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0 ESTIMATION OF THE 100-YEAR DAILY RAINFALL OF JAPAN IN THE
FUTURE PROJECTED BY A GCM
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The Japan Meteorological Agency and Meteorological Research Institute have developed a super high resolution
(20km) global climate model (GCM) and carried out a numerical experiment of climate variation for the present (1979-
2003), near future (2015-2039) and future (2075-2099) periods under the climate change scenario. This paper estimates
the 100-year daily rainfalls for the three periods using the GCM output. Firstly, the Mann-Kendall test has been carried
out for the confirmation of the steadiness of the annual maximum daily rainfall time series which is the output of the
GCM with non-steady sea surfarce temperature boundary conditions. The test confirmed that the steady hydrologic
frequency analysis is applicable to each data set. Then, the 100-year daily rainfall of the GCM present climate is
estimated and compared with the 100-year daily rainfall at the 51 meteorological observatories in Japdierdhesdi
of the 100-year rainfall between the present and the future periods are analyzed. The results indicate that 100-year daily
rainfall increases at 56% GCM output nodes in Japan for the near future, while it increases at 65% nodes for the future

periods comparing with the present period.
Key Words:
1L.0000

goboobooboboboobooooobooooon
0000000000000 O0O0DOooon®oo
0000000001979-20031)000 00 2015-2039
oooogoo2075-2009 0000000000000
goooooooooOoooOooooOoooo 1000
gobooobooboobobobooobooooooon
goooomooooooooossmogooogo
goOo 200000 GeMOOO0DODOOOOOoOD
00 2000000000000000000000
00000O00O000Oooo Mann-KendalD OO QOO
oGeGCcMODO OO0 25000000000000DOO
goboooobooboboboboboboooooon
gooooooooooobo eeeMbOOooooogoo
gooboobobooooooobooooboboobo
gooooooooGeevoDOOoOoOOOoOoDOOOO
oooooOoOoOoOOOOOOOODODOOOOODODO
gobooooooobooboboboboooooon
gobooboooooog

0000000000000 00O00O00020061%
go0o0oooiIipCcCOOOOOOO AIBOB1IOOOO
gooooogo12oooooboooooooooon

climate change, 100-year daily rainfall, GCM data, Mann-Kendall, GEV

0o0doooooooooOoo 200000000
00000000 D0AIBOOODODODOOO 200000
00000 2050121001 2200023000 000000
2000000000 10012000 00000000
Jooddoooooddoddooooogoogggaa
O00O00000ooo20080490 A2000000
00 MRI-RCM20O0 OO AlBOOOOOOOO MRI-
GCM20O0 OO DODOOOO0D0OODO1979 199800 0O
0002080-20990 00 1000 00000000000
0ooodobOooolooooooooooobooboo
O0ORCM20000000D0O0OO0DOOODOOOOOOO
goocCcM200 0000 poDooooooooooog
0000 40%000000000000000000
cGCMODODODOoDooooo eGCMODOODOOoOoOonO
0dpododoooooooooooo eGeMOOnDOd
000000000000 00000 MRI-CGCM2.3.2
gobooobooboooboobouoooboa
goooodboboobooooboboobooo
goooboobobooobooboobooooog
0000000000000 Phase 3 of Coupled Model
Intercomparison ProjectCMIP3O DO 0000000
0000000000000 9000000000 20

-223 -



gogo2s000000000000000DO
ooooboobobobooooooooooooDo
gobooobooboboboobooooooobooobo
gboobooboboboooobooboooboooooon
oo0fopooOOoOooooOoooDoooooobooOoooDo

2. 00 20kmGCM O OO

21000000000000000 900000
00000000 DO0OOGSMo103I 00000000
TLOS DD O00OD 20kmIO 00000 6000000
0.1hPa 00000000000 OOOOOODODO
00D0D01979-20030)0 0000000000000
000 02015-20390 00 00000 2075-20990 O O
30000000000000000SSTO0O00Dn
0o0O0O0O000D0DODOD0ODOD0OO0000000000
O HadISSP OODOOOO0OO0ODOOOOOODOO
000000000 000000000O0D0OSSTO
0000000000000 D0O0O0DOOoDO IPCCO
40000000000000 CMIP30 180000
0000000000 D0000D0O0ooDD Y9000
OooOO0OO0O0O0O0ODODODOD0ODOD0ODOO0OD0O000000o0
0000 AIBOODOOOODODOOOODODODODOO
0000000000 D0000DO00O0D0OgIPCCO
Special Report on Emissions Scenalfibg 0 0 Al1B O
0000000000000 0000000000no
0oO0O00O0OD0OD0ODDOD0OD0O0D00000000000
OO0O000D0DOO0O0000 25%CcO0000co?on
0000 380ppmI 0 720ppmd OO OO OO OO0
00000000000 0000D000KIMmO 900
0O0O0O0D00DO0OO000000000000000
000000000 10.6%000000000000
0ooO0O0O0O0ODD0ODOD0OD0OO0OO0000000000o
0000000000000000O0O0OoOoOoOoOon
0000000000000 0000000000O
ooooooooo

