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Wetland ecosystem health assessment of the Tumen River downstream
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Abstract ; Wetlands, forests and oceans form the three global ecosystems. Wetlands are the natural integration of aquatic
and semi-aquatic organisms in a wet environment, and they have a unique structure and function. Wetlands are an
important natural resource and one of the most important environments for humans. They not only offer the resources
necessary for human survival 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". However, due
to increased human activities and lack of understanding of the functions and values of wetlands, most wetlands have been
unsustainably exploited and/or destroyed in the last few decades. From the start of human civilization, wetlands have been
targets of land development. Reclaiming land from lakes and large-scale agricultural development in wetlands causes
tremendous change in wetland landscapes and results in serious environmental problems. Such problems have finally drawn
our attention to the value of these ecosystems. Increasingly, research has investigated the relationships between human
activities and changes in wetland landscape patterns and the climate. The health of the Tumen River region wetland
ecosystem is locally and regionally important in Northeast Asia.

In this paper, we summarize the current health conditions of national and international wetland eco-systems, and
establish an evaluation system for ecological health, suitable for the wetland ecosystem of the lower reaches of the Tumen
River. In this system, a health assessment index for wetland ecosystems is constructed based on five health stage criteria;

primary health; health; secondary health; general sickness and disease, and by combining wetland characteristics using
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pressure-status-response models. The system is divided into three item layers and eight factor layers, with 30 indicators in
total, and provides quantitative standard values for each indicator. The index system includes several major indicators
including those reflecting physics, chemistry, biology, landscape features, ecology, socio-economy, and human health.
The weight of each index is calculated using an analytic hierarchy process and then the final index value calculated using a
three-step, fuzzy, comprehensive evaluation method. An index value of 0. 5878 was obtained as the overall health index of
the wetland ecosystem in the lower reaches of Tumen River, which can be categorized as a sub-healthy state. The health
index for the pressure system was 0. 5292, the response system was 0. 6866, and the state system was 0. 5116. The
membership at each level was 16.83% , 25.37% , 16.76% , 16.97% , and 24.07% .

The factors lowering the ecological health of the wetlands in the lower reaches of Tumen River are :the poor quality of
water replenishing the wetlands resulting in serious water pollution, severe eutrophication; the degradation of the wetland
area influenced by human factors; the fragmentation of the landscape and the decline in productivity levels. These factors
have ultimately reduced the resistance of this wetland ecosystem, and thus increased the vulnerability of the wetland to
certain threats. Based on analyses of the underlying causes of these threats, strategies for health protection, recovery and
sustainable development of the wetland ecosystem of the lower reaches of the Tumen River are proposed. Wetlands in this

region need science-based conservation and management.

Key Words ; wetland ; health assessment; ecology; Tumen River
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Fig.2 PSR model of wetlands in the tumen river downstream
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Table 2 The wetland ecological health assessment index system of the Tumen River downstream
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S 2 &

3 BEMIITHEESEREEETEN
3.1 EMEE

A AHP J3 47 J5 5 2R AR B BT T
e b A S R G RN T8 bR AR R EN G 3R 80
rh R BE AR A b3 5 Ak Az SIS A6 S E K
2 ARACIRE R A R F R HE il K2R S8R b & K LU
FAEBIIRA L G 38 13 P W L3 0] B — )2 AR T
b R AR A DA S 45 )2 R 2 ) 4 AR X
25 WA, AR RS BT AR 5 | 280 115 ML Ak
FHAT)Z R HE P AR BRI 15 3145 I R A (H
(HUBHD . 454 —3 RS, CR<0. 1, H A FE H
ARERN—BE, L& &R 30 4y, 1wl 30 4,
X H AR 29 Rl TR AL BT WL 5.
3.2 EMOTR

S (AN LT XE BN N DR R IV ANE A S NE 2B =
AR D025 2 BEME LA A | SO s BRI 25 6
PR AT RN, o TV T i 1 4t 77 45 48 A
PUIRAE AR A S g B A, TR M ) RE R s

JEH

R, =[0.300 0.500 0.200 0.000 0.000]
[0.000 0.950 0.050 0.000 0.000]
0.716 0.284 0.000 0.000 0.000

R, =[0.000 0.000 0.720 0.280 0.000
0.000 0.450 0.550 0.000 0.000
10.000 0.000 0.000 0.151 0.849 |
[0.000 0.000 0.000 0.300 0.700]

R, =[0.000 0.000 0.200 0.500 0.300
10.972 0.018 0.000 0.000 0.000 |
[0.982 0.018 0.000 0.000 0.000]
0.000 0.000 0.200 0.500 0.300

0.000 0.000 0.000 0.570 0.430

o |0-000 0.000 0.000 0.041 0.959
2 10.700 0.300 0.000 0.000 0.000
0.000 0.000 0.000 0.260 0.740

0.000 0.000 0.250 0.750 0.000
10.000 0.964 0.036 0.000 0.000 |
[0.000 0.000 0.897 0.103 0.000]

R,, = [0.000 0.000 0.000 0.146 0.854
10.798 0.202 0.000 0.000 0.000

http

x5 BEUNITHEMESREBRRTMNIERNE
Table 5 health evaluation index weights of wetland ecosystem in the

tumen river downstream

BHZE(NE) HRZ(NE) HSrz20E) H—HE
Object layer Factor layer  Indicators layer Normalized

(weight ) (weight ) (weight ) weight
A1(0.2367) B1(0.3100) CI1(1) 0.0734
B2(0.6900) C2(0.1775) 0.0290

