IV.

Revised SCC Estimates

7. �

Calculate the SCC as the net present value of the discounted path of damages computed
in step 6, divided by the unit of carbon emissions used to shock the models in step 3.

8. �

Multiply by 12/44 to convert from dollars per ton of carbon to dollars per ton of CO2
(2007 dollars) in DICE and FUND. (All calculations are done in tons of CO2 in PAGE).

The steps above were repeated in each model for multiple future years to cover the time horizons
anticipated for upcoming rulemaking analysis. To maintain consistency across the three IAMs, climate
damages are calculated as lost consumption in each future year.
It is important to note that each of the three models has a different default end year. The default time
horizon is 2200 for PAGE, 2595 for DICE, and 3000 for the latest version of FUND. This is an issue for the
multi-model approach because differences in SCC estimates may arise simply due to the model time
horizon. Many consider 2200 too short a time horizon because it could miss a significant fraction of
damages under certain assumptions about the growth of marginal damages and discounting, so each
model is run here through 2300. This step required a small adjustment in the PAGE model only. This
step also required assumptions about GDP, population, and greenhouse gas emission trajectories after
2100, the last year for which these data are available from the EMF-22 models. (A more detailed
discussion of these assumptions is included in the Appendix.)
This exercise produces 45 separate distributions of the SCC for a given year, the product of 3 models, 3
discount rates, and 5 socioeconomic scenarios. This is clearly too many separate distributions for
consideration in a regulatory impact analysis.
To produce a range of plausible estimates that still reflects the uncertainty in the estimation exercise,
the distributions from each of the models and scenarios are equally weighed and combined to produce
three separate probability distributions for SCC in a given year, one for each assumed discount rate.
These distributions are then used to define a range of point estimates for the global SCC. In this way, no
integrated assessment model or socioeconomic scenario is given greater weight than another. Because
the literature shows that the SCC is quite sensitive to assumptions about the discount rate, and because
no consensus exists on the appropriate rate to use in an intergenerational context, we present SCCs
based on the average values across models and socioeconomic scenarios for each discount rate.
The interagency group selected four SCC values for use in regulatory analyses. Three values are based
on the average SCC across models and socio-economic and emissions scenarios at the 2.5, 3, and 5
percent discount rates. The fourth value is included to represent the higher-than-expected economic
impacts from climate change further out in the tails of the SCC distribution. For this purpose, we use the
SCC value for the 95th percentile at a 3 percent discount rate. (The full set of distributions by model and
scenario combination is included in the Appendix.) As noted above, the 3 percent discount rate is the
central value, and so the central value that emerges is the average SCC across models at the 3 percent
discount rate. For purposes of capturing the uncertainties involved in regulatory impact analysis, we
emphasize the importance and value of considering the full range.
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As previously discussed, low probability, high impact events are incorporated into the SCC values
through explicit consideration of their effects in two of the three models as well as the use of a
probability density function for equilibrium climate sensitivity. Treating climate sensitivity
probabilistically results in more high temperature outcomes, which in turn lead to higher projections of
damages. Although FUND does not include catastrophic damages (in contrast to the other two models),
its probabilistic treatment of the equilibrium climate sensitivity parameter will directly affect the noncatastrophic damages that are a function of the rate of temperature change.
In Table 3, we begin by presenting SCC estimates for 2010 by model, scenario, and discount rate to
illustrate the variability in the SCC across each of these input parameters. As expected, higher discount
rates consistently result in lower SCC values, while lower discount rates result in higher SCC values for
each socioeconomic trajectory. It is also evident that there are differences in the SCC estimated across
the three main models. For these estimates, FUND produces the lowest estimates, while PAGE generally
produces the highest estimates.
Table 3: Disaggregated Social Cost of CO2 Values by Model, Socio-Economic Trajectory, and Discount
Rate for 2010 (in 2007 dollars)
5%

3%

2.5%

3%

Scenario
IMAGE

Avg
10.8

Avg
35.8

Avg
54.2

95th
70.8

MERGE

7.5

22.0

31.6

42.1

Message

9.8

29.8

43.5

58.6

MiniCAM

8.6

28.8

44.4

57.9

550 Average

8.2

24.9

37.4

50.8

IMAGE

8.3

39.5

65.5

142.4

MERGE

5.2

22.3

34.6

82.4

Message

7.2

30.3

49.2

115.6

MiniCAM

6.4

31.8

54.7

115.4

550 Average

5.5

25.4

42.9

104.7

IMAGE

-1.3

8.2

19.3

39.7

MERGE

-0.3

8.0

14.8

41.3

Message

-1.9

3.6

8.8

32.1

MiniCAM

-0.6

10.2

22.2

42.6

550 Average

-2.7

-0.2

3.0

19.4

Discount rate:

