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Impact of cascade hydropower development on water temperature in the Lancang River Basin//Li Yu'”, Gong
Ke', Sun Yan', Wu Yujiao'( 1. School of Infrastructure Engineering, Dalian University of Technology; 2. Ningbo Institute
of Dalian University of Technology)

Abstract: To study the impact of cascade hydropower development on water temperature in the Lancang River Basin, a 1D-
3D coupled water temperature model was constructed, and the spatiotemporal variation of water temperature in the cascade
reservoir system from Gongguo Bridge to the international boundary section of the Lancang River was systematically
simulated. Results indicate that water temperature changes exhibit a continuous and cyclical process: reservoir heat storage
in deep-large reservoirs-low temperature discharge upstream of dams-natural warming, demonstrating significant cumulative
effects. The deep cascade reservoirs slow down the flow velocity of incoming water, and the thermal storage effect causes the
annual average surface water temperature of the upstream Xiaowan Reservoir to increase by 1.5°%C compared to the natural
state. Due to the stratification of water temperature and the discharge of low-temperature water in deep-large reservoirs, the
annual average temperature difference between the discharge water temperature and the natural temperature in Xiaowan
Reservoir is =2.4 °C. The temperature difference in the fluctuating catchment area rises to —1. 9°C with the temperature
and radiation, posing a year-round low-temperature stress on the fish habitat under the dam of Xiaowan Reservoir. The
downstream Nuozhadu Reservoir further strengthened this process, with an average annual increase in water temperature in
front of the dam of 1. 7°C , and the average annual discharge water temperature difference narrowing to —=1. 6°C compared to
the natural temperature. Under the combined effect of latitude and meteorological gradient, the thermal recovery capacity of
the fluctuating catchment area is better than that of Xiaowan Reservoir, resulting in an average annual water temperature of
0.3%C higher than the natural temperature in the section from the dam to the exit of Nuozhadu Reservoir. From August to
January of the following year, it poses a high temperature stress on fish habitats. The cumulative effect of cascade
hydropower development on water temperature has led to a shift from a single low temperature stress to a dual stress of low
and high temperatures.

Key words: cascade hydropower development; water temperature stratification; water temperature residence time;

flattening effect; the Lancang River
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Fig.2 Topological structure of water temperature model

for cascade reservoirs in the Lower Lancang River
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Fig.3 Calibration results of water temperature models
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Table 1 Calibration results of 1D-3D coupled water

temperature model

e s VISTIpAL XY KRG RBKEARDL
VT T o7 - - - B - -
NSE R NSE R NSE R
JNEIHE 0,99 0.99  0.95  0.95  0.96  0.97
18 IhE 0.91 0.94
FRFLIE AR 0.88  0.92
FEFLIEHE 0,99 0.99 0.89 0.91 0.95 0.96
stk 0.92 0.9

<49 .



T FYZRZ K, A0 3(b) ~ () B, it — 2B B O A
AR BB B AR RDURG 2 A 15 ) K R A TR AR R
fE, ARG 6 A5 R0 B ] S 2016 4F (UK AR ) K
TE BB BN K S 2 5 B35 1Y) 2015 4F
(FAAGAE) 5 2017 48 (M =47 ) #EAT I E, 25 2R R
AW NSE 5 R® ¥RETE 0. 85 LI L, LW A #E
ALK SCAE R 1 B8 AT S i KRB H UL e
3.2 BERIKEEIE X KB 4 1 RN

Sk Z G5 AT B R T A X K R I S L DA
4 5.7 H .10 A1 ABAFRKER SIGERE
Bk &K, SR RS & BT RIZESIREK
IR WA 4 o, HIE 4 A0 v VL R
SRR IR AR AL RRAE Jy S M IR, TR R 2 2 A7
FNIRHMEN, EHEEME R, 2R
1) 3 [ BK By, K i b T R AR S R T & A R
7 (1 20. 8°C FHZ 25.9°C) , 4 100 km Y IR T340 %
K 0.73°C s TERKZERNA 2R, A Bl o] ()32 BT R AR,
AR B 2055, KT TR AR /N T R A
TEAZE(H 16.3CTFE 19.4°C) , 4 100 km IR T}
AR 0.44°C

