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[1] A statistical-dynamical climate model is used for investigating the relative
contribution of the changes in the radiation budget and surface air temperature due to the
increase of the anthropogenic greenhouse gases predicted for 2100 on the basis of IPCC
SRES AILFI (the highest greenhouse level scenario). Five experiments are performed
considering the changes in concentrations of (1) CO5, (2) CHy. (3) No0. (4) tropospheric
(35, and (5) all the changes together. The results show that the mean global planetary
absorbed solar radiation increases in response to the predicted conditions according to the
scenario AT for year 2100 (A1FI-21000. This s due to the effect of ()5 absorptions. This
merease leads to a decrease in the mean global planctary net thermal infrared radiation

emitted to space by the Earth-atmosphere system to space and 10 an merease in mean
global planetary net radiation, These changes are controlled mainly by the increase in
CO) concentration. The changes in the radiation budgetl due to NoO and CI1, are small,
The mean global surface air temperature response to the predicted conditions for
ALFI-2100 was +0.59°C, The change in €0, concentration is responsible for an increase
of HL49°C. The higher increases oceur in the polar regions: +2,15°C {(ar 85°%) and
+1,55%C {at B5"N} in the case of the predicted conditions for ATFI-2100, Additional
experiments indicate that the changes in surface air temperature are similar in the cases of
the predicted conditions for ANFI2100 and 4 < C04, 2 = Cs and 4 = N0, and in

2o Notyand 4 x CHy,
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1. Introduction

[:] An increase of 0.7°C m the mean annual global
surface emperature has been dhserved in the last 100 vears
thitpSwwew globalchange orgfeatal L 2000spring 2 _him),
This has been atributed 1o the increase of greenhouse pases
concentration due o anthropogenc use. Greenhouse gases
have high transmissivity 1o salar adistion and high absorp-
tivity 1o thermal infrared radiation. This implics in smaller
plangtary outeroing thermal intrared radiation flux to space
and, consequently, warming of the climate system, The
main greenhouse gases are waler vapor. carbon dioxide
{C05), ozone (O ), mirous oxide (N-0) and methane (CH, ).
Without the presence of these gases in the atmosphere the
mean temperature of the Earth-atmosphere svstem swould
be 33°C lower [Moughtan et al, 1996]. The water vapor
has been responsible for an increase of 20°C in the mean
temperature. Amoeng the anthropogenic gases 05 has
mare influence in the inerease ol mean temperature
(770 followed by O (2-37C), N0 (1.4°C), CH, (0.8°C)
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and the remainder pases (0.6°C) (hitp:/meum hambirg de/
Klimal00ikeng/eng helfhtml),

[2] The comeentration of all greenhiouse gases has been
increased because of anthropooenic cause since the begin-
nig ol the preindustrial era, exeept 0 the ense ol the
water vapor and Oy in the sfratosphere. Cll, showed
higher increase of concentration, mainly Fom 1990, More
than o hall” of the emission of CHy o the atmosphere s
due to anthropogenic origin, According 10 IPCC Third
Assessment Report (TAR) [Howushton o al, 2000 the
residence time of CO. (around 120 years) is higher
comparcd o that of CH,; {around |2 years), Anthropogenic
COs is released by both burning of fossil Juels and
changes in land use, Bumning of fossil fuels is responsible
tor 7% of the CO. emission tw the aunosphere while m
the case of change in land use, deforestation plavs 4
principal role in the €0 emission, mainly in the tropical
region |[Haemes, 20040 Schivel et el 1996]. According (o
the IPCC TAR [Honghion er af . 20001] and the Specal
Beport on Lmssion Scenarios (SRES) [Nakicenovic er al.,
20000 the eoncentration of COs in the scenario AP for
year 2100 (hereafier called as ATF-2100) will vary from
340 1w Y70 ppm while the concentration of CH, will
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change between — 190 to +1970 ppb relative o its year
2000 value, The valees of the concentration of €k and
CHy for the year 2000 are 360 ppm and 760 pphb,
espectively [Hatghron ef al, "E’Jﬂﬂ

