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Executive Summary1

In order to create a focused effort in which to build a strong investment by the whole panel, 
the Predictability, Predictions, and Applications Interface (PPAI) Panel organized its summer 

2016 meeting around the theme: Subseasonal to Seasonal (S2S) Predictability, Prediction, and 
Applications. This topic is of current interest in the research community with many efforts in 
progress or ramping up (e.g., International S2S project, NMME, SubX, NOAA MAPP S2S Task 
Force).  

While these research efforts have their own plan, goals, and purpose, there is both a need 
to collaborate with these efforts — by bringing together the communities needed to address 
these research problems (i.e., weather and climate communities, research and operations 
communities) — and to build synergy around specific foci to make the broad scientific 
problem tractable. 

Prior to the meeting, the Panel had already initiated efforts on the topic of “Understanding 
and Predicting Subseasonal Extreme Events” with a confirmed poster cluster at the CLIVAR 
Open Science Conference in September 2016, a confirmed session at the AGU Fall Meeting 
in December 2016, and a proposed session at the AMS Annual Meeting in January 2017. The 
summer panel meeting continued a focus on this topic by addressing the following questions 
and goals:

Questions:
1. What S2S research questions does the Panel think are most important to address?
2. What additional datasets are needed to address the most important question(s)?
3. What S2S predictability research activities can the Panel engage with – both existing 

and planned?
4. What critical areas are needed to help improve S2S predictions and applications?
5. How does the Panel educate users about S2S “products” and seek feedback effectively?
6. As researchers, how does the Panel “interface” with user groups including government 

and private sectors?

Goals
1. Identification of specific S2S forecast and application research challenges that could be 

addressed given the datasets the community (will) has? 
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2. Identification of a research plan to elevate attention and address these challenges, 
and identification of a plan for projects to develop new datasets needed to address 
additional challenges

Based on meeting presentations and discussions, the Panel’s future work will be to advance 
efforts focused on two particular aspects of the S2S problem: (1) improving the prediction 
of extremes by investigating the use of convection permitting models and optimized multi-
model ensemble approaches for S2S predictions; and (2) helping the forecasters who make 
S2S forecasts parse the extensive information from the models by providing a synthesis 
evaluation of the representation of model modes of variability and their impacts in S2S 
models.
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The PPAI Panel convened its 2016 meeting on July 26-28 at the US CLIVAR Project Office 
in Washington, DC. The meeting was organized around the theme, Subseasonal to 

Seasonal (S2S) Predictability, Prediction, and Applications, and included five sessions, each 
with presentations by Panel members and invited speakers to inform Panel discussion, 
conclusions, and recommended actions. The DC location for the meeting was purposeful 
in order to hold an in-person panel discussion with S2S forecasters from the NOAA Climate 
Prediction Center. The panel meeting also benefited from the interaction with several 
program managers from the NOAA and NSF who attended. All presentations are available 
via the PPAI Panel Meeting page at the US CLIVAR website. The session summaries below 
highlight key points by presenters and summarize panel discussion. 

Session I: Review of relevant National Academy reports and CLIVAR Working 
Group(s)

Speakers: Scott Weaver, Simon Wang, and Muyin Wang

Scott Weaver presented a summary of the recent National Academies of Sciences (NAS) 
report on climate change and extreme weather event attribution. The report describes 
the current scientific consensus on climate attribution approaches, framing of questions, 
variations of climate change to event type, and suggestions for future research. The report 
states that it is now possible to estimate the influence of climate change on some types of 
specific extreme events, with confidence being greatest for those extreme events that are 
related to an aspect of temperature, such as heat waves and cold events, then hydrological 
droughts and heavy precipitation. Nevertheless, despite the research advances of the 
last decade, there is still considerable uncertainty in attributing some types of extreme 
weather events to climate change. Among these are severe convective storms, tropical and 
extratropical cyclones, snow and ice, and wildfires. The report suggests that advances in 
extreme event attribution can be realized by improvements in modeling of events at the 
requisite scale, improved understanding of natural variability and its interplay with climate 
change, understanding sources of uncertainty from using models in event attribution, 
influence of conditioning on study results, and improvements in methods for stratifying long 
homogenous records. Weaver noted emerging efforts by some groups (e.g., Climate Central) 
to provide rapid response attribution — within one week of an event — using peer-reviewed 
methods, thereby allowing science to weigh-in while an event is still in the public discourse. 
Considering such efforts, the report findings emphasized the need for careful analysis using 

Plenary Sessions2

https://usclivar.org/panels/ppai/2016-ppai-panel-meeting
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trusted methods. The panel concluded that CLIVAR has a role in advancing understanding of 
the effect of climate change on event type.

