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Research on Water Energy Balance in Source Area of Yangtze River Based on SHAW Model
LIU Yangiang', LIU Huan’, GAN Yongde', WU Yushuai'”, LI angqmg

(1 School of Civil Engineering and Water Conservancy, Qinghai University/Laboratory of Ecological Protection and High
Quality Development in the Upper Yellow River, Xining 810016, China; 2 State Key Laboratory of Simulation and Regulation of
Water Cycles in River Basin, China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: Based on soil hydrothermal and meteorological data of the Tanggula area of the Yangtze River source from 2020 to
2021, SHAW model was used to simulate soil temperature and moisture to calculate the characteristics of soil water balance and
surface energy balance. The results showed that, 1) the simulation effect of soil temperature was better than that of soil moisture,
nash efficiency coefficient (NSE) was > 0.93 and R*> 0.97 for temperature simulation, while the mean NSE and R* were>0.61
and >0.79 for soil moisture simulation, respectively, indicating that the simulation results were reliable. 2)The components of
water balance all showed obvious variation characteristics of cold and warm seasons. The precipitation and the deep upward
recharge accounted for 86.4% and 13.6% of water income, while deep seepage, evapotranspiration, soil water storage and surface
water accumulation accounted for 36%, 49.1%, 14.4% and 0.5% of water expenditure, respectively. 3) The surface energy balance
changed alternately in the cold and warm seasons, the net radiation, latent heat flux and soil heat flux increased in the warm
season and decreased in the cold season, and the sensible heat flux showed an opposite trend, and the monsoon activity and
freeze-thaw action were the key factors affecting the net radiation budget. During the simulation period, the average daily net
radiation was 46.48 W/m>, of which 32.7% was converted into sensible heat flux, 65.1% converted into latent heat flux, and soil
heat flux accounted for only 0.3%.

Key words: Yangtze River source area; SHAW model; Water balance; Energy balance
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Table 1 Observation instruments and related information
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Fig. 1 Meteorological data of test area
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Table 2 Soil characteristic parameters of each layer of SHAW model
R L IR TARi Rk B BE T AR A 2T HEAS TR K B fLiEa %
(cm) (%) (%) (%) (kg/m’) (cm/h) (m) (m’/m’)
0 70 20 10 920 0.30 —-0.16 0.39 6.0
10 65 25 10 1020 0.30 —-0.10 0.33 6.0
20 69 21 10 920 0.30 -0.15 0.23 6.0
30 67 23 10 920 0.30 -0.10 0.25 6.0
40 55 35 10 1100 0.30 -0.10 0.29 6.0
50 56 30 14 900 0.30 —0.15 0.30 8.0
60 57 30 13 1100 0.30 —0.06 0.23 8.0
70 57 30 13 1 000 0.30 —-0.10 0.20 8.0
80 60 30 10 920 0.10 -0.22 0.20 8.5
90 60 30 10 920 0.10 -0.22 0.30 7.5
100 47 43 10 920 0.10 -0.15 0.30 5.5
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Fig. 2 Comparison of observed and simulated soil temperatures at representative depths from 2020 to 2021
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Table 3 Efficiency parameters of soil temperature simulation in SHAW model
Gt S TR (cm)
10 20 30 40 50 60 70 80 90
NSE 0.94 0.96 0.97 0.97 0.97 0.97 0.95 0.97 0.98
RMSE (C) 1.84 1.42 1.20 1.14 1.07 1.04 1.24 0.83 0.50
R? 0.99 0.99 0.99 0.99 0.99 0.99 0.98 0.99 1.00
MAE (C) 1.55 1.20 0.99 0.94 0.88 0.85 1.01 0.68 0.43
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Fig. 3 Comparison of observed and simulated soil moistures at representative depths from 2020 to 2021
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Table 4 Efficiency parameters of soil moisture simulation in SHAW model
) ) + 2 (cm)
Gt 28
10 20 30 40 50 60 70 80 90
NSE 0.84 0.82 0.71 0.68 0.55 0.54 0.31 0.47 0.60
RMSE(m*/m?) 0.03 0.02 0.03 0.03 0.05 0.04 0.04 0.04 0.05
R? 0.93 0.91 0.84 0.84 0.76 0.74 0.59 0.71 0.85
MAE(m®/m?®) 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.04
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A Fl PE 3 AN R 235 103 2 A AS [ s TR 9 2 /5 4 T
AR SR — 5L
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Fig. 5 Components of water balance: precipitation (A), seepage (B), deep upward recharge (C)
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Fig. 6 Components of water balance: evapotranspiration (A), soil water storage (B)

IR LR 6B, 5 A% k& HAT AR
e, B LUK BIRIZY, BRI
JKHE HAMEZEREZ ) 0.13 mm/d, 424 0.10 mm/d.,
2020 4F 5 HwiE 7 A vvd) -3 ERKE 200 LT,
% 162 mm; A 7 AHaE] 8 A ha) Bk MR E,

