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Global mean surface warming
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Geographical Patterns

Temperature A1B: 2080-2099
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Japanese Climate Modeling Activities
for AR4 with the “Earth Simulator”
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High-resolution is NECESSARY for extremes
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High-resolution is NOT SUFFICIENT for extremes

GPCE 1DD

1 = e == .
60 - : o
i -~ -

S 5 T e N -
30 : 1 o g
< ! > Th A s

e e S L 99t %ile daily
0] VG U #4. | precipitation intensity

latitude
[}
T

'90 T | T T | T T | T T | T T | T T ‘ T T | T T | T T | T T | T T | T T
0 30 60 90 120 150 180 210 240 270 300 330 360

longitude

10 110

T106 CGCM (RHC=0.8)

T106 CGCM (RHC=0.0

w
o

I I
W 2]
o o

| |

|atitude
[ ]
I
T
latitude
(=]
I

w
o
!
T
'
[#+]
o
!

. 604

-60 __

'90 T | T | T | T | T | T T ‘ T T | T T | T T | T T | T T | T '90 T | T ‘ T | T | T | T T | T T | T T | T T ‘ T T | T T | T

0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 80 90 120 15(? 1$0d 210 240 270 300 330 360
ongitude

longitude
_ — o — Emori et al. (2005)

10 110




Which projection Is reliable?

a. Statistical Significance: The climate change
signal is distinguishable from natural
variability

b. Robustness or Inter-Model Consistency: The
change is robustly found in many different
models

c. Interpretability: The physical interpretation of
the change is clear and reasonable

d. Validity of Key Processes: The key processes
to the change Iis realistically represented In
the model and well validated against
observational data in current climate

Subjective(expert judgment) -> Objective
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Measuring skills of climate models

ex. for global precipitation pattern
(Nohara et al., 2006)

Table 2: Annual mean precipitation (MEAN, mm/day), root-mean-square difference
(RMS), and pattern correlation (R) for the individual model relative to GPCP.

Models MEAN RMS R Models MEAN RMS R
CNRM-CM3 3.45 1.62  0.697 | MIROC3.2(hires) 3.10 1.30  0.802
CSIRO-Mk3.0  2.65 1.27  0.761 || MIROC3.2{(medres) 2.83 1.16  0.815
GFDIL-CM2.1 3.03 1.32  0.797 | ECHAM5/MPI-OM  3.07 1.56  0.747
GISS-AOM 3.00 1.53  0.690 || MRI-CGCM2.3.2 2.69 1.10  0.851
GISS-EH 3.13 1.78  0.622 || NCAR-CCSM3 2.94 1.42 0.749
GISS-ER 3.10 1.73  0.673 | NCAR-PCM 3.25 1.99 0.552
INM-CM3.0 2.98 1.90  0.605 || UKMO-HadCM3 3.05 1.63  0.792
[PSL-CM4 2.75 1.43  0.762

GPCP 2.74




Measuring skills of climate models

Table 2:
(RMS), :

Models
CNRM
CSIRO
GFDL-
GISS-A
GISS-E
GISS-E
INM-C.
IPSL-C

ex. for global precipitation pattern
(Nohara et al., 2006)

2. Streamflow decreases
such that present water
demand could not be
satisfied after 2020, and
loss of salmon habitat

3. Groundwater recharge

decreases by more than
70% by the 20505

"~ [5. Electricity
production
potential at
hydropower

decreases |

than 25% by
the 2070s

§: Increase of
pathogen lpad due
to more heavy
precipilation [
events in areas
without good water
supply and
sanilation

infrastructure

’ -

4, Flooded area
for annual peak

increases by at
least 26% with a

increase of 2°C

1. Thickness of smiall
island freshwater lens
declines from 25 to 10
m due to 0,1 m sea

level rise by 2040-2080
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—  Figure TS.5. lllustrative map of future climate change impacts on freshwater which are a threal to the susfainable development of the affected
G P {:‘P regions. Background shows ensemble mean change of annual runoff, in percent, between the present (1981-2000) and 2081-2100 for the SRES
A1B emissions scenano; biue denotes increased runoff, red denotes decreased runoff. Underiying map from MNohara ef al. (2006) [F3.8].
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How to choose the metric?

Is RMS or pattern correlation a good
iIndicator of reliability of future projection?

-> not obvious

Key Uncertainties:

A proven set of model metrics comparing
simulations with observations, that might be
used to narrow the range of plausible climate

projections, has yet to be developed.
(IPCC AR4 TS)
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Runoff Changes from Various Models
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1St mode (47%)
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2"d mode (19%)
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Inter-model variation in the two modes
The 1st mode of AR
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Patterns of Present Climate Biases

regressed on the 15t mode
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Patterns of Present Climate Biases
regressed on the 2"4 mode
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Biases of models along the principal modes

2nd mode
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Biases of models along the principal modes

1st mode 2nd mode
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Constraining Uncertainty
The 1st mode of AR
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Summary

Climate change patterns projected by global
climate models are fairly robust for a semi-
continental scale, but not so for finer scales.

Higher-resolution models don’t necessarily give
more reliable projections.

Some subjective measures for reliability of
projections can be raised.

Observed data of current climate could be used for
constraining uncertainty, but the question is how to
choose a metric.

Statistical analysis could help find an appropriate
metric for a particular aspect of climate change
over a particular region.
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