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!! Contents

» Rainfall rate estimation
- Including the overview of JMA's Quantity
Precipitation Estimate(QPE)

* Hydrometeor classification(HC)
-Including a severe storm with hail, and lightning
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i) First contents

Rainfall rate estimation

* Overview of JMA's QPE : Radar/rain-gauge
Analyzed Precipitation (R/A)

 Attenuation correction: R(Zc)
 Estimation for heavy rain: R(Kpp)

* Development of high-resolution Kyp

» Limitations and potential for estimation

* Operational use of advanced Estimation

*quantitative precipitation estimation (QPE)
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!! JMA QPE products

The JMA's QPE product uses
radar precipitation and rain gauge-data.

Radar

OimA 1,300 points

O Ministry of Land,
Infrastructure, Transport
and Tourism
(MLIT) 3,400 points

O Local government 5,700
points
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Advantage High accuracy Wide area coverage

Lower accuracy (than rain

Disadvantage Local gauge)
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®) JMA QPE products
Cmgﬁglte ofRadar andrainigauge

53 Wide coverage of Radar

— 56
— 48 II
~-40
--32
24

FS High accuracy of rain gauge
/

Wide cover with accuracy
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@! Overview of making JMA QPE products

R/A:Radar/raingauge-Analized precipitation

orrection
by rain-gauge

Last 1 hour observation

1st calibration | 2nd calibration | National
Rain-gauge composite
After QC (Ground ’ i
clutter removal, Bright | Composite
band process etc) Radar 1hour S Calibrated 2nd
accumulation | I /(\ estimation
Q.
9 I Radar to cover
O Gauge A Gauge B nationwide
Radar area.
Anal

natio
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o) Why Dual-pol radar?

Transmit o

Horizontal wave S , S
R(Z) ?é

Single-pol

0 5. 1|l'.! : 2:] EfE 30
% Reg:0.46781 100 [km] i Receive
c 25 Cor:0.504321 s O
€ | RMSE:0.86387 : Reflectivity Z
g 20 - 20 7
£ '’ | vThese radars allow accurate
5 .| estimation of heavy rainfall
© *| characteristics.
.| Especially, we cannot use rain-
— °| gauge correction area:
Gauge(mm/10 min) on the sea, localized heavy rain.
Data: Tokyo radar and Gauge (< 100 km from radar)
Period: 2022/06/01 — 2022/08/31 * abt. 2km AGL data

Frequency: Percentage of radar estimation for each 1 mm/10 min bin gauge data
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o) Why Dual-pol radar?
Dual-pol in terms of rainfall rain estimation

Reflectivity ZH Problem: Attenuation by raindrops,
assumption of DSD
(Drop Size Distribution)

-

Vertical wave e Q

Horizontal wave
Receiveﬁz U

Transmit

-

Phase difference @ P K >

Solutio
Non-attenuation Dependency on water content

‘ Corrected of reflectivity: ZC ‘ ‘ KDP'R relation ‘
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W Attenuation correction: R(Zc)

Attenuation correction using Kyp
Bringi and Chandrasekar (2001), Jameson (1992)

Ze (r) = Z(r) + 2 z An(r) 4o = oo (ry?
. |s-band (2 8 GHz) | C-band (5.5 GHz) | X-band (9.3 GHz)
An  0.017Kpp®* 0.073Kpp "7 0.233Kpp02

-
Single-pol Z =200 R'® Dual-pol

o] 5 10 15 20 25 a0
5 10 18 20 25 20 0, ] 1 ] [o)

:30 Regf}4ﬁ?81 | I lﬂ{}l[km] % [/103 30 RegﬂﬁSﬁ’?ST 100 [km] %0 [1é’]

