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Health evaluation of Dongting Lake based on morphological characters
SHUAI Hong"** , LI Jingbao' ,XIA Beicheng®, LIU Chunping’, LI Yudan'

1 College of Resources and Environmental Science, Hunan Normal University, Changsha 410081 China
2 School of Environmental Science and Engineering; Sun Yat-Sen University; Guangzhou 510275 ; China

3 Institute of Disaster Prevention Science and Technology; Sanhe 065201 ; China

Abstract: The lake’s morphological characters is closely related to the functions of lake ecosystem. It is fundamental to
evaluate service function and healthy conditions. According to historical literatures, maps, water and sediment data from
1986 to 2010, 8 indicators of morphological characters including the exposed frequency of bottomland, hydrodynamic
conditions and geometry form of the lake were selected to evaluate the healthy condition of the lake ecosystem during the
typical years by catastrophe progression method. It showed that: (1) The East Dongting Lake has a relatively good health
status ( the average membership grade was 0.7486), but with great fluctuations (0. 6775—0. 7965 ) ; then followed by
South Dongting Lake, (0.7311); the West Dongting Lake (0.7269) was the worst one with a minimum fluctuation of
health relative membership degree (0. 7026—0. 7487 ) ; (2) In the last 20 years, the health standard of Dongting Lake
Basin had showed a tendency of “ worse at the beginning then improved”. It had the lowest healthy membership grade in
1998 (0.6912) , and the highest value was in 2004 (0. 7711), the values of the other typical years were in the middle,

which might be the result of the strong support from both the implementation of “4350” project and Three Gorges dam.

Key Words: Dongting Lake ; morphological characters; healthy condition ; catastrophe progression method
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IKWATA A 25 R G g B A Pbm v 5 SRAR B 50 LU 25 5 IR R P4 B DO 992 b A= 25 R G fa BEIR B0 5 78 SO
S0 FRR AL L5 A B AR B VAN B A 25 R G 5 e AR S ket 5 i A S R S TR B (EHL ) fEfE W
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Fig.1 location of Rivers and lakes of Dongting Lake in Hunan
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Table 1 Correlative formula of catastrophe models

SRR o o PR SR IH—2Ax
Dimensions of Dimensions of . . . . N
Forms . Potential function Bifurcation set Normalization formula
control space behavior space
PrERAL Fold 1 1 V(x) = +un u = -3 X, = Juy
e B V(x) = 4at + Ly \
SN 2 1 4 2 u, =- 6x2,u2 = 8963 Xu = N/Z’Xu = “/E
Cusp + Uy I ’
2
- ls, 1 3 _ _ 3
R e \ 1 V@) = g 6, =, e T VK, =V
- T = - = 4
Swallowtail ¥ Lu2x2 +usx uy == 3x X113 Uy
- le, L 4 - -3
e Voo =g b — 10y =200 Ky T YA = Ve
4 1 4 5
- _ 4 - 5 = =
Butterfly + %uzf +%ux2 e BT 1527 uy = 4w Xu3 A/ Uz ’Xu4 W Uy

GEASGA TN AL IR BN ZPOT M AR R | JE R4 Gt bn e BR H B AR B R T 5 T o R AR A
T JE AR A B A A B 28 AR BRI — A 3, T A JOR S AR AR X SR Jm
1.4.2 T HERIAR

MR Z RAE TS EEA AR b b BEBCEA = 2 E ] ARFRMEEGR | Z) SRR AL i FE AR, a0 J LA JE
A UMD R AR K B ) R4 R T 2 T IR AN 5 0 R0k A 302 580 TR e BTN IR AR R R (3R 2) 3T
o, KB T SR VT K YD TR B s R RE A% 3, AT A DRI s 958 s AR ) 30 WA 2 25 4, 1T /KA ke 7 28 B 0
AW SO IR LADEAS | BRI K U it R WE 2 Y8 1 A TR A 25 M 1 ) o 6l 5 301 ), SO 4k 3R AR Al 0 1
JE SR WA TR 450 S L 2h A28 4k, BERAEBIIA & i AR i 7 KA A8 AL 7K 3l 7 2R 5 e b o 7K R
ARl — 5 TR W T AR (KA DR VIR R ) I sh S A8 Ak, 53— THIKS: B4 5 SO M b A 40 o 1 RS 11
5,

AR SCR R R AT AR B4 TR bRA R, AT A2 458 b B 2L I HE T |, e IR A 28 AR F8 AR iR 2R 11
JEON E A PR AT L T YR AR AR T (£ 2) o

