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Atmospheric 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)



S2S Sources of Predictability
Mix Of: 
• Natural modes of variability 
• Slowly-varying surface processes



Sub-seasonal 
Forecast Skill 

Jun–Aug

  

ABSTRACT 

CONCLUSIONS 
1) All the three model hindcast sets indicate very good skill for the first week, and relatively good skill for the 2nd week 
over the tropics, but dramatically decreased skill for weeks 3 and 4 except the equatorial Pacific and maritime continent. 

2) The ECMWF hindcast demonstrates noticeably better skill than the other two, especially for weeks 3 and 4. 

3) The predictability of sub-monthly precipitation appears to connect with intra-seasonal MJO phase/strength and low-
frequency ENSO variability. 

Acknowledgments: We are grateful to the provision of the three EPS hindcast data sets, from the Japanese Meteorological 
Agency, the National Centers for Environmental Prediction, and the European Centre for Medium-range Weather Forecasts. 

                  

. 

The prediction skill of precipitation over sub-monthly time scale is investigated based on hindcasts from three global 
ensemble prediction systems (EPS). The results valid for up to four weeks indicate good skill or predictability over 
some regions during the boreal summer monsoon season (e.g., June through September), particularly over southeastern 
Asia and the maritime continent. The hindcasts from all the three models correspond to high predictability over the first 
week compared to the following three weeks. The ECMWF forecast system tends to yield higher prediction skill than 
the other two systems, in terms of both anomaly correlation and mean squared skill score. 
 
The sources of sub-monthly predictability are examined over the maritime continent with focus on the intra-seasonal 
MJO and interannual ENSO phenomena. Rainfall variations for neutral-ENSO years are found to correspond well with 
the dominant MJO phase, whereas for moderate/strong ENSO events, the relationship of rainfall anomaly with MJO 
appears to become weaker, while the contribution of ENSO to the sub-monthly skill is substantial. However, there is 
exception that if a moderate/strong MJO event propagates from Indian Ocean to the maritime continent during typical 
ENSO years, the MJO impact can become overwhelming, regardless of how strong the ENSO event is. These results 
support the concept that “windows of opportunity” of high forecast skill exist as a function of ENSO and the MJO in 
certain locations and seasons, that may lead to subseasonal to seasonal forecasts of substantial societal value in the 
future. 

Evaluation of Sub-monthly Forecast Skill from Global Ensemble Prediction Systems 
Shuhua Li and Andrew W. Robertson 

International Research Institute for Climate and Society, The Earth Institute at Columbia University, Palisades, NY 10964 
(shuhua@iri.columbia.edu) 
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FIGURE 4: Real-time MJO phase space 
during June 1 to Sept. 30 for 2002 (El Nino) 
and 2001(neutral-ENSO). 

  

MJO phase: Jun – Sep, 2002 & 2001 

• Hindcasts of precipitation from three global ensemble prediction systems over the common period 1992-2008:  
  JMA long-range forecasting model, NCEP CFS version 2, and ECMWF integrated forecast system (IFS). 
• Horizontal resolution: approximately 1.125, 0.94, 0.5 degrees; and ensemble size: 5-4-5, respectively. 
• CMAP precipitation data from NOAA Climate Prediction Center. 
• Two skill metrics – Anomaly Correlation Coefficients (ACC) and Mean Square Skill Score (MSSS). 

Linkage: Precip versus ENSO and MJO 
FIGURE 3: (a) Anomaly correlation between 
CMAP pentad precipitation and 5-day average 
Real-time Multi-variate MJO (RMM) during June 
to August, 1992-2008. It demonstrates high 
(negative) correlation of rainfall with RMM 
components over the maritime continent.  
(b) Correlations between ECMWF precipitation 
hindcast for week-3 and CMAP rainfall during 5 
ENSO years (top) and 5 neutral years (bottom). 
The impact of ENSO on rainfall predictability is 
manifested by the comparison in the tropics, in 
particular over the equatorial Pacific and the 
maritime continent. 

Precip time-series: ECMWF hindcast vs CMAP 

FIGURE 5: Time series of rainfall anomalies over a portion of  
Borneo Island, from CMAP precipitation data (blue) and ECMWF 
hindcast (red), valid for weeks 2 and 3 during Jun-Sep for El Nino 
year 2002 and neutral-ENSO year 2001, respectively. The single 
upper-case letters denote the dominant MJO phase sector (A, I, M, 
P for MJO phase 8-1, 2-3, 4-5, and 6-7, respectively), where the 
MJO strength is greater than 1.0.  

Global EPS and Precipitation Data 

FIGURE 1: Correlation skill maps of precipitation hindcasts from the 
ECMWF forecast system over the period 1992–2008. The ACC 
calculations are made based on all the starts during late May through 
mid-September, and valid for weeks 1-4. Among the three global EPS, 
the ECMWF displays generally higher ACC skill than the other two 
systems, especially over the tropics and the maritime continent for 
weeks 2-4, as shown below. 

