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General Concept of Numerical Weather Prediction
7.1

7.1.1   
Fig.  7.1.1   Schematic diagram of grid points used in numerical weather prediction

7.1.2   
Fig.  7.1.2   Schematic diagram of numerical weather prediction model
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Numerical weather prediction predicts the future state of the atmosphere by calculating the time 

change of atmospheric variables such as temperature, wind, humidity and surface pressure based on 

dynamics and thermodynamics in the atmosphere.

In numerical weather prediction, the global atmosphere is digitized at regular grid points in three-

dimensional space, and the atmospheric variables at each grid point are calculated for each time step 

by using a supercomputer. The calculation includes many processes related to orographic effects, 

solar radiation, thermal radiation, surface drag, water vapor condensation, precipitation, and heat and 

moisture exchange between the atmosphere and the surface of the earth.



General Flow of Numerical Weather Prediction
7.2
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7.2.1   
Fig.  7.2.1   Flowchart of numerical weather prediction
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To calculate a future atmospheric state accurately, the current state should be given at an initial 

time. In numerical weather prediction, various kinds of meteorological observations all over the world 

are gathered and processed to make a realistic current status, i.e., the initial value. This is followed 

by the prediction calculation based on the initial value. Accuracy of the prediction relies on the 

accuracy of the initial value as well as the prediction model, so it is essential to obtain homogeneous 

and sufficient observations with high quality.



Observations for Numerical Weather Prediction
7.3

7.3.1   
Fig.  7.3.1   Examples of observation data and their distribution used by numerical weather prediction
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Numerical weather prediction uses various types of observations such as 

ground-based and atmospheric-sounding observations with radiosonde for 

many years. With the recent development of observation techniques such as 

radar, wind profilers, and aeronautical instruments, utilization of 

observational data for numerical weather prediction is expanding. However, 

even the recent techniques above will not provide enough data points over 

oceans and deserts. Therefore, utilization of homogeneous data by space-

based observation has recently become important.



Role of Satellite Data in Numerical Weather Prediction
7.4

AMSR-E

7.4.1   
Fig.  7.4.1   Various satellite measurements used in numerical weather prediction
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Satellite observation uses a wide variety and number of instruments with different performances, 

observation capabilities, and observation regions. Fig. 7.4.1 illustrates the satellite data distribution 

used in numerical weather prediction. Synergetic use of many satellite instruments satisfies 

requirements for data coverage in numerical weather prediction. A microwave radiometer, such as 

AMSR-E, enables us to observe hydrologic variables such as water vapor, cloud liquid water, and 

rain rates in the lower atmosphere as well as surface variables such as sea surface temperature, sea 

surface wind, sea ice concentration, snow depth, and soil moisture.



AMSR-E 
Experiment of AMSR-E Precipitable Water and Rain Rate Assimilation
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Fig.  7.5.1  Example of AMSR-E data assimilation experiment for Fukui heavy rain event in July 2004
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In numerical weather prediction, forecasts of 

heavy rain improve when we assimilate the AMSR-

E precipitable water data just before we expect the 

heavy rain to occur.

Fig. 7.5.1 presents the Fukui heavy rain event 

on July 17, 2004. With the AMSR-E data obtained 

around the Japan Sea and the East China Sea, 

the forecast over the Fukui area (denoted by 

arrow) predicted heavier rain, and the forecast 

over the west part of the Japan Sea (denoted by 

ellipse) predicted less rain. Both agreed with the 

observations.

The AMSR-E observation data gives a more 

accurate initial state and thus a more accurate 

prediction.