Simon Wang shared the research progress and challenges outlined in the NAS Next 
Generation Earth System Prediction report. The report lays out a vision that within a few 
decades S2S forecasts will be as common as daily weather forecasts are today. The need for 
credible S2S forecasts will increase to prepare for emergency and disaster-relief supplies, 
for example, in the face of disruptive events related to increasing weather extremes. In 
addition to the continual development in model resolution and physics, the report urges 
further improvement in S2S forecast skill and increasing the breadth of variables predicted. 
Combined, these two future directions would mean developing useful and usable products 
of S2S forecasts. Emphasis of research in S2S predictability is placed on disruptive/extreme 
weather events and consequences. Improved components in Earth system models such 
as data assimilation will also help S2S forecasts. The NAS report lists strategies, including 
engaging users (to gain feedback), improving forecast skill, tackling extreme events, and 
improving model components. Points of interest to PPAI include: uncover the specific 
aspects of products that make them useful to decision makers; identify situations with high 
probabilities of disruptive consequences (2-12 weeks); develop “forecast of opportunity” 
by identifying windows in time when expected skill is higher than usual at a particular 
place; predict the “consequences” of disruptive events caused by weather extremes (even 
though the weather event itself may not be forecastable); add model components that have 
significant interactions with the weather and climate system as a whole. The main takeaways 
are that S2S forecast products need translation and weather and climate communities 
(enterprises) need a greater engagement with each other.

Muyin Wang discussed the S2S forecast capability for the Arctic and its linkages with 
mid-latitude weather. The Sea Ice Prediction Network (SiPN) catalyzes a community of 
collaborators to advance our capability to predict Arctic sea ice cover. In 2016, the network 
includes 36 inputs for the September sea ice extent forecast, including 14 dynamical models, 
17 statistical, 3 heuristic, and 2 mixed methods. An evaluation of 2015 dynamical forecasts 
demonstrates significant biases across models. For example, the NOAA operational coupled 
forecast system model version 2 (CFSv2) over-predicts sea ice cover in the summer (July to 
September) and under-predicts the sea ice cover in the fall and spring. Part of the reason 
is due to the forecast errors in the atmospheric components (e.g., lack total cloud cover). 
There are large discrepancies among the reanalysis products, so caution must be made 
when using them for validation purpose. A number of recent studies give conflicting results 
on the significance of Arctic change influence on mid-latitude weather. The US CLIVAR Arctic 
Mid-latitude Working Group will continue efforts to facilitate the discussion on the topic to 
improve the understanding on such linkages. There is recent consensus that linkages will be 
regional, episodic, and based on amplification of weather patterns in some years. Improved 
understanding on this issue will help S2S predictions both in the Arctic and mid-latitudes.

Session II: Review of S2S datasets and current S2S research activities

Speakers: Emily Becker, Kathy Pegion, Simon Wang, and Heather Archambault 

Kathy Pegion and Emily Becker reviewed the North American Multi-model Ensemble (NMME) 
phase 1 and phase 2 datasets, S2S Prediction Project database, and the NOAA Subseasonal 

http://www.s2sprediction.net/
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Prediction Experiment (SubX) project. Each of these projects has or will have (re)-forecast 
data available to the community for S2S research purposes. 

The NMME provides monthly and daily data from US and Canadian operational and research 
models. NMME went live with forecasts in 2011. Since then, the model suite has evolved 
and now contains eight models from five centers, with their monthly and seasonal forecasts 
delivered by the 6th of every month. Graphics and data are posted by the 7th/8th of each 
month. The NMME outputs are used by the NOAA Climate Prediction Center (CPC) to guide 
monthly-issued subseasonal and seasonal forecasts and real-time verification analysis for 
the US and North America, and other regions internationally (shared via the NOAA Weather 
Prediction Center International Desk). CPC also utilizes the NMME to inform El Niño Southern 
Oscillation (ENSO) forecasts, to support long-lead hurricane forecasts, and to explore sea 
ice prediction (in research mode). Real-time verification is updated monthly and includes an 
annual summary. Note that NMME outperforms individual models, even CFS precipitation. 
Re-forecasts and forecasts are archived and made available at the International Research 
Institute for Climate and Society (IRI) and NCAR’s Earth System Grid for research purposes. 
The need of a tool for display of the data is recognized, and CPC is working to develop one to 
be implemented via the IRI and NOAA’s Earth System Research Laboratory.

The international S2S Prediction Project database, which came online in May 2015, contains 
a growing collection of delayed forecasts and reforecasts (ranging from one to months) from 
eleven operational center models. Different models initialize on different intervals ranging 
from daily to weekly. The models provide daily output, with a range of ensemble members. 
Data is available via the European Centre for Medium-Range Weather Forecasting (ECMWF) 
and Chinese Meteorological Administration data servers. 

The SubX project is a planned NOAA MAPP funded project that will provide weekly initialized 
forecasts and re-forecasts from a collection of US and Canadian operational and research 
models. Forecasts and reforecasts will be for a minimum of 32 days, with a minimum of four 
ensemble members and weekly initialization of the atmosphere, ocean, and land. Reforecasts 
from all participating models will cover the period 1999-2015. All ensemble members and 
total fields are to be provided. A key challenge will be how to facilitate user access and ease 
of use of such a large dataset.

