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Executive Summary1

The 2017 US CLIVAR Summit brought together the members of the Scientific Steering 
Committee and its three implementation Panels, agency managers, and invited speakers to 

review progress, identify opportunities, and develop strategies to advance program goals under 
the direction of the Science Plan. Over 80 participants gathered for three days of plenary and 
breakout presentations and discussion. 

Two special science sessions were useful to highlight topics of emerging research — one on 
climate teleconnections and the other on polar sea ice and ocean interactions. These were 
broadcast and recorded for community members not attending the Summit. Another plenary 
session on data assimilation and reanalysis stemmed from a growing need identified among all 
three Panels to better understand issues of coupled data assimilation efforts. Participants also 
heard about overall program direction, updated international program goals, and agency interests 
and opportunities. 

The majority of the Summit was dedicated to Panel breakout sessions, including joint discussions 
on topics with overlapping interest. These fruitful discussions mapped plans for action that the 
Panels will implement in the years ahead, allowing for changes as the work progresses. Here is a 
compiled list of the Panel action items that were identified at the Summit. 

Phenomena, Observations, and Synthesis (POS) Action Items

•	 Draft a workshop proposal for a multi-disciplinary workshop on coastal sea level in the 
Southeast US 

•	 Host a POS panel 50/50 webinar series and have at least 50% of the participants be early 
career scientists  

•	 Explore the establishment of a NSF Research Coordination Network (RCN) on ecological 
forecasts along the US West Coast 

•	 Reach out to OceanObs’19 for developing a white paper and serving on the planning 
committee

•	 Submit comments to the Indian Ocean Observing System (IndOOS) review 
•	 Provide input to the Tropical Atlantic Observing System (TAOS) review
•	 Organize a US GO-SHIP review  
•	 Organize a data sharing town hall 
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•	 Organize a small meeting on uncertainty metrics an AGU-type meeting
•	 Review efforts to measure air-sea fluxes
•	 Connect with the data assimilation/coupled data assimilation community
•	 Reassess and propose a revised version of the Arctic Ocean Working Group proposal
•	 Nominate an early career scientist working on observations and synthesis topics for a 

scientific award

Process Studies and Model Improvement (PSMI) Action Items

•	 Gather more information on the process studies identified during the Summit discussions 
and choose projects to review in the next year

•	 Follow up with SPARC to investigate a possible webinar or joint Variations issue based on 
the stratosphere session

•	 Consider developing a best-practices white paper on data and products management and 
sharing

•	 Establish a “PSMIP Corner” in Variations to highlight a recent webinar and lessons 
learned

•	 Follow up with programs/field campaings that held webinars in the past such as Calwater2, 
ORACLES, MAGIC and ACAPEX. Leads will create and manage a timeline of process studies 
to be able to engage during different parts of their study

•	 Seek process studies for webinars that are focused on processes impacting the decadal 
timescales and AMOC

•	 Propose a TPOS2020 workshop to facilitate TPOS communication with modeling and 
atmospheric communities and OSSE planning

•	 Emphasize and encourage exploration of high-resolution modeling when evaluating 
process studies in future webinars, especially in the Southern Ocean and western 
boundary current regions

Predictability, Predictions, and Applications Interface (PPAI) Action Items

•	 Develop a workshop proposal around global S2S modeling
•	 Explore the potential for a series of articles on the communication of climate model 

outputs that include both climate information communication specialists and climate 
model experts

•	 Analyze modeling outcomes from the Arctic Mid-latitude Working Group for a linkage to 
extreme events 

•	 Coordinate with PSMI on decadal variabilty and explore and encourage the use of high-
resolution modeling in process study webinars

•	 Propose a Variations edition on forecast uncertainty, specifically focused for the climate 
science community

Prior to the Summit, three webinars — presenting updates on progress of the US AMOC Science 
Team and Working Groups on Arctic-midlatitude interactions and on the widening of the tropical 
belt — were held to inform the panel discussions. 

https://usclivar.org/meetings/2017-us-clivar-pre-summit-webinars
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Presentations from the plenary and breakout sessions are available on the 2017 Summit agenda 
webpage, along with recordings of the special science sessions.

The Scientific Steering Committee met after the Summit to discuss the outcomes, make 
recommendations, and decide on next steps. The Scientific Steering Committee in collaboration 
with the Project Office brainstormed ideas for celebrating the 20th anniversary of US CLIVAR in 
2018. 

For future Summits and Panel activities, the SSC recommends:
•	 Identifying Panel sessions/themes prior to the SSC in-person meeting held in winter/

spring
•	 Identifying a lead to oversee the recommendations and action items through each of the 

Panel breakouts
•	 Scheduling a high-level plenary talk toward the end of the meeting so that the Panel co-

chairs have time to synthesize and create summaries for the wrap-up session
•	 Developing a template for rapporteurs to ensure consistency (template should include key 

discussion points, recommendations, proposed actions)
•	 Co-chairs taking a more active role in overseeing the speakers/sessions for their 

breakouts
•	 Nominating Panel members who have served more than a year on the panel for the co-

chair position, so they have good exposure to how panel operates
•	 Providing mentorship for incoming panel co-chair (role of outgoing co-chair, Executive 

Committee, and Director)

https://usclivar.org/meetings/2017-us-clivar-summit-agenda
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Plenary Session Summaries2

Special session: Advances & challenges in understanding & predicting climate 
teleconnections

Building on discussions from previous meetings and workshops, a session on understanding and 
predicting climate teleconnections was developed to address the following questions.

•	 Which observations and modeling approaches are required to establish robust relationship 
between teleconnection dynamics and changes in mean state (e.g., decadal and climate 
change)?

•	 How predictable are the impacts of teleconnections (e.g., ENSO) on regional and coastal 
systems (e.g., extreme events, droughts, marine heatwaves)? Are these impacts being 
influenced by global climate change?

•	 Which approaches and methods are best suited to diagnose teleconnection dynamics and 
impacts in climate models, and perform comparisons to observations?

Analysis of paleo climate data and global climate model simulations demonstrates links between 
low-frequency changes in the high-latitude Atlantic and tropical ENSO variability. This work 
provides an example how this data can be used to test current hypotheses on teleconnections. 
When looking at regional variability in global teleconnections, such as the 2015–16 California 
drought, regional processes play an important role. In the drought example, variations or climatic 
changes to regional processes can lead to non-stationarity in regional teleconnections, even if the 
teleconnection itself is well predicted. 

When looking at the causes of oceanic heat waves along the US West Coast, a “response function” 
type of approach has been used to diagnose optimal forcing patterns for remote teleconnections. 
Meridional mode-type patterns play an important role in preconditioning the local oceanic 
teleconnections, as well as leading to large-scale conditions that reinforce the local conditions. To 
quantify uncertainty of teleconnections in climate model simulations, model archives, including 
multi-model and large ensembles, have demonstrated their utility in evaluating variability of 
simulated (and by extension, predicted) teleconnections.
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The session 
demonstrated the 
value of a wide range 
of tools and analyses 
in evaluating simulated 
and predicted 
teleconnections. The 
comparison between 
multi-model ensembles 
and large ensemble 
simulations is an 
increasingly useful 
method for evaluating 
model bias and 
internal variability. 
The latter (internal 
variability) is difficult 
to communicate in 
a forecast, and the 
probabilistic nature 
of teleconnection 
forecasts is still under-
appreciated. Finally, 
studies of regional 
processes — especially 
land surface processes 
— are useful to better 
understand the 
regional variability in 
teleconnections .

Special session: Polar sea ice & ocean interactions

Four presentations outlined recent progress in measuring, modeling, and understanding sea ice 
variability in the Arctic and Antarctic and the interactions between sea ice and the ocean. The 
recent changes in Arctic sea ice include reductions in the extent in all seasons, reductions in multi-
year ice, and increased seasonality in sea ice cover. In the Arctic, the ocean circulation influences 
the regional distribution of sea ice, deforms the ice, influencing the ice thickness, and exports sea 
ice and freshwater into the North Atlantic, where the resultant changes in surface stratification 
can impact the Atlantic meridional overturning circulation. The Arctic Ocean circulation changes 
are, in turn, tied to the atmospheric Arctic Oscillation. In the Antarctic, a recent slight increasing 
trend in sea ice cover was abruptly terminated with record low sea ice cover in the 2016–17 
austral summer. Brine rejection during Antarctic sea ice formation causes the salinification 
of coastal waters necessary to generate the dense water that feeds the deep branch of the 
meridional overturning circulation, while the northward export of sea ice provides freshwater 
input necessary for the upper branch of the overturning circulation. Changes in sea ice and its 
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Teleconnections and predictability sources example: California drought. Recent 
evidence suggests that changes in the teleconnections may be key for understanding 
changes in extremes over North America, such as the recent California drought and 
flooding. Different pathways can overlap to amplify regional systems (i.e., ridge) 
from different forcing sources as delineated in this figure. The signal strengths of 
global warming (star) and subseasonal-to-seasonal (S2S) predictability are shown as a 
“rating.” Created by Simon Wang
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export can, therefore, influence the overturning circulation in both hemispheres. In addition to 
lateral transports, vertical ocean heat transport may influence sea ice.

