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OutlineOutline
• Historical Overview
• Success of NWP during the past 30 years
• From Weather Prediction to Dynamical Seasonal Prediction
• Current Status of Dynamical Seasonal Prediction
• Model Deficiencies in Simulating the Present Climate 
• Tropical Heating and ENSO Forced Response
• Model Fidelity and Prediction Skill
• Model Fidelity and Climate Sensitivity
• Factors Limiting Predictability: Future Challenges

Data Assimilation and Initialization
Biosphere, Cryosphere, Stratosphere Effects
Seasonal Prediction in a Changing Climate
Seamless Prediction of Weather and Climate
Computational Power

• Suggestions for the Future
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(Thanks to ECMWF!)
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RMS Error (RMS Error (hPahPa) of ) of ExtratropicalExtratropical PMSL Forecasts PMSL Forecasts 
for 3 and 5 days shadefor 3 and 5 days shade



Schematic diagram illustrating the error growth in summer (red) and 
winter (blue). The thick lines in both panels depict the rates at which 
initially different states reach the boundary-forced state. The thin 
lines show typical spread of forecasts initialized with slightly
perturbed initial conditions on day 0. 
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Summer

Winter

Schematic Error Growth Schematic Error Growth 
for the Winter (Red) & Summer (Blue)for the Winter (Red) & Summer (Blue)
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ERA Forecast VerificationERA Forecast Verification
Anomaly Correlation of 500 Anomaly Correlation of 500 hPahPa GPH, 20GPH, 20--90N90N



RMS Error and Differences between Successive ForecastsRMS Error and Differences between Successive Forecasts
Northern Hemisphere 500 Northern Hemisphere 500 hPahPa Height in WinterHeight in Winter

Current Limits of Predictability, A. Hollingsworth, Savannah, Feb 2003
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Evolution of 1Evolution of 1--Day Forecast Error, Day Forecast Error, 
Lorenz Error Growth, and Forecast Lorenz Error Growth, and Forecast 

Skill for ECMWF Model Skill for ECMWF Model 
((500 500 hPahPa NH Winter)NH Winter)
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ERA Forecast VerificationERA Forecast Verification
Anomaly Correlation of 500 Anomaly Correlation of 500 hPahPa GPH, 20GPH, 20--90N90N
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Effects of SST AnomalyEffects of SST Anomaly
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1982-83

1988-89

Rainfall

Zonal Wind

1988-89

1982-83
The atmosphere is so strongly 
forced by the underlying ocean 
that integrations with fairly 
large differences in the 
atmospheric initial conditions 
converge, when forced by the 
same SST (Shukla, 1982). 
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Rainfall AnomaliesRainfall Anomalies
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When tropical forcing is very strong, it can enhance even the prWhen tropical forcing is very strong, it can enhance even the predictability of extratropical seasonal edictability of extratropical seasonal 
mean circulation, which, in the absence of anomalous SST, has nomean circulation, which, in the absence of anomalous SST, has no predictability beyond weather.predictability beyond weather.

Observed SST JFM83 

Observed SST JFM83 Observed SST JFM89 

Observed SST JFM89 

IC: 12/89 

IC: 12/83 

IC: 12/89 

IC: 12/83 



• Several NWP Models have comparable skill. 

• Initial error growth has steadily increased, yet skill of five 
day forecast has also increased. 

• NWP progress in past 30 years: Improved one day forecast.

• No scientific breakthrough (except ensemble forecasting).

• No enhancement of observations.

• Hard work, improve models, improved assimilation and 
initialization.

• Possible lesson for Dynamical Seasonal Prediction.

