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Impact of recent warming in East Asian marginal seas on the heavy

rainfall event occurred in Kyushu Island, Japan in July 2017

Atsuyoshi Manda1

1Mie University

November 21, 2022

Abstract

There are growing evidences that the warming marginal seas impact the torrential rainfall events in many parts of the world.

The sea surface temperature (SST) in the East Asian marginal seas (EAMS) exhibits rapid rise during the last decades compared

to the global mean, but its impact is still a matter of debate. Here we assess the impact of the recent warming trend of the

EAMSs on the torrential rainfall event that caused devastating flooding and landslides in Kyushu Island located in the western

part of Japan in July 2017, using a high-resolution cloud permitting model. The warming trend of EAMS with atmospheric

warming since 1980s increases the simulated 12-hr precipitation to 6.8%, corresponding to approximately 10% increase per

1 K of SST rise, consistent with the previous data analysis study. Slight increase in heat and moisture supplies due to the

warming EAMS has impacted a conditionally unstable condition of air masses flowing into an area of the precipitation, leading

to more vigorous convective systems. Moisture budget analysis indicates that the changes in the amount of precipitation is

not responsible for the availability of precipitable water but the intensification of the convective system. Since the change in

precipitation amount exhibits high sensitivity to the SST trends, use of multiple SST datasets is desirable to provide a more

reliable estimate and its uncertainty.
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CDEFGEHFGIJKHLEFMENOEJHMIJEFPQQCRFSTFMDEFUHGMFVGSHTFNHJWSTHXFGEHGFPUVYQRFDHGFZEETFSTLJEHGSTWF
JHOS[X\FL]NOHJE[FM]FHFWX]ZHXFĤEJHWEF_̀IFEMFHXaFbcdbeaf]gÊEJhFiTKXIETLEF]KFMDEFOHGMFgHJNSTWFSTFMDEFUVYQ
[IJSTWFMDEFXHGMF[ELH[EGF]TFMDEFM]JJETMSHXFJHSTKHXXFÊETMGFSTFjHOHTFDHGFT]MFZEETFKIXX\FEkHNSTE[F\EMF_lHgHGEFEMFHXa
bcbceaFiMFSGFSNO]JMHTMFM]F[EEOETF]IJFIT[EJGMHT[STWF]TFMDEFSNOHLMF]KFQQCFMJET[F[IJSTWFMDEFJELETMF[ELH[EGF]T
M]JJETMSHXFJHSTKHXXGFK]JFMDEFLXSNHMEFLDHTWEFH[HOMHMS]TaFm]JFMDSGFOIJO]GEhFgEFHSNFM]FEXILS[HMEFMDEFSNOHLMF]KFQQC
MJET[hFgSMDFOJSNHJ\FK]LIGF]TFHFM]JJETMSHXFJHSTKHXXFÊETMFMDHMF]LLIJJE[F]TFjIX\FnMDhFbcdoFHGFHFM\OSLHXFMEGMFLHGE
PmSWIJEFdRa

F

mSWIJEFdFf]JSp]TMHXF[SGMJSZIMS]TF]KFdbqDJFHLLINIXHME[FOJELSOSMHMS]TFPNNRFKJ]NFcdFM]FdrFsCtFcnFjIX\FbcdoFIGSTW
HFWJS[[E[FOJELSOSMHMS]TFHTHX\GSGFOJ][ILE[FZ\FjHOHTFYEME]J]X]WSLHXFVWETL\a

