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Weather radar in Japan DEE

Weather Radar
Observation Network
(as of January 2024)

Doppler Radar for | X //
<" Airport Weather ™ w@‘
(as of January 2024) '

Osaka Intl(RJOO)
R Narita Intl(RJAA)
Fukuoka(RIFF) R =  Tokyo Intl(RITT)

Chubu Intl(RIGG)

Kagoshima(RIFK) Kansai Intl(RIBB)

@ Klystron single-pol. 7 sites - @ Klystron single-pol. 1 site

@ SSPA dual-pol. 13 sites Nah?(mﬁ% @ SSPA dual-pol. 8 sites
>
Chronology 2010 2015 2020  2024.01

(Meteorological Research Instltute)

C-band PrototypeMag e SSPA

C-band TDWR [ —
(total 9 radars) . Kiystron

C-band radar . .
(total 20 radars) m\

K?Iystron




Use of short and long pulses in dual-pol. ®5&F

Solid-state element transmitters are characterized by low peak power

(3 - 5kW).
Reception sensitivity for low peak power is limited.
fransmit Receive long pulse i
long pulse ong p Re\c{elve Ashort\ pulse
l
— . A Time
Pulse repetition period \
. M Transmit
short pulse

Long pulse observation
region
(High sensitivity)

[
L

Short pulse observation region (Low sensitivity) Range
Nationwide radars use one short and three long Pulse Pulse width
pulses. short | 1us
Pulse compression provides sufficient reflectivity long |32, 64,128us

and high range resolution.
= Observation modes which observe narrower area

use shorter long pulses.



Requirements for accurate calibration

@ RET

Japan Meteorological Agency

<Accuracy requirements>
Reflectivity factor (Z) : =1dB

Differential reflectivity (Zpg) : £0.1~0.2dB

HXWMO/Guide to Instruments and Methods of Observation (GIMO)

PNOAA/National Weather Service Radar Functional Requirements (2015)

<Use of short and long pulses>

= Differential phase (®pp) : Generation c;f the bias between short and long pulses

Kpop (Specific
differential phase

/ Precipitation intensity

)




Requirements for accurate calibration ®5&5

Single-pol DUElHgeL. SIS Notes
" | (Except SSPA) | dual-pol.
Z O O O
ZDR — O O
bias incurred between
— O O .
each polarization
Ppp bias incurred in the
— — O boundary between short
and long pulse region

O: Possibility of bias generation

—: No potential for bias generation

Without polarimetric variable calibration...
= |naccurate estimation of precipitation intensity
= Incorrect classification of precipitation type

—

« Z and Zpg must be calibrated accurately.
« @, for short and long pulses must be calibrated accurately.
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Causes of Z bias DEE

Radome Loss [dB] Radar equation

Transmitting Loss: Lt [d/B] T c Pt'Z'-G2°Lt°LI”-(9-¢ 11 e—-1 2
= . e A
> " 2"%log, 2 yh r’| e+2
| EL Antenng Gain: G [dB]
RJ 3
AZRJ \
/ 2" log, 2 yh | e+l
i e PG Lo a2l
Receiving Loss: Lr [dB] 7C Pt T Lt L ¢ &~

DC
Pr . . L
5 Errors in hardware variables cause bias in Z.
R o Measurement errors of hardware variables
ot [ = Mistakes in setting of radar variables

« Changes with age
Calibration of Z is called “absolute calibration.”



Calibration of Z

D EEJns

Japan Meteorological Agency

Using metal sphere

es/ s0% C”H\/rii |ﬁ' B

Using external receiver and transmitter

Using disdrometer

Using rain-gauges

etalspinnine com/radar-calibration-

CENTURY

METAL SPINNING

. 630.595.3900

Self-consistency

1%10™
F'E' .
= exio®
E
e :
= Bx10™
o
=
HI 4x10%
Adachi et al. 2015: Estimation of Raindrop  x°
Size Distribution and Rainfall Rate from 2x10°
Polarimetric Radar Measurements at
Attenuating Frequency Based on the Self- 0

Consistency Principle

1.2x10"
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RADAR CALIBRATION SPHERES