CommentaryCommentary
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From Numerical Weather Prediction (NWP) From Numerical Weather Prediction (NWP) 
To Dynamical Seasonal Prediction (DSP) (1975To Dynamical Seasonal Prediction (DSP) (1975--2004)2004)

•Operational Short-Range NWP: was already in place

•15-day & 30-day Mean Forecasts: demonstrated by Miyakoda (basis for creating
ECMWF-10 days)

•Dynamical Predictability of Monthly Means: demonstrated by analysis of variance

•Boundary Forcing: predictability of monthly & seasonal means (Charney & Shukla)

•AGCM Experiments: prescribed SST, soil wetness, & snow to explain observed 
atmospheric circulation anomalies

•OGCM Experiments: prescribed observed surface wind to simulate tropical Pacific
sea level & SST (Busalacchi & O’Brien; Philander & Seigel) 

•Prediction of ENSO: simple coupled ocean-atmosphere model (Cane, Zebiak)

•Coupled Ocean-Land-Atmosphere Models: predict short-term climate fluctuations
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Simulation of (Uncoupled) BoundarySimulation of (Uncoupled) Boundary--Forced Forced 
Response: Ocean, Land and Atmosphere Response: Ocean, Land and Atmosphere 
INFLUENCE OF OCEAN 
ON ATMOSPHERE

– Tropical Pacific SST

– Arabian Sea SST

– North Pacific SST 

– Tropical Atlantic SST

– North Atlantic SST

– Sea Ice

– Global SST (MIPs)

INFLUENCE OF LAND 
ON ATMOSPHERE

– Mountain / No-Mountain

– Forest / No-Forest (Deforestation)

– Surface Albedo (Desertification)

– Soil Wetness

– Surface Roughness

– Vegetation

– Snow Cover

(Thanks to COLA!)
Center of Ocean-Land-
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Have “We” Kept the Promises We Made?
What are the Stumbling Blocks?

What are the Prospects for the Future?

Questions:Questions:
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ENSO Forecasts for Dynamic ModelsENSO Forecasts for Dynamic Models
Jun 2005 Jun 2005 –– March 2007March 2007



IRI Nino34 Forecast Archive
February 2002-September 2006

Running Seasonal Means

Dynamic CGCMs Only
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Skill in SST Anomaly Prediction for Nino3.4Skill in SST Anomaly Prediction for Nino3.4

DJF 1981/82 to AMJ 2004



July to Nov
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EUROSIP Atlantic Seasonal ForecastsEUROSIP Atlantic Seasonal Forecasts



• 25 years ago, a dynamical seasonal climate prediction was not 
conceivable.  

• In the past 20 years, dynamical seasonal climate prediction has 
achieved a level of skill that is considered useful for some societal 
applications. However, such successes are limited to periods of 
large, persistent anomalies at the Earth’s surface. Dynamical 
seasonal predictions for one month lead are not yet superior to 
statistical forecasts. 

• There is significant unrealized seasonal predictability. Progress in 
dynamical seasonal prediction in the future depends critically on 
improvement of coupled ocean-atmosphere-land models, 
improved observations, and the ability to assimilate those 
observations. 

CommentaryCommentary
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1.Coupled O-A models (both complex GCMs and intermediate complexity 
models) are frequently making skillful prediction of tropical Pacific SSTA
(NINO 3, NINO 3.4, etc) and the corresponding tropical circulation up to six 
months. However, the skill is highly variable depending on IC, year (ENSO 
events), model, ensemble size etc. Multi Model ensembles are most 
skillful.

2.Even the prediction of ENSO is limited to a selective preconditioning of 
wind stress, SST, and subsurface temperature anomalies in the equatorial 
Pacific.

3.There is no robust evidence of skill in seasonal prediction of SSTA in the 
Indian Ocean, the tropical Atlantic, or the extratropical oceans; or any 
other planetary scale modes of atmospheric circulation (monsoons, NAO 
etc.)

4.There is no robust evidence that dynamical seasonal prediction of surface 
temperature and precipitation over North America is more skillful than 
statistical models. 

Current Status of Dynamical Seasonal PredictionCurrent Status of Dynamical Seasonal Prediction

Center of Ocean-Land-
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CommentaryCommentary

• The most dominant obstacle in realizing the 
potential predictability of intraseasonal and 
seasonal variations is inaccurate models, rather 
than an intrinsic limit of predictability. 

