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Changes in global near-surface temperature and sea level are calculated from 2000 to 2100 for the Post-SRES (Special Report on
Emissions Scenarios) scenarios that stabilize the CO2 concentration early in the 22nd century. Seven stabilization scenarios are examined
together with their corresponding SRES marker scenarios – A1, A1/S450, A1/S550, A1/S650, A2, A2/S550, A2/S750, B1, B1/S450, B2,
and B2/S550 – where the number following the S indicates the stabilized CO2 concentration in parts per million by volume (ppmv). The
calculations are performed using an energy-balance-climate/upwelling-diffusion-ocean model for three values of the climate sensitivity,
�T2x = 1.5, 2.5 and 4.5◦C. The resulting reductions in global warming and sea-level rise for the stabilization scenarios relative to their
corresponding marker scenario increases with �T2x and are greater the lower the stabilized CO2 concentration. For the S550 stabilization
scenarios, the reductions in global warming and sea-level rise in 2100 range from 0.29◦C and 3.31 cm for B2/S550 with �T2x = 1.5◦C,
to 1.23◦C and 11.81 cm for A2/S550 with �T2x = 4.5◦C. The percent reductions for the global warming and sea-level rise for each
stabilization scenario are almost independent of �T2x and range respectively from about 16% and 12% for the A1/S650 scenario to
about 39% and 30% for the A1/S450 scenario. The geographical distributions of near-surface temperature change are constructed using a
method to superpose the patterns simulated by our atmospheric general-circulation/mixed-layer-ocean model, individually for doubled CO2
concentration and decupled SO4 burden. Results are illustrated for the B2 and B2/S550 scenarios for �T2x = 2.5◦C. The near-surface
temperature changes of the B2/S550 scenario in 2100 are everywhere smaller than those for the B2 scenario, with values ranging from about
0.3◦C in the tropics to 0.5◦C over Antarctica and 0.7◦C in the Arctic. The global results of this study are available on the web at: http://
crga.atmos.uiuc.edu/research/post-sres.html. We would be pleased to collaborate with other researchers in using these results in impact and
integrated-assessment studies.

1. Introduction

In its Special Report on Emissions Scenarios (SRES) [23],
the Intergovernmental Panel on Climate Change (IPCC) con-
structed four families of scenarios for the future emissions
of greenhouse gases (GHGs) and anthropogenically emit-
ted sulfur dioxide (SO2). These scenario families are non-
interventionist in that they do not include abatement of GHG
emissions for the purpose of climate-change mitigation. For
each scenario family there is a “marker” scenario and one
or more variants thereof. The SRES marker scenarios dif-
fer in their projections of possible future population, gross
world productivity (GWP) per person, energy use per unit
GWP, and carbon dioxide (CO2) emission per unit of energy
use [37]. Scenario A1 has high economic growth and low
population growth; CO2 emissions are moderate and SO2

emissions are low. Scenario A2 has low economic growth
and high population growth. It results in the highest CO2

and SO2 emissions and continued disparity between rich
and poor countries. Scenario B1 has moderate economic
growth and low population growth, with emphasis on the re-
duced materialization of the economy and movement away
from fossil fuels; CO2 and SO2 emissions are low. Scenario
B2 has moderate economic growth and moderate population
growth, with continued disparity across countries; CO2 and
SO2 emissions are moderate.

In an earlier study [37], we calculated the time evolu-
tion from 2000 to 2100 of the changes in global-mean near-
surface temperature and sea level for the four SRES marker
scenarios, and we constructed for 2100 the geographical dis-
tributions of their near-surface temperature change.

Recently, Post-SRES scenarios have been proposed that
modify the SRES marker scenarios such that the CO2 con-
centration is stabilized early in the 22nd century. As shown
in table 1, there are seven Post-SRES scenarios that stabi-
lize the CO2 concentration at either 450, 550, 650 or 750
parts per million by volume (ppmv). Stabilization scenarios
for these four levels do not exist for all four SRES marker
scenarios, and not even a single stabilization level exists for
all four markers. The most prevalent stabilization level is
550 ppmv, which exists for all marker scenarios except B1.
The reason for this is that the B1 scenario itself leads to
a CO2 concentration of about 550 ppmv by 2100 (see fig-
ure 7); including the non-CO2 greenhouse gases leads to an
equivalent CO2 concentration (the amount of CO2 required
to give the same radiative forcing as all of the greenhouse
gases, including CO2) of over 660 ppmv [3].

