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Background

»Submersed macrophytescan influence biological and physical characteristics,
the East Taihu Lake is submersed macrophyte zone.

»The E-¢ turbulentkinetic energy closure thermodynamic process lake model is
formulated on the basis of a one-dimensional equation for turbulent kinetic
energy coupled with a vertical heat transfer equation, which isapplied to
simulate vertical turbulentdiffusion and stratification in a shallow lake with
submersed macrophytes.

»The goal of the study is to evaluate the E-¢ turbulentkinetic energy closure
thermodynamic process lake model using the data obtained from Lake Taihu,
simulating the water temperature and dynamics of vertical mixing.



Method

Data

Site: BFG; Time: August, 2013
Data sources: micrometeorology system, temperature probes,
eddy covariance system

Model

E-¢ turbulent kinetic energy closure lake model
A one-dimensional heat transfer equation
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K. the specific light attenuation coefficient for macrophyte, P: il plant mass
per unit volume




An equation for production, diffusion and dissipation of turbulent kinetic
energy
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¢ dissipation &: the plantsurface area per unitvolume P:the
plant mass per unitvolume

The CLM4-LISSS (Community Land Model version 4-
Lake, Ice, Snow and Sediment Simulator) model
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Results

v The observation data analysis
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Figure 2. the observed water
temperature in August 2013
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Figure 1. (a) air temperature,
(b) downward shortwave
radiation and (c) wind speed
over Lake Taihu, in August
2013
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v" The simulation of the E-¢ turbulent kinetic
energy closure lake model



The heat flux
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Figure 3. Comparison of simulated and observed surface energy fluxes in
Lake Taihu (a) the latent heat flux (b) the sensible heat fux, in August 2013



Water temperature
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Figure 4. Comparison of simulated and observed Lake Taihu water temperature:
(a) observed water temperature (b) simulated water temperature, in August 2013
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Turbulent Kinetic energy
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Figure 5. Simulated turbulent kinetic energy and turbulent diffusivity in August
2013: turbulent kinetic energy (above) turbulent diffusivity (below)
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The effect of weather condition

Depth(m)
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Figure 6. Turbulent Kinetic energy
profileson (a) August 10 (b) August 22
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The effect of the submersed macrophyte
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Figure 8. The effect of submersed macrophyte height on water temperature
in different depth (a) 0.2m (b) 0.5m (c) 1.0m (d) 1.5m
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Figure 9. The effect of
submersed macrophyte height
on turbulent Kinetic energy in
different depth, the height of
submersed macrophyte is (a)
0.4m (b) 0.8m (c) 1.2m (d)
1.6m
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v Comparison between E-¢ turbulent kinetic energy
closure lake model and CLM4-LISSS model
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* CLM4-LISSS model * E-¢ turbulent kinetic energy closure lake modelmodel

‘\T\ 1 50 F T 3 . T 3 . 700 F
E [ IE [ 4
2 100" . = Ve,
X ° ~ 500 [ e®® o ©
E ®_ o é o ° :': o o .
(- N | ] .O q__ ° . [ ] , o..~o.
§ 50- "o T : ":-'8 .. ! %-'.o:
< ° (¢B) °s [ e® o
@ : . < 300¢ 'y -_:;
'?, Or ., & > wel R=084 | § o 3 ¥  R=0.79
S ¢+ . RMSE=6.86W m™ < o 0 RMSE=48.75W m2
5 an R=0.86 @ . 3 .. R=0.82 |
E 50 w5 RMSE=84IWm2 | 4 100 : .‘ . RMSE=54.72W -2
c_:,c . = oot RN
E ' b
9 10 ’ i ; i i -100 ’ ’ ’
-100  -50 0 50 100 150 -100 100 300 500 700

Observed sensible heat flux (W m™) Observed latent heat flux (W m™)

Figure 11. Comparison between the CLM4-LISSS model-predicted and E-¢ turbulent
Kinetic energy closure lake model-predicted the heat flux from DOY 213 to DOY
243,2013
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Figure 12. Comparison between the observed and the model-predicted water
temperature from DOY 213 to DOY 243,2013. a: the observed water temperature, b:
the CLM4-LISSS model, c: the E-¢ turbulent kinetic energy closure lake model
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Conclusion

»The E-¢ turbulentkinetic energy closure lake model is adopted to simulate
the lake-air exchanges, thermal structure and dynamical distribution over
East Taihu Lake in August 2013. The simulated water temperatures, sensible
heat flux and latent heat flux are in good agreement with the observations.

»Because the water depth is shallow, the weather conditions can impact
vulnerably the stratification of the water temperature. The thermal
stratification is significantin sunny condition with small wind. The high
wind speed drove the water mixing strongly, then the thermal stratification
disappeared.

»Submerged macrophyte can increase the extinction coefficient, reduce
internal heat in the lake, and add resistance to the movement of water, and
then influencethe distribution of the turbulence kinetic energy and water
temperature.
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Thank you
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