Center of Ocean-Land-
Atmosphere studies



Systematic Error: MSLP (NDJ)Systematic Error: MSLP (NDJ)



Systematic Error: SurfSystematic Error: Surfaceace TempTemp. . (NDJ)(NDJ)
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NINO 3.4 Index (Observed and CFS)NINO 3.4 Index (Observed and CFS)
HadSSTv1.1

CFS long run

Calendar year



CommentaryCommentary

• Models with high deficiencies in simulating 
tropical heating produce highly deficient 
extratropical response to ENSO

• Examples: ECMWF, NCEP, GFDL, COLA

Center of Ocean-Land-
Atmosphere studies



Thanks to Arun Kumar (CPC/NCEP)

MRF8:  high, middle, low clouds allowed to exist
MRF9: Only high cloud allowed to exist over regions of tropical deep convection 

MRF8 MRF9
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Thanks to Arun Kumar (CPC/NCEP)

MRF8:  high, middle, low clouds allowed to exist
MRF9: Only high cloud allowed to exist over regions of tropical deep convection 
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Vintage 1980
AGCM

(Lau, 1997, BAMS)

Note: amplitude of 
model response quite 
weak; structure is PNA 
rather than ENSO 
forced 



Vintage 2000
AGCM



Evolution of 
Climate Models

1980-2000
Model-simulated and observed 

rainfall anomaly (mm day-1) 
1983 minus 1989

Center of Ocean-Land-
Atmosphere studies



Evolution of 
Climate Models

1980-2000
Model-simulated and observed 

500 hPa height anomaly (m) 
1983 minus 1989



Percent Variance of PNA region explained by Tropical SSTPercent Variance of PNA region explained by Tropical SST
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Boreal Winter (DJF) Rainfall Variance in Boreal Winter (DJF) Rainfall Variance in AGCMsAGCMs

(mm2)
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Models with low fidelity in simulating
climate statistics have low skill in

predicting climate anomalies.

HypothesisHypothesis

DelSole 2007 (research in progress)
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Measure of Fidelity: Relative EntropyMeasure of Fidelity: Relative Entropy
(Kleeman 2001; DelSole and Tippett, 2007)
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Measure of Fidelity: Measure of Fidelity: Anomaly CorrelationAnomaly Correlation
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DEMETERDEMETER

Thanks to Emilia Jin for providing the DEMETER data.
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Calculation DetailsCalculation Details
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Regions InvestigatedRegions Investigated
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DelSole 2007 (research in progress)



Note: Model errors saturate within the first season

Center of Ocean-Land-
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DelSole 2007 (research in progress)
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Understanding Variations Understanding Variations 
in Forecast Skillin Forecast Skill

• What is the Overall Limit of Predictability?
• What Limits Predictability?

– Uncertainty in Initial Conditions: Chaos within 
Non-Linear Dynamics of the Coupled System

– Uncertainty as the System Evolves: External 
Stochastic Effects

• Model Dependence?
– Model Error

Center of Ocean-Land-
Atmosphere studies



20 Years: 1980-1999
4 Times per Year: Jan., Apr., Jul., Oct.
6 Member Ensembles

Kirtman, 2003

Current Limit of Predictability of ENSO (Nino3.4)Current Limit of Predictability of ENSO (Nino3.4)
Potential Limit of Predictability of ENSOPotential Limit of Predictability of ENSO



Bjorn Stevens, UCLA
World Modelling Summit, ECMWF, May 2008
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Bjorn Stevens, UCLA
World Modelling Summit, ECMWF, May 2008



Model sensitivity versus model relative entropy for 13 IPCC AR4 models. Sensitivity is defined as the surface air temperature change 
over land at the time of doubling of CO2. Relative entropy is proportional to the model error in simulating current climate. Estimates of 
the uncertainty in the sensitivity (based on the average standard deviation among ensemble members for those models for which 
multiple realizations are available) are shown as vertical error bars. The line is a least-squares fit to the values.

J. Shukla, T. DelSole, M. Fennessy, J. Kinter and D. Paolino
Geophys. Research Letters, 33, doi10.1029/2005GL025579, 2006

Climate Model Fidelity and Projections of Climate ChangeClimate Model Fidelity and Projections of Climate Change



Climate Model Fidelity and Projections of Climate ChangeClimate Model Fidelity and Projections of Climate Change

Relative Entropy: The relative entropy between two distributions, 
p1(x) and p2(x), is defined as

(1)

where the integral is a multiple integral over the range of the M-
dimensional vector x. 

