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Determination of a Riverhead Based on Critical Support Discharge and River Network Analysis
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Abstract: A new model referring to the relation of CSA and CSD was proposed , which was based on the physical mechanism for the origin

of river heads. The feasibility of the model was verified by using two watersheds of Duilongqu basin of Lhasa River and Beishuiqu basin of

Niyang River in Tibet to calculate the CSA and extract river networks. The comparison results of river networks derived from DEM with re-

al ones indicated that the critical support discharge Q. are (0.002 8 +0.001) m’/s in Duilongqu and (0.008 5 +0.001) m’/s in

Beishuiqu, respectively. The CSD can vary with hydro-climate conditions. It was higher in humid region and lower in arid region. Using

this method, the optimal critical support discharge Q, of 0.008 5 m’/s in Beishuiqu basin (humid region) was greater than 0.002 8

m*/s for Duilongqu ( semi-arid region). The suggested method provided a new application approach that could be used to determine CSD

( Q.) in complex geographical regions,and the effect of hydro-climate change could be reflected.
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Fig.1 Study basins located in Lhasa River and Niyang
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Tab.1 Climate characteristics of surrounding meteoro-
logical stations of study areas

T35 R/ m i/ AEREK it/ mm
FipE 3 649 8.2 446
M 4 200 1.6 482
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24 3552 8.6 385
W 2736 8.8 742
R it 4507 -1.4 336
PEX 4 700 -1.1 253
PARL'S 4 040 4.9 288
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Fig.2 River networks of Duilongqu basin extracted via different threshold values of support area

0 25 5.0

km  F=11.55km? 0 25 50

km F=5.78 km®

0 25 5.0 0 25 5.0

km  F=4.62 km? km F=1.16 km?

B3 AEEEEE TR KR

Fig.3 River networks of Beishuiqu basin extracted via different threshold values of support area
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Tab.2 Results of main parameters for CSD method for study areas

HeJe i FIK
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Q. Q.7 G F, pe pr Pe’ Pr Q. Q.7 G F, P Pr P’ P
0.010 0. 057 26. 12 0. 106 0.377 0.281 0. 020 0.114 11.55 0. 154 0. 365 0.421
0. 008 0. 046 20. 89 0.132 0.377 0.351 0.015 0. 086 8. 66 0. 205 0. 365 0. 562
0. 005 0.029 13.06 0.212 0.377 0. 562 0.010 0. 057 5.78 0. 307 0. 365 0. 842
0. 003 0.017 7.84 0.353 0.377 0.937 0. 009 0. 051 5.20 0.342 0. 365 0. 936
0.0028  0.016 7.31 0.379 0.377 1. 004 0.0085  0.049 4.91 0. 362 0. 365 0.991
0. 0026 0.015 6.79 0. 408 0.377 1.081 0. 008 0. 046 4.62 0.384 0. 365 1.053
0. 0024 0.014 6.27 0. 442 0.377 1.171 0. 005 0. 029 2.89 0.615 0. 365 1.685
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0. 002 0.011 5.22 0. 530 0.377 1. 406 0. 002 0.011 1.16 1.537 0. 365 4.212
0. 001 0. 006 2.61 1. 060 0.377 2.811 0. 001 0. 006 0. 58 3.075 0.365 8.424

P AR K, mm s E WAFZER i mm; Q, WIS SR’ /s F, S KRR, ki p, AHIGATIRAE  km/ ket 30, AR ki

SRR, IS TSR F, BN, T % R
OFHEAEE W MIEA(E 2.3) 7K (3)
HRETEL I B Q, S R I AT AR F, G
HBEZ —, Q, IR/ B 35 M 52 0T 1)
B F, FEERERQ, EBI, XS R F, R, 4 H
T2 L p, BN FEFR 2 v, X 90] I 2% B W) 5 48 K
p./p, #ala T 1.0 i, f DEM 48 BT R 55 52 B 14 1]
o HE AT B H LA 380 M e it R K e 1
WA Q. 434 0.002 8 m'/s F10.008 5 m’/s, 7E I
TEOCT , Hh I h A K s DEM 42 B 9 5
b P37 1) S B Tm] I S5 AE AL (T 4 ), D) it
K I A S 3R Q. 4 0.002 8 m’/s + Qs (Qgp
=0.001 m’/s) F10.008 5 m*/s + Q4 (Qg, = 0.001

m®/s ) o T P 3 A U Sk e /N BRI & 0..001 8 Al

0.007 5 m’/s, ¥ K F I &5/ & T R 0.001
m*/s F5 5 Q. = Q, WSEBRIFHL
2.2 it it

FETIK SR G S5 A AT IR DX 5 S 5 it k1)
FE TR SRS AR I A AR R 2 A, A I B3
P AR Ry AL A K T R (A A b o, 7R I T A
ERGFER, N T RUE TR R AT, 2 B B
e it L2 TR K R S AR R A X, R
ArcSWAT ]\ DEM & Bin] (), Hrp/K SCR 5 508 t
PR T TR UL S8 6 ) i ) 10 A4 s $2 43t 1y <
TERANRE K A H UL A (3% 1) FGEE i s i 2 2t
SRR A 28 A, N A T kB e N 9% B
FEEL, R ARG S Q, MAKIHREE F, T
PRI ) 55 S B i) ) g ARV (3% 3) , 4531 Y 1 5