ACC Skill Map from ECMWF: Precipitation 
Hindcasts (weeks 1-4) and CMAP Data 

FIGURE 2: Aggregate ACC skill from three EPS hindcasts 
over the tropics and southeastern Asia  
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• 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 

• Phase I: 2014–2018; Phase II: 2019–2023

SUB-SEASONAL TO  
SEASONAL PREDICTION
RESEARCH IMPLEMENTATION PLAN

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)

http://s2sprediction.net



Slide 3 S2S TF telecon 16 Nov. 2016

BoM
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Data provider (11) Archiving centre (3)

ISAC

Contributing Centres to S2S database

IRI



Fields in S2S Database 

All data is on a 1.5x1.5deg lat-lon grid

http://s2sprediction.net



A major goal of S2S is to support WMO Commission for Basic Systems (CBS) operational sub-
seasonal activities  

•  S2S predictability research is linked to development infrastructure and procedure for 
operational sub-seasonal prediction under CBS.


• The S2S database is used to provide real-time data to CBS.

S2S database

S2S data portal (3-weeks behind RT)S2S producing  
centres

Near rt data 
+ rfcsts lead centre

Subset  
in near real-time

WMO 
users

Research and application community

S2S Linkage with WMO Operational Arm



S2S 
Phase I 

2014–2018
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Models Ocean
coupling

Active Sea Ice

ECMWF YES Planned

UKMO YES YES

NCEP YES YES

ECCC NO NO

BoM YES Planned

JMA NO NO

KMA YES YES

CMA YES YES

CNRM YES YES

ISA-CNR YES NO

HMCR NO NO

S2S database models

S2S Model Components



MJO Prediction

NAO Index: mean=0,  std=1.02

ISAC 0.25NCEP  0.32CMA 0.14 HMCR 0.13 

EI   0.48

BoM 0.15

ECMWF 0.31CNRM 0.15 JMA 0.22UKMO 0.29 ECCC 0.21 
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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

Z500 anomalies 10 days after an MJO in Phase 3Forecast Lead Time When MJO Index 
Skill Reaches 0.6

Vitart (2017)
• Big recent improvements in MJO prediction skill

• MJO Teleconnections still show serious biases



Stratospheric Warmings
Neutral Stratospheric Vortex

Weak Stratospheric Vortex

SPARC-SNAP

Prediction skill of the 1000 hPa Northern Annular 
Mode for week 3 in the S2S models 

• For most models, skill is higher following weak 
vortex conditions. 


• Similar results are found following strong vortex 
conditions. 




S2S Phase II: Gap Analysis

• To inform future plans, a questionnaire was circulated to the research, 
modelling and operational communities for feedback.  


• Frequently mentioned gaps included: land-surface processes and 
initialization; ensemble generation, including initialization, perturbation 
methods and stochastic physics; coupled data assimilation and the role 
of the ocean and sea ice on the sub-seasonal forecasts; stratospheric 
processes; and understanding model systematic errors and error growth. 


• Some of the database and operational gaps raised include: need for 
more convenient and faster access to popular suites of variables, 
including ensemble means, model climatologies, indices, and map 
displays; 


• need for multi-model calibrated forecast product development; 


• desire for more extensive re-forecast sets (number of years and 
ensemble members) for verification and forecast calibration,


• encouraging centres to harmonize re-forecasts; 


• request for more ocean data including 3D fields, 


• increased model horizontal and temporal resolution; and desire for 
real-time access.

http://s2sprediction.net



S2S Phase 2 plans: 

• S2S Database enhancement – ocean 
variables, more surface variables 4xdaily, 
additional models (eg IMD)


• New research foci (sub-projects) – MJO 
prediction and teleconnections; roles of Ocean 
and sea ice, Land surface, Stratosphere, 
Atmospheric composition and Ensemble 
generation.


• Enhancing operational infrastructure, user 
applications & real-time pilot experiment

http://s2sprediction.net
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Land in the S2S Phase II Plans
• Phase II questions posed:
1. What is the impact of the observing 

system on land initialization and S2S 
forecasts? 

2. How well are the coupled land/
atmosphere processes represented 
in S2S models? 

3. How might anomalies in land surface 
states contribute to extremes?
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1. What is the impact of the observing system 
on land initialization and S2S forecasts?  
• The forward problem
– Precipitation gauge density impacts on the classic “LDAS” approach to 

producing land surface analyses for forecast initialization
– Assimilation of satellite remote sensing (e.g., @ECMWF)
• The backward problem
– Key areas (hot spots) for land surface monitoring (e.g., Koster et al. 2016, Xue 

et al. 2018); showing how atmosphere rings with certain land surface 
initialization anomalies.
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2. How well are the coupled land/atmosphere 
processes represented in S2S models?  
• Many recent studies are exposing model shortcomings.
• Land Climate Process Team (CPT) opportunity from NOAA w/ DOE
– “Translating Land Process Understanding to Improve Climate Models”
– Focus on improving coupled land-atmosphere models
– $1M/y from NOAA + additional from DOE, 3y extendable to 5, expect 1-2 

teams to be funded
– Multi-institutional, must include NOAA & DOE centers, academic institutions 

as leads
– Proposal deadline was in November
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Land-CPT Community Response
• Two major proposals each involving 5 of the 6 US 

climate modeling centers.
1. Sub-grid land variability → ABL → convection 
– N. Chaney (Duke) lead, NOAA/GFDL, DOE/PNNL, 

