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Reservoir- based ecological water operation in the Liaohe River basin
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Abstract: Allocation of water resources from river basins draining into reservoirs is a challenging task, particularly, if the
ecological water requirement is taken into account. In this study, copula functions were used to analyze hydrologically the
possible synchronous occurrence of dry and wet regimes in the Liaohe River. The ecological streamflow requirements were
considered during the water resource allocation. The following results were obtained. (1) The probability distribution with
the highest goodness-of-fit for the Yinna River and Zhangjiabao reservoir inflow was the log-normal distribution and that for
the reservoir inflow of other rivers was the generalized extreme-value distribution. Further, the Gumbel and Frank copulas
had the best fitting efficacy for the inflow series of the reservoirs. (2) The synchronous wet/dry events occurred at a higher

probability of more than 27% at 4 out of 7 pairs of water reservoirs and at the rate of 13%, 12%, and 13% at the other
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three pairs of water reservoirs, i.e., Baishi vs. Jinling, Baishi vs. Qingshan, and Zhangjiabao vs. Biliuhe, respectively.
Further, the probability of synchronous dry instream events was high in these reservoirs. (3) The method of minimal
monthly runoff at 90% guarantee rate suggest the best ecological runoff at the nine water reservoirs. (4) Dry-dry events
occurred at a higher frequency during low-flow periods. The water resource allocation or operation cannot be executed when
the reservoir instream flow is lower than the minimum ecological streamflow. Joint water operation of the reservoirs based on

the occurrence probability of dry-dry events and minimum ecological streamflow can satisfy the regional water requirement.

Key Words: marginal distribution; copula functions; synchronous encounter; ecological flow; reservoir operation
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Fig. 1 Study area and reservoirs location
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Table 1 The result of reservoirs marginal distribution K-S test and evaluation
B IR ith =7 SR AB 53 A XHEE A5 50 1
Pearson-III distribution Generalized extreme-value distribution Log-normal distribution
RUAEHSSY o 42 B
K o s Kolmogorov-Smirnov 2y (’@“Tu e Kolmogorov-Smirnov DRI EYSS Kolmogorov-Smirnov
St 5 A o e : o .
Reservoirs . . . L‘Lf%l\ . *Qé’i@ (’E l)\[J *‘/l\g@
Akaike information L. Akaike L. o X L.
L Kolmogorov-Smirnov . . Kolmogorov-Smirnov  Akaike information ~ Kolmogorov-Smirnov
criterion information L.
AIC test criterion test criterion test
K-S i K-S AlC K-S
AlC
KAk B 3250 0.1438 3202 0.0395 3211 0.0619
T 1764 0.1389 1747 0.0238 1937 0.1233
o 4321 0.0997 4215 0.0437 4398 0.0997
HA 2619 0.152 2513 0.0466 2530 0.0648
e 1008 0.2271 844.6 0.032 835.7 0.0546
L 484.8 0.201 308.3 0.046 296.7 0.0566
BRI 1122 0.1752 1102 0.0355 1057 0.0533
S 1781 0.1871 1606 0.0358 1611 0.055
[ 1047 0.1378 968.2 0.0284 953.7 0.0277

K-S 41l FHE K-S critical value;0.054

3.1.2 et Copula pRELIHIH &
AR SCR I 38 fe/MFE (OLS ) 34 Copula 7512 AR, 26 B OLS e/ Copula N Hzf) Copula,,
MFE 2 B AL Sk K A (KA 548 W5 541 ) Gumbel Hougaard Copula PR OLS {E 4%

{XF Clayton Copula PR%L5 Frank Copula PR%XAY OLS {4 , Gumbel Hougaard Copula PRZES A 30 ] 7T 8 5 Sk 7K 2 Y

At Copula PR X FILWIRBALEIKE (FA JB% I S, HA 58% H4 5% 10 Frank Copula b8

B OLS Je/, H G, e X Frank Copula i FIA1 5535 141 57 LK ZERAL Copula pRIEL; 10 7] I 3 R 2k 7K A2

(Fpm TR 5k R AR ) = BB AL Copula PR AN AHTA], Hov ) e IR AT 55 28 370 24 Gumbel Hougaard

