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Study on ecosystem health evaluation and risk assessment for Linghekou wetlands

based on a PSR model
XU Haotian, ZHOU Linfei * , "CHENG Qian

College of Water Conservancy, Shenyang Agriculiture University, Shenyang 110866, China

Abstract: As one of the Liaoning nature reserves, the Linghe estuary wetland is an important component of the Liaohe
Delta. Data from TM images in 1995, 2000, 2005, 2009 and 2014, were used to build a spatial information database of the
Linghekou Wetland Nature Reserve and determine landscape dates of 5 periods using 3S technology. In this study, we
evaluated Linghekou wetland ecosystem health using the purpose-built Linghekou wetland ecosystem health evaluation based
on the Press-Status-Response ( PSR) concept model. We used the expert evaluation index combined with the AHP
evaluation 1o comprehensively evaluate the use of a logistic growth model for each index based on the assessment of a single
index. The ecosystem health values were 0.642 and 0.617 in 1995 and 2000, respectively, indicating that the ecosystem
health was better in 1995 than 2000; the ecosystem health values were 0.524, 0.436, and 0.405 in 2005, 2009 and 2014,
respectively, which showed that the ecosystem was in a sub-healthy state and some necessary measures should to be

immediately taken. Based on this study, we used the Grey prediction model to build a wetland ecosystem health prediction
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model and tested the model for accuracy. The correlation and mean square error ratio and the small error probability were
primary concerns; the model accuracy was high enough to effectively predict the ecosystem health of the Linghekou wetland.
The prediction values for the Linghekou wetland ecosystem health were 0.357, 0.321, 0.291 and 0.267 in 2019, 2024,
2029 and 2034. The wetland ecosystem health was in a general poor state and this trend is expected to worsen. Ecosystem
health threats are very serious and necessitate more protection and management of wetland ecosystems to ensure their

survival.

Key Words: PSR model; ecosystem health evaluation; Grey prediction; wetlands in Linghe River estuary
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*1 HUHEMEMER
Table 1 The attribute information of Linghekou Wetland

1995 2000 2005 2009 2014
b H A A AWM BEE OB BEHU SR Bk BmAl mEg BmER BEHER
Type of land use Total area/  Plaque/  Total area/ Plaque/ Total area/ Plaque/ Total area/ Plaque/ Total area/  Plaque/
km? A~ km? A km? A km? ™ km? o

Mt Forest land 116.65 27 33.66 82 24.85 42 10.05 10 8.90 20

L W
il 10.71 1 76.87 18 93.47 24 154.93 11 173.21 27
Culture ponds/lakes

%

EE_[ . 73.61 182 80.18 164 129.09 200 59.50 154 52.92 165
Residential area
Bt g o3t
SRR 48.27 3 64.23 14 81.19 12 72.32 7 62.76 17
Reed swamp
54l Dry land 310.98 16 289.96 39 276.42 37 268.17 13 261.51 58
/K H Paddy field 137.42 25 152.83 30 96.37 34 177.09 29 197.67 43
HEVR Mudflat 121.82 18 97.13 26 96.48 11 73.27 14 58.92 10
AT River 16.29 14 40.89 10 37.88 12 20.42 6 19.86 7

R PSR BRI T 0T A0 A < AR5 DX IR 2 N a2 i A AR T 2 18] 932 4 5C 2R TR, S5 R
RIS BEFE XN FR A A BRTEHE b 00728 A A 15 A A A5 21 1 S8 0 B9 204 o A A ThT 101k ) 81
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BRI (1)
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1 ZAOEH PSR &2
Fig.1 PSR model in Linghekou Wetland

EH RE M

5B R

ANFEZD 5 SRR B ARV BRI B BORH i

An BRI RYA7 7 R7S

Tk < X/ E2Edd pirB:ik=g i)

