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Analysis on hydrological responses to changes of landscape patterns in the middle

and upper reaches of Dongting Lake Watershed
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Abstract: The landscape data used was interpreted from the Land MSS and TM satellite imagary for the middle and upper
reaches of Dongting Lake watershed in 1980, 1995, and 2000. With the Maximum Likelihood method, noise, concealing
trends which the hydrological indices represented, was eliminated. Hydrological indices include the yearly peak stage, the
peak discharge, the yearly amount of runoff, and the yearly amount of sediment, values for which came from the
hydrological stations located in the lake inlet of Xiang River, Zi River, Yuan River, and Li River. After being treated by
the Panel Data Model, these landscape and hydrological data were analyzed by the method of Gray Connection analysis and
the principal component analysis. The results showed: change of the peak stage is affected mostly by the landscape pattern
change, and yearly sediment amount has impacted little affect. The peak stage change, lay on the increase or reduction of
the landscape types, such as the mountain paddy fields, reservoirs and ponds, and shrub land and open forest land, whose
influence values were —48.5, —48.1, and 45. 2, respectively. The yearly peak discharge change is affected by the
change of landscape types, including reservoirs, ponds, paddy fields ( except mountain paddy fields) , and shrub land and

open forest land, whose influence values are —41.9, 41.2, and 41.2, respectively. Because the structure of the forest
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ages is not clear and the kinds of trees are simple, the effect of forest land on the change of hydrological characteristic

indices is small, and the influence values are only —10.1, —13.5, and —14.5, respectively.

Key Words: Landscape pattern; hydrology response; driving force; Dongting Lake watershed
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AR R ST TRA 7 28 TR N AR TR BT A . X S
FMAFTER — LR AR RO A8, B BT A T — BRSO AL, X K R R R 8iE MRS
BEHATHE BTSSR S AN BB RNER, B T REER R Bt B i
LA E BB S A 2 BG40 . F, i@ A MR TR R, €&
AR IX 330 55 A J= A8 AL R 7K SR 9% 3R, (AR — B 2R R o

B K E R ES RS ZENEER R, 5 RIZ MBSt 8 K F 1 25 E 2L R YR H
F T PR R RAETHE Y o XK SO G AL R I g X b R AR AR R MR S R R SRR ARG
SRR R B R AR S AR TR AT K PR R B B A LS A VR B A R . AR &
B, 1980 ~2000 4[], I B2 WA T4 b 3t b DX S5 A% JR A8 Ak 2 BRI A Ly b 0 e B DX A5 A, L 7K FE B bR
BB TR o A8 SCIUGHZ X S 5 WA SR 28 A B 7K ST B2 HEAT B SE , 16 188 IR €020 A7 45 7 v e gt o
FOWAR AR 25BN ST P A R P TR, 7 AR BF 5T X UL A% SR B0 2 %ot K SCBR G 2B AL I SR S ML, R i
TRIBIE B H U8 IE B K 5 A A IR PR ALK I
1 HARMREHARHE
1.1 B XA

IR JEE 385 SR B B WA (XA, SR A5 BT U T UK, i B 5 T R A B AL T L S AR A X
BATETFR 263 000 km® , 3 AP W9 e 558 P S0 3o T A o S R 0 A S TR LAY 82. 7% o AR ST S X BR S o ¥ B WA O
BRI R B R R BE X BRAN B 1) .

