D000 http://www.cqvip.com]

BB 1 W & & = M Vol.26,No.1
2006 1 A ACTA ECOLOGICA SINICA Jan. 2006

WEL(ZMR)TELESEKETE

WM, BRLT, BEE, £ O, HadE, B &

(AEROSHFRENERBERRSERY, ARMEASRMEEHR, LE  100875)

WE AT R T B AT K OSSR AR AT 3 % BURREAE , K5 9 9 V0 1 2 20 = X BB LK 3, AR 98 78 K R 2k
BTLEBEMN HDTHREH THRAREIREAFRR., £FFFA TNZRZHEWER L, 8805 A4 SR 85 5
FHE BERRNETHA U REHBE NS ERETHEA AR KERAR EEINHRIEREE P SHHEE
SEMER L AR THAEEHTESBRENHE  ZANELESTAELFRSLETREBHITHR LA EEST RN
WM IR SR NEEST KBRS TANIE, BG40 R 4RETMRILFES /D GEHE U RAR
TG A AT K B 4 B2 161,77 x 10°m® .278.22 x 10°m® . 358.82 x 10°m’® , o I ¥ VT 25 4 50 0 F 39 7% i & (567.76 x 10°m’ ) B4
28.49% 49.00% .63.20% , 5 ¥ ¥ VT B4 #2 i B (765 x 10°m® ) I 21.15% .36.37% 46.90% o
FERASHKEME TURRE ; FARREGHE MR Amla X

AR S :1000-0933(2006)01-0163-11 HESF#S:P333.1,Q014 XMFFIAW A

Calculation of ecological water requirements for in-stream in the Lancang River,

Yunnan Province, China

HU Bo, CUI Bao-Shan” , YANG Zhi-Feng, WANG Juan, ZHAI Hong-Juan, YAQ Min  (Siate Key Joint Laboratory of
Environmental Simulation and Pollution Control, School of Environment , Beijing Normal University , Beijing , 100875, China) . Acta Ecologica Sinica ,2006,26
(1):163 ~ 173,

Abstract; Since the mid-1980s, with the exploitation and operation of the “two dam and eight cascade” program, which takes
Xiaowan dam and Nuozhadu dam as its core component, the ecosystem health of the Lancnag River has been seriously affected by
the construction and the operation of those dams. And the ecological water requirements, the most important basis to maintain the
ecological health of the Lancang River, have attracted most of our attention. According to our field investigation of the Lancang
River and analysis of the data collected during the investigation, the ecological water requirement of the Lancang river mainly
includes the following several respects: the basic flow which is used to maintain the basic form of river; the environmental
( purifying) flow which Keeps water of the river in a good quality to maintain its basic function; the transporting sediment flow
which is used to maintain and regulate water sediment balance and the ecological flow which is used to provide enough water in

order to guarantee the survival of living beings in the river and their habitat. Considering the supporting information data, the

present paper adopts the ecological runoff grade coefficient of ecological water requirements methods.
Firstly, based on the investigation of hydrological, ecological and human activity condition of the Lancang River, this paper
divides the Lancang River into three regions, nine reaches and five branches, and the present study choose up reach (Jiuzhou) ,

the middle reach (Gajiu) and the lower reach ( Yunjinghong) as study targets.
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Secondly, Built on the annual measure runoff, the present paper uses the ecological characteristic comparison and statistical
methods including variation and concentration analysis to calculate the grade coefficient of ecological water requirements in the
three different regions of the Lancang River, and uses the frequency method to calculate the ecological runoff based on principle of
low runoff with high frequency.

At last, this paper calculates the ecological water requirements in the Lancang River. During this process, this paper
combines the grade coefficients of EWR with ecological runoff to calculate the Lancang River ecological water requirement, by
using the frequency and Coefficient of variation methods. Considering the big difference in coefficient of variation of runoff in flood
and non-flood season, this paper calculates the ecological water requirement respectively .

