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Sea Surface Temperature 
mesoscale structures force the 
lower atmosphere, via, e.g. the 
Downward Momentum Mixing 
mechanism:

Data used: 
● ESA CCI SST at Dx~0.05° 

(L3U: instantaneous, L4: daily); 
● Ascat wind field (L2) at 

Dx~12.5 km;
● ERA5 monthly at Dx~30 km.

Time frame: Jan 2007-March 2014.

Over all four major Western Boundary 
Currents we find that:

1) The daily/instantaneous 
response is found over a wider 
range of forcing and response 
fields.

2) The instantaneous coupling 
is stronger than the daily one.
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Over Northern Hemisphere WBCs, the 
minimum coupling is observed in winter.

In winter the NH has the strongest 
air-sea temp differences.

10, 50, 90th 
percentiles
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Five years of global daily ERA5 
data are used to evaluate the 
modulation of background wind 
and air-sea temperature 
difference on the efficiency of the 
DMM [Desbiolles et al., 2023]: DMM 
is important for all wind speed in 
slightly unstable conditions. 

In the Northern Hemisphere, the winter-time 
unstable conditions (due to cold air outbreaks) 
reduce the DMM efficiency.

The enhancement and the suppression of the vertical mixing for very unstable 
and stable conditions weakens the sensitivity to the surface gradients.

The cloud response is also being investigated. TBC…
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Air-sea interactions and diabatic processes in the Gulf Stream region and their role in the 
life-cycle of a blocking anticyclone: a case study of European Blocking in Feb 2019.

Methods and resultsCase Study (20.02.2019 - 27.02.2019)

Properties of the trajectories



Air-sea interactions and diabatic processes in the Gulf Stream region and their role in the 
life-cycle of a blocking anticyclone: a case study of European Blocking in Feb 2019.

Moisture sources Mechanistic link: Gulf Stream → EuBl

Hand-over mechanism of moisture NAWDIC (2026)

Authors: Marta Wenta, Christian M. Grams, (Karlsruhe Institute of Technology), Lukas Papritz, Marc Federer  (Institute for 
Atmospheric and Climate Science, ETH Zurich
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Different data sets for different purposes  
 

To evaluate the LHF coupling to the small-scale SST:

● ERA5 at Dx~25 km (daily averages). 
● SeaFlux at Dx~25 km (daily averages).
● MUR-JPL daily at Dx~0.01º.
● WRF daily at Dx~0.03º.

   Time frame: DJF 2008-2018.
   Spatial domain: 5º-17ºN, 60º-51ºW.

To evaluate the effect of the pair SSS-SST on LHF: in-situ data:

● Saildrones
● CTDs, UCTDs, gliders, argo floats, RVs.
● Radiosoundings and lidar.

    Time frame: During the EUREC4A-OA campaign, JFMA 2020.
    Unprecedented high-resolution sampling of the air-sea interface in the        
north-west tropical Atlantic Ocean

Goals
1) How do ocean small-scale surface 

features (in SST and SSS) affect 
latent heat flux (LHF)?

2) Which are the surface ocean - MABL 
coupling mechanisms driving LHF 
changes?
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Two mechanisms control LHF 
sensitivity to SST

Dynamic: As a consequence of the 
thickening/shallowing of the MABL 
(~28%·K-1). Only present when 
the small-scale coupling is 
considered.

Thermodynamic: As a result of the 
dependence of water vapour 
saturation pressure on SST (~5%
·K-1).

Lower SSSs imply a reduced water 
entrainment from the deep ocean and an 

increased heating rate of the ocean mixed 
layer.

These two ingredients increase LHF but a 
decrease is observed over the freshwater 

plume.
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Observations from the ATOMIC field campaign
• January-February 2020 in the NW tropical Atlantic

6 Surface Wave Instrument Float 
with Tracking (“SWIFT”) drifters

Data:
Air : T, humidity, wind, P, clouds

Fluxes: heat, vapor, buoyancy, 
momentum

Ocean: T, S, currents, wave 
parameters, wave spectra, TKE 

dissipation rate

*SWIFTs (WGs) deployed for 21 
(30 and 34) days

Research Questions

1) Do variations in the surface 
current direction and 
magnitude influence waves and 
momentum flux?

2) Do sea surface temperature 
(SST) variations influence 
air-sea heat and buoyancy flux?

2 Wave gliders

E-mail: iyersu@oregonstate.edu

Suneil Iyer1,*, Kyla Drushka1, Jim Thomson1, Elizabeth Thompson2  

US CLIVAR Mesoscale and Frontal-Scale Air-Sea Interactions Workshop
March 6, 2023
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Waves and momentum flux are modified by 
surface current variability

Small-scale variability of air-sea momentum and heat fluxes in the tropical Atlantic trade wind region
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Wind speed [m 
s-1]

  

Sensitivity tests show that 
this is due to a combination 

of changes in the 
current-relative wind and 
wave-current interactions.

Strongly wave-following currents (>0.2 

ms-1)

Weakly wave-following currents (<0.2 ms-1)

Wave-opposing currents

Sea surface temperature variability modifies 
air-sea heat fluxes

 
Sea surface temperature (SST) 
from Wave Gliders from 2-6 

Feb.

SST varies by 0.7°C across 25 km, typical 
of 10-100 km fronts in the region.

Sensible heat flux (SHF) across the 
SST gradient observed on 2-6 Feb.

Sensible heat flux is on average 3.6 W m-2 
higher on the east (warm) side of the 

gradient. Because SST and SHF gradients 
were correlated throughout the campaign, 
SST likely modulates the spatial variability 

of sensible heat flux.

E-mail: iyersu@oregonstate.edu
Source of funding: NOAA CPO CVP Award NA19OAR4310374

Read more at: Iyer et al. (2022), JGR Oceans, doi: 10.1029/2021JC018003 (waves, momentum flux)
Iyer et al. (2022), JGR Oceans, doi: 10.1029/2022JC018972 (heat flux)
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1. Seasonal Variability
(a) Mean Jet Stream Position 1871-2011 - 
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2. Decadal Trends

Jet Latitude
(d) Winter jet Latitude –North Atlantic (60°W-0°W)
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Jet Speed
(d) Winter (DJF) Jet Speed – North Atlantic(60°W-0°W)
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3. Interannual variability and the Pacific 

Decadal Oscillation (PDO)

Wavelet coherence for Jet Latitude for 
North Pacific. Colour bar indicates 
correlation. Black contours  indicate  
statistically  significant features (95% 
confidence level)

Mean Seasonal Jet Stream Position overlaying the 2 m air 
temperature for the period 1871 -2011

Winter Jet 
range at a 
minimum 
where SST 
gradients 
greatest

The Pacific Decadal 
Oscillation (PDO) explains 
50% of the winter variance 
in jet latitude since 1940. 
The direction of the arrows 
indicates the PDO and jet 
stream are anti correlated, 
and the PDO leads.

(b) Winter jet Latitude –North Pacific (120°E-120°
W)

La
tit

ud
e 

(°
N

)

W
in

d 
sp

ee
d 

(m
s-1

)

(b) Winter (DJF) Jet Speed – North Pacific (120°E-120°
W)

Hallam et al., Climate Dynamics 2022 

https://link.springer.com/article/10.1007/s00382-022-06185-5 
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Download 

our paper 

here
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