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Abstract

Japan experienced significant rainfall particularly from western Japan to the Tokai region mainly
in early July (The Heavy Rain Event of yu2018), which caused widespread havoc nationwide.
Extremely high temperatures subsequently persisted throughout most of Japan fraulymid
onward.

In this context, the Japan Meteorological Agency (with the help of the Tokyo Climate Center
Advisory Panel on Extreme Climatic Events) investigates atmospheric and oceanic conditions
considered to have contributed to such climate extremes and summadatred peimary factors.

Based on this work, the Heavy Rain Event of July 2018 is attributed to an ongoing concentration of
two massively moist air streams over western Japan and persistent upward flow associated with the
activation of a stationary Baiu franThe related heatwave is attributed to the expansion of a
persistent North Pacific Subtropical High and Tibetan High to the Japanese mainland. The serial
occurrence of these two extreme climate events was caused by significant and persistent meandering
of the subtropical jet stream in the upper troposphere. Thet@ngtrend of increased intensity in
observed extreme precipitation events in Japan and the clear upward trend in amounts of airborne
water vapor also suggest that the Heavy Rain Event mdinked to global warmingGlobal
warming andongoing highetharrnormal zonally averaged tropospheric air temperatures associated
with the northward shift of the subtropical jet stream are also cenesidesponsible for the extreme
heatwave.
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Introduction

The Heavy Rain Event of July 2018 is the official name given byhe JaparMeteorological
Agency (JMA) to anextremeclimate eventthat broughtunprecedented amounts pfecipitation
throughout Japant causedsignificant disasteconditions particularly fromwesternJapanto the
c 0 u n Tokay r@gion in early Julyin association with the presenceaftationaryBaiu frontand
Typhoon Prapiroon (T1807) which caused widespread havocnationwide Extremdy high
temperaturesubsequentlypersistedthroughoutJapan(except inthe Okinawa/Amami regionin
association with atrongefthannormalNorth Pacific Subtropical High in the vicinity ¢fe nation
from mid-July orward

To clarify the conditionsof the event, identifypossiblecausative factorand enablethe timely
provision ofrrelatedclimate information to th@ublic, IMA hasanalyzedthe general characteristics
of and primary factorbehindthe Heavy Rain Event ofuly 2018 (28th June’ 8th July) and the
notable heatwaveonditions observedfrom mid-July onward In parallel withthese efforts the
Tokyo Climate Center (TCCAdvisory Panel on Extreme Climatic EverfisJMA body staffed by
prominent experts on climate science from universities and research ingtitagesnvestigated
atmospheric and oceanic conditions considered to have contributetdich extreme climatic
conditions.

This report summaesthe aboveclimate extremes angossiblerelatedfactorsbased oranalysis
conductedoy JMA with the help of thepanel It consiss of two chapters onefor each event and
relatedannexes



1. The Heavy RainEvent of July 2018

1.1 Climate conditions

Variousparts ofJapanexperiencedaignificantrainfall during theHeavy RainEvent of July2018
(28th Junei 8th July) with unprecedented precipitatidieing recordect someJMA Automated
Meteorological Data Acquisition System (AMeDAS)ations Stations in the Shikoku and Tokai
regiors recordedmore thanl,800 and 1200 mm respectively,during he period (Figure 1.1.1).
Some areaexperiencd two to four timesthe precipitationof the monthly climatologicalnormalfor
July (Figure Al1.1 anney.

Overall precipitationat 966 selectedAMeDAS stationsthroughoutJapanfor early July 2018 was
the highest for any 18ayperiodsince 1982 (Figure 1.1.2highlighting thenationwidesignificance
of this event.
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Figure 1.1.2 Overall total precipitation at 966 selectedAMeDAS stations throughout Japan for 10-day
periods starting on the 1st, 11th and21stof the month since 1982
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Table 1.1.1Record three-day precipitation totals at selectedAMeDAS stations throughout Japan from 1st

