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Abstract: The hydrodynamics inside a lake suffers great shifts due to the combined impacts of climate change and anthropogenic
activities, which in turn influences the water environment in the lake. Distinguish the impacts of climate change and anthropogenic
activities on water age, which indicates the flow patterns and water exchange rates, is of great significance to watershed manage-
ment. This study performs a quantitative attribution analysis by coupling the environmental fluid dynamics code (EFDC) and the
LSTM model. Results showed that the model used in this study can accurately simulate the water level and runoff dynamics, with

the Nash-Sutcliffe Efficiency over 0.96 and 0.90, respectively. (2) There exits great spatial heterogeneity of the water age, with
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average water age of 228.01 and 24.21 days in the floodplains and main channel, respectively. (3) The water age decreased about
30 days for over 2054 km? due to climate change, whereas anthropogenic activities increase the water age in 58% lake area in the
dry period and shorten the water age in 82% lake area in the flood period. The results can provide scientific basis and theoretical
guidance for water resources management in Lake Poyang Basin.

Keywords : Environmental fluid dynamics code (EFDC) ; climate change; human activities; Lake Poyang; water age
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Tab.1 Summary of the applications of numeric modeling in Lake Poyang
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Fig.1 Location of Lake Poyang Basin and the meteorological stations inside the basin
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Fig.2 Framework of coupling LSTM runoff model and EFDC hydrodynamic model
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Fig.3 Bottom elevation and computational grids of the model
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Tab.2 Simulation performance of LSTM runoff model in Lake Poyang Basin
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Tab.3 Simulation accuracy of water level in Lake Poyang in 2012

IKANE 3l MAE/m NSE R? RMSE/m
BT 0.20 0.99 1.00 0.30
#BE 0.50 0.97 0.99 0.58
HW 0.28 0.98 0.98 0.32
B 0.31 0.96 0.97 0.36
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Fig.6 The spatial-temporal distribution pattern of water age in Lake Poyang under SO scenario
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Tab.4 The influenced area related to several water age changes of Lake Poyang caused by climate change (km*)
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(0,32] 1219 471 455 690 1923 1141 1802 228 187 222 255 235

(32,64] 0 0 0 0 0 0 0 0 0 1 0 1




EEMF AMBETAAALESSFER BB AL R T TR S 1183
1H 25 3H 44 SH 61
l ARACTRE /%
F 205.00
¢ g7 & ol 7 B 153.75
A a - 102.50
: ' » 51.25
7H 8H 9H 104 11A 12A 0
: ; -51.25
o { 'l o 4B "%f«*f ~102.50
3 ‘ : S ~153.75
S
p ; ,. K 2205.00
Wl 7 A A AR5 80 BB A 0% 2 M R B A e 2 22 5

Fig.7 The spatial-temporal distribution pattern of impacts of climate change on water age in Lake Poyang
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Fig.8 The spatial-temporal distribution pattern of impacts of human activities on water age in Lake Poyang
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Tab.5 The influenced area related to several water age changes of Lake Poyang caused by human activities (km®)

K%/ d 14 28 30 44 s5A 64 18 8H 94 107 1 124
(-128,-96] 0 0 0 0 0 0 0 0 0 0 0 0
(-96,-64] 0 0 0 0 0 0 0 0 0 0 0 0
(-64,-32] 0 0 0 0 0 0 0 0 0 0 0 0
(-32,0] 2135 1801 337 424 308 813 845 2037 2775 2789 2011 566
(0,32] 880 580 2262 2424 2662 2265 2248 1031 256 196 548 1535
(32,64] 0 0 0 0 0 0 0 0 0 1 0 3
(64,96] 0 0 0 0 0 0 0 0 0 0 0 0

(96,128] 0 0 0 0 0 0 0 0 0 0 0 0




1184 J. Lake Sci.(#3a#2) ,2021,33(4)

MG (£ 5) , FEMkASHREAI (3—7 F) (LA 545 km® (R ROK IS 230 R RERA 3, o 4k
TR 13% , FREREEEAE 0~32 d Z ], [BI R, 47 5t 2372 km® 97K AR i 52 B0 1 TH e 4%, 24 055 4380 1T AL 14
58% . T FERG K WIRIE KT, P45 47 718 km® (7K PR B30 B TR, 7 4 ALY 18% .

