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Weather, Water, and Climate Forecasts 
are Vital to Decision Making 
Businesses    Governments  Individuals 



Forecast Timescales 

 

• Weather  0-14 Days 

• Subseasonal 2-12 Weeks 

• Seasonal  3-12 Months 

• Interannual  1 year - Decade 

• Climate   Decades - Centuries 

 

Subseasonal 
to Seasonal 

(S2S)  
2 weeks -12 

months 



What if Longer-Range Forecasts Were More 
Skillful and Widely Used?  

• Many decisions must be 
made in the space 
between weather forecasts 
and climate projections 

• Improving S2S forecasts 
would benefit many 
sectors of society 

• Will improve planning and 
preparation to help save 
lives, protect property, 
increase economic vitality 



Current State of S2S Forecasting 

• S2S forecasts 
are increasingly 
used in 
agriculture, 
energy, and 
water resource 
management—
but more 
engagement 
with users in 
other sectors 
will increase use 

Precipitation Outlook for April–June 2016 
Issued March 15, 2016 



Current State of S2S Forecasting 

• Scientific knowledge gap, gaps in observations and 
modeling, and limited computational capacity currently 
limit accuracy of S2S forecasts 

Range of present-
day MJO forecast 

skill 

Estimates of 
predictability 

(i.e. upper-limit) 
of MJO 

prediction skill 

Indication of 
significant 
room for 

forecast skill 
improvement 

Figure 4.2 
Neena et al., J. Climate, 2014 
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Why This Study?  

• Sponsored by Office of Naval Research, Heising-
Simons Foundation, NASA, and NAS Arthur L. Day 
Fund 

 

Task:  

• To describe a strategy to increase the nation's 
capacity for S2S forecasting  

• To develop a 10 year scientific research agenda to 
accelerate progress  
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The Committee’s Vision 

S2S forecasts will be as 
widely used a decade from 
now as weather forecasts 
are today 

 

• Fulfilling this vision will 
take sustained effort and 
investment 



Fulfilling the Vision: Research Strategies 

1. Engage Users 

2. Increase S2S 
Forecast Skill 

3. Improve 
Prediction of 
Disruptive Events 

4. Include More 
Earth System 
Components 

 



Research Strategy 1 – Engage Users 

• Current mismatch between S2S 
forecasts and many end users’ needs 

• More dialogue between researchers, 
forecasters and users will: 
– Accelerate application of S2S forecasts to 

decision making 

– Guide development of forecast verification 
metrics and products  

• Government, academia, and private 
sector should all play a role 

Recommendations 
– Research use of S2S forecasts 

– Establish an iterative process to 
engage users 



Research Strategy 2 – Increase S2S 
Forecast Skill 

• Need to improve all parts of forecast systems starting with 
sources of predictability, observations, and data 
assimilation 

Recommendations 
• Characterize natural modes of variability 
• Maintain and expand observations 
• Prioritize observations through sensitivity 

studies 
• Advance strongly coupled data assimilation 



Research Strategy 2 – Increase S2S 
Forecast Skill 

• Need to improve all parts of forecast systems 
including models, verification methods, multi-
models, etc. 

• Need to carry improvements from research to 
operations 

Recommendations 
• Improve model parameterizations 
• Pursue feature-based verification 
• Explore S2S system configurations 
• Create operational multi-model 

ensembles 
• Promote collaboration between 

research and operational communities 



Research Strategy 3 - Improve Prediction of 
Extreme and Disruptive Events and of the 

Consequences of Unanticipated Forcing Events 

• Prediction of events often more 
meaningful than mean conditions 

• Will likely involve forecasts of opportunity  

Recommendation 

• Focus attention  on disruptive and 
extreme events 

 
• S2S forecasts can also help predicting the 

consequences of unanticipated but strong 
forcing events (volcanos, oil spills, etc. ) 

