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1. Introduction and problem statement

5. Conclusions and Outlook

2. Materials and methods
The water temperature of freshwater lakes is mainly influenced by
surface heat fluxes. Temperature changes in turn affect the physical,
chemical and biological states of the water body. Here, we consider
the dynamic behavior of surface heat fluxes in a large aquatic
system. We investigate the spatio-temporal patterns of lake surface
water temperature (LSWT) for Lake Geneva, Switzerland (the largest
lake in Western Europe), making use of bulk formulas.

The total heat exchange at the air-water interface is:

The right side terms describe solar short-wave radiation,
atmospheric long-wave radiation, surface reflection,
evaporation/condensation, convection, precipitation onto the water
surface, and the effect of water inflows/outflows, respectively.
Neglecting the effect of precipitation and throughflow in the heat
flux modeling of large lakes leaves five major heat flux terms to
consider. We employed commonly used formulas for inland waters
(see Table 1). The total possible combinations of these formulas
gives a total of 324 different total heat flux models, and 6 calibration
factors. These 324 models were investigated with the aim:

• Determine the best model for computing the Lake Geneva’s
surface heat fluxes.

To achieve this aim, it was necessary to:
• Find the corresponding calibration factors for the different

models.
• Calculate the surface heat fluxes by comparing model output to

field data.
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• An optimal bulk model was found for estimating the surface heat
flux of Lake Geneva. This model was used to characterize the
variability of the lake surface heat exchange, and to explain
factors affecting temporal variability.

• The modeling results revealed that the LSWT and wind forcing are
dominant factors underlying Lake Geneva’s surface heat flux
spatial variations, while its temporal variability is mainly due to
the radiation and air temperature changes.

• Outlook: There is a good correlation between the total heat flux
spatial patterns and convection/evaporation spatial patterns in
the majority of observations. Quantification of these correlations
and the role of seasonality is underway.

Table 1 Formulas used to compute surface heat flux [1-4].

3. Results: Model determination and temporal variation of total heat content

4. Results: Surface heat flux spatial patterns
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Figure 1. SHL2 and GE3 monitoring points
(data from the Commision Internationale de
la Protection des Eaux du Leman) located in
Lake Geneva’s large basin (Grand Lac) and
small basin (Petit Lac), respectively.
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Figure 2 Example Monte Carlo simulation results used to tune the calibration factors for each heat flux model. For example, the optimum value of Ccloud =
0.1869 (left), the optimum value of CH = 0.0154 (middle) for the best model, Qtot,13313, and the optimal value of a = 1.2977 (right) for another good model,
Qtot,12313, are shown here.

Figure 6 Example of LSWT (AVHRR satellite data), U10 (COSMO-2
data) as well as surface heat flux patterns of Lake Geneva. The
results are from the best model for 15 July 2010. Patterns in the
total surface heat flux are mainly due to LSWT and wind speed
spatial variation. Preliminary observations show that the total
heat flux spatial patchiness is more influenced by evaporation
and convection terms whilst the radiation terms are dominant
terms in its temporal variation.
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Figure 3 Comparison of the best (Qtot,13313) and
the worst (Qtot,33123) total heat flux models,
compared with 1:1 line.

Figure 4 Temporal evolution of the lake heat
content at the SHL2 station, observation vs model
results.

Figure 5 Temporal evolution of the lake heat
content at the GE3 station, observation vs model
results.

(i) Meteorological data from 2010 were taken from an operational numerical weather prediction
model, namely COSMO-2 (run by the Swiss meteorological service, 2.2 km resolution), while
Advanced Very High Resolution Radiometer (AVHRR, 1 km resolution) satellite imagery was used for
the LSWT.

(ii) The temporal evolution of the heat content, G, was estimated using long-term time series of vertical
temperature profiles at two points in the lake (SHL2 and GE3, Fig. 1). The total surface heat flux and
temporal variation of heat content then is calculated at the same points.

(iii) Monte Carlo method was used to find the optimal calibration factors (1.5 x 105 random values for
each model, hence 324 x 1.5 x 105 = 4.86 x 107 simulations in total).

(iv) The obtained root mean square errors (RMSE) are compared to find the best combination of heat
flux terms, and consequently the best model.
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