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Climate 
Change can be 
abrupt when 
thresholds are 
crossed. 

Data from Meese et al. (1994) and  Stuiver et al. (1995). 
20 year running mean, d18O-temp conversion based on Cuffey et al., 1995 

What is a climate 
threshold? 



3 

•  A climate threshold 
(or “tipping point”) 
response can occur 
when a negative 
feedback loop 
switches sign. 

•  Threshold response 
can occur abruptly 
(i.e., faster than the 
forcing) and show 
hysteresis. 

What is a climate threshold? 

How might climate thresholds affect the economics of climate change? 
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•  Abruptness and hysteresis can 
amplify the marginal impacts of 
forcings that trigger the threshold 
response.  

•  An actionable early warning sign 
may be valuable.  

•  Early warning signs can be 
subtle. 
=> Rational route to collapse? 
=> Fast acting strategies? 
=> Early warnings? 

•  Thresholds can be tail-area 
events  
=> Overconfidence biases 
=> Potential large ambiguity  

How might climate thresholds affect 
the economics of climate change? 

What are examples of potential climate threshold responses? 
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What are examples of potential climate thresholds? 

Keller et al. (2008) 

Why does the MOC show a potential threshold response? 

Keller et al (2008) 
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The North Atlantic Meridional overturning circulation (MOC) 
may collapse in a threshold response to anthropogenic forcing. 

How may a potential MOC threshold response  
affect economically efficient climate strategies? 

Quadfasel (2006) 



Potential climate 
threshold 
responses can  
(i) increase 
optimal 
abatement  
and  
(ii) introduce 
nonconvexity. 
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 How uncertain are climate threshold projections? 

Keller et al. JEEM (2004) 
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Median based analysis 

Decision-
relevant 
projections can 
hinge critically 
on tail-area 
estimates of the 
model 
parameters 

Could we 
learn about 
the decision-
relevant 
tails? 
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Chasing the fat upper tail of climate sensitivity estimates  
Previous claim: “The shape of the [climate sensitivity] probability distributions is 
an inevitable and general consequence of the nature of the climate system” (Roe 
and Baker, Science, 2007). => unable to learn about the tail. 

Urban and Keller (2009): No. Increasing the precision of key observations (e.g., ocean 
heat uptake) can, in principle, cut off the fat upper tail of current climate sensitivity 
estimates.  => able to learn about the tail => design and deploy observation systems. 

What are the dynamics of  learning? 
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http://libweb5.princeton.edu/Visual_Materials/gallery/animation/ 
TM - © 1997 - Warner Bros. 

A Rational Route to Collapse? 
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Keller and McInerney (2008) A very simple 
MOC model. 

•  Modified simple box-
model from Zickfeld  
et al. (2004) with 
superimposed AR(1) 
process error to mimic 
time-series properties of 
more complex models. 

•  Easier than the real 
problem: We only 
consider uncertainty 
about a single parameter. 

Would observing the MOC intensity alone enable early prediction? 
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Observation systems designed for early detection may 
fail at the task of early prediction. 

•  Detection and prediction times are 
random variables. 

•  Early detection may be possible 
based on MOC observations alone. 

•  Ocean observation systems 
designed for early detection of 
MOC changes may be insufficient 
for early prediction of a future 
MOC collapse. 

•  Earlier prediction requires a 
fingerprint with a higher signal-to-
noise ratio. 

=> Design observation systems to 
improve the economic value of 
information. 

Keller and McInerney  (2008) 

What are implications of the 
long tails for climate 
strategies? 
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McInerney, Lempert, and Keller (2011) 
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Robust strategies can “cut-
off” the lower tail of poor 
outcomes, but at a cost of 
a decreased expected 
value. 

• Sampling four uncertain 
parameters jointly with 
thousands of samples in DICE 
with an ocean circulation 
(MOC) threshold. 
• Derive a single “optimal” 
strategy over all SOW and for 
different decision-making 
criteria. 
• The outcomes have a long 
lower tail. 
• How can we understand this 
trade-off? 



