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TEFR FEAE ST AR A R W X, 3T SOAFELASK, i DX el R AR 174 3k s Ak E
B, NEAR AR AR, AKTERR ] DR RIR R, Il IR T — R AR SCRIK
PEURSEIET, ANk SCRS Al it Bs 9 E IR SE . Tk, P S SRR e i fu Ve R o
FURF ] P X K R AR TS, A BTt AR AR RSSO SO 3, AR T X3k B 4t
WK ST Rrs ke, HAEEWINSE LSRN, OA KoK 242t
RELEPLE IR | IR R X4 H BN E K R A3 o R I v
PSR 8K R —I K SCR AR e M AT o e T80 X2 AT 0 3k T AR e R 1 IRt X, ey
IR X HEM AT K, FEdERIKIEIR SRR S . v fb K A AR . ASC RIS 9
X KB, BRAGRIK RB 2 AR RE R, 456 A FIK R X AR sS4 b
KRB BIPLH

2 BdlEAITk

B3 90 DX 7 K | o
B, LA, KT, REEEERIE | T e
LR, PEE ERER AN | L S e
B, RIS . R S T | s
W, Emaimhon . s = | G =
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BEIX, AL E AT 30°09~31° 02N, | o xx . K
L. O ® E EFR

119°52'~121° 16'E Z [0] , A< P4 K &4
110 km, Bt 5% 29 60 km, [fi f1 % R 2 R =L

7607 km® (IZ;{I l)o ﬁ%{ﬁﬂ IZJE :FHZ;;I“% Fig. 1 Sketch map of Hangzhou-Jiaxing-Huzhou plain
e, IRANRIE, PR, PEFES, KNFKES, HEMERZESRK, %
TERE . FIKAEN 1954 4EFEKTA 1905 mm, Ah7KAEGY A0 1978 4E /K Y 850 mm, 1%
DX T R A — M E 1.6~2.2 m,  JUFREE KM VL —7, FEAE R X, SRR E
l4mAikH.,

PUE I X A R DK 3 AR o XN TE RS, i T LAY (o
JERT ML LK, AT X5 B 2.3 km/km?®, K TRTZEZ0°H 8.6% . I X RS AT VS — A7 K TSR A8/,
FES% AT s ALERRAARILER—Hi K AR E R, M 12% 4, A/ 10 kA 914>, &
B AT AEAL S o WU I DX R TR 9T ) 5% e R L DX 22—, 3 50 48 Bifi % Ik it Al %
JEMY, IR R AR B
2.2 HERIR

AHIEGE H K B T AR A5 B AR I, A 5 o B 1 B G RN S Hb 25 X6 b
TEE K 2R TIZ S . SR I HIIX 1960s . 1980s [ 1:5 J7 4% 5 #i & R4 T34 . 1L
e B MR . PHEMEEYSE, RASARIEHHKRE . #2009 4 1:5 7574
HiE (DLG) k45 2000s 7K R &l . HH 1960s (i fbpIi) . 1980s (ki b P i) F12000s (]
g e ) 4 3 WK R E S a3 2058 XOK RGBT 224k, FRRIFIE X 43 ) 4% i
2500 mx2500 m A FIE 7 BCAY X L5 K 4% SR B 25 18] 452

FR Ak 1:5 T3 Mo TR P %) il Pl o o 1T T /K O 3t DX PR 7K R R 05, 7K R 43 R TR Nt 2
%5, B 2ANMPRERKZM3ANLREREZ: B30 %) 2, —MEBRmmHRT
2500 m* MK LB s, R R T 1 mm?; EFGEZ, B SERRI 58 KT 20 m A9 i
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B, EAPRIEBIRZE R — R, — PO KRR T RE, SEbrm 58
10~20 m; )R, —BOA N TIIE, SERNATER 0~10 m; M7 SORZE, —BOv AT
RIE, SEPRBE0 0~10 m, sy S9-S5 HA T am i R kiR . A . BRI SR
WA FRGE B AT, RIHARE FJE T 2 9S0m, ASCEEGE T B A A 3
2.3 KREMIER