FUND

PAGE

DICE

Model

These results are not surprising when compared to the estimates in the literature for the latest versions �
of each model. For example, adjusting the values from the literature that were used to develop interim �
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SCC values to 2007 dollars for the year 2010 (assuming, as we did for the interim process, that SCC
grows at 3 percent per year), FUND yields SCC estimates at or near zero for a 5 percent discount rate
and around $9 per ton for a 3 percent discount rate. There are far fewer estimates using the latest
versions of DICE and PAGE in the literature: Using similar adjustments to generate 2010 estimates, we
calculate a SCC from DICE (based on Nordhaus 2008) of around $9 per ton for a 5 percent discount rate,
and a SCC from PAGE (based on Hope 2006, 2008) close to $8 per ton for a 4 percent discount rate. Note
that these comparisons are only approximate since the literature generally relies on Ramsey
discounting, while we have assumed constant discount rates.27
The SCC estimates from FUND are sensitive to differences in emissions paths but relatively insensitive to
differences in GDP paths across scenarios, while the reverse is true for DICE and PAGE. This likely occurs
because of several structural differences among the models. Specifically in DICE and PAGE, the fraction
of economic output lost due to climate damages increases with the level of temperature alone, whereas
in FUND the fractional loss also increases with the rate of temperature change. Furthermore, in FUND
increases in income over time decrease vulnerability to climate change (a form of adaptation), whereas
this does not occur in DICE and PAGE. These structural differences among the models make FUND more
sensitive to the path of emissions and less sensitive to GDP compared to DICE and PAGE.
Figure 3 shows that IMAGE has the highest GDP in 2100 while MERGE Optimistic has the lowest. The
ordering of global GDP levels in 2100 directly corresponds to the rank ordering of SCC for PAGE and
DICE. For FUND, the correspondence is less clear, a result that is to be expected given its less direct
relationship between its damage function and GDP.
Figure 3: Level of Global GDP across EMF Scenarios
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Nordhaus (2008) runs DICE2007 with ρ = 1.5 and η = 2. The default approach in PAGE2002 (version 1.4epm)
treats ρ and η as random parameters, specified using a triangular distribution such that the min, mode, and max =
0.1, 1, and 2 for ρ, and 0.5, 1, and 2 for η, respectively. The FUND default value for η is 1, and Tol generates SCC
estimates for values of ρ = 0, 1, and 3 in many recent papers (e.g. Anthoff et al. 2009). The path of per-capita
consumption growth, g, varies over time but is treated deterministically in two of the three models. In DICE, g is
endogenous. Under Ramsey discounting, as economic growth slows in the future, the large damages from climate
change that occur far out in the future are discounted at a lower rate than impacts that occur in the nearer term.
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Table 4 shows the four selected SCC values in five year increments from 2010 to 2050. Values for 2010,
2020, 2040, and 2050 are calculated by first combining all outputs (10,000 estimates per model run)
from all scenarios and models for a given discount rate. Values for the years in between are calculated
using a simple linear interpolation.
Table 4: Social Cost of CO2, 2010 – 2050 (in 2007 dollars)
Discount Rate
Year

5%
Avg

3%
Avg

2.5%
Avg

3%
95th

2010
2015

4.7
5.7

21.4
23.8

35.1
38.4

64.9
72.8

2020
2025

6.8
8.2

26.3
29.6

41.7
45.9

80.7
90.4

2030

9.7

32.8

50.0

100.0

2035
2040
2045

11.2
12.7
14.2

36.0
39.2
42.1

54.2
58.4
61.7

109.7
119.3
127.8

2050

15.7

44.9

65.0

136.2

The SCC increases over time because future emissions are expected to produce larger incremental
damages as physical and economic systems become more stressed in response to greater climatic
change. Note that this approach allows us to estimate the growth rate of the SCC directly using DICE,
PAGE, and FUND rather than assuming a constant annual growth rate as was done for the interim
estimates (using 3 percent). This helps to ensure that the estimates are internally consistent with other
modeling assumptions. Table 5 illustrates how the growth rate for these four SCC estimates varies over
time. The full set of annual SCC estimates between 2010 and 2050 is reported in the Appendix.
Table 5: Changes in the Average Annual Growth Rates of SCC Estimates between 2010 and 2050
Average Annual Growth
Rate (%)
2010-2020
2020-2030
2030-2040