Pegion also presented an overview of the international S2S Project, highlighting the six 
subprojects: Teleconnections, Madden-Julian Oscillation (MJO), Monsoons, Africa, Extremes, 
Verification, and Products. The outcomes of an S2S workshop held at ECMWF in November 
2015 highlight the need to collaborate with US CLIVAR and the need for a subseasonal 
metrics/diagnostics task team. It was noted that the Verification sub-project is focused on 
forecast verification, but a process-oriented diagnostics effort is also needed to evaluate and 
understand the representation of climate processes in these models.

Heather Archambault gave an update on NOAA MAPP’s focus areas, including prediction 
(weeks to decades), climate reanalysis, climate and Earth system modeling, drought and 
other applications, and climate projections. Each focus area has its own task force, with a key 
function of leveraging multiple projects to collectively make advances on the agency mission-
driven set of questions. A task force is intended to be an inclusive body to include core 
participation of MAPP-funded investigations as well as other relevant projects across agency 
programs. The MAPP webinar series (in its 6th year) and newsletter help promote community 
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awareness and engagement of task force activities. In FY16 MAPP is initiating a new S2S 
Prediction Task Force comprised of investigators working on 14 newly awarded S2S projects 
(in partnership. The MAPP program has two strategies: (a) understand how to improve 
models’ representation of sources of predictability (exploratory research, 5-10 years away 
from operational application), and (b) test prediction tools via a Climate Test Bed (research-
to-operations (R2O)). MAPP welcomes the engagement of the PPAI Panel with the S2S Task 
Force as defines its work starting in fall 2016.

The Panel discussed the opportunity for using NMME and S2S data sets to address the 
applications interface, integrating with user needs. A key challenge is to raise awareness 
and influence priorities of applications-related programs to capitalize on the wealth of new 
data. The NOAA Societal Applications of Research Program (SARP) has done a nice job to 
bridge between MAPP-type research and user needs (e.g., for water resources management). 
However, recent funding reductions have constrained SARP’s ability to engage more broadly. 
USDA Climate Hubs and DOI Climate Science Centers offer additional opportunities for 
promoting use of the S2S data sets for applications research.

PPAI co-chairs Simon Wang and Kathy Pegion closed the session by sharing plans for 
organizing S2S sessions at upcoming conferences. The two are co-convening a poster 
cluster session on “Understanding and Predicting Subseasonal Extremes” at the CLIVAR 
Open Science Conference in September 2016 in Qingdao, China. Pegion is co-convening with 
Andy Robertson, Arun Kumar, and Duane Waliser a session on “Subseasonal to Seasonal 
Forecasting of High-Impact Weather and Climate Events” at the Fall 2017 Meeting of the 
American Geophysical Union. Pegion, Becker, and Hye-Mi Kim are co-chairing a session on 
“Multi-model Predictability and Prediction on Subseasonal Timescales” at the 2017 Annual 
Meeting of the American Meteorological Society.

Session III: Downscaling for S2S

Speakers: Chris Castro and Adam Clark

Chris Castro spoke of convective-permitting regional climate modeling and highlighted a 
recent review article entitled, ‘’A review of regional convective-permitting climate modeling: 
Demonstrations, prospects, and challenges’’ published in Reviews of Geophysics (Prein et 
al. 2015). Climate modeling using convective-permitting models (CPMs with horizontal grid 
spacing < 4km vs regional models at >12km and global models at > 100km) is a promising 
approach for providing improved climate information on regional to local space scales. 
CPMs avoid the use of cloud parameterizations (and their errors) and add value in the 
representation of organized convection, such that where organized convection dominates 
precipitation (e.g., in summer over US), improvements are found in diurnal cycle of amount, 
intensity, and frequency of precipitation. CPMs better resolve orography, improving 
representation of amounts and patterns of precipitation in complex terrain, improving snow 
pack estimates, and improving input for hydrologic models. 

The use of CPMs for climate modeling is not without challenges. There is an order of 
magnitude greater computational resource requirement compared with regional models. 
The physics set-up, adapted from weather forecast models, has not been sufficiently tested 
on climate timescales to evaluate the impacts of cloud microphysics, aerosols, and radiation; 
turbulence, and land-atmosphere coupling. European studies indicate bulk properties are 

http://onlinelibrary.wiley.com/doi/10.1002/2014RG000475/full
http://onlinelibrary.wiley.com/doi/10.1002/2014RG000475/full


2016 US CLIVAR PPAI Panel Report 7

preserved; individual properties may not be. Spin-up issues are found for smaller domains 
and shorter timescale runs. Though CPMs hold promise for advancing climate research, 
coordinated modeling research is needed to advance parameterization of unresolved physics 
and assess their full potential.