By the systematic analysis of the outcome, we can get the minimum, satisfying and optimal ecological water requirements in
the Lancang River, and they are 161.77 x 10°m® .278.22 x 10°m’ and 358.82 x 108 m® . The three ecological water requirements
respectively occupy 28.49% ,49.00% .63.20% of the average measure run-off (567.75 x 10°m’ ) of Lancang River, and they
also respectively occupy 21.15% .36.37% .46.90% of the natural run-off (765 x 10°m® ) of Lancang River.

Key words: ecological water requirements for in-stream; measure runoff; frequency; coefflicient of ecological water requirement;

Lancang River; longitudinal range-gorge region
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Fig.1 The position and characteristics of Lancang River
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ZWIE R 200 ~ 800mm) LK HF (50mm) . ZERSREW, RRMERMENELETEZHRKKER, bW
WL R T AR (B 2) IR MR LB MAR R (E 3) B . BRHENPEESREFAH BRI ERE
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Fig.2 The rainfall in the basin of Lancang River Fig.3 The measured runoff of Lancang River
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X jﬁiﬁﬁﬁ*&ﬁ i}'ﬁ %j@ T ﬁﬁ ﬁgm% X lﬁ Table 1 The ecological characteristic index of regional channel in the
WELRASHE, L SHRARERMR S T

AT A SR AETE B The ecological characteristic

RABEE ST KEH AN EESTFAKEITRERMLEE BFSEIK Resouch region index of regional channel in the Lancang River
47, 925 AR 3 EEMHRE EEER A8 {0 R
Eﬁﬁi#‘f o K jﬁ'fé ﬁ E ﬁﬁﬁ iﬁ%ﬁﬁ S ﬁii Basic health Satisfying health Optical health
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RRBEM U HLSHH ERRR RESESE  BOE G o1 oz o
F 3B Yunjinghong 0.256 0.334 0.583
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Fig.4 Analytical of the change of annual runoff in the Lancang River
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S R3 MEIRMBRRENS RN
Table 3 The variation coefficient of the measure runoff in the Lancang River

R 2 RO Coefficient of deviation S5 30 4% T 3 46 7R 0% The characteristic index of measure runoff
B BRA FERE
EfmzAHC , FRAMO
HHR naERg® TRERR L pumiat e REREC TRERRED wnumpn
Research Coefficient of itive Ratio of thg lowest Stabili : Coefficient ,Oe clen a]o ¥ Coefficient
region negative deviation {oﬂ ) flow seasb_ﬁqg lgwest. . ility ¢ of annual mterjmfnu of variation of
¢ eviation S indicator L. variation i
(%) (%) month flow account variation (%) typical case( %)
for annual year( % ) (%) Y
13 M Bt Jinzhou 20/, 84 7.41 18.64 0.2626 73.74 21.71 31.26
XA B Gajiu 11.57 16.32 2172 0.2845 71.55 15.58 21.42
B N : .
fﬁi#t 9.54 13.05 24.13 0.2552 74.48 13.77 22,01
Yunjinghong

OEREHMNMETEFENERBIROEELER  QRYSHRBA(CT/TIGE.1~3 BHEABORESSENENEZREY
A, IR BT T 9 2 o B (0788 5 B Dthe result of statistical soft analyzing of measure runoff in Lancang River; @the name of coefficient is get from {GT/
T3358.1~ 3 Yt ¥R &) ; Dstability indicator is patch volume of annual variation, and it can reflect the stability of runoff
1.5 WALTHHESRESHKRRIE
1.5.1 FERMEABARKEE WRILANARNERANBESXTR, KEREHEEAZRAE,
RRESHIEREENTATEAREFC N TR THRNAERATHTS, ESRAELEE,
ETREEMZRA M, M, B FTERERNE TR SR MESEKRBNHE, TERAR
HERKACHARIT RRHEBEUHSRURESRAG ST E HR2.R 3 BERAMD AT
BRI ERDMESTKRE, LK 4.

s

¢ = a;* Caprmnnpnmun + @ Ensesvane + O Cnwunn
{Zai =1

A, o REAERNESHERREG  FEENTEASTARBENBERR o, REBEERSN
EE/MEBTKBENESTFRBRE, W RE L RITHURMXIT (G457 KRB

24 MATARBNESMAKRY
Table 4 The minimum ecological water requirement for in-stream in the Lancang River

(1)

