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URBANIZATION EFFECTS ON FLOOD RUNOFF AND
INUNDATION CHARACTERISTICS IN OGURA BASIN(3)

——Changes in Flood Risk——

By Mutsumi KADOYA and Yoshio HAYASE

Synopsis

This paper discusses the changes of flood risk due to urbanization by the form of flood
frequency in the Ogura basin of 52km? situated in south of Kyoto City. The urban area of
the basin was under 8% in 1965. But the urbanization is now rapidly going on mainly in
hill and high land of the watershed of the River Furu, The urban area has been extended
to 35% in these ten years and anticipated to exceed 50% in the near future. To cope
with this tendancy, the improvement of the River Furu was began in 1971 and the Kumi-
yama Pump Station with a pump of 30m3/sec was built at the end of the River Furu in 1973.

The characteristics of flood runoff and inundation for the past, present and future urban
states are analyzed by applying the kinematic surface runoff model and the dynamic tank
model under the several rainfall conditions satisfied the given return periods in one-day
depth and under the given drainage facilities.

Noticeable results obtained are as follows:

1) The flood risk is increased by the urbanization. For example, the flood risk in the
future becomes 50 times at a point of the middle reach and 4 times in the lowest paddy
field in the downstream of the River Furu compared with the one in the past, respectively.

2) At the present before finishing the river improvement, the flood risk is decreased
slightly in the downstream compared with the one in the past, but increased 30 times in
the middle reach.

3) In the future after finishing the river improvement, the flood risk is decreased largely
in the middle reach compared with the one in the past, but increased 3 times in the
downstream and a new counter-plan is demanded.
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Fig. 1. Physiographical map of the Ogura basin.

Table 1, The land classification in the Ogura basin.

Zone Joudan, Area (km?) Chudan, Area (km?) Gedan, Area (km?)
Classification 1959 1978 | Future | 1959 1978 | Future | 1959 1978 | Future
Urban Area, Total 1.24 |10.85 | 15.64 0.44 2.30 3.95 0. 30 3.95 6.84
Pavement 70% 0. 44\ 1/14. 88 v/ 3.95 : 0. 66 6.25
Y 60% 0. 39 3.56 0.48 0.10 0.10
y 509 1 89 0.20 2.08 2.26 0.17
4 40% 0.85 4.17 0.44 [[| 0.22 0.30 0.93 0.32
v 30% 0.79 0.08
Paddy Field 8.00 | 4.42 | 3.57 6.29 | 2.74 | 2.26 |18.40 |11.42 |{10.38
Farm 1.45 | 2.43 1.57 0.55 0.09 1.63 121
Miscellaneous Land
(Bare Land, Bamboo) 8.18 4.14 1.46 0.72 0.01 1.70 0.21
Forest 8.48 5.51 5.18
Total 27.35 | 27.35 |27.42 L 6.73 ’ 6.31 | 6.31 |18.70 |18.70 |18.64
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Fig. 4. Model of the Joudan zone in 1978.
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Fig. 7. Physiographical map of the
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Fig. 6. Schematic diagram of inundated watershed
of the Gedan and Joudan zones in 1978.

KR, BRI E LTHEM I EERBEIN, ZOROIMRBEICH » TRELE Y 7D
B, EHEATON, BEFIE (48.9mYs) LT3, T EEMR O icT 570, Hid8
F ) TS ARLEEKEEHSBRE SN, BER 30mY/s OR Y7 1ETHEH, [FREROTESN
T3,

WBRISAEIC IS Fig.7 IKRT & 51, FTEOBSHOKE T & 5 Tk E Offic 1 SAMSRY o0,
ARG U AEBEREBE DR Y FTTROEABITA B LI KL >T S,
HINOBROBEAEERDPIBEO /RS, HIAHATHRTEARRE >TH 54m?/s BETHB, £CTC
nE 160m/s OUFERNZHEOFRICKET 30 0TESRAEED LNTN 5,

FROE S B LOEBICI » THEOMENE SNTV B, 22 TIHEE BREICIEROER K
TOHKIEZR% Table 2 OL S IKBELTRIAZED 5,

BHERFIRICE - THKTH 5EBOKEIR, BEOEMIMERETIE, Ry ES 2080 IDIER
EEBMEARLTO S, Lichi>TZOEES L EREOTRE LIFROAKM E LTRHOSOREAT

Table 2, Drainage facilities for the past, present and future
urban states.

