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Abstract: Investment decisions in adaptation are usually made under significant uncertainty due to 
climate change and socio-economic trends. Extreme events cause damage and may become more 
frequent over time. In this study we propose three ways to incorporate climate and socioeconomic 
uncertainty into the assessment of adaptation infrastructures in the city of Bilbao. The first suggestions 
is to use stochastic modelling, which makes it possible at any given time to estimate the present value 
of expected damage over a time period, considering that extreme events will increase in the future due 
to climate and socio-economic conditions. An analytical solution for the Net Present Value of investment 
at a given time is estimated here. Second, this is used to determine two risk measures: Value-at-Risk, 
which is widely used in financial economics, and Expected Shortfall, which is less common but a better 
risk indicator. We then define an additional stochastic model that contains four risk factors: the frequency 
of extreme events— modelled with three Poisson processes— and a stochastic growth rate of damage 
due to climate and socio-economic effects under uncertainty. Thirdly, we develop an example of Real 
Options Analysis (ROA), in which a binomial tree is used to study whether the best decision at present 
is to invest or to wait. The influence of several variables on the investment decision is analysed, including 
volatility, the discount rate and the expected growth rate of damage. This Real Option Analysis model 
calculates the boundary between the “investment region” and the “wait region” for different volatility 
levels and finds the optimum values for investment cost below which investment should take place. The 
model is illustrated with a case study concerned with the opening up of a canal in the city of Bilbao which 
will turn the Zorrotzaurre peninsula into an island and markedly decrease the potential for flood damage. 
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