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Study on early-warning model based on variable weight-matter element analysis

for ecological security in old industrial bases: a case study of Jilin Province
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Abstract: At present, China is actively promoting the ecological civilization construction and the ecological security is an
important part of ecological civilization construction. Early-warning is a key content of ecological security research, which
can make an evaluation, prediction and alarm for the changes of the regional ecological environment quality and social
economy coordinated development. It also has a significant meaning in maintain the regional ecological security. Early-
warning of ecological security research for old industrial bases has a certain particularity and typicality. This paper selected
Jilin Province as the study region; constructed an ecological security early-warning index system by employing the
“Pressure-State-Response” ( PSR) and “ Ecology-Environment-Economy-Society” ( EEES) model. Then we used the
variable weight and matter element analysis model to estimate the early-warning level of ecological security of Jilin Province

from 1991 to 2011.At last the grey system GM (1,1) model was used to predict the regional ecological security trend of Jilin
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Province in 2015 and 2020. The results indicated that; (1) The overall level of ecological security showed an upward trend
in Jilin Province in 1991—2011, the warning degree rose from “huge alarm” to “light alarm” and the indicator lamp
turned from red lamp to blue lamp; (2) In 2015, the warning degree will be “light alarm” and the indicator lamp will be
blue. In 2020, the warning degree of Jilin Province will be “no alarm” and the indicator lamp will be green. But it has the
trend of turning into “light alarm”; (3) The main factors that restrict the improvement of ecological security of Jilin
Province include Consumption of chemical fertilizer per hectare cultivated land, Urbanization, Per capital water resources,
GDP growth rate and Primary industry production per GDP, Which are the focus of ecological environment protection in the
future. This study will provide a reference to achieve economy-ecology-society sustainable developing of Jilin Province. So,
we may take some necessary measures to guide rationally consumption of chemical fertilizers; to improve agricultural
production technique and adjust agricultural structure further; to follow a new path of industrialization and reduce the energy
consumption; to change economic growth patterns and promote a energy-saving and emission reduction; to accelerate
development of green economy and circular economy ; to save water and promote water-saving technological in key industrial
areas; to control water pollution in key basins, and at last to realize coordinated development between industrialization,
urbanization, agricultural modernization and ecological environment protection. The forewarning model of regional ecological
security that used in this study combined variable weight theory with matter element analysis. It not only reflects the role of
factors changing in the regional ecological security early-warning, meanwhile, it can analyze the alert-situation on the single
factor and pay more attention on the adverse factors that affected the ecological security. It can also integrate the evaluation
results of single factors estimate and alarm the ecological security of the whole region and realize the function of regional

ecological security early-warning more preferable.

Key Words: variable weight theory; matter element analysis; early-warning of ecological security; Jilin Province
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Table 1 Early-warning index system of ecological security in Jilin Province