25 | Cor:0.504321 sl ° 5] Cor:0.6693(2 R Z ’m
= R Z c ff‘ C 8
c RMSE:0.86387 5 §= RMSEﬂgﬁm
IS - O £ %l . ;>
E 20 20 7 c 20 O
— L s O 2 - 6 GC)
ANy > = 5. . S
£ M1 -8 8 - o
= RV - 4 0
~ 10 5 L 10 5 LU
S ©
_Cg =2 yo -2
T °] = C‘E A =
Y e u s

%2 & G0 A8 B 58 w o 5 1 15 20 25 20

Gauge(mm/10 min) Gauge(mm/10 min)
Same data without attenuation correction Same data with attenuation correction
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o Estimation for heavy rain: R(Kyp)

Improved estimation for heavy rain region using Kyp

Bringi and Chandrasekar (2001)

Z =200 R!6 R(Kpp) = 129(Kgp / £)0-85

| f frequency (GHz)

120 g 120 b= oF .
100 100 ,,..EDP-H-T relatlon ?31 Do _mm/h
80 80 -R(K&5)! ; s _ E &0
60 60 (% c, 70
40 40 A 6o
20 ] 20 =2l | 50
0 0 f E40
~20 ¥ —20 19" &30
_40 - _ag 138 LW o
~Bl] [ —50'_ -l 10
80 - - 80 2B
~100 - -100 -
120 +— — 120 -

—129100—80 60-40-20 0 20 40 60 80 10012 —12910&80 60-40-20 0 20 40 60 80 100120
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o) Estimation for heavy rain: R(Kyp)

Dual-pol R(Kpp) or R(ZC)
R(Zc) R(KppZcC)
. . - : - % - - e - [%]
¥ TRez:0.656287 00 ol P . ® TReg:0.67969 100 [km ]| ° - 10
251 Cor:0.669302 E = o5 Cor:0.684039 = s °
£ RMSE:G.%IBI(’]: > = RMSE:0.76400 " m 5o
E =] o i e o® : 72
o L O ~— - & ()
A\ - = -
E 15 - 8 Eﬁ- 5 8
E, - Q 5" o v
g g 2
@ ° 2 =
e o "
u T L] T 0 u U ! T T
a 5 10 15 20 25 30 0 5 10 15 20 25 30
Gauge(mm/10 min) Gauge(mm/10 min)

Improved radar rain estimation Kpp: conventional method based on
Hubbert and Bringi (1995)

R(Z) slope of regression line: 0.47 R(Kp) : Threshold

R(Zc) " : 0.66 Kpp> 0.65 deg/km
R(KppZC) " . 0.76 Zc > 38 dBzZ
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o Development of high-resolution Kyp

JMA's conventional Kgp Newly developed Kyp smooeth

lowlresoltition® #=osososgele Bl higher resolutio s
Hubbert and Bringi (1995) Narita TDWR radar

JMA’s conventional Ky, was noisy and low resolution.

We focused our efforts on developing a
resolution that would be suitable for operational

use.
SG-method (Savitzky and Golay 1964)

Zl(:::(lr)n_l)(k X @pp(j + k)

Kpp (i) =
(m-1)
krz—(m—l)(kz)

Dynamically change the calculation range depends on precipitation intensity. m




(V) Development of high-resolution Kyp

Comparison with rain gauge

./——— Conventional // SG-method
R(KppZc) developed R(KppZc)

Reg:0.67969 100 [km] W Reg0.812311 100 [km] i
EEI 25[
20 20

%]

w

S Ergqae;cg/ ’
Radar (mm/10 min)

o5 | Cor:0.684039 = o5 | Cor:0.788128
RMSE:0.76409 "~ m RMSE:{}.?HSSRSI]] ™
. 20 E..__l. 5

[ I -lﬁ':"

- 15

- 15

g —10-:
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N

Frequency

Radar (mm/10 min)

0

d B b A &
Gauge(mm/10 min)
R(Kpp) : Threshold

10
Gauge(mm/10 min)

35

51 gauge ——
radar ——

- gauge o— 2020/04/17 Kop > 0.6 deg/km
£ ||| Zc : Depends on conditions
. 45km o = i
o Sité” Kakioka s |“\ : *]i "‘l 1 *Dynamic selection of elevation angles
B il
‘. radar - i il
v ©

time
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i) Limitations and potential for estimation