A SCR A K R AR VAL G RO AR . S5 MR RIS et 45 3 28 5 TildR bR (R 1),
o FAE R UK R A RERRRE , PSS T BT BE MUK T RS S , BIRT 9 4 2 R K THT
RIS BERRFAE B K R ZH R S B A L 0, SCHPRTiae A 28 1 Kl 2 AT 538 g = B4
P, A5 Strahler K R PRIk, BBHFEIXOK R 08 AR . —FSRM —FEm =1
oo T ISSHG R P R A B R ECRTR AR B LR, 02 SR A J AT
TR ERHE . AR R T W B G 4R . ADFTERT, I B @ e S XK
B SRR,

3 AR5

3.1 KEREAETUEKRTSH

1960s-2000s BTz i X K R AL B2 (K12), MWEGE A, 2000s -5 1960s A Finf i
BE UK /> T 1102333 km, FIH T 38.67%, ] X% FE M 3.75 km/km® [ F] 2.30 km/km’;
2000s 55 1960 424 CAH /K AR /N T 151.58 km?, FEU 1 18.83%, /K IHZ M 10.58% K &3
8.59%. MZEM FA, SCKE FHEUHE (K.JRAT 65.01%), FETFMEEHNFRE (Rad
T 2.31%) . MITR B Z4PER, T & 4E 5 1960s 1) 1.24 T3] 2000s A9 1.11, TF#
T10.15%, T =[] 4 ey da TR B Al (3R 2).

TEARB Y BE b, K R A T2l B ek T Al i AR ] o R 5T 1X 1960s-1980s ] 7 1 H
28505.7 km Ji/NF] 24688.6 km, ZKHI AT 805.1 km?Ii/NE 753.1 km?, ¥if ) 25 )3 55 K 1 2%
5k 13.4%H16.5% . 1980s-2000s A8 AL A8 i — B BE B M RIZL, I3 K BE i 24688.6 km
W/NE] 17482.4 km, KT FLHT 753.1 km® Jd /N3] 653.5 km?,  J0] ) 285 5 5 7K TRT 2845 511 ek /)
29.2%F113.2%. A UL 1960s Lk inf %5 B 55 /K i 56 g gl e 45, FLX Rl B3 bE & T fb it
FELEIR] . XA FE IR A BR G AE I N & B R BRI & 4EBeE e E AR m (%2),

F1 AMKRETLIEIREER

Tab. 1 Indicator system of river network change

e S R AREN RS
Hot RFAE ] [ E (DR) Dr = Lr/A, Lp N IXIRPY SRR K, A JRKERE. & X dd i
hy DX 4 THTRR .
KT (We) Wb = (Aw/A) X 100%, Ay X IE PTTHAE]  BTUL ISR R IR A . R e
MELORSNIEA KAEMHERE
SERREAE TR E RE(K,) K, = Lollor Ly Mo S0 KE, L WREHLRN KT, HAMA,
RN T AR
FREBKEL (Ra)  Rau=Adlo A HETWGRIAL, LohET AT RKER KT, £RTH
K T RS K R E AR .
5okt F Y5 (Do) _IgN,, TR A )0 A (R 2, HE R,
D, = —Irulnowlg—r T oy AR 2%

ALK v 1 PRSI, v AR
PR, 12k Ny R 7R, #3231
— 25 r-Niyo

FORSCAEVE KT ZR I, ARt P Vs Y0 T ] P81, o — SRS IAT (L0~20 m) 19-F-44) 56 FEABEAY 2 15 m, 43¢ ¥4t (0~10m)
HOPY- 35 58 SR AL o 5 me WA R AR B RS I L) )R T A
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Fig. 2 Change of density of river network (left) and ratio of water area (right)

SR EENRIZL, R T R, 1960s " IR AT AE (K) A 1.41, % 1980s
FRER1.35, FFET 3.9%, 1980s-2000s HE] 28 FFEZ 0.15, TR T 88.6%. X FRKIRM
ARG, —BORFIANRI, SKEER, FaE, YK/NTF 18, R ZH
oA 158 i 5= H e o e 1 = N (N 1 £ O £ B2l = o 7 R 1 12 LA R R G BE RSN B
BT X—HARRE., —F AT RE(K) AR S, 1960s-1980s FF% T 34.1%,
1980s-2000s T[T 24.2%.