F ] HE] G| REN TEV
Huge alarm Heavy alarm  Moderate alarm  Light alarm No alarm
(4fa) (#8f) (Hfh) (#ifn) (%kfa)
Red Orange Yellow Blue Green
REAES A% E  ESEH AEHEE C (10*'mY ) [0.053—0.16) [0.16—0.20) [0.2—0.21)  [0.21—0.23) [0.23—0.26)
LEWE  EI(F) (1) NFKRIE Co(m¥ N) [1140—1181) [1181—1305) [1305—1494) [1494—2503)  [2503—2550)
(E) AL GDP REFE C4(t BrRifEE) (648—7.71] (4.29—6.48] (2.59—4.29] (1.45—2.59] (0—1.45]
T A3 H AT K C,(L) (141.82—152417 (131—141.82] (121.26—131] (113—121.26] (100—113]
RS BUBREAREIE AT C5(L)  (850—1200]  (630—850]  (450—630]  (225—450] (1—225]
7 A 24 61 fi ,
) PAPRLEBAR A C(ky/ (15—20] (10—15] (6—10] (3—6] (0—3]
10*m?)
Jit GDP Tk % 7K HE i %
90—120] (60—90] (30—60] (10—30] (0—10]
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Ex- 3| HET T RN P al
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Red Orange Yellow Blue Green
Ji ot GDP Toolb Ak 7 W HE ik - - Ot 0.05—0.1 0005
I Cy(V/10T) (2—4] (1—2] (0.1—1] (0.05—0.1] (0—0.05]
ZKES GDPHIKE Co(%) (30—40] (20—30] (12—20] (7—12] (0—7]
(K) ZPEE C (109987 km?) [1—55) [55—105) [105—200)  [200—300) [300—600)
A¥GDPC,, (7T) [1000—6000) [ 6000—10000) [10000—20000) [20000—30000) [ 30000—80000)
HaEh  ANH#E C,(Akm?) (500—800]  (350—500]  (150—500] (80—150] (1—80]
(L) ANHARIKE C 5 (%0) (5—8] (3—5] (2—3] (1—2] (0.7—1]
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ST DX B B R 7 AR
Co(dB(A)) (65—100] (60—65] (55—60] (50—55] (0—50]
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(0) 55k GDP HE C,y(%) [1—35) [35—40) [40—45) [45—50) [50—60)
RENIHAMA Cp5(TT) [0—2000)  [2000—3000) [3000—5000) [5000—10000) [ 10000—17000)
?Efi?j\mj XA [0—3000)  [3000—8000) [8000—15000) [15000—25000)  [25000—35000)
s WEEICRLE Cy(%) (4.5—5] (4—4.5] (3—4] (3—2] (1—2]
(P) NBETH Cpg(kg/ N) [400—600)  [600—800)  [800—1000) [1000—1200) [ 1200—1400)
RELRATE 4000—4500)  [4500—5500) [ 5500—6500) [ 6500—7500 500—8000
T ALK
Co(kn/ 10°m?) [0—1) [1—2) [2—2.5) [2.5-3) [3—3.5)
RS REmN AABIBER 5 (m*/A) [3—5) [5—6) [6—8) [8—10) [10—12)
R (H)  (Q) BB C3y(%) [10—15) [15—25) [25—30) [30—35) [35—60)
KR :
AR PR AP DX I A i L 1 [5-8) [8-10) [1015) [15-20) [20-25)
C33( %>
325 Heyh |
KGR H AR LA [0—5) [5—10) [10—15) [15—20) [20—25)
C34(%)
sy Tl EEEDRHR Ci5(%) [0—40) [40—50) [50—60) [60—70) [70—80)
(R) T B AKIBARHERCR Cy6( %) [0—50) [50—66) [66—80) [80—90) [90—100)
T5KEF AL BER O (%) [35—45) [45—55) [55—65) [65—75) [75—85)
VB =5 %
S RREN AR [20—40) [40—50) [50—60) [60—80) [80—100)
Cs(%)
25 Wi Hﬁ(&%)ﬁ&' CDP 1L [0—0.1) [0.1—0.2) [0.2—0.4) [0.4—1) [1—1.6)
(8) Cso( %)
B GDP HE Cy0( %) [10—20) [20—30) [30—36) [36—40) [40—45)
(R&D) i 5 GDP tE [05—0.8)  [0.8—091) [0.91—1.01) [1.01—1.2) [1.2-22)
Cy(%)
amp  LlERAR Ch(10°0) [30—70) [70—90) [90—95) [95—105) [105—150)
(T) HIBFREE Cys(%) [0—35) [35—45) [45—65) [65—85) [85—100)
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EE- 3 HE] P REN TEV
Huge alarm Heavy alarm  Moderate alarm  Light alarm No alarm
(4fa) () (Hfh) (Wifn) (56)
Red Orange Yellow Blue Green
ML NG Coy( %) [35—40) [40—45) [45—50) [50—55) [55—65)
HAANKEEENC,5(N) [30—100)  [100—200)  [200—250)  [250—300) [300—350)

A:Object layer;B:System layer;C;Type layer; D :Index layer; E:Regional ecological security Early-warning;F: Ecological security pressure; G: Ecological security state;

H: Ecological security response;1: Ecological pressure;]:Environmental pressure;K:Economic pressure;L; Societal pressure;M: Ecological state; N: Environmental state; 0.

