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Abstract; Ecological security is an interdisciplinary of natural science and social science. There is still no an internationally
accepted definition of ecological security at present. In this paper, ecological security model of Three Gorges Reservoir in
Chongqing was established using system dynamics. Firstly, according to special geographical features of Three Gorges
reservoir, an improved DPSIR model, which involves all aspects of society, economy and environment, was applied to
establish an evaluation index system of ecological security. AHP method with objective and subjective combination
characteristics was selected to endow these indices weight. Secondly, based on the ecosystem characteristics of Three Gorges
reservoir, a system dynamics model containing economy, population, and environmental subsystems was developed. The
model was set up using specialized software VensimPLE and data from “Chongqing Statistical Yearbook 2001—2007" for
population, GDP, and the amount of environmental pollution. Main parameters and their mutual feedback relationships in
the model were determined. GDP, the total population, the amount of environmental pollution were selected as the main

variables; grain output ratio, forest coverage rate, soil erosion rates and other indicators were selected as the important
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factor parameters; the area of soil erosion, Net-GDP, pollution treatment rate were selected as the evaluation factors.
Meanwhile, historical and simulated values were compared to verify this model. The comparison of results from calibration
and observation shows that the model corresponds to observed behaviors, and the simulated values fit well with the observed
data and changing trends. Moreover, 3 scenarios named sustainable development, resource exhaustion, and natural state
were designed to simulate future change of ecological security. The simulation runs demonstrate that the sustainable
development model accords with the patterns of social development. The ecological security levels of natural state model and
resource exhaustion model in Chongging Three Gorges Reservoir are very worrying, since economic losses and environmental
impact are severe. But the ecological security level of sustainable development model is relatively good. Net-GDP shows a
clear upward trend; the amount of environmental pollution is small. Thirdly, according to the simulation results, ecological
security thresholds were got. The thresholds can basically represent the main features of Three Gorges Reservoir’s ecological
security before 2050. The verification results can be got with the observation of " Net GDP-GDP" values. The overall
verification results are appropriate. Then, the status quo of ecological security indicators (2007 ) was standardized using the
determined thresholds. It turns out that the existing 11 indicators are uneven and the overall level is not high. These
thresholds were applied into the assessment indices of ecological security for obtaining the comprehensive score of ecological
security from 2001 to 2007. The results illustrate that the ecological security in the reservoir area has been emerging an
increasing trend, but still in a relatively sensitive period. Consequently, to achieve the sustainable development of the
reservoir area requires the cooperation of relevant departments. Finally, on the basis of system dynamics model, the paper
determined ecological security index thresholds. Within the range of thresholds, the ecological security can effectively

achieve its sustainable development.

Key Words; Chongqing Three Gorges reservoir area; systems dynamics; ecological security; thresholds
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Fig.1 Three Gorges reservoir in Chongqing Administrative Map
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Table 1 Three Gorges Reservoir Ecological Security Assessment Index System
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Fig.2 System Dynamics Model Flowchart of Three Gorges Reservoir Ecological Security
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Table 2 GDP historical test results (2001—2007)
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Table 3 Development planning program’s main parameters of Chongqing Three Gorges reservoir
2% I ARRE A CIERE 42 BEIR v A
Parameter Natural state Sustainable Resource
model development model exhaustion model

I 3 $¢ BB LE Investment in fixed assets 0.3485 0.3 0.5
7 % Grain output ratio 1482.98 1200 1600
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15 YA F K Pollution treatment rate 10 13 9
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A 3442 Population growth rate 0.00672 0.006 0.007
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Table 4 Three Gorges Reservoir Ecological Security indicator threshold and standardized results

[%{& Threshold

£t AR (2007 ) FrufEfk
Index FRE LR Status value Standardization
Lower limit Upper limit
4R JR cl 0.007 0.005 0.011 0.64
Threshold of Social development c2 0.65 0.8 0.4 0.62
LRI BE c3 0.6 0.8 0.75 0.8
Threshold of economic development c4 1100 1700 1483 0.74
cs 0.3 0.4 0.35 0.86
c6 0.8 1.1 0.95 0.84
c7 0.02 0.06 0.04 0.5
c8 0.048 0.08 0.072 0.67
c9 1 1.35 1.278 0.78
C10 1.1 1.82 1.481 0.74
BRSO B c1l 0.086 0.05 0.068 0.79
Threshold of environmental Protection c12 0.6 0.8 0.35 0.58
c13 0.02 0.002 0.017 0.85
C14 8 15 10 0.8
c15 0.4 0.8 0.5 0.8

3.3 AR ATEAR B {E RN
331 AEBLEEIRRIbREL
M TS AR PE A A, BA AR B O T 5P A e 2O PP I 7 BEA T JC i AN A A B, AR A4S
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%xij < S,z =i(i =1,2,3, «=-,n3j=1,2,3, «--,m); Hx, =S,z =1

U

BRI AR AL

vy < Sz =i” i=1,2,3,++-,n3j=1,23, -+ m); #Hx, =85,z =1
AP, vy A THRBRIBUIRME ; S, oA TR bR B CFBRAE) 5 n PO XEEG m W PFI R ARECT

12 T G B s R (0] R DG ke A XA 2522 A 48 B B BIDIRAF (2007 4F) EATARMEAL IS 4 R 3R 5. A
RPN 11 DMERIA BB S 22455, B BRSPS o Hm T As 205 s 1 2 [ 57 4 5T L, BRI
PGS, 5 Y b B AR A 5 Y B R AR e AR o8 0.8 BT AR M= (B i fhoR A KR R 55 %
o DI RR ] R AR TE 0.7 LATR, HAl PR 7 4k T 0.7—0.8 Z [,