HZE 10 AffKEAET NFE, 2021 4 5K 2% s
%, 7F 6 HARMUKEIABIEE, /5 IS, PI4ERH]
+3 ERUH K IAS] 83.15 mm, 2021 4E SR NS
H, ATREFH TROKEMET 2020 4F450), kK
Sk AR,

http://soils.issas.ac.cn



212 +

e %57 %

233 HHOK SRR - HEIK P 45 53 T
o7 b S HARME LR 7 53 5. Rk R R HK ) 5
KR, XSG I K i 5K Y 86.4%, AT
Bk R 564.06 mm, IR)ZM_EAMGEN 76.98 mm,
ZETUR S 1K 43 3 Y E B ARE TR, (AR AL e
AR BRI AL, T BB S R R R LCR ) 2
BHE ., ZEEOR K 49.1%, FHE AT
37643 mm; H XK EBIW &I 36% HikH
221.01 mm; +IEFKE SHRFK 5 G 14.4% F1
0.5%, Zr%1N 41.57 F12.03 mm,
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Fig. 7 Soil water balance income (A) and expenditure (B)

x5 ITBKETESUFHE

Table 5 Annual average values of water balance parameters

F% 7K (mm) WRJZ W _E R4 (mm) ZEHL K (mm) + HEfE K (mm) B (mm) HiZFEFK (mm)
564.06 76.98 -376.43 -41.57 -221.01 -2.03
e KEALEIERRA, U,
24 MIREETFE =W R B2 AL SRR K 2 R M5 10 AR
2.4.1  HUERRE R UG ERE i F R WG H A FEE-

RV RS B LR AE (R 8), TEmE =, M5 H
THR P A BN, Pl AT BT, AR 6—
9 A BRAFERS K, Vi S i i 3 S A A T A
A, I EL e el kB (E, [HAE 10 A
13 TR AT Ry A o P L 2 S A 5 7K o w4
HRETHRT 10 H, ISR NERGR,  [R]vE 4
TG/, PGB RS, THALE 10 HRIAE
FHAE o AR5 3 IS 2 U225 - 3 o PO oy
ST T e B O AR A4 ) O B PR 2R I 9 2 X 6 0
TEZ, Z= R Bl R KBRS AR BUR R T,
(oA S iy, () 2 A ) i 2 kA
KT i i A, I PSR Tk a1,
THT 5 AU BEIRAE Ko ZIHYIN R A
Y RER I3 e b Bl B, DR OB B RSOk
R, BHOKRZATHEPRE . M EE HE
3 A0y h BB HAE R A, 5 3hJR I ERIT AR A
AR AT 2 ] L SRR AR e R AR 10 H S 5 A
PN GE S P A AR R AN o VG e
10 A B shZ0R4S, VRabsim A EoK o ayAR AR
DA B e St i/ ) , SR B e e v S i S R
A —T5 TG B2 UR AR RE A T R AR E
R 2, UK A R Y R R 2 ] Yl A
WK, I i OB 5 — T e KR K
W, RS KEEAR, R B P AR
75 5 H i TRl R Tk 73 59T B wlm A mipH
AR 2 T 2%, & PR E N, A
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Fig. 8 Change process of each component of surface energy

2.4.2  REETHREIE g T 2 S E R I
6, BB P AR BTl AR E N 1 463.65
MI/m?, HE5R5HE A 46.48 Wm?, Hid 65.1% %%
AR HGE R, A3k 948.31 MI/m?, B Z=TEHGHE ik
ARG TR AY 89.6%; 32.7% ik BHGER, ¥
7o i G A AR ARG Y 42.8%; HIEGE E (Y
hi 0.3%, HInKRSBIRERE .

3 #ie

1) SHAW RIS AF 5% [X 4 438 35 B A AR F S SR 4
I, NSE>0.93, R™>0.97, MM + 2R 5
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XA . FT SHAW #EH A 7T IR XK G A 57 213

BT BRI RORBHISCRAN K SR, Th)Z A
RCREZE , (HEARENS Rk 10K 7 2h A7 AR

*6 HEETHSHFNE

Table 6 Annual average values of energy balance parameters

e ST T ARG - e
(MJ/m?) (MJ/m?) (MJ/m?) (MJ/m?)
1 463.65 948.31(65.1%) 478.09(32.7%)  —3.93(0.3%)

I e A EIE SRR, RERRBE #5520
SAFE G,

2) WFFEII, LK P A S R ] Y
T ARAE . BEKEEZTEE . B EIANE, R
BB IRAHE LR K & RE KN AR BRI
KA, EBUR FEETERT, FIERUKEE 2L
JIEL, BB TR, FEACR EHOK A EZR Ay,
RIZ BRS8N L 3K o 3 i = 1k

3) HuFAB T8 B AR AR AL R S E
TG it 5 G RS RSN, 7 H k]
UAEAEL, Vo 2R S ISR/ 1 R kb e e B A
R 2 XU R R FH Ry 5 T 1 S S ) G
KR . BN H e it 65.1% FAomigivm
i, 32.7% ik A, HEHGE R 0.3%.
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