A key quantity for which better measurements are needed is ice thickness, which is currently 
estimated from the free-board measurement of ice using poorly constrained assumptions about 
snow depth. Ground truth measurements of snow depth are also needed. Better knowledge of ice 
thickness would provide more accurate information on the age, deformation, and export of ice, 
and improve initialization of sea ice forecasting models.

The relative role of atmosphere and ocean fluxes in causing sea ice anomalies is still unclear. 
Current coupled models suggest that, depending on the model, low sea ice anomalies could result 
from transports of heat by the atmosphere or ocean, or from radiation anomalies. However, 
observations suggest that fluctuations in the lateral transports dominate over those in radiation.

Models have difficulties reproducing the geographic distribution of ice thickness and the sensitivity 
of ice extent changes to anthropogenic CO2 forcing. Improvements in the representation of 
the physics of sea ice are needed and are a goal of the Sea Ice Model Intercomparison Project. 
Representation of the role of oceanic stratification changes and cloud and albedo feedbacks are 
additional candidates for improvement. Forecasts of seasonal sea ice variability are hindered by a 
lack of ice thickness and oceanic information at initialization, as well as the unpredictable nature 
of summer weather patterns. 

Plenary session: Data assimilation & reanalysis 

With Earth observing networks becoming more integrated across different disciplines, it 
is becoming increasingly more important to identify and address issues arising from the 
development of coupled data assimilation (CDA) efforts. This plenary session focused on the 
emerging requirements for observations, modeling, and assimilation relevant to CDA. Using 
observations from one domain of the Earth system to constrain the state estimate of another 
domain (e.g., ocean vs. atmosphere and vice versa) is important in the context of CDA. The session 
discussed a list of recommendations from a community white paper to the World Meteorological 
Organization (WMO) entitled “Coupled Data Assimilation for Integrated Earth System Analysis and 
Prediction: Goals, Challenges and Recommendations.” 

The main recommendations regarding the observing network include (i) standardizing the 
observing network for all Earth system domains to meet the timeliness and quality control 
requirements of numerical weather prediction systems and (ii) identifying observing system gaps 
that are essential for constraining CDA, especially cross-domain fluxes, co-located observations, 
and deep-sea and under-ice observations. Cross-domain fluxes include air-sea, air-land, air-ice, 
air-wave, ice-sea, land-sea interfaces. These traditionally under-observed fields reflect gaps in 
the observing system that are critical to CDA. The discussion also recognized that the exchanges 
between the ocean and sea ice are extremely difficult to observe at broad scales. Therefore, 
improving the measurements of sea ice properties (e.g., seasonal ice thickness) and ocean 
properties (e.g., salinity) in marginal ice zones are particularly important to constraining ocean-sea 
ice coupled models. Such measurements currently have large uncertainties, reflecting gaps in the 
observing system.

http://www.climate-cryosphere.org/activities/targeted/simip
https://www.wmo.int/pages/prog/arep/wwrp/new/documents/Final_WWRP_2017_3_27_July.pdf
https://www.wmo.int/pages/prog/arep/wwrp/new/documents/Final_WWRP_2017_3_27_July.pdf
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The main recommendations for modeling and assimilation include (i) promoting improved 
representation of model uncertainty in the coupled forecast system and (ii) increasing the 
knowledge on how to best represent evolving errors, especially for ocean, sea ice, and land 
where the related understanding is not as advanced as that for the atmosphere. The limitations 
in coupled models (e.g., weaknesses at model interfaces, model biases) are limiting the impacts 
of observations on all domains through CDA. Proper representation of cross-domain error 
covariance is critical to the skill of reanalysis systems. 

Another issue is the lack of 
effectiveness for constraining 
state estimation using 
sparsely distributed, fixed-
point time series station data 
(e.g., from moorings). The 
inadequacy in accounting for 
spatial error covariance in the 
far field renders the impacts 
of the mooring observations 
too localized, thus relying 
on a distributed cluster of 
moorings to increase the 
impacts on CDA. The resultant 
state estimates are subject 
to spurious gradients around 
mooring locations and can 
induce artificial signals in the 
system immediately outside 
the mooring band. This issue 
raises the importance of 
improving error covariance 
estimates in data assimilation.

The session also emphasized 
the importance of close 
collaborations among 
researchers engaging in 
CDA with observationalists 
and modelers, including on 
the studies of coupled Earth 
system processes relevant to 
CDA.

The merits of strongly coupled data assimilation (SCDA) versus weakly 
coupled data assimilation (WCDA). Assimilating ocean observations into 
the atmosphere (top) and atmosphere observations into the ocean (bottom), 
using strongly minus weakly coupled data assimilation RMSE (root-mean-
square error) of zonal wind at lowest model level, shows improvements in 
the analysis of observing system simulation experiments (OSSE; blue means 
improvement). Credit Travis Sluka 2016.

http://www.meteo.fr/cic/meetings/2016/CDAW2016/presentations/3_1.pdf
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Plenary: International CLIVAR and agency manager engagement

US CLIVAR’s engagement with International CLIVAR is an ongoing collaboration and high priority 
for the program. A new regional panel for International CLIVAR on the Northern Oceans will focus 
on coordinating and facilitating activities in the Arctic region with a focus on the coupled ocean-
air-ice interactions in the climate system. US representation on this panel will be important for 
aligning current and past US activities and outcomes from working groups and workshops. The 
international program also addressed the following areas for future research needs: regional 
climate information and seamless predictions across timescales, understanding and addressing 
climate uncertainty, global and regional mechanisms of climate variability and change, and 
establishing a multi-scale approach and awareness to climate science, mitigation, and adaptation. 
International CLIVAR will be releasing their next Science Plan in late 2017 or early 2018 that will 
focus on research priorities for the next 20 years. 

NASA, NOAA, NSF, and the Department of Energy — the funding agencies for US CLIVAR — 
presented highlights of program activities that support the CLIVAR community, priority areas of 
research or direction, and funding opportunities. NASA is currently operating various satellite 
missions, research teams, and process studies (such as Oceans Melting Greenland and Salinity 
Processes in the Upper ocean Regional Studies) of relevance to the climate and ocean science 
community. In the annual NASA ROSES call for funding, the Physical Oceanography program 
uses US CLIVAR as a primary resource for proposers. NOAA’s Climate Program Office showcased 
process studies, modeling efforts, and sustained ocean observations as recent activities that 
support US CLIVAR’s research priorities. NOAA also gave specific ways that US CLIVAR can engage 
including coordinating the community on the needs, advancements, and gaps for research; 
helping coordinate interagency response to community research initiatives; and linking US 
research to international research initiatives. NSF suggested ways that US CLIVAR can provide 
value such as providing feedback on long-range scientific priorities, representing the broader 
climate research community, promoting activities such as availability of tools and datasets, and 
serving as a venue for community input to large field campaigns. DOE priorities relevant to US 
CLIVAR include the development of high-resolution and coupled models designed to solve energy-
relevant science questions involving climate variability, water cycle, water availability, cloud 
processes, high-latitude feedbacks, extremes, sea level rise, ice sheets, coastal science, and carbon 
cycling.
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POS Panel Summary3

The POS Panel breakout sessions included panel business along with thematic sessions on 
teleconnections, sea level rise, high-latitude circulation, ocean-sea ice interface, Atlantic 

meridional overturning circulation (AMOC), and the health of the climate observing system. 
The Panel has identified four priority areas that are the focus for short term (2-3 years) and longer 
term activities.  

1. Entrain members of the coastal ocean observing systems and Long-term Ecological Research 
(LTER) communities into US CLIVAR 

Regional organizations and communities (e.g., IOOS, LTER) could be utilized to jointly study 
the interaction between large-scale and coastal-scale climate. Trans-interdisciplinary studies 
of climate signals are important for coastal assessments and predictions, such as sea level 
(e.g., US East Coast) and marine ecosystem dynamics (e.g., US West Coast). (short term)

2. Engage in the planning and review of existing and new observing systems
This includes (i) requesting the use of quantitative approaches and methods to design 
observing networks (e.g., coupled and uncoupled data assimilation) and to characterize 
uncertainties in the different components of the observing system, (ii) promoting 
additional/novel types of observations (e.g., air-sea fluxes, isotopic measurements) that 
are critical to constrain coupled multi-scale and multi-systems dynamics (e.g., climate and 
biogeochemistry), (iii) advocating for the health and expansion of the global-scale observing 
system in key regions (e.g., Arctic Ocean, Southern Ocean, subsurface and deep ocean in the 
Pacific and Indian sectors), (iv) leveraging the incorporation of less well-known but long-term 
data streams (e.g., coastal fishery community) into climate data syntheses, and (v) advocating 
for the development of adequate data sharing plans and best practices. (short term) 

3. Coordinate research efforts that use synthesis products and modeling to address grand 
challenges on the dynamics, impacts, and predictability of climate 

Specific focus is given to implementing regional interdisciplinary research approaches, 
diagnosing the large- to regional-scale teleconnection dynamics that couple low- and high-
latitudes, and identifying the physical basis for climate predictability of key processes in the 
atmosphere (e.g., drought, jet stream), ocean (e.g., marine heatwaves, subsurface decadal 
variability), and ecological systems (e.g., hypoxia, acidification, harmful algal blooms). (longer 
term)

https://ioos.noaa.gov/about/regional-associations/
https://lternet.edu/
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Action Items 

Below are the POS Panel action items with assignments to one or more members of the panel. 
This list may change during the year 2017-2018, and some will carry over into the next year. The 
action items identified below are related to specific priorities.

