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Fig.1 Basicflow analysisduring 1944 - 2008
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Fig.2 Monthly average flow during 1944 - 2008
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Table3 Ecological basic flow for different periods

K A ik s
B M ERIER SRR PME AR SR PR ARAER WEER P SRR TR
(m®s?)  (m*sh) Wl  (mishH  mPsh Wl  (mish) (mis?) il (mPsh) (mdsh) il
FKIHT—10 H) 183.65 36.73 36 110.59 27.65 42 54.69 17.50 47 29.75 13.09 66
TK4—6, 11 H) 83.42 16.68 16 53.04 13.26 20 35.39 11.32 31 18.41 8.10 41
*ﬁﬂ(ﬁﬂ(u* KHE3 H) 3766 7.53 7 29.70 7.43 11 20.64 6.60 18 1141 5.02 25

X3 PR TR X B I B AR SRR A
5.02~36.73 m’/s, #x/| 5.02 m¥/s NEFAGERKY], &K
36.73 m¥s N /KEEF K. AR RLAE Py 3 I B S IR
AN AE RSP E (R 2) el FOKERAG, A
8%~—36%; FFfiER, M 25%~66%. MIX A,
A A S IERARIEA ST A Tennant W: 1) J5U0), H & HAR
BIEANZ Tennant v2: 1 1 2 A5 PIAR I, T &AL
SPEIR
2.4 HERSW

FERT TN VS O 4 AR PR R ik R o L P
i B R RG AR, (E SR F Ak 7K U3 6 356 378 Ao s i) A0 e o 2
BT LA 6 4% R ARG K] (12 BIR4E 3 HD R &E
SRAH RIS AER, X E R AESIERAEA TR . FIFER
FHBESE 7T 20 AT B P MR RSER 2y, FKEE
ASILRLBI A 20%, fa (3) A (4) ffe HAb
SERVSL R LL B AT R 5, S5 R IR 4. FEREAERS
I ARSI N 3.84 mPYs, F AR KN AR A KL
Ttk 8.83 m¥s. n[LLFE HHGE 3 b5 MG K 1

ARSI, FOR AR AR S A A AR R Y
K.

Qs+
<k

R4 SERRKEOESER
Table4 Dry season ecological basic flow in different

hydrological year
TiH FAKE P RKEE REREE
Hiti K T 137 f (mB s ™) 4415 27.46 17.99 9.37
Lol 54 o 1.24 1.21 1.37
LR LB Ti% 20 25 30 41
FERILE S/(mPsD 8.83 6.87 5.40 3.84

Texas % 18 T AN E, ©F S0%HIFER T
H AR R 2 A 0 AR B/ D . AR SO TE TR S
Kk 1944—2008 4E3: 780 /N H 4R i s E AT AR 4047
R VR Y 0 B S A R DL Bt IR TR R, K 50%
PRUER TN HARR RN 20%/E W AESIG, T 45 R W&
5. [AINf, 5 dikgh T Tennant ¥, &/ P&
155 90%GRIE R i/ H P A R, IR L.



210 H

REFE FET R R A SRR 5 157

MK 5 TR UE H, FEGE v R AR A A
B HABJURH T o A RS AEN, SRR SOTE
PEAA 3. 2% L8 BIVE AT T30 H AR S SRR O ), ]
JEAT LA BT B, AR ST T S B
BN 5.02~36.73 mYs, ik BV R L
8% ~55%. HRASCEARAESRG /N T 2 i
1) 10%, AF X T- R, AT L6 H 50 € i &
RN T Z AP B R 1) 5%, 5.00 m/s /E A3 13 i
R B ARG N PR, AR AR R A AR A B
FRAMmR K (BIGHES) TRESEILE, A&
PR AEAIEE, ATEE G A R AP A S .

F5 NLMIHEFZESERERMT
Table5 Results comparison of basic flow with various
calculation methods

FIVIRES HHAImPsY)
FEVR L BIE 5.02~36.73
S BRI B Bk 3.84~8.83
Tennant % 6.60
2 ZNVER RN TS 17.90
Q0% FRAUEA fi /N 7P iU A 525
Texas % 12.45

2.5 HEBERREEREDHT

ASCIM K 1944— 2008 41 AR KA il HAR SR AF &
BB H AR 53R 3 vk S AR N A S SRR E AT
B, AR B REA T AT

A ATV OR R S

P=D/Dx100%  (Qu=%) (5)

Kb, P i I BAESIER I RBERE R, %; Qg A%
BT % H ARy, mYs; S iz BEk I 28 3535
i, m¥s; Dy NN BURHERE, d; D ML Qu=S
PIREL, do

h#E 6 13, JARFNE (1996) AEBILNRIARERE
JEART 90%, MAFEWNSITBORE, Rl 3K 5L
PREEFE FE AR, F R K IARE R A RIE t,  Reki
fE(1996) FhKHAMICRBEFESEBI AL, Hefikh 80%. AR¥E
[ Ao 55k, S IR PR RE . 90%I1) It 1 {8 K 1%
TTE ARSI, X IR T A SCAESIERBUE &
ik, Fag 5 rpHAb VAT TE I S B AR A R
AHEG, ARSI R BR A K 56, F0Ah % B B AR L
CATR, (H 2 AR R R B 0 f i 1), 3 R Ry A SO %
AN B A I A s AR SRR, AR A BORH —
AN 7 A

