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Talk Outline:

How does the ocean influence atmosphere? 

How does the atmosphere force the ocean?

 NOAA/OAR/PMEL’s Ocean Climate Station’s 

 Air-sea interaction observations

OceanObs19 & UN Ocean Decade – an opportunity for the community 

to strategize and implement transformative changes to ocean observing

 Observing Air-Sea Interaction Strategy (OASIS) Activities

We need more than 

just SST & winds



vecteezy_9170169.mp4

Source: A Luna Blue – Raymond. Vecteezy

http://drive.google.com/file/d/1naGimduclWlff6--kP41vflGPalRg266/view


The Ocean is a source of heat & water….

     …fueling atmospheric convection

“A Wild Week in the Tropical Pacific” 

posted meteorologist Michael Folmer. 

Active convection associated with 

multiple tropical cyclones, MJO, and a 

weak El Niño. 
https://satelliteliaisonblog.com/2015/03/

Image: NOAA
https://satelliteliaisonblog.com/2015/03/



The Ocean is a source of heat & water….

     …fueling atmospheric convection

https://satelliteliaisonblog.com/2015/03/

Image: NOAA PMEL
Stan et al. (2019)



La Niña “Cold Episode”                                           El Niño “Warm Episode”

Sea Surface Temperature Anomalies 
Satellite images: ESA

These Air-Sea Interactions can lead to teleconnections….

  …affecting weather and climate across the world



SST Front 

causes a front 

in air-sea fluxes

 

Cronin et al. (2024) “Diurnal warming rectification in 
tropical Pacific linked to sea surface temperature front”

SST fronts and mesoscale gustiness matter

Air-sea fluxes stabilize 

both Oc. & Atm. 

Boundary layers on cold 

side of SST front…

… leading to a diurnal cycle 

of SST…

…which can be computed 

from daily-averaged fluxes if 

gustiness is parameterized



Alfred T. Palmer, Public domain, via 

Wikimedia Commons

Laboratory experiment,showing  pterapod 

shell dissolving over the course of 45 

days in seawater adjusted to an ocean 

chemistry projected for the year 2100. 

Image: NOAA PMEL.

…but at a cost

Ocean uptake of carbon dioxide (blue) and 

outgassing (red) for 14 May 2012, based upon 

ECCO-Darwin Global Ocean Biogeochemistry 

Model. Credit: NASA Goddard’s Scientific 

Visualization Studio.

The Ocean helps draw down carbon dioxide….







The Ocean Plays a Role in all these Impacts



…  the WATER Cycle,    ENERGY Cycle,   CARBON Cycle,  and  LIFE Cycle

Air-Sea Fluxes of  HEAT, MOISTURE, MOMENTUM, and GAS are all connected & affect…

Derakhti et al. (2024): Statistics 

of bubble plumes generated by 

breaking surface waves Richard CareyPayna99



1. The Ocean & Atmosphere communicate through Air-Sea Fluxes of 
Heat, Water, Momentum, Gas and Particles 

2. These surface fluxes are interconnected, particularly during 
extreme events. The Energy, Water, Carbon and Life cycles are 
all interconnected during extreme events

3. Must consider the Air-Sea Transition Zone as an entity

4. Fronts and gustiness matter to the air-sea fluxes. Implications for 
modeling & observational strategies



The only part of the GOOS that measure air-sea fluxes are OceanSITES & DBCP mooring 

networks & Ship-based Meteorological SOT (Ship Obs. Team) network

Ocean Observing System

Report Card 2023
GOOS Observations Coordination 

Group (OCG)

NOAA OAR GOMO supports 

~40% of GOOS

In a flat funding environment, 

it is very hard to maintain, let 

alone grow the observing 

system



Cronin et al. (2023)

• Most OceanSITES surface moorings are supported by NOAA. Many have joint support from other countries. 

• All tropical moored buoys & some extratropical buoys telemeter data to modeling centers in near-realtime.

• Some near-realtime METOC data are used to constrain models. This was original purpose of tropical moorings.

• Data are also used for assessing satellite & model products

• Most of the “Flux” moorings also monitor air-sea CO2 flux, and surface ocean acidification. 

• High resolution, long time series of multiple variables used for analyzing processes governing climate system

NOAA/NWS/NDBC is recapitalizing 

Tropical Pacific Observing System 

(TPOS). Will have fewer, but more 

capable moorings. 



https://www.pmel.noaa.gov/ocs/

Data!

“The OCS project 

encourages broad 

use of the data and 

welcomes 

collaboration”

- Meghan Cronin, 

lead PI

NOAA PMEL Ocean Climate 

Station group in 2023

The mission of the Ocean Climate 

Stations Project (OCS) is to make 

meteorological and oceanic 

measurements from autonomous 

platforms. 



Over 79 peer-reviewed papers since 2020.