Adam Clark presented information on the application of CPMs for short-term weather 
forecasting. CPMs allow convective overturning to occur on the model grid-scale. Using 
idealized WRF model simulations demonstrates that 3-km grid-spacing is about the coarsest 
CPM grid-spacing at which supercells can be faithfully depicted. CPMs were first tested 
for forecasting applications during annual NOAA Hazardous Weather Testbed Spring 
Forecasting Experiments during the mid-2000s, with very promising results. Further testing 
and evaluation led to the first operational CPM — the High Resolution Rapid Refresh Model 
(HRRR) — which was implemented in 2014 at NCEP’s Environmental Modeling Center (EMC). 
EMC plans to implement the first CPM-based ensemble in 2017. CPMs are extremely useful 
for severe weather applications because they accurately depict convective modes, which 
are strongly related to hazard type (e.g., supercells produce tornadoes and large hail, while 
squall lines produce high winds), but Storm Prediction Center forecasters still rely on coarser 
models for environmental information (e.g., CAPE and vertical wind shear). To best exploit 
data from CPMs, development of useful diagnostics, visualization, and verification strategies 
remain a huge challenge. 

In addition to short-term forecasting applications, CPMs have been used in downscaling 
experiments for climate change projections of severe weather. However, S2S applications 
(i.e., weeks to months timescales) have not been attempted. It is suggested that S2S 
applications of CPMs are possible and worth exploring to see what (if any) value they can 
provide to S2S predictions of hazards like severe weather and extreme rainfall.

Employing CPMs for S2S prediction seems to be a logical route for NOAA to pursue, given that 
NWS is shifting to it for operations (e.g., HRRR model). However, the skillful representation 
of the large-scale atmospheric circulation (i.e., atmospheric teleconnections) is critically 
important for deterministic predictability at S2S timescales. It not clear that there is yet skill 
at week 3-4 to add value by applying CPM.

The Panel discussed the opportunity to utilize statistical methods for downscaling. An 
advantage is that statistical downscaling can be accomplished relatively cheaply with large 
member ensembles. Such approaches inherently underestimate extremes, although there 
are methods to correct for this. CPM dynamical-statistical approaches may make sense 
ultimately — addressing structural uncertainties between models.

Session IV: S2S monitoring and forecasting at NOAA Climate Prediction 
Center

Speakers: Emily Becker, Steve Baxter, Dan Collins, and Jon Gottschalck 

S2S monitoring and prediction is integral to the CPC mission to “deliver real-time products 
and information that predict and describe climate variations on timescales from weeks 
to years, thereby promoting effective management of climate risk and a climate-resilient 
society.” CPC monitors the primary modes of climate variability and many components 
of the climate system. Current operational forecasts include probabilistic temperature 
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and precipitation outlooks from week-2 through seasonal, monthly and seasonal drought 
outlooks, and US and global hazards. Experimental week 3-4 outlooks began in late 2015. 
Current challenges and research foci include the development of experimental Arctic sea ice 
melt/freeze and extent forecasts, improving the understanding and modeling of sources of 
predictability, improved seasonal prediction tools including global climate models (GCMs) 
and new hybrid dynamical-statistical techniques, and better forecast communication.

Three CPC forecasters (Baxter, Collins, and Gottschalck) presented their perspectives on S2S 
forecast challenges. Clear requirements were identified, including a greater understanding 
of extremes, both monthly/seasonal means and characteristics of the periods (e.g., character 
of the season — top 10% warm summer; specifics within the season — number of excessive 
heat events); tropical-extratropical interactions and teleconnections (while prediction of 
tropical intraseasonal variability has improved, teleconnections to extratropics are still 
challenging); improvements in initialization for extended range prediction, harnessing 
skill of North Atlantic Oscillation (NAO) prediction (where skill has increased, but it is 
not an active consideration in forecasting), and using sea-ice and autumn snow cover in 
canonical correlation-like analysis. Hybrid and bridging techniques should be employed to 
harvest useful information from dynamical modeling. How well models are reproducing 
climate modes and the trend needs closer evaluation. Removing model biases can improve 
prediction skill, in addition to data assimilation and initialization, which have received most 
of the attention. Other avenues to explore include identifying and using the differences 
in models, evaluating the value of ensembling, and identifying forecasts of opportunity, 
including periods of increased predictability of extremes or precipitation. 

It was widely agreed that R2O (and O2R) needs improvement, and the seasonal forecast 
toolkit should take advantage of the latest research. It takes substantial effort, however, 
to move from research to an operational tool. The research community should be 
encouraged to join the conversation early, as ideas are being developed and planned (e.g., 
Climate TestBed approach). CPC also needs to be more proactive in engaging the research 
community, with increased in-house testing and proof of concept. Unfortunately, insufficient 
staffing and funding limits the ability to do so at present. Forecaster time is primarily focused 
on developing the forecasts. There is a tradeoff in the use of remaining time between 
maintaining existing tools and developing new products.

To address the O2R gap, CPC can provide skill scores for all of its forecast products. Post-
mortem discussion for S2S forecasts are held when starting each forecast. However, these 
are not done formally for seasonal predictions. Forecast attribution (understanding the 
physical mechanisms underlying the forecast) has been undertaken by the Development 
Branch, but this recently has been defunded.