Using external receiver and transmitter ®3&7

Japan Meteorological Agency
(DMeasurement of transmitting loss @Measurement of receiving loss
radome === CA <€known radome === CA <known
(Loss, Atte, Gain) (Loss, Atte, Gain)
I l
\ PrA v \ Pt !
Spectrum Analyzer Signal Generator
® A
Lt / Lr Same b
=== LB <known compared -—=|B €known ame one
(loss) 1/__,»"/ (loss)
DCEZ_ ______ _FlN_D____>: Spectrum Analyzer DC +— FWD i Sigral Genarator ‘_‘L/,»"
: PrB T
1Pt
L~ L~
((b— TRH cp P Rx (\— TR H CD_ :"_'KPI’B
Wi = PrA
1
Pt] |! Pt=PrA+CA+Lt = Pt=PrA+CA+Lr

PA -) Pt=PrB+LB
Lt=-PrA+PrB-CA+LB

l
known / measurable

Pa|  -) Pt=PrB+LB
Lr=-PrA+PrB-CA+LB

T
known / measurable
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Using disdrometer VIR

Both radar and disdrometer observe Z.

< [l 1] ]
I
disdrometer radar
| e | — -
N 50
M s | ‘
O w0 I Nl I“ A
— o ‘Illl\ | ] . , i l‘il " |
N 30 | " N ! , ) l\rl‘r l A
> 25 {1 !
'-§ 20 ul
w— 15 —Zhh_DSD
O | | | | |
Q : —Zhh_Radar |
= i | I
O o .
Y . time
2017/5/13 10_.2(;3:}7/5/13 11‘:2‘;){.317/5/13 12_.200‘.‘)17/5/13 13‘..2(;):7/5/13 14..200;7/5/13 15‘..200”17/5/13 16-'00
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Using rain-gauges DR

Japan Meteorological Agency

1000
L

= Assuming Z-R relation (B, B)

=« Bias derived as a ratio between Cnod
accumulative rain-amount 200025
observed by rain-gauges and that
estimated by radar

500,

100+

SOt..LLgL!.,.tl-
1.0 1.2 14 1.6 1.8 20
Vi
Z-R relation Bias Bias correction

______________________________________________

L 1
Steiner et al, 1999: Effect of bias adjustment and rain gauge data quality control on radar rain fall estimation.
Water Resour. Res., 35, 2487-2503.
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Using rain-gauges

2 rain-gauge vs radar

18
16
14
12
10

1-hour rainfall (radar, mm)«

o N A o o
s

.
j7? .ll
‘.
O

o
s

0 2 4 6 8 10 12 14 16 18 20
1-hour rainfall (rain gauge, mm)

After correction

1
7. \B
P — Ccorr
2 rain-gauge vs radar
18
bA
g 16
E 14
S . .
= 12 —
@ IS
=10 —rs
& S LT 3
.% 6 :!' ‘I. e =
it o} 4
IR HH 12t B X
5 1)
Q 2 . i. LY *e
'? $1.1% 0
- 0 .
0 2 4 6 8 10 12 14 16 18 20
1-hour rainfall (rain gauge, mm)

13



Contents DEE

3. Polarimetric variable monitoring and calibration

a. Causes of Zpg, ®yp bias

Dual-
pol.




Causes of Zy; and @y, bias sy

—o 0

—
h Y
N
I

Rx V

|
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|

|

|
—-h o
j TR cp

:
I

=\
v

=5 .:kl

Rx H

Pt H| TxH

™Vv|PtV

=« Difference of Tx power, Rx sensitivity,
losses between H and V result in Zy bias.

= Difference of path length between H and V
result in @y, bias.

Pr V
Pr H

15



Contents O,
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b. Method of Zpg, ®pp bias monitoring
Dual-

pol.




Observation sequence in dual-pol. D

= Bird-bath scan at all radars every 10 minutes

= Bird-bath scan is suitable for polarimetric variables
monitoring and calibration.