In this paper we calculate the time evolution from 2000
to 2100 of the changes in global-mean near-surface temper-
ature and sea level for the seven Post-SRES and four SRES
marker scenarios, and we construct geographical distribu-
tions of near-surface temperature change for 2100.
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In the following we present the emissions for the stabi-
lization and marker scenarios in section 2 and the resulting
concentrations in section 3. The calculated radiative forcing
and changes in global-mean near-surface temperature and
sea level are presented in section 4, and the geographical dis-
tributions of near-surface temperature change are presented
in section 5. Conclusions are presented in section 6.

Table 1
Scenarios considered in this study.

CO2 stabilization Designator Model Referencesa

level (ppmv)

None A1 Asian-Pacific Jiang et al. [10,11]
650 A1/S650 Integrated Model
550 A1/S550 (AIM)

450 A1/S450
None A2 Atmospheric Sankovski et al. [27,28]
750 A2/S750 Stabilization
550 A2/S550 Framework (ASF)

model

None B1 AIM de Vries et al. [3],
de Vries personal
communication

450 B1/S450
None B2 MESSAGE- Riahi and Roehrl [25,26]

MACRO model
550 B2/S550

a The first reference is for the SRES marker scenario and the second refer-
ence is for the Post-SRES stabilization scenario(s).

2. Emissions

The emissions of CO2, CH4, N2O and SO2 for the 11 sce-
narios are shown respectively in figures 1–4 and the emis-
sions of CFC-11 and CFC-12 are shown in figure 5. The
data shown in figures 1–4 have been provided us by Drs.
T. Morita, T. Masui and K. Jiang for the A1-related and B1-
related scenarios, A. Sankovski for the A2-related scenarios,
and K. Riahi and R.A. Roehrl for the B2-related scenarios.
The CFC-11 and CFC-12 emissions are the same as those
used by us in our study of the climate changes for SRES
marker scenarios [37]. The marker scenarios used here are
the final SRES scenarios [23] which differ somewhat from
the preliminary SRES marker scenarios used by Schlesinger
et al. [37].

The CO2 emissions extend to 2300 for the A1 stabiliza-
tion scenarios and were calculated by the AIM Stabilization
Scenario Generator (SSG) [17,18]. The emissions scenar-
ios for all species other than CO2 extend only to 2100. For
this reason our climate-change calculations extend only to
2100. However, in section 3 we present the CO2 concentra-
tions (and emissions) to 2300 for the A1 scenarios to show
that the concentrations do indeed stabilize at their targeted
values.

It is evident in figures 1–4 that the emissions in 2000
for some of the stabilization scenarios differ from the emis-
sions for their corresponding marker scenario. This reflects
the fact that the Post-SRES stabilization scenarios, unlike
the SRES marker scenarios [23], have not been standardized

Figure 1. Annual CO2 emission rate for the A1 (a), A2 (b), B1 (c) and B2 (d) SRES marker scenarios and their corresponding Post-SRES stabilization
scenarios.
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Figure 2. As in figure 1, except for the CH4 emission rates.

Figure 3. As in figure 1, except for the N2O emission rates.

such that they have the same emissions individually for 1990
and 2000. We have not performed such a standardization
here.

It can be seen from figures 1–4 that not only are the CO2

emissions for the stabilization scenarios different from their
corresponding marker scenarios, so too are the emissions of
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Figure 4. As in figure 1, except for the SO2 emission rates.

Figure 5. Annual CFC-11 and CFC-12 emission rates (a) and concentra-
tions (b) used for all of the 11 scenarios.

CH4, N2O and SO2. The CFC-11 and CFC-12 emissions
(figure 5(a)) are the same for all 11 scenarios, both stabiliza-
tion and markers.

