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Downscaling of MRI-GCM/CMIP5 for impact 

assessment of natural disaster  

i-a: Metrological Disasters (Takemi, Kyoto U) 

Dynamic downscaling and 

perturbation of tracks of 

historical typhoon to estimate 

worst class typhoon for natural 

disasters 

Downscaling of GCM 

for river discharge, 

storm surge, waves 

land side to evaluate 

regional scale impact 

Statistical downscaling of 

typhoon 

+ 95％ cofidence 
+ 90％ conf 
No change 

Participation by 

RCM 
Projection of 

heavy rain falls 

Pseudo-

experiments for 

Ise Bay 

Typhoon 



DDS by team i-a / Bias correction, Statistical downscaling 

Developing river discharge model 
including natural processes and dam 

operation. 
Considering uncertainty of projection 

Flooding Developing model of river flooding for major plains 
(Kanto, Osaka, Nagoya) 

Sediment transport/Land slide 
developing model to project 

sediment behavior over river basin 
scale. Making precipitation map 

with hourly time scale 

i-d Economic imapct 

i-c Storm surge 

i-b: River Disasters (Tachikawa, Kyoto U) 



i-c: Coastal Disasters (Mori, Kyoto U) 

Socio-Economic Impact 

LCC Economic Loss 

Impact Assessment 
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Projection of design value 
• How much change? 
• Where is severe location? 
• When does it become severe? 
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(Return  
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Projection of design value 
• How much change? 
• Where is severe location? 
• When does it become severe? 

Uncertainty of projection 

(Probability) 

Survivability Critical, Edge of Survivability (The worst case)   



Lesson from 2011 Tohoku Earthquake Tsunami 



Key issues in SOUSEI-D 

 Generating PDF of extreme values with 
higher accuracy 
 PPE/SST ensemble to estimate uncertainty 

 Use of regional scale model (RCM) to reduce 
local biases 

 Proposing adaptation and mitigation 
philosophy 
 Projection of probabilistic risk  

 Estimation of worst class cases 

 Impact assessment, adaptation and mitigation 
strategy 



Climate Change Impacts on 
Typhoon and Related Disasters 



Allowance Height of Coastal Flood 
Protection (RCP4.5) 

IPCC-AR5 Ch.5 Figure 5-2 



IPCC-AR5 WGII Chapter 5 
Storm Surge 
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Table 5-1 
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Direct use of 

GCM/RCM output 

Dynamic model 
Historical hindcast 

Pseudo warming exp. 

Perturbed track ensemble 

Statistical  model 
Weather generator 

Stochastic model 

• Intensity of hazards 

• Socio-economic 

impact 

Worst case 

• 20-100 years return 

period 

• Uncertainty 

• Risk assessment 

Probability  

Impact Assessment  
of TC related Natural Disasters 



Pseudo Global Warming 
(PGW) Experiments  

for Natural Disasters 

Impact Assessment of 

TC Related Natural 

Disasters 



Target Event 

Impact assessment of TC related 
disasters by PGW experiments 

 Advantage 
 Response of future 
condition to hazard 

 Increase number of event 
with perturbation 

 MME 
 Dynamically correct 

 Disadvantage 
 Scenario base 
 Arbitrary setup of future 
climate codition 

 Unknown occurrence 
probability 

Future Climate Condition 

Impact Assessment 
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TC Bogus with Potential Vorticity Inversion 
for TC Track Perturbation 

U, T, p, ... U, T, p, ... 

PV PV 

PV 

calculation 

PV 

inversion 
Davis and Emanuel 

(1991) 

JRA-55/GCM WRF 

PV shift 

initial 

condition lateral boundary 



PGW Exp + TC Track Perturbation 
Isewan Typhoon/Vera (1959) 
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Control run pseudo-global warming experiment 

Oku et al., 2013 



Results: Rainfall & Discharges 
 

Route120 

Route125 

Historical Run Pseudo-Case  

The typhoon route 
brought largest peak 
rover discharges are 
slightly different, while 
the spatial rainfall 
patterns are similar. 

(Sato et. al.） 

Precipi 

Peak Q 
Precipi 

Peak Q 



Impact Assessment of 
Inundation Depth 

PGW+1959 Infra PGW+2009 Infra 



Storm Surge: Future Change 
TC Vera (1959) 

Shibutani et. al. 

Historic Case Pseudo-Case 

Complex Inundation  

  → Inundated by Storm Surge + River Flood 
 

However, the worst case of inundation is based on different reason 

  Storm Surge：Center pressure and max wind speed of typhoon 

  River Flood：Total rainfall amount and its spatial distribution 

Worst in Pseudo-Case 
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Risk Curve 

Loss  
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= House + 

    Industrial + 

     Agricultural + 

      etc. 

Tatano and Hatayama 

Historical Run Pseudo-Case Worst in Pseudo-Case 

Analysis of Economic Loss 
Direct an Indirect 



Worst-case Scenarios 

 Worst-case scenarios for natural disaster 
assessments:  
 water-related disasters, coastal disasters, wind 
disasters, eco-system disasters 

 Not the sole worst case, but multiple worst 
scenarios 
 Normally typhoons become a meteorological hazard in 
a certain aspect: heavy rainfalls or high winds 

 However typhoons cause multiple hazards 
simultaneously 
 Eg. River and coastal flooding + extreme winds + extreme waves 

 Worst-case disasters can be assessed as a 
scenario based dynamical modeling. 