F

iTFMDHMFÊETMhFXSTEqGDHOE[FuIHGSqGMHMS]THJ\FL]T̂ELMŜEFG\GMENGhFgDSLDFHJEF]TEF]KFMDEFNHv]JFOJELSOSMHMS]TFG\GMENG
MDHMFLHIGEFGÊEJEFKX]][STWFHT[FXHT[GXS[EGFSTFjHOHTF_sTINHFHT[FCHwENSFbcdxehF]LLIJJE[FHT[FLHIGE[FHFJHSTKHXX
gSMDFbyqD]IJFM]MHXGFEkLEE[STWFoccFNNhFgSMDFJEL]J[GFGEMFHMFHFgEHMDEJFGMHMS]TFSTFMDEFT]JMDEJTFl\IGDIFiGXHT[F_lHM]
EMFHXaFbcdz{FCHwENSFbcdzeaFVFGÊEJEFKX]][STWF[IEFM]FMDSGFÊETMFLHIGE[FN]JEFMDHTFycFLHGIHXMSEGFHT[FN]JEFMDHT
dnccFKX]][E[FD]IGEGa|EGOSMEFSMGFGSWTSKSLHTLEFHT[FGÊEJSM\hFMDEFSNOHLMF]KFMDEFgHJNSTWF]KFUVYQF]TFMDEFÊETMFDHG
T]MFZEETFEkHNSTE[F\EMa

}ELETMFGMI[\FGD]gGFMDHMFMDEFITLEJMHSTM\FSTFMDEFQQCF[HMHGEMGFHKKELMFMDEFSTMETGSM\FHT[FX]LHMS]TGF]KFGSNIXHME[
OJELSOSMHMS]TF_iSpIwHFHT[F~HwHNIJHFbcd�ehFGIWWEGMSTWFMDHMFGSTWXEFGSNIXHMS]TFIGSTWF]TX\F]TEFQQCF[HMHGEMFXEH[GFM]
STHLLIJHMEFEGMSNHMS]TF]KFOJELSOSMHMS]TaFCDIGhFIGEF]KFNIXMSOXEFQQCF[HMHGEMGFGD]IX[FZEF[EGSJHZXEFSTF]J[EJFM]FHGGEGG
MDEFSNOHLMF]KFQQCF]TFMDEFM]JJETMSHXFJHSTKHXXFÊETMGa
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STUVWXYZY[\]̂[Y_\XY\]WT̀]a_bcYdT[_WTeV_T]aY]fYXgVThbcXa_Yi]_Xa_TbcY_XjiXWb_VWXYklmnoYbadY\]WT̀]a_bcŶTadYTaY_\X
c]̂XWY_W]i][i\XWXY]hXWcbTdY]aY_\XY[XbpcXhXcYiWX[[VWXqYdXWThXdYfW]jYrb_T]abcYsXa_XWYf]WYlahTW]ajXa_bcYmWXdTt_T]a
krslmoYfTabcYbabcu[T[YkSrvoYbadYbhXWbUXdYfW]jYwwYxnsYwyY_]YwwYxnsYwzY{VcuYZw|}~Y�VWTaUY_\XYXhXa_q
[]V_\XWcuYd]jTab_XdYTaY_\XYc]̂XWY_W]i][i\XWXY]hXWY_\XYlb[_Ys\TabY�XbYbadY_Wba[i]W_XdŶbWjYbadY\VjTdYbTW
t\bWbt_XWT̀XdYeuY\TU\YlmnYfW]jY_\XY_W]iTt[Y_]̂bWd[Y_\XỲ]aXY]fYcbWUXYlmnYUWbdTXa_Yc]tb_XdYa]W_\Y]fY�y�rYbW]Vad
|�w�lqŶ\Tt\Yt]WWX[i]ad[Y_]Y_\XY�bTVYfW]a_bcỲ]aXY��Va]�TYX_Ybc~YZw|��~

Y

STUVWXYZ~Y�]WT̀]a_bcYdT[_WTeV_T]aY]fY_\XYXgVThbcXa_Yi]_Xa_TbcY_XjiXWb_VWXYTaY�Yk[\bdXoYbadY\]WT̀]a_bcŶTad
khXt_]W[oYb_Y��wY\mbYcXhXcY]hXWcbTdY]aY[XbYcXhXcYiWX[[VWXYTaY\mbYk[]cTdYt]a_]VWoqYbhXWbUXdYfW]jYwwYxnsYwyY_]Yww
xnsYwzY{VcuYZw|}~

