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1. Hail 
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Hail, Graupel, Sleet and Snow
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Severe Weather 101: Hail Basics (noaa.gov)
hail                              graupel                              sleet                                   snow

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

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 III – Observing Systems 2021



Global annual average large hail* probability 
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Prein and Holland (2018)     *hail of diameter greater than 2.5 cm in diameter 



Hail and Hail Damage in Japan
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熊谷地方気象台 (jma-net.go.jp)

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 
29.5 cm in diameter on the same day. 

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 
dollar).

降雹被害.PDF (giroj.or.jp)

General Insurance Rating Organization of 
Japan 

奥田・伊藤 2000

6 cm

Hail sediment

a wooden door 
damaged by hail



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

Hail damage in your country Current Information on hail
issued from your weather 

services 

Interest in hail 
detection/nowcasting 

with radars
Bangladesh □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Burnie □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Cambodia □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Indonesia □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Lao PDR □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Malaysia □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Myanmar □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Philippines □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Thailand □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Vietnam □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Japan □None/slight  □Moderate □Serious □None □Outlook □Advisory □None  □Slight  □Much

Comment



3.  Hail Detection Methods
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Legacy Hail Detection Methods 1: Pattern recognition 
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Three-body scatter
spike (Flare)

Side-lobe echo 
due to hail 

Hail echo 

Hail echo 

Side-lobe echo 

1. TBSS: Three-body scatter spike
(Zrnic 1987; Wilson and Reum 1988)

2. Side-lobe echo due to hail
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(Uchida et al. 2010)



Legacy Hail Detection Methods 2: 
Criteria of hail occurrence possibility based on 3-D radar data
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Hail 

Rain 

Snow 

1.  Zmax ≥ 55 dBZ

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

Vertically integrated liquid water (VIL)

Vertically integrated liquid water density 
(VILD) = VIL / Echo top height  
2.  VILD ≥ 3.5 gm-3 Amburn and Wolf (1997)

Green and Clark (1972)

Geotis（1963)



Legacy Hail Detection Methods 2: 
Index of hail occurrence possibility based on 3-D reflectivity data
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Hail 

Rain 

Snow Zmax ≥ 55 dBZ

Echo top ≥ 8 km

VILD* ≥ 3.5 gm-3

(Uchida et al. 2010)

Geotis（1963)

Amburn and Wolf (1997)

*Vertically integrated liquid water density 
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Precipitation particles and polarimetric parameters 

Transmit

Vertical wave

Horizontal wave

Receiv
e Phase difference → FDP, KDP

Precipitation particle
(scattering target)

Amplitude ratio → ZDR

Fluctuation in phase and amplitude → rhv

Yamauchi（2023)



Yamauchi (2018 WMO/ASEAN Radar Workshop)
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Precipitation particles and polarimetric parameters 



Fabry (2015 Radar Meteorology)
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Precipitation particles and polarimetric parameters  

ZDR： Differential Reflectivity

ρｈｖ : Correlation Coefficient
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Dependency of polarimetric parameters on radar wavelength 

Rauber and Nesbitt (2018)

Zh ZDR KDP
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Hydrometeor classification algorithm using fuzzy logic

Rauber and Nesbitt (2018)



4.  A Case Study of a Hail Thunderstorm using Polarimetric Radars
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Hachioji station
JMA AMeDAS (AWS)

Sanda-town

Tokyo Metropolitan 
University

hail-fall
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“Surprise !  Suddenly 
hailstones have fallen with 
thunder ! “

Tokyo

Hachioji

Narita DRAW
Beam width: 
0.7°

●

●

Haneda DRAW
Beam width: 0.7°

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

Polarimetric analysis area 

“With a strange sound, hailstones 
as large as a tip of little finger 
have been hitting the ground !”
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Behind a trough at 500 hPa

Stable layer at 700 hPa

Synoptic situation on 24 May 2018

Synoptic-scale 
downward motion

Subsidence dry layer
Front of a traveling high

Intense NWW wind at 400 to 800 hPa
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A

dBZ

Evolution of the mother thunderstorm producing hail     

First Storm 
initiated

Solar radiation heating 
over the mountain area

Warm-moist 
Sea breeze 
intrusion

Hail-fall from 
the Second Storm

Dissipation of 
the Second storm

Second Storm 
initiated

Decay of 
the Second Storm
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Sanda
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Tokyo Met University 

(b) Zh 50 dBZ and 55 dBZ Iso-surfaces

(c) Vertically integrated liquid water density VILD (gm-3)

(a) Zh (dBZ) at 3.1 km in altitude

Evolution of the hail core as seen 
with “legacy hail index”    

55 dBZ 55 dBZ 55 dBZ

3.5 gm-33.5 gm-3

legacy hail index

← Expected hail-fall on the ground →

50 dBZ core



Evolution of Polarimetric parameters: ZDR, ρHV and KDP
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Evolution of kinematic structure of the hail core
System-relative horizontal wind and vertical velocity with Dual-Doppler analysis       

Intense 
outflow at 
the middle 

levels

Updraft

Downdraft
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core
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System-relative wind and 
vertical motion at 4 km in height

Updraft

Out flow in 
downdraft

System-relative wind along the 
vertical cross-section at 130.29 E

Hail development in an 
updraft-downdraft-
updraft circulation

Updraft

Hail development in an updraft-downdraft-updraft circulation
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Browning and Foote (1976)

Hail

HailHail

Classical concept model of hail-inducing storm

Hail

Hail



What I have learnt from the case study

Hail 

Raindrops

Snow 

0℃
Graupel
Frozen raindrops 
Super-cooled cloud particles  

wet Hail 

Warm-moist air

High wind speed 
in middle levels

Synoptic-scale down motion made 
moderate-speed updraft in the storm. 
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1. The possibility of hail-fall in a 
moderately developed 
thunderstorm is estimated using 
traditional (legacy) hail detection 
methods. 

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

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

4. 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 ℃ layer. 

5. What should we do next in your 
weather services: 
Hail advisory?
Hail nowcasting??
Hail damage mitigation???

Conceptual model of the hail-induced 
thunderstorm on 24 May 2018



Thank you
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March 2014 February 2018



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

●Mongolia

●Vietnam
Myanmar●●Lao PDR

Pakistan●

●Mauritius

Bangladesh●

as for 2023
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●
Planned Sri Lanaka

●Philippines 

JICA’s cooperation for Meteorological Service
- JICA Grant Aid –

Appendix



●Mongolia TCP -
2008

●Philippines TCP -2017, 2019- SATREPS 2017-
2023

●Vietnam TCP 2018-Myanmar TCP -2012, -2017, -
2019

Lao PDR TCP -2011
Bhutan TCP -2016, 2020-

●Mauritius TCP 
2019-

Bangladesh TCP -2013, 2023-

●

●Mozambique TCP -2017 ●Fuji TCP -2005, -2010, -2013, -2018, 2023-

Cambodia TCP -2004, -2007, -2008●
●

●
●

Argentina●
SATREPS 2022-

● On-going or soon  started 

●Malaysia TCP SATREPS 
2022-

Sri Lanka -2017, 2022-
●
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JICA’s cooperation for Meteorological Service
- Technical Cooperation Projects (TCP) –

- Science and Technology Research Partnership for Sustainable Development (SATREPS) 
-

Pakistan TCP 2024-

●

Appendix
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1984、1993 2001 2015

2015 2018 2019

2023

Textbooks on Polarimetric Radar
Appendix


