Fast thermal air-sea coupling: the
instantaneous wind response and
the role of environmental conditions

Sea Surface Temperature
mesoscale structures force the
lower atmosphere, via, e.g. the
Downward Momentum Mixing
mechanism:
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Data used:
e ESA CCI SST at Dx~0.05°
(L3U: instantaneous, L4: daily);
e Ascat wind field (L2) at
Dx~12.5 km;
e ERAS5 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.

The instantaneous coupling
is stronger than the daily one.

2)
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Over Northern Hemisphere WBCs, the In winter the NH has the strongest Five years of global daily ERA5
minimum coupling is observed in winter. air-sea temp differences. data are used to evaluate the

g =2 modulation of background wind
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and stable conditions weakens the sensitivity to the surface gradients. Ec .
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The cloud response is also being investigated. TBC... > 9otk
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Change in MKE, EKE & EPE vertically integrated in the upper 250 m from CESM-UHR (4xCO2 - PD)
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CESM-UHR revealed that CO2-induced global warming brings a complex EKE change across oceans.
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Kuroshio current vs Gulf stream How did the effect of current feedback change under global warming?

KC AEKE as AEKE aPD EWWg < 0: oceanic eddy killing by wind

+4.0% -7.1% 5 >
+ o) £ (-26.9%) -
o . (+4.1%)  s0°N 5.0 . 1 T
E 40°N @ 0.5 :E
<q 3 3 o 2
o 2
0 Bow 2 3 05 g
& SON 1 AEKE vs AEWWg 4 4
) s . 60°S
2 e K : positive AEKE — 60°E  120°E  180°  120°W
< e J S enhanced eddy killing effects Longitude
25°N 2= 30°N - Reduced
125°E 145°E 165°E oW ew  aw 2w i i b 2xCO, - PD : S eddy killing
2 4 effect
™ -3
o
& ) 3 s M
q ) = 04
5N B . S
125°E 145°E 165°E 80°W  B0°W  40°W  20°W ’ 03
S ; DI Lo 02 &
107 107 . ; s Z K
? {CJP0 mE2CO2 NN #CO2 PD [N 2CO2 [N 4xCO2 GS: weak AMOC Soa 60°E 120°E 180° 01 &
) Wl e = suppress vertical buoyancy flux Longitude o =
! E T = reducing EKE ¢ 4xCO, - PD i §
7.1% -11.0% ’
05 . €269%)  (19.0%) 024
v MKE EKE EPE ® -0.3
©
KC: strong surface current 4 £ -04
= increase horizontal shear - 2 5 -05
production o u of g m v
= enhancing EKE -1 7.0% -4.9% 2 -45% 13.1% -14.9% : 3 i ? eEdr:jha:‘i'e:
4 (-20.9%) (-19.8%) . (#11.1%) (-25.2%) (-31.5%) 60°E 120°E 180° 120°W e¥fecl;tl g

Longitude

8CC VEOF 8iC 8CC VEDF



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.

2FC KT

Karlsruher Institut fiir Technologie

Case Study (20.02.2019 - 27.02.2019)
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Methods and results

Fraction (%) of 10 days backward trajectories that passed
over the Gulf Stream.
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Air-sea interactions and diabatic processes in the Gulf Stream region and their role in the DFG \\‘(IT
[ S

life-cycle of a blocking anticyclone: a case study of European Blocking in Feb 2019. SNF
Karlsruher Institut fiir Technologie
Moisture sources Mechanistic link: Gulf Stream — EuBI
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Hand-over mechanism of moisture
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1)

Goals

How do ocean small-scale surface

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

Which are the surface ocean - MABL
coupling mechanisms driving LHF

changes?
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Different data sets for different purposes

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

ERAS5 at Dx~25 km (daily averages).
SeaFlux at Dx~25 km (daily averages).
MUR-JPL daily at Dx~0.01°. Sl
WREF daily at Dx~0.03°. '

Time frame: DJF 2008-2018.
Spatial domain: 5°-17°N, 60°-51°W.

