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Study on instream basic ecological water demand based on the improved dynamic calculation method
ZH AO Ranhang' ,PENG Tao', WANG H aofang', GAO Feng?, QI Zhen'
(1. School of Civil Engineering, Shandong University, Jinan 250061, China;
2. Water Resources Research Institute of Shandong Province, Jinan 250013, China)

Abstract: In order to broaden the applicability of the dynamic calculation method, we improved the method in view of the obvious
seasonality of northern rivers in China. On the basis of the original method, we substituted the percent of the average flow in the
same periods with the ratio of the annual runoff in extreme drought years (P= 90%) to the multr year average runoff, and used
the multt year average monthly runoff for calculation of the instream basic ecological water demand. Taking the hydrological
section of T anjiafang as a case study, w e calculated the basic ecological water demand in the river and compared the method with
the T ennant method and other methods. The results show ed that the calculation results of the improved method were reasonable
and could meet the requirement of maintaining the basic ecological function of the river in the general water using period and the
spawning and nursing period. This method has inherited the strengths of the original method in showing the overall runoff
process and the changing characteristics of the river course during a year. It can be applied to rivers with obvious seasonality.
This method is suitable for the calculation of instream basic ecological water demand.
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Fig. 1 Schematic diagram of water system in Qingzhou City
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Tab.1 Multryear average runoff in each month
m3/s
H 4 1A 2 A 3H 4 A 5H 6 H 7H 8 H 9 H 10 H 11 A 12 H
ZEAYWBRTE 3.90 3.34 2.77 1. 50 1. 34 1.47 5.03 11.64  11.03 6.32 4.89 4.05

2

Fig.2 Multryear average runoff in each month
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Fig.3 Annual runoff
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Fig.4 Flow frequency curve
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Tab.2 Fitting results
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Tab.4 A description of the relationship between
habitat quality and flow by T ennant
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Tab.5 Comparison of results between the improved dynamic
i LAEAWRTE  TENEALSTE  EWMHEL calculation method and T ennant method
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Tab. 6 Results of instream basic ecological water demand by different methods
m3/s
J7i 1A 2 H 3H 4H 5H 6H 7H 8H 9H 10H 11H 124 EME
MR EAAEE 047 0.41 0.34 0.18 0.16 0.18 0.61 1.42 1.34 0.7 0.59 0.49 0.58
B/ A 2R R - - - - - - - - - - - - 0.64
Rl KRR AL Tk 0.52 1.17 0.18 0 0 0 0 0 0 0 0 0.53 0.2
7010 ¥ 0 0 0 0 0 0 0 0 0 0 0 0 0
T SR AT T B 0 0 0 0 0 0 0 0 0 0 0 0 0
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TR AR P08 0, AFFE IR LR O, 45
RAGH, DI, Sl 4 A AT TSR A BT
oK SCEETT A, R AR NG R

3

PR AT v L AT I O, BE4k AR 7107
TERE S PRIILTATIE 4 N AR e A R AR AR AR R
R CRERE & TR B R BV IE, 6 58 T 10T VA
fi& FHYE I

XS] TSR 7K SO T AT BeiE TH A, 5 Ten-
nant VEFRHERT LG, TH 5 45 RAE — M FHK B AR £ 2
SEE A HS RE 08 155 2 4E R B AR AR S T RE )
3K 5 Hoth /K ST 2 ARXT B, SCBEI AR A T
T RBNE L, 5SEBRE OUE IAEST

R AR Y A T A — P T RLE B AR
AR TR I T B ERA R /K S 2 T vk, B
SER AT S, RN ] K B R B S R R
S 5% .