®2 BETESEWHENRENSRABRITINERERREINE

Table 2 Evaluation system and indicators’ weight of health status of Dongting Lake based on morphological characters

HARZ BEZ 152 SCHREAR T B
Target layer Feature layer Index layer Data calculation/meaning
R JEE 11380 Ay P R AR By« 5 LU 2 KA/ d (0. 1614) [13]
{ath (0.4018) B, o7 P R K%/ d (0. 1322)
B, o AR Y 8% K% /d (0. 1082)
Ay KB B, VIR BUR /% (0. 1809) (AR Wbk — 4 Vb L) /4 A1V X 100
(0.3289) Bs : W1AHENEGE 1 (0. 1481) AR WK AR A K R
Ay WREJUTIEZ Bg BT A/m(0. 1149) (147 s HE 2 B
(0.2693) B, AT B/ km? (0. 0823) [ 147 ;1% /% B L g @
By : WA R KL /km (0. 0721) [15]

O R ARE 2005 4 1:10000 7K T HIBIZ BRI L T . 5 P57 i 2 31 AT RE ) 4 A~ TSR0 TR0 AR B 28 AR CRH I 81 10 3 Bz
FEHFRLK AL 31, 50m) ST QWA B A Sl fF T T 2 1 DX 4 g F AR 6 1) B SR S AGOIR BT L A ) I I B g 4 A 1 5 -
SR W S e F LR AR &, JF LLSRSE S0 A A 2 R LA e ) DX SR e B I L LA 9, AR IBUIR I8 R 1 5 B 78 ENVIL AR A o 35303 J2E 1)
T AR
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@%i%ﬁ ) {ﬁﬁﬁﬂgiﬁj E@ % @f*ﬁﬂ y ){i} H 1‘/]? E;’ﬁfj'\]#j(,j& Fig.2 The Delivery catastrophe model of the healthy conditions
@I% , M Al _ A3 j'il ;J:}L’r —%[J Q % }i)f 1:@ 5\% E/(J 15"\‘5»@ % 5% /E /% ng of Dongting Lake based on morphological characters
(F2). A —A, . Bl B, —By . TEHURE
1.4.4 Hawmiski

J A S8 IBU AL L AR B2 B 2 AN AR TR] , EAT T Z IRl eV A A L e, IRt A I — A 2 522 i, iz
AR S PR Z5 S VPRI BOR R4 ) 28 1 I U s AL BN [ 0—1 ] Z 0], AR SCRITA TC i AL K RN

% FIE R N v
X 1 b -l @

i ,i=1,2, - mOm NIEVRED) 5j=1,2, -, n(n HIEFRED .
1.4.5 PP SbnifE

T RAHRECE I — A0 (30 1) A 2) BAR L THR R AR E— s, h ) 22 AR/ X 7 —
FEIE L AR RPR SRR 1 R EoR . AN SCTESR AR R 45 RUTTHR T, B M IR JZ A8 B X 107 f8 AR X 5§ Jag J32 447 Ji
B x,(x,=0/0 2/0 4/0 6/0 8/1) i, S GEOR ATV, T4 HL SRR B y, | TV H0 0 S A Gk A 4
X ST & LR G VR, 350 2 A8 AR T WA G Pebr i, e b 2 BRI A9 AH SC A
L5100 B At i T B W VA TN R AR (R 3) .
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Table 3 Evaluation rating criteria for Dongting Lake

f HEpR B AR Eadia9R e A B BN ARAE B
Health condition Very healthy Healthier Critical health Less healthy Very unhealthy
59 Rate 1 I 1| v \Y
$E(E Membership value >0.80 0.75-0.80 0.71-0.75 0.65-0.70 <0.65

1.4.6 1HEIR
LA 1986 AF- Pl 2 A ], U BH 45 )2 P8 h i T A 72
B, B, B, i RS AL RERY 4 B AR I D)
B, =(B)?+B)*+B)*)/3=(0.0571"7+0. 42397 +0.0471"*)=0.7189
B, By M4 s S AREAY | i B AR I D)
B,=(B)*+B.*)/2=(0.9707">+0.0012"*)/2=0. 4926

B, B, By 14 lite e S AR MR e B AN U] )

B, =(By?+BY*+By*)/3=(0.1553"2+0.0027"°+0.0001"*) /3 =0. 2437
A, A, A, I RGHE R S AR N ] ]

