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1. Scientific Research

• The ocean and atmosphere are a coupled system which
a↵ects and is a↵ected by climate and environmental
change.

• Understanding the air-sea interconnection requires that
the processes that control the transport across the inter-
face be accurately quantified.

• The primary forcing factor for air-sea exchange is wind
speed, which induces near-surface turbulence, causing the
molecular boundary layer to be eroded thereby enhancing
transport across the interface.

• Traditionally the air-sea exchange of the physical parameters (momentum, sensible
& latent heat) are the best understood as they have been the most widely measured,
and advances in understanding the fluxes of gas and aerosols are largely based on
heat fluxes.

• Of the GHGs, we are primarily concerned with CO2 as this contributes to radiative
forcing more than the others. The air-sea exchange of aerosols is largely driven by
wave breaking at the ocean surface.

2. Air-Sea Interaction Profiler

• The Air-Sea Interaction Profiler (ASIP) was developed
by the researchers at the AirSea Lab at NUIG to study
the surface layer of the ocean with an integrated suite of
small-scale measurements from a single upwardly-rising,
autonomous platform.

• ASIP has sensors for pressure, microstructure shear,
microstructure and accurate response temperature and
conductivity, three dimensional orientation and accelera-
tion, dissolved oxygen, and photosynthetically active ra-
diation.

• Autonomous operation was a critical element of the de-
sign specification, as this permits repeated and undis-
turbed measurements in the uppermost levels ocean,
where the relevance of the small scales become ever more
important as the air-sea interface is approached.

• When fully assembled, the instrument has a height of
2.5 m and a weight of 82 kg (in air); this includes ballast
of about 5 kg at the bottom of the instrument.

• The weight of ASIP in water depends on the water den-
sity, and trim weights are attached to allow for a rise
velocity of 0.5 m/s, which is approximately 1 kg of buoy-
ancy.

• ASIP profiles vertically upwards through the water col-
umn, with the sensors located at the top of the instru-
ment in order to minimize wake e↵ects from disturbing
the measurements.
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3. Ocean Salinity

• Ocean salinity is the result of various solutes in sea-
water, and is one of the most important properties of
seawater.

• Salinity variability has a direct influence on the dynam-
ics of the ocean; both the large scale (thermohaline) ocean
circulation and local mixing processes in the upper ocean
result from density di↵erences, partly related to salinity.

• In recent years satellites of both ESA (SMOS) and
NASA (Aquarius) have been operated, that permit to
observe global di↵erences in sea surface salinity (see fig-
ure to the right).

• SPURS, Salinity Processes in the Upper Ocean Re-
gional Study, focusses on the sub-tropical northern At-
lantic, where the North Atlantic Salinity Maximum is
located. A diverse set of buoys and instruments permits
to study the salinity variability in this region at a range
of temporal and spatial scales.

• The AirSea laboratory was involved in two of the
salinity research campaigns: STRASSE in September-
October 2012, and MIDAS in March-April 2013. On both
cruises researchers from the AirSea lab took part, deploy-
ing ASIP and operating a mast with a flux and a wave
measurement system.

4. Greenhouse Gas Exchange

• The exchange of CO2 and other trace gases between
Ocean and Atmosphere is an important part of the Earth
climate system.

• Direct flux measurements are necessary to study the
fundamental physics of air-sea gas exchange. We can
calculate the vertical flux of scalars (heat, momentum,
or gases) from the covariance of fast fluctuations of the
scalar and the vertical wind speed. This is known as the
Eddy Covariance method.

• In order to cover all relevant turbulent motions that
contribute to the vertical transport, this requires a mea-
surement frequency of at least 10Hz and time averages
are typically taken over 30 minutes to 1 hour.

• We are funded by the Science Foundation Ireland under
the US-Ireland R&D Partnership program for the devel-
opment of a precise and fast gas-analyser for direct Eddy
Covariance measurements of CO2 fluxes at sea.