3. Mann-Kendall OO O O0Q0O0OQOQOO0OoOoOOO
gpoogg

(1) Mann-Kendall O O
Mann-KendalD OO O O00DO00O00O0O0OO0DOOO
00000000000 00000000000000
gooooo©Y%poooooo0oo0ooooooono
000D0000000000n00000 (X1, X2, ..., )
0000000000000 000000DODO SO
gooo.

n1 n
S= Z Z sgr(X; — Xk)

k=1 j=k+1

oano

{1 (Xj— xx > 0)
sgxj—x) =90 (Xj—x=0) (1)

-1 (Xj—Xk<0)
noosoooooon
E(S)=00 )
Cn(n-1)@N+5) &t - 1) +5)
VARS) = 18 _23 18

©)

0000000000 40 (X, %,...xn000000
00000000 0ooO0o0oOooooooooOoook
ooooooooosoboogoooboobooozo

S-1
fVWRS (S>0)
Z={0 (S=0) 4
S+1
wag (<0

O0O0O0Z>1960000000005%00000
00000000000 OMann-KendalD OO OO OO
DO00000 (%x)@A<xi<x<nOOOO

X =X .
,B=med|anx'i—j' Vi<i (5)
000000 Yoooog<o0OODOODOOB> 00
00000000000000.O0000Mann-Kendall
00000000000D000D0000000000
00

o IO0OULDOOOODLDOOLOOOOUDLOOOODODO
e JO00ODOOOOODOODODOOOOODODOO

00000 2000000000000000000
00 100000 25%00000000095%0000
0000000000 D0000000D000110000
000000000 00000000DODOD20040Y
0000000000000 0000000000O0O0

Uoooooo
cGCMOOOODOOOODOOoOobOoOOoOobooooo
00000000 20-500000 120-1500 0000
000000000000000000010 36500
U UUgo
O00000000 Mann-KendalDOOOOOOOO
Z00040000000000000000 260820
000000 20kmx20kemO 000000000000
O00000000O0000oooooooOooooo
0000oo00ooOooooonD 300000ooogn
0250000000.0000000 zZzO GlsooOO
00O Inverse Distance Weight 0 0000 O0O0000OO
0000000 100000 1000b00ooogo
O0O00O0000oO0O0o0ooOo0ooooO0O0.zZ=196
00000000 55%00000000000000

- 224 -



present (1979-2003)
Mann—Kendall Z

near future (2015-2039)
Mann—Kendall Z

Bl o512 ¢-196 B cos7 <=7 =-196
[ J9<z<+ios [ ] 19s<z<+196
[ J+196 <z <+3a56

[ 196 c7 <354

future (2075-2099)
Mann—Kendall Z

B 033 <=7 <=-196
[ ]9 <z 108
[ ]+196 =7 < +3sa1

0-1 00 20kmGCMO 0000000 250000000000000 Mann-KendallDOOOOOOOOOOOO0O 1979-2003
0000000002015-203 @ 0000000002075-2099 00

present (1979-2003)
Mann—Kendall gradient beta

Bl =755 <= bets < 0
l:l beta=0
[ Jo<hetac=13277

B 020 <= bots <0
l:l beta=0
[ |o<betac=+3pae

near future (2015-2039)
Mann—Kendall gradient beta

future (2075-2099)
Mann—Kendall gradient beta

B 055 <= bota < 0
l:l beta=0
[ Jo<beta <=+as88

0-26CMO000O00D00O0O 250000000000000 Mann-KendallDOOOOOOO1979-20080000000

002015-2039 0 00000000 2075-20991 00

oobooOooz<-190000000000000O
goboboobdoboboboobooooobooboobo
goboooboobobobobooooooobooobo
goooooobooboobooboboobooooooon
000000ooooogo2s00000000000
gobooboobooboooboooooooboon
0260820 00000000000 Z2>1960 98300
Z<-1960 4550 000000000000000
1317001730 0000000000 9070 0 2710
googo

