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The present study intends to investigate the transient response of an atmosphere/ocean general cir-
culation model to a gradual increase of atmospheric carbon dioxide. To detect the climatic change of the
surface air temperature due to gradual increasing carbon dioxide for 100 years, two runs of GFDL CGCM
for 1 % CO, run with increasing CO, and the control run with fixed CO, are compared.

From results it is noted that the transient response of surface air temperature is more increased over
the Northern Hemisphere than the Southern Hemisphere. However, in Northern Hemisphere the tran-
sient response of the surface air temperature due to the gradual increase of atmospheric carbon dioxide
is slowly increased with latitudes and is clearly larger over continents than oceans. The annual global
mean temperature is continuously increased with 0.03552 per one year with strong S/N ratio and dis-
tinguished from the natural variability. The time dependent response of the gradual increasing CO, has
the strong seasonal variability with small change in summer and large change in winter, and the strong
regionality in the Asian and the American continents. It has been suggested that the direct and the fe-
edback processes in the climate systems should be investigated by the detailed sensitivity runs to get the
meaningful estimate of the CO, forced variability.
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Fig. 1. Global averaged surface air temperature
anomaly of GFDL CGCM due to CO, gra-
dual increase during 100 year.
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Fig. 2. Spectral density estimates a function of fre-
quency of the temperature anomaly due to
CO, gradual increase for 100 year.
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Fig. 3. Spectral density estimates as a function of
period{month) of temperature anomaly
with omitted seasonal cycle.
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Fig. 4. The autocorrelation function of the time ser-
ies W, with seasonal difference of 12
months.
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Table 1. The estimated parameters of MSAMA(1,1)*(0,1)12 using maximum likelihood estimation

method
I
R (parameter) T 1286 ‘ P { R ) ® |
4% 0.03552 | 0.79593 0.61215 0.90384 _
t 3 | 17.63 ] 16.24 | 9.59 66.01
5 (a) S/N ratio 70-79
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Fig. 5. The estimated time series(thick solid line)
of global surface air temperature anomaly
for the last 10 years and further 10 years
using a seasonal autoregressive mocing
average model with the parameters in
Table 1. The thin solid line denotes the
temperature anomaly due to CO, gradual
increase. The two dashed lines mean the
upper and lower interval of 95% sig-

nificant level.
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Fig. 7. The spatial distribution of (a) u(x) and (b) v
(x) in Equation 9.
u(x) means the annual mean differences
between 1% Run and control run.
v(x) denotes the spatially largest coherent
pattern, the finest EOF of control run.
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Fig. 8. The latitudinal climatic transient response
function computed from the temperature
change from 1% CO, increase run.
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(o) First EOF (17.4%)
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Fig. 9. The spatial structures of the leading three
EOFs of temperature anomaly due to CO,
increase for the 10-year of 70-79 in-
tegration.
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. The temporal structures associated with
the leading three EOFs in Fig. 9. Thick
solid line, thin solid line, and dashed
line indicate the first, the second, and
the third EOFs respectively.
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solid line, thin solid line, and dashed
line indicate the first, the second, and
the third EOFs respectively.
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mean surface air temperature anomaly
due to CO, increase for the last 10 years.
The global coverages for gridpoints are
66% for ocean and 34% for land.

e Ay A F dstel @ EAA S48 B}
S71% 47 @k 2o AEz § AR Ao|F
)% B B3 FolAlo} Aeje) L5HE AW E &
sk, whA e 10 Fere] FobAo} xeje] T m 2o
Aol & AR EH ALH D Aol o] Fig. 140
w39 2o Fig 7@eld 43 notse] ojabsie
x9) Age] g 71F AT BWF TA=AA Fa
o) veht Uz, FobAlol B3 AL ofAlel B
R S LECEEEERESE R

SN

ol & Al - A 7

o

Annual

(o) 2€02-1C02

30N

100€ 110E ‘ ‘1v20E 1 30E . 1.40E> 1$OE
{b) 2€C02-1C02

Winter(Oct—Mar)

40N

30N

110E 1208 13 0l SCE

100€

(c) 2€02-1C02 Summer(Apr—Sep)

/)

100E 110€ 1208 130F 140E 150E

Fig. 14. Distribution of (ajJannual, (b)wintertime,
and (c)summertime mean surface air
temperature anomaly due to CO, in-
crease over East Asia.

¥t olabstbael A Fol veb vhebd 91 el A
1000 7R} A 717k Bt AWF S DAlne
3-55 A xef 7|2 Aol & Holu ASAHI G F A 7
7t 4-55 9 3-4x9] 712 Wi3tE wald. 53] 2y
2t 2L ALA & g 7HA 5= HE 23}
sl 4=ct.

