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Urban heavy rains (UHR) during the summer were sequentially collected at Shinjuku by a newly-developed heavy rainwater
collector. Geographical distributions of air pollutants just before UHR were also performed by a GIS in the 23 wards of Tokyo.
The volume-weighted mean pH of UHR from 2012 to 2019 was 4.41 (n=16), which was lower than other types of rainfall.
The total concentration of major inorganic ions in UHR was similar to that in normal rainfall and the sum of H", NO; , and SO3
accounted for 62.3% of UHR. Compared to typhoon heavy rain, these acidic components in UHR showed a gradual decrease
in concentration during the first stage and nearly constant later. The wet deposition fluxes of H*, NO5 , and SO ~ in UHR were
31, 20, and 15 times that in normal rainfall, respectively. A rader image analysis showed that UHR has three patterns, i.e. upper
pattern, eastern pattern, and northwestern pattern. A highly concentrated area of PM, ;s was formed near the formation area of
UHR, but it disappeared before UHR. This suggests that air pollutants were transported and accumulated in the formation area
of UHR, and rose to the upper and pattern involved in formation and development of cumulonimbus clouds.
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1. B LU &HIC
Lo B EWERICEIIRE SN2 B L L TR 4 A3

RARTIZ X B . 19764E % 5 20184F @ 1] i T K [ 1 &
50 mm Bl EOFEARBUZ 104D 72 ) T27.5H OH G THIM
LTHD. T 104EMH (2009-20184F) O F-Ig4F %62 [ 4%
G311 M) I ZFEH R RO 104EH (1976-19854F) D P
EMFE AR (R226H) EHNTHIABICHEML TV
(GBTT, 2019a)o Ak Ay I KR o 3645 91 8013 2017 4F
IX 107, 20184F 11X 123 IS L, 7TH 259 H ICHh
LT 5o iSRG HIRR & XBUE IS — AR L g L
BV RERMOKNTH Y, KFHWNETBBEL180-
100mm%Z 2 % &34 SN b, 20194E 121, BE195
[NFRANZXBFEHANOKRHSI0FICH 726 S, BE

FEARTIEBIN L e K& 2 2 KA D . 48 KR B & 1
1001.5 mmiZE L7z (RAIT, 2019b),

=) 20t SR P T BII BT 2 EFOK
FSSZEMHEE 2SN L C w4 (Changnon, 1968; Atkinson,
1971; Jauregui and Romales, 1996; Mikami et al., 2005;
Goswami et al., 2006; Dou et al., 2015; Zhou et al., 2017,
Uchiyama et al., 2018), J¥# & L T3 #1455 @ W 125k
WHIPHIZM LW Z 372632 TH D, KEIT TldRHR
KW EEFRL T0Do —H#RIS, BOEFITIIKER, KREX
T RZ2ICED RIS, EEMSEO3IONEELRETT
HbHo TNFET, HWBIZBIT A/ RNOERKE LT,
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ABTIABAY & Feik U CHRT AR D E DS L A3 28 e — + 7 A4
5~ N34t (Urban Heat Island phenomenon: UHI) ®D55#A3
i SN T & 720 10075 ABLED NI %43 2 2 #B7TH D AE P
HRmEEE L ) BCHEWI ERHE SN TW5S (US EPA,
2019) ¥ — M7 A 7 ¥ FRGIIREA LI L TROSN~E%
HEAH L, ERARRERESELZ LI > TEOEKEZR
9 (#%B, 2004; Mikami et al., 2005; Ryu et al., 2015; Holst
et al., 2016) . #HOLM LA IIAKELAE E2ICHED B
Ll E LCEETHH1E0) Tldh . TV ViREZE
H B 12 B ¥ & (Kheim et al., 2010; Ooka, 2011). NO, %
SO, DAL Z AT 5o I TITKRAG R < H I
TIENO, DAER I HEEE 1L 16 ppbv. SO, DA [ -2 i 1%
1 ppbv TH 2 CEEARERBER, 2019a). ERLAKE L 72 HNO;
RH,S04 k. —#A2NH; & s L TNH,NO;. NHHSO,.
(NH4),SO, 7% & O WL % — A F = A1 97 5 (McMurry
et al., 1983; Seinfeld and Pandis, 2006). Z 115 O Wi ER
FIERR LRI TR L2228 R FARRIC L D kg~
WIINZ B\ CTHA L EREZE LTER L, MalEL i
H D MERERIICFEE$ % (Bently et al., 2010), #RHi KA T
13775, Thornton et al. (2017) 1. &2 MERA TR
A SH SN D PMysIZ & D MLl HICEEMIRIEL, BE
BB 238N %2 2 & & #HiE L TWw b, Rosenfeld et al.
(2008) 1E. KAHIIT & 227 OV UK T- Bl e DB
LRSS CERFIREZMASELILICL), TRICB
BEKEES IR SNE 2 L2 HELTWD, ZOKE, &
WAL ) BHET CRENOKREBE L, ERic Xy
FEAELENTOMTARIL SN D o FIHEZEDOFEZITKEDOK
(ZRBLOKE) 2 RAEPIRETA2 L 2ERLTEBY,
R K2 G &R T2 Lk b, HEBEICB 2 iy
KW 3 5 Z kAR B BB RL F- @ 52 213 Uchiyama et al.
Q017) Wk o THHESNTEB Y, RRBFEWE MK, =
WRT AN X 2L BOER A, EOBOWEERTA L 5K
T DRAERMAE & ERBRAE & % 2 IR T O A D& H
BRMZFIERIT N2 Z2FMLTVS, L
L. BB DOWRERINZEAL, B X CRAKRIEZIZBIT 5K
RGN E OWFE AR D W TR BHATH %,

