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1. Hail



B Hail, Graupel, Sleet and Snow

hail graupel sleet snow

Severe Weather 101: Hail Basics (noaa.gov)

Hail. Precipitation of particles of ice (hailstones). These can be either transparent, or partly
or completely opaque. They are usually spheroidal, conical or irregular in form, and
generally 5-50 mm in diameter. The particles may fall from a cloud either separately or
agglomerated in irregular lumps. Falls of hail always occur as showers. They are generally
observed during heavy thunderstorms.

Guide to Instruments and Methods of Observation Volume Ill — Observing Systems 2021



B Global annual average large hail* probability

Prein and Holland (2018) *hail of diameter greater than 2.5 cm in diameter

Annual hail probability in 100 km x 100 km area [days per year]
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The predictors include atmospheric instability, freezing level height, and 0-3 km wind shear and storm re-
lative helicity. These variables are used to develop a hail algorithm, which provides the probabilities for large
hail occurrence from regional to global scales and from daily to climate timescales.



B Hail and Hail Damage in Japan

The Meteorological Summary of the Japan Meteorological Agency (JMA) reported that severe hailstones as
large as chicken eggs were observed at the JMA Kumagaya Meteorological Office at 16:50 on 29 June 1917
and that at Nagai-mura, Saitama Prefecture, Japan, a priest of a Buddhism temple found a large hailstone of
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A heavy hail damage was reported in the Chiba Prefecture, Japan on 24 May 2000.
130 people were injured and the total payment for vehicle and fire insurances cost 309 billion yen (200 million US
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2. Questionnaire on Hail Damage and Hail Information



B Questionnaire on Hail Damage and Hail Information in Your Country
Please put checks to the following items.

Interest in hail
detection/nowcasting
with radars

Hail damage in your country Current Information on hail

issued from your weather
services

Bangladesh [None/slight [1Moderate [1Serious [INone [OOutlook [JAdvisory [INone [Slight CODMuch
Burnie CINone/slight CDModerate [1Serious [None [dOutlook [JAdvisory LINone OSlight CIMuch
Cambodia  [None/slight [C1Moderate [1Serious [None [OOutlook [JAdvisory CINone OSlight CIMuch
Indonesia [INone/slight [C1Moderate [1Serious [1None [JOutlook [JAdvisory [INone [Slight C1Much
Lao PDR LINone/slight CDModerate [1Serious [None [dOutlook [JAdvisory CINone OSlight CIMuch
Malaysia [INone/slight [C1Moderate [1Serious [1None [JOutlook [JAdvisory [INone [Slight C1Much
Myanmar [INone/slight [C1Moderate [(1Serious [INone [Outlook [JAdvisory [INone [Slight CO0Much
Philippines [INone/slight [C1Moderate [1Serious [INone [Outlook [JAdvisory CINone OSlight CIMuch
Thailand [INone/slight [C1Moderate [1Serious [INone [Outlook [JAdvisory [INone [Slight COMuch
Vietnam CINone/slight CDModerate [1Serious [None [dOutlook [JAdvisory CINone OSlight CIMuch
Japan CINone/slight dModerate [ISerious [INone dOutIook dAdvisory [INone ﬁSIight CIMuch

Comment



3. Hail Detection Methods



B Legacy Hail Detection Methods 1: Pattern recognition

1. TBSS: Three-body scatter spike 2. Side-lobe echo due to hail
(Zrnic 1987; Wilson and Reum 1988)
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B Legacy Hail Detection Methods 2:
Criteria of hail occurrence possibility based on 3-D radar data

3. Echo top > 8 km Uchida et al.(2010)
A

1. Z2 ., =55 dBZ
Geotis (1963)

Vertically integrated liquid water (VIL)
Green and Clark (1972)

Vertically integrated liquid water density
(VILD) = VIL / Echo top height

2. VILD > 3.5 gIn‘?’ Amburn and Wolf (1997)
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B Legacy Hail Detection Methods 2:

Index of hail occurrence possibility based on 3-D reflectivity data

Echo top > 8 km(uchida et al. 2010)

Z__ > 55dBZ

A

Geotis (1963)

VILD¥

\ 4

>3.5gm3

Amburn and Wolf (1997)

*Vertically integrated liquid water density
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B Precipitation particles and polarimetric parameters

Yamauchi(2023)

Precipitation particle
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B Precipitation particles and polarimetric parameters

Yamauchi (2018 WMO/ASEAN Radar Workshop)

* Zdr: Differential reflectivity

» Zy,:Shape of particle
= Ratio between horizantal and vertical reflectivity factor,
= Reflects aspect ratio of scattering targets.
» Possible range of values : generally -4 to 10 (dBE)
« Useful for Rain rate estimation and hydrometeor classification

* phv: Correlation coefficient

= py,: Diversity in shape
= Correlation coefficient between horizontal and vertical signal.
« Reflects diversity of scattering targets within a bin.
s Possible range of values : 0 to 1 (none units)
» Useful for hydrometeor classification and QC

i ling volume
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B Precipitation particles and polarimetric parameters
Fabry (2015 Radar Meteorology)

Z,: Differential Reflectivity
Zpp (dB) =4 —2'_} 25 ] 15 3

Rain
Hail
Graupel

Snow

Ice crystals
Clutter/AP
Biological targets
Chaft

Debris

Chart of typical values of Z, for different types of targets. The colors correspond to the scale used on WSR-88D
radar displays for Zy, while for each type of target, the range of colors represent the range of expected values.
For hail, 2" corresponds to 5 cm. Image courtesy of the NOAA Weather Decision Training Branch (WDTB).

