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Presentation structure
• Context of climate change, adaptation and 

infrastructure
• Cost-benefit analysis in brief

• The basics and metrics
• Valuation choices, duration, discount rate
• Non-priced effects
• Uncertainty
• Distribution effects / fairness – market organisation
• MCA and CBA

• Structuring a CBA
• Applications

• incl. insurance aspects 



The context
• Climate change

• Processes of different pace and scale
• Uncertainty, (ir)reversibility

• Different types of adaptation
• Automatic/autonomous ; Reactive ; Proactive
• Isolated vs. Integrated

• Infrastructure
• Large size, indivisibilities, layers, network effects
• Long lifetime, economic & spatial structuring
• Public good features, implications of market organization
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Climate change impacts – temporal profiles
Duration of the state resulting from the change* Temporal profile of 

the  
unfolding of the 
change 

Permanent Transient 

Mode I: 
Slow and 
fundamental 

• Sea level rise (navigation 
effects, flood risks) 

• Retreat of sea ice (with annual 
fluctuations) 

• Increased weather variability, 
notably worse winter 
conditions 

Mode II: 
Slow underlying 
trends culminating in 
quick changes 

• Exponential growth of algae in 
the Baltic Sea and in lakes 
(impacts or tourist travel) 

• Collapsing fish stocks (due to 
temperature change) 

• Infrastructure collapse due 
to changes in hydrology and 
soil mechanics  

• Collapsing fish stocks (due 
to invasive species) 

• Drought and harvest losses 

Mode III: 
Sudden and dramatic 

• Polar navigation possibilities (?) 
•  

• Floods (infrastructure 
planning / design, 
availability, materials, ICT, 
modal split) 

• Storms (infrastructure 
planning / design, 
availability, materials, ICT, 
modal split)  
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Categorising stages of adaptation
 Passive Adaptation 

- automatic in nature 
and economy 

- only ex post measures 
(no anticipation) 

Active Adaptation 
- automatic in nature 

and economy 
- ex ante and ex post 

policies 

Emission scenario dependent 
baseline (A1-T, B1, A2, etc.) Reference costs and benefits 

-- 

Selected baseline +  
adaptation policy  

non-optimised  
‘wait and see approach’ 

Rational adaptation policy – 
but disjunct from mitigation 

strategy 

Selected baseline +  
adaptation & mitigation policy 
(only relevant when assessment 
period goes beyond 2050) 

even less optimised  
‘wait and see approach’ 

Rational integrated 
adaptation & mitigation 

strategy 

 From: Perrels et al 2005
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Review of climate change effects in built-up areas (1)

Source: 
IPCC 4AR_2

Source: IPCC 4AR_2
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Source: IPCC 4AR_2

Review of climate change effects in built-up areas (2)
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Cost-benefit analysis – the basics 1
• CBA:

• assess for the estimated lifetime of a project the annual expenditures 
(investment funding cost, operational cost, etc.) and the annual 
revenues

• consider an appropriate discount rate and assess NPV (net present 
value), IRR (internal rate of return), and net cash flows

• rank alternatives by score level

• SCBA: social CBA – total benefits -/- total costs for society, in this 
case benefits and costs often don’t accrue (entirely) to the same 
organisation due to the public nature of a project (CBA can be subset 
of SCBA)

• CEA: cost-effectiveness analysis – this is used if for (a part of) 
the intended impacts no (shadow) price can be established (or 
when that is contentious)
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Cost-benefit analysis – the basics 2
• Metrics:

• Net present value (NPV) :

• Internal Rate of Return (IRR):      r = r* such that NPV = 0

• Benefit-Cost Ratio (B/C ratio): 

• Macro-economic criteria (∆%GDP; ∆% employment; etc. in 
case of very large or very effective projects)

• NB! Different metrics may produce different rankings for the 
same set of projects

• Above listed indicators are only straightforward in case of 
priced effects and assuming limited and tractable uncertainty

• Above list of indicators provides no clue of redistribution
effects, nor of implications of market organisation alternatives
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Cost-benefit analysis – the basics 3
Simple example: despite positive IRR still cash flow challenge years 1 - 8

CBA example - initial investment 100; interest and discount 5%; 
operational cost +5%/y; benefits +10%/y; IRR = 7.4%
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Valuation principles – consistent choices!
• Where to measure?

