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Future Changes of Precipitation and Atmospheric Fields during the Baiu Season
under the Global Warming
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Synopsis

This study focuses on atmospheric circulation fields during the baiu in Japan with
global warming under the RCP scenarios. We use projection experimental data
conducted using a 20km-, 60km-mesh global atmospheric model (MRI-AGCM3.2). The
baiu front indicated by the north-south gradient of moist static energy moves northward in
present-day climate, whereas this northward shift in future climate simulations is very slow during
May and June. In future late baiu season, the baiu front stays in the northern part of Japan even in
August. As a result, the rich water vapor is transported around western Japan and the daily
precipitation amount will increase in August.

In the mid-troposphere, the horizontal warm advection roughly corresponds to upward
vertical pressure velocity, and shows northward migration as seen in the lower
troposphere. Especially, the RCP 8.5 scenario is delayed compared to the RCP 4.5
scenario. This tendency is evident in the north-south term of 500-hPa warm advection in
particular.

In conclusion, a late of the baiu rainfall band northward and an increase in
precipitation during late of the baiu season are apparent from the point of view of
atmospheric fields.

F—J— R KEES, N, BT RER
Keywords: Climate change, Baiu, Global warming prediction experiment

T O HERIRRE L OBFZETIL, IPCC SRES A1B

FELA—F By MEI5 AIZA VY R EET
Y, ZAnbHELIZENT Y A— U HEIC RN

% (Matsumoto, 1997; Ueda et al., 2009) . Z L1 Bed
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AWFFETIE, IPCC 5 5 k& (ARD) 77BN
b U E B E KRB (RCP;, Representative
Concentration Pathways) 7 U A2 &3 < FFk DK
MIZHOWT, RABOBAENOHET 5.

2. T—4

AR T, K[ETRGMEFT TR S oK%
92T KRR RTEER £ 5 /L MRI-AGCM3.2 (Mizuta et al.
2012) D A EH A VTN D L KR4 EE 13 20km,
60km Th v, BIfEXMEER (1979~2003 42), B &
O 21 Pl R & ERR (2075~2099 45) AR h sk
i Sz, FEEET L, BEMRTAF— 4,
Yoshimura (YS; Yoshimura et al. 2014) % VT 5.

21 AR IEBRIL, IPCC 4 5 53 (AR5) TH
WH N ARERERRE (Representative Concentration
Pathways) 7 U A Z JLICE M S iz, RAFZE TIE
T2, 2100 FE BT DIREL R A AP HE OB
RIS 95 U 4, RCP8S5 (BRI FV
IVZHEBTSH. £/~ RCP85 VT U Dk & LT,
2100 FF ECle¥—7 2l x, ZhUKBICZELT D
RCP45 (HFieElk) v TV AEHAN5.

Mk &E7 —21%, 1 KFEEREO MRI-AGCM3.2 @
20km, 60km A v ¥ =7 —X B L7z,

WAhHEN KRGS T —#1%, 1.25 % 7kE, $hE
12 J&, 6 HrRIBETH 5. THEOKBRKTAO#R
D7=HIZ, 1000~200hPa fEH KER 7 7 v 7 A& AE
L.
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3. BRHOKRKIZOEN
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(Uchiyama and Kitoh, 2004; Kusunoki et al. 2011) .
HERR AR A5 13 U U IR 287 0 m AR B 0 43 A 12
X VB S5 (Matsumoto et al., 1987; Ninomiya and

10E 1206 1306 140€ 160

~6-5-4-3-22 1 & £ 6 -2-15-1-0.505 1 1.5 2 25 3 35

Fig. 1 Future change of (a) meridional gradient in moist
static energy (K) at 925 hPa and (b) precipitation in June.
Negative value in (a) shows the baiu front, and negative
anomaly in (b) shows the increase of precipitation.
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Fig. 2 Seasonal evolution of meridional gradient in moist
static energy (K) at 925 hPa. The line is as follows; May
(black), June (green), July (yellow), and August (red).