(References) :

[ BBEZ%E, B/ME KBRS 2T 2k RER BUEEN i

- 118 EB5HH

W A S WK B I]. BEIERL S, 2011, 33(2) : 265
272.(MA Y J,LIX Y,ZHANG S Y, et al. Environmental flow
requirements of rivers in the Qinghai Lake watershed based on
the improved monthly guaranteed frequency method[J]. Re
sources Science, 2011, 33(2): 265 272. (in Chinese))

[2] AEBE SRR PRibeZ, &5, A TKENE 5IERT SR ). ¥
WEFE, 2010, 22( 4) : 465480, (CUI Y ZHANG Q, CHEN X
H, et al. Advances in the theories and calculation methods of
ecological water requirement [ J]. Journal of Lake Sciences,
2010, 22(4) : 465 480. (in Chinese))

[3] THARME R E. A global perspective on environmental flow
assessment: emerging trends in the development and applica
tion of environmental flow methodologies for rivers[J]. River
Research and Applications, 2003, 19: 397 441.

[4] PETTS G E. Instream flow science for sustainable river marmr
agement[ J]. Journal of the American Water Re sources Asso
clation, 2009, 45( 5): 107F 1085.

[5]1 kA, mZER E A AT KETHETT IERRT I IR &
SHEBR T [J]. K BIR 5K TR 22 4, 2006, 17 (4): 6873
(ZHANG D Q,GAO J S. Discuss on the research situation of
estim ating methods of eco environmental water requirements in
river course and its modification [ J]. Journal of Water
Resources& Water Engineering, 2006, 17(4): 6873. (in Chr
nese)) DOI: 10. 3969/ j. issn. 1672- 643X. 2006. 04. 018.

[6] 75K, MR, #i )1 AT AL A5 5 K0 s Jvh S5 TR Wi
TL/KFIEHL, 2009( 4): F3.(SU F, CHEN M J, DONG Z C.
Comment on viewpoints and computation methods for ecologr
cal water requirements in a river[ J]. Zhejiang Hydrotechnics,
2009 (4): k3. (in Chinese)) DOI: 10. 13641/j. cnki. 331162/
tv. 2009. 04. 006.

[7] TENNANT D L. Instream flow regimes for fish, wildlife, rec



RAME ETRAFHRATHEHTEANERELSTFXEFA

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

reation and related environmental resources [ J]. Fisheries,
1976, 1(4) : 6 10.
MATTHEWS R C,BAO Y. The Texas method of preliminary
instream flow determination[ J]. Rivers, 1991, 2 (4):295 310.
DUNBARM JA,GUSTARD M C, ACREMAN C, et al. Over
seas approaches to setting river flow objectives. R and D teclr
nical Report W[ J]. Environmental Agency and NERC, 1998: ¢
161.
GIPPEL G J, STEWARDSON M J. Use of wetted perimeter
indefining minimum environm ental flaws[J]. Regulated Riv
ers: Research and Management, 1998, 14 (1): 53 67.
W&, AL, XL, & S HE T K EEIL 5 5
Bl M ). dbst: Bl 22 R, 2003: 36 37. (YANG Z F, CUI B
S,LIU J L, et al. T heory, method and practice of eco enviromr
mental water requirement [ M]. Beijing: Science Press, 2003:
36-37. (in Chinese))
GIESECKE J, JORDE K. Ansatze zuroptimierung vonm ind-
estab flubrege lungen in Ausle itungsstrecken| J]. Wasser
wirts chaft, 1997, 87: 232-237.
STATZNER B, MULLER R. Standard hemisphers as indica-
tors of flow characteristics in groben[ J]. Freshwater Biology,
1989, 21(3) : 445 459.
BOVEE K D,LAMB B L, BARTHOLOW J M, et al. Stream
habitat analysis using the instream flow incremental meth od
ology[ R]. U.S. Geological Survey, Biological Re sources Divi
sion Information and Technology Report USGS / BRD, 1998.
WEE, SRR, BRep A6, & A ER TR K E TR 7 B0
IR[I]. AKRIK B BHB HE i€, 2004, 24 (6) : 59-62. (FENG B P,
ZHANG Zh Y,CHEN S L, et al. Review of calculation metlr
od for water demand of ecological environment[ J]. Advances
in Science and T echnology of Water Resources, 2004, 24 (6) :
59 62. (in Chinese) ). DOI: 10. 3880/ . issn. 1006- 7647. 2004.
06.018.
NESTLER J M, SCHNEIDER L T, LATKA D, et al. Impact
analysis and restoration planning using the riverine communr
ty habitat as sessment and restoration concept (RCHARC)
[M]. In: Leclerc M etaleds. E cohydraulics 2000, 2nd interna-
tional symposiumon habitat hydraulics. QuebecCity, 1996.
DOCAMPO L,BIKUNA B G.The basque method for deter
mining instream flows in Northern Spain[J]. Rivers, 1995, 6
(4):292-311.
KING JM, THARME R E, VILLIERS M S. Environment