In general the CO2 emissions (figure 1) for the stabiliza-
tion scenarios are lower than for their corresponding mark-
ers, but an exception occurs for B1/S450 during part of the
first two decades of the 21st century. Similarly, the CH4
emissions (figure 2) for the stabilization scenarios are lower
than for their corresponding markers. The N2O emissions
for the stabilization scenarios (figure 3) are close to those of
the corresponding marker scenario for A2 and B2, are less
after 2020 for B1, and are greater for A1 after 2030. The
SO2 emissions for the stabilization scenarios (figure 4) are
mostly lower than for their corresponding markers, but ex-
ceptions occur for A1/S650 after 2025 and B1/S450 before
2050.

3. Concentrations

The resulting concentrations of CO2 are shown in figure 6
from 2000 to 2300 for the A1-related scenarios, and in fig-
ure 7 from 2000 to 2100 for all 11 scenarios. The concen-
trations of CH4 and N2O are shown respectively in figures 8
and 9. The concentrations of CFC-11 and CFC-12 are shown
in figure 5.

3.1. CO2

We have used the carbon-cycle model of the Center for
International Climate and Environmental Research – Oslo
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Figure 6. Annual CO2 emission rate (a) and CO2 concentration (b) to 2300,
respectively for the A1 and B2 SRES marker scenarios and their corre-

sponding Post-SRES stabilization scenarios.

(CICERO) [1], which is based on the work of Joos et al. [12],
to calculate the concentrations of CO2 from its emissions.
Our initial calculations with this model yielded stabilized
CO2 concentrations larger than the target values. We traced
this to the difference between the CO2-fertilization (beta)
factors in the CICERO and AIM-SSG models – the latter
which calculated the emissions – the former using 0.287
and the latter 0.328788. Changing the fertilization factor
in the CICERO model to that of the AIM-SSG model de-
creased the stabilized CO2 concentration, but the values
were still somewhat larger than the targets. Accordingly
we replaced the function for the partial pressure of CO2
in the CICERO code, which for computational economy
was evaluated outside that code once-and-for-all for a tem-
perature of 18.2◦C, with the temperature-dependent formu-
lation of the AIM-SSG code, which was the same as the
unused temperature-dependent formulation in the CICERO
code, the difference thus being due to the different preci-
sion in the two evaluations. As shown in figure 6 for the
A1-related stabilization scenarios, with these changes to the
CICERO model, the concentrations do stabilize quite close
to their targets early in the 22nd century. Note, however,
that for the A1/S450 emissions, the CO2 concentration over-
shoots the target in the 21st century and then decreases to
the target in the 22nd century. This overshooting does not
occur for the higher CO2 stabilization concentration tar-
gets.

Figure 7 shows the CO2 concentrations for all 11 sce-
narios during the 21st century. It can be seen that the

Figure 7. CO2 concentration for the A1 (a), A2 (b), B1 (c) and B2 (d) SRES marker scenarios and their corresponding Post-SRES stabilization scenarios.
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Figure 8. As in figure 7, except for the CH4 concentration.

Figure 9. As in figure 7, except for the N2O concentration.

CO2 stabilization emission trajectories (figure 1) do re-
sult in reduced CO2 concentrations after some time in
the 21st century, earlier for the A1 and A2 stabilization

scenarios than for the B1 and B2 stabilization scenarios,
and earlier for the lower targets than for the higher tar-
gets.
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3.2. CH4, N2O, CFC-11 and CFC-12

We have used the CICERO emissions-to-concentrations
model/code [4] to calculate the concentrations of CH4, N2O,
CFC-11 and CFC-12 from their emissions. We checked our
use of this model by recalculating the CH4 and N2O concen-
trations that were calculated by M. Prather for our climate
calculations for the SRES scenarios [37]. We found that
the concentrations calculated by the CICERO model with
the nonanthropogenic CH4 and N2O sources equal to 229
TgCH4/yr and 9 Tg(N)/yr did not agree with the Prather cal-
culations, with the CICERO concentrations rapidly decreas-
ing – for an initial time period for CH4 and for all times for
N2O – and the Prather concentrations increasing. Accord-
ingly, we adjusted the nonanthropogenic sources to be the
difference between the CICERO 1990 total source and the
SRES 1990 anthropogenic source. This gave 253 TgCH4/yr
and 10.0 TgN2O-N/yr. With these revised nonanthropogenic
emissions the resulting CH4 and N2O concentrations using
the CICERO code for the SRES scenarios are in excellent
agreement with those calculated by Prather.