Akiyama, 1992) . Fig. LICHERETH (6H) BT 5
925hPali i #i0 — F )L X — O EF b Alid ks L Ok E
DFF RIS AT 2R T, BIEHR T XL X — 13 EE
HELC, (21004 J K kg™h) THEID Z & THTEIAIICH Y
RALE RgEnd, WE#ENT R LX—DADR
AX, 6H, BETIEFENET LI BT 50l
)P LT, 7T & A §e25°-30°N O FEH T
% (Fig.la) . ZNExihT2 L9512, 6 DFEKE
D PRI R B CREK B OIMA AR TH 2
(Fig. 1b) . Z ORI OFHIMEIT % 7R L= D H3Fig. 2
THD. ZIILRFREEDI25hPad B i) = % )L
X —pgdb Akl & B A (125°-142°E, 25°-42°N) CHd
WOE¥ LZboTH D, 54 (black) 64 (green)
IXFig. laCRand L Hic, BARYIEOM T Tk
DEHLTWD (Fig. 2) . —FHHERNEHTHHT-8
AL, BfERMEE B L CHRADIL) (35°-40°N)
TEWZ R, 8H £ TRIMROEH N A RO FIZH
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T5H, ZOZLITEY, ZOEMENER, M %Y
DBAKEBMEZRET LD THALZ LR THRENS.
KRELGHRANCE L CIERETIRAS,
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Fig. 3 Future climate of the moisture flux (streamline; kg
m™ day?), moisture flux convergence (shading; kg m
day™®), and 925-hPa specific humidity (solid contours; kg
kg™). (a) June, (b) July, (c) August.

3.2 TRKEXRIZIVIR

WIZ, KEZIZOWTHNRD., KEK 7T v I A
I% 1000-200hPa D53 E % FV 5. Fig. 3 13RS 7
T w7 AL ZTOIKIFEEL, 925hPa D LB IZ-2W\ T 6
H~8 A OffRR D A=A THD. 6 A,
AARSIBEOMITIIEERY 7 v 7 ANEBLTEY
Z AV RIFEIEIC I Ik YA 23 5 (Fig. 3a). 2O
B 5 C O IL, MR ATARALE OB AT & KRS
(Fig. 1,2,and 3). 7 AiZ72 % &, B FEERKIED
b bEEdic, BARIE ETREERY 7 v 27 ANE
BL, B2 6 OKEKOWMADARETH 5 (Fig. 3b).
ZORER, IOk A AREANCE ST 5. SRR
T ZOBEKXFEESRE LT 2BMIZH D
(Kusunoki and Mizuta, 2012) . #iERIEREZ (L 23 EFe 1D
U, FBOZE EFICES THASEIZIERE TK
RZITHINEm 27T, 5128 HDO BT, 7
A &R R E R RE DR OB,
FR7Z > 7 2ABHALTHS (Fig. 3¢).

3.3 KREHZOFEEL

Sampe and Xie (2010)i3HE I ATARHF & ¥ = v MR
DAL TE BHIFR D> & MR RTRR OO A DWW THEHT L 72
P BT F N b e TS 72 BB &0 & i B
FETHEHEBT A v PRIRICE - TEITh, &2
TREARE R D SRIEEI~EFHEL, EDT 4 — KA
v I WEL D Z & CRBUSBIELL, MRATRSA T
% Z L% L7z, Fig. 4 1% 500 hPa (81T B IER BT
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Fig. 4 Mean horizontal wind (arrows; m s-1), horizontal
zonal wind (white contour; m s-1), and temperature
(color shading; K) at 500 hPa in future mid-June. (a) RCP
4.5 scenario simulation. (b) RCP8.5 scenario simulation.
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Fig. 5 Time-latitude plots of —» (shading; Pa s-1) and
500-hPa temperature (solid
contours; contour interval 0.2 K day-1) averaged over the
longitudinal range 125-142°E. (a) RCP 4.5 scenario
simulation. (b) RCP 8.5 scenario simulation.

horizontal advection

& LR OZFEEIHEST & k9. Sampe and Xie (2010)
L [RIRRC, HERTEIR 5 o> 500hPa DIER T & L5
L ELSHIET D, ZodetlE, RCP4.5 B L 1N85 &~
F U AT A LA E THARDORE S CEMRT 5 (Fig.
4). B2 RCP8.5 v+ U AIHARTH YV, F - MEHR%
HMolbA RKOER LA LN THS (Fig. 4b).
500hPa DK FEREL BT, iko@y, FXv b
B EORE EFICEIBERN Y =y FRTFRICE D
HIEN D Z & TSNS, oF Y, EICHEEOH
BHRBEETHD. Lo, 5 A28 5P
FIZRBT HHERIZ- DWW CTIFHRTE X 0 & FF AL IR
NEETHDHZ L3, Okada and Yamazaki (2012)1C &
DG SN TV 5. MRI-AGCM3.2S O R T, &
Ny NEJR EORE EFIZBERE L BRER
<, BT EHICA L R T EENSGE - hil
15 BB £ CREIR ALY S . Fig. 513 6 H AR
% 500 hPa DR\ L IREDOBMREZRT. F» FER
LORE LN TH D Z OS], At Db oA
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Fig. 6 Frequency distribution of precipitation that
exceeds 100mm day' (day). (a) RCP 4.5 scenario
simulation. (b) RCP 8.5 scenario simulation.