(2)

where μj
k is the mean of pj(x) in the kth season, representing the 

annual cycle, Σj is the covariance matrix of pj(x), assumed 
independent of season and based on seasonal anomalies. The 
distribution of observed temperature is appropriately identified with p1, 
and the distribution of model simulated temperature with p2.

Center of Ocean-Land-
Atmosphere studies



Climate Model Fidelity and Projections of Climate ChangeClimate Model Fidelity and Projections of Climate Change
Model vs. Model Relative Entropy with respect to MIROC highModel vs. Model Relative Entropy with respect to MIROC high--resolutionresolution

Center of Ocean-Land-
Atmosphere studies



Climate Model Fidelity and Projections of Climate ChangeClimate Model Fidelity and Projections of Climate Change

Interim Conclusion: 

If we conjecture that models that better simulate 
the present climate should be considered more 
credible in projecting the future climate change, 
then this relationship suggests that the actual 
changes in global warming will be closer to the 
highest projected estimates among the current 
generation of models used in IPCC AR4.

Center of Ocean-Land-
Atmosphere studies



Factors Limiting Predictability:
Future Challenges

Center of Ocean-Land-
Atmosphere studies



Fundamental barriers to advancing weather and 
climate diagnosis and prediction on timescales from 
days to years are (partly) (almost entirely?)
attributable to gaps in knowledge and the limited 
capability of contemporary operational and research 
numerical prediction systems to represent 
precipitating convection and its multi-scale 
organization, particularly in the tropics.

Center of Ocean-Land-
Atmosphere studies

(Moncrieff, Shapiro, Slingo, Molteni, 2007)



Seamless PredictionSeamless Prediction
Since climate in a region is an ensemble of 
weather events, understanding and prediction of 
regional climate variability and climate change, 
including changes in extreme events, will require 
a unified initial value approach that encompasses 
weather, blocking, intraseasonal oscillations, 
MJO, PNA, NAO, ENSO, PDO, THC, etc. and 
climate change, in a seamless framework. 

Center of Ocean-Land-
Atmosphere studies



From Cyclone Resolving Global ModelsFrom Cyclone Resolving Global Models
toto

Cloud System Resolving Global ModelsCloud System Resolving Global Models

1. Planetary Scale Resolving Models (1970~): Δx~500Km

2. Cyclone Resolving Models (1980~): Δx~100-300Km

3. Mesoscale Resolving Models (1990~): Δx~10-30Km

4. Cloud System Resolving Models (2000 ~): Δx~3-5Km

Organized 
Convection

Cloud
System

Mesoscale
System

Synoptic
Scale

Planetary
Scale

Convective
Heating

Convective
Heating MJOMJO ENSOENSO Climate

Change
Climate
Change

Center of Ocean-Land-
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Seamless Prediction of Weather and ClimateSeamless Prediction of Weather and Climate



Obs.Obs. ((TakayabuTakayabu et al. 1999)et al. 1999)NICAM (7NICAM (7--km)km)

Center of Ocean-Land-
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Matsuno (AMS, 2007)



MJO in High Resolution ModelMJO in High Resolution Model
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A Madden-Julian Oscillation Event Realistically Simulated 
by a Global Cloud-Resolving Model.
H. Miura, M. Satoh, T. Nasuno, A. T. Noda, and K. Oouchi
Science, 1763 (2007); 318, DOI: 10.1126/science.1148443

(A) Infrared image from the Multi 
Functional Transport Satellite (MTSAT-1R) 
at 00:30 UTC on 31 Dec 2006.

(B) outgoing longwave radiation from the 
3.5km-run averaged from 00:00 UTC to 
01:30 UTC on 31 Dec 2006.



Masaki Satoh, JAMSTEC
World Modelling Summit, ECMWF, May 2008



Towards a Hypothetical Towards a Hypothetical ““PerfectPerfect”” ModelModel
• Replicate the statistical properties of the past observed climate

– Means, variances, covariances, and patterns of covariability

• Utilize this model to estimate the limits of predicting the 
sequential evolution of climate variability

• Better model → Better prediction (??) 