Y

n\XŶb_XWYhbi]WYjT�TaUYWb_T]YbadYlmnYX�tXXdXdY|�YU��UYbadY�zwY�qYWX[iXt_ThXcuYTaY_\XYc]̂X[_YibW_Y]fY_\X
_W]i][i\XWXYkSTUVWXY�o~Yn\T[ŶbWjYbadY\VjTdYbTWY[X_YViY_\XYt]ahXt_ThXcuYVa[_becXYt]adT_T]aY[]V_\Y]fY_\XY�bTV
fW]a_bcỲ]aXYTaY_\XYc]̂XWY_W]i][i\XWX~

Y
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]̂__̀abcdef_dcagdeef̀h̀abifb̀ajfb̂f̂kkl_fm̂ _̀fg_̀nl̀abeofcafpdqdafdifr̀eefdifmdaofqd_bif̂gfbs̀fr̂_ejtfubb_cvlbcaw
bs̀f̀h̀abifb̂fbs̀fwêvdefrd_mcawfcixfŝr̀h̀_xfdfk̂mqeckdb̀jfbdiytfuebŝlwsfbs̀fmdẑ_cbof̂gfbs̀fm̂ cibl_̀fbsdb
kdlìifbs̀fb̂__̀abcdef_dcagdeefk̂m̀ifg_̂mfbs̀fb_̂qckifdajfdm̂ labf̂gfm̂ cibl_̀filqqeofg_̂mfbs̀f̂k̀dafil_gdk̀fca
mcj{edbcblj̀ifcifâbfed_ẁfk̂mqd_̀jfb̂fbs̀fŝ_c|̂abdefm̂ cibl_̀fb_daiq̂_bfg_̂mfbs̀fîlbsxfbscifibljofj̀m̂ aib_db̀j
bsdbfbs̀fdbm̂ iqs̀_ckfm̂ cib̀acawfcafbs̀fêr̀_fb_̂q̂iqs̀_̀fjl̀fb̂f_̀k̀abfrd_mcawf̂gf}dibfuicdafmd_wcade
ìdifqedoifdafcmq̂_bdabf_̂èfcafbs̀fcak_̀dìf̂gfdm̂ labf̂gfq_̀kcqcbdbĉafjl_cawfbs̀fb̂__̀abcdef_dcagdeef̀h̀abfbsdb
k̂kl__̀jfcaf~olislf�iedajfcafpleoxf����tf�_dkbĉadefksdaẁf̂gfbs̀fdm̂ labf̂gfbs̀fq_̀kcqcbdbĉafjl̀fb̂fbs̀f��]f_cì
dajfdbm̂ iqs̀_ckfrd_mcawficak̀f����ifcif�t��xfk̂__̀iq̂ajcawfb̂f��t�f�fcak_̀dìfq̀_f�f~f̂gfìdfil_gdk̀
b̀mq_dbl_̀f���]�f_cìtf�bfcifed_ẁ_fbsdaf̀�q̀kb̀jfg_̂mfbs̀f�edlicli{�edq̀o_̂af_̀edbĉaiscqf�����~fdbf��fj̀w_̀̀
�̀eicli�fdajfcifk̂aicib̀abfrcbsfbs̀fq_̀hĉlifjdbdfdadeoicifibljof������~�f��bilmcf̀bfdetf�����tf]s̀f��]f_cì
qedoifdfglajdm̀abdef_̂èfcafcab̀aicgocawfbs̀fk̂ajcbĉadeeoflaibdvèfk̂ajcbĉaifcafbs̀fêr̀_fb_̂q̂iqs̀_̀fdajfca
bl_afcak_̀dìfbs̀fdm̂ labf̂gfq_̀kcqcbdbĉatf�afbs̀f̂bs̀_fsdajxfksdaẁifcafq_̀kcqcbdvèfrdb̀_fqedoifdfìk̂ajd_of_̂èt

