ISSN 1000-0933
CN 11-2031/Q

e '_'}_!'_’__'_

- - .
= h‘f_- -
. o = "
- Ay ‘. -
M PPy B b " — " 4 s / ;
. o P -~ = 't s L
- b - i L S - —— Loy o |
BT = g o —=" 3% v B
- o -

PEESFFS #
BRI =R E SR L
4 % B B B tH kit



AT ER
( SHENGTAI XUEBAO)

PERRA LS AR F£34%E F o6l 201438 (¥A7)

B R

BAEIE 5 FRLEGR
TR ENE UL AT T TE M A R o0 v vvennrnrnnn e K OB EH,DEE, L (1327)
}k%é}iﬁ’lﬁiﬁ: Biﬁcﬁﬁfﬁ/ﬁh\#ﬁéﬁﬁﬂﬂﬁlﬁ ................................................... gKH}E m!j’ ﬁﬁ (1340)
PIRHE R R GIR LA D U JE I ITAE T 3 e eevvereeremnniee e KA, kBT (1352)
W A R LD oy P 1 PSR S AR A (1361)
2B Fa BB R I IR T e & R BEER EEIT L (1371)
A T3S EARGEMNTARBESZEEFMETEHT e ST AT, HNE % (1379)
o T P G I o g ) SR F O,E #LE W% (1391)
MEEERES
iR AR R B A o A A 4 W A KA A AR A R e B R,E 9T, 2 HFK,F (1401)
ZAEBHEFAANREDZCETEBES TR H e WA, L, EREEE (1410)
AR T F A LR AR ARE LA A KT AL BEARGZ R - XK R, (1418)
o, JA 4 K S N R B BB T ) JH B S0y e eeer et PR FRAE KR E (1429)
AT Voronoi B &R E RIART R 5 AT HE R BTG woeervneeessinnesininnnnn. XM, EREE,E ,% (1436)
A REMRE MDA T A e MEE ] & T, LR 25 % (1444)
A TAPE RGBT RARBAREKI G HPEBTGT oo JANE B UE R K% (1451)
R R ARG AL RO AR BN A FAERI ML - ovvvvvennnne HAH,FRA I L% (1461)
B BEERMAESRS
AR AR T AR BE T LM AT S LA AR A M2 R, BE R, & (1471)
B COLRIETT 3 T 4% B RAGH ALY 23R B R An R RBFF AL I T PR oeeemeeees

....................................................................................... MW HREE x|, % (1481)
P E AL S0 FAEKRGE T NGB EENLE e F F KAKR,HMEE, 4% (1490)
L GIS 35 T W 4R R AR GAHEHE TR FRE N EAE, ERY, % (1503)
e K Pt X L 3E K SURR 5 A A5 AR B AT F R AR 89 Fom e eveneeeeeennnns BB, KERL,ZE R, % (1512)
R ESTAAGR R KA E o 6 Z H A AR e o4\ YL E WL (1520)
A R 0F B T A K SR K 6 A R AR AR R R R AR A fE#, 0 B, & W, % (1527)
I FEARE T T TFRTEERIOGIR B T e, B B RMmEZT,H % (1535)

B R 2050 B 0 I I 17 2 28 - = 2 £ PP I gﬁ,ﬁ;‘é:}a’y‘;yj él,%k(1548)



SN KIFFERES

B SWAT ALABF 70 380 7T i3 £ W b)) A Fo S AR BALKT R Hmhy oeeee FEpE kT, TEME, % (1559)
KO RE R AR E RIGAARETACAY o L £ Jfeevnermrerrneneeenn WAL, F o R AF,E (1568)
BRETE LR IAER G SAER TR R F R FANBEZF,F (1575)
R B ACHA BT o4 /R 36 3R LB BB BE AL wvveeeennnes Elams, P, E 8, % (1587)
M X R\ LEA MR RE AT E R G IER G AT F e R #EFER,FHE F (159)
BESF=LES

FETE LA JH B I 2 ZST0A] ceeeernneeri et /N5 (1606)

