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Problems of risk and uncertainty arise throughout the assessment of climate change and the 

development of climate policy.  Both the climate system and the economic system are 

characterized by long time lags and complex causal connections; over long periods of time, both 

climate and economic outcomes are necessarily uncertain.  

In view of the centrality of risk and uncertainty to climate assessment, it will be helpful to begin 

by clarifying the meaning of these concepts. Recommended approaches to risk and uncertainty 

are addressed in the final section in this document. 

Definitions of risk and uncertainty 

In colloquial usage and popular writing, “risk” and “uncertainty” may seem to be synonymous. 

For analytical purposes, however, it is helpful to distinguish between them. There are at least 

two, somewhat inconsistent, definitions in use. 

Economists frequently refer to the distinction made long ago by Frank Knight: “risk” refers to 

events with known probabilities, while “uncertainty” – sometimes called “Knightian uncertainty” 

– refers to events with unknown probabilities (Knight 1921). For a modern commentary and 

clarification of Knight’s approach, see (Runde 1998). This usage can be found in contemporary 

climate economics, e.g. (Newbold and Daigneault 2009). 
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In the field of risk assessment, on the other hand, “risk” is often interpreted as combining the 

likelihood of an (undesirable) event and its consequences (Daneshkhah 2004). “Uncertainty,” in 

contrast, refers only to questions of likelihood. It can be divided into “known uncertainty,” where 

the distribution of probable outcomes can be deduced from established principles or determined 

from empirical research, versus “unknown uncertainty,” referring to cases where the distribution 

of probable outcomes cannot be determined. Unknown uncertainty, in the risk assessment 

terminology, corresponds to Knightian uncertainty in economics. 

In the risk assessment terminology, which is recommended for climate assessments, known 

uncertainty can be divided into two inter-related categories. “Internal uncertainty” is due to a 

lack of sufficient knowledge about the phenomena under study; it could be reduced through 

improved analysis and additional empirical research (Daneshkhah 2004). Internal uncertainty can 

further be classified into epistemic (related to scientific understanding), model (resulting from 

model specification), and parametric (data related) uncertainties. 

“External uncertainty” arises outside the field of study, and is not reducible through additional 

effort in the same area, although it can be quantified. External uncertainties are sometimes 

referred to as aleatoric or chance events, or as irreducible uncertainties (Daneshkhah 2004). 

While internal uncertainties are relevant for both mitigation and adaptation assessments, external 

or aleatoric uncertainty applies most directly to adaptation, in the case of the natural variability in 

the climate and weather system resulting from natural hazards and extreme events. 

Known uncertainties are common in climate assessment. Climate system uncertainties include 

the links between anthropogenic emissions, atmospheric concentrations, radiative forcing, and 

climate responses, particularly extreme weather or catastrophic events. Socioeconomic system 

uncertainties include, among others, trends in demography, health projections, the growth of 

gross domestic product, technological change, oil price fluctuations, and the rate of 

anthropogenic emissions.  

Climate scenarios address uncertainty by presenting a coherent, quantitative picture of a possible 

future, driven by a set of scenario assumptions. In this process, there are several methods 

available to analysts to quantify and propagate the uncertainties in the chain of causal models 

linking the climate to population health, ecology and the environment. These include 

deterministic and probabilistic methods. 

In the deterministic approach to uncertainty, popular in cost-benefit analysis, the range of 

possible outcomes is converted to a “certainty-equivalent” estimate. That estimate is based on an 

assumed probability distribution which is used to construct a weighted average of likely 

outcomes. This technique converts known uncertainties into deterministic “expected values.” 

(The starting point for this procedure is the implicit assumption that the probability distribution 

of possible outcomes is known.  In some cases, unfortunately, the adoption of a familiar 

probability distribution, such as the normal, or bell-curve, distribution, is based on little or no 

information, thus inappropriately converting an unknown uncertainty into an apparently known 

uncertainty.) 