5KARPGE, KW TREE 2 2ERAK, B EftE, REs/h T 1
B s DR AT BRIk T A 0V F 3 AR T8 e 28 A ST I (A SO — /), X4y
T AR S K i B o ™, TR AR L (Ra) BRSBTS, 1960s-2000s
BEATHE R o T3 R BE LU R R B T 3 BEBEAE RGBT I 3= AR RERE .

3.2 KRETUHEX

1960s 4% X 7] W %5 & (DR)FE 1.8~5.3 km/km> Z [A], 1980s 7£ 1.7~4.3 km/km*ZZ [&], 2000s

TE 1.2~4.0 k/km® Z [1], {] o 5 B B IAR S T R 35 (3 3)0 1960s-1980s B H 11 4~43 X 7K T
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R2 HEHHX 1960s-2000s 7k REE
Tab. 2 River network change of Hangzhou-Jiaxing—Huzhou region in the 1960s-2000s

KRESH 1960s 1980s 2000s KFRB (%)
1960s-1980s  1980s-2000s  1960s-2000s

KR (km) 2850571 2468356  17482.37 13.39 -29.19 -38.67
Dr (km/ km?) 375 325 230

KA (km?) 805.09 753.14 653.51 -6.45 -13.23 -18.83
W, (%) 1058 9.90 859

Ki 141 1.35 0.15 -393 -88.57 -89.02
K, 224 148 112 -34.07 -24.22 -50.04
Kz 365 2.83 127 22.44 -54.98 -65.08
Rac (km? km) 44,65 4641 4568 3.96 -159 231
D, 1.2374 1.1865 1.1073 -411 -6.68 -1051

*2000s K MHARSE A HI0 I i F, 29 286.4 km?,

BRRE, T REEERN
0.3%~302%, 41l .
RIS XIgEEA (3
g 33% ~62% ).
1980s-2000s 1 [] 13 4>43
DX 9] [ %% R R R, R R
W F 4.2%~44.2% , T
W& Y (B 0E 9.2%). T
50 445 X ] o 235 B 2R
B, T B IR 41% ~
61.1%. T o %% J3 4 K Hb
XA T B 55 0 B A
AR o PH R AL ES A
/NI 35 RO I A B 1 T
HIX, KR\ N
F o W AR
T el R R A ) 2 B R R
HRIAT R g AR X, A
FE AT /NR S AR

1960s 4% [X /K M %
(W) TE 5.2% ~19.7% 2
], 1980s7E 4.5%~18.8%
Z [a], 2000s 7£ 4.1% ~
17.8%2Z [8], K IHHR Gk
2N KBS (%3
1960s-1980s s 15 11 4~ 43
XK 2T B, T R
BE N 22% ~258% , T
L AP BUHIK T R
BB 2.1% ~
17.5% ). 1980s-2000s 1

R 3 MEHS X 1960s-2000s 7k RIE4L,
Tab. 3 Change of river network of Hangzhou-Jiaxing—Huzhou subregion