The fat upper tail of current climate sensitivity estimates is a key driver 
for the low utility outcomes and for robust strategies 
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McInerney, Lempert, and Keller (2011) 
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Fast options to 
the rescue?  

Proposed aerosol 
geoengineering 
options fail a cost 
benefit test over a 
wide range of 
deeply uncertain 
parameters. 

Goes, Tuana, and Keller (2011) 
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Ø A climate threshold response can occur when a negative 
feedback loop switches sign. 
- Threshold response can occur abruptly (faster than the forcing)  

and show hysteresis. 
- The abruptness and hysteresis can amplify the marginal impacts 

of forcings that trigger the threshold response.  
Ø Early warning signs can be subtle. 

- There may be a rational route to collapse. 
- Fast acting strategies and/or actionable early warning signs may 

be valuable.  
Ø Thresholds are often tail-area events.  

- Overconfidence can result in downwards biased risk estimates 
- Expected utility maximization may be a poor description given 

the large ambiguity. 

Summary 



17 

Bhat, K.S., Haran, M., Terando, A., Tonkonojenkov, R., and Keller, K.: Bayesian Model Averaging for Climate Projections, in the 
press at the Journal of Agricultural, Biological and Environmental Statistics (2011). 

McInerney, D., R. Lempert, and K. Keller What are robust strategies in the face of uncertain climate threshold responses?, In the press 
at Climatic Change (2011). 

Svoboda, T., Klaus Keller, Marlos Goes, and Nancy Tuana: Sulfate Aerosol Geoengineering: The Question of Justice, Public Affairs 
Quarterly, 25, p. 157-180, (2011). 

Goes, M, K. Keller, and N. Tuana: The economics (or lack thereof) of aerosol geoengineering, Climatic Change (2011). 
Urban, N. M. and K. Keller: Probabilistic hindcasts and projections of the coupled climate, carbon cycle, and Atlantic meridional 

overturning circulation systems: A Bayesian fusion of century-scale observations with a simple model, Tellus A, 62(5), 
737-750, (2010). 

Schienke, E.W., S. D. Baum, N. Tuana, K. J. Davis, and K. Keller: Intrinsic Ethics Regarding Integrated Assessment Models for 
Climate Management, Science and Engineering Ethics, 10.1007/s11948-010-9209-3 (2010). 

Urban, M. N. and K. Keller: Complementary observational constraints on climate sensitivity, Geophysical Research Letters, L04708, 
doi:10.1029/2008GL036457 (2009).Urban, M. N. and K. Keller: Complementary observational constraints on climate 
sensitivity, Geophysical Research Letters, L04708, doi:10.1029/2008GL036457 (2009). 

Ricciuto, D. M., K. J. Davis, and K. Keller: A Bayesian synthesis inversion of carbon cycle observations: How can observations 
reduce uncertainties about future sinks? Global Biogeochemical Cycles, 22, doi:10.1029/2006GB002908 (2008). 

Keller, K. and D. McInerney, The dynamics of learning about a climate threshold. Climate Dynamics, 30, 321-332 (2008). 
McInerney, D.  and K. Keller: Economically optimal risk reduction strategies in the face of uncertain climate thresholds. Climatic 

Change, 91, 29-41 (2008). 
Keller, K., G. Yohe, and M. Schlesinger: Managing the risks of climate thresholds: Uncertainties and needed information. Climatic 

Change, 91, 5-10 (2008) 
Keller, K., B. M. Bolker, and D. F. Bradford: Uncertain climate thresholds and economic optimal growth.  Journal of Environmental 

Economics and Management, 48, 723-741 (2004).  
Gruber, N., K. Keller, and R. M. Key: What story is told by oceanic tracer concentrations?  Science, 290, 455 (2000).  
Keller, K., K. Tan, F. M. M. Morel, and D. F. Bradford: Preserving the ocean circulation: Implications for climate policy. Climatic 

Change, 47,17-43 (2000). 

klaus@psu.edu 

Questions? 


