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Analysis on the responses of flood storage capacity of Dongting Lake to the

changes of landscape patterns in Dongting Lake area
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Abstract: Dongting Lake is an important ecological barrier along the Yangtze River and is also important for social and
sustainable economic development. An ecosystem services assessment of Dongting Lake shows flood control and floodwater
storage is its most important ecological function. However, we know little about the factors controlling the evolution of the
Dongting Lake flood storage function. We especially lack an analysis of the mechanisms of interaction between the landscape
structure and flood storage conditions. Any landscape pattern is the result of various combined natural and human factors at
different spatial and temporal scales. At Dongting Lake, these factors have had a profound influence and determine the
hydrological procession of the wetlands storage capacity of the lake. Exploring the relationship between the structure-
procession-function of the Dongting Lake area by studying the landscape patterns with specific ecological functions is very
important. This study, based on landscape ecology and hydrology, uses landscape data from the Land TM satellite imagery
from the Dongting Lake area from 1980, 1990, 2000, and 2005. Combined with the hydrological measurement data for

these four years, the landscape and hydrological data were analyzed by using gray connection analysis, to discuss the
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influence and mechanisms of the landscape pattern and structure on the lake’s flood storage capacity. The results show the
landscape pattern of Dongting Lake area changed significantly from 1980 to 2005. The paddy fields, dry land, and human
settlement areas changed the most dramatically, while the beaches changed less and forests, grassland and water changed
the least. Numbers of patches (NP) of each land type and shape index (LSI) had similar trends, showing a surge between
1980 and 1990, stabilizing from 1990 to 2000, and then decreasing from 2000 to 2005. The aggregation of the various land
types and the largest patch index ( LPI) changed in different ways. The aggregation index ( Al) and LPI of the paddy
fields, forest and water changed in similar ways. The value of these indices gradually dropped from 1980 to 2000, and then
increased from 2000 to 2005. The Al of the dry lands, grasslands, beaches and villages, and other types have contrasting
changes when compared with the paddy fields; these increased from 1980 to 2000 and then decreased from 2000 to 2005.
Flood storage capacity of the Dongting Lake area decreased in the first part of the study period and then increased later.
This corresponded to the landscape pattern changes. Gray connection analysis showed there was clear relationship between
the landscape patterns and flood storage capacity. The correlation was largest between the flood retention amount and the
indices of LPI and Al, with correlation values of 0. 77 and 0. 75, respectively. This shows the obvious relationship between
dominant patch size and the aggregation of homogeneous patches with flood storage capacity. The correlation is also
pronounced between the silt deposition ratio and the NP and LSI indices, whose correlation values were 0.7 and 0. 78,
respectively. This illustrates the positive correlation between the silt deposition ratio and the scale of landscape
fragmentation, diversity and shape complexity. The correlation was small between the landscape pattern indices and the flow
diversion and sediments diversion ratios. The landscape indices and storage capacity correlation analysis revealed a high
correlation between the flood retention capacity and the LPI and Al indices of paddy fields, woodlands, and water area. In
conclusion, an increase of the LPI and Al of the paddy fields, woodlands, and water area would be helpful in increasing the

flood storage function of Dongting Lake.
Key Words: Dongting Lake ; landscape pattern; water regulation; gray connection analysis
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Table 1 The selection of hydrology monitoring station around Dongting Lake
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Table 2 Indexes on landscape level in Dongting Lake area in 1980,1990.2000 and 2005

A PSR I RBEHAEEL AN R EZH iR SE)) Kk AR
Years NP LPI LSI SHDI SHEI Al
1980 6352 17.3 91.9 1.36 0.70 89.44
1990 20189 11.9 127.6 1.51 0.78 85.23
2000 20252 11.9 127.8 1.52 0.78 85.20
2005 6463 17.2 91.8 1.36 0.70 89.45
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Table 3 Indexes on landscape class level in Dongting Lake area in 1980 ,1990.2000 and 2005