PR X AEFR AR, 7R R P = 3R L, R 2 Pk, 2 M7 RGBS H . XK R R, W W%,
2 REX(HIE) KRR, 15 U0 8 DK sk AR 51 b o R AR Y 49. 2% (18.3% \24.7% Fi
7.8% . #uER LA LA BRSO 3, 2 o A X R T AR Y 31. 8% 1 30. 6% ; HR SR AR LL, 2050 5 17. 4%
M 16.6% ; FJFFT b ELBl /N, {2 3. 6% o 5T X PUZE4 B, e T 2 , I ARRIE , SRR 4% AR 1K 1
427 mm , FEIK B4 Y AERR A B 23S TR AR AR K . B AR R 3, R & 2003 4R, Wi A 1 6 662 T A, H
RN 4 431 JTA, B ADEE 66.5% , T4 E 60% KK, A¥ i EF 0. 392 hm® , Ak
HuTE A 0. 055 hm?,

1.2 BERIE
1.2.1 FEHERIE 58 80ksE

i 1d Landsat MSS 1 TM T B8 F R MIBFSE X 19801995 4EF1 2000 4E 3 31 + b A1 B %3 (1:100 000)
VT EE SAREBIRE . E50OWRABIH A0 E BRI, 2% T 1980 F12000 4F 1 pg 4 + 1 F|
AV 1 1998 4 ) DEM HH2El . BFFTid 29 BB oT K 4 e 7K W BE7K ek JEUK 4 /NIRRT, 38 4%
R ERR 5 REREX K 50 m DUF R FERIX, 3R 50 ~200 m fy < HLIX, & 200 ~ 500 m hy R
X, ¥k 500 ~ 800 m MAKILX, 4R 7E 800 m LA R IliX

W% B AT A LR AR RS AP X LA S BHZ X R4 o #t e A B K3
FREVEHL AR A F b 6 > —F SRS, DS K 51 5 bR T AR i L ARl EC B b 5 35 BE R b L
T B b, IS B b AT YA K GO M I R A b, A B R b L R R (TR B S E
EEHE) VR R BRA AR 19 TR RL, RS AR AR LS BIRBUT R R ILAE K
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MR 75 Y B 7 I, i A B K LR Al 3 % (maximum
likelihood method ) JEM& > | 3% 3 5 5 MR T 42,
BEAT IR A3 AT o) ke BN B B4 7K SCARAE 8 FR7E 1980
1995 4EF1 2000 4FH B KBMRE(F 1) o
1.3 BEFE

IKCHRRAEAL R 2 R B AR A1y B 28 3 [F) 5 1)
gl BAMAERRERERHEDY , ZRAAE
S LR FIE M 5 B 7K SCEU R AR B E) 5 3 B AR B
FPEAR, BEWESRET ¥4 R ERN&
P AU 23 B ST ) Panel Data #% 4b 3
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Xiang River valley Li River valley
[ BRI BV Ex
Zi River valley Dongting Lake region
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Yuan River valley

Bl kIR R E R XA BRI
Fig. 1 Location of the four valleys and Dongting Lake region
I M7k, Xiang River valley; I /K ¥id Zi River valley; Il Jt
K#i3R Yuan River valley; IV Y& K3 Li River valley; V i ER
[X Dongting Lake region

Tk B TUK RIRE N 4 A FEBERTE . R 4 A FIBTETE 3 A R S0 A UL AT K SO e A6 B [B]

F1  FAHELEIFTE 1980.1995 302000 £ FR KA E
Table 1 The maximum likelihood values of hydrological characteristic indices in 1980, 1995 and 2000

BAHE FEAMBRE FEARRYE
IR FE4y B Bt K AL (m) ( x10° m? vs-1) ( x10% m®) ( x10%*t)
Valley Year The peak stage The veak discharee The yearly amount The yearly amount
P e of runoff of sediment
#7K Xiang River 1980 39.48 1.49 627 1225
1995 39.51 1.41 749 744
2000 39.43 1.41 726 597
i River 1 .1 .4 111
BK Zi Ri 980 39 0.46 208
1995 41.94 0.80 243 167
2000 43.8 0.96 243 78
Pt7K Yuan River 1980 41.12 1.48 605 876
1995 44.60 2.24 796 691
2000 42.71 1.94 678 360
¥&/K Li River 1980 58.03 0.98 125 591
1995 58.68 1.02 132 331
2000 58.34 0.96 130 242
17 BE W3 48k 1980 — — 1.60 x 103 3.09 x 10°
Dongting Lake Watershed 1995 = = 1.79 x10° 2.26 x 10°
2000 — — 1.73 x 10* 1.66 x 103
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FEFVEAE T Ja 38 IR 7 EE T 4 BEULHE BAE fh-5 7K SCRRAEH5 AR A8 A 18] R S BE B, i 6 AT A
P E & SOULHE B A 7K SCRFIEFE AR 2510 B BTRR BE , 1 S 7K ST 0 56 3R 20 A 19 2Ll

