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IPCC AR4 to ARD:
Research needs and issues to be addressed

€ Better simulation of physical and biogeochemical
processes sufficiently reflecting feedbacks
= Advancing climate modzling and projeciion

€ Addressing uncertainties in climate model projection
— Quaniification and reduciion of unceriainty

€ Impact assessment on natural disasters by extreme
events through sufficiently high resolution projection
) Application of regional projeciion to naiural
disasters



Innovative Program of Program structure
Climate Change

Advancing Comprehensive

PrOjeCtion for the 218‘: Climate Modeling 5 Impact Assessment
> Projects by Ministry
Ce ntu l'y and of Environment
Projecti (MOE)
(KAKUSHIN Program) Iejeeran
FY2007-FY2011 \ose ““ Impact assessment
on natural disasters

. Quantification and
/4 Reduction of Uncertainty

KAKUSHIN Participating groups and their studies

€ Long-term global environmental projection

with an earth system model
— Frontier Research Center for Global Change (FRCGC) et al.

€ Near-term climate prediction
with a high-resolution coupled ocean-atmosphere GCM
- Center for Climate System Research (CCSR) of the University of Tokyo et al.

€ Projection of changes in extremes in the future
with super-high-resolution atmospheric models
- Meteorological Research Institute (MRI) et al.

http://www.kakushin21 . jp/eng/index.html
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Using Super-High-Resolution Atmospheric Models  «axusuin
in the KAKUSHIN Program

Akio Kitoh (MRI/IMA), Shoji Kusunoki (MRI/IMA), Elichi Nakakita (DPRI/Kvoto-Univ.),
Kunivoshi Takeuchi (ICHARM/PWRI)
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KAKUSHIN Team 3
Projection of the change in future weather extremes

using super-high resolution atmospheric models

A. Projection 35 B. Uncertainty
Extreme event projection with = = | Evaluation and reduction of
very-high resolution 52 | uncertainty in global warming
atmospheric models — projection
\" B lo O e_search Institute (MRI) Meteorological Re_search Institute (MRI)
Jupun wi€icuruiugical Agency (JMA) Japan Meteorological Agency (JMA)

Japan Agency for Marine-Earth Science
and Technology (JAMSTEC)

uncertainty
information
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C. Risk assessment

= Assessment of climate-change impacts on river planning
National Institute for Land and Infrastructure Management (NILIM)

- Prediction and evaluation of disaster environment
thit IS =31l e-\ 25 F 32 h. 1| e (DPRI), Kyoto-UnlverS|ty
= Assessment ot climate-change impacts on flood risk

and ite reduction measures on global and local scales

&5 ational Centre for Water Hazard and Risk Management (ICHARM),
Public Works Research Institute (PWRI)



Needs for high resolution models for
adaptation studies

TLO95 (190km)

- representation of topography ,
depends on resolution (land-sea " "
distribution, mountain height, snow-
rain threshold, ..)

* low resolution models often fail to =" "~ |

reproduce precipitation systems such [V i
as tropical cyclones, stationary {;gﬁ
front systems and blocking |

* high resolution models have better
mean climate




JMA Numerical Analysis and Prediction System

Global Spectral Model MesoScale Model
T,959L60 ( ~20km ) 5km Non-hydrostatic model

Typhoon Ensemble T 319160 ( ~60km ) 11members
One-Week Ensemble T 319L60 ( ~60km ) 51members




20-km mesh AGCM as the highest resolution climate model
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Time-slice experiments: 20km/60km
- JMA : Operational global NWP model from Nov 2007

* MRI : Next generation climate model

* Resolution: TL959(20km)/TL319(60km) with 60 layers
- Time integration: Semi-Lagrangian Scheme (Yoshimura, 2004)
- Cumulus convection: Prognostic Arakawa-Schubert

+ Three time periods

- Present (1979-2003), Near future (2015-2039), Future (2075-2099)

How to prescribe future SSTs
linear trend
/ in CGCMs
CGCMs

observed SST for A SRES AlB /

o experiments
AMIP (1979-2003) |/~ (2000-2100) AT
CGCMs C20C ™

N

experiments

» »

(-2000) - "
1979 2003 2075 2099
. = —
present-day climate future climate
future change linear trend in CGCMs  detrended observed pfdé
in CGCMs (2075-2099) SST (1979-2003)
AT + + AANNSY =
([2075-2099]-
[1979-2003])

Use CMIP3 multi-model SST changes (i.e. El Nino like)

For 60-km model, ensemble runs
* Four different SST anomalies
- Three I.C. ensembles each

o (b) CSIRC SST




ASDII (simple daily precipitation intensity)

60-km model ensemble 20-km model
(a) SDIl N—P 60km ENS (b) SDIl ANN N—P 20km
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ARS5d (greatest 5-day total precipitation)

60-km model ensemble 20-km model
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Typhoon Genesis Number

{a] Interannual Variability of TC Genesis Number
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(b) Seasonal Variability of TC Genesis Number
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Murakami et al. (2010 in press) J Climate




TC occurrence

(a) PD (1979—2003 JASO) ; (c) PD (19792003 JASO
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AGCM-60km

1872-2099 run
3 members

analysis is done based on one
member in the following figures



Boundary condition and Forcings

Period 1872-2000 2001-2005 |2006-2099
SST HadlSST HadISST+CMIP3 Multi-
Sea ice model ensemble, A1B
See ice Observed climatology CMIP3 Multi-model
thickness Bourke and Garrett (1987) ensemble, A1B
Greenhouse |CO2,CH4,N20,CFC | CO2,CH4,N20,CFC
Gas Observation A1B
Aerosol MRI-ESM, 5-year, A1B

- Volcanic eruption: Oct 1986 - Present

- Before1970: 1969-1973 average

- After 2097: 2092-2096 average
Ozone O3 MRI-CCM CCMVal , 5-year, A1B

- Before1960: 1959-1963 average

Consistent with 20-km model time-slice experiment for global warming projection
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HCA

Surface air
temperature

Precipitation
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60km
HCA

TC frequency
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55 year observed precipitation in Japan
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5-yr running Japan has two rainy season: one in June-July (Baiu) and
mean the other in September (Autumn rain)

APHRO



Japan 60km

Pentad 30-year mean precipitation

precip Japan land

Increase in August
rain makes a long
summer rainy season

2000 delay of

withdrawal

1900




Further downscaling



Kakushin Team-Extremes Time-Slice Experiments

CMIP3 AOGCMs

::) Time slice
experiments

one-way nested NHM

Prediction of regional climate by

20km,60km AGCM

Regional Climate Model

_NHM2/lkm

i
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S L o o |
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| Nested in the
anected SST APCM20km NHM5km

AGCM/NHM are climate model versions
of the JMA operational NWP models




cumulative relative frequency

Changes in pdf/cdf of precipitation (Jun-Oct)

pdf/cdf of dally preC|p|tat|on (aII Japan)
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Near-future: No change in daily precipitation
Increase of strong hourly precipitation
->increase of short-term strong rain

daily  40% increase for > 150mm/day
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July Precipitation Characteristics: precip=wet days+SDI|
RCM-5km
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We find that RCM-5km is appllcable
for projections of future changes in
daily precipitation, while RCM-2km
for hourly precipitation
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Summary

Global 20-km and 60-km mesh AGCMs are used
to project future changes in weather extremes

Over South Asia, both the heavy precipitation and
the length of dry season will increase at the end
of the 21st century

5-km & 2-km mesh NHRCM is used to downscale
the 20-km AGCM results

Strong hourly precipitation will increase even in
the near future

AGCM-20km data will be submitted to CMIP5