Regression coefficient compared to rain gauge (x-axis shows distance from radar)

-2 Site: Tokyo radar
time: 2022/06/01 — 2022/08/31
1 o @ ©
o

€ o0s L = High accuracy: Up to 100 km
S 0.
IS @
&L;’ ®e o Cause: Shielding, observation altitude,
3 06 | { bright band, beam broadening, etc.
e o}
S 04 0o
2 o
s 02
Q
oc

0

0 50 100 150 200
Distance[km]

Future works:
Advancement of R(Kyp,Zc) estimation algorithm
Optimization of the selection of elevation angles
Combinational use of rain gauge correction for operational

Japan Meteorological Agency 14



®) Operational use of advanced QPE

QPE: Quantitative Precipitation Estimation

[Z, Zpr, Ppp Pry] after MTI process

SG-m_ethod Kpp Version . .
st ) Rainfall rate estimation
v including.dealiasing of ®pp Hail or graupel
Kpp:SG-method Cb
v R(Kpp)<R(Zc) & Yes
Zc>45 & Kpp>-1 v

attenuation correction

rain R(K
Zc CQ No (Koe)
Zor ZpR 7c<38 & Suspicious Kpyp Yes
Kpp=0.6
No >0 R(Zc)

To avoid abnormal heavy estimatio!q
R (ZC) hopefully, introduce hydrometeor
R(KDP) classification algorithms in future.
k There are other practical exceptions to avoid overestimation.
7
Clear-air echo removal
Y *2 The flowchart design differs
. depending on the products, or
R(KDP’ZC ) 2 development phase.
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JMA's Weather Radar
M Observation Network
R4 (as of Dec. 2023)

i! Operational use of advanced QPE

Localized
Torrential Rain
(Current Time)

Dual polarlzatlon Weather Radar .13 site o e
:_._:3 Torrential Rain

{10~20min Ahead)

1. Attenuation correction of Z is introduced at installation.

2. QPE using Ky, has been implemented limitedly since 2022.
-High-resolution Precipitation Nowcasts https://www.jma.go.jp/en/highresorad/
-Radar/rain-gauge Analyzed Precipitation (R/A)

*Kpp is used limitedly. Expansion of Ky, usage sites and times is under consideration.
https://iwww.jma.go.jp/bosai/en_kaikotan

Japan Meteorological Agency 16



® First content summary: rain fall estimation

JMA Quantitative Precipitation Estimation(QPE) Radar/Rain
gauge-Analyzed Precipitation(R/A) data enable

Highly accurate estimation of rainfall rates and distribution

-Deficient radar rainfall datasets are corrected using
coefficients created from rain gauge information.

Dual-polarization radar enables

Highly accurate rainfall rate estimation
-JMA uses attenuation correction in Z-R estimation, and is in the
process of introducing advanced Ky--R estimation.
- Advanced QPE has been implemented for selected precipitation
products since 2022.
- Expansion of the time scale and range using advanced QPE/QPF
is expected in the near future.
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!! Second contents

Hydrometeor Classification (under development)

» Basics of JMA's hydrometeor classification algorithm
(HCA)

* JMA's hydrometeor classification (HC) results and
evaluation

* Concept of JIMA's HCA application

* Applying JMA's HC to melting layer and severe storm
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!! Single-Pol radar and Dual-pol radar in HC

Hydrometeor Classification (HC)

Single-pol

 lItis almost impossible to determine the characteristics of
precipitation particles.

- Because only the Z is used.

To better estimate rainfall and
enable detection of melting layers.