Observation sequence (Tokyo) Bird-bath scan ~
25.0 25.0 90.0
24 .
22 | | . | | || @ Surveillance scan
o 20 | @78 7.8 | M Doppler scan
o 18 - : : - — M Surveillance/Doppler scan
S 16 & 3 f : B Other
£ 14 = | | | 2R . :
c 12 93 93
10 1
o 6.7 6.7
® 8 48 ‘ ‘ ‘ 48
q>) 6 — 3.5 25 i T T 22 5 Bm —3.5 25 1 1 1 )
9 4 2 gly - - - , | P | 1 .
T , | " 1107 93/pg 0303 070713 11107 03 g 03 03 07,07 13
..
0.0 60.0 120.0 180.0 240.0 300.0 360.0 420.0 480.0 540.0 600.0
Time (sec)

A

v

10 minutes

17



q}

Bird-bath scan DEE

« From upward view, even a large rain drop looks circle.

Side view Upward view
H>V H=V

= B

—
on

Z(dBZ)

Height (km}

0 20 40 60 20 100

— )
| o]
.

Zpr(dB)

Height (km}

n

-

—40 f 40 180 270

®pp (deg)

Height (km}

40 &)
Distance from radar (km)
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Bird-bath scan DEE

Range (km)

Upward
Side view view

« Be useful in estimating Zyk bias and ®; bias. H>V

» Zpg and O must be zero.

ZDR EL 90 deg

0 50 100 150 200 250 300 350
Azimuth (deg)

Range (km)

—_ -
o = N

O = DD W &~ O O N 00 O

= 3

Azimuthal-mean

360°

LJ\" R e VA

5 4 3210 1 2 3 4 5
Zdr (dB)
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Using data from low elevation scan ~ ®3g5

= Bird-bath scans at all radars only every 10 minutes

= Use of data from low-elevation scans due to difficulty of long pulses
monitoring with bird-bath scans

250 250 Bird-bath scan —— 0
24 T T :
2 Observation sequence (Tokyo) | | ® Surveillance scan
°o 20 |78 7.8 B Doppler scan
o 18 | | | : r - B Surveillance/Doppler scan
° 12 K238 | 2.8 W Other
e 12 93 93
S 67 6.7
] 4.8 4.8
S 6 E 35 35— -
2.5 4| | . 25 490 A
< 2. | Y1107 03000 03 03 07 07 13 i 11107 93 9o 03 03 07,07 13 A
2 -I—I—l—l—l—l—l-
0.0 60.0 120.0 180.0 240.0 . 300.0 360.0 420.0 480.0 540.0 600.0
Low-elevation scans Time (sec) ) )
(Elevation angle:~0.7° ) 5 . diti Calculation for individual
ata ex(tlzagcl:tl::iz?n ition oulse regions
1Zos] < 5.0 - Average o
0.99 < p,yy <= 1.0 - Standard deviation
10.0 < Z, < 15.0 a - Valid data count )
ISZog)| < 0.3
IS(pyy)| < 0.01 (Hotta et al., 2nd WXRCalMon 2019)

20



Bird-bath scans vs low-elevation scans (Sendai)

VEEL)

Japan Meteorological Agency

Zdr(dB)

Zdr_SEND_timeseries_2021/10-2022/09

Zdr gias from PPI & zenith obs. 2021/10-2022/09 @SEND

3
+  ppi_short
March 2022 . Eankn gt + short
PPl Unexpected fluctuation
2 -
- N i .
SR T o ume TRoROw Gl Y 14 ;
B . - ‘.:~—v-'.?: B acr *
¥~
=]
-1 1 c O ‘
: [ +
December 2021 April 2022 N
Y Manufacturer Manufacturer +
inspection inspection -1 -
-3 . . . — - : : . . ;
AD A AT o or 6P ot o 0% ol o o
R R g g R L L P Pl gt g -2 -
Zdr bias difference between PP| & zenith obs. 2021/10-2022/09 @SEND
16 1 [mean] N PPl-zenith -3_3 _l2 =1 0 i 3 3
0.24
[median] PPI
11 o024

12 4

10 ~

T T T T T T T
-20 -15 -10 -05 0.0 0.5 1.0 1.5 2.0

Comparison of short pulse region daily average

= Zpr: 0.24 dB (low-elevation > bird-bath)
= Consistent Z fluctuation trend

= It is possible to use low-elevation scans data
in addition to bird-bath scans data
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Bias monitoring tool development

