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Month 



many critical decisions must be made several 

weeks to months in advance of favorable or 

disruptive environmental conditions…

e.g., it can take weeks or months to move 

emergency and disaster-relief supplies (or 

control disease outbreak)



Pre-staging resources to areas that are likely to experience extreme 
weather or an infectious disease outbreak could save lives and stretch 
the efficacy of limited supplies

Disease control
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RESEARCH 
STRATEGIES 

FOR THE NEXT 
DECADE



RESEARCH STRATEGIES

Engage Users in the Process of Developing S2S 

Forecast Products

Increase S2S Forecast Skill

Improve Prediction of Extreme and Disruptive Events 

and Consequences of Unanticipated Forcing Events

Include More Components of the Earth System in S2S 

Forecast Models

PPAI - Interfacing!



RESEARCH STRATEGIES

Engage Users 

Forecast Skill

Extreme Events

Model Components

CWB?



➤ Engage Users 

➤ Forecast Skill

➤ Extreme Events

➤ Model Components

uncover the specific aspects of products and 

make S2S products more useful to decision 

makers across multiple sectors.

—forecast variables, spatial and temporal 

resolutions, necessary levels of skill, etc.—

aspects of products



➤ Engage Users 

➤ Forecast Skill

➤ Extreme Events

➤ Model Components

Natural modes of variability

Slowly-varying processes

Elements of external forcing

Better Observations

Data Assimilation

Model Optimization

Calibration and Verification of S2S forecasts

R2O

Action Items



➤ Engage Users 

➤ Forecast Skill

➤ Extreme Events

➤ Model Components

improve S2S forecasts to identify situations with high 

probabilities of disruptive consequences (~ 2-12 weeks)

develop “forecasts of opportunity”— identifying windows in 

time when expected skill is higher than usual at a particular place
or certain interactions of climate modes, slowly-varying processes, and external forcing

predict the consequences of disruptive events caused by 

outside forces      (volcanoes, meteor impacts, & human actions including 

aerosols, widespread fires, large oil spills, certain acts of war, or climate intervention)



➤ Engage Users 

➤ Forecast Skill

➤ Extreme Events

➤ Model Components

Precipitation Rate



➤ Engage Users 

➤ Forecast Skill

➤ Extreme Events

➤ Model Components

Precipitable Water



➤ Engage Users 

➤ Forecast Skill

➤ Extreme Events

➤ Model Components

HGT 850mb (low)

8/12 HGT850+OLR



➤ Engage Users 

➤ Forecast Skill

➤ Extreme Events

➤ Model Components

HGT 850mb (low) Precipitable Water

2 weeks?

“forecasts of opportunity”?



➤ Engage Users 

➤ Forecast Skill

➤ Extreme Events

➤ Model Components

high probabilities of 

disruptive consequences?



➤ Engage Users 

➤ Forecast Skill

➤ Extreme Events

➤ Model Components

advance ocean, sea ice, and land surface modeling 

capability within coupled models, & cloud-resolving 

capability in atmospheric models. 
(e.g., eddy-resolving resolutions in the ocean, ocean surface wave effects, and 

better representation of sea ice, land surface, and surface hydrological processes)

understand which added components have significant

interactions with the weather and climate system as a whole



ISI vs. S2S
“Intraseasonal to Interannual (ISI)” as used in the 2010 NRC report

Assessment of Intraseasonal to Interannual Climate Prediction and Predictability

“2 weeks to several years”

the terms intraseasonal and subseasonal are virtually 
interchangeable both literally and in practice.

the acronym “S2S” is now used rather loosely across the 

community to refer to both subseasonal and seasonal timescales



Chapter 2: 

History and Current Status of S2S Forecasting

291 pages



Many operational weather prediction 

centers have implemented extended-

range (10-30 day) prediction systems 

that provide building blocks for more 

useful subseasonal prediction systems

e.g., 45 day forecast (ECMWF, EGFS)

Chapter 2: 

History and Current Status of S2S Forecasting

the prediction community 

now understands that the 

potential utility of forecasts 

is based on end-user 

decision support 

probabilistic forecasts that include quantitative 

information regarding forecast uncertainty



Chapter 3: 

Enhancing the Value and Benefits of S2S 

Forecasts

billions-to-trillions of dollars sensitive to the weather

growing recognition that S2S predictions could play an 

important role in reducing society’s exposure to 

weather, climate, and other environmental variability

Water Resources Management

recognition



Chapter 3: 

Enhancing the Value and Benefits of S2S 

Forecasts

Decision process:

Water supply management

Hydropower scheduling

Recreation budgeting

Water Resources Management



Chapter 3: 

Enhancing the Value and Benefits of S2S 

Forecasts

Water Resources Management

Agriculture 

Decision process:

Crop production

Commodity trading

Ranching

Fisheries



Chapter 3: 

Enhancing the Value and Benefits of S2S 

Forecasts

Water Resources Management

Agriculture 

Decision process:

Power generation

Operation

Maintenance scheduling

Energy trading

Energy



Chapter 3: 

Enhancing the Value and Benefits of S2S 

Forecasts

Water Resources Management

Agriculture 

Decision process:

Deployment for disruptive 

(extreme) events

Food & water security

Tactical planning (fleets etc.)