PR I 58 25 O T KR AR ) [ ARV AR )3
SR T BRI 5 AR 1, B2 () 40 A S 0 R I
P o TERAOKFEIRTZY 50 km JE I, PR IX £ 2K
TR AL T, ELA AT K IR 3 5 T R 30 K 2%
(B 17 JECJ2 /K T I 8 B0 s AR R T e, T i A e g o
R 2450, T RR B E R B RZ R
FHIEFE 20 5°C K2 IRBEIREE 208 4°C | fe K3 )
2235 10°C . I THOK O A Tk Ik T2, K E
T R AT B IS Z K, T O KR B AR
FRIRFA, Horh B 2R RO B3 R RFA
TREZ) 4. 5°C , & Z=REIR 2 1°C T TE 7K IR B 21 Pk

IR W5

T K AR HE AR RS Sl K X R HK R R
TR B2 KA B IR (R R0 7K A A T ARG 1 5
i), FLARFE I W R R ik i = e, ERE
Z= KR AR T AR BRI R 2R T
PG RS, (0 22 3R BN O T 32 TR R 7ERK
A7 MK IR B L AR, A & Tk
55 , IR A7 T2 B2 R (7] 7K DX 45 2% it IX BB Ay i B4 st
] S K o P BB N Rl 23 6] b A2 4
SO R LI K PR R Ui 0 K IR B R A R T/
TS K T i, R HAE S K R DK X i sy it —
SR, LR SO BT WG T K TR AE R 4 e B TR
SRR B RIS IR YY) 3C
3.3 ERAKEMKIRE ST

KR ZEAR B FORIE TR IOK I, g 47t T
JE DX K AR A [ A 1 S BUK IR B B
FEERIK LB AEKIE 40 ~50 m 2247 BT ER)Z L
J 50m AR A2 MRIR K . /NS K P8 I3 b T
o IREREER , AT I i 1 L8 SR A e il
W, A A PR R EIF AR ST (B 5) . HERZ R,
TR LI K 2 R B KRR I B K, AL Bl , 22 R /K
PR S A AR IR S | L 3 10U 3 T — 2B 5% KA
Fifadism , A % AT B B 0 S IR A5 (L 6) ,
RIRNE R 7 ) 3=y AR 1l e =y &1 ]
PR T B o e 2 = T AR g nK X, AR )Z
KRR R B 2 AL K I 26 )2 /K A 100 km FF
AN 5.6°C ,/ME /KRR Z /KR 5 100 km i
FHEFEN 3.9°C, 43 51 2 28 2y [l 7K X T R Y
8.0.5. 6 fi5, VLHIHZE 5 BA s [i) 4 2 o A aX —
225 EE R AR E KB B AR m K A is T,
FEACEHFBALN 0. 06 m/s, B RIRRBH) 6% ~

— R --- K - - RIUKIR
30 30
] 251
£ £
%A K3 -
N L N 15 L
10 I I L ) 10 I I I )
0 180 360 540 720 0 180 360 540 720
B DA 1 5 ke T A VAE DB 1 5 /km
(a) HF (h) &
30r 30r
] 25
£ £
| e
% %
10 L I L ) 10 I I L )
0 180 360 540 720 0 180 360 540 720
B DB 1 4 ke T A AE DB T8 5 /km
(c) BkFE (d) &%

B4 BEKEZEEAREFTHKBEZEEHEWL

Fig.4 Spatial variations in water temperature of different seasons after cascade reservoir construction
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Fig.5 Spatiotemporal variation of water temperature in Xiaowan Reservoir area
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Fig. 6 Spatiotemporal variation of water temperature in Nuozhadu Reservoir area
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Table 2 Optimal growth temperature ranges for

Cyprinidae and Cobitidae

Ay T HKIR X [l C A#r & BRI X 0
1 12.6~16.0 7 20.6~25.5
2 13.2~16.4 8 20.5~25.6
3 14.7~19.5 9 19.1~25.2
4 17.5~21.0 10 18.1~24.8
5 18.3~23.6 11 15.9~22.6
6 20.0~24.9 12 13.4~20.1
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temperature in fish habitat river sections
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