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Abstract The relationship between long-term climate goals and short/medium-term
emission targets forms crucial information for the design of international climate
policy. Since IPCC’s 4th Assessment Report (AR4), a large number of new scenario
studies have been published. This paper reviews this new literature and finds that
there is more flexibility in the timing of short-term emission reductions compared
to the earlier scenarios assessed by the AR4. For instance, the current literature
suggests that a peak of emissions in 2020 and even 2030 would be consistent with
limiting temperature change to about 2◦C in the long term. The timing when
emissions peak depends on whether negative emissions in the long-term can be
achieved. The recent scenarios further indicate that global emissions by 2050 should
be 40–80% below 2000 levels. Above all, the paper argues that there is no clear,
single “law” that would directly determine the required emissions levels in 2020,
but that instead policy-makers need to consider trade-offs between the likelihood of
achieving long-term targets, the short-term costs, and their expectation with respect
to future technologies (and their possible failure). The higher flexibility might be
important in finding acceptable agreements on international climate policy.

1 Introduction

The question how much short-term emission reduction is needed in order to reach
long-term climate targets plays a crucial role in discussions about international
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climate policy (especially related to the 2◦C target mentioned by the Copenhagen
Accord). Specifically, the implications for 2020 emissions represented crucial in-
formation both during and after the Copenhagen Summit to assess the results
of the negotiations (Climate Interactive 2010; ECOFYS 2010; Rogelj et al. 2010;
UNEP 2010). Mitigation scenarios form thus an important source to explore these
linkages. In IPCC’s Fourth Assessment Report (AR4, Working Group III), Section
3.3 and Table 3.5 summarize the scenario literature based on categories representing
different levels of ambition of the long-term climate target (Fisher et al. 2007).
Decision makers and scientists alike regularly refer to this overview for the required
short-term emissions reductions to achieve certain long-term goals (for example
Izrael 2008; Larsen 2009; The Prince of Wales’s Corporate Leaders Group on
Climate Change 2009). In reality, however, Table 3.5 provided characteristics of
the existing literature, which does not exclude that there might be other scenarios
that could achieve similar goals in different ways. The descriptive nature of the
information is particularly important for the lowest concentration levels for which
just a small number of scenarios were available at the time of AR4.

Since AR4, new scenarios studies have been performed. Here, we review this
large body of new literature to update the information of the IPCC report, focusing
specifically on the lowest three scenario categories from the IPCC (i.e. concentration
targets leading to a radiative forcing of 4 W/m2 or less). Moreover, we compare the
results with two specific studies that explicitly explored the short-term emission range
for achieving long-term targets.

2 Methodological considerations

Emission scenarios in the literature differ in many ways: e.g. they aim for different
targets (concentrations, radiative forcing, or temperature change), focus on different
gases (CO2 only or all greenhouse gases), and are derived from different baseline
assumptions. Systematic comparisons need to somehow group scenarios according
to common characteristics. The six AR4 categories group scenarios based on the
concentration levels by the end of the century, either expressed in radiative forcing,
CO2-equivalent or CO2 concentration (Fisher et al. 2007). While the correlations of
these metrics allows such grouping, this is subject to uncertainty (see for instance
Meinshausen et al. 2006, 2009) and the Supplementary material).

The IPCC AR4 reported several statistics of each scenario group. If the literature
comprises a sufficiently large sample of independently published scenarios, these
characteristics may be interpreted as indicative of the full range of possible outcomes.
Biases in the literature, however, limit such interpretation. For example, the vast
majority of the literature assumes that emissions can be reduced worldwide. Scenar-
ios considering limited participation (resulting in a delay in emission reductions) are
underrepresented and have only recently been explored more widely (see Clarke
et al. 2010). The risk of biases becomes larger if only a small number of scenarios are
available. In fact, for the lowest climate targets in the AR4, where only six scenarios
from three independent modelling studies could be assessed (Azar et al. 2006; Riahi
et al. 2007; Van Vuuren et al. 2007).

The new studies published since AR4 allow updating the IPCC assessment with
a larger sample set (Table 1). The original database underlying the IPCC AR4
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assessment (Fisher et al. 2007; Nakicenovic et al. 2006) has been extended by the
scenarios developed for EMF-22 (Clarke et al. 2010), the ADAM project (Knopf
et al. 2009) and a MESSAGE/IMAGE scenario project (Rao et al. 2008; van Vuuren
et al. 2010b). This implies that for the three lowest IPCC categories together the
scenario set now covers 129 scenarios (instead of 45) based on much more modelling
groups (Table 1). Category I now includes 27 scenarios (instead of 6) from 9 different
modelling groups (instead of 3).