Energy

National Security 



Chapter 3: 

Enhancing the Value and Benefits of S2S 

Forecasts

Water Resources Management

Agriculture 

Energy

National Security 

Transportation, Construction, Business, Public Health…



CHALLENGES TO THE USE OF S2S PREDICTIONS

Not immediately 
useful to 

decision contexts



CHALLENGES TO THE USE OF S2S PREDICTIONS

Not immediately 
useful to 

decision contexts

There is often a lack of understanding in (and trust of) forecasts

Decisions are based on discrete events at specific time & location

Forecast products need translation!



CHALLENGES TO THE USE OF S2S PREDICTIONS

Forecast products need translation!

CFSv1

v2
Mean T700 Mean Z200

First Fall Freezes

out to 6 weeks

Winter Long Inversions

out to 4 weeks

ST200 short waves

Spring Snowmelt

out to 3-4 weeks



CHALLENGES TO THE USE OF S2S PREDICTIONS

from: 
Aug

from: 
Sep

from: 
Oct

from: 
Nov

for: Jan

NDJ 2013-14
precip anomaly



CHALLENGES TO THE USE OF S2S PREDICTIONS

Texas floods: May & October 2015

1 month lead 2 month lead 3 month lead

May precipitation anomaly (mm/day)



Chapter 4: 

Sources of Subseasonal to Seasonal 

Predictability 



Chapter 4: 

Sources of Subseasonal to Seasonal 

Predictability 

TX precip

TX SoilM

May

Oct

Wang et al. (2018 ERL)



Chapter 4: 

Sources of Subseasonal to Seasonal 

Predictability 



AO
Waugh et al. (2016, BAMS)

AO 
NEG

2015-2016 winter

East Asian cold records!

Wang et al. (2016)



basic architecture 

of S2S prediction 

systems

Chapter 5: 

S2S Forecast Systems: Capabilities, Gaps, and 

Potential



Chapter 5: 

S2S Forecast Systems: Capabilities, Gaps, and 

Potential

Observations

Data Assimilation 
CWB’s River Group



Chapter 5: 

S2S Forecast Systems: Capabilities, Gaps, and 

Potential

MODELS: 

➤ Model drifts

➤ Parameterizations

➤ Tropical Convection

➤ Cloud Permitting 

➤ Ocean models…



Chapter 5: 

S2S Forecast Systems: Capabilities, Gaps, and 

Potential

??



Chapter 6: 

Interface Between Research and Operations

“There is a natural tension between the 

academic research community and the 

operational forecasting community.”



Chapter 6: 

Interface Between Research and Operations

MME research and demonstration efforts 

(e.g., ENSEMBLES, DEMETER, NMME,

APEC Climate Center MME, Int. S2S, etc.)

there is inconsistency among the models in forecast start date, frequency, lead time, and reforecast strategy, making it diff



Chapter 6: 

Interface Between Research and Operations

R2O Strategies

National Earth System Prediction Capability (ESPC) Inter-Agency program [ NOAA and the U.S. Navy ], UK Met Office, NOAA Climate 

& Spring Storm Testbed?

in order for the research community to use operational models for 
research, operational centers need to provide infrastructure support 
for developments to be fully tested in the operational environment 

(operationalizing MMEs!)
in order for the research community to use operational models for 
research, operational centers need to provide infrastructure support 
for developments to be fully tested in the operational environment 

(operationalizing MMEs!)



Chapter 6: 

Interface Between Research and Operations

R2O Strategies

Provide Research Community with Greater Access to Operational SystemsEstablish Capability to Respond to 
Unanticipated Events

The Committee recommends that the nation should develop and maintain a system for projecting the consequences of any unusual 



Chapter 7: 

Cyberinfrastructure and Workforce Capacity Building

Typical Data Volumes from Today’s S2S Prediction Forecasts

1 Terabyte per day

can amount to hundreds of Terabytes per day





Recommendations A, B

Social science
stakeholders



Recommendations A-M(so many!)

from diagnosis to repackaging to R2O



high impact S2S 

“forecasts of 

opportunity”

forecast the 

consequences of

unanticipated events



ocean eddies,

sea ice, LSM,

you name it…

remove barriers    

that exist across 

workforce pipeline 

and in the diversity of 

S2S forecasting





(The report) sets forth a research agenda that describes what must be done

CONCLUSIONS

The scope of the research agenda will require 

closer collaboration between federal agencies and 

international partners, 

better flow of ideas and data between the research and 

operational forecasting communities, and 

engagement of the entire weather and climate enterprise.

PPAI



4-page summary



CWBclimate service?
Connecting the two reports: Dealing with the changing extremes in the context of S2S forecast



Questions?


