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Changes of plain river network and its spatial responses to urbanization
LI Ziyi, XU Youpeng” , HE Yuxiu, WANG Qiang, LIN Zhixin, YU Zhihui, GAO Bin
School of Geography and Ocean Science, Nanjing University, Nanjing 210023, China

Abstract ; With the rapid development of urbanization, the river network morphology in the plain area is harder to describe,
not to mention the difficulty in quantifying the spatial influence of urbanization. Based on the data of river network in the
1980s and 2010s obtained by topographic map and the data of LUCC from remote sensing images, this paper quantitatively
reveals the impact of urbanization on the river network since 1980s in the Hangzhou-Jiaxing-Huzhou area of Taihu Lake
Plain with the application of multifractal theory and geographically weighted regression model. The results show that; (1)
both the density and water surface ratio of river network present a decreasing trend, and their attenuation rates are 10% and
13%, respectively. From the multifractal perspective, the distribution of the river network was concentrated and the
uniformity was decreased. Besides, the river sinuosity decreased by 0.5%, and the main river area length ratio increased
significantly in the moderately and highly urbanized areas. (2) The response of river network evolution to urbanization has
obvious heterogeneity in space. The lower the urbanization level is, the greater the evolution of river network morphology is,
and the more obvious the irregularity of spatial distribution is. (3) There are four different types of urbanization level
transformation in Hangzhou-Jiaxing-Huzhou region: low-low, low-moderate, low-high, and moderate-high. When the
urbanization level does not change, the spatial distribution uniformity decreases, the river network morphology changes
greatly and the attenuation of water surface ratio is greater. Furthermore, the greater the transformation is, the more obvious
the homogenization trend of river network distribution is. Due to the effects of policy, only river network density changes

significantly in the moderate-high development area. This study will provide scientific support for the sustainable
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development of ecological environment, so as to protect the river network.

Key Words:; urbanization; river network revolution; multifractal ; geographically weighted regression model; Hangzhou-

Jiaxing-Huzhou region
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Fig.1 Location of the Hangzhou-Jiaxing-Huzhou region

1.2 Hda5hik
1.2.1 AR

T 1:50000 HuJE EIZRELE) 1980s Fi1 2010s ARG K 2R GORE, 43 At 5 i b DX 30 47 BT i 7K 2R 8 AR
FEIE . o 1980s 7K REH B 1:50000 4857 HJE (51 26550 A AL 3H3RAS 20108 7K R BHEIR T 1:50000 %72k 4
K, RT3 ) T8 %545 H RS 52 48, ME L% IBAZ 52 1K) Strahler  Shreve S5 HLI VEAT IR 09 . 25
G 7% ISR B ARRRPEFIAT 2T B8 AR SC—Bof 9 FE R T 20 m A TRI YR S —ZRnT i, B A 32 1300 3 5 o0
FER 10—20 m AT X0 Sy Gl [R) Bsf A 2 — G S0 5 K T8 /N T 10 m BYTRIR R = G I ( Z K
W) o Mo T AR B S HERT (VR R T SO R R A TRE . BB AR 1991 4F 2015 4F
Y Landsat VR, 0 HF3R 00 30 m, WFEHEAT 52 AR 09 38 PHESF AL 3, AR A9 X 4 M A 2 AU A i S5 F
G B - R FH SR A3 A R K SR PR RN K R S 2R VR A U, P DT SRR AR R RS Y
#Bid 80% ,Kappa Z2EAF] 0.80, MR IF4E I {5 . SRAH 1990 455 2015 A4S 4 5r 50 B I A o B Rl
B IR IR BB 5 BE G Chitp 2/ www.resde.en/) o i ) NI 23 (8] 345 RS BCHE BE ARG B 0 1 km, 50457 2y
N/km? B SE R T N VRSO A 4 Y L P 9 2 ) 3 A PR OO0 5 16D P A2 7 U ( GDP) 23 ] 43 A (A% S04 4R
FEEEA 1 km, B0 T I8/ km?

L 355 Tl D T Ak R SR e e, N 1 B 4 VAT K 2R Az 3k i Ak e i B o TR 20, AR SCRL N TV GDP %
BRI A K 3 AR PR FRAE DTS 9 H X A 3 i Ab & R (1 2) o 1990—2015 AR5 XN % B B T 4%
FMEFE (101% ) Y38, R0 ANV g b IX A JL 42 N 0 S R R K R IR AR e A X, GDP %5 i
SMASE KR N 33% , 4 H X 45 B R FERE R (3G KBRS 2 T Kk, a5 fi b, 2 upes
B B e RG50S VG R b X, T R o A B b 5K S, 1990—2015 AFE AT 5
W4t DX 23 TRL T A K b TR B 38 31% , A B i 4 ey, BN T Ak 2 i i) 38 58 2 S OR K ki Ak 7Kk P
1R SEE ) SRR 5 A, Rk T A K SR A DX, 0 B FH b 1 R, i 2015 423 (AR T AL K
AR SCRFAT 3 L X 45 B AT BRI R A3 AR BEESR TTAR IX ( <30% ) P BESR T Ak X (309%—50% ) Fil i 52 3k T 4k
X (>50%) =2k
1.2.2 KRBEALFESEL