�����X�����[�YZ[� 

uifcafbs̀fq_̀hĉlifm̂ j̀eecawfibljc̀if�~db̂f̀bfdetf������]dỳmcf�����xfbs̀fdm̂ labf̂gfbs̀fq_̀kcqcbdbĉafci
laj̀_̀ibcmdb̀jfcafbscifibljotf¡dkyf̂gfdkkl_dkof̂gfil_gdk̀f̀hdq̂_dbĉafdajfs̀ak̀fbs̀fm̂ cibl_̀fcafbs̀fêr̀_
b_̂q̂iqs̀_̀f̂h̀_fbs̀f}u¢�ifk̂lejfv̀f̂àf̂gfbs̀f_̀dîaifĝ_fbsciflaj̀_̀ibcmdbĉatf£̀k̀abf̀gĝ_bif̂afq_̂jlkcaw
bs̀fscws̀_fdkkl_dkof̂k̀dafil_gdk̀fgel�fjdbdf�]̂mcbdf̀bfdetf�����fdajfm̂ acb̂_cawfbs̀fm̂ cibl_̀fgc̀ejf̂h̀_fbs̀f̂k̀da
licawfbs̀fwêvdefadhcwdbĉafidb̀eecb̀fioib̀mfcaibdeèjf̂afh̀iìeif��ŝzcf̀bfdetf�����frceefq_̂hcj̀fbs̀fcajciq̀aidvè
hdecjdbĉafjdbdfdajfbslificwacgckdabeofk̂ab_cvlb̀fb̂fbs̀fcmq_̂h̀m̀abf̂gfbs̀falm̀_ckdeficmledbĉaitf]s̀fj̀gckc̀ako
ĝfbs̀falm̀_ckdefm̂ j̀efcbìegfk̂lejfv̀fdâbs̀_fq̂iicvèf_̀dîatf]s̀falm̀_ckdefm̂ j̀eiflìjfcafbs̀fq_̀hĉlifdaj
q_̀ìabfibljc̀if̀mqêofjcgg̀_̀abfqd_dm̀ b̀_c|dbĉaixfw_cjfiqdkcawixfm̂ j̀efĵmdcaixfdajfcacbcdefdajfv̂lajd_o
k̂ajcbĉaixfvlbficmledb̀fbs̀fidm̀ f̂_j̀_f̂gfdkklmledb̀jf_dcagdeetfuebŝlwsfàk̀iid_oxfgl_bs̀_f_̀gcàm̀abf̂gfbs̀
m̂ j̀efcifdfk̂mqeckdb̀jfbdiytf�bfcifv̀ôajfbs̀fik̂q̀f̂gfbscifibljoxfvlbfcbfiŝlejfv̀fcah̀ibcwdb̀jfcafbs̀fglbl_̀fb̂
q_̂hcj̀fbs̀fm̂ _̀f_̀ecdvèf̀ibcmdb̀f̂gfbs̀fq_̀kcqcbdbĉat

�afpdqdaxfbs̀fb̂__̀abcdef_dcagdeef̀h̀abifsdh̀fdfv_̂djfiq̀kb_lmfrcbsfhd_c̀bc̀if̂gf̀ahc_̂am̀abdefioâqbckfk̂ajcbĉai
dajfq_̀kcqcbdbĉafioib̀mitf�àf̂gfbs̀f̀�dmqèifiŝrcawfilksfiq̀kb_lmfcifbs̀f¤s̀dhof£dcaf}h̀abf̂gfpleof����fca
pdqda¥fbsdbfkdlìjfj̀hdibdbcawfgê̂ jcawfdajfedajiecj̀ifcafrcj̀fd_̀difcafbs̀fr̀ib̀_afqd_bf̂gfpdqdaf�~drdìf̀bfdet
�����tf�oâqbckfjoadmckdefĝ_kcawfqedoifdfm̂ _̀fcmq̂_bdabf_̂èfcafbs̀f̀h̀abf̂gf����xfk̂mqd_̀jfb̂fbsdbf̂gf����
�¦̂ŷodmdf̀bfdetf�����tf§̀icj̀ixfmdẑ_cbof̂gfbs̀fk̂ah̀kbch̀fkêljifbsdbfk̂ab_cvlb̀fb̂fdfq_̀kcqcbdbĉafdm̂ labfd_̀
èiifbdeefbsdafbsdbf̂gf����f̀h̀abxfilwẁibcawf_̀iq̂aìif̂gfbs̀fq_̀kcqcbdbĉafioib̀mifb̂fbs̀f��]fksdaẁfd_̀fjcgg̀_̀ab
v̀br̀ àfbs̀ìf̀h̀abitf�̂mqd_dbch̀fibljofcifdfg_lcbglefrdofĝ_fj̀ q̀̀_flaj̀_ibdajcawf̂gfbs̀fcmqdkbf̂gfbs̀frd_mcaw
}u¢�if̂afbs̀fb̂__̀abcdef_dcagdeef̀h̀abifdajfk̂ab_cvlb̀ifb̂fm̂ _̀f_̀ecdvèfglbl_̀fq_̂z̀kbĉaitf�afdjjcbĉaxfêaw{b̀_m
icmledbĉaf�j̀kdj̀if̂_fî�fcifj̀ic_dvèfb̂fq_̂hcj̀fm̂ _̀f_̀ecdvèf̀ibcmdb̀if̂gfbs̀fcmqdkbf̂gfbs̀fêaw{b̀_mfb_̀ajf̂g
��]f̂afbs̀fq_̀kcqcbdbĉaf̀�b_̀mdfg_̂mfbs̀fibdbcibckdefhc̀rq̂cabf��lzcv̀f�����t
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BCDEFCGHGCICDGJFHDKLHMNGCJDIEOKPHQNLCRHSBTUVHWCGIONKHXYZY[\]̂DQDGNĴHCEHDRYH_̀ àbcHdOEFHX̀HWCGEOJDRHRCWCRIHef
ENHEFCHg̀hFiDHRCWCRY

