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Analysis of water temperature variation trends in Xiluodu Reservoir area after impoundment of Wudongde and
Baihetan reservoirs//Tang Yuchuan', Zhang Yong', Zhao Zhongwei’, Wang Xiaoting’ , Xie Changjiang*( 1. River Basin
Hub Operation and Management Center, China Three Gorges Corporation; 2. College of Harbor, Coastal and Offshore
Engineering, Hohai University; 3. College of Water Conservancy and Hydropower Engineering, Hohai University;
4. Sinohydro Engineering Bureau 8 Co. , Lid. )

Abstract: To understand the variation patterns of water temperature in the Xiluodu Reservoir area after the impoundment
and operation of the Wudongde and Baihetan reservoirs, this study analyzed the spatiotemporal variation characteristics of
water temperature and the evolution process of thermal stratification in the Xiluodu Reservoir area based on in-situ water
temperature observation data from 2019 to 2024 and historical hydrological data from 2014 to 2018. The analysis was
conducted using mathematical statistics, comparative analysis, and the Mann-Kendall trend analysis method, incorporating
thermal stratification evaluation indices. The results show that after the impoundment of the upstream cascade reservoirs,
the thermal stratification stability gradually increased. Downstream water temperature exhibited a flattening trend,
characterized by higher values in autumn and winter and lower values in spring and summer, and the occurrence of low
water temperatures showed a lagging characteristic. Furthermore, the degree of water temperature flattening and lagging
increased with the number of cascade reservoirs. The peak value of the thermal stratification stability index increased from
2.52m ' t03.71 m™", while the vertical temperature gradient decreased year by year after impoundment. The mean inflow
water temperature decreased by 0.52°C in summer and increased by 2. 64°C in winter, with the annual temperature range
decreasing by 7. 78%. The mean outflow water temperature decreased by 0. 53°C in summer and increased by 1. 93°C in
winter, with the intra-annual extreme variation range decreasing by 0. 6% to 11. 1%. The occurrence time of the minimum
water temperature at various cross-sections along the channel was delayed by 4 to 26 days compared with the pre-
impoundment period.

Key words: cascade reservoirs; discharge water temperature; reservoir thermal stratification; the Xiluodu Reservoir; the

Wudongde Reservoir; the Baihetan Reservoir
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HIRK ZE 27K IR A 20. 70°C iz 1734 11 A9 Bk 2= 1
KIRFEATIH T & T 0.60°C,

FEOK I E KB 51— R IR, & 2= PR X i
FE AR K A5 A AR 0 kKR AR A%, T it
KR AR B SR AL AR RE . B T R
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Fz 3 2016—2024 FRiZEK I KBSEITHE

BT P ] EFEPRIE/C wEAXDKE/C Rk H Bk C e fI% H XK BN R]

2016-08-01—2017-07-31 18.60 14.21
2017-08-01—2018-07-31 18.91 13.80

! 2018-08-01—2019-07-31 18. 12 13.60
2019-08-01—2020-07-31 18.92 14.94 14.65 2020-03-01

Il 2020-08-01—2021-07-31 19.00 15.23 15.04 2021-02-11
2021-08-01—2022-07-31 19.33 15.62 15.41 2022-03-12

I 2022-08-01—2023-07-31 18. 82 15.72 15.45 2023-03-08
2023-08-01—2024-07-31 19. 64 15.95 15.72 2024-03-21

ZE KL (21, 26°C ) Bz 4T T (21. 78°C) B&#AIK
T0.52°C, B AT I (22, 17°C) F&AR T 0. 91°C,
SRR L, KR 2 T (H 2 TS R
FIPE DX T 52 o 7K AR A PR DX B B [ 350, 7K
TRV RO AR RS . 22 M-K #a3ir, H 211
KR Z fE -1 11, RIK 5] 0. 05 1 3 MK Pk
¥, M3 A0 B T 3 4F i ik H ¥ /KR Y
IR AL T 1P R 2 124,

2.4 BERKEEKREMW

R GOK BB KIS TR TR W X A
TR RN et e AR | ER % U T DX K Il e 25 4 A7 7 A
SR, 125 M 32 B3 3 $G5 J2 T BL I S
TR 3 AT5 AL . PR IX I3 R S5 R i AR |
K RS AR AT K R S AL
2.4.1 ER#BHyEEMREE

MR YR 18 I HILRT 2019—2024 4F 2 1] 7K IR 43 A
SERATAL, RUFERGOK PRI A TR TR I P IX A4y
JZEER . SRR EEKROI (B T ) , A0 2
Fremta] &K AT 165 d #EK & 194 d, FEJEF
PIRZEH 0. 93°C 1 & 0. 98°C ; 8 Wi /K i & K G
(GBATHII ) , $44) J2 5 S o) 1) 340 4 46 0 (1t 1 4F
204 d FEZE AR 198 d FEFE RS =400 184d) ,
RIREFER 2 — DR (R &k 2.67°C) , #44
EREBMBEEHE KN 2. 2 m! HE
3.70m™  ZRE K R & VR O T O 2 AR
FEME ., BATHI RS 2R R R EGE T T e T
13d, 43 VTG iz 1 19 0. 50C/m J/NEH
EREE K S (24T ) 25 —4F 1Y 0. 45°C/m 55—
19 0. 38°C/m M =419 0. 34°C/m,

