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Rainfall properties in Setouchi region, Hiroshima ;
rainfall time, seasonality and intensity

Shin-ichi ONODERA™ and Tomohiro NARUOKA™

"Faculty of Integrated Arts and Sciences, Hiroshima University
""Graduate School of Biospheric Sciences, Hiroshima University

Abstract : For predicting the timing or intensity of nitrate loss, sediment yield and flood in Seto Inland Sea
catchments, we confirmed rainfall properties there by using hourly rainfall data at Shimo-Kamagari 1sland and
Miyajimaldand. The average annua precipitation is about 1100 mm and 1600 mm at both ilands, respectively.
Total rainfal at the events of more than 30 mm exceeded 50 % of the total annual rainfall at both sites. From the
results analyzed rainfall time, the peaks of rainfall intensity were found around 6 AM and 5 PM. Timing of
rainfall was controlled by rainfall mechanisms and landform characteristics. Maximum hourly rainfall intensity
was similar at both sites during a big event of more than 70 mm.

Keywords : rainfall, Setouchi region, time, seasonality, intensity
O0o0o0oo

uobooooooooooocooooOoOooOobOoOobOboOoboboOoOooOoOoooOooo, 975000,
loosnuooobomuoooooooobooooooooboooooooooobooOooooonoad
oobooooooo,z2oeol1tDooooooocoooooooocoooooooobooooonoo
oo0o000o00DO0o0o0oboOo01eeoooouonoonooooog, 1990000000
ooooooooOoooooooooo0oooooOooob,z001mbOoOooooboOooooDonog
0000000000000000000000LikensandBormann, 19950 000000000
gobooooooocooooOoocOooooooobOoO0oOoOoOooOooOdOoooooboboOooooonoa
uobmoooocooobooooooooooomooooooooooooobooooooboo
oob0o0o0ob0ooob0oooonboO, 1991000 ,1995000 2000000000000
gooooooobooooooOooooooooDbOo0boooOobDOooooooooboboooooog
0000000000000 0O0D0O0O0DUOUOoOOBuUtetd., 19930 000O0ODOOOOO

20020 1000000020020 1100000



62 gooooooooooo

oboooooooooOoocoOoboO0obOooOooooOoOoOoOOoOoOoOOoO0OobOOoOooboonag
gozo0olioo0oOo0oOocOoOoOoOooOoooboOon,z0020000b0o0o00oooooooonogd
ooomooooOo0o0oO0O0O0O0O0O0O0O0O0O0OD0O0O0O0OO0O0O00ODODO OOk and Mushiakéel 19940
0000000000000000Dairakueta.02000000000000000000000OO
gobooooooooooobooooooooboooooboooboOooooDoboo
goboooooooboOoooooOoobOoOooOoOoOoOoOobOOobObOO0ObOOOOOoOooDbOOoOnog
obooooooocoooooOoOooboo0o@momoooobooooooOooooboooooooo
gobooocoooocooooocoooooooboooo

gooogo

goboboooboobbooboo
goooooooooobooooog
gboobobobooooogooo
gooboooboboboooooboog
goboboooboobbooboo
gobooobboooi1oooooo
gooboobooboboobooo
gooboboboooooogooo
gogodzo0100100000000
ooo0oo0ob0oobo0obO 19960
gO0dzo0020000 7000000
goboboobooboboobooo
gobobooobooobbooboo
gooboboboooooogoog
goobooooon

goobobombobooo2000
goboboooboobbooboo
gobooobbobbooboobuooboobbooboobuooboobbooboon

gigoooooMoooosooood

ooooobo

gboboooooogo

g0dz2020010020000000000000000MOOAIDODOOOODOOOODOS885mmO
gobDi1esommI0 00000000000 0OO0DOODOOO199700 1258mm0O 199800
1046mm@319990 0 1048mmI 0000000200000 0000000000000 0OO00OO
gooboscomibbboobOobOoooobomzoorioboooobooboooooboooboobooboo
gomooboooooo@mooboboooboooobooboboboooooboobobobooo
goobobooooboobobebobyOoOobUOb110b0O00OOOODODODOOOO
goboooobuoobboobbooboobobooboobbooboobboobOoobboo
gbo2zommO00000000000DOO0OS000700000010000001100000



