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Frequency Analysis of Rainfall and Peak Discharge in the Yodo River Basin
due to 2013 Typhoon 18

RS
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Synopsis

In 2013, Typhoon 18 hit Kinki area and caused serious damages. During the torrential

rainfall an emergency warning for heavy rain was issued to Kyoto, Shiga and Fukui

prefectures; it is the first in all Japan since the emergency warning was established on

30t August in 2013. This emergency warning is issued when rainfall of return period of

several decades occurs. The basin average rainfall broke historical record for return

period 200 years in 24 hours at the reference point Hirakata of the Yodo river. The flood

water overtopped the embankment and caused inundation along the Katsura river. This

manuscript describes frequency analyses of basin averaged rainfall and discharge at

Hiyoshi dam and six principal points in the Yodo river basin.
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Rainfall at Katsura river
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Fig. 1 Rainfall distribution during Sep. 14-16 due to Typhoon 18
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Photo 1 Inundation area at Arashiyama

Photo 2 Sand volcano back of left bank of the Kamo river

Table 1 Comparison rainfalls and discharges due to typhoon 18 with design values at principal points of the Yodo river basin

Location Design Rainfall | R.LD.P. Rainfall 2013 T18 Design R.ID.P. 2013 T18
(1953 T13) Rainfall | DiScharge | Discharge | Discharge

Hirakata 261 mm/24h 222mm/24h 269mm/24h 12,000 10,700 9,500
Uji 165mm/9h 161mm/9h 193mm/9h 1,500 1,500 1,300
Kamo 253mm/12h 186mm/12h 207mm/12h 6,200 4,900 3,900
Shimagahara 238mm/9h 196mm/9h 204mm/9h 3,700 2,800 2,300
Hadukashi 247mm/12h 174mm/12h 229mm/12h 5,300 3,600 3,500
Uketa 208mm/9h 174mm/9h 208mm/9h 3,500 2,500 2,500
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9A 16 H FRI9FFEDE A 1%
Photo 3 Flood fighting during flood water overtopping area Photo 4 Flood water hitting Togetsukyo bridge
around 9:00 on Sep.16

Photo 5 Flood water about reaching the platform of Photo 6 Inundation of Kameoka basin from
JR Kameoka station JR Kameoka station
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OEEMTH D, 72, WENNOWAKZR CILEEEW

Yodo River Basin Table 2 Catchment area at principal points
CatCh(r;l:; Area CA ratio to the
Location (excluding Biwa reference point
Jake) Hirakata(%)
Hiyoshi dam 290 8
Uketa 728 21
Hadukashi 1,077.9 31
Hadukashi —y ‘ - < . 4227 11
‘ Wy Uil (379)
Shimagahara 523 15
Kamo 1,478.1 42
7,339.5 100
. . L . Hirakata 3491.5
Fig. 3 Locations of analyzed principal points (3,491.5)
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Fig. 6 Probability plot of AMS of 2-day rainfall
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averaged rainfall at Hiyoshi Dam
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Fig. 8 Comparison of probability plot up to 2013 with up to
2012 for 24-hour rainfall at Hiyoshi Dam from
1998 (Black : up to 2012, Red : up to 2013)
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Fig. 9 Comparison of Probability plot up to 2013 with up to

2012 for peak discharge at Hiyoshi Dam from
1998 (Black : up to 2012, Red : up to 2013)
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Fig. 10 Time series of AMS of n-hour catchment averaged rainfall at six principal points in the Yodo river basin
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Fig. 12 Probability plot with AMS and POT, Time series of AMS and SMEF of POT on calculated discharge
without dam operation at Hadukashi

Gumbel Probability Paper Hirakata Time series of Peak Discharge(AMS)
| , s’
! 4 12000 (- M
o ’
0995 Gumbel /!GP /) Exp
I x4 10000 - ]
Hirakata vy / z
| 7,7 <2
0.99 A GEV_| “x 8000 ]
' 24 o
g 6000 - ]
4 g
098 / % a0l [ |
A - n n I-rl |—| nLrl
2000 ] WUWHMU[UU b
0.95 L L .
2000

SMEEF of Peak Discharge(POT)

1 0 |
: 1960 1980
/C |

3500 F

W

2500

2000 n\,"j!
1500 \,«,,J’ﬂfl

0 1000 2000 3000 4000 5000 6000

SMEF (m3 /s)

Threshold (m3 /)

10000 15000

Discharge (m3 /s)

Fig. 13 Probability plot with AMS and POT, Time series of AMS and SMEF of POT on calculated discharge
without dam operation at Hirakata, the reference point of the Yodo river

— 519 —



IO H D H TCiTOlifrE /s> TW D, GPITOW
TITE R O AL OfE O BEfR THimgic EIRE AT 5
DA E D230, FEAETS.

4. BRI18EHKEEEDHRERKIE L DLLE

BI85 & 2 ¥ HiI D 7K I O kK T
Hi 4 5 OEBE DY) 72 W I L OV A B IS &
DMENRRFEI, FREBTEHEV K& FEL
ROPTICEATE. BENNSOREZOm/s& L,
PRI OBAKAE Z 2372 E LA OFRI18E
EWRICK2HE Y — 7 L, EEMSKG T
12, 000m3/sdE 0 EHEE STV D. T DOfEZ EEEMW
P& ORERE TR LIRS NS LD, A
& - KIF(1979) ORI ERRIZTSH LTLTH
5 &, AEOBK OIS MR T O bt 3. 51 A
DR R OMEE. 2 & H~6ENZ Lz 20 L~
Thd. ZohREmBIIFSEERICE>THE
D INTHENACRIER I D YK E— 7 it & & F i
THLOIWCRDOLNTNDEHDOTH D, 19799 LU
TP ETIERFE R BB E L THDHRH D, A
BB 201 1EE DAL G ZR CTRRRHEELZH > T
W5, L7enio> T, 2013FH A 1875 K iE ) itk o
WKL RERPOKIZIEE LAV TEELSICEZ S
EEBEZDHRETHY, +ORERPLETHD.