[+] The radiative forcing of Na0 is lower than those of
CO,. According to the IPCC Assessments the term “radi-
ative forcing™ denotes an externally imposed perturbation m
the radiative energy budget of the Earth's chimate system,
which may lead w changes in climate parameters (hitp:!/
wiww. grida no/climatelipee tarfwg 17212 ). Although
the emission of tropospheric NaO has mercased at 4 lower
rate than that of CHy, s residence time 15 higher (arcund
4 years) [Hanghion ec wl, 2001]. The main anthropo-
genic sourees of NaO are from agnculture and mdustrial
sources including adipie acid and nitric acid production
Sehime! er al, 1996], The concentration of No0 for the
year 2000 iz 316 ppb |Howghion ef al., 2001] The
concentration of s o atmosphere greatly varies in time
and space because of the interactions bétween the move-
ments and chemical reactions in the atmosphere and s
residence time 15 & few weeks: The increase of the Oy in
the woposphere is caused by photechemical processes and
bumning of fossil fuels and biomass [Houghton et af
19561 Tt s esumated that the total amount of tropespheric
Uy has increased by 36% since 17300 The radiative
forcing of Oy for the vear 2000 is around 0,38 Wm
According 1w the TAR the maximum concentration of
NV ATFT-2100 will be 1144 pph above its year 2000
value and the tropespheric (3 will increase by 62%
relative to its year 2000 value [Houghton er ol 2001,

[s] The impact of the increase of anthropogenic green-
house pases concentration on climate can he projected
using mathematical models thal simulate future additions,
In 1992, the TPCC released emission scenarios {1592) o be
used for driving general cireulation models (GOMs) 1o
develop future climate change scenmarios. The 1892 were
the first scenarios to provide estimates Lo the full set of
greenhouse pases. These scenaros provided input to the
[PCC Second Assessment Report (SAR). Projections of
foture climate from forcing [S92 scenarios experiments
using several coupled ammospheré-ocean general circula-
fion models (AOGOMs) were reported by Kartenhery of
al [1996]. The model calculations indicated an inerease in
global mean temperature relative to the present value of
about 17 1o 4.5°C by 2100 for a full range of 1PCC
scenarios. Because of the increase of the understanding of
possible  future preenhouse gas enusswons and chmate
change m 1996 the [PCC developed a new set of emission
seenarios (SRES) which provided input 1o the TAR.
Cubaseh and Meeh! [2001] reported a large number of
ADGUM climate simulations with various forcings scenar-
ios Jrom the SRES that provided esumates of possible
future climate change [see Albreitton and Mejiva Filho,
2001, box 6], The models projected an increase in global
mean temperature from 14°C 1o 5850 by 2100 for o full
range of new emission scenarios, Temperature increases
arg higher than those in the SAR due partly to the increase
of radiative foreing and primarily o the lower projected
emissions i the SRES seenarios relative o the 1592
scenanos. In particular for the ALFL dhe highest SRES
sreenhouse level scenario, which takes mto account fossi
fuel intensive energy ¢mission sources, the temperature

-

mercase by 21000 s from 3.2°C o 5.7°C. Later studies
have been devoted o mvestigate the uncertainty in the
IPCC TAR temperature changes, Uncertainty in upper
limits for temperature change by 2100 of less than 57°C
were obtained by Wigley and Raper [20000] (1,77 -4.97°C),
Relly et ol [2000] (147 -4.57°C) and Frame el al. [2005]
(1A7C-4.0°C) In o recent IPCC Expert Mecting on
Emission Scenanios there was a consensus that the range
as given by [POC remains large and recemt studics have
widened the range of uncertamty for climate sensitivity
[Flooewiik, 20057,

