US CLIVAR Working Group Prospectus
Mesoscale and frontal-scale ocean-atmosphere interactions
and influence on large-scale climate
1. Motivation
Processes at the air-sea interface are critical to understanding the circulation in the ocean and
atmosphere. Decades of observational and modeling analysis have broadly identified two
fundamental regimes of ocean-atmosphere coupling dependent upon spatial scale. At scales
greater than about 1000 km outside the tropics, large-scale atmospheric variability associated
with western boundary currents and ocean eddies drives an ocean thermal response through the
mediation of surface turbulent heat fluxes and upper-ocean turbulent mixing (e.g., Cayan 1992;
Alexander and Scott 1997). At smaller scales such as on mesoscales (i.e., 50-1000 km in the
mid-latitudes and 1000 km in the tropics), however, ocean-forced variability of surface turbulent
heat fluxes drives an atmospheric response in at least two forms, including a local atmospheric
boundary layer response (e.g., Small et al. 2008) and a non-local response influencing the path
and activity along the mid-latitude storm tracks (e.g., Chang et al. 2002; Brayshaw et al. 2011;
Booth et al. 2012).
It is currently an open question how air-sea interactions mediated by ocean mesoscale variability
impacts Earth’s large-scale climate. This includes frontal-scale processes associated with western
boundary currents in addition to distinct ocean eddies. While air-sea coupling is known to affect
the local atmosphere through a boundary layer adjustment mechanism (Xie 2004; Minobe et al.
2008; Tokinaga et al. 2009; Frenger et al. 2013), others have also shown that the mesoscale and
frontal-scale air-sea coupling modifies mid-latitude storm tracks (Nakamura et al. 2008; Booth et
al. 2012; Small et al. 2014; Ma et al. 2015; O'Reilly et al. 2016a,b; Wills et al. 2016). To
complicate matters, storms confined to the mid-latitude storm track, which overlies the western
boundary currents and Southern Ocean fronts (e.g., Nakamura et al. 2004), strongly affect timemean winds and pressure fields throughout the troposphere (O’Neill et al. 2015, 2017; Parfitt and
Czaja 2016; Parfitt and Seo 2018). The colocation of the mid-latitude storm tracks with the
strongest SST gradients confounds isolation of local air-sea interaction processes in time-mean
satellite and model data (O’Neill et al. 2017, 2018; Parfitt and Seo 2018). A necessary path
forward is to separate storm-related variability acting along SST frontal zones from the local
SST-induced boundary layer response of interest here (Parfitt and Seo 2018). In the tropics,
mesoscale coupled processes have been suggested to influence the organized convection (e.g., Li
and Carbone 2012) and affect the Indian monsoon wind and rainfall (Seo 2017). Others have
examined the effect of air-sea coupling on the energetics of the ocean circulation (e.g., Spall
2007; Hogg et al. 2009; Jin et al. 2009; Ma et al. 2016; Seo et al. 2007; 2016; Renault et al.
2016ab; 2017, 2018) and ocean biogeochemical processes (Chelton et al. 2011; Gaube et al.
2013; McGillicuddy 2016).
Mesoscale SST variability and large-scale SST fronts associated with western boundary currents
strongly affect the distribution of precipitation in mid-latitudes (e.g., Minobe et al. 2008; Frenger
et al. 2013; O’Neill et al. 2015; Ma et al. 2016; Pendergrass and Deser 2017). Understanding the
nature of coupled air-sea processes driven by SST variability is thus important for understanding
the hydrologic cycle, and for understanding how climate change will affect terrestrial freshwater
distributions.
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Essentially, current evidence suggests that the mean large-scale circulation of the atmosphere
and ocean depends on accurate specification of air-sea coupling processes occurring on the
oceanic mesoscales. It is thus important to resolve these interactions in weather and climate
models and in satellite and in situ observations, and to more completely understand the physics
governing the coupling.
Local mesoscale air-sea coupling is often diagnosed using a satellite-based empirical relation
(Chelton et al. 2004; O’Neill et al. 2003, 2010a, 2012; Chelton and Xie 2010), which shows a
linear proportionality between the spatial derivative of wind (curl and divergence) and that of
SSTs. This has been a common and powerful metric to evaluate the air-sea coupling from
numerical models (Small et al. 2008), although it includes contributions from broad scales that
are represented in high-pass filtered inputs fields. An alternative diagnostic approach, such as
that based on cross-spectral analysis (O’Neill et al. 2012; Bishop et al. 2017; Laurindo et al.
2018), could provide additional insights into understanding of air-sea interactions over a range of
scales in satellite data, which then can be used to evaluate the numerical models.
One of the critical challenges that the community faces is a lack of detailed sustained in situ
measurements that resolve the coupled boundary layer processes at small spatial/temporal scales.
This has led the research community to rely heavily on numerical model simulations to infer the
consequences of the mesoscale and frontal-scale air-sea coupling on the larger-scale atmospheric
and oceanic circulation. However, due to the diverse nature of the complexity and hierarchy of
the models ranging from idealized models (Spall 2007; Feliks et al. 2004; O’Neill et al. 2010b,
2017; Kilpatrick 2014, 2016; Schneider and Qiu 2015) to state-of-the-art coupled climate models
(Roberts et al. 2009; Bryan et al. 2010), it is difficult to synthesize the existing results for robust
conclusion on the effect of air-sea coupling across multiple scales.
The purpose of this Working Group (WG) is to establish, through community efforts, the
dynamical and statistical diagnostic frameworks to interpret the coupled air-sea interactions over
multiple spatial and temporal scales using satellite data and high-resolution numerical models.
This WG is expected to play a central role in identifying where the community consensus lies on
key uncertainties and directions forward.
The topic of the current WG proposal has been widely popular, attracting interests from a broad
range of research communities. The ocean-atmosphere interaction over the western boundary
currents (WBC) and its link to decadal and longer timescale predictability of the climate system
has been first discussed in the WBC Workshop in Phoenix in 2009 (https://usclivar.org/workinggroups/western-boundary-current/meetings), sponsored by the US CLIVAR WBC WG.
The community gathered again in Boulder in 2013 for a workshop entitled “Climate Implications
of Frontal Scale Air-Sea Interaction” (http://www.cgd.ucar.edu/events/fsasi-workshop/), which
brought together experts in physical oceanography and atmospheric sciences. Three key focus
areas resulted from the deliberations, including: (1) describing the current state of research on the
physics governing the boundary layer-SST coupling on oceanic mesoscales; (2) recognizing the
importance of the feedback of the atmospheric response onto the ocean; and (3) the need to
improve air-sea heat and momentum flux datasets. The community efforts since then have been
