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Research Objectives: The goal of this project is to understand the effect of Langmuir turbulence (LT) in 
upper ocean mixing within a broad parameter space and during complex oceanic conditions through 
extensive ocean, wave, and Large Eddy Simulation (LES) modeling studies. The results from this project 
will provide a greater understanding of the generation, growth and decay of the LT, how it is affected by 
the mesoscale and submesoscale structures and its impact on vertical and horizontal momentum and heat 
fluxes within the ocean on larger scales. 

Methodology: The NCAR LES model is validated at ocean station papa with 2 m horizontal resolution and 
vertical stretched grids with very fine resolution in the mixed layer. The simulation is run for 21 days with 
and without LT. Model performance is evaluated against observations. Substantial code modifications have 
been implemented into the NCAR LES model to introduce the large scale environmental motions due to 
strong horizontal density gradient through scale separation analysis. The improved model is applied to field 
observations in the Gulf of Mexico (GOM) lead by Jarosz (7332) when the measurement site was impacted 
by fresh water inflow. Several sets of experiments are conducted to identify the key physical processes that 
affect the LT. 

Results: The model evaluation at ocean station papa suggests that the inclusion of LT has significantly 
improved model results over that without LT. The results also suggest that instead of reducing the 
downwind component of the turbulent velocity as observed in the idealized experiments, the Stokes drift 
vortex force significantly increased it. These results again emphasize one of the major points in our 
proposal that idealized simulations may not give good representations for real ocean conditions. The real 
ocean simulations in the GOM have shown that the new model (with large scale gradient forcing 
implemented) has significantly improved the simulation results over the original NCAR LES model. Model 
results indicate that the large horizontal density gradient can reduce the mean flow in the ML. It also helps 
to organize the Langmuir cells and align roll axis along the pressure gradient direction. Because the fresh 
water inflow causes energy consumption through an increase in the potential energy of the water column 
through mixing, the buoyancy production is smaller and its crossover depth from positive to negative is 
shallower and thus helps to stabilize the water column. Correspondingly, more energy is transported 
downward through the pressure transport, and the total TKE is reduced and hence the turbulence level in 
the water column. Changes in the buoyancy production and the pressure transport also cause a 
redistribution of the energy in the shear production, turbulent transport, and dissipation, while the Stokes 
production remains unchanged. 

DoD Impact/Significance: This study can help us improve the Battlespace Environment forecasting 
accuracy for both ocean and atmosphere (HYCOM, NCOM and CO AMPS). Better understanding of the 
mechanism, growth and dissipation of LT will help us improve the air-sea interaction process in our 
coupled models (i.e., COAMPS and ESPC), which will lead to more accurate vertical thermal profile 
simulations in the ocean models and better predication of acoustic and optic properties in the upper ocean. 

102 



(a) psu 
38 

30 37 

36 
28 

35 

Q) 
26 

,:, 34 
:E 
j 24 33 

32 
22 

31 

20 
30 

18 29 
262 264 266 268 270 272 274 276 278 280 282 

Longitude 

(b) Temperature fC) (c) Salinity (psu) 

- · - - - - - ·- - - - - L 

- 10 . -10 . -·-·-·- ··-..... .. . . . . . 

- 20 ... •. · . . , .. · - 20 · 

:[ - 30 :[ - 30 · 
.t: .t: 
15. 15. 
~ -40 ~ -40 

-50 

-60 - 60 · 

-7o~-~-~-~-~-
22 24 26 28 30 28 30 32 34 36 

Figure 1. (a) 8-day (July 7-14) level 3 map gridded sea surface salinity (SSS) product derived from 
retrieved SSS from NASA "Soil Moisture Active Passive" (SMAP) satellite mission. The red open square 
represents the location of the field measurements with detailed station locations given in the small insert 
map. Vertical profile of (b) temperature and (c) salinity for initial condition (blue dashed line) and model 
results on July 13 12:00 UTC with (red line) and without (black line) large scale gradient forcing. The gray 
area indicates Wirewalker observations within 1 hours of the model results . The horizontal blue dashed, 
gray, red dashed, and black dotted lines are hM calculated using initial conditions, Wirewalker observations, 
model results with and without large scale gradient forcing, respectively. 
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