5. BHYIC

REEBEWEREENME 2D ESb TN
23, Fig. 101Z7R L7z £ 5 ICIENIFRIRIC 1T B F& K
VI &I T 2 2RI E 2B 6 D ITIE R %
T, S5, EINFEEE B AR T 72 < A ft
PEFEECNE - LN O L O I BICE RN A

Gumbel Probability Paper

0.995 o

o

0.98

095

0.8
0.7

Hikone 1894-2013
0.5

03
02

0.1

0 200 400 600 800
Daily Rainfall(mm/day)

Fig. 14 Probability plot of AMS daily rainfall in Hikone

HILDLITTHR. —fRIC, WF PN HUIRFEAR KN
DB D 72 O HIE & FER ST, Lz LA D,

YE)FL I O AR 131896429 J {2 H I 8:596. Imm D Z5 [N
THEEWOKNA3nt FHFLKEELRSTHD
(HE :A&mA, 2014 ; KBRJT, 2014a). ZHLIEE2013
HFEFETORERDIKILI95. 8mmTH ¥, 18964 D F ok
ITEEBEDFEDIELL ETH D, Fig. 14IT7-T L 91T,

18944 L D120 OFE T NERW =T 1 v
IXIRIE 7 UL ARIC LT A3, 18964F D Rl gk /5 ik
WRT TR TIA ¥ —IRoTNDLDONRbNS. [AB
T (2014b) 12 XX, FnsEO B WNED EA2060 5
AR7IT, B THL RHIRICE U > T/NE B O N
TOTI0mmDFLFENS A2 D . J&) Atk b = Py ek &
RLUCKHABERZ QIR TIERN Enbh
%, MR, HuUsE OFTEIC IS < BEMAT T

AR AT RN ORH D00 LitZew.

HIPRHY SR 36 K O MBI SR R e S E Tl b
DMKREBRRBDOA T — VLALLM ELITSE
W ST 2 R D O TIH AR <, TRV A
AT MR 7R B RE DR AR A 2 D K 5 7ot
ERMETHD.

#

AHFGEIT SRR A TR ERELT Y X 7 E#
BIZET v 7 F b TREEESRHE ORGE 7e P BFHT )
& T, AXTHOWE2EOEEHIE %
WA L0 RMITEW . KR OERNIE L2584
VT TR SR s DR IETA V2. B & A B
5 EHI IR STATBUE A KB RS 2> B IR TRV /2
72, AR AR OB BT 5UER K F 5 S 78 A
YRS B HIRMTE V. RS EELRE R 212
il SRFBTHIZ W BAMRE OERR T I Z 22 LTt
BrETD.

S Xk

Al e KT (1979)  HOKIEFRERBRA~O
T 7 a — F, AR KR B ST SR BT AR R
19B-2, 143-152.

REIT (2014a) - [ MEE®R, http://
www. data. jma. go. jp/obd/stats/etrn/view/
annually_s. php?prec_no=60&block_no=47761&
year=1896&month=05&day=07&view=al

REGST (2014b) - RGHEHEWH, BV EE T %7,
http://www. data. jma. go. jp/obd/stats/etrn/
view/rankall. php?prec_no=60&block_no=47761&
year=1896&month=05&day=07&view=al

— 520 —



E +223844 (2014) : http://www.mlit. go. jp/river/
toukei_chousa/kasen/jiten/nihon_kawa/
86060/86060—1_p4. html

[ 422 @ e 7 B R (2013) : http://
www. kkr.mlit.go. jp/river/saigai/
20130916tyhoon18/saigaihoukoku04. pdf

) KB PR (2013) : http://www. water. go. jp/
kansai/kansai/html/kisyahappyou/pdf/
130918kisyahal tupyou. pdf

Reiss, R.-D. and M. Thomas(1997): Statistical
Analysis of Extreme Values, Birkhduser, p.
316.

— 521 —



=+ &% PECOFHE Y — 7 FEIZ OV T, AMSE RS, SMEFE &

AMS EPOTORESR 7' 1 v M B ZF N ENFig. Al~A4lZ
RKIXHNZRE 2o T2 IENKRDEEMSTH D F.

o i, g, SHBIUFRICEBT 24 L7 LA

Gumbel Probability Paper Shimagahara Time series of Peak Discharge(AMS)
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Fig. A1 Probability plot with AMS and POT, Time series of AMS and SMEF of POT on calculated discharge
without dam operation at Shimagahara

Gumbel Probability Paper Uketa Time series of Peak Discharge(AMS)
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Fig. A2 Probability plot with AMS and POT, Time series of AMS and SMEF of POT on calculated discharge
without dam operation at Uketa
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Fig. A3 Probability plot with AMS and POT, Time series of AMS and SMEF of POT on calculated discharge
without dam operation at Kamo
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Fig. A4 Probability plot with AMS and POT, Time series of AMS and SMEF of POT on calculated discharge
without dam operation at Uji
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