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The Area Rainfall Intensity 
Frequency Curves at the 

Yodo river catchment (Nhat, 

2007). 

1) Branch of Katsu River basin Kyoto City, the capital of Japan (794AD-1868AD)  

 

2) Length: 31 km, Area and highest elevation: 210 km
2
 and 896 m.  
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where q is the discharge per unit width, h is the water depth, i is the slope gradient, km 

is the saturated hydraulic conductivity of the capillary soil layer, ka is the hydraulic 

conductivity of the non-capillary soil layer, dm is the depth of the capillary soil layer, da 

is the depth of capillary and non-capillary soil layer, and n is the roughness coefficient 

based on the land cover classes. 

I) Grid-based hydrological model 
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Historical Document 

1
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7

1. Kyoto Imperial Palace 
2. Shokoku Temple and Doshisha
3. Kyoto Textile Company
4. Changed area (eastern bank) 
5. Changed area (north-east bank)  
6. Sanjo-dori 7. Shijo-dori13 

Land use change analysis 

1976 1927

1902 1843

ID Name 
Land use area (km2) 

1976 1927 1902 1843 

1 Forest 134.1 138.21 139.81 143.59 

2 Building type A 16.76 13.77 8.89 8.25 

3 Building type B 9.07 3.45 1.51 0.95 

4 Arterial traffic area 2.26 2.08 1.44 1.36 

5 River area 1.53 1.53 1.53 1.53 

6 Other sites 7.94 6.9 6.64 6.64 

7 Lake and marsh 0.14 0.14 0.14 0.14 

8 Waste Land 1.38 1.12 0.73 0.71 

9 Rice field 6.84 12.83 19.33 16.85 

10 Other Fields 0.34 0.33 0.34 0.34 

 

14 

0

5

10

15

20

25

Building site A Building site B Arterial traffic sites Rice field

A
re

a 
(k

m
2)

Land use types

1843 1902 1927 1976

Calibration results 
0

5

10

15

20

25

30

35

40

45

500

100

200

300

400

500

600

700

800

8 10 12 14 16 18 20 22 24 2 4

R
a
in

fa
ll

 (
m

m
)

D
is

ch
a
rg

e 
(m

3
/s

)

Time (Hour)

Rainfall(mm)

Simulated

Observed

Code Name Range Value 

Nw Land use (LU) Parameter of forest 0.5-0.9 0.50662 

Nu1 Land use (LU) Parameter of building area 0.05-0.2 0.14121 

Nu2 Land use (LU) Parameter of other areas 0.1-0.3 0.19207 

Nf2 Land use (LU) Parameter of paddy field 0.3-0.5 0.46678 

NRv Parameter of River 0.001-0.1 0.01212 

F1 Coefficient of net rainfall 0.99-1 0.99921 

ASOU Total soil depth 100-500 105.431 

TOUSUIMS Hydraulic conductivity in saturated layer 0.0001-0.002 0.0004 

Betac Parameter for unsaturated flow 3.0-10.0 6.85968 

 

15 

0

20

40

60

80

100

1200

200

400

600

800

1000

1200

1400

13 19 1 7

R
a
in

fa
ll
 D

ep
th

 (
m

m
)

D
is

ch
a
rg

e 
(m

3
/s

ec
)

Time (Hour 1959-8-13 to 1959-8-14)

Rainfall
simulated
Observed

Model validation result under 1976LU (1959-8-13-8-14) 

17 

0

10

20

30

40

50

600

100

200

300

400

500

600

3 5 7 9 11 13 15 17 19 21 23 1 3 5 7 9 11 13 15

R
ai

n
fa

ll 
(m

m
)

D
is

ch
ar

ge

Time (hour)

Rainfall 

1976LU

1902LU

Paleo-flood simulation results under 1976LU and 1902LU using the 

observed hourly rainfall on 1930-7-31 to 8-1 

Paleo-discharge reconstruction  

 1 

 2 

 3 

0

20

40

60

80

100

1200

500

1000

1500

2000

2500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

R
a

in
fa

ll
 (

m
m

)

D
is

ch
a

rg
e 

(m
3

/s
)

Time (hour)

1976LUS1

2006LUS1

Rainfall

0

20

40

60

80

100

120

140

160

1800

500

1000

1500

2000

2500

3000

3500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

R
a

in
fa

ll
 (

m
m

)

D
is

ch
a

rg
e 

(m
3

/s
)

Time (hour)

1976LUS2

2006LUS2

Rainfall

0

20

40

60

80

100

120

140

160

1800

500

1000

1500

2000

2500

3000

3500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

R
a
in

fa
ll

 (
m

m
)

D
is

ch
a
rg

e 
(m

3
/s

)

Time (hour)

1976LUS3

2006LUS3

Rainfall

0

20

40

60

80

100

120

140

160

180

2000

500

1000

1500

2000

2500

3000

3500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

R
a
in

fa
ll

 (
m

m
)

D
is

ch
a
rg

e 
(m

3
/s

)

Time (hour)

1976LUS4

2006LUS4

Rainfall

0

20

40

60

80

100

120

140

160

1800

500

1000

1500

2000

2500

3000

3500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

R
a

in
fa

ll
 (

m
m

)

D
is

ch
a

rg
e 

(m
3

/s
)

