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Principles of NWP

Prediction of atmospheric conditions based on 
quantitative calculation of atmospheric variations  in 
line with the laws of physics

What is NWP?



A boundary layer is a layer of fluid near a boundary. It is affected by friction against the boundary surface, 
and possibly by the transfer of heat and other variables across the surface.
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NWP involves the integration of governing equations in hydrodynamics (such those of motion and 
thermodynamics) based on numerical methods with specified initial conditions to predict weather conditions 
such as temperature, wind and humidity.

The NWP Concept



Difficulties relating to the techniques used
Presence of errors in initial conditions
Differences between the model atmosphere and actual 

conditions
Computing limitations
Essential difficulties
Inclusion of non-linear terms in NWP modeling
-> Chaos
Butterfly effect
Similitude of chaos
Can a butterfly flapping its wings in Brazil cause a tornado in Texas?

Factors behind potential NWP unreliability

Predictability



Temporal and spatial scales are closely related, and are associated with the predictability of 
phenomena.

Meteorological Phenomena:
Temporal and Spatial Scales



NWP products (for SATAID)
Resolution 1.25 x 1.25 deg
Forecast lead time up to 48 hours
Initial time 00, 06, 12, 18 UTC

Periodicity 4 times/day
(around 04, 10, 16, 22 UTC)

NWP Specifications for SATAID



1. Check NWP
to display a pop-up 

window

Available NWP data

2. Select the desired elements

3. Click Exec to display

Displaying NWP Data

Shrink/extend window
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Demonstration – NWP utilization

TURB forecast
Wind, isotach, VWS and Ri
Stability indices
SSI, KI and other indices



1. Click the upper-left corner of the window to 
display a pop-up window.

2. Elements can be changed on the panel.

• When [Data file] is clicked, a CSV file of selected NWP elements is output.
• When [Last init.] is NOT selected, the earliest initial NWP data are displayed.
• When [Interpolation] is selected, forecast fields between forecast times can be interpolated and displayed (i.e. if 

[Interpolation] is NOT selected, NWP data are shown only every six hours).

Tips

Changing Elements



Changing Colors/Line Types/Hatch Patterns

Colors can be changed here.

Intervals between contours (isolines) can 
be selected here. 

Initial time



Displaying Forecast Values

Before After

The space between the red 
arrows becomes shorter.

Drag the red arrow to the right to select the 
forecast time.

Open NWP menu.

Satellite images are not shown while 
forecast time data are being displayed.



NWP Products for Aviation Weather Forecasting



SWS (Skew Wind Shear)
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Indices for Turbulence Forecasting



・Dutton index (DI)

・Richardson Number(Ri)

・Ellrod indices (TI1, TI2)
Horizontal deformation and 
vertical wind shear 

𝐃𝐢= 𝟏.𝟐𝟓𝐇𝐖𝐒+𝟎.𝟐𝟓𝐕𝐖𝐒𝟐+𝟏𝟎.𝟓
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Ratio of vertical stability and 
vertical wind shear

Indices for Turbulence Forecasting



Strong upflow within convective cloud causes turbulence.
Near the top of convective cloud, strong upflow enhances 
VWS and causes turbulence.

CONV = max( W, 0 ) * VWS

*W=vertical upflow[m/s]

At grid point where previous 1-hour 
precipitation amount >= 0.1mm

*when precipitation amount = 0 ->
CONV = 0.0

Turbulence Index - within Convective Cloud



TBindex
Combination of turbulence 
indices
(derived from logistic 
regression)
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CB TOP

CB TOP
3-hour precipitation

Forecast of potential CB areas and height of CB clouds



VWS was not large, but the TB 
index showed the potential area 
of MOD TURB caused by strong 
HWS.

06-07UTC
Many MOD CAT reports

at FL300/350
Case Study 
10 June 2012



Thank you !