1. Draft a workshop proposal for a multi-disciplinary workshop on coastal sea level in the 
Southeast US 
•	 Review case studies on the development of coastal sea level resilience plans conducted 

through the NOAA Sea Grant Program (Mona Behl) and the NOAA US Climate Resilience 
Toolkit, and draft a workshop proposal to examine the impacts of climate variability and 
change on the physical, biological, chemical, and human dimensions of coastal sea level 
and flooding.  (Priority 1; Manu, Alison) 

2. Host a POS panel 50/50 webinar series on topics of interest and have at least 50% of the 
participants be early career scientists.  This will increase the efficiency of the POS Panel 
between annual meetings and allow for more discussion time annual meetings.  
Proposed topics include:
•	 Examine the observational link between AMOC and coastal sea level, and conduct a 

webinar that involves both natural and social scientists to explore the potential use of 
these links for regional sea level forecasting. (Priority 1; Shane)
Report on the outcomes of the Coastal & Estuarine Research Federation (CERF) 
conference, and learn about current climate-related activities ongoing in the coastal 
observing community (e.g., modeling, observational syntheses, climate prediction). 
(Priority 1; Alison, Manu, Shane, Aneesh)

•	 Explore existing and new observing networks and hear from scientists involved 
developing novel types of observations. (Priority 2; Alison, Manu)

•	 Inform the POS Panel on data streams and uncertainties; for example from the 
International Quality Controlled Ocean Database (IQuOD), Earth Cube, CLIVAR & Carbon 
Hydrographic Data Office (CCHDO), Biological & Chemical Data Management Office 
(BCO-DMO). (Priority 2; Alison, Kyla)

3. Explore the establishment of a NSF Research Coordination Network (RCN) on ecological 
forecasts along the US West Coast
•	 Support ongoing efforts on the climate ecological forecasts along the US West Coast 

(e.g., NOAA MAPP, Joint PICES/CLIVAR Working Group on Climate & Ecosystem 
Predictability) and help coordinate key activities within the coastal observing systems 
and NSF LTERs (e.g., follow-up on the US CLIVAR ENSO Ecosystem Forecast Workshop). 
(Priority 1 and 3; Manu, Aneesh) 

4. Reach out to OceanObs’19 for developing a white paper and serving on the planning 
committee
•	 Reach out to OceanObs’19 organizers to understand the plans and scope of white 

papers to determine how the POS Panel can contribute, particularly as regards the 
status of the climate observing system. (Priority 2; Alison, Kyla, Tony, Fred)  
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5. Submit comments to the Indian Ocean Observing System (IndOOS) review
•	 Comment as a panel on the IndOOS review during the public comment period Oct-Nov 

2017. (Priority 2; Kyla) 

6. Provide input to the Tropical Atlantic Observing System (TAOS) review
•	 Participate in the TAOS review at the CLIVAR Atlantic Panel meeting preceding Ocean 

Sciences in February 2018. Comment as a Panel on the TAOS review during the 
appropriate time. (Priority 2; Renellys) 

7. Organize a US GO-SHIP review  
•	 Organize external review of US GO-SHIP jointly with the US OCB program. (Priority 2; 

Fred, Mike)  

8. Organize a data sharing town hall 
•	 Promote strategies for developing a data sharing plan for privatized data sets of 

essential climate variables by organizing a town hall or small workshop. (Priority 2; 
Yolande, Alison) 

9. Organize a small meeting on uncertainty metrics an AGU-type meeting
•	 Engage with the community to decide the most useful format for characterizing the 

uncertainty in the components of the climate observing system (e.g., journal article) 
and initiate a broader community engagement (e.g., break-out session at AGU-type 
meetings). (Priority 2; Kyla, Shane, Yolande) 

10. Review efforts to measure air-sea fluxes
•	 Explore, if possible jointly with CLIVAR GSOP and GEWEX SeaFlux, the status and needs 

for measuring air-sea fluxes globally, and develop recommendations for additional flux 
measurements within the global ocean observing system. (Priority 2; Sam, Yolande, 
Aneesh) 

11. Connect with the data assimilation/coupled data assimilation community
•	 Reach out to DA/CDA community to explore the use of assimilated data sets to develop 

OSSE-like information relevant for the design of observing networks. (Priority 2; Sam, 
Aneesh, Alison)  

12. Reassess and propose a revised version of the Arctic Ocean Working Group proposal
•	 Engage with new international CLIVAR Northern Oceans Panel to facilitate research and 

observations of the Arctic. Possibly propose a revised version of the POS Panel Arctic 
Working Group prospectus. (Priority 3; Jamie, Fred)  

13. Nominate an early career scientist working on observations and synthesis topics for a 
scientific award 
•	 Nominate an ECS for an AGU or AMS award. (Alison, Manu)
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Highlights 

PSMI/POS joint session: High latitudes 
See PSMI section for summary

PSMI/POS joint session: AMOC 
See PSMI section for summary

Advances and challenges in the understanding and predictability of climate teleconnections
Following the plenary session on climate teleconnections, the POS Panel reviewed and discussed 
whether current observations are sufficient to constrain the teleconnections dynamics in a 
changing climate, given recent evidence suggesting that changes in teleconnections may be key 
for understanding changes in extremes over North America (e.g., droughts, marine and land 
heatwaves). However, the ability to investigate the changing nature of teleconnections with 
models is problematic. Climate models seem to disagree on the response of teleconnections to 
anthropogenic forcing. For example, model projections are inconsistent in predicting the changes 
of the El Niño-Southern Oscillation (ENSO) teleconnection strength from the tropics to the extra-
tropics (e.g., weaker in the GFDL model and stronger in CESM). Different models may also energize 
ENSO (and other climate modes) variance through different pathways. These inconsistencies 
require the development of better diagnostics of the mechanisms that energize the variance 
of key modes of the climate system (e.g., ENSO, meridional modes) that drive teleconnection 
dynamics across latitudes and oceanic basins. These diagnostics need to move beyond “pattern 
matching” to implement “low-order” diagnostic models that capture the mechanisms energizing 
the modes in the climate models without necessarily matching the observed patterns. These 
low-order models can be used to identify the stochastic forcing patterns (e.g., precursors) of 
ENSO in different models and of the type of feedback they activate, ultimately providing a more 
mechanistic-based comparison and interpretation of the climate model projections. An example 
of precursors discussed by the Panel is the extra-tropical meridional modes, which should be 
better sampled in the new Tropical Pacific Observing System (TPOS) array. 

Longer observational records from paleo-climate proxies may provide a means to constrain 
teleconnection dynamics under different mean climate states. However, given that proxy 
records are sparse, they cannot be used for direct comparison against models but rather in a 
data assimilative (DA) framework. More research is required to advance the DA techniques for 
climate field reconstruction. In this regard, isotopic-enabled climate models are essential to link 
the models to paleo-proxies. For example, precipitation has been identified as a key variable for 
understanding teleconnection dynamics; however, paleo-proxies that track the hydrological cycle do 
so in different ways than the models. These pathways can be diagnosed mechanistically following 
isotopic tracers. 

While much work is still needed in this direction, it is clear that more quantitative studies that 
(i) combine climate models with paleo-proxies and (ii) implement process-oriented diagnostic 
approaches (e.g., low order models) may prove very useful for understanding the sensitivity of 
teleconnection dynamics to different mean climate states. 
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POS/PPAI joint session: Observational and synthesis requirements for characterizing 
contemporary sea level rise and predictability 
Through the means of observations, modeling, and proxy reconstructions, the science of sea level 
rise is increasingly multidisciplinary, from statistics to paleoclimatology. Sea level science currently 
focuses on closing the contemporary sea level rise budget (with notable recent improvements), 
reducing uncertainties, and understanding the connections between global sea level rise, 
regional sea level rise, extremes, and water on land (including glaciers and ice sheets). To reach 
actionable science status, sea level rise predictions should expand to cover a larger variety of 
scales, from interannual to multi-centennial, under several climate change scenarios, operating 
iteratively between scientists, 
stakeholders, and policymakers. 
Sea level science is made possible 
through the existence of a 
global, but incomplete, multi-
scale observational network of 
environmental variables related 
to sea level. Gaps are being filled, 
notably for the contribution 
of the deep ocean by the pilot 
Deep Argo program. Increased 
observations and modeling of the 
global cryosphere are needed to 
constrain the sea level budget and 
uncertainties. 