[+] In the model experiments reported at the SAR and
TAR the [PCC sceparios took milo account simulia-
neonsly the esnmates of the future changes in the full
set of greenhouse gases concentration. As poimted out by
Kattemberg ef af [1996], the change in the radiative
forcing since 1900 15 approximately equivalest to that
given by a 40% increase in CO5. The equilibrium response
1o the trace gases and an equivalent inerease in OO are
broadly similar, Sinee €0 s the main anthropogenic
greenhouse was, the equilibrium distribution of wanming
due to inereases in OO concentration has been discussed
more extensively i the IPCCs reports. However, some
differences in the pattern of changes may oceur when
changes in equivalent CO= are used instead of changes in
the ather trace gases |Wang et ol 1992] Thus the effect
of the changes in the trace gases concentration on fulure
chmate deserves a detailed investization. Earlier studies
using simple models have examined the roles of indi-
vidual gases on climate by deubling or quadrupling their
atmospheric concentration. Radiative convective models
(RCMs) were used for studying the effects of the
changes in CHy and No0 on the energy radiative budze
[Ponner and Romauathan, VY980, Wang et al, 1976] and
the rele of O5 in the tropospheric-surface energy balance
[Ramanathan and Dickinson, 1979 Ramanathan, 1976).
However, the relative imporlance of fture changes on
climate due to the main anthropogenic greenhouse gases
must be investigated i more detail than has been done
earlier using the recent [PCC scenanos. In particular, the
projected future climale change from the more drastic
SRES forcing scenario deserves 1o be examined,

[7] The ebjective of the present paper is o study the
relarive contitbutions of the changes in the radiation budget
and surface wir temperature caused by the increase of
anthropogenic greenhouse gases concentration predicted
for 2100 according w 1IPCC SRES ATFT (the highest
greenhouse scenario), We propose to evaluate scparately
each of the four major greenhouse gases (OO0, O CH,
and N2 moorder to quantify their contribution to the future
climate change, Such a study has not been done carlier. For
this purpose, a zonally averaged statistical-dynamical model
(SDM) with a detailed parnmeterization of the radiative
processes 15 used. This kind of model is essenually mech-
anistic, being directed toward understanding the dependence
of a patticular mechanism on the other parameters of the
problem. Thus & SDM is better suited for the present study.
In GCMs, since many mechanisms are included simuls-
necusly, the cause and effect relationship is not always
possible 1o trace,

[2] Insection 2 the SDM is presented and the numerical
experiments concerning the effects of greenhouse gases are
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shown in section 3, Section 4 contains the summary and
conclsions,

2. Model and Experiments
2.1, sDescription of the Maodel

[4] The SDM used in this study 15 the same as that
developed by Moraes e ol [2004], The SDM is a latter
version of the coupled hiosphere-ammosphere  climate
modet developed by Fargddo-Siha er al, [1995] in which
a detailed parametérization of the radiative processes
[Chon and Suarez, 19894, 1999 which takes inlo account
the effects of the main absorbing and emitting gases in
the atmosphere is included. This allows us a detailed
study of the radiative effects of greenhouse gases on
climute:

[16] The medel s oa two-layer global primitive equa-
ton madel in sigma-coordinate and meludes parameter-
izations of friction, diabatic. heating, and large-scale
eddies, The energy luxes such as solar radiation. ther-
mal infrared mdiation, sensible and latent heat Tuxes,
and subsurface flux are computed separately for the land
fraction and the remaining part {covered by ocean-ice-snow)
of the latitude belt, The parameterizations of the hiosphere
model based on BATS (Biesphere-Atmosphere Transfer

Scheme) [Zhong, 1994] are vsed for the fand fraction of

the lattude belt. Detailed description of the coupled hio-
sphere-atmaosphers model 18 given by Fargjdo-Silva e al
[ 1995],

[11] The thermal infrared and solar radation parameter-
ization schemes used in the SDM are those developed by
Chon wered. Swarez [1994] and Chow and Swarez [1999],
respeclively, Inoa recent version of the thermal radiation
muodlel, the surface emissivily m [0 spectral bands s
constderad, These schemes use several broadband param-
eterization schemes for thermal infrarcd andssolar radiation
to privluce a computationally fast and accurate represen-
tation of radistion processes. Defailed description of the
radiation schemes are given by Chow and Swarez [1994,
1999 and details of the input data for the radiation models
and the coupling with the SDM are given by Moraes et all
[2004].