Figures 8 and 9 present the CH4 and N2O concentrations
calculated for all 11 emissions scenarios during the 21st cen-
tury. The lack of standardization for the CH4 emissions in
2000 is evident in figures 8(a) and 8(c). It can be seen that
the CH4 concentrations for the stabilization scenarios are
less than for their corresponding marker scenarios, as are
the CH4 emissions (figure 2), with the largest reductions be-
ing for the A2/S550 and B1/S450 scenarios. In contrast,
the N2O concentrations for the stabilization scenarios are
quite close to those for their corresponding marker scenar-
ios, as are the N2O emissions (figure 3), with the exception
of the A1 stabilization scenarios, for which the N2O con-
centrations exceed those of the A1 scenario, as do the N2O
emissions.

The CFC-11 and CFC-12 concentrations, shown in fig-
ure 5(b), decrease with time after the early 21st century as
a consequence of the phase-out of their emissions shown in
figure 5(a).

4. Changes in global near-surface temperature and sea
level

The simulations of the past and future changes in global
near-surface temperature and sea level induced by increased
GHGs and anthropogenic sulfate aerosol have been per-
formed with our energy-balance-climate/upwelling-diffu-
sion-ocean (EBC/UDO) model.

4.1. The EBC/UDO model

The original, global version of the EBC/UDO model was
developed by Schlesinger in 1984, based on the model’s
original formulation by Hoffert et al. [7], and was used
by Schlesinger and colleagues to simulate the global-mean
temperature evolution for the different GHG scenarios of

the IPCC 1990 report [2], and for greenhouse-policy stud-
ies [5,14–16,31,35]. The hemispheric version of the model
was developed to study the influence on the climate sys-
tem of sulfate aerosol (SO4) created in the atmosphere from
the anthropogenic emission of SO2 [36] and putative solar-
irradiance variations [38], and has been used to discover a
65–70 year oscillation in the observed global-mean near-
surface temperatures, which was found to occur only over
the North Atlantic Ocean and its bordering continental re-
gions [39,40]. A hemispheric version of the model that ex-
plicitly calculates the individual temperature changes over
land and ocean in each hemisphere [24] has been used to
investigate the influence on climate of volcanoes [24] and
the influence of global warming on sea level [42]. This
hemispheric version of the model, which we use here, was
used in conjunction with results from our UIUC 11-layer at-
mospheric general circulation/mixed-layer-ocean model to
calculate the global and geographical climate changes for
the SRES marker scenarios [37].

The EBC/UDO model [33] determines the changes in the
temperatures of the near-surface air and ocean, the latter as
a function of depth from the surface to the ocean floor. The
ocean in the model is subdivided vertically into 40 layers,
with the uppermost being the 60 m deep mixed layer and
the deeper layers each being 100 m thick. Also, the ocean
is subdivided horizontally into a polar region where bottom
water is formed, and a nonpolar region where there is up-
welling. In the nonpolar region, heat is transported upwards
toward the surface by the water upwelling there and down-
wards by physical processes whose effects are treated as an
equivalent diffusion. Heat is also removed from the mixed
layer in the nonpolar region by a transport to the polar re-
gion and downwelling toward the bottom, this heat being ul-
timately transported upward from the ocean floor in the non-
polar region. The atmosphere in each hemisphere is subdi-
vided into the atmosphere over the ocean and the atmosphere
over land, with heat exchange between them. The change in
sea level is calculated due to thermal expansion of the ocean
and changes in small glaciers and the Antarctic and Green-
land ice sheets [33].

We calculate the change in global-mean near-surface tem-
perature and sea level for the SRES marker and Post-SRES
scenarios using the EBC/UDO model for three values of
temperature sensitivity due to a CO2 doubling that span the
IPCC range – �T2x = 1.5, 2.5 and 4.5◦C [30].