gooooooooooboooobooooboooooooobooooo

12000000000000000000
gbobogobioo0os00b0ioboogn
1100000 1200000000000
gooooooobooeommOI0O0O000
gosgobi1o000bDbOennnonDOO
gbodbed 20000 100mmOOnDgn
obobooooooobgoo
gbo300b0boboooooooobon
goooooooilommiooooono
goobpooboooiommbOooDOoOnO
goobooOooboboosoogoDOOn
gbooboooooo2000000b0 20
goobobobooooooobooboon
gooooOoiommdd z20mmOonOn
20mmO0 30mmUO00000000D0
0o0oogooooooooo2000n0
gooDooooooobDOoO0030mmOond
o0mmUi 0000000000000 0D
gboboboboooooooboobon
gboobgoeommUOnl 7vommOOO00dnoOnO
oooooi1ocommOI0O00000000DO
obobooooOo200o0oboboooobooo
gooosommOOOO00000OO00OO00ODOO
gbobooooooboobbogoosommAon
gboboboboooooooboboboo
0000 48%0000 55%020mmOOdO0gn
O0o00o0o00D00057»ieswdnnon
obobobooooooooooobooboo
0000oooooooog, 19880 Moaldan and
Cerny, 199400 00, 1999000 00O , 20020
goooOoDoooogno, 19820 Graf, 19870
Nishimuneeta., 20020 000 0C0O000O0O0O
obobOoboobooooooooobooboo
obobOoboobooooooooobooboo
ooooo

rainfall (mm/day)

rainfall (mm/day)

gboooooooogooo

go400000000000DO0ODOOO
ggboopobooboobbooboooo
0000000000 00oooooooodda)
0000ooo0ooooOo®mu20000000

120

100

63

100

o]
o

D
(@]

7Shi mo-Kamagari

(annual 885mm)

B
o

N
o

o

TR

[o]
o

D
o

| _Miyagjima
(annual 1680mm)

5

8]
o

ot A

[ 1

0@

frequency

frequency

'\>®N\>®N\>&N\§)\N\>®N \g\\'&Qq}'\rQQ\'&QQ\N \9’&

»
0202001000000000

,ﬁ\/
i

60

a)

50| — freg.

——mm

40}
30}

20
10F

400

4300

4200

rainfall (mm)

4100

010
2030 f
30-40 [
80-90 4

40-50
90-100 4

daily rainfall (m|

100- 4

g &
S S

N

(=]

o
rainfall (mm)

100

0-10

o3loooooooooooon

coooooooi1ommO 0O

()0 000 Qb0 0



64 00000000o0O0oo0

@

N
g
=]

N
o
o

rainfall (mm)
rainfall (mm)
&

o

H
1S)
o

19

21k

o o
[S) [S)

1
e

3 =
—]

5 =
—]

23

—]

15
17

120 35.0

30.0

100

N
g1
o

o]
o

rainfall (mm)
[o2]
o

8

N
o

213
15k
17

rainfall (mm)

= = N

o o o 9o

o o o o
N

0.0

19E

2] e
e — |

23

0D400000000000000000 0502001000000000000
(0000000 OD00@OO0O0QpOD0

oboobooooobbooebUbObOsObOOOOOOOOUOODOOOOOOOOODOOOOOOOO
goboooooboooooooOoooooooooospooooOosoooooboooooog
goboomoooooobooooboooooomoooooboooooooooboboooooog
g30000ooooonooooooooooooobooooobooonDoooboo0ooooooDoo
gobooooooocooboooOooOobocOoOooOoOoOo0oOOobOOoOoooOOoomOuooooonoag
oobooocoooocooooocoooooooboooo

goboobooooO0ooOoooobooOoooOoOoOoOooboOobOOoO0OOoOooOb,z0010000000000
gobobooooooooboosbz2o00106000000000D0O0OO00DOO0OOODO 100
goooooobooo223mmO00O037ysmmi0O0O000100000000D00000O0000
gobooooooooboOoOoooobooboooooil1bbe0nlsooooo300oooDoOonong
goboo0o0o3b0ooooooooboouoz200b0000O0ooOobcOoOoobosb0bb1r000bOoOna
obooooooocoobooOooOoooobooOooO0oil100e001SO00OC0O0O0COOOODOCODOO
oobooo3tcooobooooboi1s00000000ooOo00oooOooc0ooDob 110000000
goooooooboooobo20000000000000DO200000000D00000000O
goobooooooooooomoobooooobooooooooob3gooooooooog
goboooboooooooooboOobo0oooo0ooooboo0oooooooooooOoooDen 23
gboboooboo-oobooocz200000000000DOCO20000000000000000
gobooooooboocoooooooobooOooOoooooboOoOoebO 190000000 -000
gboz200000000000000000O0C000OOO0O0300000O0000O0O00O000d0



gooooooooooboooobooooboooooooobooooo 65

® (@ )

