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o 2010—2013 “ 1990—2013
0 _
2
Tab.2 Eco-security assessment index system for early-warning in Guizhou Province
C/(m?/ ) 160 ~600) 600 ~22000 2200~5200 5200~12000 12000 ~15000) 0.021 8
25° Cy /% 25 ~40) 20 ~295) 15 ~20 10 ~ 19 0~10 0.0229
Cy/(hm?/ ) 0~5.3 5.3~7.5 7.5 ~10 10 ~22) 22 ~30) 0.0356
Cy /% 1.5~2) 1~1.5 0.75 ~1) 0.5~0.75 0.2~0.5) 0.0370
Cs/% 0.5~0.9 0.6~0.7) 0.7~0.9 0.8~0.9 0.9~1 0.023 1
Ce/( ) (5000 ~10000 (2200~5000 (1200~2200 (600 ~1200 (0 ~600 0.026 7
C; 1% 0 ~40 40 ~60) 60 ~80) 80 ~99) 95 ~100 0.0311
Cg /% 0~13 13 ~23) 23 ~33) 33 ~43) 43 ~53 0.030 8
GDP C, /( ) 0.1~0.6 0.6 ~1) 1~2 2~3 3~8) 0.0355
Cyo 50 ~55 (40 ~50 (30 ~40 (25 ~30 (15~25 0.0321
Cyy /(km?/ ) 600 ~ 800 (500 ~600 (400 ~500 (300 ~400 (200 ~300 0.0117
Ciy /% 0 ~70) 70 ~80) 80 ~90) 90 ~95) 95 ~100)  0.0209
Ci3/% (4.5~5 (4~4.5 (3~4 (3~2 (1~2 0.0109
Ciy/% 10 ~20) 10 ~20) 20 ~35) 35 ~50) 50 ~200 0.0415
Cy5/% 4~12) 12 ~32) 32 ~42) 42 ~52) 52~62) 0.0210
/ Ci6/% (90 ~ 100 (70 ~90 (50 ~70 (30 ~50 0~30 0.030 3
Cis (3.9~5 (2.9~3.9 (1.9~2.9 (1~1.9 (0.5~1 0.022 0
Cyy 0.003 ~0.006 0.006~0.02) 0.02~0.03) 0.03~0.045 0.045~0.06) 0.043 1
Cyg 0.07 ~1 (0.05~0.07 (0.03~0.05 (0.02~0.03 (0~0.02 0.040 2
Coo/( 1) 0 ~ 1500 1500 ~2 500 2500 ~3500) 3500~5000 5000~10000) 0.012 1
GDP Cyy /% 0 ~33 33 ~39 38 ~43) 43 ~50) 50 ~60)  0.020 1
GDhpP Cy /% 14 ~16 (12~14 (10~12 (8~10 (0~8 0.042 0
Cy3 /% 33 ~39 38 ~43) 43 ~49 48 ~53) 53~60)  0.0309
Coy /% 70 80 (55 70 (40 ~55 (30 ~40 (15~30 0.011 6
Cys /% 0~33 33 ~43) 43 ~63) 63 ~83) 83 ~100) 0.0124
Cog /% 0~5 5~10 10 ~15) 15 ~20) 20 ~25)  0.0204
Cyr 1% 0.5~0.6 0.6~0.7 0.7~0.9 0.8~0.9 0.9~1 0.0315
Cpg /% 0~4 4~9 8~13 13 ~18) 18 ~25)  0.026 4
GDP Csy /% 0~0.1) 0.1~0.2 0.2~0.4 0.4 ~1) 1~1.6) 0.0437
Cro /% 33 ~43) 43 ~53) 53 ~63) 63 ~73) 73 ~80)  0.0307
Cy /% 0 ~45) 45 ~65) 65 ~80) 80 ~90 90 ~100)  0.0310
Cyp /( ) 0~0.3 0.3~0.9 0.8~1.5 1.5~2.5 2.5~3.5) 0.0144
GDP Cy3/% 12 ~22) 22 ~32) 32 ~39 38 ~42) 42 ~45)  0.0189
Cy(10*  /km?) 0 ~50 50 ~100) 100 ~200) 200 ~280) 280 ~600) 0.034 1
Cys/ 35 ~110 110 ~210) 210 ~260) 260 ~320) 320 ~400) 0.022 4
Cse /% 5.5~8 (3.5~5.5 (2.5~3.5 (1~2.5 (0.7~1 0.036 0
Cy/ 100 ~200) 200 ~350) 350 ~450) 450 ~600) 600 ~800) 0.023 2
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3 1990—2013
Tab.3 Comprehensive early-warning results of ecological security in Guizhou Province during 1990—2013
I I i} v v

