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SSPA dual-pol. weather radar in Japan

Weather Radar DOppIer Radar for New Chitose(RICC) /,/M
Observation Network Airport Weather
(as of July 2023) (as of July 2023)
Osaka Intl(RJOO)
I:wlarita Intl(RJAA)
Fukuoka(RIFF) ) e = ‘_kyo Intl(RITT)
< Chubu Intl(RIGG)
Kagoshima(RJFk re¢ Kansai Inti(RIBB)
el
@ Klystron single-pol. 8 sites @ Klystron single-pol. 1 site

Naha(ROAH) -
gt

® SSPAdual-pol. 12 sites ® SSPA dual-pol. 8 sites

Periodic inspection of dual-polarization Doppler radar (single-site)

| Jun. | Jul. | Aug. | Sep. | Oct. | [\ [e}VA | Dec. | Jan. | Feb. | Mar.

2 days 4 days 2 days

4 days

First-term periodic First-term periodic Second-term periodic Second-term periodic
inspection inspection inspection inspection
By manufacturer By JMA By manufacturer By JMA
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Use of short and long pulses

» Solid-state element transmitters are characterized by a low peak output (3 - SkW).
= Reception sensitivity for low outputs is limited.

Transmit , |
long pulse _ Receive |9[19 pulse Re\c{elve As.hort\ pulse
” - I’° Time
Pulse repetition period \
. MTransmit
short pulse

Long pulse observation
region
(High sensitivity)

Short pulse observation region (Low sensitivity) Range'

« Nationwide radars use one short and three long pulses

= Pulse compression provides strong reflectivity and high  [EEEEEEEFIEERNIY

range resolution. short ('E
=« Observation modes which observe narrower area use long 32, 64,128us
shorter long pulses.
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Use of short and long pulses
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Calibration for four pulse types is needed with each polarization.
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Requirements for accurate calibration

- X WMO/Guide to Instruments and Methods of Observation (GIMO)
< >
ACCU raCy req ul rem ents >¢NOAA/National Weather Service Radar Functional Requirements (2015)

« Reflectivity factor (Z) : £1dB
= Differential reflectivity (Zpr) : £0.1~0.2dB

<Use of short and long pulses>
» Differential phase (ypp) : Generation of the bias between short and long pulses

: : : Kop (Specific Precipitation intensit
Without polarimetric parameter ¥ differential phase) 5l g 4
calibration... (RECR Vi o R0

Compromised accuracy

« Overestimation of precipitation
iIntensity

= Incorrect classification of
precipitation type

——
Polarimetric parameter for short and long pulses

must be calibrated accurately.
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2. Efficient pulse inspection
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Efficient pulse inspection

Before the installation of peak power sensor

Pulse width measurement

Oscilloscope (Agilent Technologies 54622A)

detector )

» Pulse width is measured by
adjusting the AT Ts.

Peak power measurement

Power sensor Power meter
(ADVANTEST NRv-z1) (ADVANTESTNVRS)

Average power is measured by a power
sensor and a power meter.

Rate of duty cycle (Du) is needed to
calculate peak power.

Rate of duty cycle (Du) is calculated based
on pulse width and pulse repetition interval.

A lot of work is needed for inspection.
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Efficient pulse inspection

After the installation of peak power sensor
Measurement of pulse width and peak power

3 @ f - .f'- F J“:-"-.- .. .,_ '. -:F - o
Tx ! :

Peak power sensor | "
(ROHDE & SCHWARZ NRP-Z81) Power meter (ROHDE & SCHWARZ NRX)
A: NRP-Z81-106074 (A) A: NRP-Z81-106074 Pulse Analysis Pk(A)
15.00 dBm 15.00 d Brp | Stopped

Short pulse

Long pulse

45.00 ps
13.882 dBm

92255 ns | I 13.837 dBm

= Peak power sensor is capable of automatic pulse analysis.
= Analysis of pulse width and transmitted power is measured simultaneously.
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3. Polarimetric parameter monitoring
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Bias-monitoring tool development