IR PR 51T

IKFI AR ot St

PR 51T

AW FEMCHE ] R ARV M A= 25 Z G T s ) £ 28 TP A, DR (A QSR T4 3 AN D7 i R, 25

http ; //www.ecologica.cn



24 4 VS % BT PSR B RuE T] DR ML AR 7S RS IR 5 TR AT 8267

BB RGN A SRE DHREVEH] G Pt 2 p 52 35 75 I T 10 MRS 4R, il 4d PSR PFM LAY
e T ] R AR S RGBT R IR IR R (£ 2) o

®2 FAORBESRGRRITENIERER

Table 2 The ecological health assessment index system of Linghekou Wetland

HFR)Z Target layer A HENJZ Criteria layer B $845)2 Index layer C
B PRI AE S RGAERT N HE AR FE 3 Hb7 B NH#EE C11
Ecosystem health evaluation index NeaCie NETHAEE C12
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Table 3 Single measure values in 2000 and 2014

TRBRIE (A

P FE4R Evaluating indicator 2005 2014 Index measure value (R)
1% & Population Density/ ( A/km?) 834.57 1026.521 0.230
A& T4 5%% Human disturbance index 162.300 157.431 0.030
SO ZREPEFE AL Landscape diversity indices 2.664 2.631 0.010
SEIYBEH AT Mean patch area/km? 2.908 2.569 0.120
IRSCIETTHE %X Hydrological regulation index/% 0.405 0.296 0.270
SO HEE FE 2L Landscape dominance index 0.336 0.369 0.100
5] 5 %L Evenness index 0.949 0.877 0.080
WG4 HE P2 H7 Primary productivity 231.917 120.440 0.480
1R AL FEEL Wetland degradation index/% 368.587 276.440 0.250
BREHL AL 5 %L Patch fragmentation index/ (1>/km?) 0.344 0.389 0.130
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Table 4 Wetland health rating standard
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evaluation index
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2005 414 2.908 km’ [ 3 2014 -1 2.569 km® , 5t L EEME 2005 451 2.664 [ E] 2014 4219 2.631, DI 1
2 TR DL BB 5 DX PN Y808 P8 s R S5 o P 2 % T P 18 0, 48 s IR et 1R A B0 4t ke A ™ 1 Y b T e K
TSR IRAR T b A 725 i B 1 0 2 P B

£5 204 EFAORBESRERRESTENHESER
Table 5 Comprehensive evaluation result of the Linghekou Wetland ecological health in 2014

SR (R) IR (P g ) SFEIHRECCED

Index measure Single evaluation . . Comprehensive
Individual weight

PR R

Evaluating indicator

value value evaluation index
N B Population Density 0.230 0.077 0.099 0.405
AZETFHAEE Human disturbance index 0.030 0.013 0.198
FMZREPETE B Landscape diversity indices 0.010 0.989 0.035
SEIBELR AR Mean patch area 0.120 0.970 0.030
JK S F5 HE %L Hydrological regulation index 0.270 0.108 0.217
SEMAL S EFE %L Landscape dominance index 0.100 0.975 0.044
Y5 BEHEHL Evenness index 0.080 0.979 0.088
WA 7= J7 Primary productivity 0.480 0.454 0.126
M2 HBIRFLFE L Wetland degradation index 0.050 0.984 0.123
PEHR EL 85 Patch fragmentation index 0.130 0.032 0.041

2.6.3  MARLSHT
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BV, R K R G T 0 RGN 7k 8t 57 CM BIRUEE b gR AT A, 1 S0 Bl
T M A2 20 4 A 45 R G e R 1) & 3R
3.0 KT GM(1,1) R

Hg T ) FE AR T B AR RSN oM (1,1) B SRR I R DL AREFEE 0 i
L1VE H 1995 4F- 2000 45,2005 42009 4F 1 2014 4F 19 A2 2 R 4o 4 5R 25 & VF 48 202 o IR ik B )7 )
XO) , (i=1,2,3,4,5) o AR X© ) #@Er eM(1,1) B FEXHZ BRI TR ST
311 BEFEN XV G)