January 1982 to 10th July 2018

— Nationwide trt]r?eNI?\Zr;ﬁTrggriEr? 5 the Shikoku region the Chugoku region the Kinki region the Tokai region
(966 stations) . (55 stations) (78 stations) (68 stations) (73 stations)
(80 stations)
140,567.0 *1 24,379.0 22,509.0 22,788.5 21,093.5 21,102.5
1 (145.5) *2 (304.7) (409.3) (292.2) (310.2) (289.1)
[7th July 20187 *3 [4th July 1995] [19th Sept. 1990] [7th July 2018] [4th Sept. 2011] [3rd Aug. 1982]
128,099.5 21,792.0 20,229.5 18,798.5 19,130.0 19,138.5
2 (132.6) (272.4) (367.8) (241.0) (281.3) (262.2)
[21st Sept. 2011] [7th July 20181 [6th Sept. 2005] [6th July 2018] [7th July 2018] [12th Sept. 2000]
124,167.0 21,014.0 19,982.5 17,570.0 17,918.0 18,838.5
3 (128.5) (262.7) 363.3 (225.3) (263.5) (258.1)
[23rd Oct. 2017] [10th July 1997] [7th July 2018] [25th June 1985] [23rd Oct. 2017] [13th Sept. 2000]
13,370.0
30 - - - - (183.2)
[7th July 2018]

*1 Sum of total precipitation amounts in the region (unit: mm)

*2 Precipitation amounts per station (unit: mm/station)

*3 Three days up to this day

Red indicates events occurred during the period in the heavy rain of July 2018

In comparison withpast heavy rainfall events caused by frontal systems and typhoons, a
prominent characteristibereis that areawith record precipitationparticularly within 48 to 72
hours werewidely observedver western Japan and the Tokai reginoluding the Setdnland Sea
side of the Chugoku and Shikoku regiprwhere monthlynormals are lower than tlose of
surrounding areas (fure 1.1.3 Table Al.2). Total precipitation at the selectédeDAS stations
throughout Japafor the periodfrom 5th to 7th July 2018as140,5670 mm (equivalent to 145.5
mm per station), which wathe highest for anyhreeday periodsince 1982The threeday total
duringthe eventvas the highest evéor the Chugoku region (Table 1.1.1).

Analysis of 72-hour precipitation amoustaveraged over Japars | a nusing a precipigation
datasetof radar and rakgaugeobservation(namely, the Radar/Raingaué@alyzed precipitation
product)for the event shows a total maximum1at3 mm up t010:00 JSTon 7th July 2018which
wasthe highest since the prodweaslaunchedn April 1988 (Figure 1.1.4).
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1.2 Primary factors behind rainfall with relatively large temporal/spatial scales

Primary synoptiémesaoscale atmospheric circulatiorelated factors contributing to the heavy
rainfall eventdetailedin Section 1.lareconsideredo beas follows(Figure 1.2.):
(A) Ongoingconcentrationof two massively moisair stream®verwesternJapan
(B) Persistence of upward flow associated with activation of the stationary Baiu front
(C) Characteristics of linshapedrecipitation systems

(A) and (B)were the dominantfactorsbehindthe event as a wholeshile (C) playeda significant
role incertainareas

1.2.10ngoing concentration of two massively moist air streams over western Japéf)

Two massively moisair streams continued to floawver the area to the south of Japeom 5th to
8th Julyin association with the following:

. Convective activig over the East China Seeasenhanced andWwer to midtroposphericair
containing huge amounbf water vapor due ttocal convection flowedover western Japaon
soutlweserly winds.

The North Pacific SubtropicalHigh (NPSH) was enhanced to the soutlstaof Japangausing
strongersoutherly wind over se& south of Japaand a consequent flow afassively moisair
in the lower tropospheraverwestern Japan along the periphery of the NPSH.