Center of Ocean-Land-
Atmosphere studies

Societal NeedsSocietal Needs
• Regional climate prediction from days to decades 

– Global cloud system resolving models are required

• Science based adaptation and mitigation strategies
– Billion to trillion dollar decisions to be made by policymakers

• Optimum utilization of space and in-situ observation



Revolution in Climate PredictionRevolution in Climate Prediction
is Possible and Necessaryis Possible and Necessary

Coupled Ocean-Land-Atmosphere Model ~2015
~1 km x ~1 km (cloud-resolving)
100 levels
(Unstructured, adaptive grids)

~100 m
10 levels
Landscape-resolving

~10 km x ~10 km (eddy-resolving)
100 levels
(Unstructured, adaptive grids)

Assumption: 
Computing power 
enhancement by a 
factor of 106

Center of Ocean-Land-
Atmosphere studies

•• Improved understanding of the coupled OImproved understanding of the coupled O--AA--BB--CC--S interactionsS interactions

•• Data assimilation & initialization of coupled OData assimilation & initialization of coupled O--AA--BB--CC--S systemS system



Yelick, U.C. Berkeley
World Modelling Summit, ECMWF, May 2008



ChallengesChallenges
Conceptual/Theoretical

Modeling

Observational

Computational 

Institutional

Applications for Benefit to Society  

Center of Ocean-Land-
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Conceptual/Theoretical
ENSO: unstable oscillator?
ENSO: stochastically forced, damped linear system?
(The past 50 years of observations support both theories)

– Role of weather noise?

Modeling
• Systematic errors of coupled models - too large
• Uncoupled models not appropriate to simulate Nature in some 

regions/seasons: CLIMATE IS A COUPLED PROCESS
• Atmospheric response to warm and cold ENSO events is 

nonlinear (SST, rainfall and circulation)
• Distinction between ENSO-forced and internal dynamics 

variability
Center of Ocean-Land-

Atmosphere studies

ChallengesChallenges



Observational
• Observations of ocean variability 
• Initialization of coupled models

Computational
• Very high resolution models of climate system need million fold

increases in computing
• Storage, retrieval and analysis of huge model outputs
• Power (cooling) and space requirements-too large

Center of Ocean-Land-
Atmosphere studies

ChallengesChallenges



Institutional
• Development of accurate climate (O-L-A) models, assimilation 

and initialization techniques, require a dedicated team with a 
critical mass of scientists (~200) and resources (~$100 million 
per year: $50M computing; $30M research; $20M experiments)

• Climate modeling and prediction efforts should be 10 times NWP 
but is currently only ~10% of NWP

Applications for Benefit to Society
• Educate the consumers about the limits of predictability 

(uncertainty and unreliability)

• Decision making and risk management using probabilistic 
predictions

Center of Ocean-Land-
Atmosphere studies

ChallengesChallenges



• Model flaws

• Flaws in the way the data is used
(data assimilation and initialization)

• Gaps in the observing system

• Inherent limits to predictability
forecast skill is different in different decades:
some times are more predictable than others

Lead Time (months)

Chen, et al 2004 Nature

Factors limiting the current Factors limiting the current 
skill of forecasts:skill of forecasts:

Center of Ocean-Land-
Atmosphere studies

Courtesy of Mark Cane (TTA/ICTP, 2008)



International Research and Computational International Research and Computational 
Facility to Revolutionize Climate PredictionFacility to Revolutionize Climate Prediction

Examples of International Collaboration

• CERN: European Organization for Nuclear Research (Geneva, 
Switzerland)

• ITER: International Thermonuclear Experimental Reactor
(Gadarache, France)

• ISS: International Space Station 
(somewhere in sky..)