4jklmnojpoqrsokjtsu

vNHGCINRWCHEFCHJNKWCJEOWCHIwIECQIHCxfROJOERwHLeGOKPHEFCHCWCKEcHFNGOyNKEDRHPGOLHIfDJOKPHOIHICEHDIHFOPFHDIH[ĤQ
dOEFOKHEFCHQNLCRHOKKCGHLNQDOKHSL̀XzHUOPeGCH{VY

H

UOPeGCH{H|DfHIFNdOKPHEFCHNeECGHLNQDOKHNMHEFCHKeQCGOJDRHQNLCRHeICLHOKHEFOIHIEeLwYH}KICEHI~eDGCIHOKLOJDECHSdFOECV
OKECGQCLODECHDKLHSGCLVHOKKCGHLNQDOKIY

H

5����mt���luso�l�lksqlum�lqmjn�

vFCHKCdH�DOKhUGOEIJFHJNKWCJEOWCHfDGDQCECGOyDEONKHIJFCQCH\�DOKHCEHDRYH_̀ �̀bHHSOKECGQCLODECHDKLHNeECG
LNQDOKIV

�NHIeJFHIJFCQCHdDIHeICLHMNGHEFCHOKKCGHLNQDOKHENHGCfGCICKEHJNKWCJEOWCHJRNeLI

|OR�GDKLEh�DeH_hQNQCKEHQOJGNfFwIOJIHIJFCQCH\|OR�GDKLEHCEHDRYH_̀ g̀bc

�NKICOH�KOWCGIOEwHfRDKCEDGwH�NeKLDGwHRDwCGHIJFCQCH\�NKPHCEHDRYH_̀ {̀b

�KOMOCLH�NDFHRDKLHIeGMDJCHQNLCRH\vCdDGOHCEHDRYH_̀ �̀bY

�FNOJCHNMHEFCICHIJFCQCIHDGCH�DICLHNKHEFCHfGCGOQORDGwHCxfCGOQCKEIHeIOKPHWDGONeIHQOJGNfFwIOJDRHDKL
�NeKLDGwHRDwCGHIJFCQCIcHKDQCRwcHBTUH]OKPRChQNQCKEHXhHDKLH{hJRDIIHIJFCQCIcHvFNQfINKH]JFCQCc
�NLLDGLH]JFCQCcH|NGGOINKH_hQNQCKEH]JFCQCcH��|H�gY[H_hQNQCKEHghJRDIIH]JFCQCcH]ENKwh�GNN̂
�KOWCGIOEwH]JFCQCcHBTUH�Ne�RCH|NQCKEHghHDKLH{hJRDIIHIJFCQCIcH�]�cH|CRRNGh�DQDLDh�DK�OJH]JFCQCc
�eDIOhKNGQDRH]JDRCH�ROQOKDEONKH]JFCQCcH|CRRNGh�DQDLDh�D̂DKOIFOh�OOKNHRCWCRH_YgHDKLHXHIJFCQCIcHDKL
EFCHIJFCQCIHLCIJGO�CLHD�NWCY