4.2. Radiative forcing

We have calculated the radiative forcing for CO2, CH4,
N2O, CFC-11 and CFC-12 from the equations in table 3 of
Myhre et al. [22]. The global radiative forcing by the SO2
emission is given by [6]

F(t) = F D
SO4

(1990)

[
E(t)

E(1990)

]

+ F I
SO4

(1990)

[
ln(1 + E(t)/Enat)

ln(1 + E(1990)/Enat)

]
, (1)
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Figure 10. Radiative forcing relative to 2000 for the A1 (a), A2 (b), B1 (c) and B2 (d) SRES marker scenarios and their corresponding Post-SRES
stabilization scenarios.

where E(t) is the global anthropogenic emission rate in
year t of sulfur in the form of sulfur dioxide, with E(1990) =
72.6 TgS/yr; Enat(t) = 22 TgS/yr is the global natural
SO2 emission rate; and F D

SO4
(1990) = −0.3 W m−2 and

F I
SO4

(1990) = −0.8 W m−2 are the direct (clear-sky) and in-
direct (cloudy-sky) sulfate radiative forcings in 1990 [6,13].
The calculation was performed from 1860 to 2100, with
E(t) given by the historical emissions from 1860 to 1990,
and by the scenarios thereafter.

The calculated radiative forcing relative to the year 2000
is presented in figure 10. It is seen that the radiative
forcing for the stabilization scenarios is generally smaller
than for their corresponding marker scenario, particularly
for the A1 and A2 stabilization scenarios, the A2/S550
scenario by about 1 W m−2 in 2100. However, the ra-
diative forcing for the A1/S450 and A2/S550 scenarios
slightly exceeds the radiative forcing of their correspond-
ing marker scenario during the early part of the 21st cen-
tury.

4.3. Changes in global near-surface temperature and sea
level

The changes in global near-surface temperature and sea
level relative to 2000 are shown respectively in figures 11–
13 and 14–16 for �T2x = 1.5, 2.5 and 4.5◦C – the low,
“best-guess” and high estimates of �T2x by the IPCC. It can
be seen that both the temperature and sea-level responses
are qualitatively similar to the corresponding radiative forc-

ing (figure 10), with the changes for the marker scenarios
decreasing in the order: A2, A1, B2 and B1. In 2100 the un-
abated global warming and sea-level rise range from 1.04◦C
and 22.3 cm for the B1 scenario with �T2x = 1.5◦C, to
4.07◦C and 60.7 cm for the A2 scenario with �T2x = 4.5◦C.
The uncertainty in the temperature response is, on average,
61.6% due to the uncertainty in �T2x and 38.4% due to the
uncertainty in the scenarios. The uncertainty in the sea-level
response is, on average, 68.8% due to the uncertainty in
�T2x and 31.2% due to the uncertainty in the scenarios. This
demonstrates the importance of reducing the uncertainty in
�T2x .

As an aside, it is of interest to examine the contributions
to the total sea-level rise due to its components: ocean ther-
mal expansion, small glaciers, Greenland and Antarctica.
These are shown in figure 17 in terms of percentage for the
B2 scenario for �T2x = 1.5, 2.5 and 4.5◦C. Results for the
A1, A2 and B1 scenarios are quite close to those for the
B2 scenario and are therefore not shown. It can be seen that
the contributions by small glaciers and ocean thermal expan-
sion are dominant during the 21st century, each contributing
about 45% to the total sea-level rise, with the contribution
by glaciers exceeding that by thermal-expansion for a time
period at the beginning of the century that decreases with in-
creasing �T2x , from about 75 years for �T2x = 1.5◦C to
30 years for �T2x = 4.5◦C. The contribution by Antarctica
is negative due to the intensification of snow accumulation
and cancels about half the positive contribution by Green-
land.
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Figure 11. Global-mean near-surface temperature change relative to year 2000 for �T2x = 1.5◦C for the A1 (a), A2 (b), B1 (c) and B2 (d) SRES marker
scenarios and their corresponding Post-SRES stabilization scenarios.

Figure 12. As in figure 11, except for �T2x = 2.5◦C.

The reductions in global warming and sea-level rise for
the stabilization scenarios relative to their corresponding
marker scenario (figures 11–16) increases with �T2x and is

greater the lower the stabilized CO2 concentration. For the
S550 stabilization scenarios, the reduction in global warm-
ing and sea-level rise in 2100 range from 0.29◦C and 3.31 cm
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Figure 13. As in figure 11, except for �T2x = 4.5◦C.

