TCC Training Seminar Tokyo, 1-4 Dec. 2009
Training Seminar on Climate Analysis using Re-analysis Data

Global Warming Trend
and Decadal Variability

Norihisa FUJIKAWA
Climate Prediction Division,
Japan Meteorological Agency




Contents

= |ntroduction

= Global Warming Trend

= Decadal VVariability

= Trend and Decadal Variability since 1979

= Trend and Decadal Variability in the
Tropical Ocean

Tokyo, 1-4 Dec. 2009 TCC Training Seminar on Climate
Analysis using Re-analysis Data



Introduction

Tokyo, 1-4 Dec. 2009 TCC Training Seminar on Climate
Analysis using Re-analysis Data



Climate Variation and History of LRF in Japan

“Northern Japan is located at the northern
limit of paddy”
Relationship between

temperature and sterile rate
of paddy “Mutsuhomare”

Interannual variation of July
temperature at Miyako in

(€©) Northern Japan
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Climate Variation and History of LRF in Japan

Interannual variation of July Interannual variation of
c temperature at Miyako in DJF mean temperature
©) Northern Japan g?) at Tokyo
24

I N WA
_HMIMI
g

22

IRV YUY IR
I’llMMWIMIxIMMMM

201 LV
W

ll . A ....AI

v 1t l 1 ‘
- = = = = = = N = = = = = N
gl 2 B B B 5 8 B B B ®§ g 8
(@) (@) (@) (@) (@) (@) (@) (@) (@) (@) (@) (@) (@)

Active research for cold summer
Restart of LRF (1953)
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Global Warming Trend
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Global annual ranked HadCRUT3

1890-2007
18970-1988
1860-198685
1830-1948
1810-1928
1890-1908
1850-1888

( UK Met Office)
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Median in 2010

estimated by a : |
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Increasing warming trend o decadal varability: 2

obal Mean lemperature
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Different trends in different perieas

-~ Annual mean temperature trend
= from 1901 to 2005 (IPCC)
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Different trends 1n different . seasons over the worid

Trend
~ 1979 to 2005 :
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°C Hier decaide Seasonal mean temperature

trend from 1979 to 2005 (IPCC)
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Annual precipitation trend

Trend in Annual PRCP, 1901 to 2005 _ Annua| precipi’[ation trend
i e o from 1901 to 2005 (IPCC)
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Global Annual Land Precipitation Anomalies
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Trend in Annual PRCP, 1979 to 2005

—) __._ Annual precipitation trend
o “* from 1979 to 2005 (IPCC)
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Mediterranean Basin (559 mm)

Northern Europe (748 mm)

Eastern North America (1163 mm)

0
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Decadal Variability
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Red line : trend
Blue line : 5-years running mean

Annual mean temperature
anomalies over the world
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Western Japan has not

experienced any cold springs
Below | Normal since 10 years ago.
0% 20% (Base period for normal is 1971

to 2000)
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Decadal Variability in Temperature over the World

Global affect in surface
temperature by Pacific
Decadal Oscillation
mode
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Global affect in temperature
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(Chen et al., 2007)
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Trend and Decadal
Variability since 1979
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Globhal warming trend in' JRAVJCDAS

Seasonal mean temperature
trend from 1979 to 2005 (IPCC)
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Seasonal mean surface = -,
temperature trend from : :
1979 to 2008 in JRA/JCDAS 80 120W
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Last 30-year
2l (1979-2008)
SSiFtrendin
DI

1980 1885 1980 1995 2000 2005 2010

decreasing
trend in the
equatorial Pacific
IS not significant !

S;gnlflcance test with 95% confldence level
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Last 80=year (1979-2008) SSHi trend in' DIk

Is the trend in the
North Pacific related
to Pacific Decadal
Oscillation (PDO) ?
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Q | It’s possible, but the

b5 A - Mpattern is somewhat

different.

Time sequence of PDO index
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Last 80=year (1979-2008) SSHi trend in' DIk

Is the trend in the North
Atlantic related to Atlantic
Multi-decadal Oscillation
(AMO) ?

It seems to be the signal of
AMO.

Time sequence of AMO index
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Western Africa (1880 mm)
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Last 80=year (1979-2008) SSHi trend in' DIk

Is the trend In the
Indian Ocean related
to any decadal
Oscillation ?

It seems to be a global
warming trend.
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Last 30— ear, 1979 20)0)8 OLR trend n DIk

» Active convection trend
over the warm pool

SON 1
40N -

i region.

20N 1

10N 1 |

EQ * OLR trend pattern is
e similar to the composite

“sISignificance 'n LaNina
wsitest of OLR | -

603

« Asian winter monsoon
has a strengthening
trend in last 30 years.

ON 1
BON -
SOM 4”7
10N 1
ON 1
0N
10N 1
EQ -
1054 _
205 4
JOS 1
405

sos [OLR trend

ﬁﬂ3 1 T T T b
180 12DW BOW i GOE 120E 180

. . | | | | _
el = — — 4 —_— 4 = = R
Tokyo, 1-4 Dec. 2009 TCC Training Seminar on Climate

Analysis using Re-analysis Data



* No trend over the warm
pool region.
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 Dominant anti-cyclonic

. - trend in the north Pacific
0925hPa stream function AR
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[Last 30-year (1979 2008) Zo00 trendiin' DIk

CPD / .JH

» Active convection trend
over the warm pool.

* OLR trend pattern is
similar to the composite

jSOOhPageopotentlaI height | 4] ] InLaNina.

« Asian winter monsoon
has a strengthening
trend in last 30 years.
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Trend and Decadal Variability
in the Tropical Ocean
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Asian summer mensoeen varianiity,

MOMSOON SEASON{JUNE-SERT)

NORMALIZED RAINFALL

1801 1908 1915 1822 1829 1836 1843 1850 1857 18964 1573 1978 1985 1982 18985 2008
Y E A R 5

Indian Summer Monsoon Rainfall (ISMR)  (IMD)

Asian summer
monsoon indices
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21-year running correlation coefficient
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RECENT change oficorrelation
PETWEEN SUMMEr tEMpPErAatUre Infwestern Japan
and ©cean INAJIGCES

31-year running correlation coefficient

—0.07 NINO.3

"\ —-0.21 NINO.3(-T)
5 +0.50 NINO.W
— +0.23 NINO.W(-T)

——+0.32 IOBW
. —-0.12 IOBW(-T)

o +0.35 PDO
\\V\hﬁ ' — +0.19 PDO(-T)
-0.07 IOD

— -0.16 IOD(-T)
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Other notable Variability

Tokyo, 1-4 Dec. 2009 TCC Training Seminar on Climate
Analysis using Re-analysis Data

33



-
e 21N
Y

B 1970 e

Fo’

Minimum seaice area (x10%*km?)

i
e

Tipping point?

1995 2000

1980 1985 18980 1985 2000 2005

AO index in boreal summer

Tokyo, 1-4 Dec. 2009 TCC Training Seminar on Climate 34
Analysis using Re-analysis Data



Summary

Observed global warming trends are different in different
periods, different seasons and different regions.

There are monotone warming trends with no significant
decadal variability in the SSTs over the Indian Ocean
and the warm pool region.

Major decadal variabilities such as PDO and AMO have
larger amplitude than warming trends In a specific
region in a few decadal time scale, but it is not large for
global mean.

Recent 30-year trend in the tropical circulation Is a little
similar to the composite in La Nina.

Relationship between Asian climate and El Nino has
changed recently probably due to the warming of other
tropical Ocean.
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Thank you
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