3 itip

ARG T VR ST ARG G — ek 2 SR 3k 7| A S SO ARE &, 5 e IX 20 T /A AR A AN 2
55 010 80 L 0 380 DX K A A ) SRR B2 LR O BIF S, TR B TR A 40 A AR T A% B Kk SRS,
SWAT'™ F1 WATLAC' ™ 4. (H R | it Mt g et A o, 70 22 O MO e e 2, LR 709 B B A 7K S
G MBI LA BRI, B T B R ot X A P T A SR ) P 9 R
GRS BT IE 2 ) BRI AR T 2, () I 53000 — 4K 3 BB AT A A o REAR A b S i
SR SCIR BRI B , TR, H AR TR 260 0 3 3o e Ay M. 2 400, 25 R 22 5 R 1 o 28 10
S HESLIN Keras I Pytorch T % ik , H B — > 2 4 228 00 24 T A6 78 A5 f (68 , Ay 76 SEE DS 41 g R
JE I DX A3 A A AN 0 Sl 06 7K SO i SR B T B S R Oy A .

SR TR 2 o) T 248 FE A4S 0 P 31 5 T JEL A AR R Ay D 48, A5 B0RES 2 tho  o e  , (EL RT3 K k2 A
b AR DR O R LA BRI , G X 4 A T AR L SR, Kratzert 2575 1 X6 [t LSTM. v
ZETTHRPIRAS , T AR 75 58 S G b AP ML AR, (EL A B A 125 T U0AIE. ) R o A o 22 100 24% £y 45
RN T 2 BT I T . ZEATFSE T, FoAT] % B0 B WK 0 3 52 S AR5 A ) S0, AR Bk 2t 1
80% . MG AR A3 A e I A AR, T S I K S A A IS VR AL S S 8 T 94 K % )
SRR 2, VA VAL A A DU 9 BT A N 24 A A 200 B 0 K D 1.15 4V fEAR
IR, A Al (815 3805 BT 00 7K 44 5 T AR s A, LA A D PR T A 7 (8 58 80 5T 980 7 3 114 g 9
BT, DTS BRI AR I H . RN, 28 2 A S Sl e S ) 99— TR %, s A X
T % e MV . A RS 035 , 0T 406 386 BE W0 70 1 1 2 R 2 IR I R R 3™ T 2 o 7
S B B T RS AR T et A — R R S B I R AR R . e, e
ASAAE TR, 80 BH A A AR A He B, S B S BT R e .

ARG IR AL X 43 T N 2055 2010 80 I 9 7K 72 Al g S0 3, T LK B, A0 0 780 7K 2 4k
LA S35 AR AT 03 5 R AR K, AT V42 8 0 7 265 B 30 00 X B K 7 . — e i, A2 0%
BRI K S AR ) S 2 B AR A7 T, B B O B A TR D e R K R T AR LT
8 R, A BT WA VPG L0 YT T R R BT R A SEE T, M 1985— 2001 4F, 4245 7K i 26 AR 330
J7 hm? RS 130 J5 hm® ; 4045 ZRARET 2650 1 31.5% L FF8 59.7% . R 25 10 A fe B4 I el A0 420 3 R
Wi R TR BRI/ 2 S B 340 DX K S TR — 2 ) T . TR , B AT B0 3l o A 0 A5 A 5
TEAE— 2 IOAE A I 25 25 5, 23R B A K K 8 3, 2Kk 0K I B/ 13 TT R 2 pht Tk R TR i i
FOPIRAR TS A SE BUAE A AN B e, AT ) ek e B R R K S s R B 11
HEWAE 4 ARREINA,S5— 10 AR E RN, 3 H AT B E K, 10 A 52,9 A b i kil
5, ARG IR R T NI SO0 e I B 4 P 25 S (ELR R T A AR, AR S 25 S TR BT i PR 20k
PRV A A SCSH T AIFSEREIR 1960— 1969 4F 1 g Je i 1, She ST R Jol b A K35 30 1 54, fH 2
A WS R , BRI TR 11 19508 FFUGRZSZ T IZUAZKEE 3, DTt X VA S K 8 B 365 1 17— 2 B 5
I s, 50 5 9 0 S0 S Rt BRI 7K P 36 6 7K A ) 5 7 U 2 X S ) 77 0 3o R 1 — 5 B S 7 R ok
BT T, I %45 4 % K S B T T SR T AT S 8 A, (0 75 760 B S 1 o 1 s S e %
A AN SRR K SC I R R

