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The Paris Agreement

• Holding global mean temperature well below 2oC

• Pursuing efforts to limit temperature increase to 1.5oC

• Aiming to peak global GHG emissions as soon as possible

• Undertaking rapid reductions thereafter to achieve balance between emissions
sources and sinks in the 2nd half of the century, on the basis of equity, and in 
the context of sustainable development and efforts to eradicate poverty

Photo H. Bach

Temperature and
emissions goals
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The Mitigation Challenge

Photo H. Bach

GHG Emissions accumulate
in the atmosphere

Net zero emissions
needed to stop warming

But first, current
emissions growth need to
be stopped & reversed
(„Peaking“)

 Followed by rapid  
emissions reduction

Can this happen fast enough
for staying below 1.5oC?
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General Structure of Mitigation Pathways

Peak   
in 2020 Steep

emissions
reduction

Carbon 
neutrality Net CO2

removal

LIMITS Study: Kriegler, Tavoni et al., 2013, Clim Change Econ 04:1340008

Re‐directing investments
from fossils to low carbon
and efficiency solutions

Power sector decarbonization
Coal phase‐out

Carbon neutral economy
Electrification of end uses
Challenges: 
• Freight transport, 

aviation, shipping
• Heavy industry
• Ag emissions (CH4, N2O)

Compensate residual emissions
Compensate budget overshoot
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Consequences of Delay in Emissions Peaking

Results to be published in LIMITS Special Issue, Climate Change Economics, forthcoming
Scenario database will be made publicly available at the time of publication

Steeper
decline
after 2030

More CO2
removal

LIMITS Study: Kriegler, Tavoni et al., 2013, Clim Change Econ 04:1340008

Peak in 
2030

Earlier carbon
neutrality

Not reaching a global emissions peak
before 2030 (as implied by current
INDCs) may preclude limiting warming
to well below 2oC or 1.5oC
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1.5oC

IPCC AR5 SYR, Fig. SPM.5





Carbon emission budgets



1.5oC vs. 2oC pathways

Luderer et al.
(2013)

Rogelj et al. (2015) Env Res Letters 10: 105007

Medium chance (50-66%) of 2oC

Likely chance (>66%) of 2oC

Medium chance (>50%) of 1.5oC

1.5oC pathways
require earlier and
deeper reduction
(~ net zero CO2 
emissions by 2050,
10‐20 years earlier
than in 2oC pathways)



1.5oC vs. 2oC – CO2 reduction metrics

• More rapid near‐term decarbonization
• Greater mitigation efforts in buildings, transportation sector
• No significant increase in CDR deployment

Rogelj, Luderer et al. (2015), NCC

100%

200%



ADVANCE Study on Mitigation Pathways

1
1

Integrated analysis of
• implications of Paris outcomes and INDCs for energy transformation
• long‐term pathways towards 1.5/2oC stabilization with a focus on sectoral

decarbonization bottlenecks.  



Important role of energy demand reductions

Energy efficiency improvements  
a crucial enabling factor for 1.5oC

Rogelj, Luderer et al. (2015), NCC



Ongoing work  on 1.5oC pathways: 
SSP‐based 1.9 W/m2 scenarios

ScenarioMIP design,  O‘Neill et al. (2016)



Socio‐economic implications of 1.5oC pathways: 
Narrow lense of direct mitigation costs

percentile ranges

Luderer, G., Pietzcker, R.,  Bertram, C., Kriegler, E, Meinshause, M., Edenhofer, O. Economic 
mitigation challenges: How further delay closes the door for achieving climate targets. ERL (2013). 



1.5oC vs. 2oC – Cost metrics

Rogelj, Luderer et al. (2015), NCC



IPCC WG3 AR5,  Annex II
Fig. A.II.1

Be aware of different 
cost concepts!



Finding equitable solutions are key for 1.5 and 2oC

 Emissions need to be reduced collectively in all regions and sectors

 Burden sharing and transfers will be needed to realize collective
emissions reduction potential

LIMITS study on 2oC „Durban Platform Scenarios“: 
Tavoni et al, 2013, Climate Change Economics 4(4)
Tavoni et al.,2015, NCC 5, 119‐126 

Regional mitigation costs
in cost‐efficient 2oC 
scenarios w/o transfers