In the analysis, we focus, like AR4, only on the CO2 emissions from energy and
industry sources, as not all studies report land-use CO2 emissions. Analysis of the
studies that include total CO2 emissions shows that their trends are very similar
to those from energy and industry emissions alone (see Supplementary electronic
information). All information was analysed with a step size of 10 years, based on
data availability from model comparison studies and the coarse resolution of most
models. This determines the precision of the analysis.

An important question is how to best represent large scenario datasets. Showing
the full range tends to overemphasize the results of outliers, while focusing, on a
too narrow range runs the risk to exclude scenarios of special interest. For reasons
of comparability with the AR4, we focus primarily on the 15–85th percentile of the
scenario distribution. In addition, we have highlighted results from some selected
studies.

The timing of emission reductions depend on the assumed technology portfolio.
Especially, the combination of bio-energy and carbon capture and storage (BECCS)
may play an important role, since it permits to reach negative CO2 emissions in
the long term (Azar et al. 2010). Therefore, a distinction has been made between
scenarios with and without net negative emissions. Similar to AR4, all scenarios have
been categorised based on the reported long-term concentrations. Some scenarios
which clearly violated 2010 emission levels have been excluded from the data set.

This method can only review scenarios that are able to meet specific emission
reduction targets. Recently, Tavoni and Tol (2010) indicated that such an approach
may lead to an underestimation of mitigation costs, since models that found a target
to be infeasible are likely to have had higher costs. Such a “selection bias”, however,
is less likely to be important here, since there is no a priori reason to assume that
models which found a target infeasible would show a specific bias toward either
higher or lower 2020 emissions.

3 Comparison of new literature and AR4 numbers

We first discuss the general characteristics of the scenarios, followed by the influence
of the assumed technology portfolio. As shown in Table 1 and Fig. 1, the emission
ranges in each scenario category are relatively wide, caused by uncertainties such as
different technology assumptions, the role of non-CO2 gases, and the carbon cycle
representations (for the latter, see van Vuuren et al. 2009). Moreover, each category
encompasses a wide range of forcing targets, also leading to a spread in emissions.
Often scenarios with steep declines early in the century show less pronounced
reductions later on (and vice versa) (Fig. 1).

IPCC category I (CO2 concentration <400 ppm; forcing <3.0 W/m2) corresponds
to a probability of 50–75% of staying below a 2◦C target (Meinshausen et al.
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Fig. 1 Development of energy and industrial CO2 emission for scenarios in the IPCC categories I,
II and III. Grey areas indicate 15–85% percentile; lines indicate individual scenarios

2009). Scenarios in this category show an emission peak around 2020 and emission
reductions of 40 to 85% by 2050 (compared to 2000) (Table 1). The 2020 emissions
of these scenarios vary around the 2000 level (−14 to 27%). Compared to the IPCC
AR4 results, the peak seems somewhat delayed (but here the reporting interval
should be noted) and the 2050 emission reductions are less stringent. The cumulative
emissions for the 2000–2050 period are in the order of 230–370 GtC, similar to
Meinshausen et al. (2009) who report a range of 270 to 390 GtC for a 75% and 50%
probability of 2◦C respectively (after 2050 category I scenarios show little further
emissions).

For category II scenarios (400–440 ppm CO2) both the timing of the emissions
peak and the 2020 emission level seem to be not very different from category I.
Emission reductions by 2050 for category II scenarios are, however, considerably
less strong than for category I. Again compared to the AR4 numbers, the current
scenario literature includes somewhat higher 2050 emissions (Table 1).

For category III (440–485 ppm CO2), the peak-year is similar to AR4 (2010–
2030) but the range of 2050 emissions has moved up. 2050 emissions are now near
the 2000 level, with a wide uncertainty range. The 2020 emission levels for category
III are considerably higher than the previous categories, on average 21% above the
2000 level.

We thus find for all categories that the extended database shows somewhat more
modest short-term reductions, compensated by more stringent emission declines in
the second half of the century.

4 Discussion: impact of the assumed technology portfolio

Most scenarios in the literature are developed to project long-term “optimal” emis-
sions pathways. O’Neill et al. (2010) and Den Elzen et al. (2007), in contrast, focused
on the assessment of wider range of trajectories. While both studies are based on a
single model (and therefore less robust), they are added for comparison to Table 1.
Interestingly, their results confirm the findings that there is more flexibility for
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short-term emissions than suggested by a normative interpretation of AR4. In fact,
the emission peak in these studies occurs even later than in the literature overview
(consistent with the explicit focus on feasibility).

