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Introduction:

Probabilistic climate scenarios are currently being provided to end users, to employ as probabilities in adaptation decision making, with the explicit suggestion that they quantify the impacts of climate change relevant to a variety of sectors. These 
probabilities however, are sensitive to the assumptions in, and the structure of the modelling approaches used to generate them.

It is often argued that stakeholders require probabilistic climate change information to adequately evaluate and plan adaptation pathways. In practice, decisions makers rarely require anything beyond a deadline. Nevertheless it is within this context of 

probability distributions of climate change that we discuss below possible drawbacks of supplying information that, while seemingly robust, is highly dependent on details of the models, data, and statistical methodology used to construct it, and 
consequently is expected to change in the future.  What then are the alternatives? While the answer will depend on the context of the problem at hand, a good approach will be strongly informed by the timescale of the given planning decision, and the 

consideration of all the non-climatic factors that have to be taken into account in the corresponding risk assessment.  Using a water resources system as an example, we illustrate a possible alternative approach to deal with these challenges and make 
robust adaptation decisions today.

I. Are probabilistic projections robust ?
Probabilistic projections depend on data (observations and/or model data), and methodology,

BUT

•Relying only on observations for future projections can be tricky under a changing 

climate: if either the duration of observations is short, the system is believed to be 

nonstationary, or both.

and

Using model data for regional/local changes might not be robust: 

“There is considerable confidence that climate models provide credible 

quantitative estimates of future climate change, particularly  at 

continental scales and above .“

“Nevertheless, models still show significant errors. Although these are 

generally greater at smaller scales, important large-scale problems also remain…” [1]

•Different statistical methodologies generate different PDFs of future changes, 

with the largest differences in the tails (extremes).

For instance : for global mean temperature change (TCR)[2]

Thus proposed PDFs are non robust across methods and inputs, particularly in the aspects often likely to influence 
decision makers (the “tails”).
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II. Why does it matter? (continued)

iii) And for high stakes, low probability events: Given that climate models are imperfect and incomplete, even if the previous 
problems could be overcome, the probability distributions so obtained would not have quantified the likelihood of “Big Surprises”.

Can this be quantified? Consider the probability P(X) of an event X occurring. We can write it as 

P(X) = P(X/A) P(A) + P(X/-A) P(-A)

where A represents the argument (including the theory, the models involved and the 

calculations) used to calculate the conditional probability P(X/A).  P(A) (P(-A)) is the 

probability  of the  argument being correct (incorrect). The second term is obviously 

missing in any estimation of probabilistic climate change projections. But clearly its 

relative importance increases when P(X/A) is small (high stakes-low probability risks) [4]. 

Precisely where probability distributions are strongly dependent on approach and data!
Furthermore, if we have knowingly omitted evidence in A (specifically, if the evidence considered does not take into account all the

evidence), the equation above will include additional terms further  clouding any application to decision making.

II. Why does it matter?
i) Probabilistic projections represent uncertainty conditional 

on the approach. While we can never capture the full uncertainty,

when the probability distributions vary significantly between 

equally reasonable approaches, they cannot be regarded as robust

for decision making. In this case,  overconfidence in projections can 

lead to mal adaptation.

ii) Fit for purpose? Most probabilities are for changes of climate 

variables at some time slice in the future and for some coarse 

grained region. But climate variables at the local impact scales, 

including their correlations at different temporal (i.e., inter-annual) 

and spatial (i.e., within a catchment) scales, are required for climate 

impacts of  interest to the decision maker.

Is the final product a physically plausible future given the extra manipulations needed to go from the PDF to the decision relevant 

time series? Can we assign any robust probability of occurrence to this time series?
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III. What to do instead? 

An alternative approach is to integrate climate risks into the formulation of the adaptation questions, and then look for solutions 
which are robust across all considerations, including a range of climate outcomes (see for instance [5])

Illustrative example: water resources

Objective water company has to meet water  demand in its catchment region until 

the late  21st century at minimum cost. 

The decision-maker has two decision criteria: a ‘failure rate’, defined as the number 

of times supply does not meet demand  and the costs of adaptation options that are 

designed to reduce this rate

Adaptation options:
•Increasing the storage capacity during high flows,( BIG). 
•Reducing demand of the largest users by 15%; (DEM1).
•Reducing demand for all major demands (1, 2 and 3) by 15% (allDEM)
•A combination of the ‘BIG’ and ‘allDEM’ options. 

To explore robustness of these options generate ensemble plausible climate futures (river runoff for the catchment) 

Robustness across climate uncertainty Timing of the decision

If the available probabilistic information is not expected to be trustworthy, robustness-based decision methods can  

provide valuable insights.
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