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Points in climate change assessment on 
Japanese hazard 

ÅThere are various types of hazards that 
bring disasters.  

ÅSpacio- temporal information with high 
resolution is required for representing 
reasonable river discharge in Japan. 



Features of Japanese River(1) 

ÅShort length and steep slope. 
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Features of Japanese River(2) 

ÅLarge peak discharge, short duration 
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Importance of temporal resolution of rainfall data 
in calculating river discharge 
 - Comparison of simulation results for hourly and daily rainfall data 

in rainfall runoff model 
 - Yodo river basin Hirakata water stage stn. 7,281km2  
 ᵼ Under-estimation of peak flow up to 50% when we use 

daily data. 
 ᵼ WE HAVE TO CALCULATE RIVER DISCHARGE USING 

HOURLY RAINFALL DATA. 

By Masuda, Tachikawa et al. (2006) 

Hourly based simulation 

Daily based simulation 

Reproducibility 

of runoff model 
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Projected typhoon by GCM20 

It is the typhoon resolving output from GCM20 that has 
realized the impact assessment on Japanese river regime 





 Shower  

Range 10 km 

Duration about half an hour 

 Typhoon 
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Duration day to a few days 

 Localized heavy rainfall (Baiu season) 
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Duration 6 hours to half a day 
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Projected by AGCM20 

Impossible? Projected by RCM 
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Slope Mountains River Habitable Area Coastal Area 

Soil production 

Hourly precipitation, temperature, water vapor, wind velocity, radiation and air pressure 
25-years time series (20km) and ensemble predictions (60km)  for current, near future  and century end 

Output 
from GCM 
and RCM 

Various 
Models 
with long-

term run  

Soil runoff 

Evaluation 

Rainfall runoff River channel flow 

Sedimentation and 
transportation of soil 

Reservoir operation 
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Decreasing of safety against landslide, debris flow, flood, draught, storm surge and strong wind . 
Assessment  of current protection system and proposal of alternatives 

Stochastic 
typhoon model 

Surface hydrological model 

Regional climate model RCM_5km, RCM_2km, RCM_1km) 
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Probability density function of  extreme valuedepending on spacio-temporal scales 
Stochastic precipitation model  (time series  depending on spacio-temporal scales) 
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Interpreta-
tion of 
output 

Prediction and evaluation of disaster environment in Japan  
DPRI / Kyoto-Univ. 



Minimum Target of DPRI  
ÅInterpletation  of GCM output  

ÅPrecipitation 

ÅLand slide and Debris flow 

      Mainly western Japan 

ÅRiver discharge 

      Japanese major large river basins (with fine resolution) 

      All Japanese river basins (with medium resolution) 

ÅStorm surge and wave 

      Tokyo, Ise (Nagaya) and Osaka Bays, Global 

ÅDamage by strong wind 

     Whole Japanese archipelago 

ÅInundation 

     Tokyo, Nagoya, Osaka and Fukuoka 
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Mase et al (2011) 



Probability of typhoon attack for 100yrs 

return period  
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Yasuda et al.  (2009), Kyoto University. 



Probability of center pressure for 100yrs 

return period  
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Yasuda et al.  (2009), Kyoto University. 
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Total rainfall [mm]

0 200 400 600 800 1000

R
a

in
fa

ll 
in

te
n
s
it
y
 [

m
m

/h
r]

0

20

40

60

80

100
1976-1980

1981-1985

1986-1990

1991-1995

1996-2000

2001-2005

2006

2007

2008

risk of  
deep landslide 

risk of  
shallow landslide 

Total rainfall versus maximum hourly rainfall  

Schematic from PWRI 

Report No.4129 (2009) 

shallow landslide         deep landslide 

surface soil layer 

rock 

Top 20 data of total rainfall and 

maximum hourly rainfall from 

Takeda City, Oita, Japan  

Oku et al (2011) 



Projected changes in total and maximum hourly rainfall in Japan   
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Future - Present 

Near Future - Present 

Color: 95% significance 

based on 60-km model 
ensemble experiments 

Increase of strong 

and large rainfall 

 

Increase of both the 

shallow and deep 

landslide risk 

Oku et al (2011) 



Fut.ṨPres. 

95%  
Sgn. 

