Decadal Prediction: A First-Round

Masahide Kimoto
Atmosphere and Ocean Research Institute
The University of Tokyo
and T b ystem for

Team SPAM [ my [l
| (GRS

SN VIROC

KAKUSHIN




Temperature anomaly (°C)

Forced + Natural Climate Change

0.6

0.4+

0.2

Global air temperature
2008 anomaly +0.33°C
(10th warmest on record)

1860 1880

Annual PDO Inde»
o

-2

&
1960 1970 1980 1990

2000 20

10

BEORE SETHE

14.5
1960 1970 1980 1990 2000 20

10

)

BANORKE 1ET1fE

=)
&

=
S

©
&

LR (%

BARIB: 7 A RT—5

90+
1960 1970 1980 1990 2000 20

10

1900

T U T T U]
1940 1960 1980

T

T
1920 2000

Pacific Decadal Oscillation
(PDO)

Fractional uncertainty

Linear trend of surface temperatures
1901 - 2005 (° C Century?)

“IPCC (2007)

«20 A7

A4 -1 08 05 92 0 02 05 08 11 14 17 >20

Global, decadal mean surface air temperature
1

1 1 1 1
Hawkins and Sutton (2008)
0.8+ N
Boundary value
Initial-Boundary| | Problem
0.6 L
value Problem Total

o
e

0.2+

Model

Internal variability

Scenario |

40 60 80
Lead time [years from 2000]

Natural decadal climate variability

100



Decadal Prediction: Issues

Global Mean SST

| ssim

N

» Societal needs 18.5

» Regional details vs. Uncertainty
I.e., Resolution vs. Ensemble

« Near-term uncertainty: 175,
Natural variability
>> S.ocio-efzgnomic scenario . 5: FCST (ensemble mean)
- Mixed Initial-Boundary value problem Hoas T T T 5005
- (a new category of CMIP/IPCC exp)

* Initialization? How?

e Drift?

« Decadal predictability?
* Models good enough?
* Chemistry? Aerosols?

 Volcanoes?

Meehl et al. (2009; BAMS), Hurrel et al. (2009; BAMS), 0 . , [
Murphy et al. (2009; WCC3), Vera et al. (2009; WCC3) 0 20 40 60 80 100

Lead time [years from 2000]

Year
Global, decadal mean surface air temperature

Hawkins and Sutton (2008)

o
™

Boundary value | |
Problem

1{Initial-Boundary Total
value Problem

o
o

o
e

Scenario |

Fractional uncertainty

Model |

0.2+




Decadal Prediction: Initialization?
Nudging SST data to AOGCM

Assimilate subsurface ocean temp/salinity to
AOGCM (“nudging”, 3ADVAR etc.)

Drive OGCM by atmospheric reanalysis - 2.

Fully coupled data assimilation (4DVAR (Awaji
et al), EnKF, etC) (A) Glc->b_ol_ average s.urche.terrl\pefotu.re _ l .
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Preventing cllmate drlft

- Anomalies of ocean T/S |
are assimilated into
coupled model

* Nudgihg —, |AU

- Weak assimilation %4 {-mem. ASSM run & LAF |
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Anomaly progression by initial ENSO type: CT El Nino growing

SST ACC
(11 cases)
Predicted
SSTA MIRQC’s CT El Nino has a bias of
composite ) too strong advection feedback
— (westward shift, close to WP)
o 'y
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composite 1 ' —
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CMIP5 Experimental Design

“‘Near-Term”
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CMIP5 multimodel ensemble

FCST yr 2-5 FCST yr 6-9

ACCinit

ACCinit g
- ACCnoinit[s7+

RMSSinit &

RMSEinit /
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Doblas-Reyes et al. (2012)



Global mean surface air temperature (SAT)
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Subsurface memory
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I\/I|dlat|tude predictability of PD\/Sug.waeta. (2009

avercged Predictable Component
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Origin of Pacific

Decadal
Variability?
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Decadal Prediction Experlments by MIROC

Chikamoto et al. (2012a, b), Mochizuki et al. (2012)
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What happened around 1995

/T C regime shift
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System for

=1 ==% Climate shift in mid-1990s
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Mid- 19903 Shift over the N Atlantic

OHC 0-275m

c. 1991-1995

L+
. i .
' i) &
- i‘l'.' rj g_ o
o b i -
} Ty
"

20°M i, V¥ —_—

d. 1996-2000
BO"M =

X

B 3

» A o
I o s | °

BO°N 4 T ¥ i

oy ER

_ {

I

4N 4T

20°N ot

90"W  B0"W  30°W

oW

[
-8 15 12 09 06 03 0 03 06 09 12

15 18

Sv

1995

OHC_SPG

\J-"‘“"""\-t'"_\

~\ Robson (2010)
Yeager et al. (2012)

