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Abstract; Ecological security is important in human health, natural resources, and socio-economical development. How to
develop an early-warning system is the key problem in ecological security research.

Ecological security warning needs to establish the early warning indicator system to reflect the ecological status and
development trend. First, in the perspective of identifying factors that affect the eco-system security, the “State-Danger-
Immune” (SDI) model is used as a concept model of early-warning indicators. Second, the matter-element model is used
on the Formal Description of level of security and early warning objects to establish safety standards and related early
warning. The integrated multi-index early warning model can be used to indicate the security state of ecosystems. According
to multi-level, multi-dimension and dynamic features of regional ecological security early-warning, the matter-element model
is established to assess the regional environmental safety. As a case study, the model is employed to quantitatively assess
the ecological security situation of Shaanxi Province from 1990 to 2007. The calculation results show that the ecological
environment has shifted from “unsafe” to “relatively unsafe” to “relatively safe” states, which demonstrated that the
overall status of ecological security in the Province is undergoing increasing improvement, and the basic ecological
destruction can be controlled effectively. However, on the holistic level of ecological security, the safety level of the whole
Province is still not satisfactory, because all safety states are less than the general requirement of “Safe”. The results are

fundamentally consistent with current real situation. The model carries out the early-warning for ecological security in 2010.
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The results show that the ecological environment state of Shaanxi Province experienced a gradual improving process from
“unsafe” , “relatively unsafe” to “relatively safe” from 1990 to 2007, while its overall level is relatively low; all indicators
are below the safety standards. The ecological security will take a “Blue” alert and has the trend of turning into “Yellow”
alert of Shaanxi Province in 2010, among which the water resource with an “Orange” alert, which is the main affecting
factor to ecological security of Shaanxi Province. In addition, conserving water resources, controlling water pollution,
advancing resource utility effectiveness, reducing the impacts of human activities on ecosystems, promoting immunity
function of ecological security are necessary for systematically developing and toward a higher level of regional ecological
safety.

The early-warning model of ecological security, established in this study, has the merits of compatibility and
flexibility. Therefore, it can be used not only for specific warning analysis on a particular targeting element of ecological
security, but also for transforming multiple-level objective assessment into a single-level objective decision-making to better

analyze the regional security status.

Key Words: extension analysis ;regional ecological security ; early-warning model ; Shaanxi Province abbreviate
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Table 1 The index system of regional ecological security Early-warning
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K AA ABKBEERC/(m/A) [100,500) [500,2000) [2000,5000) [5000,10000)  [10000,15000] 0.0193
RO KIEEREC, [1,0.08] (0.08,0.06] (0.06,0.04] (0.04,0.02] (0.02,0] 0.0517
Zh RAEQ KREIFEREC [1,0.08] (0.08,0.06] (0.06,0.04] (0.04,0.02] (0.02,0] 0.0342
AFD INBBHETER Cy/ (km2/ A)  [0.0002,0.00053) [0.00053,0.00075) [0.00075,0.001) [0.001,0.0022) [0.0022,0.003] 0.0179
BEWEMEH C/ (hm¥/3k)  [0.0030,0.0133) [0.0133,0.04) [0.04,0.08) [0.08,0.12) [0.12,0.20] 0.0310

NHIMHEH Co/ (km®>/ A)  [0.0005,0.0011) [0.0011,0.0025)  [0.0025,0.004) [0.004,0.0064) [0.0064,0.008] 0.0327

KERKEBY LEBC,  [0.7,0.5] (0.5,0.375] (0.375,0.2] (0.2,0.05] (0.05,0.005] 0.0367

¥ GDP/Cy(5/ \) [6000,8000) [8000,10000) [10000,20000)  [20000,30000)  [30000,40000] 0.0435

