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ESTIMATION OF THREE-DIMENSIONAL WIND VELOCITY IN
WIDE AREA USING THREE-DIMENSIONAL DISTRIBUTION
OF RADAR REFLECTIVITY

By Etichi NAKaKITA and Noriyasu MURATA

Synopsis

We apply a method of estimating three-dimensional wind velocity using reflectivity information
proposed by Nakakita et al. (1991) to a wide area which covers almost Japanese Archipelago heading to
the coming application into the information from spaceborne radars.

In applying this method into the wide area, we must pass through two problems, one is roughness
of the time interval of observations by spaceborne radar and another is that no information on three-
dimensional distribution of radar reflectivity will be available before an actual spaceborne radar will be
launched. Regarding the former problem, we ignore the temporal variation in a basic equation, and re-
garding the latter one, we roughly estimate three-dimensional information using horizontal distribution
of precipitation intensity which is estimated from GMS data.

After applying this method into a wide area, the assumption of isotropic convergence has changed
into the assumption of non-rotational flow so that it could have clearer physical meaning although we
know that it would not be reasonable in wide area.
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Table 1. Variables in basic equations

Symbol Definition

0 density of dry air

Os density of saturated air

Ow density of liquid water

ms={ps/p) mixing ratio of saturated air

my liquid water mixing ratio

es saturation vapor pressure

Q conversion rate of water vapor in a unit domain and a unit time
r precipitation intensity relative to atmospheric flow
(u, v, w) wind velocity

L latent heat for liquid water

G specific heat at constant pressure

T air temprature

j/ air pressure

€ =0.622

R individual gas constant for air
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Fig. 1. Region over which Satellite-derived Index of precipitation intensity (SI) is available.

Table 2. Correspondence between SI output

level and precipitation intensity

Level Preciptation intensity
0 0.0
1 0.0 < < 1.0
2 1.0 £ < 2.0
3 20 < < 4.0
4 4.0 < < 8.0
5 80 < < 16.0
6 16.0 < < 320
7 32.0 < < 64.0
8 64.0 < < 1280
9 128.0 <

Dimension: mm/h
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Fig. 2. The relationship between the reflectivity at 2 km height (Z,) and the reflectivity at z km

height (Z,) ((a) z=3 km, (b) z=4 km). The straight line in each graph indicates the
recurred line about Z,= ¢, X Z;.
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Fig. 3. Distributions of reflectivity at 3 km height estimated by our method (a) and observed by
Miyama Radar (b). The contours correspond to 20, 30, 35, 40, 45, 50, 55 (dbZe).
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Fig. 4. Horizontal convergence (a) and vertical velocity (b) estimated using the
observed reflectivity (Fig. 3 (b)).
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Fig. 5. Horizontal convergence (a) and vertical velocity (b) estimated using

estimated reflectivity (Fig. 3 (a)).
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Fig. 6. Horizontal convergence (a) and vertical velocity (b) estimated by ignoring
the time variation of liquid water content.
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Fig. 7. Rainfall distribution at 3 km height estimated from SI data. The contours correspond to 0.5,
1, 3, 6, 12, 24, 36 {mm/h).
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Fig. 8. Estimated horizontal wind at 3 km height (allow) and observed wind at height of 700 hPa
(flag).
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Fig. 9. Estimated horizontal convergence (a), vertical velocity (b) and conversion of water vapor (c).
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Fig. 10. Vertical cross section of distributions of the estimated wind velocity at 3 km height
and radar reflectivity used the estimation. Here reflectivity is conviniencely
represented by the value of precipitation intensity which is simply computed using
Marshall-Palmer dropsize distribution.
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Fig. 12.  The area over which the non-rotational assumption is applied.
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Fig. 13. Estimated horizontal wind estimated using the assumption of non-rotational flow.
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Fig. 14. Estimated horizontal wind estimated using the assumption of isotropic convergence.
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