DAL AR B2 T TR END. 2D b
FIPFET HZ LT, MAMBHENRIVBREY, ¥
v MRIE AR EFWAERIC L > TENH D
MER DR 2D LB ALLND (Fig. 5).

3.4 1BIHTZEKDIEE
FET/LDO0kMA v ¥ 2 KET — X010, 6-7
A B H BAKE2A100mmEl ETH DA OHE %
Fig. 612789, REe& s CIRIAE & R, 78 A ARSK
R T OBENE <, BITILN D B REER
TR ICEV. RCP45, BL U85 U A%tk
425 &, RCP&ST T U AICBWTCHAARICEIT D
BENSED2HmMCH D2 Engynd (Fig. 6a) .
—MRIZ, RN Z D HER AT O Ml ik & &
TRY=y RALN, TOEKECIIKERT T v
JAHLRKEWV, Fig.3T/RLEX S IC, PEERD
HASIEIZIRN 2 @O IS A, £ 72 i KR
7Ty I AOFTALY, SN KOEER R T
I Ak 23 IS 23 % (Fig. 3a-b) . AR K & iR BLE DK
AR LY, —HEATAZENWEETHD.
7=, e ENEINT iz o0 (T U AR
), B KOBEENREE D Z &ENE X 55 (Fig.
6) .
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ARFZETIE, HERIERELICAE 5 HER I OREKIZD
W, RRFEBOBENLHRELT.

TRICH T DHERRATRRIC DV T, 925 hPa I H &Y
TRNAF—% Cp THIAZ LICK W HYBENE R
L, ZTOALfEE 27~ (Fig. 1and2). 5 H f1[H
R 2 O g - SR 2 IS E O T
JR3 2 38O A EE o sEIk Y, FREIEITIC M- T
#4% (Fig.2). Lo L7 bHFRETRO Z o dbiEid,
5 A 6 AIZHNT T, BT U % & Tl Y

(25°-30°N) TEWHT 2EM%EZR~3 (Fig. land 2).
7 HIZ A% & 35 N £ CAaMICIE E4 5 (Fig. 2).
AR B O ME RN AR O fF K ZAL T, 5H -6 HD XD
REMWIIR LRV, Zodb R KEESKED
EER—HTHDEEZLND (Fig. 3). ROk
KfETIX 7T ADOEKEERREORILITELL, =
T LY BRI OKIER 7 T v 7 2ADPRA DN
9% (Fig. 3b). M T EZHx 7 8 HIZ2W\T,
Pl R T Al B AR F VM R RITER 00 15 1 23 FF
HLTWD (Fig.2).

SRR B OB RSB & LR RO S LN
DOEAL % FH 7. 500 hPa i KB ik O ALHE X BAE & b
i L CIFITESLTH Y, v U AR Ok T,
FFIZRCP8.S5 > U AICTHERAY N6 T7H EAIET
25°-30°N fix THIB 2 &M 2”3 (Fig. 4). Y=
FRBIZE > THELINIEKRITT Ny MER
DORE LANREATH D0, EAREFELW 85 v
UAIZBWTH BAN EZEICFEETS R T 712k Y
ELIPWMAT D Z & T, MENATRROALEIZIH S
% (Fig.5).

6-7 AIC 31T D Mumbesk (H BE/K & =100mm) A3
DT, WNB LUK EENRERTIHEREICS
VY. FERAEME T, RCP8.5 ) U A2k B Mkl
KOEEMMBZE LV (Fig. 6b). Z oL, BE EH
WL D KRR BEOEM, - TEFRICL 2 EMA
[OBARFNEG~OWARBEFREL TD LB LS.

INLORBRIY, RRGOBLEN D HIRELE
OHERRTRROALHE DRI, F 7= HEFTHI e D Rk &
OHEMAHHFEETH D, AHFFEIT, BkE, K&K
RT7 T w7 ATRINTZHATHIRDOER 2 RGO
BENLLEMTIDEDOTHD.
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