ZDR
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= Monitoring of Z,z and ypp in bird-bath and low-elevation scans
= Capacity for checking of daily and monthly time-series representations
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Method of polarimetric parameter monitoring

= Bird-bath scans at all radars every 10 minutes

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

elevation angle (°)

50 58 Bird-bath scan —— 00
u Y . .
22 +h—— Observation sequence (Tokyo) M Intensity observation
20 1 B78 B Velocity observation
18 +4§ B Velocity/intensity observation
16 1 ' B Other
14 | | 2-8 2‘8
12 g3 ! B
it 6.7 | 1 B
2 im § N '_4'8 3.5 | ' . ] 48 3.5 | |
s THHE ) 725, | ey || Wl T 2
> 1R g | 1 0703/pp03030707 > NN | 1107 03 gp 03030707 *°
T i |
2
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Low-elevation scans Time (sec) S )

(Elevation angle:~0.7°)

Data extraction condition
(light rain)

[Zprl < 5.0

099 <p, <=10

10.0 < Z, < 15.0

ISZog)| < 0.3

IS(py,)| < 0.01

Calculation for individual
pulse regions

- Average

- Standard deviation

- Valid data count

v

(Hotta et al., 2nd WXRCalMon 2019)
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Comparison of bird-bath and low-elevation scans (Sendai)

Zdr_SEND_timeseries_2021/10-2022/09
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Long-term Z,; bias trend (low-elevation scans)
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Cyclically changed Z; in bird-bath scans

Zdr(dB) KASH 2022/06/18 11: 09 44 UTC 56 Zdr(dB) TOJI 2022/07/09 12:09:38 UTC 20 Zdr(dB) TAKA 2022/07/16 03:59:37 UTC 5 Zdr(dB} SEFU 2022/07/18 12:09:44 UTC

.0 2.0
6 6 6 | ! J |
I | ‘\ ‘ I‘ 1 |
| Fukui w Osaka . Fukuoka (IR
:Fw JI\ H‘l “ll“i(i:;l 1 LR AR '\ﬁlf Elu 1'# - 1.0 4( 1o e F \ ] L
TR R ."‘ “|'|‘ i E i |‘I.'1" ! ‘nw"r 'y fﬁl' Ay LAY
! ] 41 l:‘h;l‘lﬁvl““"q]\"#‘ I i ||' i wl k || JJ ‘;l Wi . “jimf‘ M“{m I’ H J“Lamh hmﬁ '* [4]“““ {‘ '#M L6
g E E | (it ‘ I | | e g
¥ g 2 ! i u"‘ o 3
5”. | I i) 2 f lI.|| ‘\l 'II‘I’.“I | ' 2 1
l F r-1.0 fh ‘i“ 'liw!t LA | ! ! -1.0
| AR A P (R ’
144 h‘ ll"‘”‘ ' ‘|‘I h f J ']i 'h IF L 15 1 | | | L 14 I |”'w"'l |I“f‘l b Hllflnll‘ll‘.;‘ i ’J”‘:\\”‘ | !
l|IL H“ul'lir‘:l'n “ll fif 'th‘l il 'LIHII'II‘JIIIP e Hny il i fil -1 i RN e g 13 dh
0 : : : : -2.0 . i
9 o0 120 160 210 200 20 2 60 120 180 240 300 360 °3 60 120 180 240 300 w0 2" 85 60 120 180 240 300 360
Azimuth (deg) Azimuth (deg) Azimuth (deg) Azimuth (deg)
Zdr(dB) HAIG 2022/08/17 18:09:43 UTC 5 Zdr(dB_) NAGO 2022/07/04 06:09:37 UTC 515 Zdr(dB) SEND 2022/07/12 18:19:42 UTC 2o Zdr(dB) KUSH 2022/08/01 18:49:37 UTC