54 PO R A2 4 ( TARERE 22 )

46 &

BIE F, 5350 7. 31 F14.91 km® i, 145 5 52 B5HG
T AR AP E R s (P 4) |, Bl i Q. 4 0.002 8
F10.008 5 m’/s, fy &l 4 FIge 3 ml 1, X P70
AT CSD S U B 1R] 19 5 552 By AN 18 02 E
G T AT B B0 AN B B A i Y
AU .
&3 HEZ HEF0 B 7k #h R BN I 5 SEBR AT R X L 4 A
Tab.3 Comparison between extraction of river network
and actual river network for Duilongqu and

Beishuiqu basins

MR WK, W R
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NS B 35t LI AT A1 A 1) T A b &8, i)
J5 s DL B I A S A F, AR ARAR R, Y Bl aT
DA 1.0 )20 km® 28], — SRR T R A IX
TR AR, T A St DX T AR A /DN 5 76 P22 X T ALK
FE L DX TR/ B AN TS 2 AE T 52 1l Xl 2 1 b
X, FEAN R A BT HUSR 25 F T, I A S P i i 0, 1)
AU KK, — AT LATE 0.002 ~ 0.01 m*/s 2247,
DRI R A 22 I SR et QA A b o 7 R oK HE B0 11
PP R R — R LA B AR N O, 5 R
AR,

FETF RSG5 B B S 4 i i CSD A
FEDTRARAE T — b S BT IR X /N A S T
FRAALRY I HLW A M DEM $2 IURT %) 1198 77712,
ZTER B S5 S 80 (R AR e ) 55
Kty CSD, Fb I FH 25 50 (8 Aff s S 7K 1 AR {1 ok 12
O ) 5 5L A B, S A N H TS AR AR
i F5 A 1 Hb DX T AR, 5 Ak, CSD A SRy i 3
KOG A E 2 bR, WAL T —Fha] DL B
LG 5K SO R R A TR 2
3 4

X AT YRAE B R A S Tm] I AT S 7K S 3
() E BT 55, AAE B ST 32 B4 v Il A S S T A
St H e R AT KR A T AR AR R
Sk O FEAR AR A3 B B LR 1R 1 I L S P 0 o A

AR TR R A K A S Y

LAt b, AR K SCARG S B0 7 A K T AR

(CSA) il A S £ B (CSD) Z [ i ¢ &%, il i 2

AT R G245 3, SR TR T YA R T AT

PR CSD B & Ty ki W A [ K SCRR AT

B TR B A 2, AR T — B AR S8k

St s AR 1 5 A A T 0 AR S AR T

XoF F I S S £ 37 B CSD (1 WF 55 34 &b 40 25 1

FEBEL, I HLIG 5 it 2 A S 2 18] 0 0 R A ]

RESE AN A% , W0 M B S Bt BN iz (HRTE K

P ) JRORUEE Ui B L P, i T K P Y CSD 7

BHAB WA EER . 7o, X T Z A IX

CSD J5 (3 N, LA S CSD Bk SCR G B R 148

AR A5 D T 5 B — 2P AIESE

S 2300k

[1]Jones R. Algorithms for using a DEM for mapping catch-
ment areas of stream sediment samples[ J]. Computers
and Geosciences,2002,28(9) :1051 — 1060.

[2] Ariza-Villaverde A B, Jiménez-Hornero F J, Gutiérrez-de-
Ravé E. Multi-fractal analysis applied to the study of the
accuracy of DEM-based stream derivation [ J ]. Geomor-
phology ,2013,197 ;85 —95.

[3]Guan Yinghui,Zheng Fenli, Wang Bin,et al. DEM based
extraction of river networks in Binzhou river basin of Hei-
longjiang province[ J]. Bulletin of Soil and Water Conser-
vation,2012,32 (1) :127 — 131. [ L5 &, s #1, T2,
4. BT DEM By 8 8 VT2 MR 30K R 3R BUA 6 i 5%
[J]. K+ A5 ,2012,32(1) 127 - 131. ]

[4]Pan Zharong, Ruan Xiaohong,Xu Jing. A new calculation
method of instream basic ecological water demand [ J].
Journal of Hydraulic Engineering,2013,44(1):119 —126.
[FRFLAE, BUBELT, Fc . o] 18 B A A 2575 /K I 4 N R A
THAELT]. KFI%#40,2013,44 (1) : 119 - 126. ]

[5] Zheng Zhihong, Zhang Zezhong, Huang Qiang, et al. Im-
provement and application on ecological mater require-
ment tennant method[ J]. Journal of Sichuan University:
Engineering Science Edition,2010,42(2) :34 —39. [ k&
kT R, A AR AT KT Tennant 745 (9 2 iE
FREFLT]. DU RAE2E 4 TR, 2010,42(2) :34
-39. ]

[6]Tennant D L. Instream flow regiments for fish, wildlife,

recreation and related environmental resources| J]. Fisher-



5 6 1]

VT, A5 L BT S SRR 0 A YR Sk 7 ST 0 i BT 55

ies,1976,1(4) :6 — 10.