1990 0.067 -0.375 -0.443 -0.512 -0.634 1 I
1991 0.102 -0.310 -0.3623 -0.412 -0.542 1 Il
1992 0.113 -0.187 -0.214 -0.347 -0.612 1 il|
1993 0.127 -0.220 -0.322 -0.403 -0.534 1 1
1994 0.132 -0.453 -0.206 -0.332 -0.444 I I
1995 -0.012 0.225 -0.332 -0.364 -0.401 1 1
1996 -0.101 0.176 -0.212 -0.232 -0.240 1 1
1997 -0.231 -0.113 -0.370 -0.380 -0.432 I il|
1998 -0.573 -0.296 -0.334 -0.476 -0.488 Il il|
1999 -0.297 0.155 -0.322 -0.376 -0.396 I 1
2000 -0.417 0.045 -0.160 -0.212 -0.333 I Il|
2001 -0.322 0.101 -0.228 -0.303 -0.360 I i}
2002 -0.101 0.131 -0.197 -0.223 -0.243 I 1
2003 -0.116 -0.019 -0.231 -0.332 -0.365 1 11|
2004 -0.116 0.063 -0.113 -0.288 -0.313 I 1
2005 -0.210 -0.101 -0.078 -0.132 -0.213 n I
2006 -0.421 -0.212 0.100 -0.312 -0.299 1l I
2007 -0.300 -0.216 0.114 -0.176 -0.206 I 1
2008 -0.143 -0.112 0.088 -0.190 -0.108 I I
2009 -0.506 -0.333 0.002 -0.217 -0.321 m I\%
2010 -0.321 -0.434 0.2315 -0.110 -0.228 I I
2011 -0.490 -0.332 -0.304 -0.210 -0.311 v I
2012 -0.523 -0.453 -0.213 -0.131 -0.227 v v
2013 —-0.440 -0.304 -0.211 -0.018 -0.220 v m

4.2 .

( 4) . 1990—2000
. 1990—2013
:2005—2010
2010
2 1990 0. 11 36 473 km® 2013
hm® 2013 0. 161 hm’ 30 238 km’.
46%  2000—2010

4.3

33
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4 1990—2013
Tab.4 Pressure early-warning results of ecological safety in Guizhou Province during 1990—2013
I 1 I I\ \% 1990 1995 2000 2004 2009 2010 2011 2013
(of -0.343 0.210 -0.598 -0.773 -0.465 1 I Il I I \% I\ \Y
C, 0.282 -0.553 -0.423 -0.709 -0.340 [ I Il I I I I Il
C, 0.554 -0.766 -0.807 -0.322 -0.254 1 1 Il I I \% \1 \
Cy 0.881 -0.403 -0.243 -0.432 -0.530 1 I i} I} I I} I\ \
Cs 0.179 -0.408 -0.549 -0.632 -0.289 [ il Il I} il| \% \ v
Cq -0.223 -0.776 -0.541 0.114 -0.733 v I \Y I 1] v v v
C, 0.126  -0.221 -0.302 -0.109 -0.544 1 I Il i} I I} \1 \
Cq -0.359 0.167 -0.505 -0.238 -0.665 1 m I\Y I} I\ % I\ \%
Co 0.102 -0.429 -0.343 -0.662 -0.292 1 I Il I} I\ 1 I\ \Y
Cyo -0.033 0.090 -0.089 -0.102 -0.123 1 I I I I \% I\ v
Cyy -0.120 -0.402 0.212 -0.338 -0.203 I I i} II I I} I\ v
Cp, -0.211 0.122 -0.389 -0.231 -0.109 1T I I\ I I\ | I\
Cy 0.020 -0.289 -0.390 -0.412 -0.233 I I Il [} I | I\ I
( 3) N 9.14% 2013  GDP 12.5%
GDhP N . - 1990
o 1990 19.24% 2013 37.8%
312 2013 5 650 o
28 N
33 . N
1990  GDP PR
5 1990—2013
Tab.5 State early-warning results of ecological security in Guizhou Province during 1990—2013
I I I} I\ \Y 1990 1995 2000 2004 2009 2010 2011 2013
Cyy 0.313  -0.440 -0.002 -0.655 -0.772 1 I Il I I | I\ v
Cys 0.010 -0.219 -0.301 -0.321 -0.201 | m Il I II I\ v
Cyg -0.213 0.102 -0.091 -0.290 -0.301 I I I v I I} I\ v
Cyy -0.201 0.311 -0.108 -0.322 -0.201 1T I I\ I I\ I I\ \Y
Cig -0.301 0.002 -0.212 -0.325 -0.302 I I I II I I} \1 v
Cyo 0.646 -0.309 -0.527 -0.612 -0.119 1 m I I II \% I\ \
Cap -0.564 0.155 -0.006 -0.210 -0.708 1T I I I il| I | I
Cyy -0.770 0.201 -0.332 -0.406 -0.558 I I Il II I\ \% \ \
Cyy -0.424 -0.209 0.476 -0.661 -0.003 I m Il I I I il| I
Cos 0.115 -0.308 -0.002 -0.410 -0.172 1 I Il I il| i} I\ v
Coy 0.201 -0.322 -0.432 -0.403 -0.551 I Il i} I} I I} \1 I
Cos 0.188 -0.003 -0.306 -0.512 -0.232 I \Y I I I} I\ v
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6 1990—2013