Health of the climate observing 
system - Part 1
Part 1 of the heath of the climate 
observing system focused on 
different regions, including the 
tropical observing system, coastal 
observing system, mid-latitude 
(western and eastern boundary 
currents) observing system, and 
polar observing system.  

A vigorous review process 
is underway for the tropical 
observing systems, most notably 
in the Pacific (TPOS2020). The 
tropical moored arrays are 
important for determining 
background fields within which 
process studies can be done. Major 
challenges for the tropical moored 
array are ship time and vandalism.

Sea level anolamies along the US West Coast. The left panels show 
the AVISO+Tide Guage (TG) daily sea level anomaly and geostrophic 
surface velocity (vectors) fields for 25 February 1999 (a) and 10 May 
1999 (b). The middle panels show the original daily AVISO fields. The 
right panels show the difference between the AVISO+TG fields and 
the adjusted AVISO fields. The locations of the tide gauge stations 
(blue dots), the four mooring locations (magenta dots), and the grid 
cell locations (black dots) that were compared to the ADCP data are 
shown. The black line indicates the 200-m isobath. Credit: Risien and 
Strub 2016, Scientific Data. Updated data can be found here.

https://www.nature.com/articles/sdata201613
https://www.nature.com/articles/sdata201613
https://doi.org/10.7267/N9639MWJ
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The US has a healthy set of coastal observations being carried out on a regular basis. However, 
because of the way the coastal observing networks are set up there are major challenges with 
getting different groups to work together. High-resolution coastal models also need to better 
interface with global models and with each other. 

Both eastern and western boundary current systems have challenges. There are several sustained 
western boundary current observing systems in many of the ocean basins. While eastern 
boundary current observing systems are healthy in the US (e.g., CALCOFI), they are almost non-
existent in some ocean basins. Eastern boundary currents have large sea surface temparature 
biases, likely because of model resolution, clouds, and missing physics. Western boundary 
currents are challenging to measure because of high current speeds and small cross-shore scales. 
Atlantic western boundary current arrays fit well with AMOC measurement goals. 

The Arctic observing system is 
rapidly deteriorating due to lack of 
funding complicated by geopolitics. 
Increased use of aircraft-based 
observations is needed as well 
as cooperation with the Russians 
on observations in their exclusive 
economic zone (EEZ). In the 
Southern Ocean, there is effectively 
no observing system for ice-covered 
areas. Argo profiling floats, many 
deployed during the SOCCOM 
project, cover ice-free areas at low 
resolution. Remote sensing is a vital 
tool for observing both polar oceans, 
but in situ measurements are crucial 
for reducing satellite measurement 
uncertainty. 

Health of the climate observing 
system - Part 2 
Part 2 of the health of the climate 
observing system focused 
on a vertical perspective with 
presentations on the atmosphere 
and troposphere/stratosphere 
interactions, air-sea interface, 
surface ocean mixed layer, and 
intermediate and deep ocean.

Many elements of the observing 
system are linked, such that if one 
element degrades it has a negative 
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Measuring the deep ocean. Percentage volume of the global ocean 
sampled for annual estimates of ocean temperature anomalies for 
various depth layers (colored lines) given historical data distributions 
(Lyman and Johnson 2014, J. Climate). The purple vertical bar on the 
right side illustrates the range of percentage volume of the 1950–6000 
m layer (comprising roughly half the global ocean volume) that would 
be sampled with a fully implemented 5° x 5° Deep Argo array of 1226 
floats deployed in waters deeper than 2000 m (c.f. Johnson et al. 
2015, J. Atmospheric and Oceanic Technology). Implementing Deep Argo 
would provide a huge increase in our ability to monitor deep ocean 
temperatures on an annual basis, increasing the fraction of the global 
ocean volume typically sampled in a given year from 20-25% after 
WOCE to likely over 75%. Depth layers correspond to typical sampling 
depths of MBTs (red), shallow XBTs (yellow), deep XBTs (green), 
historical upper ocean shipboard stations and some early Argo floats 
(cyan), current generation Argo floats (blue), and full-depth sampling 
Argo floats (purple).

https://soccom.princeton.edu/
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-12-00752.1
http://journals.ametsoc.org/doi/abs/10.1175/JTECH-D-15-0139.1
http://journals.ametsoc.org/doi/abs/10.1175/JTECH-D-15-0139.1
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impact on the health of other dependent observation networks and, hence, the science being 
done. A recurring theme across the presentations in this session and in the other POS sessions 
was a lack of observations at high-latitudes and on small spatial scales. Better boundary level 
vertical profile measurements in both the atmosphere (for winds, water vapor, and temperature) 
and the ocean (for currents, temperature, and salinity) are needed in order to improve 
understanding and monitoring of coupled air-sea processes. There are several troubling gaps, 
or impending gaps, in some satellite records: specifically discussed were scatterometer winds, 
passive microwave radiometers (SSMI/S series), integrated water vapor transport, and salinity. The 
Deep Argo network is a promising new tool to sample the deep oceans, but funding to complete 
the spatial coverage requirements of a global network is lacking. Finally, it is clear that estimates 
of measurement uncertainty are critical, particularly for satellite data (e.g., as done by the 
Aquarius mission, which releases an uncertainty estimate with each measurement). Measurement 
uncertainty will be the focus of future POS Panel discussions and webinars.
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PSMI Panel Summary4

The PSMI Panel breakout sessions included panel business along with thematic sessions on 
teleconnections, high-latitude circulation, AMOC, Tropical Pacific Observing System 2020 

project (TPOS2020), decadal variability, and the role of stratospheric processes in climate. The 
Panel has identified a number of priority areas that are the focus for short term (2-3 years) and 
longer term (4+ years) activities.

Recent discussions during the Summit and the results from the Translating Process 
Understanding to Improve Climate Models workshop revealed areas which may merit a special 
concern for the PSMI Panel either because of the persistent model biases, process knowledge that 
could be used in improving model parameterizations, the development of new technologies, or an 
importance for the community. 

These areas of special concern include: 
•	 Ensemble prediction and stochastic approach in physical parameterizations, especially 

parameterization of moist convection
•	 Interface processes, such as ocean-ice, atmospheric-ocean, dynamics-chemistry-biology
•	 AMOC modeling challenges, in particular processes in marginal seas
•	 Climate/weather interface
•	 Data assimilation 
•	 New observational capabilities and modification of the observing arrays (e.g., TPOS2020), 

new development of autonomous observations 
•	 New modeling capabilities, especially high-resolution ocean and atmosphere  models 

and the role of ocean eddies in ocean dynamics, air-sea interaction, or biogeochemical 
processes

While the Panel continues to engage the community in a wide range of climate processes, one 
short-term goal will be to focus more attention on the process studies and pilot studies related 
to the design of the new observational array plans for TPOS2020, by  facilitating communication 
between atmosphere and ocean communities and observational and modeling communities. The 
new studies investigating the intraseasonal variability in the tropics (e.g., DYNAMO, YMC, PISTON, 
or MISO-BOB) will add to an understanding of the atmosphere-ocean interaction in this area and 
will be considered. This goal would demand closer collaboration with other US CLIVAR Panels and 
modeling centers. The short- and long-term priorities identifyed by POS and PPAI indicate there is 
a common interests between the Panels that would faciliate this collaboration. 

https://usclivar.org/meetings/translating-process-understanding-improve-climate-models
https://usclivar.org/meetings/translating-process-understanding-improve-climate-models
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Another area of focus for the short term will be consideration of processes important for decadal 
variability and AMOC modeling, such as ice processes in Arctic marginal seas and Nordic Seas 
outflow.

On the long term, PSMI will focus on coupled processes, including interaction with land, 
stratosphere, cryosphere, and biogeochemical processes, for both coupled modeling and coupled 
data assimilation. The new modeling capabilities, such as the role of eddy resolving ocean models 
and high-resolution atmospheric models, will be considered, and the coordination between 
atmospheric and oceanic process studies will be promoted. While including atmospheric and 
ocean components in field programs creates logistics problems (different funding schedules for 
different agencies), recent process studies (e.g., DYNAMO) were able to successfully include both 
components. PSMI will also emphasize the links between process studies, modeling, and data 
assimilation development efforts. Two recent and upcoming US CLIVAR workshops — Ocean 
Carbon Hot Spots and Ocean Mesoscale Eddy Interactions with the Atmosphere — tie into the 
long term focus, and the results from the meetings will be useful in guiding PSMI activities. 