BASERSARK KGR AR (A A RE) W o VLT TH B
WERX . @ BEHSHR @ , o o
R | Ratio o of the lowest flow RBEY o Seabilit 2EPs The ecological HWHEY: £5FBKEXK
ese,am senson’s lowest month flow Valuation . dicatoy Valuation characteristic Valuation Minimal EWR
Teglon account for annual year( % ) n T index( basic health) coefficient( % )
IHM B Jiuzhou 18.64 0.22 0.263 0.35 0.216 0.43 28.00
X B Gajiu 21.72 0.16 0.285 0.36 0.191 0.48 29.22
Bivk-$:7:4 Yunjinghong 24.13 0.11 0.255 0.33 0,256 0.56 30.12

ORME o b.c REEHSERHESWHERE, EREHZSHHHIME S RS FLENRRLHTRELN R ORARERMER
15,80 3 B 455 RERA D Valuation of 2, b and ¢ are cbtained from combining qualitative and quantitative method, and the valuation is based on the
appeared frequencies occupied of total event; @ coefficient is obtained from valuation sum methods

1.5.2 MESE BEESEKAREE WRLEE BEAMEESRARENFEEERETELRS
R R A EHTRER, TR AW

’ 1 ’
{gp" = @ + [a1 —2—(6%5 + copms) + 0‘20‘2]

(2)
- ay + a, = 1
A,y REHNEEEEESTAERY, o, REBTERSTEEEATTARBMHENRBREE, L
ERABTRABMETATHERYE: b, REFNEEHESHIERE.

{¢’”=Zﬁa'(3=ﬁl'wq€ﬁ+ﬁz'b3
Eﬁ.‘:‘-l

(3)
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R, ¢, RIEMEREEST KR o REBMABEESTHKREWBHCER, O FRBRRESHIESE
B (b)) ARAENERFHGA REMEEE SR EEEASTRRENHENRBEE.
B2 1 #3HBmAATAR 2 AKX 3 Al I EEE ARESEKRRAY WK K6, KT,

£5 WRHIAEEEESBEARY
Table 5 The grading coefficient of the satisfying ecological water requirement for in-stream in the Lancang River
7 BRI Coefficient of variation
Be/hAEAE FRARAN HEETREN EEMERE (R T 7 L T B B
g = R 20 AR o .
ERARY Coefficient of Coefficient of kR RN {#87%) The ecological EERBRRS

Minimal EWR : e Amend Coefficient characteristic index coefficient of
inter-annual variation of

B 3 K. Research region

coefficient( % ) variation(% ) typical case( % ) of variation( % ) (favorable health) Satisfying EWR( % )
1AM B Jiuzhou 26.82 21.71 31.26 26.49 0.3128 40.16
BB B Gajiu 28.54 15.58 21.42 18.50 0.2539 33,38
f B BB Yunjinghong 32.11 13.77 22.01 17.89 0.3344 38.37

ORERAVHEEHE QEHRAMABIERE , WARNEELBRRBYRMNTEESTARBSANERRBER RANR NS
AR 15 SORR & BT A8, 0L TR BOAR 4B BF Sh 8 K B BUR AR RRAE 4 47 48 8 O coefficient abtained from average method; @ cosfficient is obtained from
weighted sum method, and the weight is get from field research and actual characteristic analyzing
2 WRIIABESEKITE

ASBEREFERMNTEENRNAERTRHRINEESTKENITE, RETEF 2R H 5%
BB . GAMGILEAESTRREAESRR TR L R WE A ST KA XA EH
CWMITFEASTEKR:

YI

H

"};:EI 0 (4)