in the 1960s-2000s

TIX MG g WDN igdh b &b SRR
A (km?) 420.7 6917 10648 4811 2886 2497 5098
Dr 1%0s 323 52 335 53 175 3.9 357
(kwkm?) 190s 261 3B 292 3R 166 42 377
2000s 183 212 239 207 116 33 245
W, (%) 1%0s 1684 646 1482 6B 523 617 1542
1980s 1599 5% 1322 620 615 56 1463
2000s 1297 407 1050 567 487 613 1280
Ki,2 1%0s 124 1519 146 98 356 62 134
180s 087 1031 112 6% 495 104 096
2000s 020 30 058 118 275 36 056
Ra 1%0s 50.89 2665 4651 4104 H69 4443 4623
(km’/km) 1980s 52.33 3683 5413 4581 4087 4381 042
2000s 61.81 3306 4890 3804 4711 3891 4.35
Do 19%0s 12039 13468 11783 1.3670 11442 1238 12004
1980s 11151 11884 11226 12069 11150 1.2640 12187
2000s 10913 1.0874 11080 1.0834 10510 1185 11075
FIX X% P HW MDD WE I bt
M (km?) 999.2 5244 806 1193 742 5709 842
Dr 1%0s 389 440 406 44 416 267 271
(kmkm?) 1980s 330 42 357 418 323 2 270
2000s 246 271 389 40 231 206 178
W, (%) 1%0s 936 7.2 1436 82X 611 1970 758
180s 857 668 1466 811 453 1880 845
2000s 813 6% 1241 80l 515 1775 559
Ki2 1%0s 654 48 309 7% 724 18 298
180s 566 410 181 58 58 213 225
2000s 1.83 178 233 50 1.62 1.07 130
Ra. 19%0s 44.94 3848 6441 7559 %70 5137 474
(kmP/km) 1980s 46.02 3789 57.83 7036 H47 5280 41.80
2000s 39.83 3746 5857 6114 BI3 5421 4588
D¢ 19%60s 12294 12745 12554 12997 12461 1143 11809
1980s 11607 12698 11925 1221 11408 1.15% 11758
2000s 11067 1158 12246 1.2184 10929 10864 10926
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W] 134N XK T2 TR, T IEIREE 1.2%~33.8%, 4 ILZK 24 (IE 8.3%), i 50 4E4%
Ay XOKHEPRE T, TR 0.6%~37.0% . 7K TR KX A7 FHU W g dbEs . Faimi
AR, B/NXAL TSI S . W7 L, KRR b, i R
FURRVPEER . FETE, HUCRHPEES, SRR B AR N RIS, AL Al
BB -

1960s 4% X 2 & B R (K)TE 1.2~15.2 Z 0], 1980s7E 0.9~10.3 Z [f], 2000s 7E 0.2~
51200, ZRARRECNEE, EEmMEEE (K3). LRk T RBER X AT
FEXHTR . BRI DX, BN FACER PRI X . Sk B REBE b, IR
ERIZU AR, YR PEER, EURR R AT RN L i S ORI ST

1960s £ X T H ALK B L (Ra)TE 26.7~75.6 Z 7], 1980s 7 36.8~70.4 22 ], 2000s 7E
33.1~61.8 Z 0] (#3). T A B LB KB IX A Fhe sz W A U0 R il = T X, f/h
XA F AR T . WISV N A SR B R B A S AR, G DX T 9 T
B BE e in .

1960s 5 X & 4E41 (Do) 7E 1.1442~1.3670 Z [1], 1980s 7E 1.1151~1.2698 Z [11], 2000s 7
1.0510~1.2246 Z [8], &AEBCH FRERIHESE (323). 1960s-1980s B4 1l 35 . i — X%
HmMAN GEIE 1.1%~2.3%), HALS X TR (B 0.1%~11.8%). 1980s-2000s [ 7 1 X i
HEAAN (MR 2.7%), HAlAS X TR (PRI 0.9%~11.3%), 1T SO4E4 X & 4E 504 F 4
B (PR 2.5%~20.4%) . S4B R XL FATES A AR 30 . F B, R/ FALFR Ay
B ARERRRE b, AR RPN R, R DU, R AR RN
FH=ERX,

33 KETANHE

DA T 2t DX 38 2 i 4 DX Ry MR T DX A M i 6 XK R AR s B 323 ) A
X, RIFABLIS), DgEL . W Oy %5 S5 X, DA I PH VS sE WIsnRe . Iya T A
B VLT A RN A X, A3 o BT AN R 2R S i 450 T 7K R AR IR R
351 BRATHEIX 3T IXOKEPREAR . AT IRHX, AT FR-ZK AR 2SR B A A 0 I G
F, KEF RN F OB RS« AKSEEA . DL A RS A R, —
K T S e s T BUK R VA E RE T o H ETHTM 1745 XK R AE 4.9%, 524155 XK
T 8.1%,  H. 19608 LIKK 4 2 It/ MG H (18] 3b). A SORTHIMLI W] R oK 1%,
B PSR M XA I 25 5, KT R AMET 9%,