[:2] The SDM has |07 latitude resolution and employs a
tatitudinal centered Tinite-differencing scheme. The
strategy for running the SDM 15 the same as that given
by Moraes ¢ af [2004], The 3DM s mun in two sieps.
First, the origimal SO0 of Faefdo-Sitva et af [1998] is
integrated without the inclusion of the hiosphere parame-
lerization using “as inital condition an isothermal atmo-
sphera (2700 Ky at rest. Explicie time integration was used
with a time-step of 30 min, The SDM s mtegrated for a
six. month period forced by mean annual conditions in
order to oblain stationary solutions, In a second siep, the

SDM is run for 2 six month period including the effects of

the biosphere and the new radiation models for obtaining
new stationary selutions. Since the values of the 300 hPa
temperature and the wind speed are necessary o run the
biosphere-atmosphere coupled SDM they cannot be zero
in the initial conditions. S0, the mean annual eonally
averaped simulation obtained earlier iz used us un initial
condition for running the coupled biosphere-atmosphere
maodel. The new stationary solutions correspond 1o the
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simelfation of the mean annual zonally averaged climate
with the coupled biosphere-atmosphere SDM.

Numerieal Experiments

1 In the control experiment the actual concentration of
the greenhouse gases wsed in the tadiation models is
abtained from the TAR, e, 360 ppm (COL0 1760 ppb
(CHa) and 316 ppb (N2ON [Hewglion e al, 2001, These
valties are for the year 2000, The vertical profiles of ozone
mixing ratios are obtained from M-D. Chou (personal
communication. 20003, They are based on the optical
properiies of the atmosphere defined by MeClarcher of al.
[1972] and correspond o the standard atmosphere in
tropical, middle and high latludes. Results of Morges er
el [2004] showed that the mean annual zonally averaged
radiative fluxes and climate charactenstcs for the actual
climate are well simulated by the SDM. These simula-
tions will be compared with the results of the perturbed
EXPErITCnLS.

[14] To study the relative contributions of the changes
caused by the inerease of the anthropogenic greenhouse
gases concentration predicted for vear 2100 the concentra-
tions of the four major anthropogenic greenhouse gases are
changed from their actual values (values for vear 2000} 1w
those from the more drastic TPCC SRES seenario for 2100
{ATFL2 100, Five expenments are exmrried our with the
SDM considering the changes in the concentration of (1)
C05, (expeniment 1), (2) CH, (experiment 2),-and (3) N0
texperiment 3), (43 O (experiment 4), and {(5) CO., CH,,
N0 and Oy together (experiment 53 In experiments | to 3
the concentmtions ot COs, CH,, and N2 are changed from
360 ppm to 970 ppm, from 1760 ppb to 3730 ppb. and from
316 ppb 1o 460 ppb, respectively; in the case of the change
in the concentration of tropospheric O (experiment 4) the
values given by MeClatchey er al. [1972] are increased by
6%, In experiment 3 the changes in the concentration of
CO- CHy, NaO and Oy are taken mie account sinuilia-
necusly, Additonal experiments considering the doubling
and guadrupling of the actual concentration of COL, Na0)
and CHy are also made,

[13] The strategy for running the SDM with the ALFI-
2104 is the same as that in the conirol case,