4 &g

1) ARSCHE T EFDC R ) 80 FF ) — 47K 3l 3 A7 , A A o 52 W0 80 T 980 ) DX /K ek 58 45 I~ A ) 215
PEAE AR A4S SR LS AT S 4 A K SOl UK RIS R*HI7E 0.97 L1, NSE J1E 0.96 L) L.
2) 30 BB ) DX 099 A I A7 P 0 9 2 ) 0 S R AT, SH e 2 AR 0 DAy A 0 00 DT i ) DX 2 [ K il R



BEME AR ENARALEN TP AL h T TR 5 1185

P-¥92 228.01 d iR S3E LKA R IR RN -2 0 24.21 d. AE IR TR]RUBE L 380 FEHS 7 i 1) 22 57 6 22 (A 2R
FETZ I X5, A KU 10 A S K 292 90 d 22 Ay T AE E 7K, V2 10 b A 7 24K i 2 30 d
R

3) A A 1R PHB M R AR AR 2 5 T8 XK gl oA, i X 70 T NI 8l 5 A A2 A X 486 B 784
IKIS AP TTRR R, 2L AL T, B BH 414 2054 k™ (g 7K DA K % 22 B/ F e 34, /Nt 2
30 d ZiAy s NI Bl xh K B A AL R A7 AE — 5 AR AF DA I 23 22 53, LR KA A0 =R K S0 A7 2 58% A IX K %
IR THES WAL KRR A, P45 718 km’® AR AR i S B0 1T Ra %A, o5 AW m AR 18% . MAsZ
FUE R, ML s i A 30 FH 1K e A A ) 2P R O RAL Ry 84% , TSI s B R2 M1 L 16%.

5 S 3k

[ 1] Wan RR, Yang GS. Progress in the hydrological impact and flood response of watershed land use and land cover change. J
Lake Sci, 2004, 16(3) : 258-264. DOI. 10.18307/2004.0311. [ J75€%¢, MLl Wikt 3] /B oAb B 7K S0k
7 B KRR AR, 2004, 16(3) : 258-264. ]

[ 2] Imboden DM. Phosphorus model of lake eutrophication. Limnology and Oceanography, 1974, 19(2) ; 297-304. DOI; 10.
4319/10.1974.19.2.0297.

[ 3] Vollenweider RA. Scientific fundamentals of the eutrophication of lakes and flowing water, with particular reference to ni-
trogen and phosphorus as factors in eutrophication. OECD Paris, 1968.

[ 4] LiB. Water security evaluation and its associated responses with hydrological conditions in Yangtze-connected lakes; A
case study of the Poyang Lake in China[ Dissertation ]. Beijing: University of Chinese Academy of Sciences, 2017. [ Z=JK.
YT K 22 AT B S 7RO A8 A 1 i 107 AF 55— LA BRI 1) [ 48 3C) - dbst: s ERLEBE R, 2017. ]

[ 5] WangP, Lai GY, Li L. Predicting the hydrological impacts of the Poyang lake project using an EFDC model. Journal of
Hydrologic Engineering, 2015, 20(12) . 05015009. DOI; 10.1061/( asce ) he.1943-5584.0001240.

[ 6 ] Zhang QH. Poyang lake water environment model and its uncertainty research based on EFDC[ Dissertation ] . Guangzhou :
Guangzhou University, 2011. [ 5KERA. T EFDC HRFH#I KRB R 5 A8 E MEMFFE [ 24008 3C]. M 7R
2, 2011.]

[ 7] Xiong X. Hydrodynamic research of Poyang lake based on the EFDC [ Dissertation ]. Nanchang: Nanchang University,
2014. [ feffE. HF EFDC (ERBHIIK S DWF5E [ 200830 A ME K, 2014.]

[ 8] Lai GY, Wang P, Li L. Possible impacts of the Poyang Lake ( China) hydraulic project on lake hydrology and hydrody-
namics. Hydrology Research, 2016, 47(S1) . 187-205. DOI; 10.2166/nh.2016.174.