5%
Avg
3.6%
3.7%
2.7%

3%
Avg
2.1%
2.2%
1.8%

2.5%
Avg
1.7%
1.8%
1.6%

3.0%
95th
2.2%
2.2%
1.8%

2040-2050

2.1%

1.4%

1.1%

1.3%

While the SCC estimate grows over time, the future monetized value of emissions reductions in each
year (the SCC in year t multiplied by the change in emissions in year t) must be discounted to the
present to determine its total net present value for use in regulatory analysis. Damages from future
emissions should be discounted at the same rate as that used to calculate the SCC estimates themselves
to ensure internal consistency—i.e., future damages from climate change, whether they result from
emissions today or emissions in a later year, should be discounted using the same rate. For example,
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climate damages in the year 2020 that are calculated using a SCC based on a 5 percent discount rate also
should be discounted back to the analysis year using a 5 percent discount rate.28
V.

Limitations of the Analysis

As noted, any estimate of the SCC must be taken as provisional and subject to further refinement (and
possibly significant change) in accordance with evolving scientific, economic, and ethical
understandings. During the course of our modeling, it became apparent that there are several areas in
particular need of additional exploration and research. These caveats, and additional observations in
the following section, are necessary to consider when interpreting and applying the SCC estimates.
Incomplete treatment of non-catastrophic damages. The impacts of climate change are expected to be
widespread, diverse, and heterogeneous. In addition, the exact magnitude of these impacts is uncertain
because of the inherent complexity of climate processes, the economic behavior of current and future
populations, and our inability to accurately forecast technological change and adaptation. Current IAMs
do not assign value to all of the important physical, ecological, and economic impacts of climate change
recognized in the climate change literature (some of which are discussed above) because of lack of
precise information on the nature of damages and because the science incorporated into these models
understandably lags behind the most recent research. Our ability to quantify and monetize impacts will
undoubtedly improve with time. But it is also likely that even in future applications, a number of
potentially significant damage categories will remain non-monetized. (Ocean acidification is one
example of a potentially large damage from CO2 emissions not quantified by any of the three models.
Species and wildlife loss is another example that is exceedingly difficult to monetize.)
Incomplete treatment of potential catastrophic damages. There has been considerable recent discussion
of the risk of catastrophic impacts and how best to account for extreme scenarios, such as the collapse
of the Atlantic Meridional Overturning Circulation or the West Antarctic Ice Sheet, or large releases of
methane from melting permafrost and warming oceans. Weitzman (2009) suggests that catastrophic
damages are extremely large—so large, in fact, that the damages from a low probability, catastrophic
event far in the future dominate the effect of the discount rate in a present value calculation and result
in an infinite willingness-to-pay for mitigation today. However, Nordhaus (2009) concluded that the
conditions under which Weitzman's results hold “are limited and do not apply to a wide range of
potential uncertain scenarios."
Using a simplified IAM, Newbold and Daigneault (2009) confirmed the potential for large catastrophe
risk premiums but also showed that the aggregate benefit estimates can be highly sensitive to the
shapes of both the climate sensitivity distribution and the damage function at high temperature
changes. Pindyck (2009) also used a simplified IAM to examine high-impact low-probability risks, using a
right-skewed gamma distribution for climate sensitivity as well as an uncertain damage coefficient, but
in most cases found only a modest risk premium. Given this difference in opinion, further research in
this area is needed before its practical significance can be fully understood and a reasonable approach
developed to account for such risks in regulatory analysis. (The next section discusses the scientific
evidence on catastrophic impacts in greater detail.)
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However, it is possible that other benefits or costs of proposed regulations unrelated to CO2 emissions will be
discounted at rates that differ from those used to develop the SCC estimates.
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Uncertainty in extrapolation of damages to high temperatures: The damage functions in these IAMs are
typically calibrated by estimating damages at moderate temperature increases (e.g., DICE was calibrated
at 2.5 °C) and extrapolated to far higher temperatures by assuming that damages increase as some
power of the temperature change. Hence, estimated damages are far more uncertain under more
extreme climate change scenarios.
Incomplete treatment of adaptation and technological change: Each of the three integrated assessment
models used here assumes a certain degree of low- or no-cost adaptation. For instance, Tol assumes a
great deal of adaptation in FUND, including widespread reliance on air conditioning ; so much so, that
the largest single benefit category in FUND is the reduced electricity costs from not having to run air
conditioning as intensively (NRC 2009).
Climate change also will increase returns on investment to develop technologies that allow individuals
to cope with adverse climate conditions, and IAMs to do not adequately account for this directed
technological change.29 For example, scientists may develop crops that are better able to withstand
higher and more variable temperatures. Although DICE and FUND have both calibrated their agricultural
sectors under the assumption that farmers will change land use practices in response to climate change
(Mastrandrea, 2009), they do not take into account technological changes that lower the cost of this
adaptation over time. On the other hand, the calibrations do not account for increases in climate
variability, pests, or diseases, which could make adaptation more difficult than assumed by the IAMs for
a given temperature change. Hence, models do not adequately account for potential adaptation or
technical change that might alter the emissions pathway and resulting damages. In this respect, it is
difficult to determine whether the incomplete treatment of adaptation and technological change in
these IAMs under or overstate the likely damages.
Risk aversion: A key question unanswered during this interagency process is what to assume about
relative risk aversion with regard to high-impact outcomes. These calculations do not take into account
the possibility that individuals may have a higher willingness to pay to reduce the likelihood of lowprobability, high-impact damages than they do to reduce the likelihood of higher-probability but lowerimpact damages with the same expected cost. (The inclusion of the 95th percentile estimate in the final
set of SCC values was largely motivated by this concern.) If individuals do show such a higher willingness
to pay, a further question is whether that fact should be taken into account for regulatory policy. Even if
individuals are not risk-averse for such scenarios, it is possible that regulatory policy should include a
degree of risk-aversion.
Assuming a risk-neutral representative agent is consistent with OMB’s Circular A-4, which advises that
the estimates of benefits and costs used in regulatory analysis are usually based on the average or
the expected value and that “emphasis on these expected values is appropriate as long as society is
‘risk neutral’ with respect to the regulatory alternatives. While this may not always be the case,
[analysts] should in general assume ‘risk neutrality’ in [their] analysis.”
Nordhaus (2008) points to the need to explore the relationship between risk and income in the context
of climate change across models and to explore the role of uncertainty regarding various parameters in
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However these research dollars will be diverted from whatever their next best use would have been in the
absence of climate change (so productivity/GDP would have been still higher).
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the results. Using FUND, Anthoff et al (2009) explored the sensitivity of the SCC to Ramsey equation
parameter assumptions based on observed behavior. They conclude that “the assumed rate of risk
aversion is at least as important as the assumed rate of time preference in determining the social cost of
carbon.” Since Circular A-4 allows for a different assumption on risk preference in regulatory analysis if it
is adequately justified, we plan to continue investigating this issue.
V.