FRTITIZ BT 2 F KRN O FERITKZZICHEETH % 25,
CHUIEBMETIMET VOGP OMBE L, Hik L2k ) T
7Ok BRDHHEAEZOWTRIE 2 DS b b7
OTH5b, EEIZEHL TIE. [ETH20134E5H29H X
D JRHE TV OMEH & B LTV b KREHIIC2 km O
BETHY, MESREZEDTFHHERIEL ZoTWh,
Araki et al. (2015) 13, — BRI E R TRIE S L 7z)m
) -G, SR, AR 2 AT T T VAN T — Y AL
52 L2k oT RERFBO—HE2HBT 52 LI
LTWw2b, LEA->T, 645 TFHBEOMLO-DIZ
& =7 eV EBKOMEAEIC b 5 T IVEFES &
N ZORGE - FHBICE T 2B T — 2 2 HEMT 2 LELDH
5o

Shinjuku, Tokyo
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MRS AR BT B OMHEZ BN E LTWwb, €D
72, MAKDEERFY > 7)) ¥ 7 247w, BB 0Ly
R E LN L7z, 610, —HREFTRGNE R ORI
Fig 2 T SRR O R STG AW B DRI & H B >
AT LTINS 5 2 LX) REAGHRWEOERGEEICD
WTHE 21T o 720

2. MR F &

2.1 MKOERMS

FZK DFRIUL, HRTE T XA AL 3 2 LA IR 22 76 5 AR
H v 32515 fERE F ORRE139.71 B, Ab#f35. 718, &
B£65m) TITo 72 (Fig. 1)o WHRFRH ¥ v ¥ /S 2T PRI A
RiEAT25,264 5 /12 hOBGE ) (BHUT, 2018) 1THEHEL
TWade FHWBEXOANLITIE3495 ATH Y (315 X 5%,
2019), HEEHD SR O6kmIZAiE L, HARKO L¥EH
WCH DRI LEMFICHE L T b, BHESEBET S &,
NEE TR SN RGATGEWHE & & IR T2 20
W o 72 RANRA T %0 B O ZFRALHRETIREE O 7 HNE B
THER SN L MHAHET A K TH 5 (REHBRBER, 2008).