Center of Ocean-Land-
Atmosphere studies



International Research and Computational International Research and Computational 
Facility to Revolutionize Climate PredictionFacility to Revolutionize Climate Prediction

1. Computational Requirement:
- Sustained Capability of 2 Petaflops by 2011
- Sustained Capability of 10 Petaflops by 2015

Earth Simulator (sustained 7.5 Teraflops) takes 6 hours for 1 day forecast 
using 3.5 km global atmosphere model; ECMWF (sustained 2 Teraflops) 
takes 20 minutes for 10 day forecast using 24 km global model

2. Scientific Staff Requirement:
- Team of 200 scientists to develop next generation climate model
- Distributed team of 200 scientists (diagnostics, experiments)

A computing capability of sustained 2 Petaflops will enable 100 years of 
integration of coupled ocean-atmosphere model of 5 km resolution in 1 
month of real time

Center of Ocean-Land-
Atmosphere studies
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• There is a scientific basis for revolutionizing 
climate prediction

• The problem is beyond a person, a center, a 
nation …

• International collaboration is required

International Research and Computational International Research and Computational 
Facility to Revolutionize Climate PredictionFacility to Revolutionize Climate Prediction



SummarySummary

1. Models that better simulate the present climate produce the 
highest values of global warming for the 21st century. 

2. Models with low fidelity in simulating climate statistics
have low skill in predicting climate anomalies.

3.3. Revolution in climate prediction is necessary and possible.Revolution in climate prediction is necessary and possible.

4.4. Seamless PredictionSeamless Prediction:: From cyclone resolving global From cyclone resolving global 
models to cloud system resolving global modelsmodels to cloud system resolving global models

Center of Ocean-Land-
Atmosphere studies



Center of Ocean-Land-
Atmosphere studies

Nature NewsNature News

“We need to be 
breathtakingly bold”

- Leo Donner



THANK YOU!

ANY QUESTIONS? 

Center of Ocean-Land-
Atmosphere studies



“Climate prediction is a 
national security issue if 

ever there was one”



ChallengeChallenge

The world recognizes that the consequences of global climate 

change constitute one of the most important threats facing humanity. 

The peoples, governments, and economies of the world must 

develop mitigation and adaptation strategies, which will require

investments of trillions of dollars, to avoid the dire consequences of 

climate change. The development of reliable, science-based 

adaptation and mitigation strategies will only be possible through a 

revolution in regional climate predictions, supported by appropriate 

climate observations and assessment, and the delivery of this 

information to society.

Center of Ocean-Land-
Atmosphere studies



Summit DeclarationSummit Declaration

1.Considerably improved prediction of the changes in the 

statistics of regional climate, especially of extreme events and

high-impact weather, are required to assess the impacts of 

climate change and variations, and to develop adaptive 

strategies to ameliorate their effects on water resources, food 

security, energy, transport, coastal integrity, environment and 

health. Investing

today in climate science will lead 

to significantly reduced costs of 

coping with the consequences 

of climate change tomorrow.

Center of Ocean-Land-
Atmosphere studies
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2. Despite tremendous progress in climate modeling and the 

capability of high-end computers in the past 30 years, our ability to 

provide robust estimates of the risk to society, particularly from 

possible catastrophic changes in regional climate, is constrained 

by limitations in computer power and scientific understanding. 

There is also an urgent need to build a global scientific workforce

that can provide the intellectual 

power required to address the 

scientific challenges of predicting

climate change and assessing its

impacts with the level of 

confidence required by society.

Summit DeclarationSummit Declaration



3. Climate prediction is among the most computationally 

demanding problems in science. It is both necessary and 

possible to revolutionize regional climate prediction: necessary

because of the challenges posed by the changing climate, and 

possible by building on the past accomplishments of prediction 

of weather and climate. However, neither the necessary scientific 

expertise nor the computational capability is available in any 

single nation. A comprehensive international effort is essential. 

Summit DeclarationSummit Declaration

Center of Ocean-Land-
Atmosphere studies



4. The Summit strongly endorsed the initiation of a Climate 

Prediction Project coordinated by the World Climate Research 

Program (WCRP), in collaboration with the World Weather 

Research Program (WWRP) and the International Geosphere-

Biosphere Program (IGBP), and involving the national weather 

and climate centers, as well as the wider research community. 

The goal of the project is to provide improved global climate 

information to underpin global mitigation negotiations and for 

regional adaptation and decision-making in the 21st century.

Summit DeclarationSummit Declaration

Center of Ocean-Land-
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5. The success of the Climate Prediction Project will critically 

depend on significantly enhancing the capacity of the world’s 

existing weather and climate research centers for prediction of 

weather and climate variations including the prediction of 

changes in the probability of occurrence of regional high-impact 

weather. This is particularly true for the developing countries

whose national capabilities need to be increased substantially. 