NOAA/NCEP, NASA/GSFC, NCAR, GMU
2. Sub-grid atmospheric radiation variability → land
– K. N. Liou (UCLA) lead, NOAA/GFDL, DOE/PNNL, 

NOAA/NCEP, NASA/GSFC, NCAR, U. Arizona
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3. How might anomalies in land surface 
states contribute to extremes? 
• Scientific investigations are now generally well directed and well 

executed, if not well coordinated. 
• Programmatic considerations:
– Fits well with much of the focus of S2S modeling projects – but future of 

organized S2S funding is very uncertain.
– There is a piecemeal collection of research efforts and investigators around 

the globe who work on this topic, some unaware of the S2S effort – try to 
collect and synthesize these efforts of opportunity?

– S2S Phase II in concert with other relevant programs to pool resources and 
coordinate scientific studies (e.g., GEWEX/GLASS&GASS).
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S2S-Land in larger context
• Existing L-A modeling efforts that project onto S2S-Land
– ILSTSS2S (Y. Xue, T. Yao, A. Boone) – land temperature initialization, GEWEX/

GASS proposed project, GEWEX/GLASS buy in, also approached S2S – asked 
to prototype experiment with 2-3 models

– LFMIP-Pobs (C. Ardilouze, B. vdHurk) – a LS3MIP project (CMIP6 approved 
MIP), a scale-up of GLACE-2 prediction study, 25y, 4 IC/y, 20+ ensemble 
members, 6-month simulations.

– GLACE/ESM (A. Alessandri) – ECEarth centered, longer time scale 
(seasonal+), more focused on vegetation, phenology, irrigation, etc.

– SnowGLACE (Y. Orsolini, J.-H. Jeong) – WGSIP project, boreal winter focus, 
snow IC impacts; initially focused on accumulation (1 Nov ICs), now realizing 
spring snowmelt focus (1 Mar ICs). 



The aim of this initiative is to evaluate how individual state-of-the-art dynamical forecast systems vary in 
their ability to extract forecast skill from snow initialization. The modeling strategy follows the one 
develop during previous initiatives, GLACE 1 and 2 (e.g. Koster et al., 2011).  

Experiments : multi-model subseasonal-to-seasonal simulations covering over at least a decade, but 
preferably several decades, with either realistic or else unrealistic (climatological, scrambled,…) snow 
conditions, and start dates in fall and spring 

➢ Effect of autumn Eurasian snowpack on boreal winter circulation (incl. NAO and AO) 
➢ Effect of springtime snowpack over the Himalaya-Tibetan Plateau (HTP) on the onset of the Indian 

Summer Monsoon (ISM)

REFERENCES: 
Koster R.D. et al. (2011), GLACE2: the second phase of the global land atmosphere coupling experiment: soil moisture contributrion to subseasonal forecast 
skill. J Hydrometeorol 12:805–822. 
 Orsolini, Y.J., Senan, R., Balsamo, G., Doblas-Reyes, F., Vitart, D., Weisheimer, A., Carrasco, A., Benestad, R. (2013), Impact of snow initialization on sub-
seasonal forecasts , Clim. Dyn. 
Jeong, J.H., H.W. Linderholm, S.-H. Woo, C. Folland, B.-M. Kim, S.-J. Kim and D. Chen (2013), Impact of snow initialization on subseasonal forecasts of 
surface air temperature for the cold season, J. Clim., 26, 1956-1972 
Orsolini, Y.J., Senan, R., Vitart, F., Weisheimer, A., Balsamo, G., Doblas-Reyes F., Influence of the Eurasian snow on the negative North Atlantic Oscillation in 
subseasonal forecasts of the cold winter 2009/10, Clim. Dyn., vol47, 3, pp 1325–1334 (2016)

Y. Orsolini



ACC increment (S1 – S2)

SKILL FOR 
SNOW 
DEPTH

ACC comparison (Eurasia land)

Operational snow initialisation S4
ERA-Interim land snow initialisation S1
Climatological snow initialisation S2

2nd month

(simulations with autumn start dates (NOV 1, DEC 1), monthly-mean skill, over years 2004-2013)

1st month

!Improved snow  initialisation improves the prediction of snow itself (positive skill 
increment)

!How does it translate into surface temperature skill ? (in progress)

Figs : D. Decremer (ECMWF)

SNOWGLACE Experiments with ECMWF seasonal forecast  model

1st month

Y. Orsolini
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Takeaway Points
• It is being demonstrated and accepted that land surface initialization 

improvements will contribute skill in the S2S timeframe.
• Forecast models remain under-validated in terms of their simulation of 

the physical processes that link land and atmosphere through the water 
and energy cycles – model improvement can lead to further harvest of 
S2S predictability.

• There continues to be a barrier in research-to-operations (R2O) 
pipelines as the fixes are not simple (requires coupled L-A model 
development), and the payoffs not as alluring as many weather (flood, 
hurricane, tornado, etc.) or seasonal (El Niño) problems. 