Copula, 5K Z L8 5 YR N Frank Copula, 7K 8 5 25 4 Clayton Copula, —Ff' Copula pRZAE LA i il /K

JE 5 7K J2E (R AN HAG FE AR 38 FH A , {5 Gumbel Hougaard Copula 5 Frank Copula PR K JZE 40L& SR B

Fz2 4 Copula BRES L OLS M &R
Table 2 The result of two-dimension Copula joint distribution OLS evaluation

GH Clayton Frank

JKJE Reservoirs U 3 e/ NE N 3 5/ MAE N 0 3 5 /) MAE U]
Original Least Square Original Least Square Original Least Square

0LS 0LS 0LS
KAk ps S AE A~ 0.008 0.027 0.010
T A 0.010 0.037 0.017
M AT 5% 0.010 0.012 0.006
HA5E LW 0.011 0.012 0.007
BRI 5 2 0.005 0.037 0.012
TR B 5 BT TR 0.0988 0.1040 0.0738
KGR 2 I ] 0.0083 0.0074 0.0092
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Bl A\ 199 %) 41% , AR 1838 () ARE R 9 BB 27 % 3] 33% , SE A )26 AR R 15 T =B A S 40 O RE R |4 47K =B A
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Fig. 2 The source reservoirs of Synchronous asynchronous encounter in Liache basin
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Fig. 3 The north line reservoirs of Synchronous asynchronous encounter in Liaohe basin
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T BERRIT 5 Ik F R K AR RN 217.65 m®/s 1 256.41 m /s, &5 T 20% , Wi 7K PEATE S Ml 5 B 4435 10 338 24
BIARAE s AR B ABA 5 A K EAR TR 40 3 0 1736.9 m®/s 4067.1 m*/s 5 1995.1 m*/s, 43 oAb T 30% -
60% P , HJt & i REAERFFE SRt . PRI, AR SRR 909% TIIF 3% H AR 15 9 MK IER/NMES
U, I LR Ry oK 28 BE A e I 1

R3 TARE 9 NMKERNESERE R

Table 3 The results of minimum ecological runoff of 9 reservoirs in the Liaohe River basin

e N e 90% fRIEH N RN,
SN TR 5 i i _ JOBRIEE A A R
.. .. SRR R Sa =R . .
Minimum monthsly flow Monthsly minimum flow Dynamic calculation flow
90% monthsly frequency flow
IK . S . S . il . 253
ot UM e GEEIN g OETIM e 2T
Reservoirs . iR e id . iR ERid . WRE L . iR ERid
calculation Th ¢ calculation Th " calculation Th " calculation Th
results/ e percentage ol results/ e percentage ol results/ € percentage o results/ € percentage
3 observed flow 5 observed flow 3 observed flow 5 of observed
(m’/s) (m”/s) (m’/s) (m”/s)
for years for years for years flow for years
KAK B 563.72 10.82% 1135.2 21.78% 1736.9 33.33% 1135.2 21.78%
T 187.28 11.55% 70.73 4.36% 318.08 19.61% 70.73 4.36%
o 850.43 6.62% 1473.9 11.47% 4067.1 31.66% 1473.9 11.47%
HA 111.59 3.32% 474.25 14.13% 1995.1 59.44% 474.25 14.13%
kit 89.87 9.11% 41.84 4.24% 126.41 12.82% 41.84 4.24%
Hil 52.75 7.93% 13.11 1.97% 66.52 10% 13.11 1.97%
BRI 59.1 5.88% 75.19 7.49% 217.65 21.67% 75.19 7.49%
2R 114.52 6.56% 112.9 6.47 288.34 16.52% 112.9 6.47
KR 108.96 11.87% 150.37 16.37% 256.41 27.92% 150.37 16.37%