More than 20 of these use the OCS data to 

assess biases in Satellite and Model products



Comparison of J-OFURO3 air-sea heat fluxes versus 
daily-averaged buoys for the period 2002–2013, in units W m−2

From Cronin et al. (2019),  based upon 

Tomita et al. (2017, Figure 5)

(latent heat flux)

(sensible heat flux)

(latent heat flux)

(sensible heat flux)



OceanSITES data are used to assess uncertainties in remotely sensed flux Essential Ocean 
Variables and corresponding error in net surface heat flux (Qnet) and wind stress products

Table 3 from Cronin et al. (2019)



What Ocean Observations are needed 
to make transformative change over 
the next decade?



Net Surface Heat Flux         Net Solar           Net Infrared           Sensible Heat Loss         Latent Heat of Evaporation                                              =                          −                               −                      −                into Ocean                  Radiation           Radiation                Loss by Ocean                Loss by Ocean

   Qnet = SWR (1 - albedo) - emissivity (LWR - sigma T0
4 ) - densityair CT CP WS (Tair - T0 )   - densityair CH L WS (qair - q0,sat )

          

 Requires 7 to 8 Surface Ocean & Atmosphere Measurements parameter or constant 



When?

Recommendations: 

● Measure all state variables from same platform. This 

applies for both in situ & satellite platforms.

● Better sampling in regions where ocean influences 

weather and climate: tropics, frontal zones, fast timescales 

(diurnal-synoptic)

● Observe wide range of regimes, e.g. high-latitudes, 

extremes,… 

● Improved air-sea coupling in models

Satellite air-sea heat flux capabilities: 
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2018 SOLAS summer school
 © Jesssica Gier

Credit: Polar Glider, Gothenburg University, (c) Louise Biddle

BOUNDARY SYSTEMSOASIS Theory of Change



Lead Institution: SCOR Working Group #162

Co-Chairs: 

Meghan Cronin (NOAA PMEL, USA)

Christa Marandino (GEOMAR, GERMANY)

Seb Swart (University of Gothenburg, SWEDEN)

OASIS is an international UN Decade 

programme, co-led by NOAA.



BOUNDARY SYSTEMSOASIS Mission & Vision

OASIS Mission is to develop a practical, integrated approach for observing air-sea exchanges 

associated with the Energy, Water, Carbon and Life Cycles

OASIS envisions a pathway to Get Involved in Ocean-Atmosphere Interaction Science for 

Sustainable Development. www.airseaobs.org/get-involved

Recent hybrid OASIS workshop had 

more than 54 in person participants, 

with Early Career Ocean Professionals 

from Africa, South America, Asia, 

Australia, Europe, and North America



OASIS Activities

To Join Task Teams: airseaobs.org/get-involved

Grand Idea #1: Expanding the in situ observing system – Fill Gaps in GOOS!

❏ Technology Development Dream Team

❏ Uncrewed Surface Vehicle Network for the Global Ocean Observing System

❏ Webinar Series!

Grand Idea #2: Improve air-sea interaction observing from satellites

❏ Webinar Series!

Grand Idea #3: Improve hierarchy of Earth System Models for air-sea interactions

❏ Building international partnerships to expand process study field campaigns 

OASIS Theory of Change

❏ Best Practices and Interoperability Experiments

❏ Partnership & Capacity Strengthening

❏ FAIR Data & OASIS Products

Webinar Series: airseaobs.org/resources/webinars 

✓

✓

✓

✓

✓

✓

✓

✓



When?

Observing air-sea heat flux from satellites

Grand Idea #1: Fill Gaps in GOOS
MABL observing in need of Technology Development

Image: HobbeNet, from Wikimedia

New satellites can be optimized to observe 

surface boundary layer air-temperature and 

moisture…. but Need New Technology for 

validation & tuning 

… and for forecasts.

NEED: Atmospheric profiling capability for 

deployment on ocean platforms, that are

● smaller

● lower-powered

● cheaper

● more robust for marine environment

● can be deployed on a moving platform



Grand Idea #1: Fill Gaps in GOOS

29

Surface ocean CO2 flux (uptake)

measurements collected since 1957
Need obs. from 
New Technologies:

Need more obs. from 
Established Platforms:

Wanninkhof et al. (2019) “A Surface Ocean CO2 Reference 

Network, SOCONET and Associated Marine Boundary 

Layer CO2 Measurements” 



Grand Idea #1: Fill Gaps in GOOS

30

Surface ocean CO2 flux (uptake)

measurements collected in 2015  
Need obs. from 
New Technologies:

Need more obs. from 
Established Platforms:

Wanninkhof et al. (2019) “A Surface Ocean CO2 Reference 

Network, SOCONET and Associated Marine Boundary 

Layer CO2 Measurements” 



Grand Idea #1: Fill Gaps in GOOS
An Emerging Uncrewed Surface Vehicle Network 

31
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Grand Idea #1: Fill Gaps in GOOS
An Emerging Uncrewed Surface Vehicle Network 
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Grand Idea #1: Fill Gaps in GOOS
An Emerging Uncrewed Surface Vehicle Network 