Dual-pol N

- Precipitation particles can be identified or discriminated.
- Using of dual-polarization variables

Japan Meteorological Agency 19



i! Dual-polarization variables used in HCA

Negative | _ "
(Z < Z,) Close to zero (Zy ZV) Positive (Z,>Z)
. . — PRX
Zpw: Differential reflectivity B X: EB @ .
. ! @@ b @ @ —_—
—Particle shape AN A i
i Light rai
Large Hail: lgriz;:;n Graupel Hail Raindrop  Biological target
Low (< 0.85) Moderate 9_0.85~0.95) High (q,97<)
Ph,- Correlation coefficient . O
—Shape diversity '- AR« X* K- ) ©o wow
: iso-oriented Light rain
Biological target Melting snow Hail ice particles Drizzle
——
Kop (deg/km)
Kpp: Specific differential CF:T:L? AR
phase = e
: @ P moderate D @ &P P
—Rain rate/water content DD @@ gt ST heavy

Textures of Zpg, Pry Ppp (differential phase)

Japan Meteorological Agency



@) JMA Hydrometeor Classification Algorithm (HCA)

Hydrometeor Classification (HC)

= Hydrometeor type is determined from the highest posterior probability
based on Bayesian estimation

= posterior probability P(C;|x) « P(x|C;)P(C;)

P(Ci|x)
4 ) / Hydrometeor\
Dual-polarization data: x type C;
7y Likelihood e
.ZDR function Ra?n
"Phv +Rain
Graupel/Rai
‘Kpp P(x|C) H:I7Ig§i£1 "
*S(Zpr) 5&9 Dsr°p
. . et Snow
S(Pnv) ML detection +Wet Snow
“S(Ypp) x Mixed Phase
Graupel
4 . ) Hail
Prior Dry Snow
} probability Riad Snow
Temperature data Relative height Ice Crystal
Meso-scale model > o« > P(C; Non Met.
-Weather analvsis m from 0°C isotherm \_ () ) Noise
eather analysis map \\ 7/ \_l viknown |
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i! JMA hydrometeor classification algorithm

Hydrometeor Classification (HC)

 Likelihood function P(x|C;)

— created by clustering techniques & kernel density estimation

10 1.0

| | NS is e
e
6 3]

0.8 Z'phv Rain

Rhv[-]
+
5
3

Kdp[deg/km]

Graupel/Rain
Hail/Rain
| Big Drop
0.6 1 Wet Snow
+Wet Snow
: : . . : , : : , . Mixed Phase
-20 0 20 40 60 80 -20 0 20 40 60 80 20 0 20 Graupel

Zhh[dbZ] ZH H Zhh[dbZ] ZH H Zhh[dbZ] %H H L Ha||
Dl’y Show

0.7 1

5 0.5 30

Aggregate
Z-S((DDP) Rimed Snow
= 241 Ice Crystal
Non Met.
3 034 Noise
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i! JMA hydrometeor classification algorithm

* Prior probability P(C;)

1 — \
) Wet Snow

-Rain, Rain
+Rain

Dry Snow
Hail

Hail/Rain,Hail/Graupel,
BigDrop
\ Ice Crystal
—— Graupel
bottom ; —

+—— .1500 -500 500 1500 2500
Relative height from 0°C heights (m)

— Function of distance from 0°C heights
(0°C heights < melting layer height & temperature data)

Umehara et al. (2019), 39t Radar conf.
Japan Meteorological Agency 23

(L
/
1111

Prior Probability

~




@! Concept of JMA HCA application

@ HC result @ Target phenomena @ Application
Dual-pol Rain Hail- Graupel O Thunder Nowcasts
data Rain —Lightning/Gust O
+Rain _ Hazardous Wind
g P Graupel/Rain Potential Nowcasts
Hail/Rain C%
Big Drop i -Rai i
Temp. Wet Snow Rain/Graupel-Rain/Hali PreC|p|tat|on Nowcasts

data +Wet Snow —Updraft region

Mixed Phase
Graupel

Hail . o L
Dry Snow Hail 1 Quantitative

Aggregate —Qverestimation of rain Q Precipitation Estimation

Rimed Snow
Ice Crystal
Non Met.