Session V: S2S applications

Speakers: Andrea Ray, Rob Burgman, John Nielsen-Gammon, and Desiree Tommassi 

Andrea Ray presented on the government’s Resiliency Toolkit website and US CLIVAR 
research topics that have a readiness for use in applications. The recently released version 
2 of the Resiliency Toolkit provides downscaled climate projections, with annual, seasonal, 
monthly values of climate variables (e.g., daily max/min temps, sea level threat) for specific 
locations, presented in a point-and-click map format. The kit includes case studies, decision 
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frameworks, and training resources and is intended to put information in the hands of 
decision makers to help inform and refine their questions. Uncertainty information is 
presented showing the spread of projections – i.e., high and low values.

To showcase US CLIVAR-sponsored research activities that are aimed at or ready for 
applications, PPAI held sessions at both the 2015 AGU Fall Meeting and the 2016 AMS Annual 
Meeting. Together, these sessions included over 15 presentations and conversations about 
how the Panel might create a better pipeline from CLIVAR research to applications. The 
pipeline would include three science infusion pathways that contribute knowledge from 
CLIVAR to 1) national and international assessments, 2) information services and boundary 
organizations, and 3) operational services and their products. Some potential collaborations 
with these infusion pathways include:

•	 NOAA Climate Prediction Center, to integrate US CLIVAR research to their operations 
(including experimental)

•	 Other producers of experimental products, e.g., U. Arizona, U. Wisconsin
•	 National Severe Storm Laboratory and Storm Prediction Center (extremes)
•	 National Climate Assessment
•	 Interagency National Integrated Drought Information System (NIDIS), DOI/USGS Climate 

Science Centers, Department of Agriculture Climate Hubs, and emergency management 
community (extremes)

Ray also discussed which implementation approaches are most appropriate for engaging 
US CLIVAR research topics with the applications community. She highlighted near-term 
opportunities including the August 2016 workshop on ENSO forecasting for marine 
ecosystems (which bring is other communities such as NOAA Fisheries) and a potential 
assessment of forecast lessons learned on 2015/16 El Niño. In the longer term, there are 
opportunities for building activities with two new working groups: the Arctic Changes and 
Impacts on Mid-latitude and the Changing Width of the Tropical Belt. In the next year, PPAI 
will continue the effort to assess and document application activities, including a either an 
edition of Variations or article in BAMS.

Robert Burgman showcased research on the drought in the Southeast US, with links to 
S2S phenomena and applications of climate information for decision support. He showed 
that since the 1960’s the population of the Southeast has doubled, and the demands for 
water use, including irrigation and thermoelectric power, have tripled. The 2007 drought 
alone saw losses to major field crops of more than 1.3 billion. However, the Southeast 
represents a challenge for drought prediction, due to its varying geographical features and 
large differences in the seasonality and variability of precipitation. For winter precipitation, 
phenomena such as ENSO, NAO, and variability of the North American subtropical high 
may influence the position of storm tracks. For summer seasons, North Atlantic sea surface 
temperatures, ENSO phase, and tropical cyclones have been shown to influence precipitation 
though internal variability of the atmosphere and local small-scale convective systems. 
It is suggested that for S2S predictability and prediction a) the interaction between S2S 
phenomena (e.g., NAO and MJO) with variability on longer timescales (e.g., ENSO and AMO) 
and b) S2S influence on tropical phenomena (e.g., cyclone development) and extra-tropical 
teleconnections may provide “windows of opportunity” for enhanced predictability. The 
agroclimate.org website and app was introduced as an example of a regional application of 
climate information relevant to decision-makers in the Southeast US.

http://
https://ams.confex.com/ams/96Annual/webprogram/28CVC.html#Tuesday1
https://ams.confex.com/ams/96Annual/webprogram/28CVC.html#Tuesday1
https://usclivar.org/meetings/2016-enso-ecosystems
https://usclivar.org/meetings/2016-enso-ecosystems
http://agroclimate.org/
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John Nielsen-Gammon presented on S2S applications for drought in the Central US, which is 
crucial to many decisions made by agricultural producers throughout the year. During the 
fallow season, farmers must choose seed varieties with the appropriate balance of high yield 
and drought resistance based on weather conditions one to seven months in the future. 
The time of planting or of crop treatment involves a multi-week assessment of the risk of 
weather-imposed delays. Irrigation must be optimized throughout the growing season, and 
a USDA-funded prototype system for irrigation decision support using multi-week ensemble 
forecasts was demonstrated. Ranchers must make decisions regarding stocking and selloff 
that depend on weather conditions up to one year in the future. The costs and benefits of 
all these decisions depend in part on future prices and thus weather conditions elsewhere 
in the world. As it happens, the seasonal variations in S2S predictability and skill are a near-
perfect mismatch for the forecasts and outlooks needed by producers for specific decisions 
at different times of the year.  Future research and development on S2S forecasting should 
consider the opportunities for greatest advancement in high-value forecasts.

