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Motivations and Outline
● Positive correlations between sea surface temperature (SST) 

and near surface wind speeds/stress at ocean mesoscales are 
interpreted as the ocean driving the atmosphere[5]

● SST fronts are capable of modifying surface turbulent heat 
and momentum fluxes[3,5]

● Small scale changes in the boundary layer lead to large scale 
changes in winds and circulation ultimately affecting the 
ocean[3]

Initial Conditions

Ocean

Atmosphere
● The atmosphere is initialized with a stable prescribed lapse 

rate with uniform in space winds blowing in the positive 
zonal direction at 3 m/s

● A jet which only varies 
in the zonal direction 
and depth is 
constructed in 
hydrostatic and 
geostrophic balance

● Parameters are 
checked to avoid 
unwanted inertial and 
gravitational 
instability

● Only the temperature 
and meridional 
velocity are needed

We construct a 3D atmosphere and ocean to emulate an 
idealized region of the gulf stream with variation only 
occurring in the zonal direction and depth. Small perturbations 
are added to ensure the development of 3D turbulence.

Boundary Conditions

Uncoupled Ocean Surface
● A constant in time, uniform in space, quadratic wind stress 

based on the 3 m/s wind speed in the atmosphere[1]

● A temperature flux is chosen such that the background 
stratification of the ocean is continuous at the boundary

Uncoupled Atmosphere Surface
● The initial SST is read in as constant in time, and the WRF 

surface parameterization uses this information to calculate 
the associated near surface fluxes

Coupled Interface
● At every ocean time step the WRF surface parameterization 

uses the current SST to calculate the associated surface heat 
and momentum fluxes, these are then used to calculate the 
ocean boundary conditions dynamically

● A comparison of these uncoupled and coupled fluxes near the 
end of the simulation can be seen below

Zonal Velocity Evolution
● Not much 

qualitative 
difference 
between 
uncoupled 
and coupled 
atmosphere

● No evolution 
of ocean in 
uncoupled 
case

● Dramatic 
adjustment 
in coupled 
ocean

TKE Evolution
● Coupling 

causes a 
slightly 
weaker 
atmospheric 
TKE

● No evolution 
of ocean in 
uncoupled 
case

● Large TKE 
generation 
above 
strongest 
coupled winds

● Using WRF and Oceananigans[2,4], 
we analyze an uncoupled ocean 
simulation, an uncoupled 
atmosphere simulation, and a fully 
coupled system that idealizes the 
gulf stream (left)

● The ocean and atmosphere share a 
lateral grid, and the atmosphere has 
12 time steps between every ocean 
time step
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