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fruitful, leading to a highly successful AMS Special Collection on these efforts
(http://journals.ametsoc.org/topic/frontal_scale_air-sea).
The third workshop "Ocean Mesoscale Eddy Interactions with the Atmosphere” supported by the
US CLIVAR was held in Portland in 2018 (https://usclivar.org/meetings/ocean-mesoscale-eddyworkshop), several action items were formulated such as to develop plans for a new coordinated
analysis of satellite products and modeling experiments.
Our proposed WG will capitalize on the outcomes and action items from these previous
workshops and serve as a primary means to efficiently provide continued momentum for
coordinated studies on air-sea interaction across the multiple disciplines engaging major
modeling centers and satellite and observational communities. The results from the WG effort
will be used to guide in situ observational strategies and to foster coordinated process-modeling
and high-resolution modeling efforts (e.g., Haarsma et al. 2016) and coherent analysis strategies
to identify areas for challenges and requirements at the small spatial scales.
2. Objectives, Tasks, Timeline
(a) Objectives
The overarching mission/theme of the WG is to establish protocols for a diagnostic framework
and coordinated modeling activity to study the air-sea interaction at multiple spatial scales. The
main objectives of the WG are summarized as follows:
Objective #1: Identify available satellite and in situ observational datasets suitable to study airsea interaction at spatial scales commensurate with the WG objectives, focusing on
western boundary currents and mesoscale eddies. Provide guidance on diagnostic metrics,
statistical methods, and dynamical frameworks to quantify the air-sea coupling over
multiple space/time-scales, including possible separation of local effects from storm
variability. Coordinate with data providers to obtain up-to-date datasets at the highest
possible spatial and temporal scales available.
Objective #2: Coordinate the identification and collection of existing high-resolution climate
model outputs from the national and international modeling centers and the planned
simulations from HiRES-MIP, including PRIMAVERA for the WG and community.
Compare the air-sea coupling between different model frameworks with observations
using a standard set of robust metrics and diagnostics, particularly those which can be
quantified from observations prepared in Objective #1. Provide results of this information
to the modeling centers to guide improvements in modeling frameworks, including
summary statistics.
Objective #3: Coordinate efforts to diagnose the feedbacks of the air-sea coupling onto ocean
dynamics, the large-scale atmospheric circulation, and the hydrologic cycle (precipitation
and evaporation).
Objective #4: Identify opportunities to advance understanding through future field experiments,
coordinated modeling studies, in situ observational strategies, and satellite remote
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sensing. Where possible, we will endeavor to identify observational priorities and
opportunities from a range of observing systems to improve understanding of air-sea
coupling processes.
(b) Proposed specific tasks
1) Review the findings from existing studies and evaluate the robustness of the methodology
and diagnostic metrics to identify uncertainties and gaps in our understanding.
2) Collect existing satellite data and high-resolution climate model outputs and make them
available to the community in a convenient and uniform format (e.g., NetCDF). Provide
documentation and metadata.
3) Construct the common metrics to diagnose air-sea coupling at multiple-scales along western
boundary currents and ocean eddies to be applied to satellite data and existing model outputs.
4) Establish common modeling frameworks focusing on the western boundary current regions
and the Southern Ocean.
5) Apply the metrics to models and conduct preliminary analysis, leveraging currently funded
projects.
6) Identify observational priorities and observational system coverage suitable for evaluating
and forcing model simulations, particularly the accuracy and resolution limitations of SST
and air-sea flux observations.
7) Identify and compare current state-of-the-art flux parameterizations used in climate models
and satellite-based surface flux analyses.
8) Examine the impacts of air-sea interaction on the predictability of large-scale weather
patterns on subseasonal-to-seasonal (S2S) timescales.
(c) Timeline:
Year 1: WG team building, synthesize and review the current understanding and available
datasets. Write a review paper (in J. Climate). Convene an AGU session that reviews current
understanding of air-sea coupling at small-scales. Host a session at the CLIVAR Summit and
WG annual meeting.
Year 2: Construct the common diagnostic, statistical, and theoretical metrics. Write a paper on
the metrics (in BAMS). Establish a common modeling framework and conduct preliminary
experiments applying the common metrics. Convene a session on this topic at AGU or Ocean
Sciences Meeting.
Year 3: Complete the modeling runs and analyses and submit a second synthesis paper (J.
Climate). Convene an AGU session on the mesoscale air-sea coupling. Host a community
workshop synthesizing the results and plan for future focus. Prepare a final report of the WG
activities and findings to US CLIVAR and its Panels.
3. Publications and Outreach
After each annual WG meeting, a review article will be published that documents the progress
and remaining challenges. Various WG members will take the lead to write CLIVAR Exchange
and US CLIVAR Variations articles regarding the progress of each of the sub-topics. A
community workshop will be organized in Year 3.
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4. Reporting Plan
The objectives and work plans of the proposed WG are highly relevant to the science goals of
US CLIVAR. “High-resolution climate modeling and role of ocean eddies in ocean dynamics,
air-sea interaction and BCG processes” is currently one of the long-term priorities for the US
CLIVAR PSMI Panel. Similar aspects are relevant to other PPAI and POS Panel, in terms of
coordinating the field campaigns and evaluating the impact on predictability, respectively.
Several members of the PSMI Panel are supportive of the idea of our proposed WG, and we will
coordinate closely with all three panels for the progress report and continuously seek for their
feedback. The WG progress will be reported annually to inform the US CLIVAR Summit and
other individual panel activities. Our WG will also work with others organizing the May 2019
Workshop on Atmospheric Convection and Air-Sea Interactions over the Tropical Oceans, the
Width of Tropical Belt WG, and the US AMOC Science Team for possible coordination, as
mesoscale and frontal-scale air-sea interaction are key processes in these activities.
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5. Leadership and Confirmed Membership
Larry O'Neill (OSU) and Hyodae Seo (WHOI) will serve as co-chairs of the WG and will be
responsible for development and coordination of the proposed efforts. The following WG
members were chosen based on their relevant expertise, geographical distribution, gender, career
stages, and diversity.
Domestic Membership
Member