• Our partners are Dr. Eugene Terray at the Woods
Hole Oceanographic Institution and Dr. Neil Mitchell
at Queens University Belfast.

http://airsea.nuigalway.ie

5. Breaking Waves

• Breaking waves on the ocean surface mark areas of
significant importance to air-sea flux estimates of gas,
aerosols and heat.

• Visible whitecaps are created when the crest of a wave
spills, trapping air and entraining it beneath the sur-
face. Gravitational forces and wave momentum provide
a strong rate of mixing between the air and sea during
this active stage (stage A).

• The aim of whitecap studies at the AirSea Laboratory
is to help explain this high variability by processing sea
surface images to extract whitecap coverage in it’s two
stages of evolution; active (stage A) and maturing (stage
B).

• Separating the overall whitecapping (W) into stage A
(Wa - blue in the image to the right) and stage B (Wb
- green in the image) is achieved by separating whitecap
pixels of each image by appealing to its visual intensity,
location with respect to the wave crest,texture and area.

• We are currently processing a large dataset of sea sur-
face images from the R/V Knorr cruise of the North At-
lantic ocean was successfully processed for 64,000 Wa and
Wb estimations. High resolution measurements of mete-
orological and wave-field data are available for the entire
cruise duration and provide a basis for extracting func-
tions of Wa and Wb.

6. Computational Fluid Dynamics

• Computational Fluid Dynamics (CFD), is a branch of
fluid mechanics where Partial Di↵erential Equations of
fluid flows are solved in space and time. Our research
is mainly concerned with the CFD analysis of various
fluid flow interactions with o↵-shore structures and mea-
surement instrumentation, which currently contains three
main areas.

• The first figure shows near surface streamlines of air-
flow surrounding the R/V Knorr, in which an investiga-
tion into the e↵ect of various oceanographic lower bound-
ary layer wave conditions on airflow distortion errors is
being conducted.

• The second figure shows a cross-sectional contour plot
of the fluid flow surrounding the R/V Celtic Explorer,
predicting the air-flows turbulence characteristics around
such a research platform.

• The third figure shows a cross-sectional vector plot of
fluid flow surrounding the Air-Sea labs instrument ASIP.
This investigation is being performed to estimate the abil-
ity of a CFD Large Eddy Simulation to model small scale
quantities of turbulent dissipation rate.

airsea@airsea.nuigalway.ie

AirSea Laboratory: Upper Ocean and Lower Atmosphere Research

Brian Ward, João de Almeida, Anneke ten Doeschate, Sebastian Landwehr, Niall O’Sullivan, Brian Scanlon, Graig Sutherland, Chiara Uglietti, and Kieran Walesby.

1. Scientific Research

• The ocean and atmosphere are a coupled system which
a↵ects and is a↵ected by climate and environmental
change.

• Understanding the air-sea interconnection requires that
the processes that control the transport across the inter-
face be accurately quantified.

• The primary forcing factor for air-sea exchange is wind
speed, which induces near-surface turbulence, causing the
molecular boundary layer to be eroded thereby enhancing
transport across the interface.

• Traditionally the air-sea exchange of the physical parameters (momentum, sensible
& latent heat) are the best understood as they have been the most widely measured,
and advances in understanding the fluxes of gas and aerosols are largely based on
heat fluxes.

• Of the GHGs, we are primarily concerned with CO2 as this contributes to radiative
forcing more than the others. The air-sea exchange of aerosols is largely driven by
wave breaking at the ocean surface.

2. Air-Sea Interaction Profiler

• The Air-Sea Interaction Profiler (ASIP) was developed
by the researchers at the AirSea Lab at NUIG to study
the surface layer of the ocean with an integrated suite of
small-scale measurements from a single upwardly-rising,
autonomous platform.

• ASIP has sensors for pressure, microstructure shear,
microstructure and accurate response temperature and
conductivity, three dimensional orientation and accelera-
tion, dissolved oxygen, and photosynthetically active ra-
diation.

• Autonomous operation was a critical element of the de-
sign specification, as this permits repeated and undis-
turbed measurements in the uppermost levels ocean,
where the relevance of the small scales become ever more
important as the air-sea interface is approached.