2.2 FMKOBERFE
2.2, 1 —HEERIL

2012410 H 20194E 7 H 2Ty FIAZBED GO H 5
BED#bD D FTANY TR L 720 —HFEERIUC X
3LORY Fu Ly (PP) #A M VIZHEA300 mm o PP #
T2 B A1 TIT o 720 FREUHTIC Milli-Q 7K (Fe#kH18.2
MQ-cm) THEH L. 737 —F =N THREZBEBISHER L
oo WHAEBTFKERPERL TS "JWRT Ay ¥ 2" D
55T EDRARL —F =T THEFE L. $RINEZHI BN 2574
SN 5 30-604rHiICEE L. BREGE T 4 5 I E 4T -
72 MAKDBED DY IIEET Ay ¥ 2DBEHR L —%—I12T
WAL TBY . Wik B OBAE. 3R FER AR S
Niehofzb &I, HRRIEGZHV, BB E LT
VTN TR LTWD, Fio, WHICHADSFRINLYE
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Fig. 2 (a) Appearance, (b) interior and (c) schematic view of newly-developed sequential summer heavy rainwater collector.

ik, Ho2LORMARZRE L, BEE 5 ICHIL 72,
M AR EAT0.5 mm Z Tl - 725 A X EA L O 720 547
AT o7z,

2.2.2  SEIERIL

201749 H -20194E9 A I iE — G & WAT L. — @At
T LK E EERIUL 720 BREUCITHTBLBASE L 72 oAl 5¢
RIS 27 5 & iz (Fig. 2)o AZEE X FAKIREGE & L
THA30cmOPP#E o — F2MH F 7213 14 (PRSI N2 K
RIS > CGEEZFEWRE) ., fHEHE LTI00mL I (BN
1.8 mmAH M) 25T 5 R L. 100 mL PP#&# %
8 & — > 7 — T WIZEEAF W RE R AT O 7 B0 BRATERIL
W7 — 9 —TA4CITHIIRANTB Y, WAROZEE S
IR SRS E oo TV Do AREE I B A TER
BHETH V. REREE 2 LI L AT BIRO M DHHE
B LR, BREPODREMICHAKFAKITIETD
bo ABEBEBLMARTHE100cm. HiTES0 cm. H4T % 50 cm.
EE30kgTH b, HEOHIHIZIIA Ty 2FHL. T
DEH 7= HEITENET 5, DMKt Y —TCH %
BAIT B &, 4 3 (PIC) Hl#NC X DIRAKE— FIZA S,
@u— MZEDOSNIWAPEB LICHENLAL, O—EE
(100 mL) 25# % LB LAMEB) L, WAKkZT—4 1) —F—
TN EDHF Y T VIANEFH Lirtre @K b IVOIRKSE THE
AN SDH — FICFEET 5, T/ 7)) Y 7R THIE
—HEERICE RIS BB E 4T > TV b,

2.3 FKOBIN: TEEHSA T
BILZWAZREEVO—ZR XA VT LYy T4 V57— (4L

££0.45 um. Adavantec A045A047A) CTWH] A58 L CThr Ik
W e bR L, PEEEAD100mL PPAR b VIZANT4C O
WO E R L 2o M KpHIEpH # — % — (MA325,
Mettler Toledo) % pH 6.86 3% & U¥4.01 DR (FIEH
$) THRIEL7Z2BICIE L, BRAMEEEIGERFG Gl
DKK, CM-25R) % vy, ECHEHEIAH (HANNA instruments,
12880 pS/cm (25C)) THKIE L 72 #1258 L 72,