Past Present Future
Ogura Pump Station O O O
Kumiyama Pump Station \ O O
Gate No. 1 t\\\\ O O
River Furu Improvement ‘\\\ O
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Table 3. The pump operation criteria in the Ogura pump station.

z Working Pump Water Level (m, in O. P.)
one

Total Capacity (m#/s) Number Active Stop

Joudan 3.15 1 11. 80 11. 40
12.35 4 12. 00 7

Chudan 2.10 1 11.30 10. 80
4.10 2 11. 40 ”

4.70 1 9. 50 9.30

9. 40 2 9.70 9.50

Gedan 14.26 3 9. 90 9.70

18.91 4 10. 00 9. 90

30.11 7 10. 30 10. 00
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Table 4. The pump operation criteria for drainage of Joudan zone in
the Kumiyama and Ogura pump stations.

Working Pump Water Level (m, in O. P.)
Pump Station
Total Capacity (m?/s) Number Active Stop
5.0 1 11.00 9. 80
10.0 1 11. 10 ”
Kumiyama 15.0 1 11.20 11. 00
20.0 2 11.30 11.10
25.0 2 11. 40 11. 20
30.0 3 11. 60 11.30
Kumiyama 33.15 4 11. 80 11. 40
+0gura 42.35 7 12. 00 P




R - BE  EREERIROHT L L PkE) 203

LEHLBEDET B,

(4) HINOBBESY:

BEAFHORIREHETIE, LEAETRELD 3km MADRARKR, BTEKLD 1.4m Ffd
h, FMREREFERIER I 2 ERESFT BKEE 160mYs TR ERE-TS ELinid
EROBEATHY, BRTRREELLTHRS .

4., HWHECKBKEEREOEL

L TREHILICE » CHlE, WKDEBRERS OEEENT2hEBKL, KEGREOMHMEEZ D
BALICDWTHRET B 77 L 2 OBRIHIE A GICr: > BBERMET 3700, kR RBEOZHIC
BT 5, THbbHKEY 73, ERHKEEOSY Table 3 OXRBETHHTI0LL, HIIFES
REEDTE LT 5,

4.1 RROWHILICKBAKEIL
(1) B@EOWKITE

3.2 OREBREHRIC, HHLHOBED LHFIFRIIC BT 2RHHEET, HHE NKRER
RIEDNTHRET 5, HESRO—FIE UTHREERS10FE05A% Fig.8 KERTRY . BRI,
EBHIR E LTEIEZARNOAFEABRONKE, I EBMNIEHANT 0K PR E LTHER
TS DAL B K TR & LT FRTFHREOREMEAERBOKENZ HENRINTV S, ARO
AT, BROKATREREKENENZR 27.7cm, 25.2cm E/RXVDS, FRTTR FAEEHIOAN
EEE (Fig.6 OBROFEHREF AT AEZ v 7BIiCEY) T 64.6cm LEEAES BALTVE,
—F FTRAEAMTREERTESS O.P. 0.90m TH20TH 1.0m HALTNE LS,

8 1285 518H & TOKML 2k £ 0 —o—p—
BLTASE, EEEMRORS, 3 | W surtace - Drainoge
FEHBRO & ¥ H & 5055m oy g5 | 1
2BIFM® E50%D38)11, I DERK 16 LR FURY —
WA 0 b BRI L, R pPost T D\ oot aid
R O R 28L5m 0 1835m° & s —t \
65%PRAKEBE DB FRIBRIC  E | | present’ e | TR
HH LTS, SRTBHETRTE 3 | O r‘“ I %
ARy 7OBREAR 1067 OK S 13 e
T S R A T A~
ORARENS c iy, cngy 3 P I °3t§fﬂv/<
FRAR OUEMAE—HAS < LT R .YAY A
W3z kiciss, @UDAN e
(2) ﬁﬂ@ﬂﬂk(ﬂ{ﬁ; 12 Side Weir e —
BROLWHARRC B BiE 3 o b
SR, Wb, AkBERRIES 0V e
WCHET 5, BHEBERO—HIE LT, g " Nishiooike .
10EREHRO B4 % Fig.8 K8 ol 1oy S
STRT. ANOAT, BROKET =y Tt
REAHAZS £ 0 € h 79.2cm, TS 3 a 5 6 7

61.7cm &K F< ‘(D‘(%‘?E?k L:TL\Z’ ¢ Fig. 8. Comparison of stage hydrographs at several
EMNB, TR TEMXOBERITI, points for the present and past urban states
# 1.26m dEKT A LKL B, and rainfall whose return period is 100 years.

