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Abstract The spatiotemporal structures of the decadal abrupt changes (DACs) in the annually averaged field in the global o-
cean-atmosphere system simulated by the coupled climate models (e. g. . CCSM3, ECHAM5/MPI-OM, GFDL-CM2. 1,
FGOALS-gl. 0 and UKMO-HadGEM1) are evaluated in this study. Since 1880, these five coupled climate models haven’t cap-
tured the dominant mode—the Pacific Decadal Oscillation (PDO) of the distribution of the DAC episodes in the global sea sur-
face temperature (SST) field and the planetary-scale structure of the distribution of the DAC episodes in the sea level pressure
(SLP) field. Among the 1970s — 1990s periods, the spatiotemporal characteristics of the DACs of the 500 hPa tropical air tem-
perature and geopotential height in 1970s, those of the SLP DACs over the North Pole in 1980s, and those of the DACs in both
the northern and southern subtropical air temperatures were well simulated by the UKMO-HadGEMI1 model, and those of the
DACs in 1990s of SST and 500 hPa air temperature by the GFDL-CM2. 1 model. There are the planetary-scale atmospheric
DACs which occurred in other models. It means that these five coupled climate models could depict the mechanisms of the plan-
etary-scale atmospheric DACs in themselves, although the spatiotemporal structures of these DACs are not consistent with the
actual ones. The decreased DACs in 1990s in the stratosphere, which maybe were caused by the Pinatubo eruption in 1991 (Xi-
ao, 2008), are well simulated by the GFDL-CM2. 1 and ECHAMS5/MPI-OM models, partly by the CCSM3 and UKMO-Had-
GEM1 models, and not by the FGOALS-gl. 0 model. According to the analysis in this study, this may result from the lack of
consideration of the influences of the eruption or ozone in the FGOALS-gl. 0 model.

Key words Global ocean-atmosphere system, Decadal abrupt change, Spatiotemporal structure, Simulation evaluation, 20th

Century Coupled Climate Models, Volcanic eruption
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Evaluation of the geographical distribution of the SST DACs in five

coupled models compared with the actual ones during the 1880s — 1990s period
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B 1 47211 A—3 A)PDO $5 %t 7] 7531 J H
4 B (a. CCSM3, b, ECHAM5/MPI-OM,

c. GFDL-CM2. 1,d. FGOALS-gl. 0,e. UKMO-
HadGEML, f. W% 8 (ERSST) , 53 BV
IR S22 /2 LUE A5 BE S 99 %6 B 2 2R 447 )
Fig.1 Winter (November-March) time series and
episode averages of the PDO index of (a) CCSM3,
(b) ECHAM5/MPI-OM, (¢) GFDL-CM2. 1,
(d) FGOALS-g1.0. (e)UKMO-HadGEMI1 and
() observational data (ERSST). The episode
averages are divided by the DACYs DAC years,

significant at the 0. 01 confidence level

4 Xf 20 gl 70—90 A AL 4 BR R AUAE A BR
GEAL I 25 A AIE F R AU PP A

X K AETE 20 4 70 AEAC LU AR AR b 2 78
A58 K o MR T 40 A DR, LU A 4 T b 48
T RARGEN MHLER 25 $74E (Yu, et al, 2007, Xiao,
et al,2007), AW 3 WE L X 20 th4 70,80
190 4EACHY SST M RZEM T A4 X B EEA A
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Table 3 Same as Table 1, but for the variables of the global atmospheric system during the 1970s — 1990s periods

CCSM3

ECHAMS5/

GFDL-CM2.1  FGOALS-gl.0 UKMO-Had

i EEORMER s MPLOMBIMZER  Bens BOpgR GEM g POEORIEGY
EIEIE Y N UKMO-Had-
WEREE REEN ey LS. CEM1 i
500 hPa i IH i % AR, S mip v wie AT % M 500 hPa
U b L R KA B 0 T i % ' "
& s B S A KR %S
R e - ) BE ¥ i) T % b g€ 2 —
= % %
1973—1978 UKMO-Had-
I B A6 58 A AR e T — GEM1 # 10
500 hPa ey gpe ESNERHE RGICRFHE WKMo 5 0 e g
0 g Lo MO kR AERNZE B9 500 hPa
O NPT S U TR S ppiail
it = RRP D PR wARAE PR
BOHNIAE A = PNl
S oA
e BGEEGE L REPI, MR
MEEIR e e RO R W g B AT W ACERE s
200 hPa  EBRETHIA R gy gy DLERIE G K wmmokm A mmw O EARE
SRR o W TR % I S AR A S
ooh NI RE o WO T R PERT RS MRS
e % = E g 5
19841988 GFDL-CM2. 1
KA. g h R g R . L 500
500 hPa AVGHB.PGER A LIdbI i  EEM A4 KAV FA ﬂzﬂﬂk FAE R REL e
f s MMM RESRAT B AT R MR e s e
e VOO ORI RGOS ME mmged  vemmmge RN gon e
Gty i 5 1 s = Sl
. e~
O T RO E \ Ca) L F 3R
(a) 500 e s ) N COR 2N i - ; S
hPa = () FI(b) R, gg;ﬂi% ggiiﬁﬁﬂ e fom 4 Tﬂﬁfﬂ?i ggﬁﬁg“ﬁu
AT LEAA R o m g o 2L ST e R T e e
500 hPa b M i % AERINGEAE o WS g A Sl
R RN WAERE WIERL ik W AE LKA
i SRR RIS e PRI A
g g A AR
GFDL-CM2. 1
1991—1998 B R 500
, \ o) BIEDEVE hPa B3 po e
Ca) 30 ) Ca) A7 IR 0 s i
hPa SO om e kR w o o EREL SR
BRI MM Do N g (b B A g A, 0 el T R S R
. 120°EHb 5 £ ; s AR (b)) A (b)E FGOALS¢l. 0
30 hPa  MEERIE oo o OV W DBILM e PRty aha
e BRSO W e NBEEE  JCEREA Sh IR
e s ‘ i ' BRI S ok 4
. = s B T
i I R 5
s

