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Overview 

ÅPredictability 

ÅMethods 



Climate 
prediction 



Climate 



Climate is  
what we expect, 
 
Weather is  
what we get 



Climate =    Expectation 



Climate 
Change 

=   We need to  
     change our   
     Expectation 



Climate 
prediction 

=    Expectation 
    of  
 Expectation 

How uncertain! 
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Prediction 

 

 a rigorous, (often quantitative), statement 
forecasting what will happen under specific 
conditions 
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Prediction (in Meteorology) 

 

 a rigorous, (often quantitative), statement 
forecasting what will happen under specific 
conditions 

 

What : atmospheric state 

Conditions?? 
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Atmosphere is dynamical system 
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Prediction (in Meteorology) 

 

 a rigorous, (often quantitative), statement 
forecasting what will happen under specific 
conditions 

 

What : atmospheric state (weather) 

Conditions: Current state, Physical rules, 
external forcing factors 
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Determinism 
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Perfect prediction is possible when 
we have knowledge of all necessary 
άŎƻƴŘƛǘƛƻƴǎέ 
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Chaos 

Small difference in the initial state 
cause huge difference later even in 
the deterministic nonlinear system.  
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Our knowledge is never perfect! 

Ҧ ǇŜǊŦŜŎǘ ŦƻǊŜŎŀǎǘ ƛǎ ƛƳǇƻǎǎƛōƭŜ 

How well we can predict? 

άtǊŜŘƛŎǘŀōƛƭƛǘȅέ 
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Predictability 

Depends on what to predict 

 

Prediction of  

1. Temperature of this room tomorrow 

2. Temperature of this room in 30days later 

3. Temperature of this room in 30years later 

 

Lead time(̱) 
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Predictability 

Depends on what to predict 

 

Prediction of  

1. Temperature of Seoul (Korea) 

2. Temperature of Jakarta (Indonesia) 

3. Temperature of Villa Las Estrellas (Antarctica) 

Location 
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Predictability 

Depends on what to predict 

 

Prediction of  

1. Temperature 

2. rainfall 

3. wind speed 

 

Physical variables 
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Why Predictability is varying with 
location/variables 

Characteristics of variability is different 
 

ï Tropics : weather = local convection (time scale ~ few 
hours) 

ï Extratropics : weather = synoptic system (time scale ~ 
few days) 

 

ï Daily rainfall is more chaotic (highly nonlinear) than 
temperature/pressure 
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Predictability 

Depends on what to predict 

 

Prediction of  

1. Mean Temperature during a day 

2. Mean Temperature during a month 

3. Mean Temperature during a century 

 

Time scale of predictand 
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Lead time (day) year 

Mean skill with lead time 90day mean skill with one month 
lead time 

5day, 10day, 15day, 30day, 60day, 90day averaged field 

Seasonal mean and Intraseasonal predictability 

Global pattern correlation skill of GCPS precipitation forecast (SMIP) 



Climate 
prediction 



Seasonal forecast 
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Seasonal Prediction 

 

What : state of atmosphere during a season 

Condition : Current state, Physical rules, external 
forcing factor 

 

Lead time ~ 1 month (e.g. DJF forecast at Nov) 



History of Short-term (Seasonal) 
Climate Prediction 

ÅмфслΩǎ Υ IȅǇƻǘƘŜǎƛǎ ǇǊƻǇƻǎŜŘ 

ÅмфулΩǎ Υ ENSO prediction + Atm. LFV. (PNA..) 

ÅмффлΩǎ Υ ό9ȄǇŜǊƛƳŜƴǘŀƭύ Dyn. Seasonal Fcst. 

ÅнлллΩǎ Υ LƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƭƭŀōƻǊŀǘƛƻƴ όaLtǎύ 

ÅнлмлΩǎ Υ hǇŜǊŀǘƛƻƴ όDC/{Σ w/hCǎκ²ahύ 

T. Palmer (1998) 



2002 summer rainfall 
Monthly mean prec. (Aug)  Summer mean prec.  

Sxognnm ŚQTR@ś o`rrdc `s 7.20 '0///ll ` c`x(  



Seasonal forecast 
How is the seasonal mean 
determined? 

 

 

 
 

 

 

What causes change 
(variability) of the mean? 

