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Structure 

• Decomposing change 
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From climate change to economic impact 

• Changes in climate 

 

• Effects on natural systems 

 

• Implications for man made systems 
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Examples of impact decomposition - TOLERATE 

Expected cost of R50 flood 2005-2050: 

•  approx. € 65 mln. - current climate & building stock 

• +15% ~ +20% when accounting for future climate 

• +40% ~ +50% when accounting for economic growth 

• -10% ~ +10% owing to urban (land use) planning and 
regulation 
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Source: Perrels et al., 2010 



Examples of impact decomposition - EWENT 
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Source: Nokkala et al, 2012 



Learning from current responsiveness (1) 

Source: Nurmi et al 2012 
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Source: Finnish Transport Administration 



Learning from current responsiveness (2) 

Source: Perrels et al forthcoming 

WSCA 
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 forecast weather conditions 

realized weather 

conditions 
A = 0 A = 1 

climate based 

probabilities 

A = 0 p00 p01 0.800 (pc_0) 

A = 1 p10 p11 0.200 (pc_1) 

forecast likelihoods 0.800 (pf_0) 0.200 (pf_1)  

 

Weather service pay-off matrix (assuming ideal information uptake) 

𝑉𝑎𝑙𝑢𝑒  𝑜𝑓 𝑤𝑒𝑎𝑡ℎ𝑒𝑟  𝑠𝑒𝑟𝑣𝑖𝑐𝑒: = (𝑝𝑐_1. 𝐿) − 𝑝𝑐_1. 𝐶 + 𝑝𝑐_0. 𝑝10. 𝐿 + (𝑝𝑐0 . 𝑝01. 𝛾.𝑀)  

Action  Adverse weather Not adverse weather 

Protection  C C 

No protection  L 0 



Learning from current responsiveness (3) 

Source: Nurmi et al 2012 
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Weather  

Service 

Chain 

Analysis 

(WSCA) 



Learning from current responsiveness (4) 

Source: Perrels et al forthcoming 

WSCA 
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WSCA: 

𝑄𝑚𝑡 = 𝑃𝑚𝑠𝑡

7

𝑠=1

 where 0 ≤ 𝑃𝑚𝑠 = 𝑓𝑚𝑠 𝑥𝑠𝑖; … ; 𝑥𝑠𝑖+𝑛 ≤ 1 

𝐶𝑉 = 𝑉. 𝑄𝑚𝑡 𝑉 = 𝐵𝑚,𝑡
𝑚𝑎𝑥 (?; depends on assumptions) 



Co-evolution 

Evolution of the predictability of surface precipitation, 1995-2010, by the 
ECMWF numerical weather prediction model (after © ECMWF) 

Source: Nurmi et al 2012 
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Co-evolution through service innovation 

Sukuvaara & Nurmi 2012 
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Smeding 2012 



Co-evolution through service innovation –  

       weather services  
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Accounting for co-evolution 
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𝑉 = (𝑝𝑐_1. 𝐿) − 𝑝𝑐_1. 𝐶 + 𝑝𝑐_0. 𝑝10. 𝐿 + (𝑝𝑐0 . 𝑝01. 𝛾.𝑀)  

Technology; 

Growth & Structure; 

Behaviour 

Weather 

service 

innovati

on; 

𝑄𝑚𝑡 = 𝑃𝑚𝑠𝑡

7

𝑠=1

 

Weather 

service 

chain 

innovation 

𝐵𝑚𝑡 = 𝑄𝑚𝑡 . 𝛾
𝛼(1−𝑄𝑚𝑡). 𝐵𝑚,𝑡

𝑚𝑎𝑥 



Accounting for co-evolution – hypothetical example 

• Current level of prevented road traffic damage due to 
weather in Finland ~ € 36 mln. 

• Ageing of population ? 

• Economic growth: 

• Car stock  ↑  e.g. +10% more cars 

• Car value ↑  e.g. +20% more valuable 

• Car safety ↓ e.g. 25% less accident prone 

• Weather service innovation: 

• Prediction accuracy    ↓ e.g.   +3% 

• Service chain effectiveness   ↓ e.g. +20% 

• Damage potential -3 mln €; prevented damage + 8 mln € 

 



Conclusions 
• In impact assessment and even more so in adaptation 

cost and benefit assessments do not account for co-
evolution 

• Co-evolution alludes to technical, social and institutional 
changes affecting exposure, vulnerability and resilience 

• Co-evolution can result in lower (remaining) adaptation 
cost and benefits, but it may also entail maladaptation 

• Current understanding of responsiveness to weather 
services combined with identification of service 
improvement potentials can assist to estimate a part of co-
evolution effects 
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Thank you 
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