Robson et al. (2012)

OHC_STG

T

71¢ |OHC_SPG-STG AR |
: \f\,\/
1 d |SST_SPG ._ ~ |

AMOC and S

NAO_DJFM

Fig from

1960

L B I B N IR
1965 1970 1975

1980

1985

1990

1995

2000 zeosl zoml IzmsYeager et al. (2012)



0.40

0.20

0.00

-0.20

A A

llllllllllilllllLllIIllIIllllIIl’lIlllllllllIIllilllllllllllllll

l | 1 | I 1 | | I |

AMO index

LB 1 I T

AHCST. R= 0.84, RMSE 0.07/

e change
& prcp (5 year mean

lllllflll]‘IIIIIVUIITTIIIIIIIIIl lllllYlll1l'lllYlllllllll‘lllll

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

<

0.60

-0.30

llllllllll lllll'lllllllllllllll’lllllllllllllll’lllllllllllllll

N Y

SSTA in the Paclflc

-
- — - D wees yu-__
= ,\’_\.l:(_,ibv‘. -
- 74 <;f;,\"/y; :
-y Oy m Pl
—_ I . ’f ./‘_\:Q ) |
— 2 - »
) LG S S x|
\ 2 S h SIS >SS Y I
M (,\/ [EZ205>4 ’?Q - 0 |
. —_——n\T -5 T . £y
%Qg' - =<0 ‘:-4;:‘-—:—;/ Voo &2 - L
S § NGO =0, s
ST A I N Ll
A Q% 0\\'3 L §
e )V < .
N o -
o
S sos
. ’ € i .
e Y. -1 W sl V50

T T I T T l T

oA_ R=0.65, RMSE=0.15
HCST R=0.80. RMSE=0.12

T

1

_—

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

lllllflll] YllllflllTTflIltTllll I|I1ITIIITFIIII lllll'lll‘l[lll

90E 120E 150E

180 150W 120W 90W  60W  30W
—T T I I | I — —
09 -06 -03 0 03 06 0.9

— OBS
NOAS
— HCST




30N

60N

30N

30S
60S

Divergent wind ano

1996 00

30E 60E 90E 120E150E 180150WIZOW90W 60W 30W 0
s ]

9 112

129-6 038

Strength
cir

0.5

0.0

S
2]

.
—_
o

(-l I o A Y | l 24 |

L] L | 1 l 1] 1 ]

] L ] 1 l 1 1 1 L

] | I L]

1] T L 1

1990

1995
30E 60E S0E 120E150E 180 150W120W90W 60W 30W 0
(= S T jo—— ]

1 =N
-i2 9 6 3 0 3 8 9 12




Temporal variation in the tropical
precipitation anomalies

Annual rainfall anomalies from the 1991-95 meag
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Each member in MIROCs
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Temporal variation of
precipitation in MIROC members

Annual rainfall anomalies from the 1991-95 meag
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CMIPS experiment

Resolution (Atm., Ocn.) Number of ens.
TL127 L3

CNRM-CM5
CanCM4
HadCM3
IPSL-CM5A-LR
MIROC4h
MIROCS5
MPI-ESM-LR
MRI-CGCM3

1. A model drift is calculated by averaging the difference between the
observation and the ensemble mean of prediction in each model.

2. Anomalies are defined as departure from the observed 1971-2000 mean
after removing the model drift in each model.



CMIPS5 results

Climate change from 1991/95 to 2000/04
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Each member in CMIP5

Good members (x10)
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Tropical Atlantic dipolar mode

Regression map on the CESG index

(a) Observation

(b) Assimilation
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Impact of historical XBT bias correction

Yasunaka et al. JC, in press
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Impact of 2010 “Pinatubo” eruptlon
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Real-time Forecast for 2011

(a) CCCMA (b) IC3/KNM (c) MIROCS




(b) Lower wnh0h7od (c) Upper initialized

Real- tlme Forecast for 2012-16
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B System for
% Prediction and
- Assimilation by
§ MIROC
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 Reanalysis/reforecast of historical climate data using a state-of-
the art coupled ocean-atmosphere climate model

© A 100yr-long, 3D reconstruction of atmosphere and oceans )
© Promote studies of natural decadal variability

© Assessments of anomalous/extreme weather and their predictability

© Increased credibility of climate predictions, contributing to.impact
assessments

© The analysis;system can serve as a research platform




The 20th Century Reanalysis Project

500 mb Geopotential Height 20 December 2001 00Z

NCEP-NCAR Reanalysis EnsFilt 1895 Experiment
(using all availitie  observations at all levels) (using 309 surface pressure obs)

B

RMSE=49.2m

Compo et al. (2006, 2011)