• When fully assembled, the instrument has a height of
2.5 m and a weight of 82 kg (in air); this includes ballast
of about 5 kg at the bottom of the instrument.

• The weight of ASIP in water depends on the water den-
sity, and trim weights are attached to allow for a rise
velocity of 0.5 m/s, which is approximately 1 kg of buoy-
ancy.

• ASIP profiles vertically upwards through the water col-
umn, with the sensors located at the top of the instru-
ment in order to minimize wake e↵ects from disturbing
the measurements.

AirSea Lab

3. Ocean Salinity

• Ocean salinity is the result of various solutes in sea-
water, and is one of the most important properties of
seawater.

• Salinity variability has a direct influence on the dynam-
ics of the ocean; both the large scale (thermohaline) ocean
circulation and local mixing processes in the upper ocean
result from density di↵erences, partly related to salinity.

• In recent years satellites of both ESA (SMOS) and
NASA (Aquarius) have been operated, that permit to
observe global di↵erences in sea surface salinity (see fig-
ure to the right).

• SPURS, Salinity Processes in the Upper Ocean Re-
gional Study, focusses on the sub-tropical northern At-
lantic, where the North Atlantic Salinity Maximum is
located. A diverse set of buoys and instruments permits
to study the salinity variability in this region at a range
of temporal and spatial scales.

• The AirSea laboratory was involved in two of the
salinity research campaigns: STRASSE in September-
October 2012, and MIDAS in March-April 2013. On both
cruises researchers from the AirSea lab took part, deploy-
ing ASIP and operating a mast with a flux and a wave
measurement system.

4. Greenhouse Gas Exchange

• The exchange of CO2 and other trace gases between
Ocean and Atmosphere is an important part of the Earth
climate system.

• Direct flux measurements are necessary to study the
fundamental physics of air-sea gas exchange. We can
calculate the vertical flux of scalars (heat, momentum,
or gases) from the covariance of fast fluctuations of the
scalar and the vertical wind speed. This is known as the
Eddy Covariance method.

• In order to cover all relevant turbulent motions that
contribute to the vertical transport, this requires a mea-
surement frequency of at least 10Hz and time averages
are typically taken over 30 minutes to 1 hour.

• We are funded by the Science Foundation Ireland under
the US-Ireland R&D Partnership program for the devel-
opment of a precise and fast gas-analyser for direct Eddy
Covariance measurements of CO2 fluxes at sea.

• Our partners are Dr. Eugene Terray at the Woods
Hole Oceanographic Institution and Dr. Neil Mitchell
at Queens University Belfast.

http://airsea.nuigalway.ie

5. Breaking Waves

• Breaking waves on the ocean surface mark areas of
significant importance to air-sea flux estimates of gas,
aerosols and heat.

• Visible whitecaps are created when the crest of a wave
spills, trapping air and entraining it beneath the sur-
face. Gravitational forces and wave momentum provide
a strong rate of mixing between the air and sea during
this active stage (stage A).

• The aim of whitecap studies at the AirSea Laboratory
is to help explain this high variability by processing sea
surface images to extract whitecap coverage in it’s two
stages of evolution; active (stage A) and maturing (stage
B).

• Separating the overall whitecapping (W) into stage A
(Wa - blue in the image to the right) and stage B (Wb
- green in the image) is achieved by separating whitecap
pixels of each image by appealing to its visual intensity,
location with respect to the wave crest,texture and area.

• We are currently processing a large dataset of sea sur-
face images from the R/V Knorr cruise of the North At-
lantic ocean was successfully processed for 64,000 Wa and
Wb estimations. High resolution measurements of mete-
orological and wave-field data are available for the entire
cruise duration and provide a basis for extracting func-
tions of Wa and Wb.

6. Computational Fluid Dynamics

• Computational Fluid Dynamics (CFD), is a branch of
fluid mechanics where Partial Di↵erential Equations of
fluid flows are solved in space and time. Our research
is mainly concerned with the CFD analysis of various
fluid flow interactions with o↵-shore structures and mea-
surement instrumentation, which currently contains three
main areas.