TR K R AR RRAE R 2R BIUTE K R EUR S5 FIE S S, 2B IERHEALBENS I e K R &5
ARG Z R ERES AT 2N WK R AR B A S P AR LR A E N AR T K RIGHR 0 3LRE - 1%
BT R R, KR W, AR K RBCR R, S5 MR AE B TR R 20 R AR B 1 A AR B0 A
LI Aa K ZHNMEIE 2 A FAE EAFFEREOT A S " TRt R, A7 i %]

http ; //www.ecologica.cn



8956 JAE = 41 4

UNEEY; 5 Y o GDP% {3 22 IR ALK P A%
0 <50.0% 0 <15.0% @ < 500%
@ 50.0%—100.0% @ 15.0%—43.0% @ 500.0%—900.0%
@ 100.0%—150.0% @ 43.0%—71.0% @ 900.0%—1300.0%
© 150.0%—200.0% © 71.0%—99.0% @ 1300.0% —1700.0%
@ 200.0%—250.0% @ 99.0%—127.0% @ >1700.0%

0 20km

| S|

B2 1990—2015 F s ¥t K L 3t 12
Fig.2 The urbanization of Hangzhou-Jiaxing-Huzhou region from 1990 to 2015
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Fig.3 Variation and spatial distribution of river network quantitative characteristics
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Fig.4 Variation and spatial distribution of river network multifractal characteristics
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Fig.5 Variation and spatial distribution of river network morphological characteristics
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Fig.7 Effects of urbanization on the multifractal characteristics of river networks
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Fig.8 Effects of urbanization on the morphological characteristics of river networks
S, -Urban : JA] 3¢ il A5 AL 3 5 25 (] 3k 117 Ak 7K S A8 AE 2R (54 M BN AR (] Y9457 | S, -Urbanization ; R, -Urban ; T3 ALK BE HLAR AL 3R 5 25 (A1 3 1T 1k
TKEAR LR Y M B INAL [ YT 4579 | R -Urbanization

3 e

AT 30 AT WL IX A 7K A BRI o LIBT3 A (51, T o0 4 82 K T3 53591 €08 20.5% (18.7% 537
D EE T 1.8% , T B B HEME IR I 15.29% ; A7 S48 8O BT RV 11.1% , RIK R A ke T4
SR, IIAT 19055 BE MK T A A BE R, AT K R S iR . 1T REE TS AR A G s 2 T
BN T 7K ZR 52 0Bl 2, )3 e Aok, T 0 %5 58 15 /K T A BTl o AH Py T R Y 22O 45 S0, N2 IX
SR L A R B O SR BT TR 98 K R AR T R B T A

it — 2L BRFEAN R KPR 5 A2 i R P X 7K 2R A2 IR, 56 T OIS [l A A TR e 345 31 - )R- L I%-
AR - - 4 RO [T K S AR AR SRR A% 7K 2R A5 9 22 A 3 2 ) 3 A A TR A R 22 ] £ Sy 7
[ U5 2R K5 (T 9 ), AT S5z RAS [+] DX sk v A /K- B 28 A0S T 0K R B2, 7 R SR BT Il A & J /K7
B, 7K T AT A B A R AR I A 5 S R 20, LK 28 25 8] A1 Jey AR vh R BE ( AF) 3§ 35 5 D WY A2 T 7
MR- R AR AR DU R FR M AR ) ¥ 2] A K J ) AR A A H, ELIRCTT A 7K S 5 728 W JRE R T (R 4 R

http ; //www.ecologica.cn



22 4 BTG A IR T P SRR K 2R AL A e s A 0 ) 8963

ARAE MR Z K RIS A A ST S AR P 2R IR T R R KPR A2 K T AR R 0
25 JR s LA ORI, I AR R T 3 8 AL | A IR B3k 9] [0 5 188 52 P 2 22 A B S o, Ak AR R AR (E AR Ak
B,

(15 S i k-5 m P

8 002 0.07 -

g 0.04

S

2 T 0.03

= 0.02 .03

R N

-l . | "

& 0.02 +

& -0.03 L

& -0.01 001 +

W&

= B

= 002 L -0.08 L 0 -
Rg-Urban W, -Urban Aa-Urban Af-Urban S,-Urban R,-Urban

9 AREFEZHEBT KR L I R
Fig.9 Response of River network changes to urbanization under different transition types
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