Figure 14. Global-mean sea-level change relative to year 2000 for �T2x = 1.5◦C for the A1 (a), A2 (b), B1 (c) and B2 (d) SRES marker scenarios and
their corresponding Post-SRES stabilization scenarios.

for B2/S550 with �T2x = 1.5◦C, to 1.22◦C and 15.46 cm
for A1/S450 with �T2x = 4.5◦C. The uncertainty in the
warming reduction is, on average, 52.7% due to the uncer-

tainty in the scenarios and 47.3% due to the uncertainty in
�T2x . The uncertainty in the sea-level-rise reduction is,
on average, 58.4% due to the uncertainty in the scenarios
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Figure 15. As in figure 14, except for �T2x = 2.5◦C.

Figure 16. As in figure 14, except for �T2x = 4.5◦C.

and 41.1% due to the uncertainty in �T2x . This illustrates
the importance of the scenario uncertainty for the reductions
in warming and sea-level rise resulting from stabilizing the
CO2 concentration.

The percent reductions in the global warming and sea-
level rise in 2100 are presented in figure 18 for the seven
Post-SRES stabilization scenarios and for the three values of
�T2x . It can be seen that the percent reductions for each sta-
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Figure 17. Contributions to total sea-level rise by ocean thermal expansion,
small mountain glaciers, Greenland and Antarctica for the A1, A2, B1 and

B2 scenario for �T2x = 1.5◦C (a), 2.5◦C (b) and 4.5◦C (c).

bilization scenario are almost independent of �T2x , as was
first shown by Schlesinger and Jiang [35]. It can also be
seen that the percent reduction in sea-level rise for any sta-
bilization scenario is 4–11% smaller than the corresponding
percent reduction in global warming. The percent reductions
for the global warming and sea-level rise range respectively
from about 10% and 5% for the A2/S750 scenario to about
39% and 30% for the A1/S450 scenario.

It is of interest to examine the contribution of CO2, the
other greenhouses gases in aggregate, and SO4 to the re-
duction in global warming. This is shown in figure 19 for
�T2x = 2.5◦C, the results for �T2x = 1.5◦C and 4.5◦C
being virtually identical. It can be seen that the contribu-
tion of reduced CO2 emissions to the reduction in global
warming in 2100 ranges from 77% for the B1/S450 sce-
nario to 122% for the A2/S750 scenario. The reason that
the CO2 contribution exceeds the total reduction in global

Figure 18. Percentage reduction in the changes relative to year 2000 of
global-mean near-surface temperature (�T ) (a) and sea-level (�SL) (b) for
the seven Post-SRES stabilization scenarios and three climate sensitivities:

�T2x = 1.5, 2.5 and 4.5◦C.

Figure 19. Percent contribution to the reduction in global warming in 2100
by CO2, the other greenhouse gases (GHGs), and SO4 for �T2x = 2.5◦C.

warming is because SO4 makes a negative contribution that
ranges from −7% for the A1/S450 scenario to −46% for the
A2/S750 scenario. The SO4 contribution is negative because
the SO2 emission after 2000 in each stabilization scenario is
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smaller than in the corresponding marker scenario (figure 4),
and this enhances the warming relative to 2100 already cre-
ated by the reduction in SO2 emission in each marker sce-
nario [37]. Put another way, the amelioration of the acid rain
problem by the reduction in future emissions of SO2 exacer-
bates the global-warming problem. However, the reduction
of the other greenhouse gases concomitant with the reduc-
tion in CO2 in the stabilization scenarios aids in the reduc-
tion of the global warming in 2100, from 7% in the A1/S450
scenario to 42% in the B1/S450 scenario.

5. Geographical distributions of near-surface
temperature change

The geographical distributions of near-surface tempera-
ture change are constructed using the superposition method
developed by Santer et al. [29]; this method has been used
previously by us [19–21,32,34,37,41] and others (e.g., [8,
9]).

The distribution of near-surface temperature change in
year t , relative to a reference year – here taken as 2000, as a
function of geographical location x is given by

δT (x, t) = δT GHG(t; �T2x)

[
�T2xCO2(x)

�T 2xCO2

]

+ δT SO4(t; �T2x)

[
�T10xSO4(x)

�T 10xSO4

]
, (2)

where �T2xCO2(x) and �T10xSO4(x) are the geographi-
cal distributions of the change in equilibrium near-surface
temperature, due respectively to a doubling of the CO2
concentration and a decupling of the SO4 burden, simu-
lated by our 11-layer atmospheric general circulation/mixed-
layer-ocean (AGC/MLO) model [34,37], with �T 2xCO2

and �T 10xSO4 respectively being their global averages,
and δT GHG(t; �T2x) and δT SO4(t; �T2x) are the changes
in global-mean near-surface temperature simulated by the
EBC/UDO model for year t , relative to the reference year
(2000), respectively for the changes in greenhouse-gas con-
centrations and sulfate-aerosol burden for any SRES or
Post-SRES scenario, for any prescribed climate sensitivity,
�T2x .