Economic state;P; Societal state;Q: Ecological response;R: Environmental response;S: Economic response;T: Societal response
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Table 2 Criterion of regional ecological security early-warning classification
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Warning degree

Characteristic of ecological security

Indicator lamp
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Table 3 The pressure index correlation and classification of ecological security in Jilin Province from 1991 to 2011

i?‘iizlion N, leiﬁ#.%ffm I;jmre mde;v4 5 1991 1995 1996 2000 2001 2005 2006 2010 2011
K,(Cy) -0.001 0.002 -0.285  -0.333  -0.412 I I | | | I v \ \
K(Cy) -0.338 0.343 -0.494  -0.764  -0.939 I I il| I\ v WV Il \ |
K (C3) 0.001  -0.996 -0.997  -0.998  -0.999 I I il| vy NV N v \ v
K(Cy) -0.534  -0.362 -0.083 0213 -0.25 vV I I I Il I I\ v
K(Cs) -0.279 0 0.001  -0.24 -0.415 I Il | 1 | 1 Il ] |
K;(Co) -0.867  -0.800 -0.667  -0.333 0.334 \Y \ |\ | I\ il| | il|
K (Cy) 0.020  -0.979 -0.989  -0.993  -0.995 I [} il| vy NV N v \ v
K;(Cy) 0.273  -0.727 -0.818  -0.860  -0.862 I || 1 1 | I} il| | il|
K(Cy) -0.701  -0.551 -0.252 0.396  -0.181 \Y | I m NV W I I
K;(Cyy) 0.439  -0.561 -0.772 -0.881 -0.921 I 1 I I m m I\ \ \
K(Cyp) 0.176  -0.824 -0.902  -0.954  -0.969 I I I || I m m Y \
K(Cyy) -0.739  -0.627 -0.126 0268 -0282 IV N N N N N N N I\
Ki(Cy3) 0310  -0.69 -0.814  -0.845  -0.867 I I I || I m m I I\
K(Cyy) -0.558  -0.393 -0.028 0.07 -0.277 N I} il| I} il| I} il| | il|

3.1.2 RERGAS L EWERNHT

HARAS RGEERANFR AR 1 W) JC 20 BT 25 R vl o (3%
4) , ZIE RGN RS RS, FRE R A
SRIFEZ KA E R A A 3 R mT
SCRCHA AL AL A K S48 J7 THE 1991—2011 4F
[ P S 2 2 N TR S R Y T R g, R BE P &R
PR RS S B —E i srsk e, R
W TR < =67 B MR B SRR e , (A5 AR AR
RN 1991 4E 9 37.91% 14 m F) 2011 4E
43.7% . 1A SRIE 52 9 TR LY F 110 T 24 46 ) 4 1 1Y

MR RS/ ULRH R BT R IAE AR I X M A
LA RIS M ATY SRR, s B KUk K e ) 1L
IR OO XA S RS AR SR AR A0, AR
N4l A 1991 4E 748.33 JTIEHNF] 2011 4EAY
7509 JG, WlEE JE RN 8 ] SRR A DA 1991 4 1
1395.36 JCHAHNE] 2011 4E1Y 17796.57 JG, W AIKF
A AT AT A ST AP R EE AR A,
AR THSL KRR, AT —
Pl GDP Y L R IE el R A AE 1991—
2011 4[] P A 9 5 A [RS8 G T B R 5, i Ry ol
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Table 4 The state index correlation and classification of ecological security in Jilin Province from 1991 to 2011

KR RE IRZSFEAR state index

Comelation N, N, N, N, : 1991 1995 1996 2000 2001 2005 2006 2010 2011
K(Cs) -0.607  -0.435 0.022 -0017 -0176 WM WM N N N N N I I