Action Items

Action items related to routine panel business:
1. Gather more information on the process studies identified during the Summit discussions 

and choose projects to review in the next year (Kris, Kristan, Mike) 

2. Follow up with SPARC to investigate a possible webinar and/or joint Variations issue based 
on the stratosphere session (Maria, Kevin) 

3. Consider developing a best-practices white paper on data and products management and 
sharing (Janet w/ POS Panel members: Yolande, Alison, Manu) 

4. Establish a “PSMIP Corner” in Variations to highlight a recent process study/modeling 
webinar and lessons learned (Co-chairs + Kristan) 

5. Follow up with programs/field campaigns that held webinars in the past such as Calwater2, 
ORACLES, MAGIC, and ACAPEX. Leads will create and manage a timeline of process studies 
to be able to engage during different parts of their study (Victoria, Sonya, Mike)

Action items related to special foci
6. Seek process studies for webinars that are focused on processes impacting the decadal 

timescales (e.g., related to AMOC, Pacific Decadal Oscillation, and Southern Ocean 
overturning) (Sonya, Hyodae, Kevin) 

7. Propose a TPOS2020 workshop to facilitate TPOS communication with modeling and 
atmospheric communities and OSSE planning (Kris with POS collaboration) 

8. Emphasize and encourage exploration of high-resolution modeling when evaluating 
process studies in future webinars, especially in the Southern Ocean and western 
boundary current regions (Hyodae)

https://usclivar.org/meetings/ocean-carbon-hot-spots-workshop
https://usclivar.org/meetings/ocean-carbon-hot-spots-workshop
https://usclivar.org/meetings/ocean-mesoscale-eddy-workshop
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Highlights

PSMI/PPAI joint session: Decadal variability 
See PPAI section for summary

PSMI/PPAI joint session: Teleconnections
The PSMI and POS panels jointly held a session to discuss teleconnections in the context of 
Arctic versus tropical impacts on mid-latitude predictability, including changing teleconnections 
in a warming climate. The guiding questions included what are the next steps forward after the 
Arctic-Midlatitude Working Group white paper and which region (Arctic versus tropics) has a 
larger impact on mid-latitude weather. The 2017 Arctic-Midlatitude workshop highlighted the 
scarcity of observations in the Arctic and model deficiencies. It was recognized that there is a 
need for boundary layer measurements focusing on energy fluxes and coordinated modeling 
experiments. In regards to attribution of extremes and linkages to the nonuniform spatial pattern 
of lower tropospheric warming, Panel members recommended exploring these linkages and the 
dynamics involved in studying drought and the adjacent upwelling system. This could include 
engaging with the International CLIVAR Eastern Boundary Upwelling Systems research focus and 
creating synergy with meridional modes research. Climate models could be used to understand 
the persistence between wind and SST (a key model bias) to look at ENSO impacts along the US 
West Coast. In Pacific decadal variability studies, it is important to understand model biases in the 
representation of the meridional modes and improve that representation. 

PSMI/POS joint session: High latitudes  
The discussion during this session was focused on the high-latitude circulations and their role 
in ice sheet variability and polar ocean carbon uptake. An overview of the SOCCOM project 
emphasized the new insight gained by the biogeochemical float observations and difficulties 
in estimating the mean net CO2 fluxes in the regions with large spatial and seasonal variability. 
In particular, there is a large discrepancy between the previous estimates of CO2 uptake in 
Polar regions caused by under-sampling during winter, when the CO2 outgassing of the pre-
industrial carbon caused by wintertime upwelling is observed. It appears that within a few years, 
the accumulation of SOCCOM float data may allow a quantitative re-examination of previously 
established ship-based carbon flux estimates. The Southern Ocean CO2 and other biogeochemical 
variables exhibit significant (multi-) decadal and interannual variability, and they are not uniform. 
Different mechanisms may be at play in different regions, depths, and timescales, including 
the influence of the atmospheric variability — such as changes in the strength of the Southern 
Annular Mode (SAM) and ENSO, SST variability, or circumpolar deep water variability. Estimates 
of the Southern Ocean biogeochemical processes are challenging because of the sparsity of the 
observations and difficulty in fully reproducing the observations in models. One of the important 
modeling challenges is the role of ocean eddies in the Southern Ocean. 

While the SAM influences processes in the Southern Ocean, its Northern Hemisphere counterpart, 
Arctic Oscillation (AO), modifies the circulation in the Arctic Ocean and influences the formation 
and transport. The positive phase of the AO is related to the sea ice divergence and increased 
sea ice and fresh water transport, causing the reduction in sea ice age, thickness, and extent. 
This results in reduction of albedo. The two-way interactions between the ocean, sea ice, and 
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atmosphere — 
including ice-
albedo feedback, 
ice and freshwater 
export to the 
North Atlantic, 
and formation 
and alteration of 
the upper ocean 
stratification — 
have far-reaching 
influences on the 
regional climate 
including sub-
Arctic regions, 
Nordic Seas, and 
feedback on to 
the AO. Therefore, 
improving the 
parameterization 
of the sea ice 
and quantifying 
the importance 
of the ice-albedo 
feedback is crucial 
for understating 
the climate 
variability in this 
region.

PSMI/POS joint session: AMOC 
The growing multi-year AMOC time series demonstrate that the AMOC exists in 4-dimensions, that 
the AMOC's volume, heat, and salt transports have strong linear relationships with each other, 
and that interannual AMOC variability is driven by wind (Ekman) and buoyancy (geostrophic) 
forcing, with the dominant mechanisms varying between the Atlantic gyres. To date, there is no 
clear relationship between time series of the AMOC deep limb and upper limb volume transports, 
and there is not a strong observational link between sea level variations and AMOC variations. 
A coherent relationship has not emerged between the AMOC volume transport time series at 
various latitudes (e.g., seasonality and interannual-to-decadal trends vary at different latitudes). 
This is partially because the time series are still fairly short and because the observational 
networks are measuring different quantities and/or using disparate techniques. Apples-to-apples 
comparisons using similar quantities and techniques show evidence of coherent signals at 
different latitudes, and more of these types of comparisons are needed. 

It remains crucial to improve the mean state in coupled climate models, and specifically to reduce 
the strong SST cold bias in the tropical North Atlantic. Improving the representation of Nordic 
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Ekman layer. Credit Morrison et al. 2015, Physics Today

https://cmi.princeton.edu/bibliography/related_files/Morrison_etal_2015_PhyToday_Southernocean.pdf
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Seas overflows and correcting the mean North Atlantic circulation appear to be key to reducing 
the SST bias. Climate models with a better mean state can more realistically simulate AMOC 
and the linkage between AMOC and key climate indicators, such as the Atlantic multidecadal 
variability (AMV) and the movement of the Intertropical Convergence Zone (ITCZ). However, 
most CMIP5 models have weak AMV and a shallow and weak AMOC. These biases appear to be 
smaller in climate models with isopycnal coordinates compared with z-coordinates. Examining the 
meridional coherence of AMOC in models is complicated by the fact that it is timescale dependent. 
Every model has different timescales of variability, partly because models do not represent 
internal variability well. Increasing model resolution, representation of overflow processes, and 
mean circulation may reduce SST biases, leading to better representation of AMV, ITCZ dynamics, 
and AMOC. In general, observational, and modeling communities agree that consistently applied 
AMOC metrics and fingerprints at a variety of temporal scales are needed for observational and 
model comparisons.

TPOS2020
The discussion during this session focused on recent TPOS2020 activities with the emphasis on the 
pilot studies that would support the project main goals such as (i) to observe/understand ENSO, 
(ii) to support prediction systems, and (iii) to understand physical and biogeochemical variability 
and predictability. The continuity of the existing observations, while taking advantage of the new 
technologies, is an important consideration. In addition, the new array needs to support not only 
the existing prediction systems but also modeling capabilities that will be available in the future, 
such as much higher model resolutions and more sophisticated parameterizations of the links 
between the physical and biogeochemical processes. TPOS2020 issued a report on the planned/
proposed pilot and process studies in late 2016 and will prepare a second report on improving 
modeling and data assimilation and biogeochemical and ecosystem observation in 2018.

While the 2016 report describes a series of proposed studies, the PSMI Panel discussion focused 
mainly on two of the possible process studies — equatorial upwelling and the barrier layer 
formation and effects — as examples of the experiments that could guide the development of 
the backbone array (e.g., sampling or location). At this time, there are no calls for proposals for 
TPOS2020 process studies, but the results of some of the existing or already funded projects 
(e.g., YMC) could contribute to the array design. One of the problems indicated is a limited 
communication with modeling centers and lack of observing system simulation experiments 
(OSSEs). One way the PSMI Panel could assist in TPOS2020 is facilitating connections with 
modeling centers that could conduct experiments assessing the impact of proposed observations. 
As a result of this discussion, PSMI plans to propose a workshop in 2018 that would bring together 
TPOS2020 leads, observationalists, and modelers — including parameterization developers and 
assimilation practitioners — to ensure the most effective design of the next generation tropical 
Pacific observing system. An important impediment was revealed that there is insufficient support 
for communication and interacting between observationalists designing TPOS2020 and modelers/
assimilation experts who will make systematic and operational use of the observing system.

Role of stratospheric processes in climate
The goal of this session was to introduce the PSMI Panel to research on the role stratospheric 
processes in extended weather and climate predictability. The data used in stratosphere analysis 
were also discussed to further our understanding of stratospheric process studies. While 

http://tpos2020.org/
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the stratosphere was not a subject of US CLIVAR interest before, the impact of stratospheric 
circulations on tropospheric processes is implicitly included in the processes already discussed by 
the US CLIVAR community (e.g., teleconnections). As indicated in the Arctic session, the processes 
in the Arctic are influenced by the polar annular modes (AO and SAM), which strongly depend 
in the stratospheric polar vortex. In the tropics, the effect of quasi-biennial oscillation on the 
intraseasonal activity is also noted. Therefore, the impact of the stratosphere is intertwined when 
discussing the atmosphere/ocean interaction. 