HAFIEARSHCN 11-2031/Q * 1981 * m * 16 * 288 * zh * P ¥90. 00 * 1510 * 30 * 2014-03

EEEEEEEEEEECEEEE

HEEBE . FTLR R P B——E LA F A AR, R T K L AR R A A 2K a3 246 I3 432 v [ 55 30 6 1)
ST R AR/ N — B R T SR (3 FLTRT IR X LA F AT, K PR AR B AR 5T 09 4 (AT 15km, ]
ATV [ A [ PRkl it 2 — , Bl 30 22 55 (0 TR W , PRIV b IX o A B 22 S AR BR G TT R W B, T 2R
BRGAE T b B TR A ) o TV A e 1 e A, A 25 7 4 T W F b P BB o B ™ %o 2% DX s A 71 b = 25
LAV S TVERF ST, 7T ATV S A 25 R 358 100 T 45 0 R JR 4 AR 4G o 1Rl v ¥ 3 0 3 Jr oAy 3 i Y TG0 Ry
Sl

FEREGRRE: FEAZUZ ol K% E-mail: cites.chenjw@ 163.com



55 34 %55 6 1] 2o & E2 Eiid Vol.34,No.6
2014 4F- 3 H ACTA ECOLOGICA SINICA Mar.,2014

DOI: 10.5846/stxb201211241666

RTLL R E /N B0 EAUL T 38 BRIy BT T A 252 20 15 BB I 9T AR 48241, 2014, 34(6) :1379-1390.
Zhu W H, Miao C Y, Zheng X J,Cao G L., Wang F F.Study on ecological safety evaluation and warning of wetlands in Tumen River watershed based on 3S
technology. Acta Ecologica Sinica,2014,34(6) :1379-1390.

2T 38 BARNEMTRERMESRS
T SREH

1,2 3 3 =21 JLoa2 2,1 3
RTLDTT HAED FONED ERZD I UL
(1. KAMAEYRIES RS FHAERESLRE, &5  133002; 2. EH K4 HABEh R AEF  133002;
3. BB, & 251500)

FEEE : RV T I o (4 1 s P Vo =2 — |, i 2 R 2 5 1) R R, PRI DYt DX A B 2 [ VR B B T R W B I IX A B A
PRI AZ 37 S )RR 0 P IR | X2 DX S A TV A A5 22 4 PP 5 BUBRSE , mT oA B TV S b 25 PR B 11 P 4 % e 42 4t
Wt DARMITL R A 22 2o R A, B2 T PSR BRI T3l 5% K UE SR A SR MR IR R 78 3S BEAR
SHET G A 1976 41990 4E 2000 4F 2010 4E 4 MAEAMY TM/MSS $AE , 3BT 3% 4 ANHHY 5L 0 SR8 b Bl |, 3138
JEUR ST BTV PR BR AR 5 75 {68 FH 322 0 307 3 1 i 2R T 25 N8 R R4 T B AR T A Al | | (S FHZR BT vk g 25 B 0T 1Y
P VLI B b A e A AT PPN, e AR 3] 1976 4F 1990 4FE A 2B 43 5124 0.650,0.620, W b A4 38 R 48 b2 4, 2000
4F 2010 AFAE R A ME AN 0.536,0.454 AR 25 R GAL T IR B B i i X M A= 38 R AT R, ZE TR (BT
DU TR AL) 0 b A A5 2 A TR AR RS | 28R 50 ARDRS B e i , ] LAIEAT BRI UL R R A S 2 2 BN 5, A0 T AT T i
BRE 40a MR AR 222 TN 4331 0.3903 . 0.3345 ., 0.2866 . 0.2456 , M HbA= 25 2 Go kb T B WBAR A | I [ 0 B T2 o
JRE R A A AL A THT I 1 SR AR ™ | 2 5 X S X it A S R G A TR S A L

KRR M AL AT TIUE K T PRI

Study on ecological safety evaluation and warning of wetlands in Tumen River

watershed based on 3S technology
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Abstract: Wetlands, forests and oceans form the three global ecosystems. Wetlands are the natural integration of aquatic
and semi-aquatic creatures in a wet environment. Wetlands are an important natural resource and one of the most important
environments for human survival. They not only offer the raw materials for human life and human production but also play an
important role in ameliorating weather conditions, flood storage, and the control and reduction of environmental pollution.
Wetlands have thus been called the “kidney of the earth”.

Global and regional problems such as environmental pollution, soil erosion and so on, have become more and more

serious with the rapid development of human society. These problems create a serious threat to society, economic
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development and perhaps even human survival. People are discovering it is not military or political activity which threatens
to restrict economic development, but ecological crises which are creating long term effects. Also, people are gradually
realizing that ecological stability is critical to both broad scale ecosystem integrity and guaranteeing sustainable development.
It is the region or country other ecological safety of the carrier and the foundation. The development of human society
depends on creating sustainable development with a system which secures the survival of ecological systems. Therefore, the
study of ecological sustainability has become a field of concern.