SRR FEIERR L, XK SCRHEFS PR L R E 24 . T B bR X Fp 2 1)
K/NFITT ], 4 SCRG i Y S s e bn o # BRI FS BB AT S5 2R, s T DAY i 7K SO AR A%t 5ol A%
JRZRLHINAR KR o MBI R AR

E, =100¢,p;, (i=1,2,-+,19)

KL E, HEWIEEE(0<E, <100) ;&R FHE ¢ NHOMIEBE S j A /K SURHE 8 F5 48 14 18] 9 & Bk
BE,p AR | DRSBTS j A IK SCRHEFE PR 22 AL I TTRREE o Qn2RAEL R 1E , U3 B2 S5 WL 8 5 34 sk
SR SCRHEFE b B TR (30 2810 T 1) — 3805 & 0 — 224k 5 T A I o
2 ZR5HW
2.1 PUKAK SIS AR

VU 7K S5 v kWK A 8 S AR (R SR BN K (B 2) o ZAE3R, WM T\ V8 DU /K B s i e /K A S 349 4
4 38.7.40.8.42.0 m F158. 4 m, H iK1 3 I8 BEAE R EOK , bR 2 (standard deviation ) 3k 4. 4, 53731
WK JEIKFBEK A 1. 131,16 £570 1. 33 £%, YLK FE K 1 B K BB i B (828 AL K, W e 22 (E 28 3.0
x 107, MK WK, KB/ (B 3) o WK YLK AF B KR 7 B AR KA 24 oAl /IME Y 3 5, WKk 6 1%,
FOKIE 115, YLK FRIK BB F R 510 652 12 m® F1 660 12 m® , KL Utk 173, K AR K3
I 174 4) o TEKFBEKAE AR T 5 48 B 22 A A XT8N, T ZK AT K AR o ook M 7K 48 A 180
TV B HIMESTH 9 1 144 J7 ¢ 71996 J7 t,787K Jg 586 J7 t, WEsKAN 251 J7 to YL/KAE A MR U828 fh 45 % i
HASBIREE K, MK KA R E (B 5) . 20 4 80 4ERJG , HF 58 X 4 A IR Vb & i A5 3l i BE 72 2 8L
N, FEERE TR

—4— K Xiang River —a— %K Zi River
64 — —o— JE7K Yuan River —0O— 5K Li River

B YLk Ar

The peak stage (m)

4 U l l | £ 1 ° l l L l el L L l
1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002

AE4r Year

B2 K e K A 925 4k (1950 ~2003 4R )
Fig.2 Changes of the yearly peak stage in Xiang River, Zi River, Yuan River and Li River (1950 —2003)

2.2 FOWAS R LXK SCEL G AR AL R e
2.2.1 FZFMIEB XS K SURFAEFE b A8 10 ) IR B

WFFEIX 2% SIS BY T AR AR AL 57K SCRHMEFE AR 2B AL IE] Y SR BR BE LR 2, 158K 2 & SRR B BUE 51 i 2
{E (mean ) FIERE REL (kurtosis ) , KILEE 1 51 K T4 3 51,48 3 518 K T4 2 51,55 2 5 K T4 4
5o DRI, 35 BB IR A0 0T Fp R B4 B BB AT A8 20 Y B E IX N 4% B A2 R T AR A8 AL , 3o 95 7 o3t e 7k 37 7
A F S M R R, X AR i B R R K R B U R AL B S e AR X B, X AR VD B AR AL R e B/ o