Lk
[12

3 Model Results

[te] In experiments | -3 the ¢limate changes are consid-
ered as the perurbed case aunus the contal experiment,
Figures la—l¢ show the mean global planetary absorbed
solar radiation, net thermal infrared radiation and net
radiation, respectively. The changes (perturbed minug con-
tral) in these vanables and the percentages of the changes in
relation to the control case are presented in Table 1. As ean
beseen, in the case of the concentration of anthropogenic
greenhouse gases predicted in AITFI-2100 (experiment 5)
shight changes oeeur in the planctary absorbed solar radia-
uon while for the net outgoing thermal intrared radiation the
changes are higher The inerease in the COh concentration
i1 the utmosphere causes a reduction of (.12 Wm™ = (0.03%)
m the planetary absorbed solar radiation, The interaction
between CO- and solar radiation provokes a slightly in-
crease of planetary albedo (0.03%) (figure not shown).
Since WNLO and CHy do not mteract with solar radiation.
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the change in their concentrations do nat influence on the
plangtary ahsorbed solur rudiation. Flawever, the increase in
the concentration of Oy predicted i A1FI-2100 shows an
opposite effeet to that is verilied m experiments 1, 2 and 3,
i.e thereis an inerease of .22 Win 2 (O 104G ) m the mean
global planetary abserbed solar radiation, This may be due
to the inteructions between solar radiation and the tropo-
spheric Oz, which has high absorption i the spectral bands
where the emission of safar radiation is maximum. Thus the
increase ol tropospheric O concentration causes larger
storage of selar radiation in Eanth-atmosphere system and
4 shght reduction m the mean global planetary albedo
(0,04%) (figure not shown). Siee the effect of the tropo-
spheric Oy is higher compared with the changes in the
concentrations of the other three anthropogenic gases, there
soan increase of 011 Wi = (0.05%0 in the mean clobal
planetary absorbed solar radiation,

[17] The increase of greenhouse gases concenteation leads
ter o reduction in e nel thermal miftared radiauon emitted
by the Earth-ntmosphere system 1o space in the five experi-
ments (Figuwre 1h) The increase of the concentration of

0y, CHy, O and MO predicted in A TFI2100 provokes a
decrease of 1,50 Wmo™= (0.73%) in the mean glohal plan-
etary net vutgoing thermal infrared radiation, The change in
C05 i responsible for a reduction of 1435 Wm ™ (0, 7%)
while the changes in the other three anthropogenic gases are
smaller: NoO (—1LOT7%), CHy (—0L06%), and O (+0.02%).
Comparing experiments 1.2, 3 and 4 it can be noted that
among the anthropogenic gases C0- plavs & major role in
controlling the planctary net outgoing thermal nlrared
raciation;

[14] Because of the changes in planciary solar radiation
and net outgomny thermal infrared radiation the planetary net
radiation nereases in the five cxperiments, as shown in
Figure 1¢ and Table 1. An increase of 1.61 Wm = (11.9%)
iz noted when the concentration of the four anthropogenic
preenhouse gases predicted m AIFI2100 are 1aken into
aceount together. The alteration in €O, concentration s
responsible for an incresse of 1.34 W ~ (2.84%) showing
e important rode of this gas in comtrolling the change of
the planetary net radiation, As a conseguence of the
planetary radiation balance there 15 a warming of the

Table 1. Charges (Perurbed Minus Contral) in the Mesn Global Values of Planctary Absorbed Selar Radiation, Net Thermal Infrared
Radiation, Net Radistion (Wm %) and Surface Air Temperature {°C) and the Percentages of the Changes in Belution to the Conteol Case

Due to the Increase of Anthropogenic Greenhouse Gases for the 4 1F1-2100 Scenario”

Wean Glabal

Changes for the ATF-2 W0 Secnario

= . Contral Value Ol T Hy Mok . Al
Plnetary absorbed solur endiation 22406 Wm j Q02 - 00a%) 004 (0000 L0 (40 e R VIV I R N RS TR L
PManetary ned ootgeing thermal T W - 1454 —0) Tty L2 (5% O (0T 1005 (10029 15— 0,730

infrared radiation
Planetiary. net madiation
Surface ait temperalure

3.6 Wm *
BRNTK

L3S [+ Kty
0,49 (4550

g L e B PR
U {+0,43%)