Tab.6 Response early-warning results of ecological security in Guizhou Province during 1990—2013

20013 I 1 v v 1990 1995 2000 2004 2009 2010 2011
Cog 0.115 -0.673 -0.430 -0.565 -0.112 1 1 m v m 11| v Vv
Cyy -0.502 0.232 -0.089 -0.603 -0.544 I I Il i} v v \Y \Y
Cog 0.121 -0.893 -0.773 -0.565 -0.221 1 m v i} I I i} I
Cyo 0.023 -0.343 -0.462 -0.141 -0.335 1 | I I m 11| v v
Cs -0.723 0.530 -0.423 -0.212 -0.622 I I I I} v I v 1%
Cy 0.210 -0.233 -0.453 -0.407 -0.667 1 m m i} I v v v
Cs, -0.824 0.632 -0.006 -0.512 -0.853 1 I I I I\ 1 m 1
Cy3 -0.435 0.111 -0.707 -0.356 -0.521 I I il| I v i} | 1%
Csy -0.370 -0.201 0.039 -0.201 -0.350 m | I i} m v v I
Css 0.123 -0.102 -0.201 0.339 -0.265 1 ! 1 1 v | v 1
Csq -0.20 0.201 -0.099 -0.522 -0.202 I | il| i} | v Iil! Vv
Cyy 0.204 -0.234 -0.557 -0.677 -0.343 1 I I I I m v
4.4 (5) 2014—2020
( 6) . ( 7
GDP . .
N 1990—2013 7 2014—2020
. 1990 Tab.7  Probability prediction of ecological security warning index
329% 2013 in Guizhou Province from 2014 to 2020
78.4%; 1990
0.03% 2012 1.21% 2014 0.140 1 0.152 1 0.287 9 0.281 6 0.138 3
. 2015 0.1259 0.192 0 0.290 8 0.2811 0.110 2
1990 16. 6%0 2013 2016 0.180 9 0.201 3 0.261 0 0.271 2 0.085 6
5.9%0 R 2017 0.127 0 0.130 2 0.273 0 0.288 0 0.181 8
2018 0.168 4 0.190 2 0.260 1 0.278 0 0.103 3
¢« ” . 2019 0.150 5 0.203 4 0.298 0 0.247 17 0.100 4
2000—2010 2020 0.110 2 0.201 1 0.292 1 0.270 2 0.126 4
73 179.01 km® 55 269.40 km*; 2012
55.32% 31.37% 7 2014 2015
1990 25.3% 2013 0.287 9.0.290 8
48% . 1990—2000 0.281 6.0.281 1 2014 2015
5.3% 2000—2013 “ m” “
2008 " “© N
78 2013 :2016—2018
4 826 km’ 0.271 2.0.288 0.0.278 0
2016—2018 «
o v” “ "+ 2019—2020
4.5 0.298 0.

1990—2012 0.292 1 0.247 7.0.270 2 2019—
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Early-warning Model Based on Extension and Markov

for Ecological Security in Guizhou

PAN Zhenzhen' SU Weici' 2? WANG Jianwei®

(1. Geography and Tourism College Chongqging Normal University Chongging 400047 China;
2. Institute of Mountain Resources of Guizhou Province Guiyang 550001 China;
3. Key Laboratory of Earth Surface Processes and Environmental Remote Sensing in Three Gorges Reservoir Region Chongqing 400047  China;
4. State Key Laboratory of Biogeology and Environmental Geology China University of Geosciences Wuhan 430074 China)

Abstract: Based on the related data of ecological security in Guizhou Province from 2002 to 2012  this paper con—
structed an early-warning index system for Guizhou Province China from three aspects: pressure state and re-
sponse. Testing early warning degrees of ecological security in Guizhou Province from 1990 to 2013 by using the
method of punished variable weight and extension analysis model forecasting ecological security state in Guizhou
Province from 2014 to 2020 by the Markov model. The results indicated that: 1) The security grade of Guizhou
Province from 1990 to 2013 are divided into: Huge alarm converting into Heavy alarm Heavy alarm converting in—
to Medium alarm Medium alarm converting into Light alarm Overall the level of ecological security showed an up—
ward trend and the indicator light turned from “red” to “pending”.2) The warning degree will be Medium alarm
and Light alarm in Guizhou Province from 2014 to 2020 the indicator light will be “Yellow” and “Blue” But it has
the trend of deterioration. 3) The main factors which influence the ecological security of Guizhou Province include
natural population growth rate net income of rural households GDP growth rate proportion of Rocky desertifica—
tion improvement rate of soil and water loss. These are focus of ecological security regulation in the future. These

findings could provide a reference for ecological security maintenance for Guizhou province.

Key words: Extension and Markov model; ecological security; early-warning model; Guizhou province