The ongoingconfluence ofthesetwo moist airflons over westen Japan brought significant

amounts of water vapor todhegion.With reference tdapanese 5%ear Reanalysis data (JFR#,

Kobayashi et al. 20)5rom January 1958, it was found that unprecedented amounts of water vapor

were concentrated in western dapand elsewherdrom 5th to 7th July (Figure 1.2.2). iBh

continuous confluences attributed toa relatively stagnaratmospheric pressure pattern around the

Japamesearchipelagaluring the period.
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Figure 1.2.1Primary synoptic-scale motion factorsbehind record rainfall from western Japanto the Tokai
region from 5th to 8th July 2018

Enhanced convective activity in and around the East China Sea was probably attributable to
ongoinglocal atmosphdc instability associadd with moist air inflow from the South China Seatil
6th July afteTyphoon Papiroon(T1807)moved northwardoverthe East China Sean 2nd July

1.2.2Persistence of upward flonassociated with activationof the stationary Baiu front (B)*

The Okhotsk Highturneddominant around 3rd Jylgnd the Baiu front stayed between the NPSH
and the Okhotsk Higlirom the northern part of the Sea of Japan to Hokkaido. On 4th July, the
frontal system moved further northward in association with Typhoamaf® o o mévement
northward over the Sea of Japaihe typhoonsubsequentlytransformed into an extratropical
cyclone and reached the vicinity of Hokkaido on 5th July. At the same time, the Baitufirosd
more distinct in the vicinity of western Japan a&ssociation witithe development of the Okhotsk
High. The lowetlevel cold air mass moved southward to the Sea of Japan on the northern side of the

1 See Annex 2 for more on the three stages of p ersistence of the upward flow associated with the
activation of the stationary Baiu front .
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Figure 1.2.2 (a) Vertically integrated horizontal water vapor flux averaged over thg@eriod from 5th to 7th
July, 2018 and (b) time-series representationof vertically integrated horizontal water vapor convergence
(the three-day running mean) inthe red rectangle of panel (a)

(a) The unit is kg/m/second. (b) The unit is mm/day and the tar@tiaBl.25 35°N and 130" 135°E asshown
by thered rectangle in (apatafor the periodrom 1958 to 2018 areverlaidinto one calendar year. The red, gi
and green lingindicate values for 2018 (up to 31st July), each year from &®3817, andhe average from 198:
to 2010, respectively. (a) and (b) are generated from-9RAMata, and vertical integration hereepresents
integration fromhesurface to 30@Pa.

zonally oriented front. The Okhotsk High waghereafter exceptionally developed leading to
increasedmeridional temperature differences across the Baiu front, and upward motion was
enhanced from 5th to 6th Jukxgainst this backgroundhe Baiu frontturnedactive over western
Japarand elsewherdeadingto heavy precipitation oboththe Pacific sidendthe Sea of Japan side
of western Japan

While the NPSH over the sea southeast of Japaas dominantagain from 6th July onwardhe
Baiu frontremainedn the vicinity ofwestern Japan. The upgewel troughmoved fromits location
over the Korean Peninsuta the western part of the Sea of Japan and intenssiredth July,
generatinga mesescale lowpressuresystem on the Baiu fronbd the east of the upper troughhis
systembrought increasewater vapor inflow towvestern Japaandthe area ofheavy precipitation
moved eastward, bringingignificant rainfall to the Seto Inland Seaside of the Chugoku and
Shikoku regiors. Although the largescale cloud area associated with the upper trough and the
low-pressure system moved eastward angy fromwestern Japaduring thenight on 7th July,
lower-level warm moist aipersisted andjenerated several mesoale localized convective cloud
systens over the Pacific side afestern Japarcausing furtheheavyrainfall on &h July.



1.2.3Characteristics ofline-shapedprecipitation systems(C)

From4th to 8thJuly duringthe Heavy RainEvent of July2018, wide aresfrom the Tokairegion
to the Kyushu region of Japan intermittently experienced heavialtaiwith precipitation totals
exceeding200 mmin many placesDuring this perioda total of 19ine-shapedrecipitation systes
affected various areatsee Annex 3). Nine of thesesystemswere prominent with maximum
threehour precipitation amountexceeding 150 mm

Some areasffected by thdine-shapedprecipitation systemexperiencedextended periods of
torrential rainfall resulting in locally anomalougrecipitationtotals In someplaces precipitation
causedby thesesystemsalone accoungd for more than 50% oéll precipitationin the eventfor
certain parts ofthe Tokai, Chugoku, Shikoku and Kyushu regioof Japan.The ratios of
precipitation caused bijne-shapedr precipitation systemw the totalin this eventwere bwer than
thosein the Heavy Rain Evenof July 2017 in the northern part of the Kyushu regioum heavy
rainfall covered a wider area in the 2018 ev@ngure 1.2.3).