Direct Use of GCM Output  
for Natural Disasters 

Impact Assessment of 

TC Related Natural 

Disasters 



Future projection of river discharge 
Change of annual mean discharge 

Ratio of annual mean discharge for the near future climate to the present climate (left) 

and the future climate to the present climate (right) 

Tachikawa et al. (2013) 



D-i-c 
沿岸災害 

Future Change of Extreme Storm Surge 
MRI-AGCM3.2S   

RCM5km 
 

GCM20kｍ 
 

unit:[m] 

Yasuda et al. (2014) Coastal Engineering 



[%pt.] 

Future changes in the TC tracks 



• AOGCM 
• GHG 

Scenario 
• AGCM 

• SST 

GCM 

RCM 

Impact Assessment of TC Related 
Disasters by GCM Output 

 Advantage 
 Seamless 
 Climatologically possible 
events 

 Understanding global/macro 
behavior 

 Disadvantage 
 Too sensitive to track 
 Large bias 

 Intensity 

 Tracks 

 Strong model dependence 
 Insufficient number of 
events 

  

  
Impact Assessment 



Statistical Modeling 
for Natural Disasters 

Impact Assessment of 

TC Related Natural 

Disasters 



Stochastic Tropical Cyclone Model (STM) 
Random walk model for TC 

Nakajo, Mori, Yasuda and Mase (2014) 
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IBTrACS 

Model 

Only 5000 samples are shown in the figure 



Validation of STM: mean Pmin 



Future Change of Cyclogenesis Number 

3.1H 

SST and PPE Ensemble Experiments 
MRI-AGCM-3.1H 

Mori et al. (2013) 



Future Change of Cyclogenesis Number 

3.1H 

SST and PPE Ensemble Experiments 
MRI-AGCM-3.1H 

Mori et al. (2013) 



Assumed Future TC properties 
CMIP3+MRI-AGCMs for CMIP5  

 Cyclogenesis number 
 Total number will be decreased from 112/year to 101/year. 

 Cyclogenesis, developing and cyclolysis area 
 TC locations will be shifted to center of basins. 

 Longitudinal shift is larger than latitudinal one. 

 Central pressure 
 Mean: Monotonically decreases to polar direction. 

 Std.: Not changed 

 Others(Moving direction and moving speed) 
 Mean and std.: Not changed 
Proposed Future TC locations 
TC-A1B-L  (Dlongitude-s,  Dlatitude-s) 

TC-A1B-M: (Dlongitude,  Dlatitude) 

TC-A1B-H  (Dlongitude+s,  Dlatitude+s) 

Mori (2012) In Cyclones Formation, Triggers and Control 



Future change of maximum typhoon MCP  
in 100 years return period  (A1B-M) 

case: AF-TC-M, unit: hPa 



Statistical modeling of storm surge 

Stochastic Tropical Cyclone Model 

Long-term artificially 
generated data 

• Track, Intensity and 
number 

Neural Network 

Estimation of maximum 
surge from STM (Track, 
Intensity and number) 

Probability 

Estimation of 50-100 
years return period  

Estimation of return 
period of the worst 
case 
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Summary 
Impact Assessment of TC Related Disaster 

 Use of GCM 
 First choice 
 CMIP5 is still limited for TC study 
 Number of events is insufficient for regional assessment 

 Downscaling 
 Pseudo global warming experiments (scenario based) is 
good to know the response 

 Perturbed downscaling is useful for impact assessment, 
specially for the worst case scenario 

 Statistical model 
 Stochastic TC model can increase number of events 
 Useful for probabilistic modeling of storm surge  

 Collaborations 
 Taiwan TCCIP, Thailand,  UK SuperGEN, Korea KEI, Spain 
 

  
 
 



THE END 

email: mori@oceanwave.jp 
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Measuring socio-economic impacts of climate 

change and effectiveness of adaptation strategies 

 (Tatano, KyotoU) 

1. Developing integrated water hazard risk assessment 

2. Socio-economic impact of inundation 

3. Cost-benefit of adaptation 
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i-e. Development of risk assessment and adaptation 
strategies for water-related disaster in Asia 

 (Yasuda, ICHARM) 
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 特徴の異なる特定脆弱地域での影響評価 

河川名      属性                 流域面積  流域内人口  

パンパンガ   島嶼，火山，台風あり             1.1万km2        580万 

メコン       大陸，モンスーン，ダム計画      80万km2      6000万 

ソロ        島嶼，火山，台風なし             1.6万km2      1700万 

チャオプラヤ     大陸, モンスーン，既存ダム      16万km2      2800万       

インダス           大陸，半乾燥，雪氷              117万km2     23700万 



Ultimate Goal 

Kakushin(2007-2011) 

Post Sousei 

Situation of output from  

Climate models 

Sousei (2012-2016) 

For adaptation decision making 

Deterministic, Probabilistic and Beyond 

Topics: 

Natural hazard, Water Resources  

and Ecosystem and Eco-service 

We have been harvesting  mutual  

understanding and respect among   

Japanese civil engineers,  

meteorologists and climatologists   

under the Kakushin Program, by  

hot discussions. (2007-2011).                         Sousei Program  (post Kakushin) is the 

stage to take impact assessment as 

issue of the first priority under the 

mutual understanding among 

Japanese researchers. 

Sousei Program (2012-2017) 
 


