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INTRODUCTION 
Are we on a pathway toward the 2°C stabilization target? 

 2°C stabilization target endorsed by the Paris Agreement 
 

 Narrowing windows of opportunities to stay below 2°C due to the 
insufficient INDC pledges 
 

After Fuss et al. (2014, Nature Climate Change) 

 2°C stabilization would be 
more feasible if: 
 

a. Negative emission 
technologies are deployable 
at a sufficiently large scale,  

 

     and 
 

b. Overshoot does not entail a 
high risk of reinforcing itself 
through carbon cycle 
feedbacks ( addressed in 
this study). 

a) Negative emissions 
playing a crucial role 
in meeting the target 

b) Delays in 
abatements 
resulting in 
overshoots 
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INTRODUCTION 
Research questions 

 
 

 
 Is it a good strategy to bet on negative emissions to the 2oC 

target? 
 

 
 
 

 How are 2oC overshoot pathways and mitigation costs influenced by carbon 
cycle feedbacks? 
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Tanaka, Johansson, O’Neill, Fuglestvedt (2013, Climatic Change) 

METHOD 
Setup to compute least-cost stabilization pathways (ACC2 model) 
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I) Non-OS

II) OS, w/o negative emissions

III) OS

RESULTS I 
Characteristics for overshoot pathways (no carbon cycle feedbacks) 
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RESULTS I 
Characteristics for overshoot pathways (no carbon cycle feedbacks) 
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RESULTS II 
Influences of carbon cycle feedbacks on the pathways and costs 

I) OS (none)
II) OS(2100), Q10(1.0)
III) OS(2100), Q10(1.4)
IV) OS(2100), Q10(1.8)

I) OS (none)
II) OS(2100), Q10(1.0)
III) OS(2100), Q10(1.4)
IV) OS(2100), Q10(1.8)
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RESULTS III 
Can we bet on negative emissions to stabilize the warming at 2°C?   

 We actually do not know how strong the carbon cycle feedbacks can be. 
 To plan a pathway now, we need to assume a certain feedback strength. 
 Then our course of action will be adjusted as the reality unfolds. 
 We formulate this problem as a learning exercise below. 
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RESULTS III 
Can we bet on negative emissions to stabilize the warming at 2°C?  

I) Assumed=1.0; True=1.0

II) Assumed=1.0; True=1.4; no learning

III) Assumed=1.0; True=1.4; learning in 2050

IV) Assumed=1.0; True=1.8; no learning

V) Assumed=1.0; True=1.8; learning in 2050

I) Assumed=1.0; True=1.0

II) Assumed=1.0; True=1.4; no learning

III) Assumed=1.0; True=1.4; learning in 2050

IV) Assumed=1.0; True=1.8; no learning

V) Assumed=1.0; True=1.8; learning in 2050
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COST EQUITY CHART: Which strategy makes sense? (w/o C-CC feedbacks) 
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CONCLUDING REMARKS 
 

 Given the narrowing windows of opportunities to stay below 2°C, allowing 
overshoot gives more flexibility to reach the target. 
 

 Accepting overshoot reduces the costs to achieve the stabilization target. 
This, however, came at the expense of future generations. Overshoot 
shifts the burden to the future. 
 

 Can we bet on negative emissions to achieve the 2°C target? It depends. 
 If carbon cycle feedbacks are known to be weak, it makes sense to 

aim for a non-overshoot pathway. 
 

 If the feedback strength is a priori unknown, it is fair to assume 
strong feedbacks. It is inevitable to accept an overshoot pathway. 
 

(It may end up with the same costs and degree of inequality with a 
non-overshoot case if the feedbacks turn out to be insignificant.) 
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WAYS FORWARD 
 

 While our simple and transparent approach captures first-order processes 
and feedbacks and allows one to explore ideas with minimal time and 
costs, it misses out more detailed aspects of the problem: namely, 
damage, adaptation, spatial heterogeneity, land constraint, and 
competition with food. 

 
 
 Our study highlights the importance of considering “learning” when one 

evaluates strategic options and their consequences under uncertainty. 
 
 
 Our simple approach illuminates a need for investigating this issue further 

by using a range of models including coupled Earth System Model (ESM)-
Integrated Assessment Models (IAMs). 



8 February 2016 Katsumasa Tanaka (NIES, Japan) 15 

Appendix 
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SIDELINE 
INDCs and their implications to global emissions 

IEA Energy and Climate Change 
(2015, Table 2.1 and Figures 2.1 and 2.3) 

An indication: 
If we aim for 2°C stabilization, 
it must go through an 
overshoot? 

≈2.5 GtCO2 
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BACKGROUND II: CARBON CYCLE FEEDBACKS 
Global carbon cycle and associated feedbacks 
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BACKGROUND II: CARBON CYCLE FEEDBACKS 
Terrestrial carbon cycle feedbacks 

 The overshoot in the mid-century might amplify itself by strengthening 
climate-carbon cycle feedbacks. 

 Such feedbacks are known to be positive albeit with large uncertainties.  

Friedlingstein et al. (2006, Journal of Climate) 
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Parameter estimation 

 Simulation length: year 1750 – 2000, annual time step 
 Parameters (e.g. CO2 emissions, beta factor, Q10, climate sensitivity) 
 Data (e.g. Atmospheric CO2/CH4/N2O concentration, temperature) 
 Minimize squared deviations weighted by prior uncertainties 

 
 
 
 
 

 Major assumptions 
 Gaussian errors 
 Independent errors 
 No structural uncertainty 

 
 Parameters estimated in the inversion are used for future projections. 

 
























 −
+









 −
= ∑∑

==

b

j jm

jpriorj
a

i id

imesi mmdg
S

1

2

,

,

1

2

,

,)(
2
1)(

σσ
m

m

Tanaka, Raddatz, O’Neill, and Reick (2009, Geophysical Research Letters) 



8 February 2016 Katsumasa Tanaka (NIES, Japan) 20 

Probabilistic Inverse Estimation Theory 

Tarantola (2005, http://www.ipgp.jussieu.fr/~tarantola/) 
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BACKGROUND II: CARBON CYCLE FEEDBACKS 
Q10=3.0 means net CO2 outgassing from land (if all the others intact). 
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BACKGROUND II: CARBON CYCLE FEEDBACKS 
Only relatively small overshoots considered before 

 We consider larger overshoots to explore what carbon cycle feedbacks 
might play out. 

Tavoni and Socolow (2013, Climatic Change) 
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METHOD 
Marginal Abatement Cost (MAC) curve: model-based derivation 

Tanaka et al. (unpublished); Based on Azar et al. (2013, Environmental Research Letters) 
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METHOD 
Marginal Abatement Cost (MAC) curves for CO2, CH4, and N2O 

Johansson et al. (2006, Climatic Change) 
Daniel Johansson (personal communication, 31 March 2015) 

CH4 

N2O 

CH4 N2O 

CO2 

Maximum 
abatement 
level: 70% 

Maximum 
abatement 
level: 50% 
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METHOD 
Marginal Abatement Cost (MAC) curves for BC 

Climate Works (2011, Exhibit 23) 

Maximum 
abatement 
level: 23% 
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METHOD 
Maximum change in the abatement rate 

 Assumed maximum change in the abatement rate: 
 4% per year 

(default) 
 

 6% per year 
(sensitivity case) 

 8% per year 
(sensitivity case) 
 

 
 

After Figure SPM.5 of IPCC AR5 WG3 (2014) 
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