• The first figure shows near surface streamlines of air-
flow surrounding the R/V Knorr, in which an investiga-
tion into the e↵ect of various oceanographic lower bound-
ary layer wave conditions on airflow distortion errors is
being conducted.

• The second figure shows a cross-sectional contour plot
of the fluid flow surrounding the R/V Celtic Explorer,
predicting the air-flows turbulence characteristics around
such a research platform.

• The third figure shows a cross-sectional vector plot of
fluid flow surrounding the Air-Sea labs instrument ASIP.
This investigation is being performed to estimate the abil-
ity of a CFD Large Eddy Simulation to model small scale
quantities of turbulent dissipation rate.

airsea@airsea.nuigalway.ie

Walesby, et al. (AirSea Lab) SPURS Splinter Session 1 / 14



Outline

1 The Air-Sea Interaction Profiler (ASIP)

2 Air-sea flux investigations
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Measuring upper ocean microstructure

Microstructure profilers are oceanographic tools for measuring
turbulence in the ocean
But most miss the upper 10 m
This is the most crucial region for atmosphere-ocean exchanges
We have developed the Air-Sea Interaction Profiler to capture the
fundamental processes at the air-sea interface
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The Air-Sea Interaction Profiler (ASIP)

By profiling vertically towards the
air-sea interface, ASIP provides
detailed measurements of
undisturbed water
Positively-buoyant instrument
submerged with a thruster
Measurements made during ascent
only
Maximum operational depth: 100 m
Equipped with instrument suite,
including 2 shear probes
Allow derivation of dissipation rate of
TKE (ε)
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ASIP′s involvement with SPURSASIP Deployments on Two SPURS Experiments

Brian Ward (NUIG, Ireland) SMOSPROC April 16, 2013 10 / 17
Two cruises to North Atlantic Salinity Maximum Region:

1 Strasse (∼ 500 profiles)
2 Midas (∼ 600 profiles)
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Temperature, salinity and ε (Anneke ten Doeschate)

Sample data obtained from a
single ASIP profile:

Fast temperature
Fast salinity
Two estimates of dissipation
rate of TKE (one from each
shear probe)
Data acquired right up to the
air-sea interface
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Temperature, salinity and ε (Anneke ten Doeschate)
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Strasse data comparison - Temperature (Kieran Walesby)

Coarse comparison between sensors, as part of preliminary data
checks
Application of some spatial and temporal thresholds was required
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Strasse data comparison - Salinity (Kieran Walesby)

Similarly for salinity...
More challenging measurement to make
No sign of any consistent offset
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Strasse observations time series (Graig Sutherland)

B
0
 /

 1
0

7
 m

2
s-3

-11

 -5

  1

U
1

0
 /

 m
s-1

 0

 6

12
z 

/ 
m

0

10

20

30

40

T
 /

 °
C

26.0

26.5

27.0

27.5

z 
/ 

m

UTC
08/25 08/27 08/29 08/31 09/02 09/04

lo
g

1
0
ε
 /

 m
2
s-3

-10

 -8

 -6

Investigating differences between the already mixed layer depth
and the active mixing layer depth
Investigate whether difference can be related to dynamical forcing
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Strasse composite day (Graig Sutherland)
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Bin data from 5 ASIP deployments during Strasse to create a
"composite diurnal cycle"
Upper panel: buoyancy flux (blue), wind speed (orange)
Lower panel: mixed (black) and mixing (red) layers
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Air-sea fluxes (Sebastian Landwehr)
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Time series were filtered to highlight when:
1 Relative wind direction was below 60o

2 Ship-buoy spatial separation below 200 km

Expect to be able to produce direct friction velocity measurements
from ship data which are comparable with buoy measurements
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Air-sea fluxes (Sebastian Landwehr)
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31 March, 2013: clear-weather day
Ship-board measurement of radiation seems to be a systematic
underestimate
Looking into possibility of developing a correction...
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