Tumen river is one of the key international rivers in China. The region has already entered into multinational
cooperation in developmental stages with the Chinese economy rising rapidly. The environment has been getting interfered
with and destroyed in different degrees. This study can provide a scientific basis for sustainable development of ecological
environment of the Tumen river basin. In this study, we used the Tumen river watershed wetland ecological security for the
purpose built wetland ecology safety evaluation system based on Pressure-Status-Response ( PSR) concept model, and got
landscape dates of 1976,1990,2000 and 2010 by using 3S technology. We used experts’ evaluation index combined with
AHP evaluation to give the weight and got the final comprehensive evaluation in the use of the logistical growth curve model
for each index based on the assessment of a single index. The study finally got the ecological secure values that were
respectively 0.650,0.620 in 1976 and 1990, the ecological system was in a safe state; the ecological secure values were
respectively 0.536 and 0.454 in 2000 and 2010, which shows that the ecological system was in a state of early warning. The
wetland ecological system should be immediately protected. Based on this, we used the grey prediction model to build a
wetland ecological safety prediction model and did accuracy testing for the model. The Simulation error, correlation and the
mean square error ratio, and the small error probability were primary concerns but the model accuracy was high enough for
the Tumen river wetland ecological safety prediction. Finally this study made a prediction for the Tumen river basin wetland
ecological safety for 40 years, the results were respectively 0.3903, 0.3345, 0.2866 and 0.2456. The wetland ecological
system was in a moderate warning state and the trend of the situation continued to become more severe. Ecological security

threat is very serious and this area needs more protection and management for the wetland ecosystem to survive.

Key Words: wetland; ecological safety evaluation; warning; grey prediction; Tumen river basin
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Table 1 4 decades statistics of wetlands information

4 hy *oy BIEC 4 Ko IR i
Year Type Number Area Year Type Number Area
of patches of patches
1976 KRN HD, WA 17 398.64 1990 KRRV HL NIl 28 671.24
TR 157 24066.60 HERE S 318 15124.22
SO 48 67443.91 {EN 65 31443.61
N T JKH 176 37831.55 AT H K H 870 36890.91
Fofte 6 386.44 Hoph 15 1802.36
&t 404 130127.14 it 1296 85932.35
2000 RART W 14 711.49 2010 KR W 6 143.36
TR 107 1874.08 bERE S 55 1236.50
L 79 22231.52 bR 68 21743.05
N T 7K H 1051 43673.18 AT H K H 1310 29712.05
HoAth 41 2805.63 HoAt 194 4936.63
it 1292 71295.89 Gt 1633 57771.59
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Table 2 The wetland ecological safety evaluation assessment index system of the Tumen River basin and weight
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of the Tumen River basin
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TR A5 % (%) €32 0.098
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Table 3 Single measure values in 2000 and 2010

. [ o
N H %5 B Population density/ ( A/km?) 64.29 55.92 0.13 NOHEETRET 13%
AZETHRAE % Human interferenceindex/km? 179.38 170.53 0.05 ANETHEETFIET 5%
FOMZREPEHEHL Landscape diversity index 1.07 0.83 0.22 FOWEZHMETRET 22%
SFIBETE AN Average patch area/hm? 54.59 35.38 0.35 BRI AUR A T 35%
7K S 45 %X Hydrological adjusting index/ % 0.31 0.38 0.23 K SCIH R B IN T 23%
WL 7= S Primary productivity 0.23 0.11 0.52 NDVISF-BIEFER T 52%
JPEREFE AL Elastic index 0.59 0.61 0.03 BRI E T 3%

5] A% SHEL 2.48 1.93 0.22 G5 T IE T 22%
BEHB % E Patch fragmentation/ (4~/km?) 1.83 2.83 0.55 BESRE ARG N T 55%
FEHBE AL FE R Wetland degradation index/% 712.96 577.72 0.12 M4 T UL > 135, 24km? ot J5

IR AR 12%

T4 2010 FRMAEDTLZEERITFMER

Table 4 Comprehensive evaluation result of the wetland ecological safety evaluation in 2010

) LRV R (D)
THi ol
L i ke Results of

Eitan s

Indicators factor

BATPHNE (X,)
Individual values

FRARIBEE (R)