@ RET

Janan Meteorological Agency

ZDR

Zdr_TAKA timeseries_2023-09-30

3
« ppifong
24 = ppi_short
«  Znith_long
14 +  epith_short
= o B s i T NEERRL SR m'ﬂ_,mww\;"
5 o hd -~ g, e - LA . :.,. _-':':_.. e
[
-14
=1
-3

T e T T T | TN [T T
o0 DL 62 03 O4 05 6 OF O3 09 10 11 1 13 14 15 16 17 18 19 20 21 212 13 OO

DatelUTC]
PPI_Zdr TAKA_histogram_2023-09-30

8071 [mean] == ppi_long
ppl_long (042 | = ppi_short
ppi_short:0.34

m -

[rnedian]
ppi_long 10.41
E ppi_short-0.32
210
) ‘ | ‘
; ..|||| | |l.|.
—2.0 -1.5 =1.0 —0.5 oo 05 1o L5 2.0
Zdr{dB)
ZENITH_Zdr_TAKA_histogram_2023-09-30
*1 [mean] zenith_long
zenith_long :nan v zenith_short
44 zenith_shert:0.02
[median]
34 zenith_long tnan
E zenith_shart:0,02
2
24
1
0 11111
-2.0 -1.5 -1.0 -0.5 o0 15 Lo L3 20

= Monitoring of Zpz and ® in bird-bath and low-elevation scans

Zdr(d8}

Psdideg)

1o

o8

06

Boum

04

02

0.0

cI)DP

Psd_TAKA_timeseries_2023-09-30

."ﬂ!.ai'-.hb-d"‘—-

T s e by a .-

ppi_long
ppi_long-short
z=nith_long
nith_long-short

T T
0l 02 03 D4 05 06 OF 08 09 0 11 12 13 4 15 16 I

Date{uTc)
PPI_Psd_TAKA histogram_2023-09-30

8 19 20 21 22 23 00

[mean]
ppo_tong =-18.91
poi_long-short:0.47

[median]
ppo_ong -18.71

B ppi long
== ppi_long-short

ppi_tong-short:0.34
| l‘ ‘ !1-‘ ‘ 1T
—40 -20 B 20 40
Ped{deg)
ZENITH_Psd_TAKA histogram_2023-09-30
[mean] zenith_long
zenith_long :-25.29 m zenith_long-short
zenith_long-short:-0.62
[median]
zenith_leng -25.40
zenith_long-short=-0_48
—a0 20 0 0 an
Padideg)

=« Capacity for checking of daily and monthly time-series representations
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Bias monitoring tool development DR

« Bias monitoring tool for weather
radar is under development partly.

« We can find the Zy changed later.
» Finding the cause is difficult.

Note: Sudden change at Nagoya site may
be caused by manufacturer’s maintenance.

= Cause of Zy change at Sendai site

IS unknown.

-

~eal ime monitoring 1S very important!

Zdr(dB)

Zdr(dB)

Zdr_NAGO_timeseries_2021/10-2022/09

N +  ppi_short
a O a - zenith_short
| Nagoy
b S 5':,"5:'.1
od :
_1 .|
Sudden
change
_2 -
_3 T T T T T T T T T T T
AY Ay AT o ol 9P oh 0% o ol o® o?
A A A N L AR\ LN I g PN L
Zdr_SEND_timeseries_2021/10-2022/09
. «  ppi_short
Senda| - zenith_short
2 -
l -
; a2

!!!!!
LAY AE T

Sudden

-2 change
—3 T T T T T T T T T T

AD A A o o 0> ok 0% Lo ol o o
101" 101} 10"'\' 1“11 19"’1 ’Ldﬂ 167'1 1011 107'1 10"'1 19?'1 10"'1
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c. Long-term trend of Zyg bias and cyclic change in Zy bias Dual-
pol.