ÅBy chance? 

 

 

 

Å.ȅ άǎƻƳŜǘƘƛƴƎέΚ 
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Weather statistics 

Seasonal 
mean 

Primary seasonal weather 
statistics : seasonal mean 



PNA debates 

1. Forced by El Nino 
 
2. Atmospheric internal    
     variability (random) 



PNA debates 

1. Forced by El Nino 
Predictable (signal) 

 
2. Atmospheric internal    
     variability (random) 
     Unpredictable (noise) 



Matter  
of  

Signal  
&  

Noise 

X = Xs + Xn 
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Potential predictability 

Measured by relative magnitude (variance) of signal 
and noise 

Signal >> Noise : more predictable 

Signal << Noise : less predictable 



Signal in Seasonal prediction 

 

ÅWhat is the SignalΚ όIƻǿ ǿŜ Ŏŀƴ άǎŜŜέΚύ 

ïTendency of weather that has be physically 
caused by slow varying processes  

ÅWhat derives the Signal? 

ïExternal forcing (or interaction) 

ïSlow varying processes (ENSO) 
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Mechanisms of Variability 

Internal External  

Weather: 1. Internal Dynamics of 
Atmosphere 

ω Boundary Condition of SST, 
Soil wetness, Snow, Sea ice, 
etc. 

Climate: 
(seasonal-
decadal) 

2. Internal Dynamics of 
Coupled Ocean-Land-
Atmospshere 

ω Solar, Volcanoes 

Climate 
Change: 

3. Internal Dynamics of  

    Sun-Earth System 

ω Human effects:  

(Greenhouse gases, land use 
changes) 

From J. Shukla (2007) 



Two scales 

ÅFast and small scale processes : noise 

ïWeather, Tropical cyclone 

ÅSlow and large processes : signal 

ïClimate, ITCZ, ENSO 

 



Two scales 

August SOI 
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Nicholls et al (1998) 



Predictability 

ÅRelative ratio between signal and noise 

Å.¦¢ ǿŜ ŘƻƴΩǘ ƪƴƻǿ ŀŎǘǳŀƭ ǎƛƎƴŀƭ  

ïEstimation of potential predictability by models 

ïEnsemble prediction 

X=Xs+Xn  

Xs : ensemble mean 

Xn : deviation from ensemble mean  



Estimated potential predictability of rainfall  



Potential predictability 

ÅEstimated limit of the predictability given 
prediction methods (model)  

ïDepends on nature itself as well as prediction 
model  

ïWe cannot change the nature but model is our 
product 

ïPotential predictability may be able to be 
improved (or not) if our model is improved 



Seasonal Prediction (2) 
: Methods 

Jin Ho Yoo 
APEC Climate Center 

 



Methods 

ÅStatistical (Empirical) 
ïUse observed relationship of climate system to 

predict future 

ïLinear  

 

ÅDynamical 
ï.ŀǎŜŘ ƻƴ άǇƘȅǎƛŎŀƭ ƭŀǿέ ƻŦ ŎƭƛƳŀǘŜ ǎȅǎǘŜƳ ŀƴŘ 
ŜȄǇŜŎǘ ǘƻ ƳƛƳƛŎ άǘƘŜ ƳŜƳƻǊȅέ 

ïNonlinear 



Which one is better? 

Statistical  

ÅSimple and cheap 

ÅBased on data  

ÅData is real thing but do we 
have enough? 

Dynamical  

ÅComplex and expensive 

ÅBased on Law 

Å Is our understanding 
accurate? 

 



Statistical forecasting 

Å(0) Climatology 

ïBaseline of seasonal forecasting  

ïάbƻǘƘƛƴƎ ǇŀǊǘƛŎǳƭŀǊΣ {ƛǊΦέ  

ïDeterministic forecast 

ÅRainfall amount will be similar to 30year average 

 

ïProbabilistic forecast 

ÅNear normal ? 

ÅL ŘƻƴΩǘ ƪƴƻǿΚ όоо҈Υоо҈Υоо҈ύ 

 

ὼὸ ρ ὼӶ 



Statistical forecasting 

Å(1) Persistence 

ïAssume that future will be same as it is now 

ïANOMALY ! 