SR Ay 7K H i piS:i) i pINS b R
Landscape indexes Years Paddy field Dryland Woodland ~ Grassland ~ Water Bady  Beach land Settlements
BEYH NP 1980 1137 1712 993 129 1311 433 637
1990 2422 3471 2125 254 4423 846 6648
2000 2411 3427 2125 254 4414 949 6672
2005 1155 1670 997 130 1374 394 743
I K PESRAE %L LPI 1980 17.26 0.09 2.24 0.08 7.60 1.00 0.10
1990 11.92 1.27 2.00 0.07 8.04 0.92 0.10
2000 11.87 1.27 2.00 0.08 7.86 0.92 0.14
2005 17.15 0.09 2.24 0.08 8.83 0.87 0.18
BEPAY AR 1980 14967. 6 1617.0 5977. 1 214.8 4033.6 1509. 1 417.4
CA/(km?) 1990 12889. 8 3062.5 5852. 1 264.5 4176.6 1678.8 812.3
2000 12826.9 3034. 6 5842.1 269.8 4168.6 1709.3 885.2
2005 14817. 6 1561.7 5955.8 223.4 4437.7 1195.8 544.5
TEARFEEL LST 1980 95.8 83.7 95.8 23.4 82.0 40.5 51.7
1990 137.0 106.7 114.9 28.3 104.5 49.2 116.0
2000 137.1 106.2 114. 8 27.5 104.5 50.7 114.8
2005 97.0 82.7 95.7 22.3 78.7 39.9 52.6
REEFRE AL 1980 92.25 79.35 87.71 84.58 87.21 89.81 75.01
1990 88.01 80. 86 85.10 83.08 83.96 88. 20 59.51
2000 87.97 80. 87 85.09 83.74 83.93 87.95 61.61
2005 92.11 79.26 87.71 85. 64 88.31 88.71 77.76

2.3 SR RS IRE DR B CHREE o b
2.3.1 DR MR VLR BUB AL 14 2 T RE AL
N 4 FroR SO Ra 8-S IR & i VDU AR SRR AL A5 AR Z A1 A WA i St . JH: i B
BRCRIER 5 FE RS ) 35 1 SCIR B A R, 7090 0. 77 10 74 BEHI S5 0L J& b B AL BB /N (OK ) B R
7] Jot Xt e 22 1] ) SRR B 0 ) 28 A N, e R BRI B s 4% S5 WL 2 v T AR A R BRE B ot A S5 0L
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1 Lu B8], RELBE A O 2 (25 423 18], JUHAT R T SOl s i i tRAC RS e, fe T H e oo™ | T3
B T AR SR A BEBOR 91 X AT HERE T R B RE TR . JRSE B I & A SR BE /N, 0 0.4, /N TR
CRHR BT 73 B 2K (0.5) , Z2 UG, UL W BEBRIEARBE 2 IR 38 T REBAEG . DRV DUAR AR 5 BB AR
TR AR RR BRI 5] BEAR B A5 S5 WL ORI BE B, 846 T 0. 7—0. 78 Z[6], Ui W35 WL R B B, 24
P, SIS AR A0 E S PRV DIRIR L IEAR S . A5 5E0UAR SRR 805 70t LE b AR SRIR BE 4 N 78
T 0.53—0.73 ZI[al, =50 e 20 FE R 17 3 Je2 0 X VT IR VT B iy IR 25 RE 7, (B2 L B i e, &
HRRPEPAEET 73U LEAh SR R B A 5 7 ift 73 U0 U R SCHR I AN B S, 25 B3 ) X 50U SRy 2 flxk = 11
OIUR ATV RN, T i H AT T R R AN [ - M 2R AR SR A AL R R

R4 AESXSUEREUSEENETAEEXEKEDSN

Table 4 The gray correlation between landscape change and capacity of flood storage

VE & DI RETREL BEYAL RBEYRE BRI ZHVERREL WAERE REERE
Capacity of flood storage NP LPI LSI SHDI SHEI Al
JE Flood detention amount 0.52 0.77 0.40 0.55 0.54 0.74
PRVLTUELR Silt deposition ratio 0.78 0.44 0.75 0.70 0.77 0.49