Y = Qi(t,q) (5)
A, (HDRXAZERFHNMEE, AP Y, RETEABT KRR, VY RTEESRHE; Q WE ERRKE, T
=1,2,3,,n,n AGITFEH;
() WP, MR R R A ERRIERNO IR %, R0, A8 FHEA AW BRI AR
B, EREWBEILEMEERBMESARBEN P HEEMERREIE, ZETERRBATRET
Q, M BN B K RES T REFRBHR AN HBAE,

Fo WOIAHENESEARY x7 WEILAEERERBKRY
Table 6 The grading coefficient of the optimal ecological water Table7 The grading coefficient of the ecological water requirement for

Y, = ¢V = ¢, -

requirement for in-stream in the Lancang River in-stream in the Lancang River
; = AR E A oy e e
celficient -~ Bk RH EWR for in-stream in the Lancang River
Research of annual The ecological ~ Optical EWR
region variation characteristic index  coefficient BFHL X Research B /TS A EERAEE BEAHEAE
(%)  Coptionl health) (%) region SRARK  BWARK SHWAREK
1B B Jiuzhou 73.74 0,593 67.19 Minimal EWR  Satisfying EWR  Optimal EWR
RIBE Gajiu 71.55 0.541 62.83 coefficient( % )  coefficient( % ) coefficient( % )
Fu fL BB Yunjinghon 74.48 0.583 68.81
iinghong IE§ N B8 Jiuzhou 22,56 40,16 67.19
O R A AT B 0 BT 3, TN AL TR ORI BURE 4 AT 3R 19 Th 1t
F C EIAE Gajiu 22.87 33,38 62.83
is obtained by using weighted sum method, the weight are get from the analyzing
FeB BB Yunjinghong 25.42 38.37 68.81

the actual ecological characteristic in typical year
2.1 REEMMEE

GEEHAZEARRBEE(RNMEEHRERS) WA HEESTFKRABURTEL ST KESHE
(4)3, 8 ARG DPS 6.01 o it B, IR I EE ST KR, AL 9.
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%8 WMAITEETNSHEBTE( x 10°n*) %9 METAEESHAKR x10n) —BHBTENZE

Table 8 FEigenvalue of annual measure runoff in the Lancang river Table 9 EWR for in-stream in the Lancang River( x 10°m®) annual

iR T 4 4 R A2 I B AR AE(E Eigenvalue of runoff average method

KL . .
Hydrological annual measure runoff in the Lancang river R LI I A T AR
station FHE BAMH B/ME FIK EWR for in-stream in the Lancang River
M Maxi Mini ; > . :
. ean aximum inimum Resnct o P EamE P p——
IAM Jiuzhou 300.52(1988) 410.45(1962)  218.209(1973) & EREAS EBEAR AT E
BIH Gajiu 384.94(1970) 510.957(2000) 284.68 (1994) Minimum EWR  Satisfying EWR  Optimal EWR
SL BB Yunjinghong 567.74(1961) 787.58(1966)  416.91(1994) A M B Jiuzhou 67.79 120.70 201,93
O 5 W #F R % 5 %5 8 B AT E 84 6 Number in bracker R IHE Cajiu 88.02 128.49 241.86

represents the year which appeared similar runoff SR WE Yunjinghong 144.31 217.87 390.67

2.2 BEZASTE
MG AT ER AR RN E T F R THARRAZEZR A, ST IY 53 WA & et
BREY T EERBORYTEEETROFENEL; S —FE, FREREEREA X, T ERRE N
E] RS HT, AT AR ) R B TR K B iR AR (b 3,
2.2.1 MEIRE—*F
ERPESEHRAMHALEFEZH RREBZEEEHE , IHHRLTESFFRAAHERIFERL
HMN BEH ARBKXSMSFFRMBHELFE, LE 10.8 5, KRB\/NER BB RN, R 7w
TAERARARBEESBREBAE, LR 1. SEESERETERB (AR S), 78 B R B8 F 830w L
MEASHEKRMEGEI12),
2.2.2 R RE——H3 BRI 10 WL IDE & A N & i AR E
ﬁ%jﬂ%—lﬁ 2.2.1 *E{L)l , Wﬁﬂ'f Iﬁ] RE%FHH@*‘] Table 10 Frequency of annual measure runoff in the Lancang River