O20000000000000000000 Mann-
KendalD O OOOOOOOOOOOODOUOOOOO

260820 0000 Mann-KendallD OO OooooaQ
000 141400000 54.2%000 20000000
00000 11933000 4580000 0ooon
00000DO0000oO0o0D 171141000 65.6%10
00 3000000000000 89651000 34.4%1
O0000000000O0O0O0OO0O0O0OOis42e1000
50.1%000 2000000000000 1065610
00 409%000000005% 000000000
dd0o0odoooUoooUoooooooooooon
oo.

- 225 -



present (1979-2003)
100 year rainfall [mm/day]

present (1979-2003) observation at 51 sites
100 year rainfall [mm/day] (a)

o o
= =
=0 =0
[ o [ o
.= .=
I I
[ w0 [ w0
L L
I = I =
I o I o
B B
I I
I = I =
e e
[Heso [Heso
(a . K&

rd t rd
wt . >
future (2075-2099)
100 year rainfall [mm/day] (d)
Iw
[ near future — present
[ =0 rainfall [mm/dayl
I =0
.-
I o
[ =0
L
__EJ
I o
. =
[
I =
e
[Heso

near future (2015-2038)

(b) % ye?;ominfall [mm/day] ( C)

[
[ =0
[ =0
=
I 0
B =
=
I =
1
|
I o
B~
T
[ Jeo

future - present
rinfall [mm/day]

0-3 250000000000000 GEVOODOUOOOOOOOO0O 100000000 a051000000000 1979-2008!
Oo0oOoobOGCMOOOOO1979-2008 (U0 D OD cOGCMOU O DI DOODO2015-203 (D 00D ddGEM O IO OO
02075-2099 (0 000 e cO00bO00 (DODOOfIddOObOODOOOO M

4. 000b0ob0b0Ooboobooobobobbooobo
ggoooooo

cCMOOOOoOOoODOoDOoDOooOooooooa
000oooooooooooooolo98uo0on
00000 2000000000000000000
doooooooooOooooooooooon 100
00000000 Inverse Distance Weight O O O 0.12
oo0o0oo0DobOoOoOooobooOooobOOo 30o0ooo04a
goboobooouooobooboobooobo
00000000 DOO000DO0Ooooooog eGeMOd
O000ooOoon 2500000 510000000
J00dDoDOoodoono GEvODOOoOooo 1000
000000000 oOo0ooooooooooono 3
ooddbooooo.o300bo0ooooooooo
00000000 oooooOooooooo 1000
oo oo
goboobooooboooboobuoooobo
gy UUgo
0000 s500000o0o0o 19000o0o00o0o0oa
10900000000 bO0o0doooooomooon
doooooooloo0oooooooooooooa
goi10000000000000DOO0OO0ODOOOODOO

OO2500000000000000000O0DOO
goboooooboobobobooboobooobooooon
oooooobooboboboboboboooooon
goooobooboboboboobobooooooo
goboobooboobooboboooooboboon

S5100000000buobobobobuoobooonag
040 5100000000000 100000000
OGeMODODODOO1979-2003] 0000000 OOO
GCMUODODODOOOO 10000000O0ooooooo
oooOOoOoOOoOOOoOOOObObOO0OOOOerro0=0510
oco0il000000O0-cCMOOOOOOO 1000
OO0000Ops510000 1000 000000x1000
oooooon

gooo eGeMOOopOoooooi1ooooononod
ODooO0O0O0O0S1000430000000000 100
cooooogooooospogooeeMuooooono
oo000000ddOdNooOooooonon +£10%0
gooboobooobooboooooboooooooobo
OO0 700000000DDOODODOO 67291000
ooo-e43%0000000000C0O0O0O0O0OOOO
Oo0O00o0oD 1.09410.7%0000

gobooboboobobobooooobobooo
cooooooeGeMOODOODOOOODOOOO

- 226 -



800

100

o 100-year daily rainfall based on cbserved data
o 100-vyear daily rainfall based on GOM

700 ek

+ Brror

75

600

50

500

25

400

300

[3] Houle

200

100-year daily rainfall [mm/day]
(nearest GOM output grid)