5. The success of the Climate Prediction Project will critically 

depend on significantly enhancing the capacity of the world’s 

existing weather and climate research centers for prediction of 

weather and climate variations including the prediction of 

changes in the probability of occurrence of regional high-impact 

weather. This is particularly true for the developing countries

whose national capabilities need to be increased substantially. 

Summit DeclarationSummit Declaration

Center of Ocean-Land-
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6. An important and urgent initiative of the Climate Prediction 

Project will be a world climate research facility for climate 

prediction that will enable the national centers to accelerate 

progress in improving operational climate prediction at all time 

scales, especially at decadal to multi-decadal lead times. This will 

be achieved by increasing understanding of the climate system, 

building global capacity, developing a trained scientific 

workforce, and engaging the global user community. 

Summit DeclarationSummit Declaration
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7. The central component of this world facility will be one or more 

dedicated high-end computing facilities that will enable climate 

prediction at the model resolutions and levels of complexity 

considered essential for the most advanced and reliable 

representations of the climate system that technology and our 

scientific understanding of the problem can deliver. This 

computing capability acceleration, leading to systems at least a 

thousand times more powerful than the currently available 

computers, will permit scientists to strive towards kilometer-

scale modeling of the global climate system which is crucial to 

more reliable prediction of the change of convective precipitation 

especially in the tropics.
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8. Access to significantly increased computing capacity will enable 

scientists across the world to advance understanding and 

representation of the physical processes responsible for climate

variability and predictability, and provide a quantum leap in the 

exploration of the limits in our ability to reliably predict climate 

with a level of detail and complexity that is not possible now. It 

will also facilitate  exploration of biogeochemical processes 

and feedbacks that currently represent a 

major impediment to our ability to make 

reliable climate projections for the 21st

century.
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9. Sustained, long-term, global observations are essential to 

initialize, constrain and evaluate the models.   Well 

documented and sustained model data archives are also 

essential for enabling a comprehensive assessment of climate 

predictions.  An important component of the Climate Prediction 

Project will therefore be an accessible archive of observations 

and model data with appropriate user interface and knowledge-

discovery tools.
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10. To estimate the quality of a climate prediction requires an 

assessment of how accurately we know and understand the 

current state of natural climate variability, with which 

anthropogenic climate change interacts. All aspects of 

estimating the uncertainty in climate predictions pose an extreme 

burden on computing resources, on the availability of 

observational data, and on the need for attribution studies. The

Climate Prediction Project will enable the climate research 

community to make better estimates of model uncertainties and 

assess how they limit the skill of climate predictions. 
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11. Advances in climate prediction will require close collaboration 

between the weather and climate prediction research 

communities. It is essential that decadal and multi-decadal 

climate prediction models accurately simulate the key modes of 

natural variability on the seasonal and sub-seasonal time scales.  

Climate models will need to be tested in sub-seasonal and multi-

seasonal prediction mode also including use of the existing and 

improved data assimilation and ensemble prediction systems.  

This synergy between the weather and climate prediction efforts 

will motivate further the development of seamless prediction 

systems.
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12. The Climate Prediction Project will help humanity’s efforts to cope 

with the consequences of climate change. Because the intellectual 

challenge is so large, there is great excitement within the scientific 

community, especially among the young who want to contribute to 

make the world a better place. It is imperative that the world’s 

corporations, foundations, and governments embrace the Climate 

Prediction Project.  This project will help sustain the excitement of the 

young generation,

to build global capacity, especially 

in developing countries, and to 

better prepare humanity to adapt 

to and mitigate the consequences 

of climate change. 
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SummarySummary

1. Models that better simulate the present climate produce the 
highest values of global warming for the 21st century. 

2. Models with low fidelity in simulating climate statistics
have low skill in predicting climate anomalies.

3.3. Revolution in climate prediction is necessary and possible.Revolution in climate prediction is necessary and possible.

4.4. Seamless PredictionSeamless Prediction:: From cyclone resolving global From cyclone resolving global 
models to cloud system resolving global modelsmodels to cloud system resolving global models
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THANK YOU!

ANY QUESTIONS? 
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