A Further Discussion of Catastrophic Impacts and Damage Functions

As noted above, the damage functions underlying the three IAMs used to estimate the SCC may not
capture the economic effects of all possible adverse consequences of climate change and may therefore
lead to underestimates of the SCC (Mastrandrea 2009). In particular, the models’ functional forms may
not adequately capture: (1) potentially discontinuous “tipping point” behavior in Earth systems, (2)
inter-sectoral and inter-regional interactions, including global security impacts of high-end warming, and
(3) limited near-term substitutability between damage to natural systems and increased consumption.
It is the hope of the interagency group that over time researchers and modelers will work to fill these
gaps and that the SCC estimates used for regulatory analysis by the Federal government will continue to
evolve with improvements in modeling. In the meantime, we discuss some of the available evidence.
Extrapolation of climate damages to high levels of warming
The damage functions in the models are calibrated at moderate levels of warming and should therefore
be viewed cautiously when extrapolated to the high temperatures found in the upper end of the
distribution. Recent science suggests that there are a number of potential climatic “tipping points” at
which the Earth system may exhibit discontinuous behavior with potentially severe social and economic
consequences (e.g., Lenton et al, 2008, Kriegler et al., 2009). These tipping points include the disruption
of the Indian Summer Monsoon, dieback of the Amazon Rainforest and boreal forests, collapse of the
Greenland Ice Sheet and the West Antarctic Ice Sheet, reorganization of the Atlantic Meridional
Overturning Circulation, strengthening of El Niño-Southern Oscillation, and the release of methane from
melting permafrost. Many of these tipping points are estimated to have thresholds between about 3 °C
and 5 °C (Lenton et al., 2008). Probabilities of several of these tipping points were assessed through
expert elicitation in 2005–2006 by Kriegler et al. (2009); results from this study are highlighted in Table
6. Ranges of probability are averaged across core experts on each topic.
As previously mentioned, FUND does not include potentially catastrophic effects. DICE assumes a small
probability of catastrophic damages that increases with increased warming, but the damages from these
risks are incorporated as expected values (i.e., ignoring potential risk aversion). PAGE models
catastrophic impacts in a probabilistic framework (see Figure 1), so the high-end output from PAGE
potentially offers the best insight into the SCC if the world were to experience catastrophic climate
change. For instance, at the 95th percentile and a 3 percent discount rate, the SCC estimated by PAGE
across the five socio-economic and emission trajectories of $113 per ton of CO2 is almost double the
value estimated by DICE, $58 per ton in 2010. We cannot evaluate how well the three models account
for catastrophic or non-catastrophic impacts, but this estimate highlights the sensitivity of SCC values in
the tails of the distribution to the assumptions made about catastrophic impacts.
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Table 6: Probabilities of Various Tipping Points from Expert Elicitation 