7K 3L Hydrological station

3"5‘111%‘],ﬁﬁﬂﬁﬁﬁﬂﬁﬂﬁiﬁm%im#&ﬂﬂiﬁi?&% R 1E Auribution TETHH LA it

KR FERATRI, BAXAR (% 13,8 14) o o Tegens
" N Valid 45 44 45

3 E%ﬁﬁ'—ﬁﬁlﬁ Missing 0 1 0

(1) E5FARBEN—-TESWMRES(WE). K B/ME Minimum ( x 10°m®/a) 221,82 284.68  416.91
i‘ﬁﬂ&k?@%"ﬁ(%[ﬂ)ﬁw*ﬁi%’ﬁﬁ R H AR B K {E Maximum ( x 10*m’/a) 410.45 510,95 787.59

SREE Percentiles 90 233.360  316.11 478.02

B AXTERNESERSTERERABHEBS 80 251.67  328.44  500.00
HAEATMRAESEZEESTFKENRREME 70 265.52  346.01  522.83
. 4 < . 60 273,71 358.05  536.66
W, RP AEEHERR/IMEE, MTEKERE 5 o134 374 54971
B RAES KXUEANER, TEHERER. & 40 30917 393.31  575.93
XEEEETER FANELMNEREALEEELTHN 30 335.20 40828 615.61
20 355.67  460.19  630.40

mﬂﬁiﬁy]ﬁg%ﬂﬁiwmﬁﬁ&s%miﬁﬁﬁ% 10 387.03 476.86 677.19

BHELIMERERRAPES IV TEHTEST « 483 % 2 M3 Probalbility of the runoff
KERRBHNITE, 28, 3 2106 LAY W E &
N GEEURBRFLEESEKBREK A 157.887 x 10°m’® .271.468 x 10°'m’ .396.715 x 10°m’ , 4} Bl & 1L &
£SOV 7% Wi B (567.746 x 10°m’ ) B9 23.119% .36.47% 64.84% . FAF, KoM H MBI EERRE 765 x
10°m’ (B L HA)H 17.15% 27.07% 48.12% o 1833 X 90 16 VL o S0 J B B, IX # ot Y 48 R £ X R, RE 6 B2
UF 1 BT SEBRAR DL o

(2) BRI ARENZRAN, B LT T, METIEN FRURAAFETURZREERRN
WRBANER EFREREBEHSANSE T THENERZWEARBTEREAALHE , FRERAR
AT %;TEERBARKBESMEATHERBHBRKER, X~ FERE T P XM ARMSKS
AL, B— 7T, B LA R K R H S A B X M VLK SO BB A R B R — A E R IR
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(a) IAM Jiuzhou (b) BB Gajiu (c) RRMPBR Yunjinghong
- — 10 |- 10 |
i [ B 8- [ 8 Hﬁ

35 % Frequency
S —= N W A N
T

I’ i
200 250 250 300 350 400 450 500 550 400 500 600 700 800
2% & Runoff (% 10*m3)
H5 WRIL(a)EMN (DRI () RREEEFBRBTE
Fig.5 Frequency of annual runoff in Jiuzhou .Gajiu. Yunjinghong in the Lancang river
11 WA TTEFRFAERESEREVER—MEX(FERR)
Table 11  Characteristics of eco-runoff of different channel in the Lancang River frequency method (Annual runoff) :
BEX LW {H Measure value( x 10°m*/a) 5 IE {8 Amend value® ( x 10°m*/a) HEEHNERBEH T E(%) ;
Research region 4 B © Frequency 2 H B Runoff 7% © Frequency 2B Runoff Ratio account for annual runoff
[BM B Jiuzhou 74.4 270.38(1977) ¢ 75 260.00 86,52
HIBE Gajiu 47.7 379.60(1976) ¢ 50 375.00 97.22 ;
SR YBEE Yunjinghong 51.11 548.56(1978) ¢ 50 $50.00 96.87 ¢