R RS S
L0 (0155

HOLR (41,2800
HBET ([ H), Th%)

Thik (+11:9%)
LSS |+, 60N}

"Wl shown are the menn elobul values i the control Expermen
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the changes (perturbed minus control). Shown are the values of experiments |- 5,

Earth-stmosphere system. As shown in Figure 2a and
Table | there is an increase of (L59%C (6.6%) in the mean
global surface air temperalure in the case of the concen-
trations of CO5, CHa, O and NLO predictegd in ATFI-2100,
When only the change in the concentration of CO. 15
considered the increase is of 049°C (5.5%) while the
changes due 10 04 N30, CH; and are responsible for an
increase of (.76%. 0.55% and 0.43% in relation to the
control case, respectively. As shown in Figure 2h, the
change in CO, concentration plavs the: major role in all
the latitude belts compared with the other greenhouse DASEH.
The change i the surface air temperature is higher in the
polar regions, mainly in the Southern Hemusphere. As
shown in Table 2 and Figure 2b, when all the changes in
gas concentration are included the surface air lemperature
miereases by 21590 (Al -85°S) and 1L53°C {ar 85°N). The
changes i CO, are responsible for inereases of 1.9°C (at
85°8) and 1.25°C {at 85°N).

[19] In addinon to the five experiments concerning the
effects of the change in the concentration of the anthro-
pogenic greenhouse pases predicted in A1FI-2100, other
experiments considering 2 x COs 4 = COs 2 = N0,
4 x M0, 2 » CHy and 4 = CHy are also made. The
control experiment it the same as that in the previous case,
Figure 3a and Table 3 show the mean global surface
lemperature for the doubling and quadrupling the actual
concentrations of these greenhouse gases. The latitudinal
changes (perturbed minus control) are shown in Figure 3b
As shown m Figure 3a and Table 3 the doubling of the
amount of CO» concentration is responsible for an mcrease
of 0.37°C in the mean global surface air temperature while

5 of &

n the case of the doubling of CH. and N0 the increase is
less than 0.1°C. The difference between the mean global
surface air temperature. in the cases 2 = OO, and 4 » N0
is less than 0.1°C. The changes are also similar for 4 =
CHy and 2w N0 experiments. The difference in the
mean global surface air emperature between the 4« O,
expermment and the experiment considering simultancously
the concentrations of CO,, CHy, NaO and O predicted in
ALFI2100 35 less than 0,1°C, as seén in Table 3. From
Frgure 3b, in the polar regions the effect on the surface air
temperature caused by the inerease of the four anthropo-
genic greenhouse gases concentralions s similar as that in
the caze of 4 = COL For the other latitude behls the
increase is somewhat higher for 4 = C04.

[20] The resulis shown above dicated the relative
importance of the changes and mechanisms involved due
e the increase of anthropogenic greenhouse suses con-
centration i the atmosphere, Taking into account that the

Lable 1. Changes in Surface A Temperature (°C) i Polar
Regions Due to the Increase of Anthropogenic Greenhouse Gases
for the ALFL-ZT00 Scenarin”

Experiment AT a1 85°5, °C AT w 85°N, “C
L0 k]S 4125
Tl HEL 16
o0 HhAT 2
ik +.20 123
All L3 1% 184

