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Characteristics of river network structure in the Jinsha River Basin of
high-mountain canyon region in southwest China

Guan Haozhe, Ye Yuntao, Gu Jingjing, Zhou Zheng, Cao Yin, Jiang Yunzhong
(State Key Laboratory of Basin Water Cycle Simulation and Regulation, China Institute of Water Resources and Hydropower Research)

Abstract: To study the structural characteristics of the river network in the Jinsha River Basin, river networks were extracted based on
ASTER GDEMYV3 data and the river network density method. By using the Horton-Stahler hierarchical method combined with indicators
such as box dimension, bifurcation ratio, length ratio, and side-branch ratio, the self-similarity patterns and structural features of the
Jinsha River Basin were analyzed, as well as the morphological characteristics of the main stream. The results indicate that rivers of
levels 1-6 in the Jinsha River Basin exhibit structural and topological self-similarity, whereas rivers of levels 7-8 show no significant
self-similarity. At the basin scale, box dimension and river network density satisfy self-similarity, with upper reaches characterized by
smaller box dimensions and higher river network density, while the opposite is observed in the lower reaches. Topographic factors play
a more dominant role than climatic factors in influencing box dimension and river network density in high-mountain canyon-type basins
in southwestern China, such as the Jinsha River Basin. The river networks in high-altitude plateau regions generally exhibit higher
bifurcation and length ratios but lower side-branch ratios. The upper reaches of the main stream of the Jinsha River feature gentle slopes
and larger meander radii; the middle reaches have steep slopes and relatively straight channels, and the lower reaches show gentle
slopes and smaller meander radii. As the length of the studied river segments increases, the average sinuosity, the range of sinuosity,
and data dispersion all increase accordingly. Overall, an inverse relationship exists between river segment sinuosity and channel
gradient.
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Fig.2 River network density curve Fig.3 Results of river network extraction and sub-basin delineation
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Table 1 Box dimensions and river network density for each basin

Inr 5 InN $8I&

itk FEW Y 2 k] 10 0] IO 2 FE/ ke ™!
SR ERUIR y=-1.703 6x+22. 289 0.9658 1.7036 0.4333
Hubl TETEI y=—1.646 1x+19.768 0.9707 1.646 1 0.4786
Hub2 PN y=-1.6402x+19. 866 0.9726 1.6402 0.4929
Hub3 LU L y==1.655 1x+20. 273 0.9670 1.6551 0.4179
Hub4 HEZT 1 y=-1.6455x+19. 898 0.9676 1.6455 0.4184
Hub5 M2 i y==1.6562x+19. 952 0.9658 1.6562 0.4154
Hub6 SV y=-1.657 2x+20. 02 0.9661 1.6572 0.4097
Hub7 AU 73 y==1.667 3x+20. 345 0.9685 1.6673 0.4251

Ve MR TR N A TR

HI e 1 o]0, BRI e 50 1. 7036, AR F UG A EGE R 1. 6402~1. 6673, GHEHEI KT 1.6,
BZ K 2 % B R T & 7 AR, SR AR 822 | (R s ' 4TI e e S A e
BOEIRTE 2.13% ~3. 72% Z 6], FrifE2E 2 0. 005 4, AF- G0 A ARRIE . HLF 7 i el & e B {1 B
B3 I O T 5 A0 =2 117 A 0 790 (1 5 S 2B TR O 5 L P L7271 50 N 0 N b X O a1
I FI B T X 45 F4 AF X fRT B

S VD TL I B R 2 BT LU DK S ), (B T] TR 24T AT AR 7K R B B S 7 A IR 4 MRk & P
PRAKFR MBCRKZR 3 KR, Hubl 5 Hub6 529 32540 A 78300 3 59—, 77 5 R Btk /K 2 5 Hub2  Hub5 |
Hub7 S22 , T WS LA S S I 5 S o] 2 B A AR AS , HES A BCR I3 A AR 7K & s Hub3 5 Hub4
SCRAE T TP AT FR A3 A0, VA A SBRIROK 2R o il A Ak 28 1103 G 2 45 A5 0] o 2% B P304, R K &R
RIBCRIK F CPUIROK R & 4ERCT- S8 53 5120 1. 6517 (1. 654 6 1. 650 3, 1] B %% 2 ~F- Y5 {8 43 51| o 0. 4442
0.4445 0. 4182, RIECIRIK F G AERC ST N %5 BE V- S (E I e K, K B o s 8, BoRoK & 5 P1ROK & &4k
B AR ZZ G0 (H2PRRIK R T %% BE AR TR K R SRR K R | 5 AR I L bk | b 3R AR s L
IRB LA K,