FERA 4+ > (NHi, Na*, K*, Mg?*, Ca?") BL U A +
¥ (Cl7,NO;,S0; )24+ >»ru~xbrZ574—TllEL
720 B A & ¥ 4 #7 12 i Dionex 1CS-1000 (48 4 5 4
Dionex IonPac®CG12A RFIC™ 4X250 mm. #'— F# 5 A4
Dionex IonPac®CG12A RFIC™ 4 X 50 mm. & : 18 mM
A5 Y ANKVER, 7L v¥—: Thermo CERS) %\,
K& £ % ¥ 43 #7112 13 Dionex AQUION (48 % 5 2 : Dionex
Ion Pac™ AG4A-SC RFIC™ 4x250mm. #'— K% J &
Dionex Ion Pac™ AG4A-SC RFICTM 4 x50 mm. ¥ 8 i
1.8 mM Na,CO;+1.7 mM NaHCO;. % 7L v ¥ —: Dionex
AERS-400™) % w7z, MUEMAEWRILS A 4~ OFEHER T
(1000 mg/L. FGAEHE) 25 FB Lz BYFHEARE H VT
KM (1A, 2010) 12 ZHZANH]: 0.06 peg/L,
Na':0.03 peq/L. K':0.03 peq/L. Mg*": 0.04 peq/L. Ca’':
0.15 peq/L. C17:0.05 peq/L. NO;: 0.19 peg/L. SO; : 0.05
peq/LTdH - 72 BAERES X OFR R % % TOCHE (TOC-
Vesn, SHIMADZU) CTillE L. HCO; B X OFCO3 B FE %A
EMERE IR FRUREE & pH A S PRI L o TR L7z, 37X
TOMBEHEOTEIZIIMIlli-QAK (LLHEPL18.2 MQ-cm) %
L7z,
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Kb A & VIR (C) LA T VIR (A) 22 5HRD72A
F NG A (C/A) D30.8-1. 2T 55, BAAIREE
DEPE L FHHEAE E O OFPHICINE S DiETF—
G RN SBRI L 720 W 24T - 72 HET78 D 9 B f#dT
ORI L 7226 TH B0 MAKRREHIKRECTH 2
SEHLPpHIZHEENE LR T, A4 ruv b rT7
WX BMICHMLOERPLETH LI Lh b, TOERF
WOWTIRMEREICIELDEEZONE, REOFME
e EOMGET AT o 7ok R A T 2 0% 0 X BT REMEDS
SebhZ et 201745 5 22 8H L. K
AL 7o BN 2o v

2.4 PM,s7¥—%

AHF7E TIZTSIAE# DUSTTRAK™ ENVIRONMENTAL
MONITOR (model 854030) % i\ TPM, it fE #2450 Z &
W L7z 3.0 L/min THET L, JGHkEL L — ¥ —HBEE T
H B EH % 17 > 720 3052 W) #E #i P 13 0-400 mg/m® Td ) |
I 5E 37213 +0.001 mg/m* TdH Ho B IEICIX AL test dust
(ISO12103-1, 7V VFa—=FF A +) 2HTBH, HHE
83038 TH B, ZOEEITFHIRFBMAICERELTEH.,
F=F DO FF, AV FF U AZ2BMITEZHEIILT
fTole AVTFF YV ADBIZIE, PMysA ¥ /87 5 —F L —
FEBMAKTESEZF 2L TEOTHERL, £ V82
F—FANEBEA LTS, £ 2Ly MEFTHRIET Z213mEk
LTwhwE, S %2 v 2 PMys & > 3 — I3 M i EE 28
75% %R 5 & PMy s HEIREZ BAFHII S 2 2 LMo
TWw2 (Jayaratne et al., 2018)o ARFEHE TIIIMEA > L v b
12 &0 PMos it U CHIGFREE3S RISk E S N THB Y, &l
FELZAE D MRFHi DB E 21T e ve TOMEA Ly M

— =

B2 PR EOME Y v ey 2RI T 2 VI
HIEHRIEIAHTH 525, 50CITMmELzA4 Ly bTIEP
HIRE R D OB HmE SN Twb 2 &5 5 (Grimm and
Eatough, 2009), fiif7 ¥ E= 7 AR HEZ T OV VR ED
HIE OB R ETE v,

2.5 EWMOAHE

HAET TR AN Z RN E30 mml EOREN & w38 L T
VA5, HTHTERIC B A SR HLG KR TR 1R LIS B
KANRY I TLTLE ). ABIZETIE. ARITD 105
FIWNEZEA L. 105 MWE2S mmZ iz 2 BHA X2 b
RN, FNUT A BFEREN &g L7z PRI EICR D
WRGTBINFTCH 5 W E (#3578, Wk 139.8 . &
FEAR25m) &I (b #3575, WHR139.6%, & EN
51m) # HHWTHERA XY FOGFHEIT- 72