Long-term Z, bias trend (low-elevation scans)

QD RET

Japan Meteorological Agency

Zdr(dB)

Zdr(dB)

Zdr(dB)

~

o

-1

-2

=3

20

~

=3 e =) 5 e = T
e ok AL 5o s o g x @ RS e o s NIV AR | A e it A
0 {of A o i o N e i Sty B T et e o Sphea B 1
) o 5
s
=1
=3 T T T
& g A ot o A
v v v 3 3 3
28 8% Pl 2o 0% 2o

Nov. 2020 - Apr. 2023

long

Tokyo

I A T L I—p
Vt\“:_#&‘.ﬁ"‘m."iﬁ,‘;‘&mw‘!%j“‘k‘;ﬂ;’l?!?\(ﬂé‘

Y yL el 2 .3 ¥ el 2 %3
e 10_9,:: _p,l\‘.o 1&._,&3 1-0_‘}.\ 101.,_.3 101.,,.0 101.1,0 1@.}.1 10135L

Mar. 2021 - Apr. 2023

Dec. 2020 - Apr. 2023

Fukui

i gt €A

Jan. 2021 - Apr. 2023
Osaka L

Feb. 2021 - Apr. 2023
Fukuoka '

long

d "

&
TRLAE. W AR Lt AT
:

Zdr(dB)
o

-
> @
20F 40T 40

Mar. 2021 - Apr. 2023

& i
0% |0

USRS T 1
5 13 13 2
L L L S

0 e
Fag e Sl 25 5

Hiroshima

il S A

ot g A0 o o o) AD o L
B N Y Y N i o

o>

May. 2022 - Apr. 2023

Zdr(dB)

Nagoya

ok _g‘) o A ol _g“,k o AN ok
o o @ @™ g ™ g 191,1” o

Jan. 2022 - Apr. 2023

xJ o 2 2 V> o o 2 %]
B'L\"B -lp'l-vb 15)1’\_,0 101,\:\‘ -LD'LTQ 'L“_L.L,O -LB'LTQ 1011,‘\ 1’011.0

Jul. 2021 - Apr. 2023

long « long

Kushiro

Sendai N

w 1

Y
e ST N

Zdr(dB)
o

S i\ ) > A 1 ) N B
1‘9}’0 101\’“ ,10'1\3 7_0'1.1"0 ,15'1'1-'0 ,151.1'0 ,Lg'l-l’:\ 10'1.3'0 ,1013'0

Jul. 2022 - Apr. 2023

+  long

Tanegashima

Murotomisaki

Manufacturer 1

>
3.0

o2 AL o o0 o2 A ‘Qﬁ ' © o >
BN S I RN I > o 107_1:" 1@;:" 107_1."’ 1@7"

Manufacturer 2  Manufacturer 3

Long-term ZpR fluctuation in all radars
Manufacturer-centric differences in
Zpr bias
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Cyclically changed Z in bird-bath scans @32/

Japan Meteorological Agency

Zdl’(dB) KASH 2022/06/18 11:09: 44 UTC Zdr(dB) TOJI 2022/07/09 12:09:38 UTC 45 Zdr(dB) TAKA 2022/07/16 03:59:37 UTC 5 Zdr(dB} SEFU 2022/07/18 12:09:44 UTC
oI .i 6 : 6 ' 6 \
iy Fukw 4 ma ™ Osaka Fukuoka
> Tt f T ‘.“r I‘ , oy A L ’ ) 10
g .,1\..1‘&1 Rl i A R R : k) 1 ; 2.0
4 t i \ | i
¢ il mw z ] 15
53 £ £3 £ .
E3 2 i 3
-0.5
2 ! 24! 2 I 1 1.0
‘ i iy -1.0 -10
i (A e ] ) i f |
&\. m.m. i I".w""wn AR T M i i -15 r 0.5
0+ -2.0 5 . sy i [
0 50 120 5 “:1” 5 2A0% P00, AW 0 60 120 180 240 w0 360 " 2 60 o 10 20 %0 %0 0 % 60 120 180 240 W mo L 2 0.0
imuth (deg) Azimuth (deg) Azimuth (deg) Azimuth (deg) s
Zdr(dB) HAIG 2022/08/17 18:09:43 UTC . Zdr(dﬂ) NAGO 2022/07/04 06:09:37 UTC 20 Zdr(dB) SEND 2022/07/12 18:19:42 UTC 56 Zdr(dB) KUSH 2022/08/01 18:49:37 urc - N
o ' ! . i . m. ,w T : L
H. h' N 1 : S d . ‘ | L i K h Il‘{ |‘=| +t1 N 0.5
5 iroshima i rl‘:ﬂ endai el 1T Kushiro -
) , . Ly i 10 " 10 -1.0
RS A AN i 4% i mwmwwnﬁm WM wwﬂ% il 'mer i L.&wm
= W i ) iy "‘1' i '.I\ i o = [+ ] 05
53 £ R il A ! a0 £, ] 0.0
x ¥ i Fhg 5 M E LT R |
a'ap bk ) R VR | 4 it —0.5 =2.0
2 2 ' Ll i | || | 2
YA 1 il L_a.
SRR R g (| I L iy 1o 5
1 A Al 5 s |
AR " gl A SR i A ! S b . s
s 50 20 180 240 300 %60 0 i P RS ML PR LR Sl % P/ ~ I 0 = L S s A = e R ot = SR e <
Azimuth (deg) Azimuth (deg) Azimuth (deg) Azimuth (deg)
7dr(dB) TANE 2023/04/19 14:19:37 UTC , Zdr(dB) MURO 2022/07/02 11:39:36 UTC s