[7]Fraser J C. Suggestions for developing flow recommenda-
tions for in-stream uses of New Zealand streams [ R].
Wellington: Ministry of Works and Development Water
and Soil Miscellaneous Publication NO.6,1978.

[8]Singh K P,Stall J B. Hydrology of 7-day 10-year low
flows[ J]. Journal of the Hydraulics Division, 1974, 100
(12) :1753 - 1771.

[9]Chiang S L,Johnson F W. Low flow criteria for diversions
and impoundments [ J ]. Journal of the Water Resources
Planning and Management Division, 1976,102(2) ;227 -
238.

[10]Tharme R E. A global prespective on environmental flow
assessment; emerging trends in the development and ap-
plication of environmental flow methodologies for rivers
[J]. River Research and Applications,2003,19(5/6) :397
—441.

[11]Martz L W ,Garbrecht J. Numerical definition of drainage
network and subcatchment areas from digital elevation
models[ J]. Computers and Geosciences,1992,18(6) :747
-761.

[12]Sun Aili,Yu Zhongbo,Yang Chuanguo,et al. Impact fac-
tors of contribution area threshold in extracting drainage
network for rivers in China[ J]. Journal of Hydraulic En-
gineering,2013 ,44(8) ;901 —908. [ FNE 7 , A4k , Wyt
[, 45 FR /K R S R (R e PR 2 A [0 ] AR 41e,
2013,44(8) ;901 -908. |

[13]Shi Changxing,Zhou Yuanyuan,Fan Xiaoli,et al. A study
of the calculation of drainage density of the middle
Yellow River from DEM[J]. Bulletin of Surveying and
Mapping,2012 (10) ;24 — 27. [ Wi K2, Fi il i, 45/ 32
5. ) DEM A7 35 {07 v it 30T 19 $i % T [ %% 2 5 )
ZESForHr 1], M2z ,2012(10) 24 -27. ]

[14] Yang Bang,Ren Liliang. Identification and comparison of
critical support area in extracting drainage network from
DEM[J]. Water Resources and Power,2009,27(5) :11 -
14, [ F8 ATSL R A 7K T BB 1 T 14 L BT 50
(1] KL RETRRL % ,2009,27(5) : 11 - 14. ]

[15]Li L,Xu Z X. A preprocessing program for hydrologic

model—A case study in the Wei River Basin[J]. Proce-

dia Environmental Sciences,2012,13:766 —777.

[16]Richter B D, Baumgartner J V, Wigington R, et al. How
much water does a river need? [J]. Freshwater Biology,
1997,37(1) :231 - 249.

[17]0’ Callaghan J F,Mark D M. The extraction of drainage
networks from digital elevation data[ J]. Computer Vision,
Graphics,and Image Processing,1984,28(3) :323 —344.

[18] Quinn P,Beven K J,Chevallier P,et al. The prediction
of hillslope flow paths for distributed hydrological model-
ing using digital terrain models[ J]. Hydrological Proces-
ses,1991,5(1) :59 —79.

[19] Gain A K, Apel H, Renaud F G, et al. Thresholds of
hydrologic flow regime of a river and investigation of cli-
mate change impact-the case of the Lower Brahmaputra
river Basin[ J]. Climatic Change,2013,120(1/2) :463 -
475.

[20 ] Takahashi H. The calculation method of monthly average
temperature , monthly precipitation and evapotranspiration
[J]. Synoptics,1979,26(12) ;759 - 763.

[21]Fu Jing,Fan Guangzhou,Zhou Dingwen. The applicability
and modification of Takahashi formula for evaporation es-
timation in Lhasa[J]. Journal of Applied Meteorological
Science,2012,23(2) 1231 =237, [ {-}3%, 35, J& 2 3.
A SRR B DAY IS PR S B IE [T ] AR
2248 2012,23(2) :231 -237. ]

[22]Li Li. Study on flood routing of distributed hydrologic
models[ D]. Nanjing: Hohai University,2007. [ Z5f. 434
FOK SCHE A PC A A E Y (DL B R W K%,
2007. ]

[23]Zheng Du,Zhang Rongzhu, Yang Qinye. On the natural
zonation in the Qinghai Xizang Plateau[ ] ]. Acta Geo-
graphic Sinica,1979,34 (1) :1 - 11. [ #85E, 5k 240, b8
b 3T T 9 Y H AR A [T ] PR AE 4R, 1979, 34
(1):1-11.]

[ 24 ]Shen Dajun. Research on the rational use of water resources
on the Lhasa River, Tibet[ C]//Simonovic S P, Kundzewicz
7., Rosbjerg D, et al. Modelling and Management of Sustain-
able Basin-Scale Water Resource Systems. Boulder: IAHS,
1995.

(HE K )



