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A large body of research has shown that limiting global mean temperature increase to 2 °C
above preindustrial levels requires a global phase-out of greenhouse gas emissions by the end
of the century (see Clarke et al. 2014a, for an overview). This literature has explored several
dimensions of climate stabilization pathways with integrated assessment models (IAMs,
Weyant et al. 1996), notably their sensitivity to greenhouse gas (GHG) concentration targets
(see e.g. Clarke et al. 2009; Edenhofer et al. 2010; Kriegler et al. 2014, for model comparison
studies) and techno-economic assumptions (e.g. Clarke et al. 2008; McJeon et al. 2011; Bosetti
et al. 2015), the role of mitigation technologies, energy end-use sectors, and energy demand
(see Edenhofer et al. 2010; Luderer et al. 2012; Tavoni et al. 2012; Riahi et al. 2012; Kriegler
et al. 2014; Krey et al., 2014, for model comparison studies), the role of fragmented or
moderate near term mitigation action (see Clarke et al. 2009; Van Vuuren and Riahi 2011;
Jakob et al. 2012; Kriegler et al. 2013b; Tavoni et al. 2015; Riahi et al. 2015; Kriegler et al.
2015; Luderer et al. 2013a, for model comparison studies), combined effects of delayed
mitigation and technology availability (see Riahi et al. 2015, for a model comparison study
and Luderer et al. 2013b; Rogelj et al. 2013a, 2013b, for individual model sensitivity
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analyses), and regional mitigation pathways (see Calvin et al. 2012; Knopf et al. 2013; Capros
et al. 2014; Clarke et al. 2014b; Calvin et al. 2016, for model comparison studies on Asia,
Europe, USA, and Latin America, respectively). However, the sensitivity of mitigation
pathways to assumptions about underlying socio-economic developments is much less ex-
plored (but see Morita et al. 2000; Webster et al. 2012; Gillingham et al. 2015; Riahi et al.
2016). This is the focus of the RoSE study (“Roadmaps toward Sustainable Energy futures”;
www.rose-project.org) presented in this special issue of Climatic Change.

Many of the underlying drivers of emissions and emissions reductions such as population
and economic growth, fossil fuel availability, and progress in low carbon energy technologies
are inherently uncertain, and often accounted for through the use of scenarios (Nakicenovic
et al. 2000; Riahi et al. 2016). It is therefore an important question how uncertainty about long-
term socio-economic and technological developments affects the integrated assessment of
climate change mitigation pathways. The RoSE study allows addressing this question with
regard to economic growth and fossil resource assumptions, as it is the first to control for these
assumptions in a multi-model study of baseline and mitigation pathways. More concretely,
RoSE conducted a model comparison on harmonized variations in economic growth, popu-
lation and fossil resource assumptions across four integrated assessment models: GCAM
(Edmonds and Reilly 1985; Edmonds et al. 1997; http://wiki.umd.edu/gcam), IPAC (Jiang
et al. 2000), REMIND (Luderer et al. 2015; Bauer et al. 2012; Leimbach et al. 2010; http://pik-
potsdam.de/research/sustainable-solutions/models/remind), and WITCH (Bosetti et al. 2006;
Bosetti et al. 2009; http://doc.witchmodel.org/). This fills an important gap in the literature,
since previous sensitivity studies mostly focused on technology assumptions (Clarke et al.
2008; McJeon et al. 2011; Bosetti et al. 2015).

The results of the RoSE study are presented in this special issue and the underlying RoSE
scenarios are published in a database accessible at www.rose-project.org/database. In addition,
key findings were synthesized in a report for policy makers, stakeholders and the public
(Kriegler et al. 2013a). The special issue begins with an overview article (Kriegler et al. 2013c)
identifying robust and sensitive features of mitigation pathways as projected by the four IAMs
in the RoSE study. The article shows that economic growth and fossil resource assumptions
substantially affect baseline developments, but that their influence on climate mitigation
pathways is smaller due to overriding requirements imposed by the long-term climate policy
target. Since many quantities characterizing mitigation pathways are measured against a
baseline without climate policy (e.g. mitigation costs and emissions reductions),
baseline uncertainty remains highly relevant for the assessment of mitigation pathways.
However, Kriegler et al. find that while baseline assumptions can have substantial effects on
mitigation costs and carbon price estimates, those estimates are more strongly affected by the
choice of climate target and model differences.