HHEE M RTEEE S K SCRAEFE AR 2B AR B SCIK BE , 1538 : D248 R 48 B3 A 52 i e K 1) 2 i vy Tk 0
IKAL, R R R BER B, TR AR U 8 32 W fie /N o Q% I ey kI 7K A2 2B AL 5 i B K 19 CT ( contagion
index, REEF)F88, " FH RBEE L 0.921 ; LYK Z LSI (landscape shape index, BEHIEARTEEL) Fl PD ( patch
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Fig.3 Changes of the yearly peak discharge in Xiang River, Zi River, Yuan River and Li River (1950 —2003)

3000 — —— JHI7K Xiang River —=— ¥¥JK Zi River
—e— Ptk Yuan River —o— 85K Li River
—o— JEEM I Dongting Lake watershed
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4 UK RS X AR A A2 B 2B 4k (1950 ~2003 4F)
Fig.4 Changes of the yearly amount of runoff in Xiang River, Zi River, Yuan River, Li River and Dongting Lake watershed (1950 —2003)

—— 7K Xiang River —a— %K Zi River
—o— Pt7K Yuan River —e— 5K Li River
—o— T EEM i 1, Dongting Lake watershed
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The yearly amount of sedimen (X10* t)
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KSR ST X AE A Y & 25 4k (1950 ~2003 4F)
Fig.5 Changes of the yearly amount of sediment in Xiang River, Zi River, Yuan River, Li River and Dongting Lake watershed (1950 —2003)

density, BEBEE) FEEL, R BE 203K 0. 921 A1 0. 879, X fe KB i 8 AL AL R i e KA J2: LSI 46 %, R HK
B3k 0.865 ; HyRJE: PD 1 CLAEHL, KRB/ 7135 0. 853 F1 0. 845, Q&A% JRdE BAL (X AT D B AL K%
MEFEXTEE/N , RERBEIITE 0. 57 ~0. 60 Z [6]
2.2.2 SR BCR XK SCRESE TR AR AL B BTRR

ERI I HTEER (R 3) R, B RO AL T B A e = BEMK AL AR 026 1.2.3 R B TR R 70 51
D.9% \33.4% F13. 9% o251 F i o B AT B K BR K B P JROK B B 524t A AR A K ST
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F2 BEVLRAEREUSKCFERFELEBGXEE
Table 2 The gray correlation between landscape type area’s change and hydrological indices’ change

S SR b SR FABERE FABRDR
Landscape type The peak stage The peak discharge L1 Yearly amount The yearly amount
of runoff of sediment
117K FH Mountain paddy field 0.937 0.809 0.849 0.791
FEB%7k H Rough paddy field 0.957 0.825 0.872 0.781
S J5K H Plain paddy field 0.918 0.826 0.846 0.778
b7k I Slope paddy field 0.225 0.165 0.212 0.193
113 524 Mountain dry field 0.883 0.791 0.830 0.768
% 5245 Rough dry field 0.942 0.828 0.850 0.781
FJFE 54 Plain dry field 0.871 0.789 0. 806 0. 766
3l 2 4b Slope dry field 0.660 0.572 0.626 0.571
A FkHb Forest land 0.929 0.815 0.850 0.790
VE A HKHL Shrub land 0.931 0.803 0.843 0.786
ki Open forest field 0.949 0.815 0.867 0.775
H B #kHb Other forest land 0.823 0.758 0.775 0. 807
752 B High coverage grassland 0.921 0.824 0.849 0.779
o 22 3 B Middle coverage grassland 0.948 0.814 0.854 0.773
35 BE 5 b Low coverage grassland 0.706 0.637 0.668 0.578
T3 River and ditich 0.909 0.799 0.831 0.791
138 Lake 0.226 0.243 0.182 0.192
JK Y3 Reservoir and pound 0.886 0.766 0.861 0.768
WEWR Bottomland 0.784 0.747 0.728 0.777
SRR City and town area 0.936 0.813 0.902 0.747
BRI HD Village 0.909 0.809 0.841 0.790
HB# b Other built-up area 0. 800 0.734 0.736 0. 689
VAR Swamp — — 0.000 —
#£ 1 Hb Bare land 0.188 0.203 0.212 0.193