100

£

THEEE

meteorological station

0-451000000001979-2008 0 GCMOOOOO1979-2008 DO OODOOOO 1000 0000000000

500 —

300

0 300

B GOM (at the resrest grid of Hamada
) (Hamada

W GOMat the nearest grid of Kagoshima)
raingage station ) B

raingage station (Kagoshima)

400

irfall [mm/day]

300 | § 300 |

200

100 E B

ual masimum daily rainfall [mm/day]

nual maximum daily re
g

Anny
Are

Year

Annual maximum daily rainfall [mm/day]

W GOM(at the nearest grid of Hikone)
B raingage station (Hikone)

B GOM(at the nearest grid of Osaka)
250 [ raingage station (Osaka)

250

200 200

150 150 E

100

50

Annual maximurn daily rainfall [mm/day]

Year Year

0-50000000000000GCMOO00O000O0O0O 19797200300 2500000000000000000000M

goooooomoooooomooooa

goos0p000o0oobObo0o0oooooOoooboobDOoag
0500198300 19880 0000000 OoOoOOn
gooooooeeMbObOOoOoOoOoooooooooD
gooooooooobooooooooeeMononoOo
oooooOooooooooooooooon 122mny
SmnGCMOOO0O0 7Smn2lmmOd 000000
oooooOoOO0O00000000 50000 199100
oo000000OOoOoOooeeGecMOOOOOOOOoOoO
ooooobooooooobooooooooboobooooo
goooooooooooooogd 166mnid53mntd
GCMODDODO 144mm,94mnu 0000000000
goobooooOooo0ooogooooboog eemMg
gooooooboboboboboooobobobo
gobooooooooeeMOooooooooooo
000000000000000000W¥WOo0oOo0oo
goboooooobobooboooobooooboooogoo
goboboooboobooboooobobooog

O050000000000000000000 GCM
0oodoo 100000000 oooooooooo
Jo0oo0o000oooOoOoUoooooOooooooa
Jo0oodoooooonoooooodgooog 94mm,
30mm,GCMO O OO 9OOmnd30mmO OO0 doon
ooo0ooooo 92lmm, 26mmiGCM OO0 O O 83mnid
27/mmO 000

pcooceMOOooooooOooooDooboobooooo

0000 GevOOOOoOoooOooooo1oo0000O0O
000 Inverse Distatnce WeightingOD OO0 O0Q0Q0Q00O
0300000000000 ooUooooooood
gooopooooiloo00OopoooOopoOooooon
ooooo

ooooooooobooooico0bObOOoOonoOO
oooO0Oooooooooooooooobo 3spoon
gooooo0oooooooooogoo 3gogoo
uboooOoooobobooobooboboobooooo
pcooboooeeMOOOO 100000000000
OO00000D0 1098000 6180 0056.3%10000
0000 48000043.7%41 000000 30000
ooobooboboboobooooooooooooo
OO000ooooooOooooooooooO o000
coooooolocommIDOOOCOOOOOOOOOOO
cooo0oboooOogoico0oooonon 200mnid
oommOd 00000000000

oooooDDoDOOO0O0O 1000000000 10980
OO0 700006591 0000388000351 000O
ooooo0O0O0O0O0O0O0O0OOOOoOoooooOnOsomm
o100mmO0O 1000 000000000000 0O00OO
ooooDDoOoOoODDODOOOO0O0 150mnid 200mmO O
goopoooooeGeMbOOooOoDooOoooOooOono
0i1o00000ooobobooooooboobOoOono

00040100000 10000000000000

- 227 -



gbooboobobooobooboboobooboooon
0000000000000 GumbelDOOOOOO
goooci0000000oO0O0ooooooooooon
gooooooooooo eeMooooooogoo
goobooboboboboooooooooboooon
gobooobooboboboobooooooobooobo
goooooboobooboboobobobooooooon
ooog