K(Cy) -0.318  -0.059 0.116 0325 -0499 N W mM W mW N N N \1

K(Cyy) -0.558  —0.264 0.209 -008 -034 WM N N N N N N N \1

K(Cy) -0.543  -0.389  -0.085 0169 -0312 N N I N N I W I I

Ki(Cy) -0.082 0.198  -0.267 -0.537  -0.556 1 I I I I m m m m

K(Cy) -0.096 0.130  -0.414 -0.603  -0.693 1 I I il m m m W \1

Ki(Cy) -0.273 0.440  -0.228 -0.491  -0.620 1 I I m m m m m Il

K(Cy) -0.147  -0.052 0.460 0060 -0.154 WM WM WM m m N N N I\

K(Cy) -0.399  -0.314  -0.199 0199 -0143 N N N W W I M ] |

K(Cyy) -0.352  -0.190 0.239 -0.060 -0277 M 1 | Il m m m Vv \

K(Cys) 0.374  -0.626  -0.751 -0.850  -0.925 I I I Il | m m W \1

Ki(Cy) 0.465  -0.535  —0.826 -0.907  —0.944 I Il | Il I m m W \1

K(Cy) -0.771  -0.733  -0.600 -0.200 0200 V N N I I Il | I I

Ki(Cy) -0.316 0.140  -0.070 -0.380  -0.535 1 || m Il | m N N I\

K(Cy) -0.387 0.145  -0.097 -0458 -0613 I N I il m m m m \1

K(Cy) -0.248 0.492  -0.254 -0.403  -0.503 II I I N N N N V \

3.1.3 WA R R G A A TUER B S A AR 18.3% G NF] 2011 41 34.2% . 7 AR H AR DR

P ] 7 28 58 B AN 48 A 18 90 78 50 M 245 SR T D (3%
5) MR R GEH, N H 0N e ag b i R A X AL B
TR IR X E R L) K R A B
TR Tl K HEBGA AR PR 5 Y if PR T A8
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RIS IS R IR AR SR Y TR, e b i ik A e
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Table 5 The response index correlation and classification of ecological security in Jilin Province from 1991 to 2011

X IBUE. WiALIE Response index 1991 1995 1996 2000 2001 2005 2006 2010 2011
Correlation N, N, Ny N,
K(Cy) 0.300 -0.300  -0.533  -0.720  -0.800 I I | Il I m m A N
K(Cy) -0.285 0331  -0.446  -0.585  -0.668 I I I m m v N N v
K(Cs3) -0.258 0.203  -0.081 -0.541 -0.694 1 Il | | I m m I I
K(Cyy) -0.355 -0.090 0220 -025%9 -0445 WM WM W NV NV N N W I\
K (Css) -0.128 0.489  -0.123  -0.299  -0.416 I I Il II I m v W I
K(Cs) 0.314 -0.314  -0.480  -0.571  -0.619 I I I I | N vV N v
K(Cy) 0.398 -0.398  -0.699  -0.799  -0.849 I I I | I 1 I I I\
K (Cs) -0.219 0216  -0.072  -0304  -0536 1 I | m m 1 I 1 |
K(Cy) -0.416 -0.299 0.257  -0.128  -0.652 I II II m m m N I\
K(Cy) -0.408 -0.014 003 -0281 -039¢ WM M MW V vV N N I I
K(Cy) -0.366 -0.298  -0.222  -0.018 0.013 I Il | m m m o N I\
K (Cyy) -0.249 0.004  -0.001  -0.078  -0.201 I |\ I I\ I I \1 I\
K(Cy3) -0.206 -0.046 0.115  -0272  -0.444 I m m Il m W I\
Ki(Cy) -0.387 -0.208 0.286  -0.095 -0.323 il| 1 il| I I I} il| | il|
K(Cys) 0 -1 -1 -1 -1 I I | I | I} i} I\ v
K6 19912011 FEMREESREMEER