Possible Tipping Points

Duration
before effect
is fully realized
(in years)

Additional Warming by 2100
0.5-1.5 C

1.5-3.0 C

3-5 C

Reorganization of Atlantic Meridional Overturning Circulation

about 100

0-18%

6-39%

18-67%

Greenland Ice Sheet collapse

at least 300

8-39%

33-73%

67-96%

West Antarctic Ice Sheet collapse

at least 300

5-41%

10-63%

33-88%

Dieback of Amazon rainforest

about 50

2-46%

14-84%

41-94%

Strengthening of El Niño-Southern Oscillation

about 100

1-13%

6-32%

19-49%

Dieback of boreal forests

about 50

13-43%

20-81%

34-91%

Shift in Indian Summer Monsoon

about 1

Not formally assessed

Release of methane from melting permafrost

Less than 100

Not formally assessed.

PAGE treats the possibility of a catastrophic event probabilistically, while DICE treats it deterministically
(that is, by adding the expected value of the damage from a catastrophe to the aggregate damage
function). In part, this results in different probabilities being assigned to a catastrophic event across the
two models. For instance, PAGE places a probability near zero on a catastrophe at 2.5 °C warming, while
DICE assumes a 4 percent probability of a catastrophe at 2.5 °C. By comparison, Kriegler et al. (2009)
estimate a probability of at least 16-36 percent of crossing at least one of their primary climatic tipping
points in a scenario with temperatures about 2-4 °C warmer than pre-Industrial levels in 2100.
It is important to note that crossing a climatic tipping point will not necessarily lead to an economic
catastrophe in the sense used in the IAMs. A tipping point is a critical threshold across which some
aspect of the Earth system starts to shifts into a qualitatively different state (for instance, one with
dramatically reduced ice sheet volumes and higher sea levels). In the IAMs, a catastrophe is a lowprobability environmental change with high economic impact.
Failure to incorporate inter-sectoral and inter-regional interactions
The damage functions do not fully incorporate either inter-sectoral or inter-regional interactions. For
instance, while damages to the agricultural sector are incorporated, the effects of changes in food
supply on human health are not fully captured and depend on the modeler’s choice of studies used to
calibrate the IAM. Likewise, the effects of climate damages in one region of the world on another region
are not included in some of the models (FUND includes the effects of migration from sea level rise).
These inter-regional interactions, though difficult to quantify, are the basis for climate-induced national
and economic security concerns (e.g., Campbell et al., 2007; U.S. Department of Defense 2010) and are
particularly worrisome at higher levels of warming. High-end warming scenarios, for instance, project
water scarcity affecting 4.3-6.9 billion people by 2050, food scarcity affecting about 120 million
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additional people by 2080, and the creation of millions of climate refugees (Easterling et al., 2007;
Campbell et al., 2007).
Imperfect substitutability of environmental amenities
Data from the geological record of past climate changes suggests that 6 °C of warming may have severe
consequences for natural systems. For instance, during the Paleocene-Eocene Thermal Maximum about
55.5 million years ago, when the Earth experienced a geologically rapid release of carbon associated
with an approximately 5 °C increase in global mean temperatures, the effects included shifts of about
400-900 miles in the range of plants (Wing et al., 2005), and dwarfing of both land mammals (Gingerich,
2006) and soil fauna (Smith et al., 2009).
The three IAMs used here assume that it is possible to compensate for the economic consequences of
damages to natural systems through increased consumption of non-climate goods, a common
assumption in many economic models. In the context of climate change, however, it is possible that the
damages to natural systems could become so great that no increase in consumption of non-climate
goods would provide complete compensation (Levy et al., 2005). For instance, as water supplies
become scarcer or ecosystems become more fragile and less bio-diverse, the services they provide may
become increasingly more costly to replace. Uncalibrated attempts to incorporate the imperfect
substitutability of such amenities into IAMs (Sterner and Persson, 2008) indicate that the optimal degree
of emissions abatement can be considerably greater than is commonly recognized.
VI.

