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The IPCC AR5 WG III scenario database

Source: D. van Vuuren, V. Krey: Transformation pathways and limiting warming to specific levels, notably a global mean warming 
of 2°C or 1.5°C relative to pre-industrial levels. http://unfccc.int/science/workstreams/the_2013-2015_review  
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In the business-as-usual scenarios, greenhouse gas emissions 
and associated concentrations are expected to grow

Source: IPCC, AR 5,  WG III, based on Figure 6.7
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Normative setting: limiting global climate change to 
stay below 2°C in order to avoid intolerable risks

Assessment Box WG2 SPM.1 Figure 1: A global perspective on climate-related risks. Risks associated with reasons for concern are shown at 

right for increasing levels of climate change. The color shading indicates the additional risk due to climate change when a temperature level is 

reached and then sustained or exceeded. Undetectable risk (white) indicates no associated impacts are detectable and attributable to climate 

change. Moderate risk (yellow) indicates that associated impacts are both detectable and attributable to climate change with at least medium 

confidence, also accounting for the other specific criteria for key risks. High risk (red) indicates severe and widespread impacts, also accounting 

for the other specific criteria for key risks. Purple, introduced in this assessment, shows that very high risk is indicated by all specific criteria for key 

risks. 

Paris 1.5°C – 2°C Range 

Source: IPCC, AR 5,  WG II, SPM.1 Figure 1
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Scenario analysis using 
integrated assessment (simulation-) models

Economic growth model

Climate model

Atmospheric chemistry

Energy system model &

agriculture model

Climate 

impact 

model 1
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model 3

Socio-economic evaluation

Demography Technical progress
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Source: Left-hand side: T. Bruckner, IIRM, Leipzig University, own illustration; 
Right-hand side: IPCC, AR 5,  WG II, SPM.1 Figure 1
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Climate stabilization goal 
(temperature limit)

Carbon budget 
(limit on cumulative emissions)

(Cost-effective) CO2-emissions trajectory

Freely emitting fossil fuels Zero- or low-carbon energies: renewable energies, nuclear, CCS

Cost-effective mix of 
low-carbon energy supply technologies in the provision 

of primary energy supply 

“Scale”: Energy services and resulting energy needs 

Energy efficiency

CO2 concentration limit 

Source: IPCC, SRREN, Chapter 1, 2011

Low-carbon energy supply 
and climate change mitigation

?
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Stabilization of atmospheric concentrations requires moving 
away from the baseline – regardless of the mitigation goal.

~3°C

Source: IPCC, AR 5,  WG III, based on Figure 6.7



Prof. Dr. Thomas Bruckner

Cost-effectiveness analysis using 
integrated assessment (optimization-) models

Economic growth model

Climate model

Atmospheric chemistry

Energy system model &

agriculture model

Goal:

Min! Mitigation cost s.t. ∆T≤ 2°C

Demography Technical progress
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Source: Left-hand side: T. Bruckner, IIRM, Leipzig University, own illustration; right-hand side: IPCC, AR 5,  WG III, Figure 6.7. 

Business-as-usual (e.g. optimal growth)

Cost-effective emission reduction paths
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Baseline scenarios suggest rising GHG emissions in all sectors, 
except for CO2 emissions from the land‐use sector.

Source: IPCC, AR 5,  WG III, based on Figure TS.15
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Mitigation requires changes throughout the economy. 
Systemic approaches are expected to be most effective.

Source: IPCC, AR 5,  WG III, based on Figure TS.17
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Negative emissions? 
Carbon dioxide removal (CDR) 

Source: J. Minx, W. Lamb, M. Callaghan, L. Bornmann, S. Fuss: Fast growing research on negative emissions,  Environ. Res. Lett. 12 (2017).
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If CCS is not applied in the energy sector, negative emissions 
from changes in land-use play an important role

Source: IPCC, AR 5,  WG III, based on Figure TS.17
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1st pillar: final energy demand reduction
(energy efficiency improvements and behavioral changes)

Source: IPCC, AR 5,  WG III, based on Figure 6.37
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2nd pillar: upscaling of low-carbon technologies 
(renewable energies, CCS, and/or nuclear energy)

Source: IPCC, AR 5,  WG III, based on Figure 7.16
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Share of low-carbon energy in total primary energy, electricity and liquid supply sectors for the year 2050. 

Source: IPCC, AR5, WG III, Figure 7.14

Decarbonizing electricity generation is a key component of 
cost-effective mitigation strategies
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Decarbonization of energy supply is a key requirement for 
limiting warming to 2°C. The technologies are available.

Source: IPCC, AR 5,  WG III, based on Figure 7.11
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Technological limitations can increase mitigation costs, but the 
increase in cost differs depending on the restricted technology

Source: IPCC, AR 5,  WG III, based on Figure 6.24
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Mitigation will affect consumption, but the associated costs are 
small compared with its expected growth (300-900%/century)

Source: IPCC, AR 5,  WG III, based on Table SPM.2
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The “immediate action” scenarios shown make it at least about 
as likely as not that warming will remain below 2°C

Source: IPCC, AR 5,  WG III, based on Figures 6.32 and 7.16
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Still, between 2030 and 2050, emissions would have to be 
reduced at an unprecedented rate...

Source: IPCC, AR 5,  WG III, based on Figures 6.32 and 7.16
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...implying a rapid scale-up of low-carbon energy.

Source: IPCC, AR 5,  WG III, based on Figures 6.32 and 7.16
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Delaying emissions reductions increases the difficulty and 
narrows the options for mitigation.

Source: IPCC, AR 5,  WG III, based on Figures 6.32 and 7.16
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Source: IPCC, AR 5,  WG III, based on Figures 6.32 and 7.16
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From 2°C towards 1.5°C

Source: H.-J. Schellnhuber, S. Rahmstorf, R. Winkelmann: Why the right climate target was agreed in Paris, Nature Climate Change, 2016. 
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COP 21 in Paris and 
the shift from 2°C  1.5°C temperature limit

Source: IPCC, AR5, SYR (2014), Table 2.2.

Article 2 of the Paris Agreement

“This Agreement, in enhancing the implementation of the Convention, including its

objective, aims to strengthen the global response to the threat of climate change, in the

context of sustainable development and efforts to eradicate poverty, including by:

Holding the increase in the global average temperature to well below 2 °C above pre-

industrial levels and pursuing efforts to limit the temperature increase to 1.5 °C above

pre-industrial levels, recognizing that this would significantly reduce the risks and

impacts of climate change.”
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Moving from ∆T ≤ 2°C 1.5°C

J. Rogelj et al.: Energy system transformations for limiting end-of-century warming to below 1.5 °C. Nature Climate Change  5, 519–527 (2015)

∆T ≤ 1.5°C ∆T ≤ 2°C
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Moving from ∆T ≤ 2°C  1.5°C

Mercator Research Institute on Global Commons and Climate Change (MCC): Betting on negative emissions

Potentials and uncertainties of new technologies to reduce the world’s carbon debt, MCC Policy Brief 2, 2016.
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Moving from 2°C  1.5°C

J. Rogelj et al.: Energy system transformations for limiting end-of-century warming to below 1.5 °C. Nature Climate Change  5, 519–527 (2015)
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Policy implications

Source: Deutscher Bundestag, 1990
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