
Stephen H. Schneider
Department of Biological Sciences 

and
Center for Environmental Science and Policy

Stanford University

What Are “Key Vulnerabilities” and Do They 
Relate to, “Dangerous” Climate Change?

Yale Symposium
21 October 2005

[Website: stephenschneider.stanford.edu]
or climatechange.net



Key vulnerabilities are a product of the 
exposure of systems and populations to 
climate change, the sensitivity of those 
systems and populations to such 
influences, and the capacity of those 
systems and populations to adapt to them



Objective and subjective criteria for 
assessing and defining key vulnerabilities:

•Magnitude
•Timing
•Persistence and reversibility
•Likelihood and confidence
•Potential for adaptation
•Importance of the vulnerable system



General conclusions from the literature:
*Global mean temperature changes associated with different key 
vulnerabilities that are global in scale typically range from 1.5 to 4°C 
above pre-industrial temperature (corresponding to ~0.8 to 3.3ºC above 
current temperatures). Temperature changes associated with different key 
vulnerabilities that are regional or local in scale range from 0.5 to >5ºC 
above pre-industrial levels.

*Some impacts of climate change that are already underway have been 
identified in some studies as key vulnerabilities.  Among these are loss of 
glaciers, adverse impacts on biodiversity, increases in severity of 
extreme events, and loss of cultural amenities.

*World regions that are already at high  risk from current climate 
variability are more likely to be adversely affected by anthropogenic 
climate change in the near future.



Munich Re:
“We need to stop this dangerous 

experiment humankind is 
conducting on the Earth’s 

atmosphere.”



What does “dangerous” climate change 
really mean?



Article 2 of the UN Framework Convention on Climate Change 
(UNFCCC) states that: “The ultimate objective of this Convention and 
any related legal instruments that the Conference of the Parties may 
adopt is to achieve, in accordance with the relevant provisions of the 
Convention, stabilization of greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous anthropogenic 
interference with the climate system”. The Framework Convention on 
Climate Change further suggests that “Such a level should be achieved 
within a time frame sufficient 

• to allow ecosystems to adapt naturally to climate change, 
• to ensure that food production is not threatened and 
• to enable economic development to proceed in a sustainable manner.”
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““DangerousDangerous”” Climate ChangeClimate Change

Who decides what is Who decides what is ““dangerousdangerous”” in DAI?in DAI?

Many ways to define DAIMany ways to define DAI

Ultimately, not a scientific choiceUltimately, not a scientific choice
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Climate UncertaintyClimate Uncertainty

•• Inherent uncertainty in projections of future Inherent uncertainty in projections of future 
climateclimate

•• Best guess Best guess RangeRange** PDFsPDFs

**Climate Sensitivity: 1.5Climate Sensitivity: 1.5 4.5 C:4.5 C:
CharneyCharney Report (1979?) Report (1979?) 
(with Bob Dickinson prime mover)(with Bob Dickinson prime mover)



Probabilistic assessment??





Projected CO2 concentrations using 
IPCC storylines





Climate UncertaintyClimate Uncertainty

•• Inherent uncertainty in projections of future Inherent uncertainty in projections of future 
climateclimate

•• Best guess Best guess Range Range PDFsPDFs

•• Climate policy Climate policy risk managementrisk management



Climate Policy AnalysisClimate Policy Analysis

•• Assess risk as a function of policy choicesAssess risk as a function of policy choices



Emissions ScenariosEmissions Scenarios
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Source: Schneider and Mastrandrea, PNAS, Oct 2005
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Risk = Probability x Consequence
[What metrics of harm?]

-$/ton C avoided
-lives lost/ton C avoided
-species lost/ton C avoided
-increased inequity/ton C avoided*
-quality of life degraded/ton

*Perception that prime generators of the risks are not accepting
responsibility for their emissions or helping victims to adapt (e.g., OECD 
countries refusing to join in Kyoto Protocol) itself creates risks.

[Source: “The Five Numeraires”, Schneider, Kuntz-Duriseti and Azar 2000]



Reasons for Reasons for 
ConcernConcern

(IPCC TAR, 2001)(IPCC TAR, 2001)







Climate change assessments and the development of response strategies are hampered 
by multiple uncertainties and unknown. The most relevant sources of uncertainty in this 
context are:
(i) Natural randomness
(ii) Lack of scientific knowledge
(iii) Value diversity
(iv) Social choice

Some sources of uncertainty can be represented by probabilities whereas others cannot. 
The natural randomness in the climate system can be characterized by frequentist (or 
objective) probabilities, which describe the likelihood of a repeatable event under 
known circumstances. The reliability of knowledge about uncertain aspects of the world 
(such as the “true” value of climate sensitivity) can only be represented by Bayesian (or 
subjective) probabilities, which refer to the degree of belief in a particular statement. 
Bayesian probabilities may be elicited through expert surveys, constraining uncertain 
model parameters with observations, or a combination of these methods. Whether 
probabilities can be applied to describe future social choice, in particular uncertainties 
in future greenhouse gas emissions, has been the subject of considerable scientific 
debate. Value diversity (such as different attitudes towards risk or equity) cannot be 
meaningfully described probabilistically and is often assessed through sensitivity 
analysis or scenario analysis.



Questions??

Comments??
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