HLARRA b Rock and gravel area — — _ _

BATIIFE 0.91 DAL, BT vE AR A 38 Do P 5 v e /K e TR B TR AR o 36 2 B P B B K 2 Ll B
b AR b AR b R ARt AR v R SRR, A1 T A 8 Rt 5 e e A 0 K 7 R A T TR R o
KRS A AR A B R BRET R B AR EE 1.2.3 FRA M TTRERER 735 R 47. 9% \36.3% F112.0% , 55 1
F BT AT B R K SEIFK B R A AR K SRR, 2R AT 7E 0.91 AR, BATE A
B AN K RS I R B AR T — B 56 2 AL P R AT R R 2 L S b, A bR L b S SR
EATT R A3 U th, 5 o K RS BB R AR A T T — B, S O R AN AR LT AR Y B AR 1.2.3
FRST TR R4 51 R 48.9% 34.5% T 12.5% o 55 1 F 45 I ek B O JRK T A MR b | B MK b 55
WL R AT HITE 0. 92 DAL, BT R A3 Uk A A T VR VD Bk A 2B Ak 1 — B 56 2 F 40 A L 5 b B
Al B bR I S 25 B B S LI R AT EI7E 0. 94 L b, B AT AR B S 5 A 91 U8 v B 1 U 0 B Ak 5 )
—3

CI F8H073E b %of 5 v vk e 7K A7 A8 Ak 8 B A0 017 5 K Y 2 Lt 7K | B 7K 6 Pt A0 A AR 5 SO0,
B K R B A8 Ak 3 A R AT K A 2 L bk | 8 7K EE L EL b T R A bR b O, 3k A WA R U
R4k 3 R R AT R B 1L K L B K B AR AT SR R, LST $8 $ARfh %t 45 K SCHRAE $6 4 8 1k
F AT BT S FE B K | L 5 b A bR b VEE A PR | PR b R K SR SR, BT 34 7E 0. 82 U ks
MPS(mean patch size, IR ) 45 BN 5 /K SCRFAEFE R A0 B LAY , BRAT RS K I 35 A E AP b
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AR I E AR . HH ECBRTT & , A% R 38 B A 7K SCRRAE R A A8 AL B S e AR BE , T T 4% S WL Y
T RS AL 7K SCRFAE $E A 2R AL BRI
2.2.3 SRR K SCR AR AL IR 5

H1F7E 1980 ~2000 4F (8], BF 5 X RS 528 Al B it L 7K FE A0 52t S WL T AR i A8 4, U R —
GRS P AR 1Lt K PRIV AP AR st SRR A6, I 2 A4 R 18 BUBE AL Y 2 MR AR o
MR T HE A B2 PR, 25 SIS R T BRUARA Xoh 7K SCHG 8 T i 57 Wi B TG i 1o %A% R i 58 X 7K ST
IR AEMBINARERL , R, AR SCHE TR WA BUELIN , (075 A% oL 2 T ARAR A 7K SCBRR AR AL R o

SR (B 6) , X 5 it e 7K A7 78 AR M B R ) 2 L i 7k P 7K e e 308 3 W T AR B 8 AL, 32 38 1
GrAK -48.5 T —48. 1, BT TR AR5 D0 5 g 4L 0 7 (57 P ) 81 75 1) AL 5 LUK TR AP b g o i 55
FZK H Cilidtsok B ERSR, R R SR AR S AL , s B E 753k 45. 2 1 39. 8, AT T AR By 38 i A e ey 4t e
IKALTHRE R AL TT AR R o SRt (Ll b SR HBR A, T [R]) 3R] 07K 358 A et 7 L 3t 52 3 55 O T R 4 2 A B
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