[9] Qi LY. Assessment and simualtion of aquatic ecosystem health in Lake Poyang[ Dissertation ]. Beijing: University of
Chinese Academy of Sciences, 2017. [ FrycHt. HBFIMIAK A RGUEFEIPM SEHIATFSE [ 063 ]. dbat: hEE
Fheke:, 2017, ]

[10] Huang AP. The characteristics and response mechanism of hydrology and hydrodynamics and eutrophication in Poyang Lake
[ Dissertation ] . Beijing; China Institute of Water Resources and Hydropower Research, 2018. [ % 2. #8BHI /K SCK 3l
JVRRE R B E SRR B AL RS [ 2= A8 3] st o EUR R ARARF S B, 2018. ]

[11] Zhang LX. Time and space distribution characteristics of eutrophication and water quality prediction based on WASP model
in Poyang lake[ Dissertation ] . Nanchang: Nanchang University, 2015. [ 5KF 55 B BHWI X & & F2 LA 25 20 A SR AE S0
Ko WASP BERK BHG [ =083 ). m B Ak, 2015, ]

[12] Li YL. Integrated hydrological and hydrodynamic simulation study for a complex Poyang Lake-Catchment System[ Disserta-
tion ]. Beijing: The University of Chinese Academy of Sciences, 2013. [ Z= 2z K. & BHMIMIVA LI R Gk SOk 8h T BEG
BAUDFTE [ 2A00E 3] Eat: P E BBk, 2013.]

[13] Li YL, Zhang Q, Yao J et al. Hydrodynamic and hydrological modeling of the Poyang Lake catchment system in China.
Journal of Hydrologic Engineering, 2014, 19(3) : 607-616. DOI. 10.1061/ ( asce) he.1943-5584.0000835.

[14]  Zou YQ, Zhong MS, Zhou WB. Design and simulation of three-dimensional water quality simulation software for Poyang
Lake. Journal of Nanchang University : Natural Science, 2012, 36(1) ; 91-96. [ 4F /38, #hiésk, JE SOk, %8 BHM =4k
KRB SO B oS B R, 2012, 36(1) : 91-96. ]

[15] Li MF. Hydrological changes in Poyang Lake since 2000 and the influencing factors[ Dissertation | . Beijing; University of




1186

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

J. Lake Sci. (#:a#+3),2021,33(4)

Chinese Academy of Sciences, 2017. [ 2% M. 2000 4F L4 A BB BH A 7K SCIE VAR HE S sz m I Z 5T [ A3 .
Jemt: hERRERY, 2017, ]

Zhang Q, Ye XC, Werner AD et al. An investigation of enhanced recessions in Poyang Lake ; Comparison of Yangtze River
and local catchment impacts. Journal of Hydrology, 2014, 517 425-434. DOI; 10.1016/j.jhydrol.2014.05.051.

Lai XJ, Liang QH, Jiang JH et al. Impoundment effects of the three-gorges-dam on flow regimes in two China’s largest
freshwater lakes. Water Resources Management, 2014, 28(14) . 5111-5124. DOI. 10.1007/s11269-014-0797-6.

Huang CL, Li X, Sun YY. Water age distribution of the Lake Taihu and impact of the Yangtze River to Lake Taihu Water
Transfer Project on the water age. J Lake Sci, 2017, 29(1) . 22-31. DOI. 10.18307/2017.0103. [ # &M, Z=HE, Fhiik
T RWIKIE S AR B B IVERE R AR, H s 1A R, 2017, 29(1) : 22-31.]

Fan HX. Attribution of the changes in water regime and water quality in Poyang Lake Basin[ Dissertation ] . Beijing: Uni-
versity of Chinese Academy of Sciences, 2019. [ Ji2 3. RS AI AT Bl Xk 388 BH 39 /K SCRE A AK BRI 1 52 M BL
BT 2 3] JEat: hEBEEBE R, 2019. ]

Cheng JX, Xu LG, Wang Q et al. Temporal and spatial variations of water level and its driving forces in Lake Dongting o-
ver the last three decades. J Lake Sci, 2017, 29(4) ; 974-983. DOI; 10.18307/2017.0421. [ F{R#, # W, EHE.
A EE WL 30a 7K A5z A 2 Y AR AR S B3 R 430 #. ITE AL, 2017, 29(4) : 974-983.]

Githui F, Gitau W, Mutua F et al. Climate change impact on SWAT simulated streamflow in western Kenya. International
Journal of Climatology, 2009, 29(12) . 1823-1834. DOI; 10.1002/joc.1828.

Narsimlu B, Gosain AK, Chahar BR. Assessment of future climate change impacts on water resources of upper sind river
basin, India using SWAT model. Water Resources Management, 2013, 27(10) : 3647-3662. DOI. 10.1007/s11269-013-
0371-7.