ïhŦǘŜƴ /ƭƻǎŜ ǘƻ ǇŜƻǇƭŜΩǎ ŜȄǇŜŎǘŀǘƛƻƴ 

ïEffective when the autocorrelation is large 

ÅOften used for ENSO forecast (Nino3.4) 

ὼᴂὸ ρ ὼᴂὸ 



Statistical forecasting 

Å(2) Regression 

ïThe most popular method and many variations 

ïx : predictand (e.g. rainfall at a station) 

ïy : predictor (e.g. NINO3.4 SST) 

 

ὼ ὸ ρ ὥώὸ ὦ 



Predict yield of Greek bonds with 
Facebook users 

ÅIs it appropriate? 

 
If yes, why? 
 
If not, why? 

From business week 



Regression based forecast 

ÅQuestion #1 

ïHow to define predictor (y)? 

ïBy definition, predictor should cause some 
changes in variation of predictand 

 

ïPredictand : my mood in the morning 

ïPredictor?  

ὼ ὸ ρ ὥώὸ ὦ 



Regression based forecast 

ÅQuestion #2 

ïHow to define a and b? 

ïȅƻǳǊ ŎƘƻƛŎŜΦ [ƛƴŜŀǊΣ ƴƻƴƭƛƴŜŀǊΣ ǎƛƴƎƭŜΣ ƳǳƭǘƛΧΦ 

ÅComplex one is not necessarily better.  

  

ïPredictand : my mood in the morning 

ïPredictor :   

ïa , b? 

ὼ ὸ ρ ὥώὸ ὦ 



Regression based forecast 

ÅQuestion #1 : Predictor selection 

ïShould be based on Physical relationship between 
predictors and predictands 

ïPredictor cannot be tiny signal in the seasonal 
forecast 

ïYŜŜǇ άŘƻǳōǘέ ƻƴ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǎŜƭŜŎǘƛƻƴ ōȅ 
chance  

ïSelected predictor should be validated with 
separate data 



Regression based forecast 

ÅQuestion #2 : appropriate Function 

ὼ ὸ ρ ὥώὸ ὦ 

ὼ ὸ ρ ὥώ ὸ ὥώ ὸὦ 

ὼ ὸ ρ ὼ ὸ ρ ὥώ ὸ ὥώ ὸὦ 

ÅOne to One : often not very satisfactory, limited cases   
ÅOne to Multi : easy to overfit (lie) 
ÅMulti to Multi : looks nice but often produce nothing practical 

 
Å If they gives similar result, the simpler is the better 



Dynamical forecast 

ÅUse GCM : Global Climate Model 

ïLǘ ǳǎŜŘ ǘƻ ōŜ ŎŀƭƭŜŘ άDŜƴŜǊŀƭ /ƛǊŎǳƭŀǘƛƻƴ aƻŘŜƭέ 



Dynamical forecast 

ÅGoverning Equations 

ïWritten as computer program code (NWP) 
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Numerical modeling 

ÅIssue 

ïDigitization (physical variable is continuous, but 
ŎƻƳǇǳǘŜǊ ƴŜŜŘǎ ŘƛƎƛǘƛȊŀǘƛƻƴέ 

ÅResolution, subgrid-scale parameterization 

 

 

 

 

 

ïUnknown processes, tunable parameters 

ïInitialization (for forecasting) 



GCMs 

ÅCoupled GCM 

ïAtmosphere 

ïOcean 

ïSea-Ice 

ïLand surface 

ïChemistry 

ïBiosphere 



Initialization 

ÅPreparing the beginning climate state of GCM 
with available observation 

ïBalance between Wrong GCM vs Wrong OBS. 

ïBalance between components (Atm, Ocn) 

Estimating Current status of climate system  



Ensemble Forecasting 

ÅRun many times 

ïStarts from slightly different initial conditions 



Multi Model Ensemble Forecasting 

ÅRun with many models 

Which one?? 



Use all! 
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Contribution of systematic error 

(conditional) cancellation 
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Temporal correlation skill (SUMMER MEAN PRCP) 

Multi -model ensemble 

correlation skill  

Inflation factor of 

correlation skill by multi -

model ensemble 

Mean correlation skill of 

individual models 

RMM  

<R> 

<r>-1/2 

Independent and good models :  
Best forecast result (on average) 