| Murotomisaki _
i Hﬂl\:llufmlwlﬁq.ﬁ’hﬁ r#\q.p;h“n." ,..”Whn :o SCans fOI’ Certaln radarS

= Changes at 7 out of 10 sites

R e .
24 ) bt
-1.0
o i J )
b W -15

l:.! 60 120 180 240 300 360 ' Q 60 120 180 240 300 360

Investigation of causes

. ki .. = Cyclically changed Z, in bird-bath

Height(km)
Height(km)
w

26



Investigating causes of Z, bias DEE

(D Down conductors
(Murotomisaki)

down conductor (1)

| V S
ﬁ\

Note: South-facing antenna

2.0 2.0

6
F15 1.5
1.0

S
’\". emwmm r hmhww,m‘,

4' 0.5 0.5
£ g
z 00 = 0.0
53 5
(7] N
I
0.5 -0.5

1.0 -1.0
1 -
| 15 15
0 r " : . . =20 2.0
V] 60 120 180 240 300 360

Azimuth (deg)

Height(km)

@ Maintenance ropes (Kushiro)

- T

-"L-.J!.L

6 -‘ljll‘lillllnlnw:-ll T “ r 1“ 'f T l 2.0 2.0
e lE
l} 1.5 15
i EN E WSW
(/- A M 10
| il !.‘ I
1 0.5
34 0.0
-0.5
2 -
1.0 1.0
1 4
1.5 1.5
0 T T T T T -2.0 2.0
] 60 120 180 240 300 360

Azimuth (deg)

Do the directions match?
@ Positive bias of Zyz = Down conductors
@ Positive bias of Zyz = Maintenance ropes
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Investigating causes of Z; bias pIsT

@ Rotary Joint (R/J) (Tokyo)

<Investigation method>

swn =

Wave number: 2

Zdr(dB) KASH 2022/06/18 11:09:44 UTC

L .‘1,‘.‘ ' ik ’-k LA *'He“““w I
.i[ : l w] '| \ li' Ih ?{é’”’qyu h"hﬂm "
i e T R ”": ) o H

‘ 1.0 L 1.0
il h”:}{.‘l'»‘.‘,d
A i AR Lo.s
< g
53 | iy | 0.0 % L 0.0
| ' it Wi il F-0.5 F-0.5
2 I l 1 1 I ) | ||‘J I 1 f
1”\: | l ! I “ it F-1.0 =1.0
:.‘ ||||!'I h ! i F I |\H; I\WL. ’ '
1-:“'1' LY l||F|| (' "1 .‘ s 5
e bt b s i v '“I.‘AJ] : '
0 2.0 -2.0

0 6'0 12|0 18l0 2£‘10 30IO 360

ZDR

Attachment of iron plate on the reflector
Set of elevation angle: 90 degrees

Rotation of antenna like bird-bath scans
/R displayed by Signal Processor software

-1.025
-1.03 o
-1.035
-1.04 4
-1.045 A
-1.05 A
-1.055 A
-1.06 4
-1.065 4
-1.07 4
-1.075 A
-1.08 -