“Shown are the values ar the latmde belts contezed at 8578 (5 for the
five experiments;
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maedel results correspond to the smmulation ofaa fulure
scenario: of climate change due the nerease of anthropo-
genic preenhause sases concentration the comparison
between the model predictions and observed data s 4
difficult sask. To our knowledge, for the first time in this
study the effects of the increase of the main anthropogenic
sases concentrtion predicted i ATFL2100 are investigated

all together psing a SDOM. Adso, the relative importance of

different gas concentration predicied 10 ALFL-Z100 is
exarmned which was not studicd carlier even with GUMs.
Comparing with the model results presented by the TAR.
the SDM projects a lower merease of temperature for the
ALFL seenar, The results of 2 02 OO0, and 4 Ch)
experiments are consistent with the current evidence
[Mitched! 19849] and GOM swdies, which show higher
merease of the surface gir lemperatare near the poles. The
increase of the surface air temperature due 1o the doubling
of €05 concentralion in the present study (0.37°C) is less
than that according Lo the SAR, which varies from 15°C
w0 4.53°C [Kartembere e ol 1996], The change in surface

air temperature m the SOM s also less than results of

fificen models presented 0 the TAR, which project an
equilibrium  temperature inerease from 2°C w 5.1°C
[Cubasch and Meefil, 2000]0 However, 10 15 sumlar 1o
those obtained by Lindzen [1995, 1998] (0370 and
055°C, respectively),

[21] The lower values of temperature increase obtained
with the SDM compared 1w the GOM results may he

attribuled to the ditfferences between the models such as
the resolution. the treatment of radiative processes and
clouds, plunctary boundary laver modeling and coupling
of the surface 1o the atmosphere, treatment of snow and ice,
ete, Also it should be bom in mind that the SDM is a
zonally averaged mean annual chimate model and 5o a
greater respense can hardly be expected. As mentioned
earlier, the SDM is essentially mechanistic, being directed
toward understanding the dependence of a particular mech-
anism on other parameters of the problem. The change
surface air temperature in the 5DM is in better agreement

Table 3. Incrvase of Surface Afr Temperature (°C) for 2 = COs,
dosg 0, 20 NaD, 4 w0 Na() 2 = CHy anid 4 % CHyr Medn
Cilabal Values and Lattiuding] Varimtion of the Changes®

AT AT

_ Lxperimient AT. 7€ bl BEUN, T

2= HL L H).11 +ih, 14
4= Oy H .33 1,35
253 M0 f, L0 1.4 H,42
3 = Nl 1025 k123 HETH
A o a7 i =005
4 = O, HLGAS ¥ H 36
Change in the four +3.59 =213 t1.55

_ greenhouse mases fur ALFL-2E00

"Shown are the mean global vilues and the laotuding vanation ol the
champes correspomd ing 10 the cangéntrations of OO, CH, N0 and O for
the ATFI-21 ) scenaria
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with results obtained with RCMz, where the increase of
surface air temperature varies from 0 48°C o +4.2°C (see
Seitesinger and Mirchell [1987, Table 1], which presents
results of seventeen ROMs).

[22], The results presented above showed that the changes
are m gualitative agreement with those obtained from more
complex GOMs and simpler RCOMs This indicates that the
present SDM s a good complement to GOMs and can play
important mle in generalizing and confirming results of
ROM simulations,

4. Summary and Conclusions

[2] In this paper the relative contributions of the changes
i the radiation budget and surface air température caused
by the increase of anthropogenic greenhouse gases comeen-
tration predicted for 2100 according o the more drastic
IPCET SRES scenario (AITFER2100) were investipated, For
this purpose a coupled biospherc-atmosplicre SDM with
detatled parameterization of solar radeation and thermal
infrared radiation fluxes was used. This kind of model s
directed toward understanding the dependence of a partics
ular mechanism on the ather parameters of the problem, The
simulation of the mean annual conully averaged climate was
taken as the control experiment. In the conteol experment
the concentrations of greenhouse gases are for year 2000,
Frve experiments were made for studying the relative
eontributions of the ¢lfects of the increase of the four major
anthropogenic greenhouse gases concentration: changes in
(EPC0s, (2) CHy, (3) NaO, (4) O, and (5) all the changes
together, Additional experiments considering the doubling
and guadrupling of CO4, CHy, and N0 were also made,