Desiree Tommassi discussed the use and potential for S2S climate predictions on marine 
ecosystems. A workshop was held last fall in Princeton to bring together both the climate 
prediction and the marine ecosystems communities. Global climate models have skill in 
predicting SSTs, but this skill varies widely by region. For example, Gulf of Mexico and 
California Current skill are reasonable, but not so for the Southeast and Northeast US. A 
multi-model mean provides greater skill over individual models. A review paper from the 
workshop is in preparation and will outline case studies and challenges to address expanding 
the use of S2S forecasts for marine ecosystem applications, including reducing model 
biases to improve forecast skill, verifying predictability of ecosystem relevant variables at 
subseasonal timescales, improving communication to the fisheries science community on 
the value of NMME forecasts, developing biogeochemistry prediction capabilities, addressing 
unresolved local processes that can limit predictability of ecosystem relevant variables, and 
assessing statistical versus dynamical downscaling of ecosystem-relevant climate predictions.
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The Panel presentations generated much discussion during the talks as well as on the final 
day. Below are a list of questions proposed prior to the meeting and the outcomes resulting 
from discussion. 

1.	 What S2S research questions/topics does the Panel think are most important to address?
•	 Regional S2S predictability is big gap in research, particularly for extremes, but the value 

added is unknown.  
•	 Multi-regional ensemble downscaling (a MIP for downscaling) would be a useful project 

for S2S by using multiple regional models and multiple regions, and using a single GCM 
(e.g., CFSv2). This could be done as a case study approach. To standardize protocols, could 
researchers frame this in the context of helping with the precipitation prediction and 
extreme events problem?

•	 Improving model physics (e.g. boundary layer, convection) is an important feature that 
the Process Study Model Improvement Panel and Climate Process Teams could address. 
The Panel suggests developing a protocol/framework for testing S2S predictions, perhaps 
building on the current NOAA MAPP S2S projects.

•	 Advancement is needed for both statistical and dynamical model representation of modes 
of variability and their impacts.

•	 How can event attribution be used to improve forecasts? 
•	 In regards to fundamental predictability, what can and can’t be predict? What is 

consequence of this predictability? Why is the NAO predictable? Why does the research 
community have skill?

2.     What additional datasets are needed to address the most important question(s)?
•	 Need data at 6-hour intervals for regional downscaling, including specific variables and 

applications
•	 Arctic and data assimilation are new research question to address — research direction to 

advance data assimilation for S2S
•	 Economic values of forecasts, including costs not incurred

3.     What predictability research activities can the Panel engage with – both existing and planned?
•	 Boundary conditions versus initial conditions versus different physics for regional 

modeling

Discussion Session and Proposed Questions3
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4.  What critical areas are needed to help improve S2S predictions and applications?
•	 Develop new metrics (e.g., feature verification, metrics of circulation indices)
•	 Improvement of skill versus scale of assessments
•	 Create quantitative ice forecasts, perhaps like a quantitative precipitation forecast
•	 Advance ice modeling
•	 Improvements to model physics
•	 Better precipitation forecasts — hybrid statistical dynamical techniques, proxies, and 

pattern recognition/machine learning/constructive analogues; focus on extreme events
•	 Improve land-surface processes and evaluating in models

5.  How does the Panel educate users about S2S “products” and seek feedback effectively?
•	 Determine Panel role on interaction with boundary organizations — webinars, forums, 

workshops to connect with boundary organizations and educate them about S2S and new 
S2S products 

•	 Encourage boundary organizations and forecast organizations to take on the 
responsibility

•	 Provide information on predictability to boundary organizations
•	 Help organize a NOAA Climate Diagnostics and Prediction Workshop

6.  As researchers, how does the Panel “interface” with user groups including government and 
private sectors?

•	 Demonstrate added value of S2S and define metrics for user groups
•	 Define the responsibility of the Panel versus that of boundary organizations and forecast 

organizations
•	 Need to work with S2S information providers (e.g., CPC, IRI)
•	 Help organize a Climate Prediction Applications Science Workshop
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Summary of Action Items from 20154

Warming Hiatus
•	 Prepare a summary of the sessions on the warming hiatus (Simon Wang)

 Status: Completed (see Summit report and video)

Coastal Shelf Ecosystems
•	 Submit a proposal for a working group or workshop (Enrique) 

Status: A workshop on Forecasting ENSO Impacts on Marine Ecosystems of the US 
West Coast will be held in August 2016. 