5.00

gobooooboboobooboboobooooooon
gooooooooo ABOODOODOOOOOOODO
gobooobooboobobobooobooooooon
001979-20031) 00 OO 0O0DO2015-20390 0000
02075-2099) 00000000 10000000000O
goboooboobobobobooobooooooon
ooooooooon

e J00ODOOO 20-500 000 120-15000000
0000 20kmGCMO 260820 00000000
0000000ood Mann-KendalD DO O OO
O0000ooooooooooono 9%%000
god0o0odoodoodoogoogooao
050000000 SSTOOOO0O0O0O0O00a
O00O000OO0oOO0oOOoo 20000000000
od00dU0ooOoooOooooooooogo
ogooooao

e GEVUILDUOOUUOODDODOOOOOOO 10000
d0000ddoooskloooooooooddo
000dd0o0oooooOoDbD10000000004d
go0oooooOoOoOoOoOoOooOOoOoOoOOoOoooo
gdodoooobouoobooboououoon
Oo0oooooooooooooooooooo
dddo0odU0odUooooooooogoogo
00002000 0000000000 GgCMO
Oo0ooDooDoooooooooooooooo
godo0odUooodoogooooogoogo
goood

e JOI0OUODOOUDOUDUOOOD GCMOO
0109800001000 000000D0O0OOCOOO
0056900000000 4% 000000004
godO0oOooiloo0ooOooooooooooa
06510000000 3%% 000000000

Oo0O0oOoOO0ooO0ooO0ooOoooooooOg2s
gooooooooooooobobooooDo 10000
gooboobooboboboboooobooooooo
goboooboobobobobooooooobooobo
goooooobooboobooboboobooooooon
gooooboobobobobobobooooooo
goboooboobooboboboobobooooon

goboboooooboobooon

OoooOoooopooob0 2100000000000
ooocbooboobobooobobooboooboobo
oooooboobooboboboboooboooboooon
ooooobooooboooobooobooobood
Oo0O0o0oDOo0o0o0ooO0OO0O0JAMSTECODOOOODO
000000000 KimSunminDOOOOOOOO
gobooboobooobooobooooboooooo

ogoon

1) Mizuta, R., Oouchi, K., Yoshimura, H., Noda, A., Katayama,
K., Yukimoto, S., Hosaka, M., Kusunoki, S., Kawai, H. and
Nakagawa, M.: 20-km-mesh global climate simulations us-
ing JMA-GSM model -Mean climate states-, J. of the Meteo-
rological Soc. of Japan, Vol. 84, pp. 165-185, 2006

2) 0000000oooOooooooooogoooooo, 22
dooodooooboooooo oo i190oooooo
00, pp.135-136, 2008

3y J0000O0O0O0O0O000oOoUooooooooooog
0do00doOooooO0obOOobOOoDOOobOO0obOobOooOoon 50
0 O pp. 205-210, 2006

4) 0000000000000 0O00OooOoOooooOooon
gooooobobobobooooooooobobooooa
00000o0000oooo0oooooooooo vol
21, No. 1, pp.12-22, 2008

5) Kusunoki, S. and Mizuta, R.: Future changes in the baiu rain
band projected by a 20-km mesh global atmospheric model:
sea surface temperature dependence, Scientific Online Letters
on the Atmosphere (SOLA), The Meteorological Societey of
Japan, 4. pp.85-88, 2008

6) 000000000 DODOOOOOOOOZ21000000
0do0ooobOooboo 19000oooooooog,
2008

7) Rayner, N.A., Parker, D.E., Horton, E.B., Folland, C.K.,
Alexander, L.V., Rowell, D.P., Kent, E.C., and Kaplan, A.:
Global analyses of sea surface temperature, sea ice, and
night marine air temperature since the late nineteenth cen-
tury, Journal of Geophysical Research, 108, No. D13, 4407,
doi:10.10292002JD002670 2003

8) Kitoh, A. and Kusunoki, S.: East Asian summer monsoon
simulation by a 20-km mesh AGCM, Climate Dynamics, DOI
10.1007s00382-007-0285-2, 2007

9) Kim, S., Nakakita, E., Tachikawa, Y. and Takara, K.: Pre-
cipitation changes in Japan under the A1B climate change
scenariod DO 0000 5400 2009

10) Kendall, M.G.:Rank Correlation Measures, CharlesRari
London, 1975

11) OOO0O0O00O0OMann-KendalD OO OOoOooooQ
O00000000000000OVol. 170No. 4, pp. 343-353,
2004

12) 0000000000000 00000g0oooooo
ooooooboooboboboboooooooooog
0000 460 0 pp.121-126, 2002

B) 0000000000000 00oogooooooo
gooooooboobbbooooooooobbooo
Oo0oooooooooo 55002008

02009.9.300 00

- 228 -



	header223: 水工学論文集,第54巻,2010年2月
	NextPage223: - 223 -
	NextPage224: - 224 -
	NextPage225: - 225 -
	NextPage226: - 226 -
	NextPage227: - 227 -
	NextPage228: - 228 -