Time (hour)

1976LUS5

2006LUS5

Rainfall

0

20

40

60

80

100

120

140

160

180

2000

500

1000

1500

2000

2500

3000

3500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

R
a
in

fa
ll

 (
m

m
)

D
is

ch
a
rg

e 
(m

3
/s

)

Time (hour)

1976LUS6

2006LUS6

Rainfall

Results of the runoff under 1976 

and 2006 land use with the six 

shapes of 10 hours rainfall 

during the 50 years return 

period 

第15回JICE研究開発助成　成果報告会　発表資料



0

50

100

150

200

0

500

1000

1500

2000

2500

3000

3500

4000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

R
a

in
fa

ll
 (
m

m
)

D
is

c
h

a
r
g

e
 (
m

3
/s

)

Time (Hour)

RainfallS2 RainfallS5 RainfallS6

1976LUS2 2006LUS2 1976LUS5

2006LUS5 1976LUS6 2006LUS6

Results of the runoff under 1976 and 2006 land use with the 
early(Shape 5), central(Shape 2) and late(Shape 6) peaking storm 

events of 10 hours rainfall during the 100 years return period 
20 

Hydrologic responses under designed rainfall 
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We found the Cell-

based Distributed 

Rainfall Runoff Model 

performs very well 

for the 

reconstruction of 

paleo-flood events in 

hourly simulation. 

Due to the urbanization, 

the deforestation and 

the decreasing of the 

rice field in the Kamo 

River basin has lead 

the increasing of 

discharge and the peak 

discharge coming early. 

The shape of the rainfall 

is very important for the 

flood risk management 

and the land use 

change impact on the 

hydrological responses. 

For the further research, 

we are going to check 

the land use change 

impacts on the inlet 

hydrologic responses 

and water storage of 

whole basin. 

Conclusion 

21 

Historical assessment on flood management 
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Academic paper with peer review NO. 1 
Pingping LUO, Bin He, Kaoru Takara, Yin E Xiong, Daniel Nover, Weili 

Duan, and Kensuke Fukushi, Historical Assessment of Chinese and 

Japanese Flood Management Policies and Implications for Managing 

Future Floods, Environmental Science & Policy, Vol. 48, 2015, pp. 265-

277, DOI: 10.1016/j.envsci.2014.12.015. 

History of Flood Control Policies 

Middle ages 

Modern ages 

Present age 

Gun’s and Yu the Great’s flood control 

Ancient era 
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Li Bing and his father’s flood control 

Uniting Water transportation and flood control 

Wang Anshi"Agriculture rice field water supply method" 

Gao Bin “Divide Yellow river and help the water clean" 
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Pan Jixun “Use water to trash solid, reduce the flood" 

Jia Shumei “Bricks Dam" 

Wu Dazheng “Reinforce the shoal, Protect Dam" 

Raise Dyke, Construct Dam 

Structural measures and non-structural measures 

Academic paper NO. 1 
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Middle ages 

Modern ages 

Present age 

Yayoi period drains and embankments 

Ancient era 

Early modern period 

Tsudera Ruins Okayama City the period from the late Kofun 

Ritsuryo  Country“Buildings Ordinance, Public Water principle 

Kanshin Sangha  flood control 

Beginning of a systematic scale flood control 

J
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Straighten fix of the river channel fixed 

“low water channel flood control" 

High water flood control and construction of dams 

Integrated river development , multipurpose dam 

Green dam 

Kofun period Hori river drain of Namba, Mamutanotsutsumi 

Natural flood control and soft side 
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Academic paper NO. 1 
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Dujiangyan irrigation system

(High-Water Level)

Preservation Area

River Area

(High-Water Level)

Embankment Back

High Standard Embankment Special Area

River Area

H.W.L

H.W.L

Embankment

Before construction of super embankment  

After construction of super embankment  

Academic paper NO. 1 Future Plan 

Apply this paleo-environment and paleo-hydrology reconstruction 

technology to the other study area. 

 

Combine this methodology with other research field such as agriculture 

irrigation system. 

 

Develop the new approach to meet the future research demand in the 

Interdisciplinary field. 

NO. Land use class name

0 Background

16 Sparse grassland

20 Irrigated croplands

21 Tree crops

22 Sandy desert and dunes

23 Stony desert

24 Bare rock

26 Water bodies

27 Cities

Study site and data 

Length：6,650 km 

Area:3,349,000 square kilometres 

the White Nile and Blue Nile 

Aswan High Dam 

Lake Victoria, Lake Tana, Lake Nasser  

Process in representing the paleo-inundation maps 

Process the river boundary, 
DEM, Land use in ArcGIS 

Converse the image file to 
asc file 

Case study 3 for flooding under the paleo-environment 

Read the asc file in GDS of 
Flo-2D 

Create the grid 

Define the boundary in the 
GDS 

Present the results using 
Mapper 

Interpolate Elevation 
points 

Define the input point and 
output elements 

Paleo-land 
use 

Paleo-dykes Paleo-channel 

Red line is the dyke around 

the rive bank.The green grid 
is the input flow point. 

The boundary dyke is 150 meter 

elevation. 
NO.1 dyke is 100 meter elevation. 

NO.2 dyke is 120 meter elevation  

1 2 
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