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1 Introduction
Numerous experimental and numerical investigations have focused on the
study of surface layer turbulence over land; this has resulted in improved
understanding of coherent structures, similarity relations, and various turbulence features controlling land-atmosphere interaction. However, comparable
measurements of turbulence in the surface layer over water surfaces have been
far less common. Developing our understanding of air-water interaction and
turbulence over water surfaces is crucial for improving simulations of environmental turbulence in the lower atmosphere, the upper ocean, and lakes.
This in turn will help in enhancing evaporation models and understanding the
hydrologic cycle and its interaction with global atmospheric circulation [1].
The Lake-Atmosphere Turbulent EXchanges (LATEX) field measurement
campaign was designed to address these issues. The experiment took place
on a platform situated in Lake Geneva, Switzerland (exposed to a 30 km
long wind fetch) from August through October, 2006. The primary instrumentation consisted of (1) a vertical array of four sonic anemometers and
four open-path H2 O/CO2 analyzers both measuring at 20 Hz, (2) a Raman
scattering fiber-optic temperature profiler (1 meter above the water surface
and 2 meters below), and (3) a lake current profiler. Other supporting measurements included: surface temperature, net radiation, relative humidity, and
wave height and speed (Fig. 1). The next section of this paper analyzes the
diurnal cycle of surface fluxes from LATEX. Then, we investigate the dynamics and models of small scale turbulence and the implications for large-eddy
simulations (LES) of turbulent atmospheric flows over water surfaces.
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2 Air-lake exchanges
The measured latent heat flux (LE) was always positive at our site, i.e. lake
water is continuously evaporating without an apparent diurnal cycle. On the
other hand, the sensible heat (H) tends to be positive during the night and
early morning when the air is cooler than the water. At mid day and in the
afternoon, as the air heats up over land and flows over the lake, H tends to
become negative. The Bowen ratio (H/LE) shows a well defined diurnal cycle
(Fig. 2) with a positive peak around 11:00 a.m. The scatter in the plot is not
surprising since we plot the data from the entire experimental period versus
the time of day without considering relevant factors such as net radiation
or wind speed which vary substantially over the course of the three month
experiment. Note the small absolute values of the Bowen ratio indicating that
evaporation is generally a more important source of heat exchange at the
surface than sensible heat. The consequence is that the ABL is almost always
unstably stratified even when the water is colder than the air; this is due to
evaporation that decreases the density of near-surface air.

Fig. 1. vertical array setup (left) and
upwind fetch (right) at LATEX

Fig. 2. Diurnal variation of the
Bowen Ratio

3 Sub-grid scale models for water vapor fluxes
With the high frequency water vapor measurements from the gas analyzers, we
study SGS fluxes of latent heat, apparently for the first time. We also assess the
applicability, over water surfaces, of SGS models developed over solid surfaces.
Fig. 3 depicts the comparison of the SGS dissipation of TKE (−τij Sij ), where
τij is the SGS stress tensor and Sij is the resolved rate of strain tensor [2]
and the dissipation based on second and third order longitudinal structure
functions, (Du,u and Du,u,u )[3, 4]. The two dissipation estimates match well
with values computed from the structure functions slightly exceeding SGS
values. The same comparisons were made for the dissipations of temperature
and water vapor variance and good agreement was also found for the scalars.
The eddy-viscosity needed in SGS model of the Smagorinsky type was
computed and good agreement was found with values computed dynamically
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Fig. 3. TKE dissipations comparison
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Fig. 4. Pr. and Sc. for SGS turbulence

in LES [5] or a priori from field expriments [6]. We also compute the SGS turbulent Prandtl number (P r) and the SGS turbulent Schmidt number for water
vapor (Sc). We found fluctuating values of P r and Sc that seem to depend
on turbulence intensity and thermal stratification of the flow. An interesting result was the good correlation between values of P r and Sc suggesting
that turbulent transport of heat and moisture are well correlated. However,
as depicted in (Fig. 4) we found the ratio Sc/Pr to be about 1.14 suggesting
that, under the current experimental conditions, turbulent transport of heat
is more efficient than turbulent transport of water vapor.

4 Summary and Conclusion
The LATEX field measurement campaign was designed to further our understanding of air-water exchanges and atmospheric turbulence dynamics over
water surfaces. Analysis of surface fluxes underlines the importance of latent
heat flux which was found to be higher than sensible heat flux. Computations
for sub-grid scale eddy viscosity models show similarity to results obtained
over land. This is the first experimental setup that allows the computation of
SGS fluxes and Schmidt numbers for water vapor. We found a good correlation between Prandtl number and Schmidt number for water vapor suggesting
perhaps that only one of the two numbers needs to be computed dynamically
in LES; the other can then be obtained from Sc = 1.14P r.
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