S5 b, A VDTS L VT % S S R R B ) A AR E R, L L i DX o % R e v, L
EEYREA /N SBET i DX R] L L YT X 3 S 8 v A . (BRSBTS T DX A YT
[R5 R AR SRt 2 N e S N3 LA R L A ) 1 B E R N i R S RSl S =B S U o st o I (BN R AT 2N SR
TR/, XA FE RS AN [ 18 £ B3R 790 D0 25480 R ARPAE , #8708 1 IR R i 350 S5 A2 X T K &5 AR s i

3.3 iﬁJIXW E#EM'I“:‘E 8 K
3.3.1 TRLH A M 2 - %‘%Eé I
Sy BT A VD VT R I 4332 He AT He 5 TR e, 2 95
W 4 B (BB R 12 205 1 9055 2 RIER) ., g af
1~ 6 G BT K FRITE AR LA R 2 , e rpa G b £ £ 3
Jy 2. 226, RPN 4. 765, 754 R DLEE L, 0 7-8 :
T EE R 0.306 /N 1.5, AL R 1. 747 /NT 3, 8455 0
I B AL RUEE 1~ 5 T4y & B A2 | 8 2B M e O
{0 4. 572, 44 FMIRUERLAR S0 2 E R R 6-7 5 7-8 4 Horton it BER
B, 20 S O AE FAR PR LA R I ANFE &, 6-7 M43 LR Fig.4 Horton’s ratio calculation

7.667 KT 5,7-8 KAWL A 2. 997 /NF 3, BARG AN A7) i BEAR 470 /£ Horton-Strahler 3 0] | 52 8 1
ZER6) E ARARIYE 5 %88 vEr AT i D) )k LA 3G . Horton-Strahler 300 o /1 R o] #fE T, 707 ) B8 JTLAR] 65 44 B AR L1 EL
A REEVE 2548 A AR £ VD VLI SR ST oA A
3.3.2 AMisi g Ak

THAAS IR 201 OC AR 18] B9 A HE , RIS IO 40 A ALY 45— S 7, ,=1.763, T, ,=1. 854, T, , =
1.986,T, s=2.04,T; (=2.21,T, ,=2.67,T, s=5.5,( T,; LA j B i HECWEH T j RS0 S50
WAE) o 1~6 ZimlimMiAs b 22 BE A /N R e FE — @ YE Bl Y, HOP 3448 7, = 1,971, &AL Lk 5 7 Y 25 7E



552 1 KRG, 5F VU R 5 LA DX UV T ) 45 F AR 13

10% VAN R T, =T, , A5G T 3R FN A AR RUEE 7 90 8 G U AL Lo BB I sh 8K, AN AF S 4R A
ARARIE BT 2000 56 2R 55 B2 el 200 0 1 8 oy 2 AT U A B4R T, =2.506,T, ,=2.56,T, s =2.73,
T,s=3.04,T,=6.67,T ;=10.1,1~6 M FMAE L2 MR/, HOPYME T, =2. 71, AL L 5P S48 22
TE10% AL T, =~ T, FEA W RF S E AR |7 2R 8 ST i MIAL L5 HAMIAS b 22 Tt K, R4 &
TR A AR, PRI VP VAR ML 5 S50 R A [F) R BRI U (1~ 6 20) £6 FARRIME LA, Mt
T (7 20 8 90) AFFE AARMUE LA
3.4 BHERAMSZMER
3.4.1 AR AR T B 54

HERGE T RN 8 G & F AR R SZ P 3 BIADOL JE Pt AR B2 gyt
TR A BIEFT LS BE X E AT AR R T 254 S TS Rl TR AR AR R R B, DLT Y S AR 500,
1000,3000 m il FE, 4 LA S5 3 R U 30 28 Ay g 1 e JE X P AR DX B g DX JBE X4 4 2RO [
TR ™ VPTG AR TR ST TR Ay 1 L S IXC B A Ty v A L DX 5 9
Tl X DU JEIX

