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Then, what ?
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Analysis

Output 
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Observation Forecasts

Numerical

model

Numerical weather prediction is a crucial component



!"#$%&''

()*#+,-"./0

!"#$1&'

2-"-'-0-34*.*

Then, how ?
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Theory of numerical weather prediction (NWP)
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Theory of NWP : Atmosphere is a conserved property
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The governing equations : mathematical expression
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History of numerical weather prediction
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History of NWP skill : NCEP GFS (global forecast system)

1990: 48 hr fcst skill= 2020: 120 hr fcst skill%:-4 F' 4#-+
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Super-computer for weather models
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Data Assimilation

Background of FG

Global analysis (statistical
interpolation) and balancing

Observation (+/-3hrs)

Initial Conditions

Global forecast model

(operational forecasts)

6 hour forecast
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Dynamics : Grid system
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Dynamics : Numerical method (spatial)
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Dynamics : Numerical method (temporal)



Dynamics

Physics
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Physics modules : Branches of atmospheric sciences



!"#$%
U%),&

)-("*75%#% 0"3%,&H$"(72-%#&7#"6#)(N

Physics module (example): Cloud and precipitation
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Physics module (example): Cloud and precipitation
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Car and model

Dynamics
Physics Data assimilation

Software

Driver Forecaster
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Chaos theory (Lorenz)



Predictability : Atmosphere is chaotic
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Increase of spread

Different initial conditions

Forecast (time)

Ensemble forecasts : Seasonal and beyond

stochasticdeterministic
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Ensemble 
mean is 

meaningful



SST anomaly in 
JFM 2020

Temperature 
anomaly in JFM 2020

Ensemble forecasts : Seasonal and beyond
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Regional model is a magnifying glass



High resolution benefit ?   ---- Very clear !
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F(n) : weighting of global

So, empirical
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Observed

Large

Away from OBS
But more freedom

Small

Close to OBS
But less freedom



Day 2          3

Fundamental limit of 
the regional model : 
low resolution global 
and mathematically
ill-posed setup

Small domain keeps 
the large-scale from
the global but loses its 
freedom

Spectral nudging keeps 
the large-scale, but 
may lose the regional 
details
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