While the overview article focused on the synthesis of global results from the multi-model
ensemble, a series of papers in the special issue provide a deeper look into the sectoral and
regional aspects of the RoSE scenarios. Several papers use the strength of individual models to
look into the effect of socio-economic assumptions and climate policy targets onto selected
sectors. Bauer et al. (2013) focus on the response of global fossil fuel markets to climate
policy, economic growth and fossil fuel availability using the REMINDmodel. They provide a
detailed analysis of fossil fuel use and fossil fuel price developments, and show that global and
regional fossil fuel rents depreciate significantly under climate policy, but these losses are
overcompensated by a newly emerging carbon rent due to climate policy. De Cian et al. (2013)
investigate the impact of economic growth and fossil resource assumptions on investments and

2 Climatic Change (2016) 136:1–6

http://www.rose-project.org
http://wiki.umd.edu/gcam
http://pik-potsdam.de/research/sustainable-solutions/models/remind
http://pik-potsdam.de/research/sustainable-solutions/models/remind
http://doc.witchmodel.org
http://www.rose-project.org/database


induced technological change in the energy sector using the WITCH model. They focus on
baseline scenarios to show that high economic growth and fossil fuel scarcity can have positive
impacts on low carbon innovation, but they alone are not sufficient to achieve climate policy
targets. Calvin et al. (2013b) use the endogenous representation of land use dynamics in the
GCAM model to explore the implications of fossil fuel availability on bioenergy use and land
use emissions. They show that limited oil availability has a major impact on both coal-to-
liquids and biofuel deployments, with significant impact on land use emissions. Cherp et al.
(2013) evaluate the energy security implications of mitigation policies using results from the
REMIND and WITCH models. They find that mitigation policies significantly reduce the risks
and increase the resilience of energy systems in the first half of the century, and also make
energy supply and energy trade less dependent upon assumptions of fossil fuel availability and
GDP growth, and thus more predictable than in the baseline scenarios. Schäfer et al. (2014) use
the U.S. transportation sector projections in the RoSE scenarios of the GCAM and REMIND
models to derive these models’ intrinsic elasticities of transportation energy use and compare
them with historical trends and literature estimates. Their econometric analysis finds the
elasticity estimates roughly comparable with the largest difference occurring for the models’
comparatively low income elasticity of transportation energy use.

The RoSE study also looked into the regional details of baseline and mitigation pathways.
Mouratiadou et al. (2015) provide a comparative analysis of regional emissions pathways
(Africa, India, China, Europe, and the U.S.) with the REMIND model. They show that
emission trajectories of developed, emerging and developing regions differ significantly due
to differences in economic growth rates, energy and carbon intensity developments, and
mitigation potentials. This is further amplified by variations in energy and carbon intensity
due to uncertainty in economic growth and fossil fuel availability, but the core findings on
regional mitigation strategies are largely unaffected by this uncertainty. Chen et al. (2013) take
an in-depth look into energy transition pathways for China, by comparing results from a
national energy system model, China-TIMES (Chen 2005; Chen et al. 2007), with the
projections of the global integrated assessment models for China. This innovative approach
allows to better understand differences in decarbonization strategies between national and
global modelling approaches, and their underlying causes like differences in assumptions
about technology availability and performance, national policies, and energy demand
response to climate policy. Calvin et al. (2013a) conduct one of the first comparative analyses
of energy transformation scenarios for Africa, whose future energy demand and GHG
emissions are largely uncertain. They show that population and economic growth rates will
strongly influence Africa’s future energy use and emissions, which could account for between
5 % and 20 % of global emissions in 2100. Although electric capacity and electricity use per
capita rise with income, even by mid-century they do not reach levels observed in developed
countries today.

Finally, the RoSE project explored the impact of delaying stringent mitigation action until
2020 and 2030 on the transitional challenges to keep the 2 °C target within reach. Based on a
multi-model analysis of delayed action scenarios, Luderer et al. (2013a) show that following
weak near-term action to 2030 will result in significantly more aggressive energy transforma-
tion requirements after 2030, and thus much stronger transitional economic impacts, than
would be entailed by weak action only until 2020. This result casts doubt on the political
feasibility of keeping the 2 °C target within reach without a significant strengthening of
mitigation efforts before 2030 - a highly relevant finding for the review of the intended
nationally determined contributions (INDCs) currently proposed under the Paris Agreement
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(UNFCCC 2015). Taken together, the RoSE special issue provides a major contribution to our
understanding of global mitigation pathways, their robust and sensitive features under uncer-
tainty about key socio-economic developments, and a number of sectoral and regional aspects
of these pathways.
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