HAE A BB R E 5] X = 2901),29(2),29(3),22(4) ,2Y(5) = (0.6424,0.6172,0.5244,
0.4363,0.4051)

YHAE 1-AGO, 15 XV = 2V (1), (2),x(3),x"(4) ,x"(5) = (0.6424,1.2596,1.7840,2.2203,
2.6254)

http ; //www.ecologica.cn



8272 H

B
i

Eild 37 &

3.1.2 JRIGFA X (0) I AR
(0)
(]
BT LAY k>3 B T Ak s e 90 G AR
313 ZEFFES XY () dEREERR
R AR m (k) e [1,1.5],6 =0.5,45:m""(3)=1.4163,m'" (4)=1.2446, m"" (5)=1.1825 fif
P k>3, mV (k) e [1,1.5],8 = 0.5, fEFEEE T,
ZE LR, AT A XD (0) EESr GM(1,1) AR
3.1.4 M eM(1,1) FER
XUV BBAEEAR. 27 = 2V(2),27(3),2"(4),2"(5) =(0.9510,1.5218,2.0022,2.4229)
PR FE R B FIE & Y, P = (a,b)" WRAER/NIREMIHTS5 A
0.1491
0.7529}

:¢P=1.9608,2" = 0.4163<0.5,¢'" = 0.2446<0.5, ¢ = 0.1825<0.5

P=(a,b)" =(BB") 'B'Y = [

dx“)

Fr AR RS X (i) B GM(1,1) #ERLY "

+0.1491x'Y = 0.7529 , FL ] Rt A .

~
~

RV (k+1)= (x“”(l) - z) e et == 4.4072¢7 " + 5.0496

T GM(1,1) BRI S| — K BN, 75206 BE R Fh »© (F) B

O+ 1) =2 k+1) =2 (k) =(1 - eﬁ>(x<°><1>—%) e =0.7086e M (B =1,2,-,n)
3.2 TRINBCARE R R 4

P RRAHRTE 22 & Ky R AL X OCHREE O K R 2% LA C K40 S/ MR ZE MRS P ARG 540 30 25 R IR
X AR FE 0 5 10 61, 1) A D
321 MXFIRZE e fle

HARZ A & (ke + 1) =20 (k +.0) 2V (k) 5%22:0 = [q(1),9(2),9(3) ,q(4) ,q(5), ], Hrr q(k) =

KO =30 (k) 5 MR o () 2 2) x 1009 AFHEIN GM(1, 1) TR R (2 6) -

dx

+ 0.1491x'" = 0.7529 FHATHEE .

FEIAEXTIRZE e (avg) = ﬁz le(k) |=2.2181%
- k=2

F 6 TMIKEIGR I
Table 6 Residual test of the model

X 3) 2 30 (i) q(k) e(k)
0.6424 0.6424 0.6424 0 0
0.6172 1.2529 0.6105 0.0067 0.0109
0.5244 1.7788 0.5259 -0.0015 0.0029
0.4363 2.2318 0.4531 -0.0168 0.0384
0.4051 2.6222 0.3903 0.0148 0.0365

3.2.2  JREAXTREE 0 Kk

His = 24,[%“”%) -x(1)] +%[x“”(n) - x(1)]|=0.4680
§ = 24: [29(k) =27(1)] +%W°)(n) -29(1)7|=0.4638

5 = s|=0.0042
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JIT LA, R 24 %8 OB

1+1s1+151

11151+ 15
SZ

D2 )i %% $,=0.0104; ¥ 9 J5 %% S, =0.0944, WIAFR R AR € = = = 0.1107,
323 /NEZEMER PR

i g = 0.0006, 0.6745S, = 0.0637 FFLL/MREMER K P =P |q(k) - g| < 0.67458, =1,

L /NRZHR P=150.95; REOMXIKIRE 0=0.9978>0.90; FH 2 R C=5,/5, =0.1107<0. 39 I gk
FEEER AR S IR (R T) WM 3 IS bR T A I A9 24 O — 2, BOONASE 280 1) B0 45 R, B AR S
B GM (1, 1) LT 70, IR BT AR I 1A R S R UL T