JE DX G 22 118 2 i AR R SR R . K A2
SR TR, R IR K 5 5 X R A iR K AR TR
B, PEX KR BEZ T B 5 T V8 0 OR BTE , B3 T 32
WAAGRIF GG B, AFEKIRAN TR 2 5IKZ KR
Z (8], [T 7K PEAR AV R R, T X KA AR g
PSS 5 TROBLACPE il 7K 5 8 DX 2 AR /K O B el 3
)22, BEE SRR /K RREE Tl B AR = iR
TR W R TRERZ 0T BB T AR IEK

TR REAR , T MR T 2K IR R T , T i 22
i/ KT RRRAR A . BT b S AR AR
WERS PR AR 7732 47 B [A) 35 S, X e [X o]
KRS FA A DI M 7 7 Rk W
2.4.2 TFaKE-FEAL

IK B KB AT A MO i A7 R B 3RE , X A1 5
LB SR BN S vp VR, BB 25008 28 /K IR 1 R 21
Wl (AR IE MK 2 AR FREAL 1Y
AR S, BT KEE RHAER, R EEM
) e i K AR R IR 22 18, FERK A ZEAT R R A B A I
FEBAE T MAKRA BT, AR EEKE
A Z S KR (17, 72°C) 8 & KB THE 1. 93°C,
M-K #3853 B 7R 4 Z= 7 KR 5 35 THER B 3
(Z=2.35,p<0.05) ; Bk 2=V ¥ /K it D\ &5 7K JiF 1)
20.70°C Fhm 2 21. 30°C . 4 =iy B A DX N B {1 T
KEAE AR 5 2 T il A5 35 2 T K R A& K
HIFEAK 0. 53C

IKEEE K 58 T B KK R B IRAE R Rt T
PRI AEAN [R) TR B ) ) A% 368, 0 3 ) 7K IR 3 A s T
B354k, DT REAR T K (AR TRLE A 4 P AR L IR
FEI v U B AT AV IR T o A P AR {1 A R 3 3
AN KR 28 T34k, 1 AR K 2 B KR
T ARAE N 220 8. 55°C (il 22. 89°C , ik
1H 14.34°C ) 5 FUESMEAK P 3 7K 5 5 — A 7K IRk 22 F
% 8.50°C (R E{H 23.90°C , F A 15. 40°C ) |, K&
0.6%; 2 & KJG = 4E KRN 20— 45 /N2
7.60°C (Fe il 23. 32°C , JAKME 15. 72°C) , B 5
11. 1% , 2B 1 7K YL 17 37 20 A0 2 8 B 1) ) 6 8 75
TR
2.4.3 TFaRKBHEEL

BERIKEF KBTI , K IRIG Il K PR 302 i
FMEEET , KA Bt 1y 52 AT IR s ot A A8 45 B
G208 | FEOK X TR AR N S TR ARITA
T K A Ak B IS Ak, B K S K TR i 2 A
X F ISR TE 77 A B P AR B | S A A L H 30 ] e
J& o SRR B K AT I 7K SO A H 7K i
HELTE 3 H 1 H SRR MK R & KRG, i
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{1 H B7K i S B ) A 2 i 5 R A BRI
RE3H 12 HEFERARE3 A8 H L=
HE—HERE 3 H 21 HAla., itk &K
SARNIARIK IR B RIS B K R4 R 29 12.d.,

3 & i

a. PRYUKIE E Kz 17 i B X 2 8 55 AL
il AR TR U PR X T [ K TR A B T A 2 AR
ETE, IO REE EIMEFIVN, B Rk 350,
A ZETH R I R IR, PSR R B K SR I
IKPERRS et E i 165 d BEHNZE 195 d (3 4EF
B ), A o) YA FE R AR, B 43 2 A0 8 B0 A R
ZKAT 2.52m™ R 3. 71 m™, HAr )2 e vEbE
T SR 3 TN T B 5

b. BGUKEEEKIGEA RAFRKIRS: e T
T 7K 22 B B A B AR B R AR b 4, &K
R T R X KARIBIR  BEAR T T KR A AF Py AR IR
KR T A, BV AR R AR 5, A
PEK IR E Z AR 0. 52°C , & =T 2. 64°C L 4F
BN 7. 78% , Z= 15 K IBAAG & 3l K
IRE I E AT 0. 53°C, & BT 1.93°C, F K
3 AF S5 A AR AE AR IR PR 0. 6% ~11. 1%,

c. BEROKPEZE KRG AKIR A 5 KR 27, Tt
AR F R ARIT L BB R Je . MRV R 1 R
FEINUF RS , B /K IR H B (R 42 & /K i I 4~
26 d, E7K 3 AF IR % I 7K SC B A K T HE B A []
BEKACFEIR 2 12d,
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