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Abstract: Estimation method of specific attenuation and equivalent radar reflectivity in a melting layer using a dual Ka-band radar system is studied. The system consists of two identically designed Ka-radars. When a precipitation system comes
between two radars, the radars observe the system with opposite directions. The radar applies FM-CW type and designed for the measurement of the scattering characteristics of precipitation particles. The precipitation echoes suffer from rain attenuation.
The reduction due to rain attenuation symmetrically appears in both radar echoes. By differentiating averaged measured radar reflectivity with range, the specific attenuation can be estimated. After obtaining the specific attenuation, equivalent radar
reflectivity is estimated. In the melting layer, specific attenuation and the equivalent radar reflectivity vary largely along the radio path, and the estimated specific attenuation is very sensitive to the setup configuration of the experiment. The accuracy of the
estimated specific attenuation is found to depend on the curvature of the equivalent radar reflectivity with respect to range and the distance for the differentiation. The measurement system and actual procedure of data analysis are also described.

The geolocation of the observation sites.

50

#  Observation

The intensive observation period in Mt.Zao was held .
twice for 40days.

13 Dec. 2014 to 12 Nov. 2014 (29days) )

28 Feb. 2015 to 11 Mar. 2015.(11days)
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.Three G-PIMMS, abbreviation for “Ground-based Particle Image

and Mass Measurement System”, which was newly developed for Inside view of the radar. Two offset parabolic antennas for

this experiment by Dr.Suzuki , Yamaguchi University transmission and reception are installed.
Specification
Frequency 35.25 GHz (Ka-band)
§:-1111:1: Dual_ Rad ar IVI ethOd MOdUIatlon PrInCIpIe (Erlzﬁlug\}:c-/modulated continuous wave)
Minimum Detect Zm -20 dBZ at 10 km
Li et al. (2001) | | Range Resolution <50m (min.12.5m)
i | Doppler Velocity > #+10 m/s
| | Observable range From 500 m to 30 km
| ' Antenna beam width 0.6 deg
| | ,
Ka#l HH i P Ka#2 Antenna Sidelobe 25 dBZ >
. PGP i P i i i
) :::::::;::..:'ﬁjh-'-' > ° n-1
N N R R I = —
k(0) ik(n) e K(N-1) Loy, (n) = Ze(n) 2i: k(i)oh
| | | | N1
| I || Lovo(n) = Ze(n) =2 k(i)on
Ze(o) Ze(n) Ze(n+1) Ze(N) - T i=n
- N-1
Z(n) =[Zgyy (N) + Zg, (n) +2) k(i)N] /2
1=0

k(n) - [ZSNZ(n +1) N ZSNZ(n) T ZSNl(n) - ZSNl(n +1)]/45h _C

AT =23 K0 = 241 (0) Zeyo0) = Zas (N) - Za (V)

This method provides the both total path attenuation and the attenuation efficient at
each range. And equivalent radar reflectivity can be retrieved directly by combining two
measured reflectivity profiles without any a priori knowledge of the attenuation
characteristics along the path. Hence it is suitable to measure melting layer, which has
large variety of attenuation in small range.

= Conclusion

Zm and Ze (dBZ)
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Calibration and Correction of Zm

Even though the system parameters are well specified, calibration is required. Actually, our
Ka-radar was found unstable, particularly, in cold season. Zm was adjusted by radar
disdrometer, which is a commercial one colled Parsivel, and dual total path attenuation.

Using the dropsize distribution from Parsivel which is located only a few tens meter away from
the radar, equivalent radar reflectivity at Ka-band is calculated and compared with Ka-radar

measurement. Only rain cases are used, because radar reflectivity of rain is much more stable
than snow.

1. Estimation of bias of Ka #1 : calculating Ze, including Mie scattering effect, from measured
DSD by Parsivel and making comparison with Zm(#1) then the bias of SN1 is obtained.

2. The total attenuation along the beam should be the same between Ka#l and Ka#2. Ka#1
has been adjusted by Parsivel so the discrepancy of SN1 vs SN2 should owe to the bias of

SN2.

3. Validating the obtained k-Ze datasets of Ka-radar by k-Ze relationship of Parsivel.
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Comparison of radar reflectivity from DKR and Parsivel data on 26 Nov. 2013.
Upper curve is from DKR and lower is from Parsivel. Curve from DKR is biased
with 40 dB to avoid overlapping of the two curves. (Prof. Nakamura)
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Scattergram of the radar reflectivity derived from DKR and Parsivel
data. Left is with Mie scattering calculation in Parsivel data, and right
Is with Rayleigh scattering calculation. The data at -10 dBZ in Parsivel

represent non-available data. (Prof. Nakamura)

It should be noted that the radar calibration is required for equivalent radar reflectivity
measurement, but not for specific attenuation measurement, since only relative variation in

range Is used In the specific attenuation measurement.
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k and corrected Ze of dual-Ka method shows the good agreement
Top: Ze from Dual-Ka radar Bottom: k from Dual-Ka radar with theoretical k-Ze relationship from DSD of Parsivel in case of rain.

This unigue measurement using two same wavelength radars viewing a same precipitation volume from opposite viewing angles shows the radar reflectivity(Ze) and attenuation(k) with
reduced uncertainty. The k-Ze relationships of rain, melting layer, and snow were successfully measured. The method of the dual radar sensitivity collection was developed.
This result will make it possible to study the connection between the microphysical characteristics of the hydrometeor and the measureble quantity by radar observation.

Experimental Results

The case of dual-radar observation through melting layer is in total about 54 hours.
The method is still developing, however, the preliminary results indicate the
characteristic behaviors of k-Ze relationship depends on the position of the melting

layer, that Is, the state of the melting particles.
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#  Discussion

Regions in the melting layer Is categorized by Ze profile and k and Ze in same region In

each cases are fitted as k=aZe* .

Clear dark band is
rare and broader
than lower local Smooth but large variation in width and gradient
minimum
Upper steepest point

BB width is
correlated to Ze at

the peak. Ze peak  Gradient and width

have relatively small

; ' -
Local minimum s clear and -~ Lower steepest point ' variations among cases.

sharp if it exists.
Step-like profiles without
local minimum are also
common.

Shape characteristics of Ze profile in melting layer

Fitting as k=aze®
for Ze>0dBZ
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Comparison of a and B between TRMM/PR Algorithm and Ground measurement

Region categorize in TRMM PR, (Iguchi, 2000) _ _ _
B & o o B There is large disparity on the value
“— tratiform wr
2|\ bright band Snow at A |0.0000861 0.79230 of a and B, even though the
B Tamn I\‘j‘”l"_"" (A'B; 8'8(7)(7)?084 8-33230 frequency difference between PR
u e eling at s p. ’ and Dual Ka-radar is considered.
1 Upper BB (B-C) 0.0193 0.097 Now this disparity is discussioned
' Peak at C [0.0004142  [0.79230 parity . -
| 0°C water at D {0.0002822 0.79230
- Rain(©-2) _
| P * Rain at E by Persivel 0.000849  0.971
@ Cf.: Okinawa-Nagaoka, rain cases: a=0.00439, =0.707
a
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