3.4 ALK PR B A b

ARG NIK RS 5 MK (1.2.3.4.5.10, 11,12 J) #-ATK B EE 5387, o Al A0 3 e
RIS BEUA 37.5% 50 Rek e/ IVE SR N 90% 7% iR ah B KL 5 8 6 &1 7 AT LA Y T8
S K R R A KAK B K B S AR A K AT TR K R A K, B R A B A O JERH L 3T 5 4 1 S 2 A R A
83 LK PR I N RE T A AR S R G AR UE, 755 TR IR S R G W 5 T I ik BH AT K
FEA SR FE K B AR R ARSI AT RK A 2 H2 M 2005 4F 45,2005 45 2006 454
AR A WK T e/ VSRR, AR TR a] R K i f/ N R 200.2 m/s, i K ET R 1856.3 m/s, AT X R
TP IR, B 2002 4F 5 H PIASK A PR It B AR T i/ NME AR AR, TR ESE TR AN FLA T
(i) P 7K P 38 RE A T 58 B R =R K . X 1 DA L B A JETE PR K G B0, AT 4 KAk s K B S5 4K BEFE 12 H
PERTEEK, AR5 A HAb K ZE AN AME K LA R 2L B 1.2 A Ak 3 B 7K Bk R4 480 5 T K R AE 4
HEEFTE KA L TFE S A KRR, BT im il db 2K E , = AR, AAKIE RS KK E iz K
555 WK R 3Z KK PE B A K e/ NVE SRR A 1995.1 m’/s, i FHAR K /3 FL 4k 1208 m’/s,
I, Y A KR SRR  FAKE S5 WK EATAL B I, A K BEICIR ST K BT DA A KR 5 4
VKPR, AR AR AR s AR T i/ MES R, 40 2002 451 H .12 A .2003 41 H .2 A .12 ALK
2004 4 1 A2 A, W& TG TT o TRk . X A KRS T K T, FAR PR A 1 38 A =
At NEL 6 W3 5 4F A 575 LK BR8N AS T8, 35 LUK 5 AFEAR K T A PR & 340 8 Tt 7K
2R AR T WK AR D, Y Ho i b T Ak K 2k B, 40 2002 4F 4 A (12 73,2003 4 1,23 4
H A& TR AR 59.06 m’/s, BT, #5738 38 P A K A EAR KT 5/ DA SR TR, 4 2003 45 2004
12 A WERI g BT IR K . ZEXPIRREBL T, T A K TG IR K 2 R AR U K 59 1 K 2
3 BT K B A SN 2 Ve g T 5 2 rh B KR oK

XL ] B R 2R K 2 ST SRR D R ok 5 R K PR AR K X R R A A T K A Rk S R VR
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BEWME AT HGE , Hoh | SR K PR A K 43 40 320.87 m’/s | F/IVESAR TN 217.64 m’/s, fEiX
JEE AT JEK AU 103.23 m’/s, T2 K B 55K S8 8 7K e A fie /N A 545 T -5 A 7K 1 0 AL 2463 L P 1) T o)
IKAT I 194.36 m’/s 55 68.42 m’ /s, JIT LA =3 K AE 1 AR AR S S B R K 28 2 7 AR AN RS I bl T = AN K
BRI K IE VAT, R % R = B A R, 24 = AN K H A AT 3 — /K %8 mT A7 98 7K RV a] %o K 3% R 477K
SERIREE I DA —J g = FE N B B — o — DK K, 75 AMPRAS K BEASTRIK s T L = ISR TR K, 55
A —ADIKIEANTAK 5 T B = s = AIK R K X F A8 Bl — , 1 2000 4F 1 A, SEARMI K 12 5 5k R AR K P2 g
Ui B AR T R/ NE AR, BUE, SRR K A A it it i A K 1 0 AL o X RGE DK, TR7K 5 206.5
m’/s, XFFIEGL ., 412004 4F 3 H | SEABIT K TG T IR K T 5k SRR K PR R T K 2 v LA TR
K AR TR R AR PR AT R K B SR, R 1317.86 m'/s, 55 =P LR ARG, 4n 2004 4F 10 A BEG
AR R, R 7303m° /s (H 2, B A FITE A O B = > K 8 8] B AR T die /A S AR T I AT AR AE 7, G
2000 4E 4 H,2001 44 A 5 A,2002 455 H,2003 451 A .5 A LI 2004 4E 1.2 4 A 38 A 4 =K EHIE
IRTEERR RS RE MM TR RESATHEK , B LT 225 FEAME K AT IE T R K
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Fig. 5 The source reservoirs regulation analysis of low flow months in Liaohe basin
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Fig. 6 The north line reservoirs regulation analysis of low flow months in Liaohe basin
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