@

i . ‘uHI'l JIIM ?\. HH'I:H r2
m;; Sendai i"i"'-tf' ' Kushiro ' ;r‘--

hl.\l T I 1
MWMW% WW# WW il q_lt\! "'a""" t'Mmﬂ i W wh Tl MMWWWW |

T
e

‘ "'1 ‘.‘.' mb&hf:

n

w

L Hiroshima |=
4_*;‘##"“4\ !“'I'M i !Mh HMWI"I WM’J 5

Height(km)
w
Height(km)

o
o
Height(km)
w
i o <
& o

Zdr (dB)

' i
05 1) I Il 05
24 5 ’ :ll { | FI UI 1 ‘I I Il ‘l ' N
. il ) 0 10 il | ";rhi”lr i | i i F-1.0
14 i) J"“L’\I.ll‘.‘ IJI‘ i ‘.‘ _I‘I J Ili‘l; 1000 14 i Fe i T | Al
i ‘“j‘ RO i it | \1‘1 i -1s i ‘ H.I'. 0 : | i 15 14 I
I
< -2:0 o . - - . . 2.0 o y T : " T -2.0
0 0 B0 b 1th ” 230 300 00 0 60 120 180 240 300 360 o 60 120 180 240 300 360 97 s 2P e T 85 %h
imuth (deg) Azimuth (deg) Azimuth (deg) Azimuth (deg)
Zdr(dB) TANE 2023[04,’19 14:19:37 UTC 5 Zdr(dB) MURO 2022/07/02 11:39:36 UTC

" Murotomisaki " u Cyclically changed Zj, in bird-bath

i Tanegashlma : i rad
’Uw o J Wl |t et ,ﬁﬁ-lun.wmw, e w:m SCans 1or certain radars

.. = Changes at 7 out of 10 sites

| | i
1 I : TI I { 1
! el Y L I
1 I w! 1 by | r—05
24 " L
1 F-1.0
1 | ! 1
1 1 ] 1 (N}

N Investigation of causes

T T T T T T T
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Azimuth (deg) Azimuth (deg)

Height(km)
Height(km)
w




Investigating causes of Z,; bias

@ Down conductors
(Murotomisaki)

down conductor (1) §

V .‘
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Note: South-facing antenna
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Height(km)

@ Maintenance ropes (Kushiro)

0 60 120 180 240 300 360
Azimuth (deg)

Do the directions match?

@ Positive bias of Zyz = Down conductors

@ Positive bias of Z,r = Maintenance ropes

— =

We should investigate causes in other radars.
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Manufacturer inspection of Yy

Ypp IS checked semiannually by manufacturer for inspection.

First ypp measurement

Tx coupler |'©

“

~ (attention to signal
- required)
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Wpp displayed
by SP software
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B

-DCH-R* » Processor
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Manufacturer inspection of Wyp

Second Ypp measurement

coupler

e cave [

to intermediate
frequency

Down-conversion [ |

) STALO signal IN

Signal Generator

oscilloscope
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4. Polarimetric parameter calibration
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Ypp Step generation

Psd_NAGO_timeseries_2023-10-03
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» Ypp Step between short and long pulses: approx. 2 degrees
» Negative ypp bias with long pulses: approx. 10 degrees
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Wpp Step adjustment

« GUIl-based adjustment of parameter in the radar system
» Possible to change parameters for in-service operation

Before adjustment (ypp) After adjustment (ypp)

Wpp Step between
short and long pulses

Wpp Step elimination

2023/05/18 21 :10 Wb ¥HE {8 BT H S, 80deg

2023/06/01 21:10 WepF{aE EmAM RS, 80deg

A8sss. uas

Instant polarimetric parameter calibration is important for
accurate observation.
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Summary

= SSPA radars have more inspection and monitoring items for use
of four pulse types.

= Peak power sensor can be used to efficiently analyze pulse
width and transmitted power.

= Polarimetric parameter monitoring is important.
= Checking of ZDR bias for short and long pulses
= Checking of wDP discontinuity between short and long pulses

= Use of low-elevation and bird-bath scan data for long pulses
monitoring

Thank you for your attention.
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