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

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

Time frame: During the EUREC*A-OA campaign, JFMA 2020.
Unprecedented high-resolution sampling of the air-sea interface in the
north-west tropical Atlantic Ocean
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the small-scale coupling is entrainment from the deep ocean and an
Two mechanisms control LHF considered. increased heating rate of the ocean mixed
sensitivity to SST layer.
Thermodynamic: As a result of the
dependence of water vapour l
saturation pressure on SST (~5% . . .
) P (~5% These two ingredients increase LHF but a
) decrease is observed over the freshwater
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Small-scale variability of air-sea momentum and heat fluxes in the tropical Atlantic trade wind region
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Research Questions

1) Do variations in the surface

2)

current direction and
magnitude influence waves and
momentum flux?

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

Observations from the ATOMIC field campaign

* January-February 2020 in the NW tropical Atlantic

. ey

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

e S =

2 Wave gliders -2
-

hy

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

E-

mail: iyersu@oregonstate.edu

US CLIVAR Mesoscale and Frontal-Scale Air-Sea Interactions Workshop

March 6, 2023
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Small-scale variability of air-sea momentum and heat fluxes in the tropical Atlantic trade wind region
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Waves and momentum flux are modified by
surface current variability

Momentum flux (7) derived

from SWIFT wave spectra
0.25 S —
L] ~ ’. ,.. o0

= o o’.‘o
L ' T is elevated (by 15%) when

0.2!
5 3] waves oppose currents and
E 0.15] decreased when waves
pd
= follow currents.
& 0.1

Sensitivity tests show that
this is due to a combination
of changes in the
current-relative wind and
wave-current interactions.

4 5 6 7 8 9 10
Wind speed [m

Strongly wave-following currents (>0.2

ms?)

Weakly wave-following currents (<0.2 ms™)

Sea surface temperature variability modifies
air-sea heat fluxes

Sensible heat flux (SHF) across the

Sea surface temperature (SST)
SST gradient observed on 2-6 Feb.

from Wave Gliders from 2-6

SLrel

SHF [W m?]

SST front

10 0
Dist, ross front (km]

Distance across SST front [km]

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

°Latitude

Sensible heat flux is on average 3.6 W m™
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.

°Longitude

Read more at:

E-mail: iyersu@oregonstate.edu

Source of funding: NOAA CPO CVP Award NA190AR4310374

lyer et al. (2022), JGR Oceans, doi: 10.1029/2021JC018003 (waves, momentum flux)
lyer et al. (2022), JGR Oceans, doi: 10.1029/2022JC018972 (heat flux)
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A land-ocean comparison of the variability of the northern hemisphere jet stream 1871 — 2011 323333'waphv
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1.Irish Climate Analysis Research Units, Maynooth University, Ireland 2. National Oceanography Centre, Southampton, UK
1. Seasonal Variability 2. Decadal Trends
Jet Latitude Jet Speed

W| nte r _] et (d) Winter jet Latitude ~North Atlantic (60°W-0°W) (d) Winter (DJF) Jet Speed — North Alantic(60°W-0°W)
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Mean Seasonal Jet Stream Position overlaying the 2 m air Pacific
temperature for the period 1871 -2011
No

changes

Wind speed (ms)

Latitude (*N)

3. Interannual variability and the Pacific
Decadal Oscillation (PDO)

Winter jet latitude and PDO - Pacific :

£ G0N | | The Pacific Decadal
Oscillation (PDO) explains

50% of the winter variance

oo Download

2 s in jet latitude since 1940. our paper
The direction of the arrows h
indicates the PDO and jet ere
stream are anti correlated, . .
and the PDO leads. Hallam et al., Climate Dynamics 2022
Wavelet coh for Jet Latitude f . i i i
Wavelet coherence for let Latitude for https://link.springer.com/article/10.1007/s00382-022-06185-5
lation.  Black t indicat i
atisically  sgnificant  features. (95% samantha.hallam@mu.je

confidence level)
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Global Warming Effect on Ocean Horizontal Stirring Characterized
by Finite-Size Lyapunov Exponents
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Ocean Horizontal Stirring

» Stirring is a turbulent phenomenon that promotes mixing speed by
deforming the fluid into an elongated shape.