Ye XC, Zhang Q, Liu J et al. Distinguishing the relative impacts of climate change and human activities on variation of
streamflow in the Poyang Lake catchment, China. Journal of Hydrology, 2013, 494. 83-95. DOI. 10.1016/j. jhydrol.
2013.04.036.

Guo J, Zhang YJ, Wang JB et al. Application of the long short-term memory networks for flood forecast. Journal of Water
Resources Research, 2019, 8(1) : 24-32. DOI; 10.12677/JWRR.2019.81003. [ 38 % , 24, F AR5, KEMICIZ
BRI /NS R Bl L S ST, K BEIRAT ST, 2019, 8(1) : 24-32. ]

Guo Y, Lai X]J. Water level prediction of Lake Poyang based on long short? term memory neural network.] Lake Sct,
2020, 32(3) : 865-876. DOI; 10.18307/2020.0325. [ ZB3ME, M ZE. He T IIIICIZ AN 22 190 45 1 365 FH 80 7K (o2 Tt
AR, 2020, 32(3) : 865-876. ]

Hu QF, Cao SY, Yang HB et al. Daily runoff predication using LSTM at the Ankang Station, Hanjing River. Progress in
Geography , 2020, 39(4) : 636-642. [ §PTS, & 1310, WMOmAF. DL BZ FEwl H AR R 00 1 LSTM #5047 4
WESE. HERR PR, 2020, 39(4) : 636-642. ]

Zhou YL, Guo SL, Zhang FZ et al. Hydrological forecasting using artificial intelligence techniques. Journal of Water Re-
sources Research, 2019, 8(1); 1-12. DOI; 10.12677/JWRR.2019.81001. [ sk, 5245, kBT N T8 fEfE
AKSCTR P R TIFSE . K BEIREST, 2019, 8(1) : 1-12.]

Fan HX, Jiang ML, Xu LG et al. Comparison of long short term memory networks and the hydrological model in runoff sim-
ulation. Water, 2020, 12(1): 175. DOI. 10.3390/w12010175.

Fan HX, He HD, Xu LG et al. Simulation and attribution analysis based on the long-short-term-memory network for detec-
ting the dominant cause of runoff variation in the Lake Poyang Basin. J Lake Sci, 2021, 33(3). 866-878. DOI. 10.
18307/2021.0319. [, frsad, #RTWIAE. FET K A2 AR F) 308 B 380 A0 3 A0 A0 B JHE 38 2 1 U1 P 23 #
WAIARE:, 2021, 33(3) : 866-878. DOI: 10.18307/2021.0319.]

Gong R, He Y, Xu LG et al. The application progress of environmental fluid dynamics code( EFDC) in lake and reservoir
environment. Transactions of Oceanology and Limnology, 2016, (6): 12-19. [ 284K, ik, 4 /1WIZE. EFDC( Environ-
mental Fluid Dynamics Code ) 75 W R /K BREEARAU o 7 FHAE 8. TP IVE I R, 2016, (6) @ 12-19.]

Hamrick JM. A Three-Dimensional Environmental Fluid Dynamics Computer Code ; Theoretical and computational aspects.
The College of William and Mary, Virginia Institute of Marine Science, Special Report 317, 1992 63.

Blumberg AF, Mellor GL. A description of a three-dimensional coastal ocean circulation model. Three-Dimensional Coastal

Ocean Models. Washington, D. C.: American Geophysical Union, 1987 1-16. DOI. 10.1029/¢0004p0001.



[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

BEME AR ENARALEN TP AL h T TR 5 1187

Johnson BH, Kim KW, Heath RE et al. Validation of three-dimensional hydrodynamic model of Chesapeake bay. Journal
of Hydraulic Engineering, 1993, 119(1) . 2-20. DOI: 10.1061/ ( asce)0733-9429(1993)119: 1(2).

Yao J, Zhang Q, Li YL et al. The influence of uniform winds on hydrodynamics of Lake Poyang. J Lake Sci, 2016, 28
(1) : 225-236. DOI: 10.18307/2016.0126. [ Wik, Kar, 4%z RAF. W XUk 88 BH 1Kk 3l Iy 952 . WA RL
2016, 28(1) . 225-236.]