3 HiH Flow diversion ratio 0.63 0.61 0.58 0.63 0.62 0.65
I3 Sedement diversion ratio 0.54 0.73 0.54 0.59 0.53 0.68

2.3.2 AR SEUURS SR AL X I E DI BE R B2

HI TV IURR A 1 2 i AL A H AR R, 45 550U SRy 418 ) SCIBR P S A B 0T 5 2%, DRI T 26 B 23T 17
VA 7 5 2% S T BRI AR e R SRS BORI 3R 5 B B QR IR . AN 5 B, K T AR FIK AR 8 ek
DEPRAE B 5 8 5 1 QIR B 8, 20000 073,084 F10. 66, 5 i RBEHRAE B ], S5 WL B 1y AR5 8] 25
2] ) DRI P i AR, Bk /K 5 8 35 B DG HR B3R 310 0. 76 A, bk, /K AR ST 15 901 25 1k DGR BE AN 0. 53 il
0. 62, 3% & TR MK A BES ST ARAE 4a HYZZAEIF AN, T SREBR S AR BOM 2R 5 82 48 B A i A AL i
SRR (3 3) , YLHTARH AR S5 0L SR 2 A T2 B3R B RE B4 23 U Rl 5 | AICS7 JRE R 18091 2K R R IR B 1 2R
SEAFIRAE 3K 2 AR M AT K AR 4 BRESR IR0 A5 80 28 S IR BE /I, T i R 2805 81 2 SRR B R AR S A
BRIR v A A, 25 5 MR T A SR 45 EE 1R 09 8 1 S R B R 8 A6 5 0. 69—0. 79 2 [], Hirb K A4 ) 3
B BETE RS IR i ) OCTR B g

£S5 BEIMEABIVREBEHSASEEANXEKE

Table 5 The gray correlation between indexes on landscape class level in Dongting Lake area and water storage and regulation

SRR K H B b s:l) B P Wt Rk
Landscape indexes Paddy field Dryland Woodland Grassland Water Bady Beach land Settlements
BEHR AL CA 0.76 0.47 0.53 0.50 0.62 0.46 0.54
I RBEHRFE ¥ LP1 0.73 0.53 0.84 0.59 0. 66 0.57 0.56
RS HLAEH AL 0.75 0.63 0.77 0.69 0.79 0.71 0.51

3 g

T J2 180 DX LA ey R AR AL e B R 1980—2005 A1 57 L5 i 1Ak 438 o, S XL s A e B o ), 0 48 8 R 32 3
D SO AR ER R A A, R A, — TN RS A R K DX sl R s i R A R K AT Y 2R
R , 55— i, TRATBE K R KA R v, o 60% LA LAAE 1S , 5 RSV I 80 3G T R A T80 i
TP AK DB V0 200 B R AR BE H 2578 S0 /MBI IX R TR 3R R 77 £ b % H B e i R AL AR B H 35
TR 2000—2005 4F45 SO RIBESEL JARFEEL 2 HEE N &) BEREIR 2 1980 4E/KF-, BB — £ 51
R B LSRR, 25 SO B RE RR  TEAR R ARG, RSB H k>, 5 2R R A R AR AN ]
REFEFR BN 8 T B ISA A O AHAT O R |, DX L REAS S i S WA 4319 2 TR FC B R AIE o 255t DL/ DB B

http ; //www. ecologica. cn



4648 A E = 32 &

He 2l ol 7] — 2 Y B 5 B 42 i, AR KBRS BRI 5 BE A MBI, 7K EE RTMAR kb 19 e 288 784 %) BRE B o XL A
KA FERB AL LLESRE 3478 1980—2000 2 #risi/IN , e AR FE N, 32 38 M 48 2% 1 2000—2005 4%, BE
T AR AR A FEFE B A, il P3G 5, 25 1998 AR YT K it 9 S K i L 56 A S K ) DL SR kA
RN AR 3, KT FUK FRIAMRHbBE S 3 | 28 (] R B AR /AT