A=min("?A,,A)? AY*)=(0.7189"%,0.4936"*,0.2437"*)=0.7026
R, AT 315358 T I AN G A R I 114031 J2 080 25 90 f AR O SR B, e A M S5 R L3R 4 45 6 3R 3 TP 5 )
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F4 ETESEMBENRESSIRRENREE
Table 4 Relative membership degrees of the healthy status of Dongting Lake based on morphological characters

[X 3, Region 1986 4F 1991 4E 1998 4F 2004 4F 2006 4F 2010 4F
PGl 2] West Dongting Lake 0.7026 0.7212 0.7142 0.7487 0.7334 0.7417
MR BE W South Dongting Lake 0.7192 0.7321 0.6818 0.7681 0.7389 0.7462
7RI BE ] East Dongting Lake 0.7245 0.7415 0.6775 0.7965 0.7686 0.7832
2 ZRH5ITE 085 - o
e —&— i)
2.1 ZS[AFFIE ogol T R
N R S0 3
M4 I 3 T LIE H,1986 4R 1 1991 4R B, 4
=}
A B2 0361 1k T I S B F AR A 1998 4R SR BE W) B 2 O7° T

SR HER S ] AL, R PR W (I S 25 00|
B2 FRE WD TR R RS ;2004 46 T BER)
A5 WA f B AR B T G R AR Kb A A B K T
2006 4F F1 2010 4 2 Jl JZ W0 AT P 5 2 e fl R R 25, 1T 080 s 1991 1998 2000 2006 2010
P A W e AP T e, A A b ver

SVARSRT | AR TR B9 10 T i B HR A A AR M3 HTFRAGHISEL RS aEx e Ra R
*Hﬁ'iﬁfgﬁ@ﬁﬁj(,ﬁﬁ M| E{ﬁﬂ‘{kz,@(ﬁ] Eﬁﬁﬁ%%,/ﬁ\ Fig. 3 Relatively healthy trends of Dongting Lake based on
@ %*H Xﬂ‘i }% E{Bzz—jj EE'i /J\ ) morphological characters during the typical years
2.2 Bf[ERHE

A5 SHL TR AT ) JE T80 T8 7 ik - 34 33 S B OR R, 1998 4R (AR (0. 6912 ) ,2004 4F-fE e i (0. 7711) , Higv it
AR E A T 3 2 00, W 1998 A7 2 I (e BRIR A5 05 22,2004 4754 W b % B s R R LML AR Ak (H
5 1986 1991 AF [ fRFETE LB 4T, LGSR | T B 10 A1 g IR A S B A S b5 Bl st ke 3

[l L 2 AT, SF/K4E (1991 4F 2004 45 ) §I7 2 390 390 9071 Al J3 ARG S5 B 45 w80 , T AR 7K 48 (1986 4F ) 45
I, 33 U8 BH S 7K A3 1890 389 91 e SRS AR R A

Z RS PR A BRI, AT MR T 6a, 43l o = T RS AT RIS AOAG L FEKAR,
TE—E B B S i) 2 Y g B R A B AR Ak . SR T, 1 ROKR) TR U ) e ) 080 Y0 T A5 8 4 P S i) 2
— AR BRI DR A B T S A, DU R ARk
2.3 fBFEE W H R

R ZE AT VA TR AR YNRE R R RN R s el I JE AV AR A B ORE 25 BT AE T
237 20 428 50 R0 60 AR T B (1998 4R K9 2 J5 AR A TRE | =k TRES5/K A T iz
ATHIR I
2.3.1  JFEESIVR VD E AR A K i WA B G B, WSS TR E MR E T RE . eI LK A7 27. 00m 1F
B, T Rl B s 591 e 0 ) T AR 1974 4F 19 2387, 33km?, & FI] 1998 4E14 2156. 06km* ,25a [] [ A /> T
208. 05km” , ZAUH /T 10.244x10%m’® , Horb | AR £ W02 15931 25 45 10 4K, DG I B 359 ( 1 SF-380 ) #5208, R T g
W JE b 5 RN 32 DUV K o B 52 0 FE R 26m AR, HAEMIA R AA P sk i BARIANT R 2Z
BCE, DU (=) BRI , AR VD id b (B2 Je VD7 T e SE L] RIBFL, I BRIV K A 46, FIRVLLL T
VLBV ZE 3R, T G358 im0 s W AR B THFE , 4 045 it S BE 002 | Hh AR T e VD i D, 7 — R A il
TRV IR (1998 4F My di i 5, A AF IR AR EE I 3] 14500 10% t) , JUHE LAY | i G2 AR o 7 5 390 1o 9 4 ™ 1
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