Table 6 The classification of ecological security early-warning in Jilin Province from 1991—2011
S HY: BE e g Aty 6o
iii:tion I s i v v Clasi;;iﬁn Indfatj(:rklmp
Ki(Ry901) 0.0947 -0.58173 -0.6482 -0.7444 -0.8304 B 1 FaRii)
Ki(Ryg9) 0.1168 -0.3363 -0.5112 -0.6961 -0.7804 E®1 af
Ki(Ryg93) 0.0269 -0.2778 -0.4202 -0.6381 -0.7376 EX- 3 FAN e
Ki(Ry994) -0.0211 -0.2385 -0.3096 -0.5758 -0.7054 ) LA T it B
Ki(R995) 0.1339 -0.1854 -0.3101 -0.5268 -0.6819 B | FARG)
K;(R996) -0.2044 -0.1398 -0.2659 -0.4664 -0.6534 ) B 11 5445 [
Ki(Ry997) -0.2065 -0.0282 -0.3178 -0.5169 -0.6871 Jin) B T 5460 e
Ki(Rj905) -0.2524 -0.0182 -0.2879 -0.4479 -0.6493 I % 11 et T
Ki(Ry999) -0.3087 -0.0498 -0.1973 -0.4006 -0.6261 T F 4 1T 4t (5
Ki( Ropoo) -0.2903 -0.1387 -0.2425 -0.3227 -0.5909 i) 5 11 545 e
K;(Ry001) -0.3073 -0.0498 -0.2077 -0.4046 -0.6211 Ji) T T 4 e
Ki(Ray02) -0.3363 0.0845 -0.0801 -0.3531 -0.5748 I el
K;(Ropps) -0.3687 -0.1157 -0.1104 -0.3486 -0.5566 fi R I 4 FRE
Ki(Rops) -0.4364 -0.1512 -0.0143 0.4898 -0.5191 RN W A
Ki(Roys ) -0.4484 -0.1729 0.0336 -0.2722 -0.4909 T T H A,
Ki(Ragos) -0.4218 -0.2876 -0.0016 -0.2519 -0.4613 fia] H e T 4 Gy
K;(Ryp7) -0.4632 -0.1918 -0.0299 -0.2218 -0.3992 o] r s T 4 i
K;(Rygo) -0.5203 -0.3402 -0.1654 -0.1706 -0.3462 fi] PP I 45 T
K(Roo00) -0.4932 -0.3418 0.2042 -0.2143 -0.3197 P I #A
K;(Ryg19) -0.4853 -0.4588 -0.2797 -0.2692 -0.2943 ol AR IV G
Ki(Rypr1) -0.5441 -0.4951 -0.3721 0.2399 -0.2392 BN ifuh
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2015 AEH B A B L TVE SR )G T & 15
TRIT R BE T RERTE 2011 AR AR S ERBE Y T
ARAS AR ZRG R A s,

25| K. (Ryp) = . ]Ifl,?f’ij(RZOZO) =0.0253 1]
AL E] 2020 4, HME AN L S TEERE T
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RT EHHE 2015 £ 2020 FEBRLTELY

Table 7 The grade of ecological security early-warning of Jilin Province in 2015 and 2020

KR I 1 " v FR AT AL
Correlation Classification  Indicator lamp Trend
K(Ryps) -0.8263 -0.7292 -0.5655 0.1010 -0.5512 RNV W TEV
K;(Rapg ) -1.1237 -1.0897 -1.0344 -0.1911 0.0253 TV Zrta REN

5 @ipSitie

(1)1991—2011 4, 3 Mg A A% 4 SR IK P
B%L FI RS, KIS B EERNE
e TR RN KT AT B AN
CHE P @A K GM( 1, 1) BRI FUN 2015
EEMENAES LTS SERE TR H5nLT
J WA TUE B 2020 4, AR B AR S e T
GRE T E” Fon TN R E g AN
RAF, [HIZE,2020 4535 pRAE AL B2 2 T S 9 2 A
] “ R WAL S, R IRIESBATIAR R R M, 75 4
BAEBIEARY T BAMRIR IR, T 2R A 2
TR HE AP B, P —25 By 9 A A I8 XU

(2) RIS AL A AR R W oC ot 45 R 3R W
B TET U b A0 A 70 for S | SBBEL AR L N S8 K T I A
GDP 4K 55—\ 5 GDP Ay e 45 2 i 29 75 Ak
BHEBERKFRENEERE, HHREELER

AR AP TAE T, 25| S f A AE A 25 19 &
BT, e Al A P B IRt — A 5 P R A
Ml Ml 25 5 JERTRL Y Tl ASE B, BEAR Tk REFE S
KA s AR 22 B R T 3K, R AR IRHE T AT, iR
KL TR AT, W5 29 K B8 Tl
U KB AR 42 0 FE R PR KA e, Sl
Tk Al SRR Al BRACAL 5 A AR5 37 ) B
KR,

(3) 3z AR B ) T 70 A 7 VE R 45 5 Bt
SL AR XA 25 22 4 TIUE AR RS AN A T AR B IR 3R A8
B X A 25 2 4 T v IR 2 A PR L 90
AT HUE S, 4 v X5 R A 25 2 e A F I R Y
FALREIE T L AT URE BN 3R P 45 R T A
X REAN DX A 25 22 AR UL BEA T PE (i R TUES | B4
WS IX U A2 A PUE R IIRE, B, KEUER
RO Z 22 TN R 3L R B2 e S5 PR ol T A T
I X 3] RESE BB U R KAE F AR ICH I KR R
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