5SRO SR 7S AR AF T I IR JE 3 1 5 et e R SE R AR S 3 K A AR AL R . (ER U kb 40 1D L Y AR
5T & AN ] S N A T H AR BB RN SRV B I R ACR YD S B i1 K Vb Y B R U
E A3 LG U0 L 220 M 0 N A R 18 5 S R VDU R 38 1 BURE L A A8 Tl e 34, 32 B2 R AT B >k K ok
TP IFEAS IR 2 W 7K VD R M — R R R 46 DU /K B L X TR K Sk U5 ) o 53 4h , P IR R ER T 5 X kv i Ay
KA 05 W HATUARBELES | 7K A A 0 LI F i v b ] B BB PR R B AR TTBEE — O 2 o VD 3 0, —
Wl TR N 3 Vs o S 2N D53 A N SR A 2 A i B R 3 8 D D = e i L = 7 N O = e e o 1
F o AR —J5 T BE TR T AR VD BB A, SRR AR AN DUAE AR 58 R W, KT T 3K v 1 o A = 1
P AR BRI LR = DR H U R EE R R AR SE BRI, B KRB RS 4
U0 L5 — 2 I IEAR DG, HAhA% SRy e B0 = 1 430 A U0 I AT B 5

IR JEE T8 X 5 O Sy X i8] DX /K S 25 D B EL A E BRI B S 2 2 e b WA A v A VR T b
PAES K D R 5T R A R 2 R BT T FR K 2 e I R/ N2 IR MR AR I 2 . A SR 1 25 SRR i
SOULAS JRy X TR R B T REEL A S S UAK S = LA A R T B AR A R R AT VTR A R ) —
S ROWZE AV AR A A8k A X A MRV U RS U A A R A R, SO AL Y AR A AT D 2 ek
ARG K SRR NG S B E R AR e 08 B 1, IR VR T8 IR 7 b 2 SR B S AR B T Y
TN 25 R FL A PR 7 A I R AR S bR IR A K TR, IR S UL A K SCR S R 1 T A A5 2 R i
Xof - AR ORI GE R AR | P L S R R AR T A T B S I DR AR R A K S AR Xt R R SRR
A5 4 Fh S U0 TR0 i BB v R 9 R SIS AT T K K A S5 5 R 5 R DG IBE B A K i BB R A, /K R
J& T N T HMSEA (K HA —E E/KAE S, nT LI 2+ HOK ZER9ME T /K B ARIK A LA AR B0 18 25 2
fiE , (HK R A K T B RE— 020K 43, BT AR B e K BB 5005 T 35 e S B /K 2 ok A, 26 — 02
SOV A 25 [ C B RO, B R A S W8 A4 AN R A2 T A 9 R B9 200 i S R B SR L T A kR
NI AL RRE S THSOW A K SCIR T RE T, X2 ARl | Ftth, K PACRIME - 55 1 AR S0 ) d R BB HUORI 2R
BB 5 E ) IR R i v T A
4 it

TR REWAIX 1980—2005 4F-5EXAE SR A8 AL A Gk, 5o S 700 2 ) e AR A 5, /K FE 552 | SR 9% T RRAE AL el 50
WEHD SR AR, | R R AR T AVS A4 HE /N . 25 - SR SO Jmi 48 BUE A — | b BESUECRTE IR
54U 1980—2000 44K ,2000—2005 AFFFAK, K H B HE KA (1) 3R A B 48 B30 B R B B8 % 1980—2000
/N ,2000—2005 A3 I B W DX S0UAK S 48 AR 3 s it T NS shoxt s B ) b

5 ROUAS JRy i 28 A AR XTI, IR 2 39 9] 35 D) e e I L SRR AT JS 38 R A AR AR R IR LG IR A3 B R W T a2
WX ST R 85 5 IR 35 D REAEE AN [RIAR BE DA DGk . R & i VD DUBR A S WUA% JRy P A (R AR DG M3
K, BT 0.7—0.78 Z [0, 433 b 43U L5 S5 WA R 48 BRI AR DG 50N, A8 46T 0. 53—0. 73 Z [a], 36 HA
JEE T 1) B 10 S5 O R X R 5 R YR VD DR S M A, RN = 10 B A T 4000 R M /0 sk AR B 1 71180
RAFEMA R R MG 2k PRHUFIZK AR S5 SOULZS TR 1) e K BEHRF B50R 2R 5 BEFE 2505 18 35 1 DQ I BE 43¢ v , i B
UNR 1IN a7 m TR AR I BES R d Py N S 3 @l N 11 | R T k= i 1 2 B8 1 BB %1, 2 N S R 2 7 D
IIRe ks, 35 IR AR ), DI P Ie) Je 18 DX O B, XoF 8 AT e 18 781 25 T A, % o T e a0 X dul ek ¢
B I AR A 2 4 HA BURGEE L,
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