RT RBERBEZSRE

Table 7 Grey forecasting precision inspection level

HiE R 52 e 2% LA AR
Accuracy test level Correlation Posterior difference ratio Small error probability
—Z(4F) Good 0.90<0 € <035 0.95<P

TR (AH) Qualified 0.80< 0 <0.90 0.35< € <0:50 0.80< P <0.95
=R (Hh5R) General 0.60< 0 <0.80 0.50< €. <0.65 0.70< P <0.80
P (ARAHE) Failure 0 <0.60 0.65<C P <0.70

3.3 Tgs R

%“;’ 0.700 -
N . dx'V =S oe00|
XA A GM(1,1) B Ty R + SE
B8 . 0500
as i
0.1491x") = 0.7529 ATHHE HEIAA 20 2T 5 E 000}
i 25 2 Gt REAR DU AR, 43 91 2. 2019 4B 0.3362 ;‘%gg 0.300|-
2024 4F H 0.2896 2029 4F 5 0.2495 2034 4F 4 0.2350, i & 5 0200
N . # g L
PR —MR S IEA R A K R a S 1995 iE &2 gg 0-100
2034 AEVRT 1B A 245 R Gt BRIk (S i s ka2 il = 090 2000 2010 2020 2030 2040

LR (B 2) A 2 ALRLE MY BA2000 4 TF 4R A 2 ft Ef Year

R0 SRR B3, 20092014 4 1] [1] T B i 1 7 45 2% 2 ETORME S R GRS AT A M S T
F1,2014 42 J5 A0 AT AR 1 b R AR AT B Y545 37 1% Fig.2  The predictive value of Linghekou Wetland ecological
il A2 25 R G A A 4k B2 KR T e, B R 5 $|5¢ 4> health competitive evaluation

S . AR BEAR ST S0 0 ™ A 19 5 A Wy

S0 YR A 2 AR G A2 B O B E A R, A AR A LA A TR A S, R, AR R AR S R
GEABRR BT S22 N T R AR 25 U, 060 R PR 38 S it e 0 b A 28 R G I A 7 ) R

4 %t

AR FEAC I ] 0 8 M A 285 2R 0 S5 o T 194 4 285 1R AL, SR P g R 25 - I ASE Y ( PSR) R 1 o T 19
Wt S RGP FEAR IR R I AHP J5 3500 RE 48 R iR 28 1945 A BAITT R AR AR | 8 )z FH 2 S0 o 44
K T ZRABE ARG ILEA T B R AR AR T, foe 5 N 5 CEL E A ZR AT X 1995 4R 5 2014 4F ¥ i HHE M A
BRGMERHTLEA TN, iU 2538 1995 4F 2 2000 4F W0 b A= 25 2 G £l HEIR B0 o £ B 5 2005 4F 5 2014
AR AL 25 AR G RRAR O O W AR , AT [ — SO AS A R a3

FT AT ZR GE TN A TR S A 9T 1 0 A 285 R 0 (P A TR | X i A T AT 22 IR Bn G 3, 45 R R ]
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FEETRDRS B vy, AT AR T 1 98 A 28 R G R dE AT UM BF 9, &0 oM (1,1) AR RUAG ) 45 H F00 oy A
+0.1491x" = 0.7529 , 2535459 H RSk 20 4E BT DB HAE 25 RS LA 45 51. 2019 4F 0.3362 2024 4E

0.2896,2029 4 0.2495 2034 4 0.2350, ¥ — i 25, FAT 1 245 6 i Ayl 35, 1 e 1 285 28 0 1 i ) Ja
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