=1 26
£

§10 II ] :4
11
S0 I Y |11 1|1

S LA Y P

hour hour
35 12
b) M

30 ) 10 QL

25
— 28
Ezo E
ng Il m _“Réa
: i W

10 fi T

atuitiih

CHeTe N e T 5y g § R He e N e T e e g oo

hour hour
ged20010 100000000000 Ov7ozo01000000000000
00Qa)0000Qb)o0 00Qa)0000Qb)00

oboooooooooooocOoboooooobOoOoOoooOoOoOoOoboOoOoOoOooOoboOoooo
gbobo0Oe00O0OO00O0O0O0O0DOOOOZ20010 1000000000000 0DOOOOOOOO
oooD1vemmO000 314mmO000000000D0OCOO0OOOOOOO0DOO1I00500
1200170021 000400000500000000000000000000 200030
oooooobooooo3b0ov70dbllg0olvyogzio0oooooooooolryoooooOoo
fo0bo0oooooooos3ooooboooboooooboeb0ooboOoboOoboOooboOoOoOoOoDn
obooOooooooboooooooooboooooooooOboOooooOoOooOooOboOmoOoonog
uobooooooooooobooOoooOo-cooboOobOoO00obOOO0O0O0OO0O0i100 100016
gooooooooobooooooooooobboooooooooooooooobooooooDoboo
goblo017v00000O00O0ODO0OO0DI002200000000000000000D00O0
oooooooooooobooos3gooo7oooboOo0ooooDODoO0OoDOO0oOooOoDoO
gobooooooocoooooOoooOoboOooooOoboOoobOoOooooDooo
goboooooboocoooobozooli200boOoCcO0OooOOoOl0o0ooDi1ryOoooOooOnOd
ooboo0o0oil100000000000Ob0000002001200220000000000000
ooooboboOozb024000000000000000000000O0DODDO0OODOOOODDOO
ooobooooooooooboooooooobo0ooooOooOoooDoOoooon
gooooooooooooboooooOooboooobo0ooobooooooooboboooooog
obo0ObobocooooooooOoocOooooOooooOboO0obOoooOooooOooOoobOOoOoooOoonoOg
ooooooocoooooooo@moooooooooOoOooooooOooboOooooooDoono
od



mOE

66

gooooooooooo




gooooooooooboooobooooboooooooobooooo 67

ooooo

gOo0b00omobo0o0obO0ooobOoo0ooooO0oDobOoobOOoDOooOOobobooOo20b00D0O0O
gooooobobooobObo0o2000b00o0b0bO0o0oO0bOo0oO0bDO0oO0ooDbOOoOoboboOooboDO
aommO 000000000000 00D0000050%0000000000000000000O
gobobooooboooboooooboboboboooooooOmboboboboboboboo
goobobooooooboobobbooboboobooboobobobooz200b00bO0bOoDbDOO
gboboboooooobozobooocobooobooooboboboboooboobooboboooo
gogboobobooboobooboboobuooboobobomoobbobbooboo
gobooboboobuooboboobgobooboobbobooboobbobbooboo
gogooooogoo

ooogoo

goboooobuoobooboboobooobooboobbuoobbooboboobboooboboo
googboboooobooboobooobooboobboobobooboobbobDbob oo
ggooooogo

ooogoo

Burt, T.P, Heathwaite, A.L. and Trudgill, S.T. (1993) Nitrate; Processes, Patterns and Management, John Wiley
& Sons, Chichester, 444pp.

Dairaku, K., Kurgji, K., Suzuki, M., Tangtham, N., Jirasuktaveekul, W. and Punyatrong, K. (2000) The effect of
rainfall duration and intensity on orographic rainfall enhancement in a mountainous area: a case study in the
Mae Chaem watershed, Thailand, Jour. Japan Soc. Hydrol. and Water Resour., 13, 57-68.

Graf, W.L. (1988) Fluvial Processesin Dryland Rivers, Springer-Verlag, Berlin, 349pp.

00o00oooooo (1988) o000 ooooooooooooooooooooog
0 0 399, 131-140.

O000oO00obOozo010OO0OOOOODOOOOOOO.

0000000000000 oooooDooDoOoO0OO0O0O0OO0OOODOOO19990
19990 60 290000000000 0O0O0O0O0ODO0O0OODOMMODODODODODS2(3), 34-43.

0000000000000 00D0O0DO1998i 0 0000000000 NNonooooon
000000000 DOO000O000O000DOO000O0OnaeY, 26-370

0000obOoobOoz001000000000DO00O0O0O0DOOO0ODOO0OOOODODOOODOOO
000000DOO0O0DbOOo0oOOoOoooooon27, 63-75.

Likens, G. E. and Bormann, F. H. (1995) Pattern and Process in a Forest Ecosystem. Springer-Verlag, New
York.

000001982 00000000000 395pp.

Moldan, B. and Cerny, J. (1994) Biogeochemistry in Small Catchments. John Wiley & Sons, Chichester.

Nishimune, N., Onodera, S., Naruoka, T. and Birmano, M.D. (2002) Comparative study of bedload sediment
yield process in small mountainous catchments covered by secondary and disturbed forest, western Japan,



68 00000000o0O0oo0

HydroBiologia, (submitted)

000001998000 041-70 0000000000000 ODOOODOOOOODOOOODOOO
0 0O 352pp.0

Oki, T and Mushiake, K. (1994) Seasonal change of the diurnal cycle of precipitation over Japan and Maaysia,
Jour. Applied Meteorology, 33,