ZEF AR AR IC IO W T, MR RD3DIER L 72
(1) Ri5EFH (Frontal Heavy Rain=FHR): Ritic & % %/,
(2) &)8 5 (Typhoon Heavy Rain=THR): &I & %5
M. (3) #iAIZER (Urban-induced Heavy Rain=UHR): i
BE, BEPELSLNTH ) RTINS, 2B, BER
AR OA T HARARME 2 LIS L72AR M E RS D 2 T
W% Wiz (AARZE S, 2019),

2.6 AREFRAVEOZEIHENR

TR SR T AL T B D AR S B X ONREUGHARDL D FEAT
AT H2D . B3 X 2l & L7z —MBBRBE R S
#J9 (Fig. 3) ©7— ¥ % JUBHER (2019b) X ) AFL
7zo —MEBRBERAME[H S/ 5 N7 — & 1L ArcGIS
Desktop (Esri Inc., ver. 10.6) & H\> THEMT 247> 720 B

ol
Nishi arsi Minamioto-kouenn
@

Ayase [:’.
|

Fig. 3 General ambient air measurement station location in Tokyo.
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#23 X DL ESRI Y v 28 Y RS TV 7 — 5 &
L CHAERCAT L T 2 ZETIA R 7 — 5 GhBERSR: H
AW HH2000) & H 720 KE R I 0 KRS A BB BE
[ELEMFOTFME 2 )X v 7z Bl T2 MM aH e
(Araki et al., 2011) 247w, WifiL7zo 7V F ¥ 7,
N F T T MIHED T H B M BT B i % JH P O R E
PORONEVEETHEET L2 TETHY, N+ 7T A
g 7 — & 12D T MR ORI 2 5§ 2 TEETH
% (Shoji and Koike, 2007), AfFFETIZZ 1) F > 7 EIEH
JVXYT, RINYF T T AR EFVEMEH L 2
B, —BEERKMERO T — 7BV TT— ¥ KD
bolYit, TOMWERERNTZ ) F U 7 %4757,

3. BREEE
3.1 MHBICE T ZEMOLERTEVEE: EFRRED
14 ;3

2012-2019 4F {2 FUAG R 76 HLRG H 3 v & 78 A T—HGHRAL
L 72T O E AR A A+ > OB E T35 B % BN o Fi g
(2431 T Table 1127R 3, #7852 Y O AR 0 2P 3 pH 1
441 (n=16) TH Y. WOFWAIZIL~TEPH 277 L7 G
WHERN: 4.84, n=106; BJAMESER: 5.23, n=11; HiftEst
Wit 4.85. n=12), T LM A > BT B S
(185 peq/L) & M FERT (186 peq/L) THAIETH V. H
TESER (168 peq/L) B & OHIMPESERT (122 peq/L) THGREET
Hotze Bs A+ o) B NHBEEIZE I EIZEN (26.7 peg/
L) &R (24.7 peq/L) THRETH - 7275 TIAH Y
ERAF Y BIOCT VA ) SR A+ VR AT S
THEBENE Y K257z —FH. BA 4+ ¥ Tid, NO;y
(41.2 peq/L) & S0O3~ (37.8 peq/L) AVERTHIHI SEF C Rt EE T
HY. Cl BT RTOWKD LGP TRRETH 720 TNH
DfEIIL. Uchiyama et al. (2017) 258t L T % 2012 4F %
520164 F CTOMPLEMEBETH L LMD, MWITTRZEWNT
RIEE & R LA W BRI TH B EE R
%o

