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Weather vs Climate Forecasts

Weather Forecasts ~ O (10 Days)
(Mid-Latitude Baroclinic Instability & Cyclone Lifetime)

Seasonal Forecasts ~ O (100 Days)
(ENSO phenomena & Local/Remote Circulation Impacts)

Dynamic Forecasts root back to 1910

Dynamic Forecasts root back to Mid-
1980’s

What about the forecasting 
between “weather” & climate 

~ 2 weeks to 2 months? 
(aka sub/intra – seasonal) from D. Waliser



S2S:  The “gap”
Between weather 
and Climate forecasts 

Predictability

Desert?

Sub-seasonal to Seasonal prediction 



Many Sources of S2S Predictability

https://doi.org/10.1029/2019JD031833

Lang et al. (2020): https://doi.org/10.1029/2019JD031833



S2S Predictability
Weather: 

Initial Value 
Problem 


(e.g., baroclinic 
waves) 

Climate:  
Boundary Value Problem 


(e.g. ENSO SST anomalies, atmos composition)

S2S: 

Mixed 


Initial Value (e.g. MJO) 

and Boundary Value 

Problem 

(e.g. Soil moisture, 

snow cover/snow pack, 
sea ice, SST)


T I M E    A V E R A G I N G
Predictability of the Second Kind (Lorenz, 1975)



Atmosphere/Ocean/Land Coupling

Soil moisture and snow anomalies tend to 
persist, on the order of week or more, 

potentially yielding atmospheric predictability 
on the time scales of weeks. 

Paul Dirmeyer 



The Madden Julian Oscillation
MJO phases 

Gottschalk, 2014 MJO forecast skill horizon exceeds 2 weeks

MJO Impacts

Why Sub-seasonal to Seasonal Prediction? 

Frederic Vitart



Evolution of 

MJO 

Forecast

Skill


At ECMWF

MJO Prediction
Evolution

• Operational MJO forecasts didn’t exist.
• Focus on El Nino and Seasonal Forecasting
• Weather and climate prediction models 

had poor representations of the MJO
• MJO forecasts only good to a few days

Late 1990’s – Early 2000’s

See recent review
Waliser, 2011

1990 2000 2010

Assessment of Intraseasonal 
to Interannual (ISI) Climate 
Prediction and Predictability, 
NRC 2010

Vitart (2014) 

DOI:10.1002/qj.2256 



How are S2S forecasts made?



• Improve forecast skill and understanding on the 
sub-seasonal to seasonal timescale with special 
emphasis on high-impact weather events


• Promote the initiative’s uptake by operational 
centres and exploitation by the applications 
community


• Capitalize on the expertise of the weather and 
climate research communities to address issues 
of importance to the Global Framework for 
Climate Services

SUB-SEASONAL TO  
SEASONAL PREDICTION
RESEARCH IMPLEMENTATION PLAN

13
15

21

For more information, please contact:

World Meteorological Organization
Research Department

Atmospheric Research and Environment Branch
7 bis, avenue de la Paix – P.O. Box 2300 – CH 1211 Geneva 2 – Switzerland

Tel.: +41 (0) 22 730 81 11 – Fax: +41 (0) 22 730 81 81

E-mail: AREP-MAIL@wmo.int

Website: http://www.wmo.int/pages/prog/arep/wwrp/new/wwrp_new_en.html

The project focuses on the forecast range between 2 weeks 
and a season.

The S2S Database, hosted by ECMWF and CMA, went 
online in May 2015. International Coordination Office hosted 

by KMA.

Co-chairs:

 Frédéric Vitart (ECMWF) 

 Andrew Robertson (IRI)

s2sprediction.net
2014–2023



S2S Phase II: 2019–2023S2S Phase II: 2019–2023



The WWRP/WCRP S2S Database

Contains 3-week behind real-time S2S forecasts (up to day 60) and re-forecasts 



see s2sprediction.net for details and how to access the S2S data

Forecasts Hindcasts

S2S database models

http://s2sprediction.net/


Slide	35 WGNE	Meeting	29	April	2016 35

Slide	35 WGNE	Meeting	29	April	2016 35

Frederic Vitart



Assessing the benefit of multi-model S2S prediction 
From the S2S database

• Combining S2S forecasts of 
precipitation from different models 
provides more skilful forecast than 
individual models. 

Frederic Vitart





S2S and SubX databases in IRI Data Library

http://iridl.ldeo.columbia.edu

http://iridl.ldeo.columbia.edu


SubX Real-Time Calibrated MME Maproom
Precipitation Example: Aug 7, 2020

http://iridl.ldeo.columbia.edu/maproom/Global/ForecastsS2S/

Issued every 
Friday


Based on 3 NOAA 
models: 


CFSv2, GEFS, 
ESRL-FIM


Calibrated using 
extended 


logistic regression

Forecast Probability of most-likely 
Tercile Category


22 Aug–4 Sep 2020

Observed percentile 

22 Aug–4 Sep 2020 



Estimates of Subseasonal vs Seasonal rainfall forecasting skill 
Ranked Probability Skill Score

Weeks 3-4 (15-28 days ahead) Seasonal (2-4 months ahead)

Aug–Dec Starts Aug-Oct Starts

The seasons were chosen to align with the monsoons in East Africa and India.

“Starts” refers to the initial time of the forecasts. Seasonal forecasts were made at the beginning of each 
calendar month. The subseasonal forecasts are made every Friday. Skill is based on hindcasts for a past period.


These maps were obtained from the IRI Maprooms:

Seasonal Forecasts: http://iridl.ldeo.columbia.edu/maproom/Global/Forecasts/index.html

Subseasonal Forecasts: http://iridl.ldeo.columbia.edu/maproom/Global/ForecastsS2S/index.html


Weeks 3-4 (15-28 days ahead)

Seasonal (2-4 months ahead)
Apr-Jun Starts

May-Aug Starts

Orange-red colors 
indicates potentially 
useful skill.


The newly-developed 
subseasonal forecasts 
generally indicate 
comparable or better 
skill compared to the 
established seasonal 
ones.


http://iridl.ldeo.columbia.edu/maproom/Global/Forecasts/index.html
http://iridl.ldeo.columbia.edu/maproom/Global/ForecastsS2S/index.html


Potential uses for S2S Forecasts in many sectors

Next Generation Earth System Prediction: Strategies for Subseasonal to Seasonal Forecasts  http://www.nap.edu/21873 



Conclusions
• S2S prediction is still in its infancy. It fills the gap between weather and climate 

forecasting. Its predictability comes from atmospheric initial conditions as well 
as from boundary conditions (e.g. MJO). 


• S2S predictability is not constant in time. It depends strongly on the 
occurrence of sources of predictability (e.g. SSWs, MJOs, soil moisture 
anomalies…). 


• Forecast skill for weeks 3 and 4 is generally low, but models have improved 
over the past decades.  Multi-model ensembles can produce more skilful 
forecasts of precipitations.


• Databases such as S2S of SubX are valuable resources to evaluate the impact 
of various sources of predictability in state-of-the-art S2S models and identify 
potential benefits or limitations in the use of S2S forecasts. 



Climate change

rising risks, trends, more 
surprises


Decades, end of century

Seasonal forecasts

level of risk in coming months


next 3-6 months 
Weather forecasts

impending hazard


10 days or less

more specific information

more time to reduce risk

Predictive information on multiple time-scales has potential to reduce climate risk 
by proactive interventions

Short 
Lead 
Time

Long 
Lead 
Time

Photo: NASA

From Erin Coughlan

S2S



s2sprediction.net
Learn more at 

http://s2sprediction.net