IR 3 A SRR RAE, X R RERE A 1F 2009
EHE AR BT 0T o 1%AE A A B0 AR R 1
82%, LRUFARHCH 301 d, Hrf=F/K HILRIEFE S Ak, A
73%, PRUERECH 89d, Fh/KIHIMLREEFLIE A 78%. MK
3 ETCUE H, AlZKHE 2 H A (1 340 A A B
BOEASIEGUE, KW 7. 10 ARFanEh 54
AHEMEART B

F# 6 EBERFRELETERRERE
Table6 Ecological basic flow guarantee degreein different
representative years

FIKE KA kK A AR
(1962) (1988) (1991) (1996)
i‘:v\][ﬁ& 13 (RN (RN 13
%ﬁ (B ﬁ% (B %% RH ngw@
\d FREi 7~ g R S R T %
K3
goqop) U6 94 12 99 106 8 112 91
KA
4o 1 WS B 10 9 12 93 1 @
kI
; 121 100 122 100 121 100 98 80
(L2—FE3 H)
St 3B 9% 34 99 3?9 93 321 88
30
- 40
%
) 20

=

=

12 3 4 5 6 7 8 9 10 11 12
Hir

B 3 4454 (2009) Ao
Fig.3 Basicflow analysison specia dry year of 2009

3 & it

L) AR PIER T, AR A A AR
Bt 2 P, sk b IEm el M ¢ &, |
IETH B AR S L) S AR S S, IR
WA NA R K A S IERAL . X0 704 8 0 i B
TR AR SRR AL T —Fh R 75

2) JEIZ A TR E BN, 58T ®
X B AR A TR A 5.02~36.73 m¥fs, 1ER— M uHE
A S 17 b ARV ] 0 B A 2R A ) B R T T G K £
RS9 3 g /41T (P 3 Sl NG oo S B R N oW S N
iEF] 90%LA b, UEHIZ I VARV R AL T AR A S
TS ATAT PRI o T 2E PR G RN A 2 A R R 2 5Kk
AN, AT AE W AR T A 25 FE G I 7 6] LA
HI IR B AT A

3) ALK Tennant 7. /M PRk, 90%
FRUE R S5 /N 23 B2 e Texas A L, %7 AN
SO RERAE, R SRR SR L, ST 1S 3
H B A SIEWAE ;W S A S IR AR S
VoK, EARFERERE N s %7 W SR A AE AL I B
AL A LG AE A R T [ KR 1T AN AS TR 3 R4 T K
PRSI, FATIRSR I S

ot BRBRERGHEEY, FHHEIKRF
ERMeNHIE. REH#F. AHEEE, £&E L. T
THEE A B, G,



158

Ak TREAAR

2011 4

(1]

(2]

(3]

(4]

(5]

(6]

(8]

(& % x #]
W /NOEL VR TR Y T X B AR A SRR R L [D].
o2 BT K, 2010.
Shang Xiaoying. Study on Regulation of Ecological Basic
Flow in Bagji City Segment of Weihe River[D]. Xi’an: Xi'an
University of Technology, 2010. (in Chinese with English
abstract)
TKREE, ZEWRLE, JEAE, . WEES T KBS K E
W[, A TFE#4R, 2008, 24(7): 307—312.
Zhang Li, Li Lijuan, Liang Ligiao, et a. Progress on the
research of theory and calculation method of ecological water
requirement[J]. Transactions of the CSAE, 2008, 24(7): 307
—312. (in Chinese with English abstract)
W, gkiE. A KT SUE LR 7K 3)
1% 5%, 2003, 18(3): 295—301.
Yang Zhifeng, Zhang Yuan. Comparison of methods for
ecologica and environmental flow in river channels[J].
Journal of Hydrodynamics, 2003, 18(3): 295— 301. (in
Chinese with English abstract)
TR, BREE, ). R AR ST AU R EVRR).
TR BRI, 2004, 32(1): 5—9.
Xu Zhixia, Chen Minjian, Dong Zengchuan. Comments on
calculation methods for river ecological water demand[J].
Journal of Hehai University: Natural Sciences, 2004, 32(1): 5
—9. (in Chinese with English abstract)
Hughes D.A, Hannart P. A desktop model used to provide an
initial estimate of the ecological in-stream flow requirements
of rivers in South AfricalJ]. Journa of Hydrology, 2003,
270(3): 167—181.
Hughes D A. Providing hydrologica information and data
analysis tools for the determination of ecological instream
flow requirements for South African rivergJ]. Journa of
Hydrology, 2001, 241(1/2): 140—151.
THEE, X8, W& A& RRSET KRR RS
HUE[J). AKRb#EEE, 2002, 13(4): 507—514.
Wang Xiqgin, Liu Changming, Yang Zhifeng. Research
advance in ecologica water demand and environmental water
demand[J]. Advances in Water Science, 2002, 13(4): 507—
514. (in Chinese with English abstract)
NI, ALLAL. HFERIRIEITR R G A A B AT K vt
H[J). HPE2ER, 2000, 55(4): 495—500.
Li Lijuan, Zheng Hongxing. Environmental and ecological
water consumption of river systems in Hahe-Luanhe
BasingJ]. Acta Geographica Sinica, 2000, 55(4): 495—500.
(in Chinese with English abstract)