4.1

CCSM3 =355

R

20 22 70 44X, NS KPR Y 500 hPa R Al
PR AR 19761977 4F R T THIR R 2L, 5 1%
DX 552 o 5 748 SRR — B0, T X B4y A Y L 1 346 5 22
BOA B R . 80 4R AU, CCSM3 A Hp b 2 BR il 4

HRVEVE 2 ACAE B P3RBT R PUVE 2R — 2
JESEPALFR Y 500 hPa IR 7E 19841985 4F & 4k 1
TR AR T S5 B o7 3 8 J3E 114 9 28 Ay Ab A IR 28 728
e pekrh i g s As . 90 4FEAX . 500 hPa i FI A7
P B 19931995 AR EHR AETERIFHLIX . A IE] 2a



H MRS BRI R GUAR AU PR 28 22 I 2 AT A B DL PR A

F12b AT LIF i, CCSM3 #2411 #4445 #L X 500 hPa <,
TR R B g BE A 1994 4F & HE 3 5 7%, 43 59l LE i —
B X (E 4 i T 0. 52 C I 10.5 gpm, SR . 52 F5
GEAR R AEAE R AL BRI HRHT AR X 5 S PR
BT, CCSM3 K481 30 hPa A i A7 38 &5 BE 1Y
W28 19931996 4F % A 7E 60°W—120°E — 5 1)
T2 BRI ARG R0 s A b X, 5 52 B & AR AR B X
IR 2 A8 R 70— K

|
s
w

Temperaure (C)
b
[«
e
[
*

5.5 : : :
: : : : (b)

£ 5630 ; ‘ /\/\/\ :
2 : /\ : :
A Y AT
3 5620 v U
<% B . .
T : : :
) —60
£
g —61 |
Q
o
g
()
& 621

1960 1970 1980 1990 2000 Year

B2 (2)CCSM3 LY (25°S—25°N,0°—357. 5°E)
500 hPa ¥ (HAL - 'C) A4 H 7] 7 31
Gty /RS2 20 Fl 43 BEF 3 CIHLSE 20 5 (b) [6] ()
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Fig. 2 (a) Annual averaged time series (close
circles) and episode average (thicken lines) of
500 hPa air temperature (unit: C) for the
region (0° - 357.5°E, 25°S - 25°N) in CCSM3
model, (b) same as (a). but for 500-hPa
eopotential height (unit: geopotential meter, gpm)
over the domain (25°S - 25°N ,0° - 357.5°E,
and (¢) Annual averaged time series and episode
average of 30-hPa air temperature (unit: "C)
of the domain (20°S - 20°N, 0° - 357.5°E) in
ECHAMS5/MPI-OM model. The episode
averages are divided by the

DACYs significant at the 0. 95 confidence level
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Fig. 3 Horizontal distributions of the DACYs in the 1990s of annual averaged field in the GFDL-CM2. 1
model of (a) 500 hPa air temperature, (b) 500 hPa geopotential height, (¢) 30 hPa air temperature, and
(d) 30 hPa geopotential height. The cold color system (gray, blue, etc. ) and warm color system
(yellow, red, etc.) represent the decreased DACYs and increased DACYs significant at 0. 05
confidence level, respectively. The false discovery rate of the DACYs in each field is controlled at 0. 05
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Fig.4 Vertical distributions of the DACYs of annual averaged air temperature field in GFDL-CM2. 1
model in the domains (a) (25° - 40°N,0° - 357.5°E) and (b) (30°S - 30°N,0° - 357.5°E). The darker
and lighter shading indicate the increased DACYs and decreased DACY's significant at the 0. 95
confidence level, respectively. The false discovery rate of the DACYs in each field is controlled at 0. 05
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Fig.7 Same as Fig. 4, but the (a) air temperature of the domain (20°S—20°N, 60°W — 180°) and
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