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A METHOD OF ESTIMATING THREE-DIMENSIONAL WIND VELOCITY
AND CONVERSION RATE OF WATER VAPOR USING INFORMA-
TION ON ECHO FROM THREE-DIMENSIONALLY SCANNING RADAR

By Eiichi Nakakita and Minoru TANAKA

Synopsis

A method of estimating both three-dimensional wind field and conversion rate
of water vapor by the use of information on echo detected by three-dimensionally
scanning radar is presented. The basic equations are consist of three conservation
equations in terms of the air with the assumption of isotropic convergence, the
liquid water and saturated water vapor with the assumption of pusedo-adiabatic
process.

The estimated wind field is consistent with the structure of precipitation in
quality and the wind field estimated from dual doppler observation in quantity.
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Fig.1. Comparison of observation ranges between the Miyama Radar (inside
the large circle) and the Doppler Radar (inside the small circle).
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Use synoptic horizontal wind as initial ’hori~

zontal wind.

Calculate vertical wind velocity w, ard wq us-
ing equations (2) and (3). Where,w, and wy
> are the values at the height 0.5km above and
bellow the height where wind velocity are to

be estimated.

Calculated values of

;;(pu) and %(pv),

using equation (1).

k— Boundary conditions.

t sid
Calculated updated values u east or west side

u® and v°.

v --- north or sounth side

values in synoptic scale.

No

Converge or not ?

l Yes

end.

Fig. 2. Procedure of the calculation.
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20-POSITION (080,250} POSITION €090,250)

A w{ 7\

j .\ . . \_ ~
U N A — 1/ NS
e N /' N e N A SRR L -
X —— : R P
a. e T TR 0 L i \ Lo —

§ 0 F T premre N Ao A= ===
31 ,,.o-”" — \./" f”‘ N /' -
g \ / e - o= -~ -
gg \; A — -5 ."’/ e
i" 10+ //7{4.——"‘/ - //
> e 10+ /
",’o' o~
20 Ml L L3 LR MU JREN IR < ) Trra W MR T ¥ L \J M)
10 13 16 19 22 25 28 31 34 37 40 10 13 16 19 22 25 28 31 34 37 40
MSN MSN
pram/at  eeceeseseeees pwraR/az — — — -
PXUXBM/Jx == e Q R
pXvxam/9y ——————-

Fig.3. Values of each term in the basic equation(12) for various scales of
averaging. The symbol MSN is equivalent to n in equation(14), (15)
((a) and (b) correspond to heavy rainfall at different points).
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Fig.6. Results calculated by our method (averaged scale n equals to 10). ((a):
Estimated distribution of horizontal wind with reflectivity, (b): horizontal
distribution of vertical velocity, (€): horizontal distribution of conversion
rate).
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Fig. 7. Radius-height cross section of reflectivity.
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Fig. 8. Radius-height cross section of doppler-derived velocity along beam lines.
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Fig. 9. A schematic of the relation between wind and reflectivity estimated
from Fig.7 and Fig. 8.
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Fig.10 Radar reflectivity and estimated distribution of wind velocity in the
vertical cross section.
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Fig.11. Distribution of conversion rate and horizontal wind estimated from
reflectivity detcted by the Miyama Radar Rainguage ((8): conversion
rate, (b): horizontal wind with reflectivity).
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Fig.12. Distribution of vertical wind estimated from reflectivity detcted by the
Miyama Radar Rainguage ((a): horizontal distribution, (b) : vertical
cross section of wind and reflectivity along a north to south line and a

east to west line. These lines correspond to the lines illustrated in Fig.
11(b).
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Fig.13. Estimated distribution of horizontal wind based on dual dopplar
radars observation.
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Fig. 14. Distributions of wind velocity estimated from reflectivity by our method
((a) : distributions of horizontal wind, (b): vertical cross section of wind
and reflectivity).
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