%

L .
Wave number: 1
AZ
0 50 100 150 200 250 300 350

« R/Jis unlikely to affect cyclic Zpk bias.
= We should investigate causes in other radars about @ and .
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®,, bias generation D ER[T

Time series of ®pp for a day Distribution of ®pp

Psd_NAGO_timeseries_2023-10-03
40 4 ppi_long
ppi_long-short
zenith_long
201 «  zenith_long-short
©
S 0 WA T RTTINTI T TITTIINNT % e A VA et i
-E -—M ~ -M%?'MFHMl- A
-204
_40 -

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00
Date(UTC)

Histogram of ®np for a day

PPI_Psd_NAGO_histogram_2023-10-03

[mean] = ppi_long
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Using the bias monitoring tool
« Oy step between short and long pulses: approx. 2 degrees
=« Negative ® bias with long pulses: approx. 10 degrees
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] L] y—
®,, bias adjustment by JMA staff DEKT
= GUI-based adjustment of e - VJ
variable in the radar system
= Possible to change variables e e
for in-service operation o L.

Before adjustment (Ppp)

After adjustment (Ppp)

deg eg
1
180 b 1%
150 ; 120
80
60
- 30
0 30
- 80
.80 -80
120 -120
-150 -150
-180 -180

®pp step between
short and long pulses

®,p step elimination

2023/06/01 21:10 WopI{S{a-E-RHAN

2023/05/18 21 :10 WopB{Sa E-fRBRRI 3. S0deg

Instant polarimetric variable calibration is important for
accurate observation.
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®pp inspection by manufacturer WIZT

®pp is checked semiannually by manufacturer for inspection.

When ®pp bias is confirmed, manufacturer investigates the cause.
First ®pp measurement

Reflector
attached

i/
A

Tx coupler

— 1 1

Py
(2

T

®,p displayed
by SP software

S

q _?F °P L’I“")>| Signal

Signal generator

Divider

Test signal IN -TR.H'CD'I""R’E') Processor
| (attention to signal |
| required) cp cp
: \ - I
SG b={ DIV | | TXH | TV
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®, inspection by manufacturer ®DRET

Japan Meteorological Agency

®pp is checked semiannually by manufacturer for inspection.
When ®pp bias is confirmed, manufacturer investigates the cause.

Second ®pp measurement

coupler (cp)

_ STALO signal IN

1
| |
IX SG

Down-conversion '\-\_
to intermediate

frequency I%
ﬁ ®,p displayed on

the oscilloscope

\\ g
\ —= <<'>_ TR H cp | RxV

— cp | RxH

Tx H || XV
=y

Generator

ﬁ Pt radiation
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Response procedure related to calibration @5&F

<Ordinary> JMA staff : Manufacturer
I
Monitoring Zpg and ®pp |
using bias monitoring tool :
I . .
In case of l Request for investigation | [nvestigation of the causes
bias incurred — related to bias
| !
GUI-based bias adjustment : Hardware repairing or
on the radar system remotely : adjustment in the radar site

*During inspection period

<Manufacturer inspection >
[ Overseeing }

manufacturer inspection | Do |nslpect|on ]

In case of bias incurred

{
v

[ Investigation of the causes }

Information sharing with
other JMA staff

and hardware repairing
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4. Effectiveness of super-hydrophobic radome coating

a. Suppression of Z5 biases related to radome water repellency




Radome water repellency DEEs

Japan Meteorological Agency

Levels of attenuation are more accentuated with vertical
polarization because water flows downward. — Zp positive bias
This leads to mis-identification of precipitation particle shapes.

*WMO guidelines call for a difference of under 0.2 dB between polarizations.

Vertical Fre Chff2009

Palurzatini The effect of a wet radome on dualpol data quality
Horizontal 1 - T :
Polarization

[dB]
S e
- ohnoon
T

- .

G

1:00 11:30 12:00 12:30 13:00 13:30 14:0C

[ 2V Median —se-a R T e e

[dBZ]
o

i i 8. i i
11:00 11:30 12:00 12:30 13:00 13:30 14:00

Dmbrcm{atea' I : ‘ ‘

[mmimin]

113!) ‘IZDE} 123(] 130{] 13:30 14:0(
Flgure 2 Zpr [dB] variability due to a wet radome.