�qkj��rs�m�o4lql

���iHMOKDRHDKDRwIOI

���iHGCDKDRwIOIH[H\�DRKDwHCEHDRYH[��{bHDKLH_H\�DKDQOEIeHCEHDRYH_̀ _̀b

�T�h}KECGOQH\�CCHCEHDRYH_̀[[bHDKLH�T�gH\�X]H_̀[Zbc

�T�ggH\�N�DwDIFOHCEHDRYH_̀[gb

3�slnm�otlql

�RN�DRH�OPFHTCINReEONKH]CDH]eGMDJCHvCQfCGDEeGCHS��T]]vVH�CWCRH�HICDHIeGMDJCHECQfCGDEeGCHDKDRwIOI
fGNLeJCLHDEHEFCH�DWDRH�JCDKNPGDfFOJH�MMOJCHS����V

����H]]vH\}IFOOHCEHDRYH_̀ g̀b

�DL}]]vH\TDwKCGHCEHDRYH_̀ X̀b
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SBJNEBTDNBLPJGQPSGNB̀FcbKQPCFGLUGNKFGaEFbBaBNQNBLPGUQBERdGMFRR\GeRNKLDCKGNKFG̀LSFRGSLFJGPLNGEFaELSDbFGNKF
PLENKFEPGQPSGJLDNKFEPGMFQfGaEFbBaBNQNBLPGTQPSGNKQNGQaaFQEFSGBPGNKFGLTJFÊFSGSQNQ_GBNGJfBRRUDRRdGEFaELSDbFSGNKF
RLbQNBLPGQPSGBPNFPJBNdGLUGbFPNEQRGaEFbBaBNQNBLPGTQPSGNKQNGFgKBTBNJG\GZKFG̀QgB̀D̀ GQ̀LDPNGLUGNKFGJB̀DRQNFSGVHW
hijIIG̀ k̀GQEFGJ̀QRRFEGNKQPGNKQNGLUGLTJFÊQNBLP_GTDNGBNGBJGNKFGJQ̀FGLESFEGLUGNKQNGBPGaEF̂BLDJG̀LSFRRBPCGJNDSBFJ
lmQNLGWIHnolZQfF̀BGWIHno\GVQENRdGTFbQDJFGLUGNKBJGDPSFEFJNB̀QNBLP_GNKFGJB̀DRQNFSGVHWGQ̂FEQCFSGL̂FEGppqYcprqY_
HpIqscHpWqsGhWrG̀ k̀GBJGJ̀QRRFEGNKQPGLTJFÊFSGLPFGhtrG̀ k̀\

G

ABCDEFGHIGeJGBPGABCDEFGHGFgbFaNGULEGXYZ[\

G

ZB̀FcJFuDFPbFGLUGNKFĜFENBbQRGbELJJcJFbNBLPJGLUGJB̀DRQNFSGEQSQEGEFURFbNB̂BNdGJKLMJGbLPJFbDNB̂FGSF̂FRLà FPNGLU
bLP̂FbNB̂FGbRLDSJGBPGNKFGSLMPMBPSGSBEFbNBLP_GMKBbKGBJGNdaBbQRGBPGNKFGuDQJBcJNQNBLPQEdGbLP̂FbNB̂FGaEFbBaBNQNBLP
TQPSGNKQNGbQDJFGJF̂FEFGURLLSBPCGQPSGRQPSJRBSFJGSDEBPCGMQÈGJFQJLPJGBPGvQaQPGhABCDEFGHHk\GZKFGEFJaLPJFJGLU
NKBJGTQPSGNLGNKFGwwZGbKQPCFJGQEFGSBJbDJJFSGBPGNKFGPFgNGJDTJFbNBLP\

G
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