The method used in equation (2) is a simplified version of
the method we previously used to construct the geographi-
cal distributions of near-surface temperature changes for the
SRES marker scenarios [37]. In that method the contri-
bution to the temperature change by SO4 was obtained by
a superposition of the normalized near-surface temperature
changes from 7 simulations by the AGC/MLO model, one
for a tenfold increase in SO4 burden globally, and 6 for ten-
fold increases in the SO4 burden individually for Europe,
North Africa, Siberia, Asia, North America and the Southern
Hemisphere. We have not used this more elaborate proce-
dure here because we are in the process of extending the con-
trol (present climate), 2xCO2 and 10xSO4 simulations made
by the 4◦ latitude by 5◦ longitude “low-resolution” version

of our AGC/MLO model, whose results are used here, by
our 4/3◦ latitude by 4/3◦ longitude “high-resolution” version
of the model. As this high-resolution extension is compu-
tationally very expensive, it will not be performed for the
foreseeable future for the 6 regional 10xSO4 simulations.
Consequently, here we use only the low-resolution simula-
tions that are being extended with the high-resolution model.
The method in equation (2) can then be used as is when the
high-resolution model simulations are completed.

The constructed geographical distributions of near-sur-
face temperature change are illustrated in figure 20 for the
B2/S550 and B2 scenarios in 2100, together with their differ-
ence. From the latter it is seen that the near-surface tempera-
ture changes of the B2/S550 scenario in 2100 are everywhere
smaller than those for the B2 scenario, with values ranging
from about 0.3◦C in the tropics to 0.5◦C over Antarctica and
0.7◦C in the Arctic.

6. Conclusion

We have shown that the Post-SRES CO2-stabilization
scenarios reduce the size of anthropogenically induced cli-
mate change during the 21st century, particularly during its
latter half, by an amount that depends on: (1) the SRES sce-
nario considered, (2) the CO2 stabilization level, and (3) the
climate sensitivity, �T2x . Larger reductions in the global
near-surface temperature and sea level, and in the geograph-
ical distributions of near-surface temperature change are ob-
tained for the gravest SRES scenario, A2; the smallest CO2

stabilization level considered for that scenario, S550; and the
largest climate sensitivity considered, �T2x = 4.5◦C.

The results of this study can be used in impact analyses
and integrated assessments, the latter to determine the ben-
efits of the climate changes foregone by the adoption of a
Post-SRES CO2-stabilization scenario in comparison with
its corresponding SRES scenario, and the costs of achieving
the CO2 stabilization through the reduction in CO2 emis-
sions. To facilitate such impact analyses and integrated as-
sessments, we have put the global results herein presented
on our webpage at http://crga.atmos.uiuc.edu/research/post-
sres.html. We would be pleased to collaborate in such
impact analyses and integrated assessments by calculating
the geographical distributions of near-surface temperature
and other climatic quantities for the Post-SRES scenarios
not presented here, presently using the simulation results
from our 4◦ latitude by 5◦ longitude atmospheric general
circulation/mixed-layer-ocean model, and ultimately the re-
sults from our 4/3◦ latitude by 4/3◦ longitude model when
they become available. We would also be pleased to calcu-
late the time evolutions of global near-surface temperature
and sea-level rise for other stabilization scenarios which dif-
fer from those presented here either in their target concen-
tration or/and time evolution.
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Figure 20. Geographical distributions of the near-surface temperature changes in 2100 relative to 2000 for the B2/S550 (a) and B2 (b) scenarios for
�T2x = 2.5◦C, and the difference between them, B2/S550–B2 (c). In panels (a) and (b) temperature increases in excess of 2◦C are shaded. In panel (c)

reductions in the warming in excess of 0.3◦C are shaded.
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