Introduction

1. Typhoon Hagibis 2019

Typhoon Hagibis, one of the strongest in Japanese history, made landfall on
the Izu Peninsula, near Tokyo, on the night of October 12, 2019.

103 locations nationwide: 140 embankments:
» Maximum 24-hour precipitation » Along more than 70 rivers
» Highest ever recorded » Broke as a result
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2. Notable characteristics of Typhoon Hagibis

Typhoon Hagibis caused not just topographic rainfall, but also brought

heavy rainfall across the basin boundary to the leeward side.
lllustration of

Terrain elevation I RadarAMeDAS: 00:00JST 12/0CT/2019 — 24:00JST 13/0CT/2019
38N ; - : cor
ol L Typhoon HaglbIS - - : : [mm]
— Chikuma River Basin : [m] E

ssfl — Tone River Basin : - 1500 | Leeward Windward 1
I 1400 _ : I o
: 1300 Rainfall over the mountains 400

""" = 1200

) 1100 300

...: ......... 750 , II II /I II I
S 500 N Im0

Moist air
forced to rise

R N 300 M 7
I ‘ _: ......... 1 00 nditlo I/
U ! ,/,

Mountain Range

Tone River Basin

Chikuma River Basin

8F

TISEISEISSEIE . RASEE DA MOEMOSEWIE 14 PN 138 139E Mi)k 141
Fig.4 Elevation map around Fig.5 Distribution of rainfall Fig.6 48-hour rainfall
Chikuma and Tone River Basins across the basin boundary accumulation

Purpose

1. To analyze the meteorological factors that caused heavy rainfall
in the Chikuma River Basin across the basin boundary

2. To evaluate future changes in similar rainfall events using a large
ensemble dataset (d4PDF)

Methods

1. Extraction of past typhoon cases with similar paths

» 25 past typhoons with paths similar to Typhoon Hagibis
» Dataset: JMA best track data for typhoons in 1951-2019

2. Selection of the time period with east/southeast wind blowing
on the basin boundary

» Dataset: JMA 55-year reanalysis data (JRA-55) in 1958-2019
3. Calculation of inter-basin ratios of accumulated rainfall
» Dataset: Radar/Rain gauge-Analyzed Precipitation in 1988-2019

e Table 1 Typhoons with similar paths to Typhoon Hagibis
. in 1958-2019 (showing 10 cases out of 25 total)
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Fig.8 East/southeast wind blowing on the
basin boundary at the 850hPa surface

Time Period with East/Southeast Wind
Blowing on the Basin Boundary

0 2019 Typhoon No.19 | From12 UTC on 10/10 to 06 UTC on 10/12

Typhoon

14 | 1990 Typhoon No. 11 From 00 UTC to 18 UTC on 8/9

16 1998 Typhoon No. 5 From12 UTC to 18 UTC on 9/15
17 | 2001 Typhoon No. 15 From 00 UTC on 9/8 to 00 UTC on 9/11

19 | 2002 Typhoon No. 21 At 06 UTC on 10/1

20 | 2004 Typhoon No. 22 From 00 UTC to 18 UTC on 10/8

21 2005 Typhoon No. 7 From12 UTC on 7/25 to 06 UTC on 7/26
22 | 2005 Typhoon No. 11 From 00 UTC to 18 UTC on 8/25

23 | 2007 Typhoon No.9 From 00 UTC on 9/5to 12 UTC on 9/6
25 | 2019 Typhoon No. 15 From 00 UTC to 18 UTC on 9/8

Table 2 Three typhoons of similar rainfall patterns (rainfall across the basin boundary)

Typhoon | 2019 Typhoon No. 19 (Hagibis)

Inter-Basin Ratios
(Chikuma River :
Tone River)

65 : 100
(201.0 : 307.6 [mm])

Accumulated Rainfall
(36.0N to 36.4N,
138.0E to 139.3E)

I
I
Distribution of |
I
I

2001 Typhoon No. 15 (Danas) |

50 : 100
(98.6 : 198.9 [mm])

73:100
(115.2 : 158.4 [mm])

4. Analysis of Meteorological Factors

» Dataset: Meso-Scale Model (MSM)

GPV in 1988-2019

2007 Typhoon No. 9 (Fitow)

Comparison:
» (a) Typhoon Hagibis 2019
» (b) Typhoon Fitow 2007

Meteorological Factors:
» (i) thickness

> (i) specific humidity

» (i) wind vector

» (iv) water vapor flux and its divergence

5. Analysis using a large ensemble dataset (d4PDF)
» Dataset: d4PDF (5x5km, 15-day DS) downscaled dynamically using

d4PDF (20x20km)

» 3000 years for the PAST, 5400 years for the FUTURE +4K

> 15-day DS2): A 15-day period centered around the event of the annual
maximum area averaged precipitation in the upper Tone River basin,

including 7 days before and after the event

Results & Discussion

1. What were the meteorological factors?

from the southeast

1. Due to the inflow of large amounts of water vapor from the southeast
2. Due to the collision of dry cold air from the north, and moist warm air
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Fig.11 Time series of vertically integrated water vapor flux

2. Analysis using a large ensemble dataset (d4PDF)

Future climate projections indicate an increase In the intensity and heightened risk
of similar events.
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Fig.12 Typhoon paths following similar paths to
Typhoon Hagibis in d4PDF (60x60km)"
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Fig.13 Comparison of accumulated rainfall in the upper Tone
and Chikuma River Basins brought by similar typhoons
extracted from d4PDF (5x5km, 15-day DS)

Table 3 Summary of analysis using a large ensemble dataset

Category PAST FUTURE +4K

Number of typhoon cases with similar
paths extracted from d4PDF (60x60 399 Cases 477 Cases
km)

Number of typhoon cases included in
d4PDF (5x5 km, 15-day DS) 163 Cases/ 399 Cases 224 Cases/ 477 Cases

Tone River Basin: 7th

Rainfall scale of Typhoon Hagibis ) . .
! yP I Chikuma River Basin: 14th

Average rainfall amount from typhoon = Tone River Basin: 131.1 Tone River Basin: 156.7
cases with similar paths [mm] Chikuma River Basin: 86.0 Chikuma River Basin: 99.6

Conclusion

1. Factors Contributing to Heavy Rainfall by Typhoon Hagibis

» Inflow of large amounts of water vapor from the southeast

» Collision of dry cold air from the north with moist warm air from the southeast

2. Findings from Large Ensemble Dataset Analysis

» Typhoon Hagibis is extremely rare, ranking 7th in scale for the Tone River region

(past and +4K experiments).

3. Future Predictions (Predicted average rainfall amounts)
» Tone River: 1.20 times compared to the past
» Chikuma River: 1.16 times compared to the past

References

1.

Hoshino, T., Okachi, H., Takehara, Y., Yamada, T.J.: Evaluation of heavy rainfall risk of typhoon Hagibis
associated with typhoon track. Journal of JSCE, Ser.B1, 10(1), 534-544, 2020.

2. T.J. Yamada: Ensemble Approach to Climate Change Projection and Risk Assessment., Kasen (River),

December, 77-81, 2020.



	スライド番号 1