* ltis almost everywhere accompanied by other dynamical oceanic processes
such as eddies, meandering, currents, and fronts.

Methods: Finite-Size Lyapunov Exponents (A)

* Itisa Lagrangian metric that characterizes the dispersion rate of two

infinitesimally separated particles as an exponential function in a chaotic system.
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Model Experiments

. . . FSLE and EKE changes in the global surface ocean
* High-resolution experiments based on the fully-coupled

Community Earth SyStem Model (CESM) version 1.2.2. a. 10-year Mean FSLE (PD run) b. A FSLE (4xCO, - PD)
- Present-day (367 ppm) Y e e NN

- 2XC0, (734 ppm)
- 4XCO0, (1,468 ppm)
* Ocean model: POP2 (62 levels)
* Data: daily u, v at 15 m depth (lev=2)

[day™]

* Horizontal resolution: 25 km (atm), 10 km (ocean) —— & 4 T

. . - 0.0 0.1 0.2 0.3 0.4 -0.16 -0.08 0.00 0.08 0.16
* Analysis period: 10 years for each condition

Arctic Ocean Changes

Here we present possible
mechanisms for FSLE changes
in the Arctic Ocean, where the v s @I 3 _,
change is most pronounced & . ¢ g8 | femis)
due to sea ice decline. -/ S / ‘ o




GORDON AND BETTY
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. Observing Cyanobacteria_in Infrared
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Using Ship-Deployed
High-Endurance Unmanned Aerial
Vehicles for the Study of Ocean
Surface and Atmospheric Boundary
Layer Processes
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Direct Measurement of the Air-Sea Momentum Flux, Near-Surface Ocean Currents,

and Wave Hydrodynamics Using a Hybrid Imaging System
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Observations of mean and wave orbital flows in
the ocean’s upper centimetres
Nathan J. M. Laxague't and Christopher J. Zappa'
! Lamont-Doherty Earth Observatory, Columbia University, Palisades, NY 10964, USA

(Received 26 March 2019; revised 12 November 2019; accepted 2 December 2019)

l suck water surface slope fields and compute
q y spectrum

{ wave dispersion

U~14cms?
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wavenumber [cyces m ')

f[Hz]

By invoking Taylor's frozen turbulence hypothesis, it is
possible to remotely infer the mean advective velocity
of a fluid through quantification of the spatiotemporal
evolution of turbulent eddies at a single depth (Dugan
etal., 2012).

compute current as function of wavenumber
I from Doppler shift in downwind slice of
wavenumber-frequency spectrum

2 0 2
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thermal skin advection

wave Doppler shift
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IV decompose current into mean
and wave orbital profiles
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Direct Measurement of the Air-Sea Momentum Flux, Near-Surface Ocean Currents,
and Wave Hydrodynamics Using a Hybrid Imaging System

Christopher J. Zappa! and Nathan J. M. Laxague?

1 Lamont-Doherty Earth Observatory, Columbia University, Palisades, NY, USA; zappa@Ideo.columbia.edu
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2 UNH, Durham, NH, USA

Wave-Boundary Layer

e — —

Turbulent
_ stress

Conceptual schematic of the constant stress
and wave boundary layers above the ocean
surface where surface waves break, create
whitecaps, and induce flow separation. At
the surface, the total turbulent stress is
partitioned to the surface tangential viscous
stress and the form drag.

Multi-Spectral Infrared (MultiR) Imaging System
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Our central hypothesis is that measurements of the velocity
profile from thermal infrared (TIR) imagery within the top 100 um
of the water surface will provide a robust estimate of the surface
ocean viscous stress. To test this hypothesis, we will conduct
detailed measurements of the tangential stress structure beneath
the air-water interface compared to form drag and the total stress
in the wind tunnel using a recently developed infrared imaging
technology under a range of wind-wave regimes.

SUSTAIN Laboratory Experiments
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The detailed structure of the tangential stress beneath
the air-water interface was investigated using the
recently-developed infrared imaging technology. The
new multi-spectral TIR camera system (MultIR) provides
remotely sensed skin friction measurements within 10-
100 um of the water surface.