•	 Plan for a US CLIVAR Variations focused on the working group and/or workshop 
(Enrique) 
Status: Currently scheduled for Winter 2017

•	 Engage with International CLIVAR on implementation of biophysics and upwelling 
research focus (Enrique) 
Status: Session at CLIVAR OSC conference on the topic

•	 Develop the plans for testing the Applications Process Team ideas with this effort 
(Andrea) 
Status: In progress; will follow after workshop

Applications & Decadal
•	 Scope how to utilize COMET to develop training tools (Gregg, Chris) 

Status: Postponed. Initial contact made with COMET by Mike and Chris; they are open 
to idea; funding is issue; will continue to explore feasibility (see new action items)

•	 Identify some metrics of decadal variability relevant to systems that operate on these 
timescales (Andrea, Bruce) 
Status: Postponed. Panel lost some decadal expertise and this was not followed up on; 
will revisit in the next year (see new action items)

•	 “Assessment” of CLIVAR science at various stages of readiness through AGU and AMS 
Sessions and following development of an overview or white paper  (Andrea, Gregg) 
Status: In progress. Andrea presented on this at the Panel meeting – need to 
summarize status and plans

•	 Discuss with Mike Patterson how the Panel can more directly engage with NCA 
(Andrea) 
Status: In progress. Consider engaging through the call for author nominations or to 
review public review drafts; encourage CLIVAR Panel members to participate 

https://indd.adobe.com/view/0fea1708-4e83-4daf-b309-5525e7537c3e
https://www.youtube.com/channel/UCybCfsc0Cn0JWWrQ0TuGgeQ/featured
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Subseasonal Extremes
•	 Review the new NRC report “Developing a U.S. Research Agenda to Advance 

Subseasonal to Seasonal Forecasting” when it comes out for review (Kathy, Andrea, 
Chris, Hyemi) 
Status: Report was significantly delayed – reviewed at summer Panel meeting (see 
summary above)

•	 MAPP FY15 NMME extremes evaluation projects: sponsor journal special issue or 
CLIVAR Variations (Kathy) 
Status: CPO/MAPP already is doing a special issue on NMME Evaluations in Climate 
Dynamics

•	 Hold next year’s Panel meeting at NCEP to connect with forecasters regarding week 3-4 
predictions (Kathy) 
Status: Held panel meeting in DC and invited CPC forecasters; had a forecaster panel 
which was very successful in engaging with CPC

•	 Identify how we can interact with International S2S (Kathy) 
Status: Ongoing. Presented information on the S2S project and November 2015 S2S 
meeting at ECMWF; incorporated interactions with US CLIVAR into S2S report and 
discussed options for PPAI collaboration; co-convening AGU session with S2S project
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The outcomes of the meeting generated two scientific efforts that the Panel would like to 
advance.

(1) Explore the use of downscaling with convection permitting models for S2S predictions, 
particularly extremes 

This effort would bring together both the weather and seasonal/large-scale climate 
prediction communities. This effort is unique in that the downscaling community has not 
previously focused much attention on S2S, and the S2S community has not traditionally 
used regional models. Given the better representation of convection, particularly the diurnal 
cycle, by convection permitting models and the poor prediction of precipitation by global S2S 
models, the Panel believes that downscaling for S2S prediction is the right problem at the 
right time for exploring the use of these models.

(2) Provide a comprehensive evaluation and summary of the ability of models used for S2S 
prediction to represent the major modes of variability and their impacts  

While the major modes of variability have been evaluated by many different researchers 
and for different models, this information is spread across numerous studies. The Panel 
discussion with CPC forecasters indicated that this information would be helpful to their 
forecasts, but is not easily available to them at this time in a way that can be readily used. 
The Panel will focus on providing a consistent and comprehensive analysis across all the 
NMME, S2S, and SubX models, similar to the Climate Variability Diagnostic Package at NCAR. 
Furthermore, the Panel will synthesize the research that has already been done, including the 
MAPP NMME Evaluation Projects.

Action Items

Evaluation of S2S modes of variability and their impacts in forecast models  (Kathy Pegion, 
Rob Burgman, Muyin Wang, Emily Becker)

•	 Propose a working group to address this topic
•	 Submit a talk at the NOAA Climate Diagnostics and Prediction workshop or other 

conference 2017/18

Conclusion and New Action Items5
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Development of a regional/convective permitting model intercomparison project for S2S 
(Chris Castro, Liang, Adam Clark)

•	 Submit a workshop proposal to initiate this idea and bring together the communities
•	 Submit a talk at the NOAA Climate Diagnostics and Prediction workshop or other 

conference in 2017/18 to advertise this idea to the large-scale climate prediction 
community

•	 Longer-term plan would be to develop a working group following the workshop

Marine ecosystems (Andrea Ray)
•	 Evaluate the outcomes from the marine ecosystems workshop and decide what actions to 

take as a panel

Educating users and boundary organization on S2S Products (Chris Castro, Mike Patterson, 
Emily Becker)

•	 Continue to explore potential for training materials of S2S predictions with COMET — what 
are parameters for constructing module?  What is our desire and expertise as a Panel for 
this?