Indicators measure values Single weight

Comprehensive evaluation

AN/ (N/km?) 0.13 0.032 0.069 0.454
AT A km? 0.05 0.016 0.139
FOZ R 0.22 0.926 0.048
B BB AL hm? 0.35 0.796 0.166
IKSCIRTTHEE % 0.23 0.074 0.025
WA ] 0.52 0.450 0.243
Pk BE HE AL 0.03 0.014 0.125
¥ EERR A 0.22 0.928 0.054
BEBR R/ (4> km?) 0.55 0.395 0.033
TR R kAR % 0.12 0.988 0.098

2.5 b R R E Y

AR 1 o SP 4 2 7 A EATTL B A
TR B AR ATV LR EOK FR A 1 R
AR R I B 255 23 B, A AT T 30 73 i
Hu DX P i XA R i X, 23 0 b v R
PEATAE S Y IR TR EE 0 A, i LR A0
R 7 ATV AR A A5 22 AR B0 AR A B3¢
b (WP R T L e 1 W P S/ 0.5 B L LN
RPEAT S T VN TR R, 2010 AR

AT ek b b DX A i b DX s X A P A S
WAV E S 9 M 0.525.0.333.,0.449 (% 5), H
i, LU DX T M XAk T R A i X Ak
T B TR W X B A 5 2 R OK R, b
TEHBIX > TUEHLIX > Frjie X, ATV i b
DX S T4 0 R VR M R T P TR b AR
BEAEEN 0.525, 4 FHUEZARD, H i b
LAIRAS, BT RE B R A BT, M SR X A T
g 28K XN 3 BEARRT RN et A S R 4
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DA BEL BT DA 5K B4 AR ol B2 32 DXOBR Ul
K3k, FER O B A5 A I Aol 7 A il X3 L
IRFZ BN —ERIBIR  ES R G I REIR
Wt S IR —E BIBAL (H AR AR R G M AT S

£S5 2010 FEMVIE R . THBHESRETENER

Table 5 Evaluation results of wetland ecological safety in the tumen river upstream, midwstream,downstream in 2010

PR RN T ?‘éﬁiﬂﬂ@?{ﬁ(m %Imiﬂz-fa’-rﬁ(&) WAL (W) LA AR (D)
Study area Indicators factor Indicators measure Individual Single weight Resl-ﬂls of .
values values Comprehensive evaluation

UM X UNEE)i S 0.12 0.970 0.069 0.525
Upstream region ANFET A% 0.06 0.017 0.139

FONZ TR R 0.22 0.929 0.048

BB R 0.59 0.696 0.166

V& QRTEF 5 0.13 0.032 0.025

e G| 0.71 0.873 0.243

S R A 0.05 0.016 0.125

BIo EEAR AR 0.22 0.928 0.054

TP 0.59 0.696 0.033

bR AL G % 0.23 0.923 0.098
i IX N 0.02 0.988 0.069 0.333
Middlearea NETHHE 0.17 0.046 0.139

FOZ R R £ 0.30 0.863 0.048

BB R 0.38 0.751 0.166

TR CIH T 84K 0.32 0.161 0.025

WA ) 0.59 0.304 0.243

S R A 0.04 0.014 0.125

¥ ST EERRAL 0.29 0.862 0.054

BEHL i pe g 0.61 0.733 0.033

bR AL G £ 0.26 0.900 0.098
Tl UNEE-): 0.05 0.984 0.069 0.449
Downstream region ATt 0.09 0.023 0.139

L HEEE R 0.16 0.958 0.048

TR B e AR 0.41 0.696 0.166

VS S RTE Y i 0.03 0.013 0.025

W1 0.47 0.432 0.243

SRR RE SR A 0.02 0.012 0.125

Yoy EEREL 0.15 0.957 0.054

B pe i 0.69 0.851 0.033

bR AL G 5 0.005 0.988 0.098
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Table 6 Grey forecasting precision inspection level

FEFRIG FHE Index critical value

il —_ _
Accuracy grade FHXT FERE ¥ UNESE
R & WA C, MR py
—4 1% Level 0.01 0.90 0.35 0.95
%% 2™ Level 0.05 0.80 0.50 0.80
=4 3" Level 0.10 0.70 0.65 0.70
P4 4t Level 0.20 0.60 0.80 0.60

M XF 1R 2 Relative error; 3B E Relevancy ; ¥ 5 2% LU {H Mean

square error ratio; /N ZE 3 Small error probability
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