K5 AETREHENRIELR

Table 5 The verification results of ecological safety threshold

A5y Years # GDP Net GDP GDP % GDP-GDP Net GDP-GDP  BIE{H Verification Value
2008 22777100 29037600 -6260500 -0.215599774
2009 24666800 30870000 -6203200 -0.200945902
2010 27686900 33910900 -6224000 -0.183539806
2011 30847000 37175300 -6328300 -0.17022862
2012 34157300 40679500 -6522200 -0.160331371
2013 40628900 44440500 -3811600 -0.085768612
2014 45273700 48477000 -3203300 -0.066078759
2015 50104400 51808800 ~1704400 -0.032897886
2016 55724600 55757200 -32600 -0.000584678
2017 60378500 60145000 233500 0.003882284

3.32 AEBLRELGHITN

A TRBUL RAR M E —E R B A TR R AR R A JE A L, X 25 I 28 U 8 25 4R A A AR T8 BUIM AT
B M AR A E, HUSE BTN AP s i —Fh vk . RABLE A 18 80k 1T AR R R 2L 51, 5B
WS HR PR EAL SRS ST INEO T3 15 8 K = X AE R R 2L BTN R (R 6) . WERPILIEH .
(1)2001—2007 45 P& — e 2 [X 1) A= 25 2 4 ZRENAE B T g, ] DL IBORT B 0GR SR RN A i) 3R 55 2 U T 7R
KIFER , (A5 HAE B 2 A U 5 (2) 2007 4R XA S L8 A3 50N 0.595 , Ul B EULE 22 X 1E Ab T
JERET A BB B R S R R X ARk & SR B DB R DRI SBSORT RS TN 224 ey B Y 4 e, AR £ SI2 30 1 IXC
MRS K

£6 2001—2007 FERZIEERERRETME
Table 6 Chongqing Three Gorges Reservoir Ecological Security Evaluation Form during 2001—2007

T H Project 2001 2002 2003 2004 2005 2006 2007
UK 5 385X Driving force index 0.110 0.112 0.113 0.114 0.114 0.115 0.116
JE 1465 Pressure Index 0.058 0.059 0.059 0.060 0.060 0.06 0.062
RASFEHL State index 0.052 0.059 0.177 0.209 0.229 0.265 0.285
R HE % Impact index 0.031 0.033 0.034 0.041 0.047 0.05 0.052
T i 15 %% Response Index 0.041 0.053 0.064 0.065 0.067 0.079 0.080
ZEA AL Composite Tndex 0.292 0.316 0.447 0.489 0.517 0.569 0.595
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LA E DS AN AT RO RIT vk . IO RORIE A ST SOOI i O TR T 3k A X S T VAR
TR RS R B LA B s, BT AR BRI A A2 VPN B SR 1, B R Z O (EL B f () Rt
Al MELUR R GEA T, AR SR ENERIBRI B, 5 T BRAR  (E T 0 O 2 2855 X PR I8 4 532 0 117 2220 G Al 25
S P R B o SOULAR A AT A BRI AR B A 2 B3 e, B s TR 2 RS 5 GIS A
Sha RIS BAIE S5 B N7 5 , 12 2 3 T SRS SCBL M S8 i S LA R A PR IZ 5T . ASSCRHTY &
Ge gl )32 07k AR A ) B e O BE | i N7 RGeS AL, 2R KU RE DT AL BRAR LR PRI AR LR | REAE:
KA SR S PERY 07 B M ST

SCESH AR RSB ) AT A FEA L AR S AR B, H R R R XOR A SIS X ol T e
TREMEE  EAT T REIT &, A SRR TR R IRIR , FHn LR RRS R TR, 45 P IX A A5 e 4y
kT EREI MRAEHARR A BRI GDP B i N H S RIS et /Ry B i R 3
AR R K R R R AR L 2SN 1 BB OK LR AR 4 GDP 35 Je b iR SR D DA
1 S AR ST 1T IR =k R X AR A 22 4 R Ll ) r BRI AR AR 2 AR AR PP R 2R, D o i S B R oy 7Y
AP R BT A SRR Y 3 BRI A1 S5 R TRLANL , AT ST 2R n] LIS H T 20 2 R R AT 5 P X AR 5 %
SRS R IR, fT LIS Bl GDP 1 AP R I A A R A T et | 1 H AR RSN A AT 5 -k
JEER  HAUAE RO e 2 2 LB (VS R AL TR B M SHRYG . Fm doF i 5 (9 B RV FRLBEA T 1 A6
A I ERAT 5 DRIk A R R A Ta AR , Bk 1 B ELAY rT AT, B G B (A Y B N AT B AR S e 4
T Bl ] LA R BUH T R A JR I 2R

ATCIE ] DPSIR AR 8 PR — IR 28 X 4 A 25 B AR IR R 2R, 800 R 1 XA A 2 A 1R AR IR R A AL
a ABATHAT — L6 (R R B — AP T AT ST 0 o AR P A A5 BRSNS B T HL R
WD, e R iy A R, OF BSRTA SR AR R O TR SRR, G ER 4 AR A LR . SRR
MR G812 AR 3 B AU 5 AU AT TS el A 25 e A8 R 0 B (BT EA T T A5G, T L Al
KMPFE AL L | RN A7 ST 1l A OCBOR AR B A o (EL ) A 5 2 s ) Dy A8 ) 7 7.
BT B RPN AR R A A 2 i 7 B — PP, A B LUR BTSSP oA BRI
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