[19]

[20]

[21]

[22]

[23]

[24]

[25]

flow assessments for rivers: manual for the building block
methodology ( Updated Edition) [ R]. Water Research Comr
mission Report No T'T 354 /08, Pretoria, South Africa, 2008.
TR, MRS K 7 Jriks A M]. Jb 5T R EK
7K L H R, 2007: 412, (WANG X Q. Theory, method and
application of river ecological water requirement| M. Beijing:
China Water & Power Press, 2007: 4 12. (in Chinese))

Rk, AR I, RAR AL, 46, T 7R 4 T 1 A A5 V8 = A ATt A
[J]. B/ b 5K R R, 2011, 9 (1): 9295. (CHEN H,
SHAO D G, WU J X, et al. Research on the quantitative anal
ysis of ecological base flow in Typical River sections of
Guangdong Province| J]. Soutlr to North Water T ransfers and
Water Science & Technology, 2011, 9 (1): 9295 (in Chr
nese)) DOI: 10.3724/SP. J. 1201. 2011. 01092.

TS, X E B, 0. A RO K R T e A
[J]. KEFERERE, 2002, 13(4): 50F 512. (WANG X Q, LIU C
M,YANG Z F. Research advance in ecological water dem and
and environmental water demand[ J]. Advances in Water Scr
ence, 2002, 13(4): 507- 512. (in Chinese)). DOI: 10.3321/].
issn: 1001-6791. 2002. 04. 020.

TR, REOE, SR R AR A T KT T SEVRRL 0]
WREEWM (A RE2R), 2004, 32(1): 67. (XU Z X,
CHEN M J, DONG Z C. Comments on calculation methods
for river ecological water demand[ J]. Journal of Hohai Unf
versity (Natural Sciences), 2004,32(1): 6 7. (in Chinese)).
DOT: 10. 3321/ . issn: 1000- 1980. 2004. 01. 002.

AT IR IRA PR EE TR K] KR 4R, 2002 9) : 14 19.
(NIJ R.On water demand of river ecosystem|[J]. Journal of
Hydraulic Engineering, 2002( 9) : 14-19. (in Chinese)). DO
10. 3321/j. issn:0559-9350. 2002. 09. 003.

WEALIR, BUBRAL, fifh. T3l AR A T K AR N R A Bk
[J]. KFIZEH%, 2013(1): 119 126. ( PAN Z R, RUAN X H,
XU J. A new calculation method of instream basic ecological
water demand [ J]. Journal of Hydraulic Engineering, 2013
(1): 119 126. (in Chinese)) DOL 10. 13243/j. cnki. slxb.
2013. 01. 005.

WRIE 77, 5k 78, 25 AL, 45 3 R BRI R e il £ RE A AR
ST RAZ I SRR [T]. HBREL 43k 2, 2005, 20( 2): 158
165. (CHEN Y N,ZHANG H F, LI W H, et al. Study on spe
cies diversity and the change of groundwater lavel in the lowes
reaches of Tarim River, Xinjiang, China (in Chinese)).DOL
10. 3321/j. issn: 1001- 8166. 2005. 02. 004.

EEE5HE ¢ 119 -