— 7 —



204 FABKARMESR $245B-2 (KE56.4)

COBADLRHMROMMHIE 6747m Oy 3845m &57%h3, rhBR DMFHE 268Fm OW 179
Fm® L67%HENENTRMRICHE LT3, TRARY 7OREIKE 116177m® OK 5635m® & 48
% LB hRERMPLOMARENS 2 EITE 3, 2oH)ITR, BRSSO EBERY 704 TH
KEBZ &I LTOBIcw, FHNAHE FHRBRHETEIBKMSED, 597m M TFBAKRICHELTY
BT &, THLIERIAHACTROTE S 30cm BERKGELZFE LM 2,

(3) BELBEROLE

FROE AL - THHES S OBRERMLTO 202, 100 EREEROESEMCHERT 3,
Table 1 %5433 & 5 iC EBHR OBFKED LK, BEHBO 30~40%HEHILI N, LBRO 39%H5TH
BHHICRE > T3, DD ERBROFWAREER, BERICHT 6155m L28%HNL, HHTFKE
b4Hm pS5 ITHM KEHLTVS, FhkBBRHSHEN, HIORKLEHE, BI8KE, 125
RERUTETRBRAORHEI, 384FmM L8k0 25377m TH~62%ML T 5, Fig.8 IR X
SIENOAT, B, wgksso e -2kl £hEh 31.5cm, 66.5cm, 28.4cm FL#8-T
W3,

—J, i, TRIRX T, KEHO—EHHEHLIN TS & DOFERITED 2 EA4I/NI (Table 1),
%7 Fig.8 ob03X 51, KENHEHLINTLHERMNWO%Y LSRN ETAREERIRIL
0, KETIRENREER (FBKET =0

lomm/day) EERULGFREELEN & |" l’ll‘fﬂlml Condition *"“Fociity

%, EEshE LgHTARKES, €O T e
CNLOCEMLERE, FRBROTA | Hoce A1 e +pump

BB, R - TS, 8 sl T \ e e Fre fFURY

HE (FAWLE, KEENSER, 5§ 5 e mprovement

WFARDOEE) 1, EFWOTECE y B \\

€15, L L EBSR OBALICH - o Asure

TFRIER~DOHERR, bRk Future —e— 1 ‘T-t\

31Fm LTV E0T, Fig.8 OF 14 post —e ‘*‘\:,\_\

BEAMORBKILE, BECH~T | . A

22.7cm %<, BROBEKMYEOR sige weir AL

HEDSOBET b B S T & ICTE B : " /ﬁ%\;_\

4.2 RROBHILCEBHKEL SN RPN AN A i~

(1) $PROUkIDE N AR }}:ij
BROLMRRREC B B ket R T I N v

B> IAERO—FE UT 100 EHEE 5 | Lo

WOBAZ Fig.9 Ic, “EBHTRT. > | cruoan .

RAMEDENOATOKE Tl BE |, _Side Wer }l -

91.8cm kL, HIOMAHTS 57.2 P =

cm DRKEEERGEC LIS, " .

FTRBARTE 13m bEwK [ Mmoo et

The EBRROWHLE 880 0 |, 4 AN ST

P9 4557 & 58%%  thBHBR AN ._ullﬁ TS

Uik 27770 OPy 186JFm® E67% 3% S yam—- TEEEET:

z 3 £
ne h—F&tmE‘CﬁLﬂ?f" TEBHEY Fig. 9. Comparison of stage hydrographs at several
TORBEKE 127170 OFY 64170 points for the future and past urban states
&, 50%08 BB, B 5 OHBAR and rainfall whose return period is 100 years.

_._8__



B - B | EREFERBOHHbE AK3) 205

DEZRES T2 LIS B, BBHOEFRARR, 987m iKk5,

(2) BELGROLE

PRDOEHLICH > THIBRME ORERINYT 2% 100 EHROEAEFIC, HBRFIET>7. EB
HIR oS F B D56% % 5%, HMREREET0%E718 50T (Table 1), REROMKFKHEL, 6927
m @RI HATU%EML, EHTARS 5/m K25, LB, thBHERD S FTRIIRAOHHE S
BBk S ica1%ml, HNORBEMKORELIE>T0S, Fig.9 KOHINAT, B #igKkt
AT, EEKMASBEICEART 44.1cm, 82.0cm, 48.7cm ZhZNHIML TS, HBR T, WARK
HEIE 19577m® EETFRIML, IO BOKEERMEL 857D, PR{KEHSOSEKAR
51.3cm BMLTW3, FRTRE, $koFiitict- TTREEORHBMSETHMT 508, L& &
POBARDSER L TVAEYD, FERMOREEKTZ, Bk 31.5em #inl, BEORFEKEL ED
Regp23mf bk C LKL,