Py, : Correlation Coefficient
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Chart of typical values of p,, for different types of targets. Image courtesy of the NOAA WDTB.



Z,,(dB2)

B Dependency of polarimetric parameters on radar wavelength
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Rauber and Nesbitt (2018)
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B Hydrometeor classification algorithm using fuzzy logic

Hydrometear
type

Hydrometeor type
Drizzia

Rain
Low-density ice
High-density ice
Wet ice

Dry graupel
Wet graupel
Small hail
Large hail

Rain and hail

- BRI - S e o

=

..............

Figure 7.35 lllustration of a fuzzy logic hydrometeor classification algorithm (Adapted from Liu, H.
and Chandrasekar, V. (2000} Classification of hydrometeors based on polarimetric radar measurements:
development of fuzzy logic and neuro-fuzzy systems, and in situ verification. J. Atmos. Oceanic Technol,
17, 140-| 64. © the American Meteorological Society, used with permission)

Rauber and Nesbitt (2018)
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4. A Case Study of a Hail Thunderstorm using Polarimetric Radars

18



B A Case Study of a Hail Thunderstorm using Polarimetric Radars
Hachioji hail event on 24 May 2018
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B Synoptic situation on 24 May 2018

Intense NWW wind at 400 to 800 hPa
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B Evolution of the mother thunderstorm producing hail
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B Evolution of the hail core as seen
with “legacy hail index”

50 dBZ core

13:00

(a) Z, (dBZ) at 3.1 km in altit

Echo top 2 8 km {uchida et al. 2010)

Z,,a 2 55 dBZ

Geotis(1963)

VILD*

legacy hail index

23.5gm3

Amburn and Wolf (1297}
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B Evolution of Polarimetric parameters: Z,; p,,, and K,
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M Hail development in an updraft-downdraft-updraft circulation

System-relative wind along the

vertical cross-section at 130.29 E
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B Classical concept model of hail-inducing storm

SN TN
km | VORTH DIRECTION OF
bl TRAVEL OF 5TORM
—
15
L1

DISTANCE ALONG 340-160 DEG. (km)

Hail-producing

thunderstorm Stom motion—3

Fig. 8.4 Conceptual picture of a hailstorm. Reprinted with permission from Encyclopedia
Britannica, © 2012 by Encyclopedia Britannica, Inc. 26



5.

B What | have learnt from the case study

The possibility of hail-fall in a
moderately developed

thunderstorm is estimated using
traditional (legacy) hail detection

methods.

Polarimetric parameters clearly
traced the whole stages of hails:
production, growth and decay

stages.

Hails aloft could be identified 10
minutes before they got to the

ground.

Dual-Doppler analysis revealed a
unique air-flow pattern to help the

growth of hails in the storm:

an up-down-up circulation around

the 0 °C layer.

What should we do next in your

weather services:

Hail advisory?

Hail nowcasting??

Hail damage mitigation???

Synoptic-scale down motion made
moderate-speed updraftin the storm.
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High wind speed
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Frozeh raindrops
Supericooled cloud particles
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Rairyrops

Warm-moist air

Conceptual model of the hail-induced
thunderstorm on 24 May 2018
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Thank you
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Appendix B JICA's cooperation for Meteorological Service

- JICA Grant Aid -

JICA has installations weather radar weather radar as early warning systems
particularly for typhoon / tropical cyclone disaster since 1986

® Mongol_ia'

oS Pai(lstano |
i o oy Myanmar @ oLao PDR
s BangladeshO ®Vietnam

® = ‘@ Philippines
Planned Srl,Lar_laka _

® Mauritius

as for 2023
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Appendix , . . .
JICA's cooperation for Meteorological Service

- Technical Cooperation Projects (TCP) —
- Science and Technology Research Partnership for Sustainable Development (SATREPS)

-'-:- =5 ® Mongolia TCP -

Bhutan TCP -2016, 2020- 2008 f
: "\\_ Lpo PDRTCP -2011
. Pakistan TCP 2024- V'

Bangdadesh TCP -2013, 2023- o Cambodia TCP -2004, -2007, -2008
eMvanmar TCP -2012, -2017, - ® Vietham TCP 2018-
o .

i oSN .. ®Philippines TCP -2017, 2019- SATREPS 2017
- SriLanka -2017,2022- " © "208Malaysia TCP SATREPS
“®Mozambique TCP -20222 ® Fuji TCP -2005, 2010, -2013, 2018, 2023-

® Mauritius TCP

Argentina e -
SATREPS 2022- sl

@ On-going or soon started
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