• Production
• Consumption → welfare/wellbeing (the ultimate issue)

• Potential vs. actual impacts (e.g. real estate)
• What to measure?

• Stocks (e.g. real estate) or flows (production, income)
• From direct cost to overall economic impact
• Market / non-market 
• Baseline / automatic adaptation/ planned adaptation

• Beware of double counting (stocks-flows; costs-transfers)
• Uncertainty / Risk / Volatility
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Duration of alternatives



• The discount rate (r) in the NPV calculation
needs to be chosen

• If a project is (predominantly) commercial a bank interest 
rate can be used and nominal prices to allow for inflation 
effects

• For SCBA a real interest rate (i.e. no inflation) is used
• if economic lifetime < ~25 y.  norm rate (often ~ 5%)
• If economic lifetime > ~50 y.  lower rate depending on 

envisaged time horizon and uncertainty 
(Barro, 2009; Weitzman, 1998)

8/26/2011Adriaan Perrels/IL 138/26/2011Adriaan Perrels/IL 13

The discount rate
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Non-priced effects 1
• Some costs and benefits don’t have an (explicit) price, e.g.

• Environmental effects 
• Pure public goods (e.g. a dyke; the police force)

Infer a shadow price – this can be based on:
• Unit-cost (e.g. based on public sector accounting)
• Replacement cost (of damaged nature)
• Willingness to pay (WTP; to compensate loss or prevent a project)

• Survey based or proxy/analogy based
• Eco-system service(s) infer a unit value via:

• differential impact on priced effect (e.g. harvest volume)
• comparison with engineering alternative 

• Quasi-market for tradable permits
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Non-priced effects 2
• The explicit price is not necessarily the right social price:

• The price of a good does not account for external costs, e.g. 
environmental damage or damage to third parties (e.g. congestion, 
road safety, traveller security)

• The price of a good does not account for external benefits, i.e. 
avoided damage to nature or third parties (e.g. extra safety in new 
cars, careful road design)

• Internal vs. external effect
• Internal: 

• those costs & benefits that remain in the studied system or 
accrue to the same agent that created them

• often the price is either explicit or can be estimated
• External: 

• those costs & benefits that end up outside the studied system 
or accrue to other agents than the creating agent

• usually the price is not explicit and may be hard to estimate
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Uncertainty 1
• Different kinds and ‘levels’ of uncertainty:

• Aleatory and epistemic uncertainty
• Aleatory: uncertainty due to variability
• Epistemic: uncertainty due to lack of knowledge

• Distinction by level of the analytical process
• Paradigm level: e.g. long term evolution in societal value 

systems and prioritization structures 
• scenario choices;  delineation; (model type choice)

• Conceptual level: understanding of the causal structure
• Model (type) choice; model structure; data sources/needs

• Model level: sufficiently adequate representation of the causal 
structure and orders of magnitude of influence factors 

• Model validation; data quality
• Parameter level: adequate estimates of parameters in selected 

functions in the models
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Uncertainty 2
• Natural science related: e.g. limitations to downscaling 

of modeled future climate features, inherent chaotic 
processes underlying weather & climate

• Social science related: e.g. responsiveness to 
measures, projections of key economic and social 
variables, actual location of growth and decline

• Time related: for ever longer time frames uncertainty is 
abounding ever more 

• Interaction with other sub-systems: (e.g. impact of 
changes in trade flows)

• Data quality; parameter quality, etc. for a particular 
applicationAr

e 
w

e 
us

in
g 

th
e 

rig
ht

 fr
am

ew
or

ks
? 

Id
en

tif
y 

& 
ac

kn
ow

le
dg

e 
w

he
re

 b
es

t t
o 

re
du

ce
 u

nc
er

ta
in

ty



26.8.2011Adriaan Perrels/IL 18

Uncertainty 3 – (partial) remedies
• Retrospective and prospective approaches
• (statistical) sensitivity analysis (data; parameters)
• error propagation analysis (how deviations develop in a model)
• benchmarking (accuracy compared to other models & realizations)

• Improve learning capabilities of planning and analytical processes
• Adaptive management approaches
• Better / systematic monitoring – full evaluation cycles
• Experience and data sharing (e.g. Adaptation Clearinghouse for 