While the ocean serves as heat reservoir for the troposphere, the stratosphere serves as a 
reservoir of momentum with the memory on the order of weeks to months, meaning it can be a 
source of intraseasonal-to-seasonal predictability. Climate models can predict the stratospheric 
chemistry reasonably well, but there are biases observed in stratospheric circulations that can 
impact the tropospheric predictability. Therefore, models with higher vertical resolutions and 
better parameterizations of stratospheric processes (e.g., momentum fluxes) are needed. One 
concern is the loss of satellite observations for stratosphere reanalysis and model testing. The 
PSMI Panel discussed the possible collaboration with the Stratosphere-troposphere Processes 
And their Role in Climate (SPARC), a WCRP program dedicated to coordinating research activities 
related to the stratospheric processes such as modeling and data assimilation. The panel could 
assist in promoting the importance of stratospheric processes through fostering collaboration 
with SPARC and possibly a series of webinars on stratosphere-troposphere links. As the vertical 
resolution and complexity of the climate models increases, considering all the components of the 
climate system together will be beneficial for understanding climate variability.  

http://www.sparc-climate.org/
http://www.sparc-climate.org/
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PPAI Panel Summary5

The PPAI Panel breakout sessions included panel business along with thematic sessions on 
teleconnections, sea level rise, subseasonal-to-seasonal predictability and prediction, decadal 

variability, and upcoming CMIP6 experiments. The Panel has identified a number of long- and 
short-term priorities to guide activities in the coming years. 

An important goal for PPAI is to estimate fundamental predictability limits as well as sources of 
error. The Panel’s long-term priorities create an overarching structure, under which the Panel 
will focus on shorter-term activities. One long-term priority is to advance efforts focused on two 
emerging aspects concerning subseasonal-to-seasonal (S2S) problem: (i) improving the prediction 
of extremes at the S2S timescale and (ii) developing a synthesis evaluation and representation 
of the simulated S2S modes of variability. The goal is to help facilitate forecasters who make 
S2S prediction parse the extensive (and expanding) amounts of information from models while 
helping end users digest and apply such forecast information. Another long-term priority is the 
advancement of decadal prediction. This topic remains of great interest to PPAI, and the Panel will 
continue to explore the physical processes enabling decadal predictability.

Regarding short-term priorities, the Panel has identified important modes of S2S variability that 
are not fully captured by S2S models, and even if they are, the precipitation forecast skill remains 
too poor to be meaningful. This drawback severely hinders forecasting of both the mean and 
extremes. Therefore to achieve (i), the Panel suggests to first develop metrics that maximize 
the representation of global-scale teleconnection modes, and second, engage high-resolution 
convection-permitting regional modeling to capture the potential of extremes ¾ for both global 
and regional modeling approaches. The mechanism proposed to carry out these goals is through 
a US CLIVAR-funded workshop. For (ii), the Panel recommends identifying implementation 
approaches that are most appropriate for engaging US CLIVAR research topics with the 
applications community, especially through boundary organizations. Despite the advances in 
climate modeling, substantial gaps remain between the products offered by the climate modeling 
community and the needs of potential users. The mechanism suggested to close such gaps 
involves first publishing a series of papers (e.g., in BAMS) targeting specific user groups within the 
scientific and engineering communities with information particularly essential to their fields.
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Action Items
 

1. Develop a workshop proposal around global S2S modeling 
•	 Model forecasts for precipitation are currently very poor, and nearly useless from a 

regional perspective — the very application that is of most importance for users of 
climate information. Priorities will be coordinating with the S2S Task Force; inclusion 
of both statistical and numerical downscaling methods; calibration climatology 
development for S2S timescales; and consideration of stakeholder/applications of 
S2S information. One potential valuable outcome would be developing a framework 
for incorporating stakeholder/applications interest in research. In the proposal 
preparation, relevant program managers will be engaged. (Chris, Simon, Emily, Mona, 
Dan) 

2. Explore the potential for a series of journal articles on the communication of climate model 
outputs that include both climate information communication specialists and climate 
model experts
•	 Examples of relevant authors include oceanographers, atmospheric scientists, 

biologists, engineers, etc. This is a potential outcome of the workshop proposed in the 
first action item. (John, Mona, Muyin, Simon) 

3. Analyze modeling outcomes from the Arctic Mid-latitude Working Group for a linkage to 
extreme events 
•	 PPAI will continue involvement with the Arctic Mid-latitude Working Group, along with 

updating the status of Polar Prediction Project, on their outcomes and data availability 
in the next two years. Panel members will work with the lead authors of the white paper 
to proceed with the follow-up special issue on Arctic amplification impacts in possible 
Nature series and eventual publication of the white paper as a possible review article in 
Nature Climate Change. (Simon, Muyin) 

4. Coordinate with PSMI on decadal variabilty and explore and encourage the use of high-
resolution modeling in process study webinars
•	 PPAI will coordinate with PSMI on decadal variability, specifically the 5-year ahead scale. 

This may include a link the Arctic Mid-Latitude Working Group outcomes. This topic is 
important especially in Southern Ocean and western boundary current regions. (Rob, 
with PSMI) 

5. Propose a Variations edition on forecast uncertainty, specifically focused for the climate 
science community (Mona, Kristan)

 
Highlights

PSMI/PPAI joint session: Teleconnections
See PSMI section for summary
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POS/PPAI joint session: Observational and synthesis requirements for characterizing 
contemporary sea level rise and predictability
See POS section for summary

Subseasonal-to-seasonal (S2S) predictability and prediction
S2S is seen as an umbrella topic that incorporates elements of predictability, prediction, and 
applications interface. The session covered recent projects targeting advances in S2S prediction, 
including the NOAA/MAPP S2S prediction project and NOAA/NCEP-led development of the new 
Unified Global Coupled System (UGCS); extremes, including the extreme precipitation caused by 
atmospheric rivers; and potential paths for improved understanding of precipitation prediction, 
such as assessing the role of noise in precipitation prediction and statistical modeling of 
hydroclimate extremes. The S2S session concluded with a presentation on connecting seasonal 
climate prediction and fisheries/marine resource decisions.
 
NOAA/MAPP’s S2S Prediction Project includes 14 funded projects for the term 2016-2019, and 
grew out of the International S2S Prediction Project. The overarching goal is to close the gap in 
prediction skill and products between traditional weather and seasonal lead times. Key questions 
for the S2S Prediction Task Force are related to understanding processes and physics, various 
approaches to S2S prediction, 
and evaluating and improving 
models. Some possible 
sources of predictability at the 
S2S timescale include MJO, 
stratosphere-troposphere 
interaction, ENSO, Rossby 
wave breaking and related 
variations in storm tracks, 
atmospheric rivers, land-
atmosphere interactions, and 
ocean eddies. Of particular 
interest with respect to S2S 
prediction of extremes is 
the new Sub-X (Subseasonal 
Experiment) forecast project, 
as this will generate a multi-
model sub-seasonal (3-6 week) 
reforecast database from the 
late 1990s-present.  
 
The UGCS is a working, fully 
coupled model that has the 
potential to replace CFSv2 in 
operations.The UGCS coupled 
runs show skill beyond CFSv2’s 
for the week 3-4 forecast 
of temperature. However, 

Atmospheric rivers along the US West Coast. From October 1, 2016 
to September 30, 2017, 68 atmospheric rivers made landfall on the West 
Coast, a greater than normal amount. Of these landfalling atmospheric 
rivers, about one third have been classified as strong (integrated water 
vapor transport (IVT)=750-1000 kg m–1 s–1) or extreme (IVT=1000-1250 kg 
m–1 s–1). Credit: F. Martin Ralph, B. Kawzenuk, C. Hecht,  J. Kalansky

http://cpo.noaa.gov/Meet-the-Divisions/Earth-System-Science-and-Modeling/MAPP/MAPP-Task-Forces/S2S-Prediction-Task-Force
https://esgf.esrl.noaa.gov/projects/ugcs/aboutus/
http://cola.gmu.edu/kpegion/subx/
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precipitation is still very low skill. Improvement of processes, such as MJO, will likely help 
precipitation forecasts. One open question for the subseasonal timeframe is the development of 
calibration climatologies.

The discussion of extremes on S2S timescales raised many questions. The evergreen topic of 
US West Coast precipitation during the 2015-16 El Niño shows that West Coast precipitation 
outcomes during extreme El Niño events are still unresolved. This problem can be explored 
through assessing the contribution of noise versus forcings to seasonal anomalies. Three potential 
routes to improving the forecast of extremes include understanding how extremes are enabled, 
including moisture sources and pathways; downscaling precipitation extremes; and combining 
space-time modeling of extremes with multivariate extremes. Ninety-five percent of the heaviest 
rainfall on the West Coast occurs during atmospheric rivers. While current long-range forecasts 
can provide some early warning, the location of atmospheric river impacts — the most important 
information for decision-makers — is poorly resolved. This information can be applied to a 
resource management, like fisheries, that could benefit from seasonal climate prediction forecasts 
that may provide long-term resilience for the community and resourse. While the relationship 
between climate and marine resources is extremely complex, there are many first-order 
relationships with basic climate variables that have yet to be fully explored.
 