Affiliation

(1) Hyodae Seo (Co-Chair)

WHOI

(2) Larry O’Neill (Co-Chair)

Oregon St. Univ.

(3) Angeline Pendergrass

NCAR

(4) Baylor Fox-Kemper

Brown Univ.

(5) Ben Kirtman

Univ. of Miami

(6) Jim Edson

WHOI

(7) Justin Small

NCAR

(8) Kyla Drushka

Univ. of Wash.-APL

(9) Mark Bourassa

Florida St. Univ.

(10) Niklas Schneider

Univ. of Hawaii

(11) Qing Wang

Naval Post. School

(12) Sarah Gille

SIO

International Membership
Member

Affiliation

(1) Arnaud Czaja

Imperial College, UK

(2) Ad Stoffelen

KNMI, Netherlands

(3) Ivy Frenger

GEOMAR, Germany

(4) Lionel Renault

IRD, France

(5) Malcolm Roberts

UK Met Office, UK

(6) Shoshiro Minobe

Hokkaido Univ., Japan

6. Resource Requirements
 Bi-monthly teleconference support
 Travel support: two annual WG meetings (one in conjunction with the 2020 Ocean
Sciences meeting and the other before/after the AMS Conference on Air-sea Interaction)
 Page charges for three publications (review papers in BAMS, J. Climate)
 Organizational support for a 50-participant 1.5 day workshop during 2021, location TBD.
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