ORESERABRATRETEHEENHARE; OB EICREWHT LTI B 0B ERRE; OFE S P90 % W48 M B W89 4 4D Rpresent
frequency of annual runoff when it is more than or equal to one fixed value; @ Amend value based on the characteristic analyze ; @ Number in bracket represents the

time of runoff appeared

(3) 7 U 00 T 5 L K I/ M L A 12 WRTAEESRAR—AB % (ZEERR)
% L Zi‘YﬁIYﬁUJ(S‘C§# Bg ﬁ E 'E'ﬂ: m]\&— E?&im?@ﬂ?ﬂ Table 12 EWR for in-stream——frequency method( annual runoff)

BERBKENEE L SHBES A, BEHT Lh tﬁmf iﬁﬁ,’?ﬁ‘}ﬁ;ﬂ)

W (AT IR ) T (1 18 7 5 304 T 3% Rt gon | WAME mEmE  mmmd
FERRTTA ) 9 £ A IR 0 ) T 7 I BN 260 3 B o (K M B S
AWEB) MR ERIMER RN, ZEATAR  1HE fuo 58.65 104,43 174.70
EUARBHE HIAE Gajiu 85.75 125.17 235.61

(4) BAMERST  RAESKRERBEER 22 Yunjinghong 139,80 211.06 378,46
FHHAHREHTNELESTKERYEBRIFHR

213 WRTAESEEERKYE T M E N — %Y JEmE)
Table 13 The frequency value of different grade of EWR for in-stream in the Lancang River——frequency method(flood season,non-flood season)
LA Measure value( x 10°m*/a) & E{E Amend value ( x 10°m®/a) hF YRR R

WFFT K Research region ) . % Ratio account

3% E Frequency W & Runoff K Frequency 2 M Runoff for annual runoff( % )
ik IBM B Jiuzhou 53.3 204,54 55 200.00 66.55
Flood season® RIHE Gajin 70.5 239.89 70 240,00 62.35
FuB BB Yunjinghong 62.2 373.94 61,5 375.00 66.05
FEMM [E4H 8 Jiuzhou 68.9 104.64 671.5 105.00 34.94
non-flood season® IR Gajiu 40 139.81 39 140.00 36.37
SRR BB Yunjinghong 55.5 189.27 55 190.00 33.47

OMBEOTANESERESEFTHRREMILEN 64.98% ; OMBILERMESERB S EELHBRMALER 34.92%, DThe
thres EWR of flood season occupies 64.98% of the average measure run-off (567.746 x 10°m®) of the Lancang River, @ The three EWR of non-flood season
occupies 34.92% of the average measure run-off (567.75x 10°m®) of the Lancang River
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BRARESRAE THESTRKRERE, AL
BAESTRKREZABKNE, P BB/, LWHHK,
TUWEB K, X5 A R B A& SR OUE B R REX,
LHHTFRARHBEATR, ARARESRAER
W, THH TRRERE UREYSREERIEMER
T WA AR B SR, P U e T R B K o o o0 BEL R 1
L ERHTRARKXZATEN TR, ERTRE
BREZ BB KA

(5) RTMELESTKBIHETERNTFRES, &
SR T — RN B, WS LR BT T AR
WRLH, Bl THOENER FESHBERA —
ERRE , HEEUFERIIETBUEE,

References;

B4 WETAEESMAR( x 10°m® )-S50 E (U + FERB)
Table 14 EWR for in-stream in the Lancang River ( x 10%m’ )-
frequency method(flood season + non-flood season)

W96 VL H A S T K B EWR for
in-stream in the Lancang River{ x 10°m’)®
WER -
Research regi B/ iE 8 EH W E b RG-S
search region
EEmAR  AEWKE ALETKE
Minimum EWR  Satisfying EWR Optimal EWR
144 Bt Jiuzhou 68.80 122.50 204,94
RIHE Gajin 86.89 126.84 238.75
AR BEEL Yunjinghong 143.61 216.81 388.7

@355 5 2 5 RS I H 2 A T K B B0 A1 D The result is
the summation of the EWR of the flood season and non-flood season in the
Lancang River
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