BHIRRBCy [60,50] (50,40] (40,30] (30,25] (25,15] 0.0156

=FHE Cy/% [10,15) [15,25) [25,35) [35,45) [45,55] 0.0499

UN:E INGL VN [100,200) [200,350) [350,450) [450,600) [600,800] 0.0490

DRIMEWER Cp/ % [0.5,0.6) [0.6,0.7) [0.7,0.8) [0.8,0.9) [0.9,1] 0.0367

AR AR Cy/(m¥/N)  [60,35] (35,25] (25,15] (15,8] (8,0] 0.0435

w4 ABHKER/CL(m¥/N) [1200,800] (800,600] (600,400] (400,200] (200,100] 0.0367

it é:ff;ﬁ?j%@ [5,2] (2,1.5] (1.5,1] (1,0.5] (0.5,0] 0.0346

Mw®  ABHERER Coo/ (tFRAE) [1.5,1] (1,0.8] (0.8,0.5] (0.5,0.3] (0.3,0] 0.0367

GDP 3K Cy7/ % [15,14] (14,12] (12,10] (10,8] (8,6] 0.0227

A Cre/ (km?/ ) [800,600] (600,500] (500,400] (400,300] (300,150] 0.0308

WL Cio/ % [80,70) [70,55) [55,40) [40,30) [30,15] 0. 0544

BINE LR C/% [5,10) [10,20) [20,35) [35,45) [45,65] 0. 0544

FEBALZ Cyr/ % [0.6,0.45] (0.45,0.35] (0.35,0.25] (0.25,0.15] (0.15,0] 0.0312

A DWEAKBIERER Cp/%  [20,40) [40,55) [55,75) [75,95) [95,100] 0. 0490

R DESLBE Cp/% [20,40) [40,50) [50,60) [60,70) [70,95] 0. 0408
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layer  layer Very insecurity . . . Relative safe Safe
Insecurity insecurity
s AEBIREEHAF Cyy [0.5,0.6) [0.6,0.7) [0.7,0.8) [0.8,0.95) [0.95,1] 0. 0080
fEAH® TAEEFAR C,y/% [20,45) [45,60) [60,75) [75,90) [90,100] 0.0340
BB AREE Cy [0.05,0.01) [0.01,0.03) [0.03,0.06) [0.06,0.08) [0.08,0.1] 0.0272
IMEBABRE C,y [0.002,0.005)  [0.005,0.01) [0.01,0.02) [0.02,0.035)  [0.035,0.6] 0.0367
HEBARE Cy [0.02,0.075)  [0.075,0.1) [0.1,0.2) [0.2,0.25) [0.25,0.4] 0.0245
IMRBE KT Cy [0.45,0.6) [0.6,0.7) [0.7,0.8) [0.8,0.9) [0.9,1] 0.0163

(DRegional Ecological security ; @Ecosystem State ; 3)Ecosystem Danger; @Ecosystem Immunity

2.4 ABLEEFITETESEIRBRIE
2.4.1 BZEFHHY

BRATTHESHS  HES L2 RREES P RR R B ERRY BN E B HHR, AT HR
EEREMBNERRR . BEEAFRESLLIEERIRER" BESLLEIR S WL, RAES
ZaBEMAHEME, AT T (FFAZERE) I (AZ2RE) M(BAL2RE) VBEERE)
V(Z2RE) , A% TA6 B m e E s, B2 KEEST2FRUMREGE2) .
2.4.2 TUERRIRBIERE

TEHE LB L 2 WEEAMA R ML 2FHIR L, 2% BR 7L AT ALE RIS R EARE 5 R A4
JERFRE S EUARMESE , S X PR PG4 1996—2007 4R [ S B GL 70 AT , 0 52 45 PUB IR A X B A &% A2 22 2
FAHWBE(ER D).

x2 REESREERYS
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7R, 12a A EF L EERNBHUFBH . 1996—2000 41 ] Bk 74 4 4 252 2K P BUR , A T4
ZARE" o #2000 - (Ky (Ryge ) =0. 56143 >0) iAEN“ BARERE" , LI T f“ AL &7 RE M WAL

27 REHIKRIERE A . 2001—2005 45, PRy A 245 % 2 KK B iR R (E ¥ 7E T X [H], 248 A 25 % 24t
TRALE"RE . 2006 FH I H AL E" (Ky (Rys) =0. 11256 >0) FERINERRES . 2007 2484
BB BLE” (Ky (Ryy) =0.32342 >0) RE, HEA 0 “ B 2" RE LB (Ky (Rypr) = —0.09342 >0)
RIS

R3 BRAEH 19962007 FETREGFHFTNER

Table 3 Integrated assessment results of regional ecological security in Shannxi Province

B AR e 2| AL
Security correlation ! I = v v Classification Trend

K;(Ryg06) -0.30594 0.78852 -0.62353 -1.05374 -1.24726 A4 EHAEL]
K;(Ryg97) -0.10755 0.43872 -0.22353 - 1.06402 -1.34271 A4 EHAEL]
K;(Ryg0) -1.03000 0.62830 -0.11272 -1.03974 -1.31304 A4 BAZ 4 I
K;(Ryg09) -1.02687 0. 18000 -0.15714 -1.34774 -1.83269 AL BAZ 4 I
K;(Ryo0) -1.16204 -0.73686 0.56143 -1.01570 -1.16351 BREZA A4
K; (Roygpr ) -1.90620 -0.47533 0. 15560 -1.06256 -1.44079 BREZA A4
K;(Ryop) -1.02500 -0.72662 0.10750 -0.32759 -1.63617 A4 B s IV
K; (Ryog3) -1.40453 -0.20030 0.26301 -1.14286 -1.36842 BREZA A4
K;(Ryo04) -1.12937 -0.10345 0.14561 —1.24045 -1.36557 BREZA A4
K; (Ryggs) -1.29081 -1.07348 0.26371 -0.11040 -1.09677 BREZA B s IV
K; (Ryo06) —1.44536 -1.20345 -0.20563 0.11256 -1.06442  BE4 IV R4
K;(Ryp7) -1.82731 -1.36585 -0.37748 0.32342 -0.09342 BV G4V

