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Numerical Weather Prediction 

 A Simplified Conceptual Chart of ñNumerical Predictionò 

In this case, boundary conditions mean many kinds of seasonal variable 

natural factors except atmosphere such as sea surface temperatures 

(SSTs), sea ices and snow covers. In general, variations of boundary 

conditions are much slower than a variation of atmosphere.  

A numerical model is made from many 

kinds of physical laws and a large 

number of grids.  

If you input an initial atmospheric condition and 

boundary conditions to a numerical model, you 

can get to know a future atmospheric condition 

as an output. 
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Predictability 

There are mainly 2 types of predictabilities.  

 ñPredictability of 1st kindò  

depends on an initial atmospheric condition. 

Because a variation of atmosphere is fast, 

information which an initial atmospheric 

condition has are lost rapidly.  

 

 ñPredictability of 2nd kindò  

depends on boundary conditions such as sea 

surface temperatures (SSTs), sea ices and 

snow covers. Because variations of boundary 

conditions are slow, they make a long-range 

forecast possible. 

 A Simplified Conceptual Chart of ñPredictabilityò 
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Predictability 
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 Long-life and Large-scale Phenomena  

( e.g. Seasonal Oscillations, Monsoons ) 

Long-range forecast is possible,  

because they are sensitive to boundary conditions 

rather than an initial atmospheric condition. 

 Short-life and Small-scale Phenomena  

(e.g. Tornadoes, Cyclones)  

Long-range forecast is impossible,  

because they are sensitive to an initial atmospheric 

condition.  

 Temporal and Spatial Scale of Atmospheric Phenomena 
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Predictability 

 

 

 Potential Predictability derived by SSTs 

ὖέὸὩὲὸὭὥὰ ὖὶὩὨὭὧὸὥὦὭὰὭὸώ
ὛὭὫὲὥὰ

ὛὭὫὲὥὰὔέὭίὩ
ρππ Ϸ  

Potential Predictability for Seasonal Precipitation derived  by SSTs 

Sugi, M., R. Kawamura and N. Sato, 1997, J.Meteor.Soc.Japan, 75, 717-736. 

An experiment of giving same SSTs to all ensemble members (9 members, 1979-1993) 

  Signal: Anomaly of Ensemble Mean 

  Noise: Ensemble Spread  

high over the tropics 

Summer Winter 
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Uncertainty and Ensemble Prediction 

Predicted PDF

TruthEnsemble mean
(average among members)

Ensemble

spread

Multiple initial condition

  Because atmosphere has chaotic nature, a small error in an initial condition grows rapidly. 

However, it is impossible to know a perfect initial condition even with the use of high 

accurate observations. Therefore, it is essential to consider uncertainty when forecasting. 

Ensemble prediction makes it possible to estimate uncertainty caused by initial 

condition errors with similar calculations from a little bit different multiple initial conditions.  

The individual calculation is called ñEnsemble memberò and the standard deviation among 

all members is called ñEnsemble spreadò. 

 A Simplified Conceptual Chart of Ensemble Prediction 
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Initial Perturbation 

Time 
Initial Time 

Breeding of Growing Mode BGM  
The BGM method find out the perturbation grew 

before the initial time with the forecast and 

assimilation cycle. 

This method is simple but necessary to keep 

forecast and assimilation cycle even when it is not 

initial time. 

Singular vector (SV) 
The SV can find out the fastest growing 

perturbation after the initial time based on a 

tangent linear model, which is obtained by locally 

linearizing the original nonlinear NWP model and its 

adjoint model. 

This method needs heavy development costs. 

In order to efficiently represent the initial observational error with initial perturbations 

(multiple initial conditions), the following methods are often used. 
é

 

Time 

Initial Time 
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Ensemble Techniques 

LAF 
Lagged Average Forecasting (LAF) is one of the 

ensemble prediction techniques.  

Ensemble prediction is calculated with the 

combination of predictions from not only latest 

initial condition but also older initial conditions.  

LAF is easy method for ensemble prediction and 

make it possible to share computer resources 

between some days.  

However, the accuracy of prediction from older initial 

conditions is generally worse than that from latest 

initial condition. 

Stochastic Physics Scheme 
Uncertainty is caused by imperfection of not 

only initial conditions but also numerical 

prediction models. In order to consider 

uncertainty caused by imperfection of numerical 

prediction models, multi-model ensemble 

(MME) system and stochastic physics 

scheme are often used.  

MME is an EPS using some different numerical 

ensemble prediction models.  

Stochastic physics scheme is a calculation 

method which controls some physical 

calculations with random numbers.  
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Hindcast 

Å Purpose of the hindcast 

ï to understand prediction skill 

ï to calculate the model statistics (bias, model climate) for 

creating various products (e.g., forecast maps, numerical guidance)  

Å Hindcast period is required to be more than 20 years. 

Å Difficulty 

ï In order to calculate a large number of past events, huge computer 

resources are required.  
   (Because of limited computer resources, ensemble size and calculation frequency are less than  

       those for operational forecasts in JMA. ) 

ÉHindcast   (= behind + forecast) ; coined term 

 Systematic forecast experiments for past cases  

     performed with the use of the operational EPS. 
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Definition of Bias and Anomaly 

Analysis Climate 

Forecast 

Positive 

Anomaly 

Negative 

Anomaly 

Model Climate 

Bias 

 Bias  

    - Bias is systematic errors of the model, calculated as  

      the difference between model climate and analysis climate. 

 Anomaly 

    - Anomaly is calculated as the difference between model climate and  

      forecast to reduce the influence from bias.  

 Difficulty 

    - It is impossible to adjust the  

      systematic positon errors of  

      jet stream etc.  

      Therefore, it is essential to 

      reduce model prediction bias.  
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WMO Forecast Classification 

Forecasting target period

Nowcasting Up to 2 hours

Very short-range weather forecasting Up to 12 hours

Short-range forecasting Beyond 12 hours and up to 72 hours

Medium-range weather forecasting Beyond 72 hours and up to 240 hours

Extended-range weather forecasting Beyond 10 days and up to 30 days

Long-range forecasting Beyond 30 days up to two years

Climate forecasting Beyond two years

In line with ñWMOôs Manual on the Global Data-Processing and Forecasting 

Systemò, forecasts are classified by their ranges. Seasonal forecasting, 

which is the main topic of the TCC seminar, corresponds to extended- 

and long-range forecasting. 

http://www.wmo.int/pages/prog/www/DPS/Publications/WMO_485_Vol_I.pdf 
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JMAôs Operational Global NWP Models 

Main target Horizontal 

resolution 

Global 

Spectral 

Model (GSM) 

ÅShort-range 

forecasting 

20km (TL959) 

Typhoon EPS 

(TEPS) 

ÅTyphoon forecast 40km (TL479) 

 

One-week EPS 

(WEPS) 

ÅOne-week 

forecast 

40km (TL479) 

One-month 

EPS 

ÅEarly warning for 

extreme events 

ÅOne-month 

forecast 

55km (TL319) 

 

Seasonal EPS 

(4/7-month 

EPS) 

Å3month forecast 

ÅWarm/Cold 

season forecast 

ÅEl Niño outlook 

110km (TL159) 

Numerical 

Prediction 

Division/JMA 

Climate 

Prediction 

Division/JMA 

as of Nov.2015 

TCC 
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