5.29 2 Ag
o|absterel AZel W ohrl/HoF myel 7] e

s A7 23} B 2 ne] Tt o] Ashae
AZol ME J1F WhE FAs7] Aa AAA WEH
FEHE S/N 0 lglon], o] 2¥E ¥ Aol
AR 71LS 4T 71T Wse) 1A Az A
o AT BER L33 A o2 rE 1004 F
ok A7k 0.03552% WF9 Z7)7} folslAl YR
o, A WEol k] FAR ARAES Ade 3%

(*]
r&

{



th7] COz9l Aol w& diz]/dk Y =8 AR 7|22 dAH HFA #4

59 54 28E 2 5 ATh

AR WES} o]absBAa FFo) WE WFoE
pol9 ¥ FRE deliv o ASAY AF B
£ ouisle) 37 PRI AAA WES T2 29} A
2 ThE PR 7bA ol aieae) Y2 e s)e
T8 shiel A WEoR 4FY 4 aldvh £9s
S el B2 PEE A G 1% HFSE A el
Z7h 4ol wheh hao vhebdet. ofel whet g Fo) mE
71¢ wste] ol HW whe NEF vheA A4

oF ¥ 7oz Er}

AF FF 7129 AIZbA AL Ao mel Ay
o2 Z7ishut 73 AAAA S 7R =], 53] 8abF o
EQele 345 Axe 7L HIlzA ALAe 3-5%
Aol 71-& watncl aA Jebdon, fx(9 st
Aol Zb T2 a A el = R 7] 2ke] 70 3] Ay
o] AtslEbAofo] Z7|o] vl wlE=]E o o}AJe} A
g o) 7)ol wlE Exrt By diFell vld okdlg e
v} 100 9] opx]el 10 7boll = obAJo} 29 &
Rl 2 7] #W3r} Jehgr) ole AlX 7129
WaE rhd e s o o o] 4 ¥ A &
A Eafe) #), FHol, B RS I g9
A e gEE Bal 7)oyl 2% sbgste] {0
7 F W3k s 3 & 5 U A =27)7F A 7HA
o7, Adde g ttaA Jehle AL deiFo &
ol Absleb i o) Ao ulel A B )22 ZhA| wFo] A
E 7)&e AA dyhE: Adel rldgslog ojakswt
A 5o 24 7lAle Ay R 7F HE S A%
olslatr] ¢alA thrle] Bal A= 7| FA] BihA
Al2gle) AE w4 -S A HE| B & Heg Bl

=3

N

kel #

o] A AN ARrEAL ASF AT FE
] B4 712 % 7 v1g o 71 F W) &)
o] Ao 3 FysgdFych o] A ZE A
& Aawl st A7 A FEE o] &3l el o]
o] ZHAt= et

=4

3, 1904, ol sk Evbel] BT 7] FHBS &
9 o, A5 g vhal gHe=E, 168pp.

Barnett, T. P.. M. E. Schlesinger, and X. Jiang,
1991, On Greenhouse gas signal Detection
strategies in Greenhouse-Gas-Induced Cli-
mate Change: A Critical Appraisal of Simu-
lations and Observations, Schlesinger, M. E.,
eds.; Elsevier.

Boer, G. J., N. A. McFarlane, and M. Lazare, 1992,
Greenhouse gas-induced Climate Change
simulated with the CCC second-generation
general circulation model, J. Clim., 5, 1045~
1077.

Crutzen, P. J. and G. S. Golitsyn, 1992, Linkages
between global warming, ozone depletion,

35

acid deposition and other aspects of global en-
vironmental change in Climate Change, Mintz-
er, I. M., eds; Cambridge Univ. Press, 365pp.

Intergovernmental Panel on Climate Change(IPCC),
1990, Climate Change: The IPCC Scientific As-
sessment. Houghton, J. T., G. J. Jenkins and
J. J. Ephraums, eds.; Cambridge University
Press, 365pp.

Kimball, B. A., 1985, In Direct Effects of In-
creasing Carbon Dioxide on Vegetation,
Strain, B. A. and J. D. Cure, eds., National
Technical Information Service, US Dept. Com-
merce, Springfield, Virginia, 185~204.

Manabe, S., R. J. Stouffer, M. J. Spelman, and K.
Bryan, 1991, Transient responses of a coupl-
ed ocean-atmosphere model to gradual
changes of atmospheric CO,, Part I: Annual
mean response, J. Clim., 4, 785~818.

Manabe, S., M. J. Spelman, and R. J. Stouffer,
1992, Transient responses of a coupled ocean-
atmosphere model to gradual changes of at-
mospheric CO,. Part II: Seasonal response, J.
Clim., 5, 105~126.

Meehl, G. A.. 1994, Influence of the land surface
in the Asian summer monsoon: External con-
ditions versus internal feedbacks, J. Clim. 7,
1033-1049.

Mitchell, J. ¥. B., 1991, The equilibrium response
to doubling atmospheric CO, in Greenhouse-
Gas-Induced Climatic Change: A Critical Ap-
praisal of Simulations and Observations,
Schlesinger, M. E., eds.; Elsevier, 49~62.

Parry, M. L., and M. S. Swaminathan, 1992, Risk,
Implications and Responses, in Climate
Change; Mintzer, I. M., eds.; Cambridge Univ-
ersity Press, 382pp.

Santer, B. D., U. Cubasch, U. Mikdajewicz and G.
Hegerl, 1993, The use of general circulation
models in detecting climate change indeced
by greenhouse gases. PCMDI Report No.l10,
Program for climate Model Diagnosis and In-
tercomparison, Lawrence Livermore National
Laboratory. )

Trenberth, K. E., and J. W. Hurrell, 1994, Decadal
atmosphere-ocean variability in the Pacific,
Clim. Dyn., 9, 303~319.

Wallace, J. M., Y. Zhang, and L. Bajuk, 1996, In-
terpretation of interdecadal trends in North-
ern Hemisphere surface temperature, J. Clim.,
9, 249~-259.

Wetherald, R. T., and S. Manabe, 1988, Cloud fe-
edback processes in a general circulation
model, J. Atmos. Sci., 45(8), 1397~1415.



