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Abstract A lake model based on the E-¢ turbulence closure thermodynamic process combined with the effect of submersed mac-
rophytes is adopted to simulate lake-air exchanges over eastern Taihu Lake in August 2013. The observational data collected at
the station over the Taihu Lake are used to verify the model results. The simulated water temperature and sensible and latent
heat fluxes are in good agreement with observations. RMSEs of water temperature and sensible heat flux are less than 1'C and
54.7 W/m?*, respectively. Because the lake is shallow, the stratification of the water temperature can be easily affected by
weather conditions. The thermal stratification is significant under sunny condition with weak winds. The temperature differ-
ence between the lake surface and the bottom of the lake is 7. 9°C when the wind speed is 0. 8 m/s. High wind speeds can drive
strong vertical mixing in the lake, and lead to the disappearance of the thermal stratification. When the wind speed is 12 m/s,
the temperature difference between the lake surface and the bottom of the lake is only 0. 12°C. Submerged macrophytes can in-
crease the extinction coefficient, reduce the internal heat in the lake, and add resistance to the movement of water, and subse-
quently influence the distribution of the turbulence kinetic energy and water temperature. In summary, this model can well sim-
ulate the lake-air exchange processes over the shallow lake.

Key words E-¢ turbulence closure model, Numerical simulation, Taihu Lake, Shallow lake, Submersed macrophyte
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Table 1

Parameters used in the lake model based on the

E-¢ turbulence closure thermodynamic process
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Fig.1 Time series of air temperature ( a ), downward shortwave radiation ( b )

and wind speed ( ¢ ) over Taihu Lake in August 2013

X8R 7K 43 2 43 S 3 R O B KR 43 2 8 3 LK
WY 2 AR B AR IR E 85 .

MR ASMELF WG AL /NI S R R A K A5z 31 R
PR S5 00 BR A AP AR K 2R E S, T2
JEAG, oy 2R B . S5 A 1 TR R R XL
il 3T 2= AU AR Y 3 AT TR L8 ) 1.5—15 H i
B AR Gk B 38, 92°C, KU i /)N - XX K
4.37 m/s; W 2a FiR . X —BF L 2 G el
B .7E 8 A 7 HIEM M 0. 2 m 4L Ay AR Al K 5
JIEURAE AL I K IR e K2 (EHR ] 7.9C,

BF R L XU 258 BT T80 4 2% 1 42 1AC 380 1) 6 G 4R
SR IN  TR) B 258 A 1 DR o A5 T8 A 1) Bl T TR B

FI) 38 A 3% T Y PR A B (] R IR G KR R L )
FILTF 5 00 A WK A R ILFH R . 8 A 22—
27 H AR T 2 W AR AR 2 RGEAE KL e K
H R 12. 48 m/s, PLET B 17K #4012 45 44 B AN BH &
FEIER 0.2 m AL YW /K IR BE 55 10 % 7K LT Y A 22
ANl 1C,

8 A 24.1621.28 31 H Ktk F
PR RS B T KWK A — 2 43 )2 B
B, B an 8 H 2—4 H BT 46 B AL, XU AR
KWK 2 EE T LRI 55 . 28—31 H. KR
TG 8] TF S 24 X N 4. 44 m/s, B IEA Y 380
ERE AR KEZE,



638

0.2

Depth (m)

Depth (m)

Acta Meteorologica Sinica S 2016,74(4)

C

40

35

30

[ 2 2013 4 8 JJ WA Ca) 5 B4 Cb) it 2 W9 40 T 7K 3 88 4%
Fig. 2 Observed (a) and simulated (b) water temperature in Taihu Lake in August 2013
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Table 2 Statistics of simulated water temperature

by the lake model of FE-¢ turbulence closure

thermodynamic process in Taihu Lake
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Table 3  Statistics of simulated sensible and
latent heat fluxes in Taihu Lake
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Fig.3 Simulated and observed surface energy fluxes in Taihu Lake in August 2013

(a. latent heat, b. sensible heat)
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Fig. 4 Simulated turbulent kinetic energy (a ) and

turbulent diffusivity coefficient ( b ) in August 2013
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Fig. 7 Effects of submersed macrophytes height on water temperature in different depths
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