“The endorsed UN Ocean Decade Project’s goal is to build an 

Observing Air-Sea Interaction Strategy (OASIS) & 

Community of Practice for this emerging Uncrewed Surface 

Vehicle (USV) network"  

          -- Sarah Nicholson (South Africa)

               ECOP PI representing Emerging USV Network

“Join our OASIS webinar series for developing a Community of 

Practice for the emerging Uncrewed Surface Vehicle (USV) 

network" 

-- Ruth Patterson (Australia), ECOP co-lead for

                                                   OASIS USV Webinar series

Webinar Series: airseaobs.org/resources/webinars 

Grand Idea #1: Fill Gaps in GOOS
An Emerging Uncrewed Surface Vehicle Network 

Sarah Nicholson  
(South Africa)

Ruth Patterson  
(Australia)

Patterson et al. Community of Practice paper in prep

https://airseaobs.us13.list-manage.com/subscribe?u=f25ae455efed42732eca363fd&id=eb9f253dc9


Grand Idea #2: Optimize Satellite Observations

“Continue this discussion at our weekly ‘OASIS Air-

Sea Fluxes from Space’ webinar on Tuesdays 11 

AM EST. Register to get the zoom link at 
 https://forms.gle/KjHQ7BvjHtJ97TjT6.

         

 -- Sarah Gille (Scripps, USA)

May 7, 2024 NASA announced the selection of four proposals for concept studies 

of missions to benefit humanity through the study of Earth science, including: 
The Ocean Dynamics and Surface Exchange with the Atmosphere (ODYSEA)
This satellite would simultaneously measure ocean surface currents and winds to improve 
our understanding of air-sea interactions and surface current processes that impact 
weather, climate, marine ecosystems, and human wellbeing. It aims to provide updated 
ocean wind data in less than three hours and ocean current data in less than six hours. 
The proposal is led by Sarah Gille at the University of California in San Diego 

https://urldefense.proofpoint.com/v2/url?u=https-3A__forms.gle_KjHQ7BvjHtJ97TjT6&d=DwMFaQ&c=-35OiAkTchMrZOngvJPOeA&r=HeYex17wA33GQluXAEp5WA&m=FBaQaadl8BVY6Kfns5lUCpb9k6cggE-tQnYmZpXvNA2YCDrTFlGgfIb6a6w--H4x&s=mxE9WSOuCiqjGSUWx2QRZ65LqBVM0udZFoKydoDhCA4&e=


Grand Idea #3: Improve Earth-System Models
TPOS Equatorial Pacific Experiment (TEPEX)

Prediction of ENSO and its world 

impacts would be improved if we 

had a better understanding of 

physics governing:
● Zonal movement of the Eastern Edge 

of equatorial Pacific Warm Pool

● Equatorial Pacific upwelling & mixing

OASIS is working to help build international support for TEPEX 



BOUNDARY SYSTEMS
OASIS Theory of Change: 

Partnership & Capacity Strengthening

TEPEX-C TEPEX-E



BOUNDARY SYSTEMS

“Community recommended practices 
and standards can help guide 
technology development design 
decisions, and can help lead to 
innovative solutions that meet the 
needs of the OASIS community”

   -- Lucia Gutierrez Loza, 
Best Practice Theme Team 
ECOP co-lead

From Ocean Best Practice Systems (OBPS) Air-

Sea Interactions workshop, held virtually 11 Oct 

2022 at 0700 & 1600 UTC.

OASIS Theory of Change: 
Best Practices

Lucia Gutierrez Loza  
(Norway)

Get Involved: airseaobs.org/get-involved

Riihimaki et al. (2024) Ocean Surface Radiation 
Measurement Best Practices.

Gutierrez Loza et al. Commentary 
Submitted to MTSJ Decade issue



BOUNDARY SYSTEMS
OASIS Theory of Change: 

FAIR data

Get Involved: airseaobs.org/get-involved

“Our aim is to tackle the grand challenge of 
standardising air-sea flux terminology, 
making flux data products and open source 
code findable and accessible, and elevating 
the visibility from observation to user data.”
  
                -- Marcel du Plessis
                   FAIR data ECOP co-lead

github link for Discussion about adoption of CF standard 
names for flux variables: 
https://github.com/cf-convention/discuss/issues/206

Image: Medium article “Making Data F.A.I.R.”

https://github.com/cf-convention/discuss/issues/206
https://medium.com/fluree/making-data-f-a-i-r-93629e82c459
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OASIS - SOLAS Scholars from the Surface Ocean-Lower 
Atmosphere Studies (SOLAS) Open Science Conference 
in Cape Town South Africa, Sep 25-29, 2022 

OASIS (Observing Air-Sea Interactions Strategy) 
provides a pathway to Get Involved in Air-Sea 
Interaction Ocean Science for Sustainable 
Development

Get Involved!

Get Involved: airseaobs.org/get-involved
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