LS AT, Bk T UTT 3 5 B8 2 Tl i, JEC b 370 3T 0 43 52 b JEL 8 20 31T 37 Ak 24 2 B AR T
(575 T H R 1 SRSk JE TR 35 B 2 T A 358 5 LT R, JH At 7 G 1 Al 3 A 2 B
[FIFRRE A8 | A YVT AR R TR K TAEAE T, AL LRI, B A TSR AE 4-5 Wi Z B H4 RE R I HH A
B ARARIE | LT R i il DRI, DS A2 e it P 1 R I3 B~ 2 A L 7, 2 b SR R A2 30T 0 ) AR fBL AL
A AP 5 DX LTI, SR AN T A T Do 1 R R P 38y 8 L v DA DX 4 VDV TR e 5 4 A T i, 3 )
T AN AT 1) AR — R 30 A7 7E AN TR L 2% P 108 T ) b, (LA G T DO A A2 11 AR AL
AT AR A AN ], L g L g DAL DX L8 B A ] RE R P L SRR o T R P IX AN ) 3 R
—— BUWIT BT —— P R —— BZIAW —— A

10 10°
10 EIN.
& 1000 B 10°]
S 2 10
VE‘: 107 = 10°L .
10' 10°} . 2f
T D . ) 10" T | . . . . ‘ . . .
0123456738910 0123456 789 VAP X H L o NAd D
] ] NV '\3‘ b‘ % ‘0 T
M UILER s M UILER s TR 2
(a) WA G ION KR (b) IR 59U FR (e ) MUK b 525056 R

E5 AEGEEHMNEER
Fig.5 Self-similarity results for different basins

3.4.2 o AR MAECLE RS

IR 2528 AN 96 A2 T I AR RLAAE AT R B3], X A2 T 1) R A D0 115 0 S B T B A
FP- X (R, S5 2R W3R 2, AN IXIUTE 73 3 LU AT HE A 240 A AE 35 25 5, e L e JEE DX ) 43 S HE AT A e
Tk e T AR I b X IRX, e = 22 e f AR, PRI MEL Fefseok, FeBe X, g X
fie/ s, FLAP DX AR B g T A DX

®2 FEBSHFHEREBHSHTEHE

Table 2 Mean values of parameters for basins with different topographic features

I PR HEARAE Iy H T A L
EAUMIRI 8] iR LR R 4.57 2.20 1.97
AR AT 1R L R R IX 4.64 2.25 2.26
JE TR 3 o L7 i X 5.19 2.22

TR 2% VAT I G IX 4.31 2.07

T T ] 3 3 B IX 4.36 2.14 2.41
P 3I PRI 4.35 2.07 3.11

e L S DX S B A5 TR FE IR AR Bt 9T O L et B T 3 1) 2 B 55 1 o O, 35 e L g i X7



14 WK E el (AR RS R ) 55 54 &

IR E KA ¢, R 2 20 L bk A 52 ) , AS ) LK A9 5 Ll A R 45 37 o 380 1 AR 48 )3T 3 )
o SR, ML LA/ NS BAIRZRONAT J eAT # G B AR SR A S T e v AR B T T A A R
LLBKBELEYS , ARG 3T 3 HRB IRV ARSI R R B AIG , 5 BUR ARG e i 2 3, o 53
A LA TP SR
3.4.3 SR TR EEE RSN

PRI S VI BCT IR KB S-SR 5T Y i P33 B8R, 3 A & e 450 1) I 4% B TG
A S K 2 DA SAEAS [ B 5 A e PR 2R 2 14 A v

H138 3 Al PR P m R AR R 4 SRR SR R A 5 P RIR S
S iR AR B RO W e o S A OG R KA Bk 0. 814 Al 0. 812; YRR K IR 22, MG R KN
0. 721 PRI ARG fe /N FHOCRECK 0. 474, 4 MHEES ACFEIEE S SRR LR, HREERY
LU E OGR4 R 5 G R BIU DU I, S ¥ 30 5 eVl o 285 6 ) S el e ol (3 A DG R
0. 914 A F-RIREIK IR Z AR R ECH 0. 5315 PR APE Y S B i/ FHOC R B 510 0. 444 F10.347, 7F
LB R ATy R ST % B BE LG R R IR R Y S N % B R L R, 25 b B R R
A PR 25 75 M) PG g e L e 2 7R Sk 8 0 50 5 ) T 2 R T A SRR

3 EEN TRZEYMEEMAER
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Table 4 Sinuosity calculation results
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