[za] The results showed that when the concentrations of
the four major anthropogente greenhouse gases predicied in
ALFEI2T00 were taken into account slight changes oecurred
i planetary absorbed solar vudiation while in the planetary
net thermal infrared radiation the changes were higher. The
change in COy was responsible for a decrease of 1.05% in
the planetary absorbed solar radiation and for a slhight
increase of the mean global planetary albede oceurred
{0L03). Howewver, the change in tropospherie O concentra-
tiem provoked an increase in planctary agbsorbed solar
rachiation (0.1%). This 15 due to the effect of O3 absorplions,
because it has high absorption in the spectral bands where
the sular radiation emission 18 maximum: Since the effect of
tropospheric O was higher than that of CO., CH, and Na0,
there was an increase in the mean global planctary absorhed
radiation ((L.05%)

[25] Because of the increase of the opacity of the atmo-
sphere the planctary net outgoing thermal mfrared radiation
decreased in the five experiments. As a consequence of the
changes in planctary absorhed solar mdiation and net
thermal infrared radiation there was an increase of planetary
net radiation. In the case of the concentrations of CO,, CH,,
Uy and Nl predicied in ATFI-2100 there were a decrease
of (L73% in the mean global planctary thermal infrared
radiation and an increase of 11.9% in the mean global
planetary net radiation. Among the anthropogenic gases
C0 plaved a major role in controlling the changes in the
mean global planctary net outgoing thermal infrared radia-
ton (—0.7%) and net radiation (+9.84%). The alterations in
the concentrations of N,0, CHy and O were responsihle for
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=007 %, —0.00% and +0.02% 10 the mean global planetary
net outgoing thermal infrared radiation and for =1.04%,,
FOL9% and +1.28% in the mean global planctary net
radiation, respectively,

[26] The mean global surface air temperature response 1o
the merease of the concentrations of COL, CHy. Oy and Na0
predicted in AIFI-2100 was +0.59°C (+6.6%). The change
in the concentration of OO was responsible for an increase
of +0.49°C (+5.5%) while the changes due to the other
greenhouse gases concenlrations were smaller {less than
1%k The changes in surface air temperature due o OO,
concentration are higher in the polar regions, mamly in the
Southern Hemisphere, The additional cxperiments consid-
ering the doubling and quadrupling of the concentmtions of
OO, CHy, and N20O showed that the difference in mean
global surface air temperature between 4 % COs and in the
case of the concentration of greenhouse gases predicted m
ATFEZT00 was less than 0.1°C. o the polar regions the
changes in surface air wemperature were equivalent in these
two c¢ases while mn the other latitudes the increase s
somewhat higher for 4« C0O5 The results also showed
that the effects on the surface air twemperature were similar in
thacases 2 = Cll; and 4 = NoO and in the cases 2 = Na()
and 4 = CH,.

[27] Since the model results correspond 1o a simulation of
a future scenario of climatic chanae due to the increase of
anthropogenic gases concentration in the atmosphere a
comparson with observed data = difficult. For the fiis
tme a 500 was used (o mvestigate the relative effects of
changes m the main anthropogenic gases concentration
predicted for 2100 (IPCC SRES ATFI scenario). Although
the magnitude of changes 15 lower, the SDM gives
credible predictons consistent with more complex and
expensive GUM experiments. Also, the surface air temper-
ature increase in the SDM 1210 sood agreement with that
obtained from carher ROCMs, This indicates that the SDM 1s
valuable for estimating climate response (o future changes
in greenhouse gases concentration in the atmosphere,

[25] Acknowledgments. We ure wrmtefil to Ming-Dah Chen fram the
Goddand Space Flight Center, NASA, lor proswading the radiatinn siodels
codde. Thanks ane also due o the anonymoos reviewers for their sugpes-
tiens: This paper forms part of the PhoD, thesis af the first author.
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