Fig. 41213, @FE M § 2 MIRISEW, &IPS,
FIRRESEN OB % 4 F VT E IR LT 5o BfIE
W1 TH Y Wi E L2 EBE RN L ) ERE. T

|2 EREEERLTWDH, TR SER CIEHT. NO;5.
SO; " DRFEELZENEN2.69. 1.66, 1.31 L WM ETH
D, WEENLD DERBETH- 720 IO OHIEEEME
ZEF (H': 0.40, NH;: 0.45, NO;5 : 0.25, SO? : 0.57). Hiiik
ZER (H': 0.98, NH;: 0.58, NO5 : 0.47, SO3 : 0.73) Tldd
Bef & VAKIRECTH 5. — . BB O Na'(0.31).
Cl™ (0.34) . Mg¥"(0.32) 7 & D R B 41358 e &
DAL E TH > 720 % B, Ca’*(0.83). K7(0.51). HCO;
(0.24). CO3™ (0.18)DIFIIHEMETDH » 43 L WIFETIZ
s, T EISERN CUEHEEE RIS & AR E TH -
Too HIARO & B Y HBTHRISERN & H PN O ZMmR A 4
VIBEIINBEETH 7 FOMBEAIRESELL I LN
bbb
HAENTHARDOBRIEALZ 5] S8 2 5 D3 HER & R Tdh
B0% (BEH S, 2017), @EERER I3 28BS ONO;
B L Unss-SOF #FEHIZ1.66. 131 TH o720 L72h T,
HHTYZE M TIL AR I X MBI~ DHF G HRIFH R EF 2
%o Uchiyama et al. (2017) i3, #RiBI SN IE AT 12 22 R ME1 LY
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Fig. 4 The ratio of the concentration of each major ion in (a)
UHR (n=16), (b) THR (n=11), and (c) FHR (n=12), to that
in normal rain (n=106), from October 2012 to July 2019.

Table 1 The volume-weighted mean concentration of major inorganic ions in normal rain, UHR, THR and FHR from 2012 to 2019.

Concentration (peq/L)

pH
H* NH. Na* K*

Mgt Ca** Cl- NO;

SO;~ HCO;5 Total

Normal 4.84 14.4 24.7 26.3 3.14

(n=106)

UHR 4.41 38.9 26.7 8.16 1.63
(n=16)

THR 5.23 590 11.1 50.6 1.72
(n=11)

FHR 4.85 14.1 14.2 16.5 0.40

(n=12)

6.78 19.3 34.8 24.8 29.0 2.18 186

2.16 16.1 11.8 41.2 37.8 0.52 185

8.79 5.22 58.2 6.43 16.6 3.47 168

3.58 9.15 28.7 11.6 21.0 2.61 122
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(NO ENO,) AREHREEZ A D S b BUBIT X ) iR 7 2 %
W7 VlERINLZ EEHRELTWAS, L2 L,
RIS AR TR SOE A5k & TRAIG Y IR E DS B L
T2 D2 AT 52 5 A e C Jey M9 V2R ST S i
EREHLTwL2O0E) DREAHTH - 72 3. 6§ TId.
HPEHR > A2 7 & (GIS: Geographic Information System) %
FICTRGIG G B b5 LT RIS % & 72 & 3L
EOHK - 387E L OBRIZOWTHNT 5.

BEMEZEN T, BE BN IS TNa® GREEL: 1.92),
Cl™ (1.67), Mg?*(1.30), HCO; (1.59) 5 X 0°CO2~ (2.70)
AEWEZE R L7z, Na'y Cl-y Mg? i3k o 328 1 F >~
%45 C& % (Parungo et al., 1986). RO LA T HEEE
W HKELRDIAR, RS EAT L LITE Y, KE
KADNEAG T 5 (Fudeyasu et al., 2008), K= D KIEX D EEAE
T5HZ LI EB s, BT AV LD, M
TN TREABIEAK & { & 5 (Miyamoto, 2016). = D
L9, BRI R TR A5 & RIF R 6 5%ET 5
720, TNODOEEHRE GV ERE LA VG E o720
NDEZZBNS

L SE R CIE HCOS B & 08CO2 ™ A% Wil EEH: (HCO; -
1.20, CO37: 1.40) Z/RL72d DD, ZOMo 5138
&Y R E 2572 (H: 0.98, NH;: 0.58, Na*: 0.63,
K*:0.13, Mg*": 0.53, Ca®*: 0.47, C1 : 0.83, NO; : 0.47, SO3 ~:
0.73)0 H FEFN & AR ZE N O A R X FD L T b 2
ENS. TOEVIIFEAKREOECIZ L D AREE A,
1983) DEIC X o TH U7 WREMEA D 5o W B & Bkt
B O FEI K EIZ 145 mmB L 45.5mmTH ), Rk
W GEF RN ARERN) 112032 TH o720 L LA
O, WEREN & AIVESEN O KM A 4 RE (RN
WHBER) WiE A ) a4 F v EBRIFIZ032U ETH 722
LD, REOBECIAHHEI R TIIFHTE I, M
DREHREDENZE KL TWzm i BT 5N b,

