 2.22) 3.22) 3.84) 8.61)
5= GDP L (36.75, (44.45, (51.70, (61.70, (79.40,
The proportion of tertiary industry in GDP/% 3.35) 3.18) 2.97) 5.52) 9.51)
WU R T SR A (28712, (32894, (36859, (39746, (42652.50,
Per capita disposable income of urban residents/CNY 1489.60) 2062) 1305.31) 1146.50) 1321.87)
R R KA (289.50, (304.50, (317.50, (333, (348,
Number of days with good air/d 7.20) 5.52) 5.52) 7.64) 50.10)
0.71,
N v (0.04, (()54> (1.81, (2.63, (3.46,
Road density/ ( km/km?) 0.03) ’ ’ 0.39) 0.31) 0.40)
23 AR A B (19, (15.50, (12.50, (9.50, (7,
Sulfur dioxide concentration in the air/ ( Lg/m>) 1.70) 1.27) 1.27) 1.27) 0.85)
A2 &= (1246.50, (594, (392, (212, (65,
Consumption of chemical pesticides/t 465.82) 88.32) 83.22) 69.63) 55.20)
PR 5 % (34.60, (42.70, (51.20, (59.75, (67.35,
Forest cover rate/ % 2.89) 3.99) 3.22) 4.03) 2.42)
NEE: S (12474.72, (2003.50, (745.70, (399.05, (179.06,
Population density/ ( A/km?) 8019.25) 873.51) 194.69) 99.71) 87.13)
i S (344.06, (166.79, (91.56, (58.16, (25.10,
Total tourist revenue/108CNY 101.46) 49.07) 14.82) 13.55) 14.52)
KA b Tl e R T 2 S i
Energy consumption of enterprises above (479.61, (282.26, (135.68, (50.60, (2.10,
designated size by region/1000 tons of 989.64) 479.61) 282.26) 135.68) 50.6)
standard coal
AR K (8164.50, (5727, (3584.50, (2434, (1502.50,
Water consumption for living/10*t 887.05) 1183.01) 636.52) 340.55) 450.53)
gkl (4.75, (3.70, (3.10, (2.45, (1.86,
Registered unemployment rate/% 0.64) 0.25) 0.26) 0.29) 0.20)
PRSI FAR 5 R B (1.74, (1.14, (0.83, (0.54, (0.30,
Coefficient of patch area variation 0.38) 0.13) 0.13) 0.11) 0.09)
R (39.13, (43.53, (47.15, (52.73, (62.36,
Contagion index/ % 2.24) 1.50) 1.57) 3.16) 5.02)
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- U 252 Risk classification
$E ﬁ: HE HE L HE HE
Indicator X B rh Lt Jo
Serous-alert High-alert Medium-alert Light-alert No-alert
LI BEHR R (23.50, (29.69, (35.97, (42.36, (52.88,
Sprawl index/% 1.67) 3.59) 1.74) 3.69) 5.24)
Shannon's Z 145 L (0.33, (1.06, (1.59, (1.81, (1.96,
Shannon’s diversity index 0.28) 0.34) 0.11) 0.07) 0.06)
Lo AR (9750, (45700, (88900, (126300, (175950,
Cultivated land/hm? 8280.26) 22250.53) 14437.37) 17324.84) 24840.76)
B M (0.30, (0.22, (0.18, (0.15, (0.12,
Patch density/ ( ¢/100hm?) 0.05) 0.021) 0.12) 0.02) 0.03)
A IX AR (1500, (3450, (5950, (11250, (22950,
Build-up land/km? 849.26) 806.79) 1316.35) 3184.71) 6751.59)

) IREA R E

e 3 YR SRR AIRACA Python 2.7 95 Y IE 6] 25 A2 A i, SRIBUAE 285 XURS: 4% 18 s AH L 8 19 25 Y
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TEPR SN BEEN 3000 U, TIPS (B0 AR 0 T AN RV E S B iR R m L

y
Y, = D yi/N (6)

m=1

b YRR AR | T N G IR I A 25 KR A5 21 j 1 PSR BE 5y, /R385 Python 2.7 715 m 1K1Y
FEAT @ FEANTRIAE S XU A5G0 SR B Rl e oA SR Ja 2 D U1 g S8 o T g 1 A 245 IR 1
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F KA X — X R — 1 22 SR S e e R HER R

Ko =atbXiteXj (7)

o w, WIRFRE u, € [ -1,1] 50 Fn BAT MRS ERFREE  RIF] — B2 b N2 578 50 XS 5a b [RAIE
BHWRE a+b+c=1;i NESFBEREH e [-1,1];j X7 B REG R RIS SE R BEAHN A, BRI
R .

(1) PEH S5 i €

AR A 2 XU Y 16 28 B, T LAAR SR T2 23 I A ) o 5 AN 452%, Te 2 [1,0.6] ;427 :[0.6,0.2 ] 5
HE:[0.2,-0.2]; %[ -0.2,-0.6] ; HE.[-0.6,-1],

(2) $BARIR R BE T
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Fig.3 Change of ecological risk warning level in Chongqing from 2013 to 2019
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Fig.4 Degree of ecological risk change in northeast Chongqing
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Fig.6 Degree of ecological risk change in southwest Chongqing
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Fig.7 Simulation analysis of ecological risk evolutionary trends in Chongqing
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