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ESTIMATION OF THREE-DIMENSIONAL WIND VELOCITY FROM
INFORMATION ON REFLECTIVITY AND DOPPLER VELOCITY DETECTED
BY SINGLE DOPPLER RADAR

By Eiichi NAKAKITA, Noriyasu MURATA, Yasushi FujiYosH! and Shuichi IKEBUCHI

Synopsis

Authors have proposed method of estimating three dimentional wind velocity using
only information on reflectivity detected conventional radar, and evaluated accuracy of
estimations by the method using wind fields derived from dual Doppler observations.

In this study, we evaluate accuracy of estimations more quantitatively, and investi-
gate sensitivity of estimations to assumptions in the method. Moreover, based on results
of the evaluation, the method is extended as a method which utilizes information on
Doppler velocity detected by one Doppler radar. In order to evaluate accuracy of
estimations by extended method, we calculate also horizontal wind field using informa-
tion on Doppler velocity detected by dual Doppler radars. Using the calculated wind
field, we evaluate accuracy of estimations by extended method qualitively and quantit-
ably.

In summary, the more severe the precipitation event is, the better skill the prop-
osed methods show.
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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=(0s/p) mixing ratio of saturated air
my liquid water mixing ratio
s saturation vapor pressure
Q conversion rate of water vapor in a unit domain and a unit time
P, precipitation intensity relative to atmospheric flow
(u, v, w) wind velocity
L latent heat for liquid water
Cy specific heat at constant pressure
T air temperature
P air pressure
3 =0.622
R individual gas constant for air
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Fig. 3 Distributions of (a) horizontal wind velocity estimated using reflectivity and (b) horizon-
tal wind estimated based on dual Doppler observation.
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Fig. 4 Distributions of horizontal divergence (a) estimated using reflectivity and, (b) calculated
from horizontal dual Doppler velocity. Contours correspond to 0, 5, 10, 20, 30X107* [sec™"].
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Fig. 7 Distributions of (a) horizontal velocity and (b) horizontal divergence, estimated using
horizontal velocity observed by the upper air observation as boundary condition.
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Fig. 8 Plots of (a) horizontal divergence and (b) vertical velocity estimated by assuming the re-
lative humidity is 80%, against those estimated by assuming the air is saturated.
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Fig. 9 Plots of deviations of estimated wind velocity from observed wind against No ((a) hori-
zontal divergence, (b) horizontal velocity).
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Fig. 10 Plots of maximum and minimum value of estimated horizontal divergence against No.
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Fig. 13 Arrangement of dual Doppler radars of the Atomospheric and Hydospheric Science In-
sutitute of Nagoya Univercity in Owase.
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Fig. 14 Distribution of horizontal velocity calculated using information on Doppler velocity de-
tected by dual Doppler radars.
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Fig. 16 Distributions of (a) horizontal velocity and (b) horizontal divergence of the dual Dop-
pler wind in the selected area on cylindrical coordinate system at 3km height.
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Fig. 17 Distributions of (a) horizontal velocity and (b) horizontal divergence estimated using
dual Doppler velocity as boundary condition along the western end.
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Fig. 21 Distributions of vertical rotation calculated from estimated horizontal velocity when (a)
boundary condition is set along western end, and (b) along eastern end.
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Table 2 Comparisions between accuracies of variables estimated using both reflectivity and Dop-
pler velocity and using only reflectivity. First and second columns indicate differences
of used methods and boundary conditions. Third column is error variance for dual wind,
and fourth column is deviation of error variance. ({a): horizontal divergence, (b): hori-

zontal velocity).

(a) Horizontal Divergence

Method Boundary Condition Error Variance Deviation
Using Doppler velocity Dual (along northern end) 8.39x1077 9.16x107*
Using Doppler velocity Dual (along southern end) 8.00X10~7 8.95%x1074
Using Doppler velocity | Synoptic (along northern end) 7.31x1077 8.55X10™4
Using Doppler velocity | Synoptic (along southern end) 8.35%1077 9.14X10™4
Using only reflectivity Dual 7.11%X1077 8.43x107*
Using only reflectivity Synoptic 8.54 X107 9.24x1074

(b) Horizontal Velocity

Method Boundary Condition Error Variance Deviation
Using Doppler velocity Dual (along northern end) 26.83 5.18
Using Doppler velocity Dual (along southern end) 26.68 5.16
Using Doppler velocity | Synoptic (along northern end) 65.40 8.09
Using Doppler velocity | Synoptic (along southern end) 46.87 6.85
Using only reflectivity Dual 8.61 2.93
Using only reflectivity Synoptic 52.65 7.26
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Fig. 22 Distributions of (a) horizontal velocity and (b) difference between estimated and
observed horizontal velocity.
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Fig. 23 Distribution of (a) horizontal divergence and (b) vertical rotation.
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