Recommendation  
• Develop a national capability for 

unanticipated forcing events 
 



Research Strategy 4 – Include More Components 
of the Earth System in S2S Forecast Models 

• A more complete description of the 
Earth system in S2S forecast systems 
will improve forecast skill 
 

• Sub-models of the ocean, sea ice, land 
surface and other components are 
currently under developed or missing 
from S2S forecast systems 
 

• S2S stakeholders are looking for 
forecasts of more variables  
 

Recommendation  
• Develop next-generation model 

components 

Insert 2-3 images of 
sea ice, ocean, forest 



Supporting the S2S Endeavor:  
Cyberinfrastructure & Workforce 

• S2S involves enormous amounts of data 
(observations, data assimilation steps, and 
model outputs)  

• Similar challenges exist in the weather and 
climate forecasting fields 

Recommendation 
• Create a national plan for 

cyberinfrastructure  
 
• Significant barriers exist to training and 

retaining talented workers in S2S model 
development 

• Also need for more people trained to work 
across science-user interface 

Recommendation 
• Address S2S workforce development 

 



S2S forecasts will be as widely 
used a decade from now as 
weather forecasts are today 

 
• Vision and research agenda 

are bold 
– Fulfilling this vision will take 

sustained effort and 
investment 

• Recommendations 
presented without 
prescribing priority or 
sequence  
– Allows flexibility to changing 

conditions 

 

Bringing It All Together 



Example: Recommendation A 

• More detailed actions listed under each recommendation 
• Tables (S.1 and 8.1) give further guidance 
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Recommendation B 



Recommendation C 



Recommendation E 



Recommendation E (cont.) 



Recommendation F 



Recommendation G 



Recommendation H 



Recommendation H (cont.) 



Recommendation J 



Recommendation K 



Recommendation L 



Recommendation M 



Recommendation D 



Recommendation N 



Recommendation I 



Recommendation O 



Recommendation O, cont. 



Recommendation P 



Example: Water Resource Management 

Improved S2S predictions of 
drought and the probability of 
atmospheric river events will: 
 Support improved 

management of reservoirs, 
including drought 
management, flood control,  
and planning for 
hydropower 

 Need engagement to 
understand critical decisions 
and to produce forecast 
information that fits water 
project/agency location and 
timing needs 



Example: Early Warning Systems in 
the “Meningitis Belt” 

• Outbreaks of meningitis are linked to the onset of dry conditions in 
central Africa 

• Public health officials, physical scientists, and social scientists 
worked together to collect data and develop a prototype early-
warning system linking S2S forecasts of low humidity with the 
potential for outbreaks 

• Public health officials use forecasts to move vaccines to areas likely 
to experience outbreaks in the weeks and months ahead. 

• New S2S research efforts focused on improving prediction of the 
West African Monsoon and relative humidity.  
 



Example: Increasing Forecast Skill  to 
Make Farming More Efficient  

With improved S2S forecasts of:  
– Temperature 
– Precipitation 
– Wind speed 
– Relative humidity 
– Soil temperature 
– Projected dates of first/last freeze 
– Probability of disruptive events – flood, 

drought, heat waves, freeze 

Farmers can better understand: 
– What crops and varieties to plant 
– When to apply irrigation, nutrients, pesticides 

& herbicides 
– Projected crop yields to support decisions 

about food production and distribution 



Example: Responding to Oil Spills  

• Oil spills 
– S2S forecasts of 

loop currents can 
help researchers 
forecast where 
spilled oil will go 

– Where to direct 
resources for 
clean up 

– Need capability 
in place before 
event 

Quickly 
assembled 

model 

More 
deliberately 
assembled 

model 



Example: Improving the Representation of the 
Ocean and Sea Ice in S2S Forecast Systems 

• Navy  

– Forecasting of ocean 
variables (e.g., wind, 
wave height, ocean 
currents) 

• Planning shipping routes 

• Mission planning 

– Sea ice forecasts  

• Anticipating opening of 
Arctic shipping lanes 

 