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]
(17]

(18]

(19]

Mg, R, XIEE, & ARRETRKEIIR
SR IM]. bt REditE, 2008

Tlehs, B AW, SR /NS NIRRT
PSR AR ARFLAAR, 2004, 32(1): 18
—22.

Yu Longjuan, Xia Zigiang, Du Xiaoshun. Connotation of
minimum ecological runoff and its calculation method[J].
Journal of Hehai University: Natural Sciences, 2004, 32(1):
18—22. (in Chinese with English abstract)

Poff N L, Allan D, Bain M B, et a. The natura flow regime:
A paradigm for river conservation and restoration[J].
Bioscience, 1997, 47(11): 769— 784.

TN, AE&E, T, . BACERRREE T GLP
ROk LR IR SR A RO E [T, Rk TRE#4R, 2011,
27(4): 48—53.

Wang Lixia, Ren Zhiyuan, Ren Zhaoxia, et a. Integrated
alocation of water and land resources based on GLP model
in Yanhe watershed[J]. Transactions of the CSAE, 2011,
27(4): 48—53. (in Chinese with English abstract)

Arthington A H, Bunn S E, Poff N L, et a. The challenge of
providing environmental
ecosystems]J]. Ecological Applications, 2006, 16(4): 1311—
1318.

Clifford P N, Greeneville B H, Edgar F L, et a. Minimum
flows and levels method of the St Johns River water
management district, Florida, USA[J]. Environmenta
Management, 2008, 42(6): 1101—1114.

JEZIG. SRR BEURIM]. I SRR R, 1996:
31—32.

SL 250-2000, 7K3CIEHIRATE[S].

Mathews R C, Bao Yixing. The texas method of preliminary
instream flow assessment[J]. Rivers, 1991, 2(4): 295— 310.
SRIGeFY, RRAE. TR AR A K PR G AL B AT Tk
JEE AR ). AP TR R, 2005, 21(1): 167—172.
Su Xiaoling, Kang Shaozhong. Research advances and key
topics on optima alocation of water resources based on
ecosystem in the arid aread[J]. Transactions of the CSAE,
2005, 21(1): 167—172. (in Chinese with English abstract)
MIBA S BRI SRS | KON T T A A BRI R 58 i A
TREERFST[). 5 X BH 5 ER45, 2010, 24(11): 114—1109.
Lin Qical, Li Huaien. Influence and guarantee on ecological

flow rules to sustain river

basic flow of Weihe River from Baojixia water diversion[J].
Journal of Arid Land Resources and Environment, 2010,
24(11): 114—119. (in Chinese with English abstract)



iy

% 10 39 FH T BT LU BB T I A AR 5 159

Calculation of ecological basic flow of Weihe River based on
basic flow ratio method

Wu Xijun'?, Li Huaien®, Dong Ying?, Lin Qicai*
(1. Key Laboratory of Northwest Water Resources and Ecological Environment of Ministry of Education, Xi’an University of Technology,
Xi’an 710048, China; 2. Department of Construction Engineering, Yulin College, Yulin 719000, China)

Abstract: To make the ecological basic flow better reflect river life water demand inter-annual and years change in the
north of China, the basic flow ratio method was proposed, which divided long-term runoff statistical data into different
hydrological years such as wet, normal, dry and special dry. By using traditional methods to determine the basic flow
ratio of a certain hydrological year and counting the ratio of average runoff between this hydrological year and other
years, the relationship between each basic flow ratio could be ascertained. Thus, the basic flow ratio of other
hydrological years and ecological basic flow values could be calculated. Also, the value of ecological basic flow could
be calculated for different periods in a year respectively. Taking mainstream of Weihe river in Baoji section as an
example, the ecological basic flow was calculated based on basic flow ratio method. The results showed that the
ecological basic flow for different hydrological years and periods calculated with this method was 5.00-36.00 m¥/s,
Results of other methods, such as Tennant and Texas method, were in this scope and guarantee degree of every
hydrological year could reach 90%. This method could be applied to calculating the river ecological basic flow in
northern China.

Key word: calculations, hydrology, ecology, flow of water, ecological basic flow, basic flow ratio, hydrological year,
guarantee degree



