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Prediction and Evaluation of Disaster Environment in Japan
(Kakushin and Sosei Programs)
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Minimum Target of DPRI

Precipitation (Asian-Monsoon Region)

River Discharge; Japanese major river basins (with fine R
resolution), all Japanese River basins (with medium resolution)
Soil Production, Landslide and Debris Flow; Mainly Western
Japan y

Inundation; Some Major Cities

Damage by Strong Wind; Whole Japanese Archipelago
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Climate Change Projection Data
(Present, Near Future, Future)

1.  Single MRI-GCM Model
(MRI-AGCM3.2S 20km)

2. Single MRI-GCM Model
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MRI-ARCM 5km
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Structure of the GeoHydrological Modeling System (Regional Scale)
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Target Area of Western Part of Japan
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Uncertainty inherent to GCM Projection

1.  Uncertainty in Model Parameterization (Random Uncertainty).~Single GCM
Model Ensembie

2. GCM Model’s Uncertainty: Multi GCM Model Ensemble
3. Uncertainty in CO2 Release Scenarios: Scenario-based Ensemble

— . Japanese GCMs are using most likelihood A1B scenario (very rapid
economic growth, low population growth, rapid introduction of new and
more efficient technologies)

Multi GCM Model Ensemble
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AGCM3.s 20km, Bias-Corrected (Adjusted) AGCM3.s 20km, and Observed Data under
PRESENT Climate Condition

Bias-Corrected (Adjusted) AGCM3.s 20km (daily-based) developed by ICHARM
group team (Inomata et al.,~2011): Hybrid Quantile Method

AGCM3.s 20km without Bias Correction Method
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For the present climate condition: Bias correction method improved significantly
the rainfall performance of AGCM3.s 20km; and the performance of bias-corrected
AGCM3.s 20km could be represented by RCM 5km-based rainfall product without

a bias correction method

» SPA = Present Climate (1979-2003)



Climate Change in Western Japan
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Using AGCM 3.2 20km
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For PRESENT Climate Period

Observed and AGCMs Precipitation Data Comparison
Monthly Averaged Precipitation (1979-2003)
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MRI-AGCM 20 km and MRI-ARCM 5km Comparison at a Simulated Typhoon Event

(September 10-19, 1988)
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Annual Max. Daily Precip.(mm/day)

Extreme Precipitation Change in Western Japan

Present and Projected Annual Maximum Daily Precipitation from Each Grid
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Projected Future Changes in Mean Monthly Streamflow Discharge and Soil Detachment
(2075-2099) Compared to the Present Condition (1979-2004)

Total Runoff (Streamflow)
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(March-October,
in /animation)

Future — Present

X 100.
Present

Rainfall, overlandflow, landuse, topography, and soil type
control the soil detachment rate

The degree of changes differs according to location
and time

No consistent changes for the west japan, mostly
increases (i.e., April, May. August, Oct)

Hillslopes Soil Detachment




Projected Future Changes in Mean Monthly Streamflow Discharge
and Shallow Landslide Occurring Probability (2075-2099)
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Land-use Change Scenario in the Chikugo
River basin

Land-use in 1976

Z
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No Change-case Scenario
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Three Land-use
Projection
Scenarios
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|_and-use in 2006 + Land-use Plan

.

Worst-case “Rapid
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Land-use Projection Scenarios: -Land-use Area in Percentage (%0) -

Conservation-Case Scenario No Change-Case Scenario Rapid development-Case Scenario
(LU 1) (LU 2) (LU 3)
1.9 0.3,0.0 1.7 .02 3.4.0.2

3.1

= Paddy field
Farmland

® Forest

m Wasteland

m Urban
Other land

m Golf

2.6
1.5

.9 ' Chikugo River basin

Senoshita Gauging
Station
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Return Periods of Maximum Daily Rainfall at the Chikugo River basin
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Rainfall Frequency Analysis:

24-h max. rainfall/
year/GCM data/period

=

Freqguency Analysis (conv.
method), L-moment Method

=

Design Rainfall Depth for Different Return
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Scenario-Based Simulations for Conversion of Rainfall Intensity, Duration, Frequency (IDF) into hydrographs

Present Condition

1. Climate Change (A)
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An Example Result of Design Extreme Runoff (Flood) for 30-Year Return Period
at Senoshita Station Using RCM 5km and Land-use Scenario 2 & 3

Climate Change Scenario Land-use Change Scenario Climate & Land-use Change Scenario
A B
16000 (A 16000 ®) 16000 ©)
— LU 2 + Present RCM 5km S L4000 | T LU2+Present RCM5km | 000 LU 2 + Present RCM Skm
14000 - & —— LU 3 + Future RCM 5km
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Time (hour) Time (hour) Time (hour)

= Present Condition
= Future Condition
LU 2 = No Change-case Land-use Scenario (Land-use 2006) S O US E I

LU 3 = Worst-case “Rapid Development” Land-use Scenario




An Example Result of Projected Change in the Magnitude of Peak Runoff (Flood) for Different
Return Periods at Senoshita Station Using RCM 5km and Land-use Scenario 3

80% - ! f

70% - : i There is‘a tendeny that the relative
60% - ' ! changes due to climate change
50% - ! ! (using RCM 5km) is higher than
40% - E ! land-use change, particularly in
30% - . . respanse to the longer return
AN | | periods

10% -

0% +--- — ' :

Combination of climate change
and the local effect of landuse
change under “rapid
development” scenario (L.U3)
shows higher increase in the
magnitude of peak ‘runoff in
compare to the individual
scenarios

)

Combination Scenario (1+2)

2

Combination Scenario (1+2)

@

Combination Scenario (1+2)

Projected Changes in Peak Streamflow Discharge (%)

Landuse Change Scenario; LU3 (1)

Landuse Change Scenario; LU3 (1)
Climate Change Scenario; RCM 5km
Landuse Change Scenario; LU3 (1)
Climate Change Scenario; RCM 5km
Climate Change Scenario; RCM 5km
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LU 3 = Worst-case “Rapid Development” Land-use Scenario




Plots of Runoff Discharge (at Senoshita St.) Simulated Under:
Land-use Change Scenario (LU 3) Vs Climate Change Scenario (ARCM 5km)
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SUMMARY (1)

The future changes on precipitation and river basins
hydrological responses would have _direct. & indirect
Impacts on soil productions and, shallow landslide.
Hotspots of significant changes differ_according to the
time and location. Kochi, | Tokushima, Miyazaki,
Kumamoto, Hiroshima, Yamaguchi, Ehime, Shimane
and Okajama Prefectures are expected to be hotspots.

Regional atmospheric model of ARCM 5-km_simulates
more frequent,local heavy rainfall over the region/basin
In compare to others AGCMs 20-km..The changes of
rainfall abnormality in various recurrence, intervals were
detected more clearly than as/ changes in the mean

climate, such as monthly rainfall
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SUMMARY (2)

Expected future-changes in variability of rainfall and land-
use have .important implication on~the ‘timing and
magnitude of extreme runoff events: For the shorter-term
recurrence intervals such as 30-years, the influence of
“‘development” land-use catagory-on projected changes
in the magnitude of peak discharge is relatively higher
than climate change, and for longer-term extremes are
more likely to be affected by climate change than land-
use change.

Compared with individual scenarios, the combination of
climate change scenario and the local“effect of landuse
change under development scenario shows higher
Increase in the magnitude of runoff extremes.
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