Noise Nl
Unknown Noise

m Quality Control
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i! JMA hydrometeor classification results

» Application of JMA hydrometer classification

-Melting layer detection

-Severe weather detection
(hailstorm, thunderstorm)
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i) Melting layer and bright band relationship

Bright band: Echo of enhanced reflectivity by melting precipitation in the zero-

degree Celsius layer (melting layer).

Height

Surface is melted
@
O
1 Completely melted
‘\ O
Rain drops ‘/ ‘

Japan Meteorological Agency

Snow and/or ice 1

0°C o
© © ©

Melting- layer

1)

Small reflectivity

Large reflectivity

Moderate reflectivity

v

Reflectivity
26



@) The Bright band case in Japan

2010/04/12

Extratropical cyclone

(S &
[P

Precipitation Intensity

———
Ea et

12010/04/12 15:00

Bright band

The bright band is shown as light green color in
cross-section of Z

2010704712 15:00 Reflectivity factor
Z (7.0 deg)

Japan Meteorological Agency
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i) Detection of melting layer used by JMA's QPE

Use of temperature
data from meso-scale
NWP

Single-pol

(operational)

Detection of the area

Elevation data from
radar

Corrected the

Japan Meteorological Agency
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i! Detection of melting layer by HC

Hydrometeor Classification (HC) Dual-p0|

o (under development)
hv

10

Lbilhieias a s

= ae Zop 1iNG

Rain
+Rain

Graupel/Rain
Hail/Rain

: Wet snow regions (Melting layer)
cane | are well identified.

Hail

Aggregate
Rimed Snow

Unknown
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W) Evaluation : Melting layer (ML) Dual-pol

Hydrometeor Classification (HC) (under development)
» Wet snow regions (melting layer) are evaluated using

comparisons with radiosonde observations.

Radiosonde (Tateno) 4°C heights 0°C heights
HC (JMA Tokyo radar), el>1.1 deg 20 percentile height 80 percentile height
Wet snow region from bottom from bottom
ML bottom (2021/09-2022/08) ML top (km) (2021/09-2022/08) Frequency distribution of wet snow
5] 6 -
(km) % bottom (km) ¥ Bh / 30000 | :
54 R*2=0.94 s | R*2=0.98 + ,+"“/ 7 25000 2(?% i80%
Slope=0.23 e Slope=0.36 s !
Num=79 % Nom=78 Y _ L
4 e g 4 & +t Z 20000 1 byl
2 @ o + %) 1|
1%.' . - § - B _@_{%“ qc) 15000 1 .
= = L > .
5 'g +;p-="i-++ g
ol o ++;/ O 10000
3
; +4ﬁ--# 5000 {
I T
% o
) i i : i i 0 . . ; : . 0 1 3 4 5 6 7
0 1 2 3 4 5 6 .
sonde(47646) (km) ° ' : Sonde(?;?ﬁq.ﬁ} ) ’ kﬁrn ML hlght(km)

The classification results showed good agreement with the radiosonde observations.
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!} The Hail-storm

A

10000 km

1000 km

100 km

10 km

1km

Horizontal scale

100 m

1 1 hour 1 day 1

_ i The hailstones fell in Chiba minute Time scale week
1 pi= el prefecture, May 24, 2000

The diameter is 20mm

* |t causes local but enormous damage to crops.
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!! Relationships between Hail and Various Radar Echo Indices

Top: Top height (km) Single-pol

/ (operational)
Zmax: Maximum
refrectivity (dBZ) VIL: Vertically Integrated Liquid
water content(kg/m?)
42 =(M(h)Ah)
High & (M=3.44X106XZ%7)
i VILD: VIL density(g/m3)=VIL / Top
E @ . The threshold depends on
Low ' regions/seasons.
Zmax VIL VILD Top
Chance of | 55dBZ or Extremely 3.5g/m3or |8km or
Hail more large value | more more