DL bR RARA UL, ZAERBEPIE BT TERMEE, £ XL 2 REEA L83 T A8
HEMNEDSZE2KTRE, 2HEDZE2INBA, BT Z2" KPUT , BIKERAE R, PR R
5Bevis LR E A3, YR T RIS A i k@B L AR R TSR A3 AT 5, TR TR A
RRAEMEDZEHTIE T
2.5.3 2010 FEEBLLTE

¥ 2010 PR L 2 TEISAMEHRATERLAL, 15 5] 2010 EREVTH ERLETEL R (F4) . H Ky
(Raor) = II‘I}IE‘,’E.,V}I@(R%OO) =0. 13360 T3 AT HIBE PG 2010 EM AT L E2FRB TNV, P BL2"RE;
Ky (Ryyg) = =0.07442,Ky (Rye) = =0.36829, H Ky (Ryp0) >Ky (Ryo) , RIBA 1 “BAL LR REKE
AR, B ,2010 SEREPTE AR L2 A" T, £ BRI BARR KR RIE HAKR ™R, A 1
“EA TR R REIR T
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BDREMEFERER, EARRVERIFTERIP TS, R KRB A R T B A H i, 4 fe AR ESE 3L
BEVE A SR B B 4" AR
3 Zit5iie
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Table 4 Early-warning results of regional ecological security in Shannxi Province

?ﬁiﬂiﬁ 1 I I v v iciteﬁi% Zifeﬁ e
K (Cy) ~1.30594 0.78852 -0.62353 ~1.25402 -1.42775 ) Hfa
K (Cy) ~1.03000 ~1.02830 0.21374 -0.33974 -1.23094 e )
K (Cy) -1.13235 ~1.18000 -0.15714 0.34444 -0.43269 i) i
K;(Cy) -1.01204 -0.73686 -0.56143 0.31570 -0.19351 W 1348,
K (Cs) -0. 60650 -0.47533 ~0. 05560 0. 06256 -0.44079 % i
K;(Cs) - 1.02500 -0.52632 -0.18750 0.32759 -0.42647 W o
K(Cy) ~1.23001 -0.43876 -0. 13760 0.14286 -0.36842 i) i
K;(Cg) ~1.17949 -0.10345 -0.08571 0. 36000 -0. 06667 W 1348,
K (Cy) ~1.09091 -0.37778 ~0.20000 0. 12000 -0.09677 % 5a
K;(Cy) -0.42731 -0.36585 -0.27778 0. 62500 -0.35000 W o
K(Cy) - 1.00364 -0.46667 ~0.20000 0.20000 -0.14286 W 5o,
K (Cp) -1.32558 -0.16121 -0.12100 0.17143 -0.15556 W i
K (Cy3) -1.41374 -0.26061 0. 05405 -0.34545 -0.70085 e v
K (Cyy) -0.44231 -0.23684 0.26087 -0.17143 -0.50847 e )
K (Cys) - 1.25962 -0.15842 0.05231 -0.02384 -0.52615 e )
K (Cye) -0.44444 ~0.37500 0. 66667 -0.28571 -0.58333 e )
K(Cy) -1.14286 ~0.29000 ~0.25000 0.45455 -0.17143 W 5o,
K (Cy) -0.52500 -0.36667 ~0. 05000 0.05556 -0.42424 W i
K (Cy) -0.35000 -0.25030 -0.05230 0.23210 -0.25143 W i
K;(Cy) - 1.62500 ~0. 50000 ~0.24000 0.43023 -0.25000 W i
K (Cy) -0.43500 -0.24667 -0.03143 0.03354 -0.29079 W i
K (Cy) -0.62222 ~0.40000 0.30000 -0.53333 -0.65000 e v
K (Cy) -1.42857 -0. 19000 0.33333 ~0.20000 -0.42857 e v
K (Cy) - 1.69556 -0.60857 ~0.45200 0.28667 -0.10484 W 5o,
K;(Cys) - 1.45455 ~0.25000 ~0.20000 0.14286 -0.33333 W i
K;(Cy) ~1.45455 -0.34286 -0.21210 -0.15455 0.12530 1545, e
K (Cy) -1.42857 ~0.25000 ~0. 15000 0.33333 -0.63636 W i
K;(Cy) ~1.47692 -0.43333 ~0. 15000 0.63333 -0.10526 % 5a
K(Cy) - 1.35882 -0.26667 -0. 16000 0.54286 -0. 06444 W 5o,

%ﬁf(%ifg® -1.03716 -0.38358 -0.07442 0. 13360 -0.36829 W i
J

(DIntegrated Security Correlation

(3) ET AT LD L 2 TERI BA AT FEE MR G, BB AXE s 2 @ BRI T 50
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