A holistic approach to the S2S question is necessary. For example, downscaling efforts should 
include both statistical and dynamical techniques. S2S predictability also needs to better 
characterize the entire probability distribution (with emphasis on tails of the distribution related 
to extremes) rather than focusing on prediction of just mean states. A key issue is how to fairly 
compare statistical methods and dynamical modeling, using newly available retrospective 
reforecast products. Yet there are still many physical processes missing. Including decision-makers 
and stakeholders in the conversation is very important, as they inform the time and space scales 
at which S2S information is most critically needed. 
 
PSMI/PPAI joint session: Decadal variability
The Decadal Climate Prediction Project, part of CMIP6, has three focus areas: a coordinated 
hindcast effort with more frequent start dates and larger ensembles; ongoing forecasts; and 
predictability, mechanisms, and case studies. This last focus will provide insight into the physical 
processes affecting decadal variability and forecast skill. Atlantic multidecadal variability (AMV) is 
associated with coherent multivariate low-frequency variability observed in the Atlantic, including 
coherent multidecadal variations in Atlantic SST, salinity, upper ocean heat/salt content, and 
ocean-driven surface turbulent heat fluxes. Many different modes of Pacific decadal variability 
have been identified, but the relationship between these modes — many of which map onto 
and interact with each other — is a very active research topic. It is possible that Pacific decadal 
variance is increasing as the meridional modes are getting stronger.
 
The understanding of decadal variability of extreme weather can benefit from the use of high-
resolution model simulations. High resolution is useful for resolving ocean eddies in climate 
models, which is critical to understanding decadal North Atlantic variability and predictability. 
While decadal predictions are still experimental, they provide water managers with systematic 
alternatives to using climatology. Five criteria must be met when providing information to 
decision-makers: saliency, credibility, legitimacy, compatibility, and contextual acceptability. 

https://www.wcrp-climate.org/dcp-overview
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The PSMI Panel, in collaboration with PPAI, will emphasize and encourage exploration of high-
resolution modeling when evaluating process studies in future webinars, especially in the 
Southern Ocean and western boundary current regions.  
 
CMIP6 horizon
Several projects related to the regional impacts and applications interface within the CMIP6 
effort were reviewed in this session. First, the ongoing NA-CORDEX project aims to advance 
and coordinate the science and application of regional climate downscaling through global 
partnerships. The CMIP6 Vulnerability, Impacts, Adaptation, and Climate Services (VIACS) advisory 
board is designed to form a more coherent and productive link between the climate modeling 
and climate applications communities. The Half a degree warming, Prognosis, and Projected 
Impacts (HAPPI) project asks what the different impacts would be of a 1.5°C global warming versus 
a 2.0°C warming. During the discussion of this session, it was mentioned just how many “MIPs” 
(model intercomparison projects) are currently active. The Panel wondered about the demands 
these projects place on the time of researchers and resources. Following the completion of 
CMIP6 analysis, an evaluation of these considerations will help inform future plans for multiple, 
simultaneous MIPs.
 

https://na-cordex.org/
https://www.wcrp-climate.org/modelling-wgcm-mip-catalogue/modelling-wgcm-mips/160-unifying-themes/unifying-themes-modelling/modelling-wgcm/modelling-wgcm-cmip6/1067-modelling-cmip6-viacs
http://www.happimip.org/
http://www.happimip.org/
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Tuesday, August 8

08:00 Welcome Mike Patterson (US CLIVAR), Sonya Legg (Princeton U.)

08:25 International CLIVAR Annalisa Bracco (Georgia Tech) 

08:50 Agency manager engagement
Eric Lindstrom (NASA), Sandy Lucas (NOAA), Eric 
Itsweire (NSF), Renu Joseph (DOE)

09:30 Break

10:00
Special session: Advances & challenges in 
understanding & predicting climate teleconnections

10:00 Introduction
Emanuele Di Lorenzo (Georgia Tech), Dan Vimont (U. 
Wisconsin)

10:05
High-latitude teleconnection to tropical mean climate: 
Observations vs. mdoels

Alyssa Atwood (Georgia Tech/U. California-Berkeley)

10:25
Teleconnections & regional impacts under 
anthropogenic forcing

Daniel Swain (U. California-Los Angeles) 

10:45 ENSO diversity, teleconnections and impacts
Antonietta Capotondi (NOAA Earth System Research 
Lab.)  

11:05
Methods to quantify uncertainty in coupled climate 
models teleconnections

Samantha Stevenson (NCAR) 

11:25 Facilitated discussion

12:00 Lunch

13:15 Panel breakout sessions (see Panel agendas below)

15:15 Break

15:30 Panel breakout sessions (see Panel agenda below)

17:00 Break

17:45 Special session: Polar ocean & sea ice interactions

17:45 Introduction Sonya Legg (Princeton U.) 

17:50 Recent changes in Arctic sea ice and ocean circulation Ron Kwok (NASA Jet Propulsion Lab.)  

18:10 An Arctic Ocean in transition
Julienne Stroeve (U. College London/ National Snow 
and Ice Data Center) 

18:30
Improving our understanding of Antarctic sea ice with 
NASA's Operation IceBridge and upcoming ICESat-2 mission

Alek Petty (U. Maryland/NASA Goddard Space Flight 
Center) 

18:50
What processes drive Southern Ocean sea ice variability 
and trends?

Aaron Donohoe (U. Washington) 

19:10 Facilitated discussion

19:45 Adjourn

Appendix C:  Agenda
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Wednesday, August 9

07:30 Check-in/Breakfast

08:00 Plenary Session: Coupled data assimilation & reanalysis 

08:00 Introduction Tony Lee (NASA Jet Propulsion Lab.)

08:05
What we need from observations and modelers to 
make coupled data assimilation the new standard for 
prediction and reanalysis

Steve Penny (U. Maryland/NOAA Nati0nal Centers for 
Environmental Prediction)

08:35 Facilitated discussion

09:45 Break

10:00 Panel breakout sessions (see Panel agenda below)

12:00 Lunch

13:30 Panel breakout sessions (see Panel agenda below)

15:15 Break

15:30 Panel breakout sessions (see Panel agenda below)

17:30 Adjourn

Thursday, August 10

07:30 Check-in/Breakfast

08:00 Panel breakout sessions (see Panel agenda below)

10:00 Break

10:30 Panel breakout reports (20 mins/each) Panel co-chairs

11:30 Conclusions and next steps Sonya Legg (Princeton U.)

12:00 Summit adjourns

12:15 SSC Post-Summit Meeting
 

1:45 SSC meeting adjourns
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POS Panel Breakout Session
Tuesday, August 8

13:15

POS Panel business
• Summary of POS and past year’s accomplishments 
• Introductions of new and existing panel members
• Overview of agenda and discussions

Renellys Perez (U. Miami/NOAA AOML), Emanuele Di 
Lorenzo (Georgia Tech)

14:00 Teleconnections
Co-chairs: Emanuele Di Lorenzo (Georgia Tech), 
Samantha Stevenson (NCAR)

14:00
Recent observed changes or insights in teleconnection 
dynamics

Alyssa Atwood (Georgia Tech/U. California-Berkeley)

14:20
Advancing the representation of teleconnections in 
climate models

Samantha Stevenson (NCAR)

14:40 Discussion

15:15 Break

15:30

Observational and synthesis requirements for 
characterizing contemporary sea level rise and 
predictability 
Joint POS and PPAI Session

Co-chairs: Aneesh Subramanian (Scripps), Shane 
Elipot (U. Miami), John Nielsen-Gammon (Texas 
A&M)

15:30 Reports from the WCRP/IOC sea level 2017 conference Nadya Vinogradova (Cambridge Climate Institute)

15:50 Global perspective Eric Leuliette (NOAA NESDIS)

16:10 Regional and coastal perspective Mark Merrifield (U. Hawaii)

16:30 Stakeholder perspective Matt Campo (Rutgers U.)