For small events that happen repeatedly, such as forecasts of tomorrow’s weather, use of 

certainty equivalents, averages, and expected values may often be appropriate. An alternative, 
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probabilistic approach is needed, however, for large, rare or unique events, such as the long-term 

evolution of the climate system – especially when, as with climate change, there are catastrophic 

damages and deeply uncertain probabilities associated with worst-case outcomes. Under such 

conditions the expected value of an incremental reduction in emissions could, technically 

speaking, be infinitely large (Weitzman 2009). Extreme climatic events, or climate catastrophes, 

may have low probabilities of occurrence but very high, discontinuous, and irreversible impacts 

if they do occur. Use of heavy-tailed distributions is crucial in modeling the uncertainty in low-

probability, high-impact events. The threat of such events, which become more likely as 

emissions increase and global warming accelerates, may call for different approaches to climate 

policy and analysis. 

 

Options for analysis of uncertainty 

The extent of uncertainty involved in climate assessment is daunting. One analysis, focusing on 

the wide range of possible outcomes, suggests that many adaptation measures, such as 

improvements in sanitation and public health, are robust under climate uncertainty; that is, they 

would be desirable under virtually any climate scenario (Wilby and Dessai 2010). As that 

analysis points out, however, other policy options are inescapably dependent on climate 

uncertainties: should planning for a river basin include large-scale investments in preparing for 

floods or for droughts?  

In short, treatment of uncertainty is inescapable, particularly for the low-probability, high-cost 

risks that emerge from global climate projections. How should a national climate assessment 

address the uncertainty surrounding both normal and catastrophic risks? Furthermore, how 

should such an assessment treat the uncertainties about key macro-level indicators that inform 

the analysis? The first option is closer to the deterministic approach; the second reflects the 

higher degree of uncertainty that motivates the probabilistic approach to analysis. 

Option 1:  

For climate-related uncertainties: Assign the best available guesses at the relevant probabilities to 

all possible outcomes, and calculate the certainty-equivalent value, or weighted average.  

For macro-economic uncertainties: Carry out a sensitivity analysis that would look at a few 

subjectively chosen cases. This produces a single numerical “bottom line” estimate, weighting 

rare events based on their likelihood as well as their magnitude of risk; it is compatible with and 

easily compared to traditional economic analyses and cost-benefit analyses of other issues. 

Option 2:  

For climate-related uncertainties: Perform analyses and calculations for at least two distinct 

scenarios, one representing most likely outcomes, and one representing credible worst-case risks.  

For macro-economic uncertainties: Carry out a full-fledged uncertainty analysis based on robust 

statistical techniques examining multiple possible values or pathways. The available information 

typically does not support precise estimates of probabilities of the worst-case outcomes included 

in the second climate scenario.  
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Recommendation  

For mitigation, Option 2 is generally preferable. For climate-related uncertainties, Option 2 

provides a better way to reflect uncertainty and worst-case risks. Arbitrary guesses at unknown 

probabilities, needed for Option 1, are not particularly helpful in cases of deep, perhaps intrinsic, 

uncertainty, which is the typical situation in climate analyses. For macro-economic uncertainties, 

Option 2 is preferable whenever the necessary expertise is available.  

 

It is also important to address the uncertainty in policy selection when comparing alternative 

climate policies for decision-making. This could be done using either deterministic or 

probabilistic approaches.  In the case of uncertainty in decision-making with catastrophic risks, 

note that normal decision analytical methods based on expected utility theory are not appropriate, 

because they are insensitive to low-probability, high-impact events. 

For adaptation, a combination of Options 1 and 2 seems useful and feasible. While Option 1 is 

desirable whenever it can be applied, it has demanding data and analytic requirements. For 

example, for extreme event impacts, a probabilistic representation (including a discussion of the 

uncertainty around risk estimates) is necessary to account for fat tailed events, yet this would 

require data on daily variability, rather than the more frequently available monthly or annual 

averages. Given these limitations, the comparison of most likely and worst-case scenarios under 

Option 2 may be all that is possible. 
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