Before the precipitation reaches the radar site, Zpp is
slightly negative. During the precipitation event 7 be-
comes positive (Zppr = 0.8).
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Rain-related Z,; biases OEE

Japan Meteorological Agency

Zdr(dB)

Positive Z, biases due to wetting from heavy rain
Precipitation Rate (19:00)

[Murotomisaki radar] Zpg

-Long/ - Short pulse region
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= An upward spike of approximately 0.5 dB
is seen at around 19:00 UTC

= Spike-like rise toward 1 dB (approx..
16:30, 17:30, 18:30)

= Apparent positive Zyi bias due to wetting

- o @

L &lguie b

‘

2023/08/02 16557 Zdr RAEFE0. 60deg
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Super-hydrophobic radome coating from 2023 @ S&F

Japan Meteorological Agency

water contact angle of at least 150°

Photographed by Japan Radio Co., Ltd.

SKY'H U LLO HAS (developed by SUBARU CORPORATION and NIHON TOKUSHU TORYO CO., LTD.) @

= Super-hydrophobic: produces a water contact angle of at least 150°

= Highly durable: the hardest super-hydrophobic coating available (designed for
aircraft). Resistant to UV rays.

= Recoating possible

= Addition of anti-algae agent possible

*Negligible radio wave attenuation
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Comparison of regular and super-hydrophobic radome coating

@ RET

Janan Meteorological Agency

Zdr(dB)

-1

-2

Regular radome coating

[Murotomisaki radar] Zpg  eo 200

-Long/- Short pulse region
@® | ong puise \
observation region
& ® Short pulse observation region Range o -

. TR T, "
J'MMVZWW 2?: _'f..:_'-" W
- e o ey AL
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|Zoe| < 5.0
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2023/08/02 19002 MoK 3 BE250n

= An upward spike of approximately 0.5
dB is seen at around 19:00 UTC

» Spike-like rise toward 1 dB (approx..
16:30, 17:30, 18:30) — Apparent
positive Zyz bias due to wetting

Zdr(dB)

Super-hydrophobic radome coating

[Okinawa radar] Zx (August 2, 2023)

-Long/-Short pulse region

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 O

Date(UTC)

/] 1 o LI ;{'
2023/08/02 21007 Btk

2023/08/02 13007 R7KRAE260m

2073/08/02 03007 MoK RHE250m

No major effects on Z,rare observed
despite heavy rain and strong wind

throughout the day. Probably attributable

to the super-hydrophobic radome coating.
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Anti-algae agent DSET

Janan Meteorological Agency

Greenish residue on Ishigakijima radome surface

p N  Effect of anti-algae agent |

- Algae growth and adhesion
are reduced in those with
anti-algae (left) compared
to those without (right).

SKY-HULLO SKY-HULLO
HAS with No coating HAS without
anti-algae anti-algae

Experiment with standard algae
*4 weeks after the start of the experiment

Test piece
with coating

.

s«’/
Algae thrives on

found throughout the test piece.
the petri dis%. Sl

No algae are

No algae are
found on the test
piece.

Photographed by NIHON TOKUSHU TORYO CO., LTD.

Field test at Ishigakijima radar
*15 months after installation

lat. 24°25'36" N
~ lon. 124°10'56” E
" Alt.533.5m

*Located in mountainous terrain on a remote island \




Summary DIZKT

Japan Meteorological Agency

= here are some methods of Z calibration.

» Polarimetric variable monitoring is important.
=« High accuracy is needed for dual-pol data to make use of them.

» Bias monitoring tool can monitor polarimetric variables in
real time.
= This tool uses low-elevation and bird-bath scan data for long pulses
monitoring.
=« Itis important to check Z, bias and ®; discontinuity between short
and long pulses.
» Super-hydrophobic coating is applied to radome equipment.

= This coating eliminates Z, bias caused by radio wave attenuation
associated with wet radome surfaces.

= Effectiveness will continue to be monitored for reference in future
JMA radar updates.
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JMA’s mascot, “Harerun”

Thank you for your attention.
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