16:50 Discussion

17:00 Break

Wednesday, August 9 

10:00
High-latitude circulation, ocean-sea ice interface 
Joint POS & PSMI Session

Co-chairs: Jamie Morison (U. Washington), Janet 
Sprintall (Scripps)

10:00 Southern Ocean SOCCOM review Alison Gray (U. Washington)

10:15 Biogeochemistry in the Southern Ocean Taka Ito (Georgia Tech)

10:30 Arctic Ocean effects on global climate Jamie Morison (U. Washington)

10:45 Discussion

11:00
Atlantic Meridional Overturning Circulation 
Joint POS & PSMI Session

Co-chairs: Renellys Perez (U. Miami/NOAA AOML), 
Greg Foltz (NOAA AOML), Victoria Coles (U. 
Maryland)

11:00
What we’ve learned from the AMOC observational 
network about AMOC processes and its role in weather 
and climate

Shane Elipot (U. Miami)

11:20
What we’ve learned from AMOC modeling efforts 
about AMOC processes and its role in weather and 
climate

Rong Zhang (NOAA GFDL)
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11:40 Discussion

12:00 Lunch

13:30 Health of the climate observing system, Part 1
Co-chairs: Carol Anne Clayson (WHOI), Fred Bingham 
(U. North Carolina-Wilmington)

13:30 Tropical ocean Renellys Perez (U. Miami/NOAA AOML)

13:50 Subtropical ocean
Carol Anne Clayson (WHOI), Fred Bingham (U. North 
Carolina-Wilmington)

14:10 Polar ocean Jamie Morison (U. Washington)

14:30 Coastal ocean Victoria Coles (U. Maryland)

14:50 Discussion

15:15 Break

15:30 Health of the climate observing system, Part 2
Co-chairs: Kyla Drushka (U. Washington), Alison 
Macdonald (WHOI)

15:30 Atmospheric, troposphere/stratosphere interactions Yolande Serra (U. Washington)

15:50 Air-sea interface from satellite observations
Kyla Drushka (U. Washington), Carol Anne Clayson 
(WHOI)

16:10 Surface mixed layer and upper ocean Greg Foltz (NOAA AOML)

16:30 Intermediate and deep ocean Gregory Johnson (NOAA PMEL)

16:50 Discussion

Thursday, August 10

08:00

POS Panel business (recap & future directions)

• Discussion of important themes from the breakout 
sessions

• Identify recommendations and actions items for 
the next year

Co-chairs: Renelys Perez (U. Miami/NOAA AOML), 
Emanuele Di Lorenzo (Georgia Tech)

10:00 Break (return to plenary)
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PSMI Panel Breakout Sessions
Tuesday, August 8

13:15 PSMI Panel business
Kris Karnauskas (U. Colorado-Boulder), Maria Flatau 
(Naval Research Lab.)

14:00
Teleconnections 
Joint PSMI & PPAI session

Co-chairs: Kris Karnauskas (U. Colorado-Boulder), 
Simon Wang (Utah State U.), Muyin Wang (U. 
Washington/NOAA PMEL)

14:00 Summary of Arctic-Midlatitude workshop/white paper Judah Cohen (AER)

14:15 Discussion

14:25 Global warming influence on extreme events Daniel Swain (U. California-Los Angeles)

14:33 Tropical impact - ENSO signature Antonietta Capotondi (NOAA ESRL)

14:40 Discussion

15:15 Break

15:30 PSMI Panel business
Kris Karnauskas (U. Colorado-Boulder), Maria Flatau 
(Naval Research Lab.) 

17:00 Break

Wednesday, August 9

10:00
High-latitude circulation, ocean-sea ice interface 
Joint POS & PSMI session (see POS agenda for details)

Co-chairs: Jamie Morison (U. Washington), Janet 
Sprintall (Scripps)

11:00
Atlantic Meridional Overturning Circulation 
Joint POS & PSMI session (see POS agenda for details)

Co-chairs: Renellys Perez (U. Miami/NOAA AOML), 
Greg Foltz (NOAA AOML), Victoria Coles (U. 
Maryland)

12:00 Lunch

13:30 Tropical Pacific Observing Systems (TPOS) 2020
Co-chairs: Kris Karnauska (U. Colorado-Boulder), Ma-
ria Flatau (Naval Research Lab.)

13:30 TPOS2020 and process studies Billy Kessler (NOAA PMEL)

14:00 Discussion

15:15 Break

15:30
Decadal variability: 5-year-ahead scale for water and 
other sectors 
Joint PSMI & PPAI session

Co-chairs: Rob Burgman (Florida International U.), 
Kevin Reed (Stony Brook U.)

15:30 Decadal climate prediction in CMIP6 Rob Burgman (Florida International U.)

15:45
Decadal variability and potential predictability in the 
Atlantic

Rong Zhang (NOAA GFDL)

16:00 Pacific decadal variability Emanuele Di Lorenzo (Georgia Tech)

16:15
High-resolution climate modeling: A tool to study 
extreme weather on decadal timescales

Kevin Reed (Stony Brook U.)

16:30
The role of ocean eddies in decadal predictability in the 
North Atlantic

Ben Kirtman (U. Miami)
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Thursday, August 10

08:00 Stratosphere Chair: Maria Flatua (Naval Research Lab.)

08:00 Introduction Maria Flatau (Naval Research Lab.)

08:05 Using the stratosphere for extended range prediction John McCormack (Naval Research Lab.)

08:35 Stratospheric observations, processes, and reanalysis Craig Long (NOAA CPC)

09:05 Discussion

09:30 Panel wrap-up
Kris Karnauska (U. Colorado-Boulder), Maria Flatau 
(Naval Research Lab.)

10:00 Break (return to plenary)

16:45
Towards the application of decadal climate predictions 
in water management

Erin Towler (NCAR)

17:00 Discussion

17:30 Break
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PPAI Panel Breakout Session
Tuesday, August 8

13:15 PPAI Panel business
Simon Wang (Utah State U.), Emily Becker (NOAA 
CPC) 

14:00
Teleconnections 
Joint PSMI & PPAI Session (see PSMI agenda for details)

Co-chairs: Kris Karnauskas (U. Colorado-Boulder), 
Simon Wang (Utah State U.), Muyin Wang (U. 
Washington/NOAA PMEL)

15:15 Break

15:30

Observational and synthesis requirements for 
characterizing contemporary sea level rise and 
predictability 
Joint POS and PPAI Session (see POS agenda for details)

Co-chairs: Aneesh Subramanian (Scripps), Shane 
Elipot (U. Miami), John Nielsen-Gammon (Texas A&M)

17:00 Break

Wednesday, August 9

10:00
Subseasonal-to-seasonal session, Part 1: extremes and 
predictability

Co-chairs: Chris Castro (U. Arizona), Andy Wood 
(NCAR)

10:00 S2S Task Force Paul Dirmeyer (George Mason U.)

10:20 Current and future S2S modeling strategies Surajana Saha (NOAA NCEP)

10:40 Discussion

11:00
Contributions of noise versus forcings to seasonal 
anomalies during droughts

Arun Kumar (NOAA CPC)

11:20 Statistical modeling of climate-extreme linkages Balaji Rajagopalan (U. Colorado-Boulder)

11:40 Predictability of flooding extremes Marty Ralph (Scripps)

12:00 Lunch

13:30
Subseasonal-to-seasonal, Part 2: climate-ocean linkage 
with fishery and marine ecosystems

Chair: Enrique Curchitser (Rutgers U.)

13:30
Seasonal climate predictions for marine resource 
management: progress and challenges

Charlie Stock (NOAA GFDL)

14:15 Discussion

15:15 Break

15:30
Decadal variability: 5-year-ahead scale for water and 
other sectors 
Joint PSMI & PPAI Session (see PSMI agenda for details)

Co-chairs: Rob Burgman (Florida International U.), 
Kevin Reed (Stony Brook U.)

17:30 Break
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Thursday, August 10

08:00 CMIP6 horizon Chair: Scott Weaver (Environmental Defense Fund)

08:00 NA-CORDEX: Overview and data availability Chris Castro (U. Arizona)

08:15
The Vulnerability, Impacts, Adaptation, and Climate 
Services (VIACS) Advisory Board for CMIP6: A bridge 
between modeling and applications

Alex Ruane (NASA GISS)

08:30 Decadal prediction aspects of CMIP6 Rob Burgman (Florida International U.)

08:45
The half a degree additional warming, prognosis, 
and projected impacts (HAPPI): Background and 
experiment design

Scott Weaver (Environmental Defense Fund)

09:00 Discussion

09:30 Panel wrap-up
Simon Wang (Utah State U.), Emily Becker (NOAA 
CPC)

10:00 Break (return to plenary)
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1530 – 1630 Session 4: Joint Session with POS – Diagnostic Tools and 
Metrics for Intercomparison of Reanalyses and Utilization of 
Innovation, Increments, and Residuals 

Capitol

1530 – 1540 Innovation, increments, and residuals: Definitions and ex-
amples (Patrick Heimbach)

1540 – 1550 Example utilization of residuals: Arctic Halocline and Antarc-
tic Slope Front (Dimitris Menemenlis)

1550 – 1600 Challenges in evaluating lower-dimensional features 
(Gad Levy)

1600 – 1615 Metrics based on fuzzy similarities between lower 
dimensional features for intercomparison of reanalyses 
(Barnabas Bede)

1615 – 1640 Discussion on key challenges and opportunities (Detlef 
Stammer)

1640 – 1730 Session 3 Cont.: Discussion of CPTs (current and future) Executive

1730 Break for day

PSMI Breakout Continued - Friday, July 11
0730 – 0800 Light breakfast Millennium Gallery

0800 – 0900 Session 5: PSMI Discussion: Synthesize reports, big picture 
view, future foci

Executive

0900 – 1000 PSMIP wrap-up discussion

US Climate Variability &  
Predictability Program
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