C3(0.1190) 0.0194

C4(0.2070) 0.0338

€5(0.2096) 0.0342

C6(0.2869) 0. 0468

A2(0.5267) B3(0.2953) C7 (0.4631) 0.0720
C8 (0.3547) 0.0552

€9(0.1822) 0.0283

B4(0.3263)  C10(0.0967) 0.0166

C11(0.1123) 0.0193

€12(0.1718) 0.0295

C13(0.0897) 0.0154

C14(0.1042) 0.0179

C15(0. 1406) 0.0242

C16(0.1042) 0.0179

C17(0.1806) 0.0310

B5(0.1704) C18(0.3745) 0.0336

C19(0.2510) 0.0225

(€20(0.3745) 0.0336

B6(0.2081) €21 (0.1500) 0.0164

(€22(0.3081) 0.0338

(€23(0.1278) 0.0140

(24(0.1180) 0.0129

(€25(0.2961) 0.0324

A3 (0.2367) B7(1) (€26(0.1359) 0.0322
(€27(0.2791) 0.0661

(28(0.1947) 0.0461

C€29(0.1112) 0.0263

€30(0.2791) 0.0661

[0.000 0.000 0.000 0.118 0.882]
0.300 0.500 0.200 0.000 0.000

R,, =10.300 0.500 0.200 0.000 0.000
0.000 0.200 0.600 0.200 0.000

10.000 0.000 0.200 0.500 0.300
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[0.000]
0. 000
R, =0.700 €=(1,0.8,0.6,0.4,0.2)
0. 561
0. 300 |

3.3 FEMIIL FUHEHAE S REEFER G

BTV T Ui b At BRE PP 5 72 v s FH B 38 s B LR EAR [, X 45 A48 A i A B VA B ], fe e J
MLAEPE 25 SRS 2201, TR0 B 82 SR M A B R G i — 5B 43, BRXS PR &5 SR — 2 I DTk
JIr AASHIE 5% 25 T8 B2 DR 28 0 B DA i 45 SR AR A s ma | A8 SCOR H T Bk B9 AR R B B = Wx
R,EI.

b_,- = i (w; * rij) G=1,2,-,m)

gERINT .

EHRGMEREECN P, =B, -C" =W, - (B, ,B,,,)" - C" =0.5292

KRB RS ERESESCy P, =B, - C" =W, - (B, ,By,By;,B,,) "+ C" =0.5116

W RGN P, =B, - C" =W, - (By,) " - C" =0.6866

WEZEE TN FRECH -

B=W-R=W- (B, ,B,,B,) " =(0.1683,0.2537,0. 1676, 0.1697 ,0.2407)
P=B-C"=0.5878

3.4 RS

25 L RTIR AT DS T i i A S R G LR S iR R A0 0. 5878, MRAE EITTVL R i s AE B R 5
ARV SR v, BTV AR AR S R SRR T4 A5 90 A ) o A3 Lok ik AR A s
JEBETT AT 3) A BTV T Ui b X 0 AR S RS AE 16. 83% Ab FARfE IR, 25. 37% J& FIa R &,
16. 76% J& T WARFEIRES ,16. 97 % J& T— w5 ,24. 07 % J& THEmAREE

WK 4 fos , N FREZTEE T R G ERTEECH 0.5292, J8 T A8 R, BEHT T T AR A= 25
RYAEE—E R A RGAFAE— & 1 EE , SR JE R, ATt LA e Tl 2B T8 V5 /K HEOAS 25 2
o RERGIAEFRFEECH 0. 5116, tJm T AR, U Mo A= 38 R S0 (R AR 32 21 1 0 SR 550 & @b,
EL 28 AN R A AEIK AR i A T L R T o) 240 A 785 {1 = o DR 3R R K B A g, KR B 7Rk
YRR KBS FE L, DL 78 55 5%, - Y BRI B8 5, W A 7= DB s i N R 48 i (g R HR £k
0. 6866, J& THEFLRAS , AT FIAH A B GO ORI BT IV R W Mg T — 8 TAE R T — @ AR (HiR T
2D R OR3P UK F | LR R B R P R AR BT AL

R ETTVLF e i A= 28 R G R4 S PPN A5 R, R A b AR 28 R e {5 0 fdt Bl ok RS RO
ARG AR Z B —E W52, G580 A — e BB AR Ak, 32 N 2T g i R, #6012 A, &R
girmfase (B MESR B AE S RE AT 4R (HE A AES R B, BERIN I5 KA BERAL, KR
2R ESCREE, AR R BUR A AR A E TR K SIS IR SOl A2 ARLETBUN, R
BN I8 SRR DIREA BT T B T & bt 20t AR IE AR 24 MR b 32 OR AP KSF B, BRI AT UL 52 i
D AR AR PR A R B B A A AR A ARSI E] . BTV T iieiR s A 28 R 40 H Fi g e A7
TERRR  AFAE—E W, IF BLREE sl A 300 B 25, A TR b s a2 20 17— 1 @i,
JEHEZHE AR AR, BRI, 75 4 il BTV et b A5 285 2R Gl e %) 1 g AR AR 285 By, 5 SR JBUHH Bz
) IR A% SR il L) R T ) R . R SR RV R PR i A 25 R G O A IR S A 3 IR A T4k s i
PRYFNAE By T ) T AR, AP0 &R BT 45 BN B30 S s R T Ve e %) s g 3 i R 38 Ay s il LA B
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Fig.3 Comprehensive evaluation results of wetland ecosystem in

the tumen river downstream
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Fig.4 The project factors of fuzzy membership function value of

the tumen river downstream wetland
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