Renew Panel efforts on decadal variability and prediction (Rob Burgman, Simon Wang, John 
Nielsen-Gammon, Andrea Ray)

•	 Review National Academy workshop report on decadal variability
•	 Revisit last year’s decadal action item as well as future plans for Panel activities on decadal 

prediction
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Appendix A: Participants

PPAI Panel Members
Emily Becker, NOAA Climate Prediction Center 
Robert Burgman, Florida International University 
Christopher Castro, University of Arizona 
Adam Clark, NOAA National Severe Storm Lab 
Xin-Zhong Liang, University of Maryland 
John Nielsen-Gammon, Texas A&M University 
Kathy Pegion (Co-Chair), George Mason University
Andrea Ray, NOAA Earth Systems Research Laboratory
Muyin Wang, University of Washington 
Shih-Yu (Simon) Wang (Co-Chair), Utah State University 
Scott Weaver, Environmental Defense Fund

Guests
Heather Archambault, NOAA Climate Program Office 
Anjuli Bamzai, National Science Foundation 
Steve Baxter, NOAA Climate Prediction Center 
Dan Collins, NOAA Climate Prediction Center 
Eric DeWeaver, National Science Foundation 
Jon Gottschalck, NOAA Climate Prediction Center 
Sandy Lucas, NOAA Climate Program Office 
Dan Vimont, University of Wisconsin-Madison 
 
Project Office 
Mike Patterson 
Kristan Uhlenbrock
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Appendix B:  Agenda

TUESDAY, JULY 26
 

Session Questions
•	 What S2S research questions do we as a panel think are most important to address?
•	 What more datasets are needed to address the most important question(s)?
•	 What predictability research activities can we engage with – both existing and planned?

 
8:30am Introductions and Logistics

8:45am Review of S2S Extremes and Attribution of Climate Change Report (Scott Weaver, 
  Environmental Defense Fund)

9:15am Review of S2S Forecasts and Research Report (Simon Wang, Utah State U.)

10:15am Break

10:45am Review of S2S in the Arctic and linkage between Arctic and mid-latitudes (Muyin  
  Wang, U. Washington) 

11:15am Discussion

12:30pm Lunch

1:30pm Overview of S2S datasets and analysis tools (including the SubX Project) (Emily  
  Becker, NOAA Climate Prediction Center/Kathy Pegion, George Mason U.)

2:00pm Open Science Conference Poster Cluster (Simon Wang, Utah State U.) 

2:15pm Review of International S2S project (Kathy Pegion, George Mason U.) 

2:30pm NOAA/MAPP Projects and S2S Prediction Task Force (Heather Archambault, NOAA)

3:00pm Break

3:30pm Downscaling S2S datasets (Chris Castro, U. Arizona / Adam Clark, NOAA  
  National Severe Storm Lab)

4:00pm Discussion

6:00pm Working Dinner
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WEDNESDAY, JULY 27
 
Session Questions

•	 What critical areas are needed to help improve S2S predictions and applications?
•	 How do we educate users about S2S “products” and seek feedback effectively?
•	 As researchers, how do we “interface” with user groups including government and private 

sectors?
 
9:00am Introduction to S2S at CPC (Emily Becker, NOAA/Climate Prediction Center,  Dan  
  Collins, NOAA/Climate Prediction Center)

9:30am CPC Forecaster Panel (Jon Gottshalck, Dan Collins, Stephen Baxter, NOAA/CPC)

10:30am Break

11:30am Discussion w/ CPC Forecasters

12:30pm Lunch

1:30pm Resiliency Toolkit & US CLIVAR research readiness for applications (Andrea Ray,  
  NOAA/ESRL)

2:00pm S2S Applications to Drought SE Region (Rob Burgman, Florida International U.)

2:30pm S2S Applications to Drought Central US (John Nielsen-Gammon, Texas A&M)

3:00pm Break

3:30pm Applications to Coastal Marine Ecosystem (Desiree Tommassi – NOAA GFDL/ 
  Princeton, remote presentation) 

4:00pm Discussion

 
THURSDAY, JULY 28

 
Goals

•	 Identification of specific S2S “forecast and application research challenges” that could be 
addressed given the datasets we (will) have?

•	 Identification of a research plan to elevate attention and address these challenges
•	 Identification of a plan for projects to develop new datasets needed to address additional 

challenges
 
9:00am Discussion of actions to be taken

10:00am Break

10:30am Summary of PPAI panel plans

12:00pm Adjourn
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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

1201 New York Ave NW, Suite 400
Washington, D C  20005

www.usclivar.org
uscpo@usclivar.org
twitter.com/usclivar

US CLIVARClimate Variability & Predictabilit

y

US CLIVAR acknowledges support from these US agencies:

This material was developed with federal support of NASA and NSF (AGS-1502208), 
NOAA (NA11OAR4310213), and DOE (DE-SC0016332). Any opinions, findings, conclu-

sions, or recommendations expressed in this material are those of the authors and do not 
necessarily reflect the views of the sponsoring agencies.

For more information visit:

https://usclivar.org/panels/ppai/2016-ppai-panel-meeting
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