Conclusion

The interagency group selected four SCC estimates for use in regulatory analyses. For 2010, these
estimates are $5, $21, $35, and $65 (in 2007 dollars). The first three estimates are based on the average
SCC across models and socio-economic and emissions scenarios at the 5, 3, and 2.5 percent discount
rates, respectively. The fourth value is included to represent the higher-than-expected impacts from
temperature change further out in the tails of the SCC distribution. For this purpose, we use the SCC
value for the 95th percentile at a 3 percent discount rate. The central value is the average SCC across
models at the 3 percent discount rate. For purposes of capturing the uncertainties involved in
regulatory impact analysis, we emphasize the importance and value of considering the full range. These
SCC estimates also grow over time. For instance, the central value increases to $24 per ton of CO2 in
2015 and $26 per ton of CO2 in 2020.
We noted a number of limitations to this analysis, including the incomplete way in which the integrated
assessment models capture catastrophic and non-catastrophic impacts, their incomplete treatment of
adaptation and technological change, uncertainty in the extrapolation of damages to high temperatures,
and assumptions regarding risk aversion. The limited amount of research linking climate impacts to
economic damages makes this modeling exercise even more difficult. It is the hope of the interagency
group that over time researchers and modelers will work to fill these gaps and that the SCC estimates
used for regulatory analysis by the Federal government will continue to evolve with improvements in
modeling.
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Long run stabilization of GDP per capita was viewed as a more realistic simplifying assumption than a
linear or exponential extrapolation of the pre-2100 economic growth rate of each EMF scenario. This is
based on the idea that increasing scarcity of natural resources and the degradation of environmental
sinks available for assimilating pollution from economic production activities may eventually overtake
the rate of technological progress. Thus, the overall rate of economic growth may slow over the very
long run. The interagency group also considered allowing an exponential decline in the growth rate of
GDP per capita. However, since this would require an additional assumption about how close to zero
the growth rate would get by 2300, the group opted for the simpler and more transparent linear
extrapolation to zero by 2300.
The population growth rate is also assumed to decline linearly, reaching zero by 2200. This assumption
is reasonably consistent with the United Nations long run population forecast, which estimates global
population to be fairly stable after 2150 in the medium scenario (UN 2004).35 The resulting range of
EMF population trajectories (Figure A2) also encompass the UN medium scenario forecasts through
2300 – global population of 8.5 billion by 2200, and 9 billion by 2300.
Maintaining the decline in the 2090-2100 carbon intensity growth rate (i.e., CO2 per dollar of GDP)
through 2300 assumes that technological improvements and innovations in the areas of energy
efficiency and other carbon reducing technologies (possibly including currently unavailable methods)
will continue to proceed at roughly the same pace that is projected to occur towards the end of the
forecast period for each EMF scenario. This assumption implies that total cumulative emissions in 2300
will be between 5,000 and 12,000 GtC, which is within the range of the total potential global carbon
stock estimated in the literature.
Net land use CO2 emissions are expected to stabilize in the long run, so in the absence of any post 2100
projections, the group assumed a linear decline to zero by 2200. Given no a priori reasons for assuming
a long run increase or decline in non-CO2 radiative forcing, it is assumed to remain at the 2100 levels for
each EMF scenario through 2300.
Figures A2-A7 show the paths of global population, GDP, fossil and industrial CO2 emissions, net land
CO2 emissions, non-CO2 radiative forcing, and CO2 intensity (fossil and industrial CO2 emissions/GDP)
resulting from these assumptions.
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