Some of thdine-shapedprecipitation systemsbserved in this evergxhibited abackbuilding
formation process such as thosemergng on the night of 6th July in Hiroshima Prefecturseé
Annex 4), just before dawron 8th Julyin Gifu Prefectureandjust before dawron 8th July in Kochi
PrefectureThe cumulonimbuscloud topin the systemswvasapproximately 9 knhigh in Hiroshima
and as higlas15 kmelsewhereThesystemsievelopedat a timeof air inflow with huge amoustof

lower-level water vapor (Figure 1.2.4).
RA96: (2018.07.05 00:00 JST - 2018.07.09 00:00 JST) RA48: (2017.07.0500:00 JST - 2017.07.07 00:00 JST)
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Figure 1.2.3 Total precipitation amounts andatios of contribution from line-shapedprecipitation systems

(Left) TheHeavy RainEvent of July2018 (5thi 8th July 2018)and(right) theHeavy RainEvent of July2017 in
northern Kyushu (5t 6th July 2017). Shadingindicatest ot a | precipitation al
gridded analysis precipitation productd contours represent ratios of contribution from precipitation am
caused byine-shapedrecipitation systems the total Blue, red and purple lisecorrepond to 30, 50 and 70%
respectively.
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Figure 1.2.4L ine-shapedprecipitation systememergencein Hiroshima

(Left) Distribution ofthreehour cumulate precipitation amounts up to Qnp on 6th July 2018. Aline-shaped
precipitation systenformed in the vicinity of Hiroshima(Right) Distribution of water vapor flux (shaw), wind
(arrows) and pressure (contsuatan altitude o600m at6 p.m. on 6th July. The system developed a time of air
inflow with huge amounts of lowdevel waer vapor

1.3 Primary factors behind large-scale atmospheric circulation

The primaryfactorsbehind the largscale atmospheric circulatiaontribuing to the heavy rain

event detailed inSection 1.1 are illustrated in Figure 1.3.1. Numbers in parenthlesksv
correspond to those in the figure.
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The expansionof the NPSH to the southeast of Japan was caused by the significant and
persistent northward meandering of gubtropical jet strearfSTJ) to seas east of Japan in the
upper troposphere (1) artbe consequent development afstationary higipressure system
there.
The development of the Okhotsk High was caused by the significant and persistent meandering
of the polar front jet streantSPJ) in the upper troposphere (2) ahd consequent development
of a stationary higipressure system oveasernSiberia.
The persistem meandering of these two jet streams affected the positions and strength of the
NPSH and the Okhotsk High, and the B&int remainedstagnant over western Japan during
the event.
The uppeilevel trough lingeng around the Korean Peninsula was associatdth the
southward meandering of the STJ in ¢énea
U Meandering of the STJ over the Eurasian continent in boreal summer is sometimes observed

in association with quasitationary Rossby wave propagatideléconnectionpalong the jet

stream Its primarypatternis known as the Silk Road patteEEnomoto et al2003.

9



Figure 1.3.1Primary factors behind the unprecedentedly heavy rain affecting areas from western Jap&o
thec o u n tTokai @gon from 5th to 8th July 2018

U Significant meandering of the STJ alsccurredin late Junebringing the earlieseverend
to the Baiu (at the beginningf boreal summer) inthe Kanto-Koshin region of Japan
(preliminary ealuaion).

On a longer time scalatrend ofincreasd intensityin extreme precipitation evein Japanis
observed Based on analysis usingnfall datafrom AMeDAS stations all over Japan, nationwide
averages of the ratio of annual-ii@ur maximum precipitation ka increased by about 10%ver
the past 30 years (Figure 1.3.2).ilis associated with Bbng-term trend b surface air temperater
increasedue to global warmingnd a similaincreasing trendh the amounbf water vapor in the air
(Figure 1.3.3).It is widely known that when the atmospheric temperature increaseS(yhe
amount of water vapor in ¢hatmosphere increasdy approximately 7%.These observations
suggesthatthe Heavy Rain Event of July 20b&ay be linked to global warming.
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