
Atmospheric Boundary Layer 
Responses to Diurnal Variations in Sea 
Surface Temperature in an NWP model

Rachel Weihs and Mark Bourassa
Center for Ocean-Atmospheric Prediction Studies

Florida State University, Tallahassee, FL, USA



Objectives of This Study
1. Effect of diurnal SST (dSST) gradients on the 

atmospheric processes on the short-term time scales?  
• What are the changes in surface heat fluxes, moisture, and 

convection in the presence of diurnal warming?
2. Are winds and diurnal SST linked on diurnal time scales 

and/or similar in physical response to more stationary 
SST gradients?

3. What is the role/importance of coupled wind changes to 
the latter evolution of the diurnal cycle of SSTs?

2



Model Set-up

Diurnally Varying 
SST Simulation

Daily-constant 
SST Simulation

SST is not updated

Atmospheric Boundary Conditions

NCEP Final (FNL) Operational Model 
Global Tropospheric Analyses product 
(on 1◦ by 1◦ grid, 6 hourly) interpolated 
to hourly, 25 km

Simulation Details

Simulation 
Length

7 days

Vertical Levels 27

Time period 15-21 July 
2009
7-14 July, 2014
1-8 August, 
2012

PBL Scheme Grenier-
Bretherton 
(GB) 2001
YSU

Difference = diurnal run – daily run

SST updated by Zeng and Beljaars
(2005) algorithm

SST boundary conditions
MUR Foundation SST 
(nearest neighbor to WRF domain)
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Surface Temperature DifferenceSurface Pressure Difference10-m Wind Difference

Hourly Fields

• Diurnal 
warming 
generated 
where wind 
speeds are 
small; pulsate 
in response to 
the solar cycle

• Max ~3.94K

• Surface 
pressure 
lowered over 
diurnal warming 
(< 1 mb)

• Close proximity 
positive/negative 
anomalies 
associated with 
modified storm 
track

• Wind changes 
are initiated 
primarily from 
dSST

• Wind changes 
are largest 
inside storm 
systems
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Pressure level

Contours are SSTdiurnal - SSTdaily

+1°C Air Temperature Change
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Where does 
heat from 
surface 
transport into 
the 
atmosphere?

Not strictly 
limited to the 
boundary layer



Wavelet Analysis

Clear 24 hour oscillation in wind and pressure Overfolding harmonics?  Signal relatively too small? 
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Trajectory Analysis
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Diurnal warming (contours) and trajectories

• Computed trajectory based only on surface movement by local wind at each hour
• Focus on specific trajectories moving across diurnal warming (cold to warm SST)
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Speed Difference (m/s) shaded
Wind Vector Difference (m/s) arrows

Diurnal warming (K) contours
01Z 08 July 2014



Trajectory Analysis
K and 
m/s

km

km

km

Hour of simulation Hour of simulation
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One-way vs Two-Way Coupling

• On average, wind and/or atmospheric 
feedbacks reduce the duration and 
amplitude of diurnal warming

Two-way coupled
One-way coupled

ds
st

(K
)

Time (GMT)
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Conclusions
• Simulations with diurnal variability in SST have 

modified air temperature, pressure, and near-
surface winds, storm track of nearby systems 

• Not necessarily restricted to boundary layer 
(atmospheric stability–dependent)

• Diurnal coupling of winds difficult to isolate
• See changes to wind structure in boundary layer
• Two-way coupling is important for evolution of 

SST and winds
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Momentum Budget
• Computed trajectory 

based only on surface 
movement by local wind 
at each hour

• Focus on specific 
trajectories moving 
across diurnal warming 
(cold to warm SST)

• Compute momentum 
budget terms in natural 
coordinates (O’Neil et al., 
2010; Kilpatrick et al., 
2014) for the boundary 
layer
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Diurnal warming (contours) and trajectories
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