ST DX X2 B R R, K A SR T Ak o BT T R DX T 25 1960s-2000s 4[] - 25
F7 0.6 km/km?, Z34EE0M 1960s HATA] 1.1442 R &3 2000s A 1.0550, 57 24T X 0] [0 25 JiF
1960s-2000s HAA] FFE T 1.4 km/km®, 434EE0M 1960s A [H] 1.2294 T 51 2000s 11 1.1067 (]
3a, d)o VAT B BRI HE R REAR T2 20k A T MmN R IR0, W11960s 78241
FEX M E R 1108 km, F1]2000s XA 93 km, FFET 92%.

YT IX 1980s Ji PRI B b 77 2L BRI V2 . BB o AU T 5E X 2 2 mobtizs i) - ek i
VLA TR Dot B AR G yaiE, Jo. B, 3. REZ B O AE
o SIS RV VAME TR T 1983 4597 1., 19884F3R 1., Sl 1 itz il FIERIH VT
KK R BT, 52 24T 55 X e 5 TR K 246 R GEERIE . KoK . o yE . Bk
Wi OFEIE . Y. RKEE. MNIE, PR CO\JOKR” A, 1989-1999 4], £
XSS 240 7 2k Bt TR, QndbiBi . RE AR A1 AR PRI S PRI T A% o 58 24T PRIk ]
TARAESE T MBS N KIK R TR IR ()38, S2ff 7 3k A Bt R 7 o
3.52 (n[SEAEHIX InT D AR DX K R R R A S o AT T SR TR (T ) e A 2
Xz —, HAmgEBedEir .. SIS R L . T R AR . 1960s T AR
W% 5 241 5.3 kevkm?, 5 T35S 7 RS- 24048 3.7 ki/km?, 22 2000s P X 0] [/ %5 5 H41{Y
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Fig. 3 River network change of typical sub regions with the indicators of river density
2.1 km/km® (3, Kl 3a). WHMATHRLISZR A E, Ho Z930 R AR, 1960s
T ISR T REU N 152, 9.8, £2000s X XA T RBUL A 3.0H1.2 (K
3c). BEAE YR TTALAY KRR, K AR vl i g S 2K, 1960s-1980s 1 T 2 L FRE T
833 km, T[T 50.9%, Wik~ TR T 564 km, TR T 42.0%; 1980s-2000s 2% 57
TR LV R B &, M T R T 84.9%, AR NI T 96.9%; F2000s, T, MR G
SCTILTRERERS, KA DX i S B 1Y 8% 1 2%

] AR X i A Bk, KREUKR) TARRZ # A K 248 55 1. 1960s-1980s +
MEKERAR, X—BHHEZKRA TSI e m A TR FEE RN 2 —— K
ynr el ) HESF T2 . 1980s-2000s T3 Al < FEIGINBA 2., 77 . W ER /0 BI3E N T 61%F0
89%, M T WK EA R, Wik TN E T R, X — ] I A R Ak R T
AW G T E DR EE W 3 EERN, F]2000 4, buas e HE TR
TR, TEHREILES U E k1 E AR
3.53 KRR E FWEAX  WIARKOK IR, KER TR VLK
R 18% LA, KMRLLIIA A 3, HrR K21 65.9%K FHIA, 242%K AT, —%
IS RS TR 8. 1% 1.7% o 38 T AR XS 7K 1T 2% 1 52 i 7 S VLT R IAS I i
1960s-2000s HA R ZK T R [ T 9.9%, TR BRI (K3b) PR 322 A X A 7E X 35,
HEK R W, KR IARTR R, XA Us i g0/ N b

1960s-1980s 1] [ 25 Ji F1 40 4E A5 AL A K, 1980s-2000s BE A T . VT 1960s 0] 4 %
BN 2.7 km/km®, % 1980s 15 %] 2.8 km/km?, 2000s FF&EZE 2.1 km/km?®, 1] ) & 4E 8018, 5
] o0 25 P A — B (81 3a, d), HEZE A 1980s-2000s 7 3 1 8D

4 ZEip

A K R B | SRS A S AR AR BRI R, SR 1T O F I s A 1 B HL i
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A, FELELUT .