, Amburn and Uchida et al.
Geotis (1963) Wolf (1997 2010) in Japanese
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i) Hail detection via single-pol radar in Japan
Single-pol
(operational)

Max: 62 dBZ Max: 4.3 g/m?3 Max: 15 km
(> 55 dBZ) (> 3.5 g/m3) (> 8 km)
Vad 10~ el J
.._:, J. = I ﬂ_
2013/05/26 17:20 zmex - ' 2013/06/26 17:20 vild ?%gﬁ 2018/08/26 17:20 top - S

Nagano radar 2013/05/26
Hail in Nagano

 Here, Zmax, VILD and Top are above their thresholds,
indicating a high chance of hail.
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i! Detection of Hail by HC

Hydrometeor Classification (HC)

Dual-pol

(under development )

= Downburst/gust front and hail event on 2nd June 2022

HCA Result

/’-—/—\\/“-__

Small Zpx

Negative
(Zh< Zy)

o)

Large Hail|

Close to zero (Zy=2y)

AR

Light rain

Drizzle Graupel

A 24

Hail

| | -Rain

Rain

+Rain
Graupel/Rain
Hail/Rain
Big Drop
Wet Snow
+Wet Snow
Mixed Phase
| Graupel
Hail

Dry Snow
Aggregate
Rimed Snow
| | Ice Crystal

Noise
Unknown

Hail and graupel are identified.
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Single-pol

(operational)

i! Detection of Thunderstorms

Use of temperature
data from meso-
scale models

i

CAPPI data

cells

Detected Convective 1

- L 5
5 L e
i . g L e il Y ] %
7 z - = T
: P - v e
- - = Z g s 80 7
7 S =4 /////
P s B
L ————————— / ¢ — 7 //
l- mmmEEEEL

[ } ([ vIiL [ TO’P‘]

-15°C °

RLA10

Vs

Radar-Thunderstorm
index (1km)

[]eo~
@70~
W so~

Il 90~

Analyzing the lightning

—10C plan Z
.'"~.,_@ | reflectivity Z ],..**"

Radar-
Thunderstorm

~ risk level (0 to 100)

within 30 minutes from

LI'It)r:EI;OCG _dettection index (10km) radar data
wi minutes J
{7 4{; + + isti T‘ o
L LOQ'St'_C »f Checked by:
regression | | *"MSM PoT data
» : %! | “LIDEN CG data
- &
\_ analySIS ) ; within 60 minutes

*LIDEN(JMA lightning detection network)
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!! Detection of Thunderstorms Dual-pol

(under development )

« Comparison with lightning data by JMA's lightning detection network
(LIDEN).

2022/06/ 2;1 200Z LIDENSmi nSE. 109#F#%0

5 \/_S\ HC results

Hail

Graupel

Lightning location

O CG
X 1C

<l
s ‘x‘ :

Fa 1 - . :’ﬁ
2022/05/27 12:00 UTC MA_HCA S S BHIFRE R
Statistics for April-September 2022 based on JMA's Tokyo radar show that 92% of lightning were

detected within 5km of the hail/graupel class bin. — good agreement
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i! Second content summary: hydrometeor Classification

» Single-polarization radar

— Operational ML/severe weather detection

* Quality control for the removal of bright bands in JMA QPE
involves the use of 3D radar information from single polarization
radar and temperature information from meso-models.

« 3D radar information on reflection intensity can be used to
estimate hail areas.

« Dual-polarization radar

— New Hydrometeor Classification tools

« JMA’'s hydrometeor classification algorithm based on Bayesian
estimation discriminates effectively between
typical precipitation types,-such as graupel/hail and melting
layers.

« Application of HCA for variety of nowcasts, information and other
products is expected.
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1) ' WMO/ASEAN Training Workshop on Weather Radar Quality Control and Radar Data Exchange

Thank you for your attention.

Japan Meteorological Agency Bangkok, Thailand, 29 January - 2 February 2024