Europe ACE) ..speeds up learning by more concurrent efforts
• At the output side (adaptation solution alternatives):

• What are the hedging alternatives next to (heavy) investments?
• Risk sharing instruments: insurance, derivatives, options, etc.? 
• Information systems (early warning, etc.)?
• Localized/staggered improvements?
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Distribution effects & market organization 1
• For publicly funded infrastructure there is often no link between use and 

payment (via taxes)  consequence:
• the distribution of the benefits of the infrastructure not necessarily 

reflects the distribution of the tax payments  (by person, region, etc.)
• If the deviation of the distributions of costs and benefits coincides 

with differences in income levels (or profitability levels for business) 
the mismatch is not ‘only’ a matter of principles, but also has macro-
economic implications – meaning that it denotes not only a transfer 
but to some extent also a production or income effect

• For (road) infrastructure this ties in with alternative approaches for 
determining desirable service levels per segment/region:

• Output equality: same service level throughout the system
• Input equality: same value-for-money ratio throughout the 

system
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Net benefit redistribution of road services:  
hypothetical example
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Distribution effects & market organization 2
• External effects may have significant distributional aspects, e.g. traffic 

noise and low air quality are often pronounced in poorer neighborhoods 
or notably affect children & elderly (‘environmental justice’)

• The way the provision of infrastructure services is organised affects the 
distribution of benefits and costs of measures/investments

• extent of integration or separation of infrastructure capacity service, 
mobility service, and actual shipment/delivery:

• ease of substitution and share in the value added chain

• degree of outsourcing of maintenance, construction, and design 
tasks:

• cost minimization vs. quality targets

• responsibility & motivational attachment/detachment to targets  
of Road Authority
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CBA and MCA
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Structuring a CBA 1

Source: Eijgenraam et al 2001 Source:  Commonwealth of Australia 2006 
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Structuring a CBA 2

Project country

Source: Eijgenraam et al 2001 

Macro-economic full scale SCBA by effect type and source
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Applications
• Assessing climate change enhanced weather effects on 

road infrastructure 
• traffic safety
• road maintenance
• traffic capacity

• Assessing flood risks in cities

• TOLERATE: From climate modeling to appraisal of 
counter measures

• IRTORISKI: Extended event-tree analysis

Next pages (EWENT)
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Road capacity effects of weather & CC
Changes in the supply curve caused by extreme weather conditions 
while accounting for rigidity of supply in transport systems

Default 
effect
S0 – S1

Remaining effect after 
counter measure S0 – S1

*

Loss for consumer without measure:
(p1 – p0) . Q1 + (p1 – p0) .(Q1-Q0)/2

Loss for consumer after measure:
negligible

Source:
Nurmi and Perrels, 2011 (forthcoming)
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Example: 
TOLERATE

river flood risk
enhanced by:
- climate change
- economic growth

Source: Perrels et al, 2010
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TOLERATE: Direct cost summary

• Expected value of direct damage for R50 and R250 both 
approx. 60 ~ 70 mln.€ for the period 2005-2050 with 2005 
building stock and no economic growth
• Economic growth share +50% - the figure depends 
strongly on the estimated growth rate and the time span
• Climate change share +15% ~ +20% - depending on how 
to weigh in different return times (+ unsure aspect of 
(revision of) river-lake system regulation)
• Building stock share -10% ~ +10% - depending on how 
spatial plans and building spatial planning technology are 
developing, this factor seems harder to quantify; 
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TOLERATE: Regional impacts – different displacement rates
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TOLERATE: Embedding CBA in decision making 
by means of Group Decision Support System (MCA)

  



IRTORISKI – extended event tree analysis

26.8.2011Adriaan Perrels/IL 31

Source: Virta et al, 2011
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Insurance
Insurance is a risk sharing instrument alongside:
• Mutual funds
• State support

Requires:
• Non-systemic (stochastic) risks

• Residual risks may be insurable after adequate risk 
reducing measures, if residual risk assessable

• Avoidance of moral hazard
• Avoidance of adverse selection

• At client side for commercial viability
• At insurer side for social viability



Insurance - moral hazard
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Real estate price 
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• Information transparency (flood maps)
• Insuring only value incl. Expected damage and 

lower value
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