Emission reduction pathways depend strongly on technology assumptions. Crucial
technology options considered by many scenarios in the literature include energy
efficiency, renewable and nuclear energy, carbon capture and storage (CCS), re-
duction of non-CO2 gases, but also technologies that allow for negative emissions
(reforestation and BECCS) (Azar et al. 2010; Edenhofer et al. 2010; Fisher et al.
2007; Van Vuuren et al. 2007). Negative emissions occur in the second half of the
century (Table 1 and Fig. 2), thus allowing for more modest 2020 and 2050 emission
reductions. The category I scenarios with negative emissions show an increase in 2020
of 14%, while scenarios without negative emissions have a reduction of 15%. The
difference can also be noted for cumulative emission budgets: while the 2000–2100
budget hardly depends on the presence of negative emission options, there are large
consequences for the 2000–2050 budget. These differences occur across all categories
and for most variables. For 2050, the difference is larger for category II and III
given the more binding constraints in category I. In fact, the majority of scenarios
in category I include negative emissions: for many models the target is infeasible
without negative emissions. In category II and III a considerably smaller fraction of
scenarios show net negative emissions.

The possible contribution of BECCS depends on the potential and societal
acceptance of bio-energy production and CCS. While there might be a considerable
potential for bio-energy, uncertainties are large, and concerns regarding technology
development, carbon-neutrality, food security and biodiversity may reduce the
potential (van Vuuren et al. 2010a). Also for CCS, storage capacity and societal
acceptance are uncertain. Therefore, the possibility of higher short-term emissions
in scenarios with BECCS is associated with a risk that BECCS might not become
available at full potential in the long-run.

Fig. 2 Left panel: development of CO2 emission in scenarios of category I (grey area is 15–85%
percentile). Middle and right panels: average emissions levels of category I–III scenarios by 2020 and
2050 (compared to 2000). Scenarios with BECCS are shown in green and scenarios without BECCS
in black. Error bands in the middle and right-hand panels indicated 15–85% percentile
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We can also illustrate the importance of technology assumptions by focussing on
the O’Neill and Den Elzen studies. In the O’Neill et al. (2010) results, relatively late
emissions reductions are strongly associated with large negative emission levels in the
long-term. In the work of Den Elzen et al. (2007), in contrast, emission reductions in
non-CO2 gases are larger than in most other studies, explaining the relatively high
CO2 emissions.

Various factors may play a role in the shift in scenario literature between AR4
and the current overview. Although some of the literature assessed in AR4 already
included overshoot scenarios and BECCS, BECCS has been added to more models
now, leading to a significant extension of the literature in the lowest category (partly
looking into the attainability of low concentration targets following the work of Van
Vuuren et al. (2007) (see Moss et al. 2010)). In the overview here, some of the scenar-
ios included in AR4 category I have been excluded as they assume strong emission
reductions before 2010, leading by itself to an upward shift. Interestingly, however,
a shift can also be noted for categories II and III while here little scenarios with net
negative emissions are found. Therefore, the more important factor seems to be the
publication time. As global emissions increased rapidly between 2000 and 2008, the
additional lock-in into fossil fuels limits the potential for emissions reductions by
2020. In addition, new studies assume introduction of climate policy at a later point
in time.

5 Implication of the findings

The review shows that stringent long-term targets seriously constrain short-term
emissions, but that there is more flexibility than suggested by the normative interpre-
tation of AR4 table. Obviously, the additional flexibility is not unlimited: delaying
emission reductions too far into the future imputes the risk that some long-term
targets become infeasible (Den Elzen et al. 2010; O’Neill et al. 2010). For the lowest
category the emission peak is found to be around 2020. Such reductions are very
challenging as studies show that this is likely to require the participation of all major
emitters (Clarke et al. 2010).

The results above all emphasise that the focus should be less on the emissions in
a specific year, but more on the medium-term emission trajectory and the budgets
that are associated with those. As such, decisions on short-term emission reductions
need to consider the path-dependency of the system and factor in trade-offs between
(1) the short-term costs of emissions reductions, (2) risks of overshooting long-
term temperature targets, (3) the risks associated with the uncertainty of long-term
technological options and (4) expectations about the attainable rate of emissions
reductions that can be implemented. In other words, there is not a single ‘law’ to
determine short-term targets consistent with long-term objectives. As some conclu-
sions reached by studies evaluating the Copenhagen Accord have relied on specific
assumptions for post-2020 emission reductions, they may not necessarily be fully
robust against the uncertainty space mentioned above (Climate Interactive 2010;
ECOFYS 2010; Rogelj et al. 2010; UNEP 2010). We want to emphasise that while
our review could be useful to guide policy making, the results should not be over-
interpreted as an ultimate indication of necessary conditions for achieving long-term
climate targets. For a better understanding of short-term feasibility thresholds, model
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comparison studies are needed, with explicit consideration of short-term emission
targets and alternative technology assumptions.
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