(1) A5 WIH DT SO AR PRI T ALt B K RSB . TRV S e 50 a3, LI
1980s-2000s 7K Z2 T A AT BRI . kT (bWl 2548 (Dy = 3.75 km/km?), 311 ﬂcl?%
T I 4R FE Ik (D = 3.25 km/km?), 38T AR AR BT ) ) KR 298 (De = 2.30 kin/
km?). KRR LA A E, 1960s “ LA T RECH 1.41, F1980s TFEE]1.35, TR
T 3.9%; 2000s 2 FF&Z0.15, TRET 88.6%, T EE il S04ERAG 1A, Tl )
Rt S A B kSR b

(2) 0] [0 25 4 B R S X K R el e A I 0 Rl B T IR T R BRI B e
YRR B 2 () A A R ECHATR] 3 X3 o 9] o 5 4 A [X m% HAL LA A 3, A
AP o K RIS R

(%ﬁ%%%%ﬁ%%ﬂﬁﬁéﬁﬁ — BRI AERTT, Rl eiHs, — A
TRHULHEB RS, BRI TE T — S E IR, S T — S XK IE . XA
&TKH%E@—&%%EOﬁmﬁEmE%Wﬁ LAt X 42 /0N, 3T 50 4] 25 B . K T
KRG YRR LN, KA. BT BT 2, 1980s DI P4 & A B

PEBT VR FUHZIT I8 TR 0] X %8 42 XA LU LA X 5 7K R I i, LS K
%ﬁ%ﬁi T 37 B W A 14
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Temporal and spatial changes of river systems in
Hangzhou-Jiaxing—Huzhou Plain during 1960s-2000s

XU Guanglai*?, XU Youpeng’, WANG Liuyan’
(1. College of Territorial Resources and Tourism, Anhut Normal University, Wuhu 241000, Anhui, China;
2. School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210093, China)

Abstract: Based on the topographic map data in 1960s, 1980s and 2000s, the temporal and
spatial changes of river networks of Hangzhou-Jiaxing-Huzhou Plain region were analyzed
from aspects of the river density (Dr), rate of water area (W;), development coefficient of the
river network (K,), the ratio of area-length of main river (R..) and box dimension (D,) etc.
The results showed that: (1) Dr and W; presented a decline trend during the 1960s-2000s with
river length decreased by 11023.33 km (about 38.67%) and water area decreased by 151.58
km® (about 18.83%), and the trend was still intensifying. (2) K, also showed a decline trend
with K, decreasing from 1.41 to 1.35 (a decrease of 3.9%) during the 1960s-1980s and to
0.15 during the period of 1980s-2000s (decreased by 88.6% ). And the main rivers were
gradually dominant in river network in the process of urbanization. (3) The spatial variation
of the river network was obvious, the southern regions with an intensive river network was
the most dramatic. (4) Each river system has its characteristics under different underlying
surface conditions. W, was smaller with 4.9%-9.4% in city regions. The Dx and W, had
decreased since the 1960s. Some river channel projects for dredging and urban flood control
were implemented in the process of urbanization. In the regions of intensive river network
(Dr was 2.1-5.3 km/km®), there was a significantly decreasing trend of tributary rivers, and an
increasing trend of main rivers. In the lake regions with bigger W, (about 17.8%-19.7%),
there were no significant changes of river system pattern.

Key words: river network; river system pattern; temporal and spatial changes; urbanization;
Hangzhou-Jiaxing-Huzhou Plain



