The Influence of High Frequency
Atmospheric Forcing on
Ocean Circulation
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Motivation Ocean-Ice Model

Examples of high frequency forcing: storms, barrier winds,
cold air outbreaks, polar lows, topographic jets

« NEMO -Nucleus for European Modeling of the Ocean [4]

o Arctic Northern Hemisphere Atlantic Configuration
e CICE -Los Alamos Sea ice model

¢ 1/4° grid

« short time scale events can enhance air-sea heat exchange . level
e 50 vertical levels

-> Trigger deep or intermediate convection

1. nutrient distribution and chemical exchange [1]
2. Atlantic Meridional Overturning Circulation

(AMOC) [2]

-> we examine the response of the Labrador Sea

» as the climate warms storms are predicted to increase [3]

-> We must be able to predict the oceanic response : : :
P p « we filtered the wind and temperature fields

e time scales less than one week were removed

Fig.1. Bathymetry over the domain of ANHA4. using a moving average filter [5]

Buffer zones are light gray.
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« CGRF-Canadian Meteorological

Centre's Global Deterministic

Prediction System [6]

« hourly atmospheric data

« Resolution:

0.45° longitude Filtered
0.3° latitude

« model forecasts from

operational analysis

¢ 2002-2010
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Fig.3. Monthly mean eddy kinetic Fig.4. Daily averaged heat flux [7].
energy.
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Fig.2. Average wind stress curl (JFM).

o unfilt.

- filt.

» we averaged the heat flux,

EKE and Mixed Layer Depths
within the 3000 m isobath of the
Labrador Sea (<-44°W)

o h=750 m unfilt.
 Convective Energy is the amount | » h=750mfil.

of energy required to mix the E=§888 m ;J.lrtlfilt.
column to a depth h [8] N St =2000 m filt.
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Fig.5. Daily average mixed layer depth

and convective energy [8].
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Gyre Strength (Sv)

e

years

RAPID =18.75 +/- 4.8 Sv Conclusions

unfilt. = 27.84 +/- 4.3 Sv
filt. =20.47 +/-2.5Sv

Fig 6. Maximum Strength of the
Subpolar Gyre computed from

the barotropic stream function | o |
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years deviation of the AMOC at

Fig.7. Daily maximum AMOC. Selected 26.5 N (02/04/04-10/04/8) [9].
latitudes and mean values are shown

above each panel.

The effects of removing high frequency forcing

Circulation of the North Atlantic

« decreased the EKE by 75%
« decrease the circulation of the Atlantic by about 20%
e eliminated fluctuations in the AMOC and sub-polar gyre

Convection in the Labrador Sea

« MLD decreased by 20% in cold years
« MLD decreased by as much as 110% relatively warm years

Wavelet Power Spectrum of Filtered Data

Temporal Spacial Future Directions

unfiltered (b) filtered unfiltered filtered  removal of particular storm tracks in atmospheric forcing data

-> removal of synoptic vs. mesoscale

« how does high frequency forcing effect sub-surface processes?
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Fig.8. Wavelet spectrogram of wind stress curl
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Fig.9. Wavelet Spectrogram of wind stress curl

and temperature time series taken at the location and temperature for a zonal slice extracted

of the orange star in Fig.1. at 45°N.
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