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Analysis of surface energy budget characteristics in Three Gorges
Reservoir area based on numerical simulation
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Abstract: Investigating the detailed characteristics of the surface energy budget in the Three Gorges Reservoir Area can provide a
scientific basis for quantifying its climatic effects. In this study, high-resolution simulations of the summer climate (2013-2022) in the
Three Gorges Reservoir area were conducted using the WRF model driven by China's first-generation global atmospheric reanalysis
product (CRA-40). Then the model's reliability was rigorously evaluated using station observations and ERAS reanalysis data. Based on
this, the temporal and spatial variation characteristics of surface radiation budget and energy balance were systematically analyzed. Results
demonstrate that the WRF model can accurately reproduce the spatiotemporal distributions of air temperature and radiation components.
The model results confirm that cloud cover is a crucial factor regulating surface energy distribution, reducing the all-sky surface downward
shortwave radiation and net radiation by an average of 70~130 W-m? and 50~100 W-m?, respectively, compared to clear-sky conditions.
Latent heat flux dominates the surface energy partitioning, exhibiting high synchrony with net radiation variations. Both components
display pronounced intra-seasonal and diurnal variations, with peak values occurring from late July to early August and during the
afternoon hours, respectively. The water body in the reservoir induces a significant heat storage effect, with the heat storage flux under
clear-sky midday conditions exceeding 650 W-m 2, thereby altering the allocation of net radiation energy. This study provides an
important data reference for further understanding the climate and environmental effects of the Three Gorges Project.
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WEPEIX . = TREE 2003 4E &K LK, TER L &
L fLis S 24l R4 T EEAEH, B XK
NEFRTE, FE X R R B il 2 ARk (K45, 20245 £
FAAENE, 2025) UK A HE RS TP X BRI (4 5 M)
JEA IR0, FRAY PREE RN AN K i i AR v TR
T T 7= A R SRR X 25 5 i L, E AR 3R
S5 52 W A A X LAVPAS (R 27 4245, 2024) 18 1M
T KR S A SN 32 B A T T i ROk 9 B
B AR, il 1 3 A BRI 5 L 4 S R R LA
JREURE B 306 RO, a0 T 0 28 DX JRD 30 sy b /N A5 A
72 B (Loza and Fidélis, 2021; 5K K 2%, 2023),
PRATRIR I, 636 92 FERIKFE | 25 22 24N K 45
— B KBRS AGE SN I 28 04347 28 W, R b kA
Bl 2 MOR K TN Z R, AN M DX 35 A 20 R XU,
[Fi) s Fl T 7 S e R K, SR PR 2R & bl 2 ok, K
SRR I ( Degu et al., 2011; Pokhrel et al.,
2018); BL Ak, T HTH Y A 25 51 e IX 7 B 1 AR 1k,
TP X5 ] 34 5 e (R N5k, (A5 KSR 54
BT E PRI (Jiang et al., 2022).
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F T XIS A U 58 — e KN 2006 4F- 5 211
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KRR I 37 8 Y, =g K e 7 HG A R S 0 4 FH
55; Li 45 (2021) {HFHARMEALRE K 2% K& 25 i 5 %4 (SPED)
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5 B = K A A2 A5 R T I 3 R TR G SR
AR AT — g s, AR TR
RS 2 WA 7K 8 1 7 5 /K T Jim b A B4 5 W AR
T R AT A A 52 M #2708 (Zhao et al., 2021), =
e JE X s e o G L WAL T, OB LAl Bk
F, BGERREIZL . FAARY), K EEE KR KK,
R R X M A I ) S (R AR A Ak . AR =k
JBE DX A A5 ] BRI 5T 2 B AT T AR R AR R R B R Y
AR ARARAE, = 0 42 XA SR T000 550 05 s s s S 0 A
T S R N N NS U 2 3 D) O 151 o P o S Y
WM 2 7 A OG5 TAE (PR FIXIEE, 2018), HIL

BB AL Ay = e I DX S i IS 1 5y — L7
2o REWZ7HE S ZFEUER T A, @ id B
YR IX. A b 1] S A 1 O T SR BB MR 50 DA <
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FHE )53 BT 80 A 46 v B R Rt & 19 38 — AR 1
M TR (CRA-40) FIRRYH A R S TR 0 26 HAR
P43 BT 725 (ERAS) (Zhou et al., 2023), CRA-40 %5
WFBLT 1979 4R LISk A HBTAH) 55 km &5 )& () 48R =
A R BE AR D, A 53 358 6 h, A7 30 km,
0.25°, 158 Z =3 [ 43 B, Bl K LA . 75 =
JERE 2 3 56 S UL Rk, A6 AR DX LA — i P
(Liu et al., 2023); ERAS FE/ 80 /K43 R 0.25°,
B0 BER 1 he AR SCHEHRUA T A5 B AT B Rk B B2
R 2013—2022 4%, Z3 [H] 4 HE3 4 2k 0.25°, Hif CRA-
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1.2.1 BAEAE 77 Skt

A Fh 9 [ PR 8 0 .0 (NCEP), € B R A
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o R RS SR R, WRE B B A TR . Al RS A .
Gy g, AT A 0 A FF AL (Skamarock et al.,
2019). WRF4.2 7ES JTHELE , YRl #2 . S804k 7 &
AT T LRI RRAS AT T 585 i el afk Fn A% 2,
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Table 1 Partial physical parameterization scheme of model
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Fig. 1 Simulation domain and topographic height (d03 region

encompassing the Three Gorges Reservoir Area)
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B X O FE 109.09F, 30.5°N, R =B mRE T R,
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¥ S B0 9l 88x73, 226x151 Fl 313%x262, iz I &5
J£ 4 10 hPa, 3 F 7 0136 51 )2, Ay ke Bl 45, B
Gy RE R HGER, e 12 s, i 2 s; B
M5 A 21 HIFEAZE 8 A 31 HE5W, Bl ET 10 d
Ve Jy L - i [8] (spin-up time) 45 5, L1521 =
RGEE KT HN AL S IR | K AR 4 S 25 4 3 e
P, 55 LI NP> BT R B R B AT T e, PP A A
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Fig. 2 Spatial distribution of the (a) simulated and (b) station-observed average summer surface temperature (shaded, unit: °C) over the Three Gorges

Reservoir Area from 2013 to 2022 (the white line indicates the Yangtze River, the black line indicates the boundary of Three Gorges Reservoir Area)
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Fig. 3 Daily variations of the observed and simulated daily (a) downward shortwave radiation and (b) net radiation at Yichang station

during June—August in 2021 and 2022
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Fig. 4 Simulated spatial distribution of average summer (a, b) surface downward shortwave radiation, (c, d) surface upward shortwave radiation, and (e, f)

net shortwave radiation under (a, c, e) clear-sky and (b, d, f) all-sky conditions over the Three Gorges Reservoir Area during 2013-2022
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