4.3 WHLCHESKkERBREOEL

3.2 IR U B RREORTARRIC, B BIRS IR0 LMFIF O T TREEETY, &
MEBFHNEFENT, SRNEFAER HIRKkitsas KO TREAMOE S ORBRACHERE
L7 oy T2 Figs.10~13 OEBOLSICBE 3, THRER Y 7OREOLBWHIIAT, Bk
S ORERKOK ENVTFRERBTIE, REkiEARBRIIZZEYERICIE > T3 &35, &
JIAT (Fig.10) TRBED 100ERRICHEY T 2BEKM, BRTI0FERERIC, FRTII 6 FFRERICH
ML, AL TRERRED, BIRTLOR, IIRTISHEIAE LT T &85, BB (Fig.
11) Tl BEO 100EFEROKAIZEHRT 3ERR, THRT2EREUTELD, BIREEDS 30~50£5ICH
MU BTt %, H4oketts (Fig.12) Tid, BED I00ERROKMIZEIRT 3 FERE, 9kT2

185
R.FURU |
Hatcho e /
Fu "
R.FURU
160 Trese™ || 50— —— I =
~ sakura ==
E [ cuture = /'
: ’+-’,T PGS‘ j //” =
- =
v 155} ~ 145 _S==A7 =5
3 — Qgura £ /-:/J &?fes
-~ Ogura g o
L +Kumiyama 2 /.»4’“
L1501~ 9140 - o
= [P R.FURU - = ;
= Improvement N ] po s
g e 1
1451 o 0 135} S
% = <<°\— Ogura
S " ==-0gura
140 o< +Kumiyama
: = 30—~ R FURU
& Improvement
| 1111 1 ! 1 f 111 ! [
5 10 30 50 100 5 10 30 50 100
Return Period (Years) Return Period (Years)
Fig. 10. The relation between the return Fig. 11. The relation between the return
period and the highest water levels period and the highest water levels
for the past, present and future for the past, present and future
urban states, at Hatcho, the River urban states, at Asakura, the River
Furu. Furu.



206 FRBEARFER $245B-2 (156, 4)

13.6
R.FURU #
Side Weir i
13.4
E
- 132
[
>
Q
-
13.0
o
o
=128
126
i1.7 | ----ogura
12af -7 + Kumiyama
s R, FURU
Improvement
i L Ll 1 1 i | S
5 10 30 50 100
Return Period (Years)
Fig. 12. The relation between the return

period and the highest water
levels for the past, present and
future urban states at the side
weir of the River Furu.

ERERDITICHES LTV, —FTRAXM (Fig.
13) TiL, B\BED 00FEHEOKAE, FRTI0E
FERIC, TRTEBIGFERICEST S &iciRD,
ERER, BIRT3E TPkTL4BEmML Iz C
ELR1ED, FIPEKMO BKEEESTH 5 &,
Fig.14 OFF LY, BED 100FERER QKR
i3, BRTOFERRIC, PR TIOFRRICHEYE L
TR ENR5,

5. BAHEELCXBKERREOERL

R B L OITRIZBNT Table 2 ICRT MEH
FERLTNBEETEE, COMEILE - TRERR
EWEOBREBRRINTNELIDOVTRETT S,
5.1 ALk

3.2 ICRTHERBRIOTRIC, BIRB KR
THFIR SO T T, Table 4 ICRTHEET A
LiIE S BB R —RE LB a ORMHEL
Totco
(1) HKDEREEOZ/L

100 FHRBEROESEHICE > THREIHT 5. B

11.20
GEDAN
1ok Nishicoike
E 11.00
2
8 1090 |
N
- A F
o 1080 0@ —
2 AL
o
2
1070 |
1060 L e Ogura
+Kumiyama
A B R.FURU
1050 7 Improvement
Il B P B BT
5 10 30 50 100

Return Period (Years)

Fig. 13. The relation between the return
period and the highest water levels
for the past, pesent and future
urban states, at Nishiooike.
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Fig. 14. The relation between the return period
and ponding durations for the past,
present and future urban states, at
Nishiooike.
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