Guo H, Su BD, Wang Y] et al. Runoff coefficients change and the analysis of the relationship between climate factors and
runoff coefficients in Poyang Lake Basin ( China): 1955-2002. J Lake Sci, 2007, 19(2) . 163-169. DOI. 10.18307/
2007.0209. [ 584, F5AEik, THOHSE. BFFHBIAE 1955 —2002 AE42 0 RECE LS LS R TR, )
AL, 2007, 19(2) ; 163-169. ]

Fan HX, Xu LG, Tao H et al. Accessing the difference in the climate elasticity of runoff across the Poyang Lake basin,
China. Water, 2017, 9(2) : 135. DOI: 10.3390/w9020135.

Wang XL, Han JY, Xu LG et al. Soil characteristics in relation to vegetation communities in the wetlands of Poyang Lake,
China. Wetlands, 2014, 34(4) . 829-839. DOI; 10.1007/s13157-014-0546-x.

Gassman PW, Sadeghi AM, Srinivasan R. Applications of the SWAT model special section: Overview and insights. Jour-
nal of Environmental Quality, 2014, 43(1) . 1-8. DOI: 10.2134/jeq2013.11.0466.

Cao WZ, Hong HS, Yue SP. Modelling agricultural nitrogen contributions to the Jiulong River estuary and coastal water.
Global and Planetary Change, 2005, 47(2/3/4) . 111-121. DOI; 10.1016/].gloplacha.2004.10.006.

Li YL, Zhang Q, Werner AD et al. Investigating a complex lake-catchment-river system using artificial neural networks:
Poyang Lake ( China). Hydrology Research, 2015, 46(6) : 912-928. DOI; 10.2166/nh.2015.150.

Shen CP. A transdisciplinary review of deep learning research and its relevance for water resources scientists. Water Re-
sources Research, 2018, 54(11) . 8558-8593. DOI: 10.1029/2018 WR022643.

Shen CP, Laloy E, Elshorbagy A et al. HESS Opinions: Incubating deep-learning-powered hydrologic science advances as
a community. Hydrology and Earth System Sciences, 2018, 22(11) ; 5639-5656. DOI; 10.5194/hess-22-5639-2018.
Shen ZY, Chen XF, Zhao X et al. The influence of parameter uncertainty on phosphorus modeling: A case study of EFDC
model application to the Three Gorges Reservoir Region, China. Fresenius Environmental Bulletin, 2014, 23 (1):
264-273.

Kratzert I, Klotz D, Brenner C et al. Rainfall-runoff modelling using Long Short-Term Memory ( LSTM) networks. Hydrol-
ogy and Earth System Sciences, 2018, 22(11): 6005-6022. DOI; 10.5194/hess-22-6005-2018.

Qian GW, You L., Chen AM. Prediction of future water resources quantity in Poyang lake basin. Journal of Anhui Agricul-
tural Sciences, 2017, 45(8) : 53-54, 73. [£&ifh, UFAE, Wiz I &P FHWT 0K B I E B, L8l A, 2017,
45(8) : 53-54, 73.]

Cheng JX, Xu LG, Jiang JH et al. Changes in streamflow at the outlet of dongting lake and their impacts on ecosystems.
Resources and Environment in the Yangtze Basin, 2019, 28(5) ; 1225-1234. DOI; 10.11870/¢jlyzyyhj201905022. [ #&{&
F, ARJTR, SRR A R EE W AR R AR A KR A S AR G R R T R BT R S PR A, 2019, 28(5)
1225-1234.]

Dai XZ, Luo BH. From “harnessing” to “enrichment” —research of strategic upgrading of mountain-river-lake engineer-
ing: Providing strong support for development of Changjiang Economic Zone. Yangtze River, 2016, 47(24) . 1-5,11. [
BB, Bk, IR BN LI TR SRR AR AY. ANRARIL, 2016, 47(24) : 1-5,11.]

Yao W, Yu QH, You ZQ. Study on reservoirs operation at upper Yangize River for alleviating low water situation of Poyang
Lake. Yangize River, 2015, 46(24) : 1-5, 20. [ Bk, ARM, Werfaat. JQUT_ B PR I 15 22 0 B A K 17 A
FA#FgE. NREIT, 2015, 46(24) : 1-5, 20.]

Lu BH, Li KP, Zhang HW et al. Study on the optimal hydropower generation of Zhelin reservoir. Journal of Hydroenviron-
ment Research, 2013, 7(4) . 270-278. DOI: 10.1016/j.jher.2013.01.002.