3.2 #MEHICHTIFMICHEIBEALEE

Fig. 5CTI&, (a) (Sl RN & SMEZEN ETRZEN, A
PEZERN, BIARIESERN) O P REKIRE ] & T3 RE R 56 L % 4 27
5712, (b) W EEMERA F ok EEE &K1 4 v
W EHE T T 7 TR o “FHIREKIR [ 13305 B R A% 14.0 1R [
THDDITH LT, MHTZEMA152 M1, RS A
22.8ME M, RIMMEZERAT24. 7R TH . HB R SR 1
W2 BRSNS &b b, B, T ORKERMIX
22IHETHRAB LX) CHET Ay V2 DML — 5 —
EHWTHEL L T 5, # R SER o Ry IRe R 138 5 BE R
#1/10 BEMEDS X ORISR O 1/15TH o 72, T
R e 0 R L AR T B 56 R T b s < (12.6 mmvh), 8 R
(1.44 mm/h) »8.78%%. HJAMEZE (2.73 mm/h) @ 1.89 1%,
RIARPESER (3.22 mm/h) D2.23f5TH -7z S 5T, &4
F v O ' TS T2.19 meq/m*h T ) .
HH N (0.187 meq/m*/h), HEMESEN (0.371 meq/m?/h),

(a) 30
- =
-y £
£ 20 £ =
— W —=
= ;g
<10 5=
'6 O
4 I
0
(b) —~ 3 1 HCO,
s S0
= NOs
57 oo
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Fig. 5 (a) Rainfall time per event and hourly mean rainfall
amount with (b) total wet deposition of inorganic ion in
normal rain (n=106), UHR (n=16), THR (n=11) and FHR
(n=12) from October 2012 to July 2019.
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(a)Above urban area (2019;‘07;‘23)

(a)Above urban area

(n=3) HCO,

(b)EAST
(n=4)

(C)WEST, NORTH
(n=9)

Total concn.: 848 peg/L
pH: 4.10
N/S: 1.06
Rainfall time: 1.56 h
Hourly rainfall: 9.23 mm/h

Total concn.: 81 peqg/L
pH: 4.96
MN/S: 1.33
Rainfall time: 1.79 h
Hourly rainfall: 1.7 mm/h

Total concn.: 184 peg/L
pH: 4.41
N/S: 1.26
Rainfall time: 1.08 h
Hourly rainfall: 14.9 mm/h

Fig. 6 Chemical compositions of UHR (a) Occurring above urban area, (b) advection from east and (c) advection from west
or north. The radar charts of UHR observed day on July 23, 2019 and August 13, 2018 obtained from Tokyo Amesh.
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Fig. 7 Distribution of UHR occurrence time.
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Fig. 8 Temporal variation of the relative concentrations of major ions to their initial concentrations in urban-induced heavy
rain on July 23, 2019 and in typhoon heavy rain on July 28, 2019.
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Fig. 9 Temporal variation of the concentration of PM,s,
CO, NOy, SO,, and Ox with meteorological conditions on
June 12, 2018.
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Fig. 10 Chemical composition of UHR on June 12, 2018.
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The radar charts of UHR observed day on July 18, 2017 obtained from Japan Weather Association. The yellow point
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Fig. 12 Distribution of temperature, absolute humidity, wind direction (WD) and speed (WS), NO, and Ox from 12:00 to

15:00 on July 18, 2017.
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Fig. 13 The backward trajectory (h=2000 m) from 15:00
to 11:00 on July 18, 2017 obtained from NOAA HYSPLIT
model.
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Fig. 14 Distribution of PM,s from 12:00 to 15:00 on July 18, 2017, and possible conceptual diagram of cloud formation

mechanism.
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