Increase by 10 Ṍ20Ṿ in whole area  

Increase by 10 Ṍ20Ṿ in mid and western Japan  

Risk of shallow land slide  

Risk of deep land slide  
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Oku et al (2011) 



Design value for river discharge and storm surge 

Design value 
 return value 

Range for disaster prevention 
 

Range for disaster mitigation 
(including critically large scale 
disaster) 

First, change in the design value 
is focused on 



Introducing reservoir operation models into  

distributed runoff model  
System of distributed runoff model 

Reservoir operation model Example of combined computation 

Sayama et al (2008) 



Impact Assessment on River Regime Flood  

Annual Max. Discharge 

100 yrs return period  

Near Future/Present 

End of the Century 

/Present 

Tachikawa et al (2009) 



 

Impact Assessment on River Regime Drought  

 

 
Drought Discharge: The 355th largest daily discharge in a year. 

Near Future/Present 
End of the 

Century/Present 

Tachikawa et al (2009) 
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Number of floods with
dam operation

Number of floods with
emergency dam
release

Sayama et al. (2008), Kyoto University. 

Possible changes in the number of floods requiring dam operation 

and emergency dam release (Yodo River) 



Present 

Influence of changing in snowfall and snow melt 
(Mogami River: Japan seaside in Tohoku) 

Future 

Snowmelt 
ÅProduce spring flooding 

ÅSupply irrigation water  for paddy filed  

Snow 

accumulation 

Shift of season is vital not only for 

agriculture but also for regional 

culture 

Tachikawa et al., 2008, Kyoto University 
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Preliminary study on impact assessment of climate change on building risks 
induced by typhoons in Japan 

33 

Change in building risks by wind 

Maruyama et al (2011) 



There is high uncertainty in  
 projected design value 

Design value 
by return value 

Range for disaster prevention 
 

Range for disaster mitigation 
(including large scale disaster) 

It is almost certain that average 
of design value would increase. 

Projected design value There is high uncertainty in  
projected desigh value  



Uncertainty inherent to GCM projection  

1. Uncertainty in cumulus parameterization 

2. We only use single 25-years time-series of output for 

present, near future and end of the 21st century 

ï Is this enough number of years as statistical sample? Re-

sampling or ensemble projection will be needed. 

ï Quite extreme event may not occur within single 25-years time series 

      Worst scenario experiment is required! 

3. Uncertainty in CO2 release scenarios 

ï We are using most likelihood A1B scenario 

Random Uncertainty  

Modelôs uncertainty 

CO2 Scenario's uncertainty 

Projected value 

Time 



Accuracy of estimated annual max. discharge 

Accuracy of 100 years return value (Jackknife method) 

Present 

Near future 

End of century 

Change in Annual 

maximum Discharge 

Normalized 

standard deviation 

of projection 

The larger the projected value is, the larger the standard deviation is. 

Near Future/Present 

End of the Century 

/Present 

With 25-years single time series 



Schematic of  

return valueôs uncertainty 

GEV AMS 

Obs. 

Model A 

Model B 

Model A 

Model B 

Obs. 

With 25-years single time series 

Konoshima and Nakakita (2010) 

Low uncertainty: 

   agriculture,  

   water resources 

 

Return value can 

be used as design 

level 

High uncertainty: 

   extreme events,  

   flood, land slide  

Return value can 

NOT be used as  

Design level 

 

Can RCM reduce  

the uncertainty  

and bias? 
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There is high uncertainty in 
projected design value 

ÅWe are almost sure that average of design value would 
increase. 

ÅHowever, projected increase in design value is merely rough 
estimation, 

Åbecause the worst case typhoon for a specific river basin 
may not be realized (computed) in a single projected time 
series. 

 

ÅTherefore, it is very important to estimate river discharge 
when worst case typhoon would pass through, even though 
we cannot estimate return period. 

 



Virtual Shifting of typhoonôs initial position 

- for making the worst scenario -  

Virtual Shifting of typhoons 
initial position by keeping 
potential vorticity same  

(a vorgas method) 

Dynamic downscale 
by RCM 

Worst  case impact assessment 
on  

ÅLand  extreme wind and rainfall 

ÅOcean storm surge and wave height 

NHM-5km 

AGCM20 

Ishikawa et al (2009) 



longitude  
at 34N  

maximum  
wind speed  

at Tokyo  
during TC event  

Dangerous for Tokyo  

Tracks between these thick 
curves cause the relatively 
stronger wind on the 
central Tokyo than outer 
tracks  

  2009 
  2010 



AGCM20 

¬worst trackº 
Central Tokyo  

  2009 



hourly precipitation  daily precipitation  
  2009 


