Atmospheric Boundary Layer
Responses to Diurnal Variations in Sea
Surface Temperature in an NWP model
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Objectives of This Study

. 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?

. Are winds and diurnal SST linked on diurnal time scales
and/or similar in physical response to more stationary
SST gradients?

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




M Od e I Set-u p Simulation Details

Simulation 7 days
Length

SST boundary conditions Atmospheric Boundary Conditions

MUR Foundation SST NCEP Final (FNL) Operational Model
(nearest neighbor to WRF domain) Global Tropospheric Analyses product : :
. . Time period 15-21 July
E—— AR R BT R (on 1°by 1°grid, 6 hourly) interpolated 2009

to hourly, 25 km 7-14 July, 2014
1-8 August,
2012

GHRSST Level 4 MUR Global Foundation Sea Surface Temperature Analysis (JPL- PBL Scheme Grenier-
L4UHnd-GLOB-MUR) Bretherton
Ocean Temperature (GB) 2001
Platform/Sensor: AQUAAMSE-E | AQUAMODIS | NOAA-18/AVHRE-3 ... more YSU
Processing Level: 4

Longitude/Latitude Resolution: 0.011 degrees x 0.011 degrees .
Start/End Date: 2002-Jun-1 to Present WRF 25 km Domain
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Vertical Levels 27

Diurnally Varying Daily-constant
SST Simulation SST Simulation

' !

SST updated by Zeng and Beljaars
(2005) algorithm

SST is not updated
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WRF Wind Diff (m/s) 21Z07JUL2014




+1°C Air Temperature Change Where does

WRF GB ZB 707-714 001 heat from
surface
transport into
the
atmosphere?
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Period (hours)

TSK Anomaly (C)

b) Average TSK Anomaly Wavelet Power Spectrum 4

Wavelet Analysis
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Clear 24 hour oscillation in wind and pressure Overfolding harmonics? Signal relatively too small?

jeeting,

Sapporo, Japan




Traj e CtO ry A n a |yS i S Speed Difference (m/s) shaded

Wind Vector Difference (m/s) arrows

Diurnal warming (K) contours
Diurnal warming (contours) and trajectories 01Z 08 July 2014

64°W 56°W 48°W 40°W 32°w

« 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)




dSST magnitude (K) and mean wind speed diff (m/s)

Trajectory Analysis

U wind component (m/s) (no dSST run) U Wind Component diff (m/s)

V Wind component {m/s) (no dSST run) V Wind Component diff (m/s)

W Wind Component (mm/s) (no dSST run) W Wind Speed Component Diff (mm/s)
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One-way vs Two-Way Coupling
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On average, wind and/or atmospheric
feedbacks reduce the duration and
amplitude of diurnal warming




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
Diurnal warming (contours) and trajectories based only on surface

44°N 5 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
64°W  56°W  48°W  40°W  32°W coordinates (O’Neil et al.,
2010; Kilpatrick et al.,
2014) for the boundary
layer

40°N

36°N

hr of simulation

32°N

28°N
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