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Overview
Climate Economics

23.09 Economic activity as a source of greenhouse gases, climate scenarios Frank Vöhringer

30.09 Impacts of climate change: valuation and uncertainty  Philippe Thalmann

07.10 Impacts of climate change: net costs (aggregation, discounting) Frank Vöhringer

14.10 Adaptation to climate change Marc Vielle

21.10 Mitigation: abatement measures, cost curves, innovation Frank Vöhringer

28.10 Cooperation: mitigation as a public good, international climate policy Frank Vöhringer

04.11 Instruments for climate policy Philippe Thalmann

11.11 Swiss climate policy Philippe Thalmann

18.11 Solar radiation management: economics and governance Frank Vöhringer

02.12 Final exam all
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Overview for today

◼ Decisions under risk and uncertainty

⚫ some experiments

⚫ bounded rationality 

⚫ prospect theory

⚫ framing 

◼ mitigation 

⚫ target setting and carbon budgets

⚫ abatement measures

⚫ economics of innovation

⚫ abatement cost

⚫ mitigation game

Climate Economics
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Risk and uncertainty (according to Frank Knight)

◼ risk: 

future events occur with measurable probability

◼ uncertainty: 

the likelihood of future events is indefinite or incalculable

Decisions under risk and uncertainty
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Descriptive vs. prescriptive decision theory

◼ descriptive:

how we decide

◼ prescriptive (or normative):

how we should decide

Decisions under risk and uncertainty
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Rational decision-making under risk
Decisions under risk and uncertainty

◼ problem needs to be structured and quantified

⚫ goals

⚫ alternatives

⚫ decision tree with defined outcomes

⚫ (conditional) probabilities

⚫ continuous alternative: probability distributions

⚫ …
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Bounded rationality (Herbert Simon)

◼ limited resources 

◼ cognitive limits

◼ search for acceptable rather than optimal outcomes

◼ widespread use of heuristic decision rules

Decisions under risk and uncertainty
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Behavioral economics

Behavioral economics studies the effects of psychological, 
cognitive, emotional, cultural and social factors on the 
decisions of individuals and institutions and how those 
decisions vary from those implied by classical economic theory. 

Behavioral economics is primarily concerned with the bounds 
of rationality of economic agents. Behavioral models typically 
integrate insights from psychology, neuroscience and 
microeconomic theory. 

The study of behavioral economics includes how market 
decisions are made and the mechanisms that drive public 
choice.

Source: Wikipedia

Decisions under risk and uncertainty
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Rational decision-making under risk
Decisions under risk and uncertainty

◼ expected value:

→ probabilities are usually subjective

→ St. Petersburg paradox (Daniel Bernoulli):

WTP for participating in a game with the expected pay-off

?

◼ expected utility:

→ usually with diminishing marginal utility of gains 

→ resolves the St. Petersburg paradox through risk aversion

(von Neumann/Morgenstern)
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Certainty equivalent and risk premium
Decisions under risk and uncertainty

Wce
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Evidence that we don’t maximize expected utility

◼ risk loving behavior over losses
◼ isolation effect

⚫ failure to integrate outcomes with current assets
⚫ reference point matters
⚫ framing of the problem influences decisions

◼ Allais paradox (certainty effect)
⚫ see experiments 3 & 4
⚫ in experiment 3, substract the utility of an 89% chance 

to gain 100 million on either side -> it becomes 
identical to experiment 4 

⚫ most people prefer A in experiment 3, but B in exp. 4 
-> whatever we maximize, it is not expected utility

Decisions under risk and uncertainty
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(Cumulative) prospect theory (Tversky/Kahneman) 

with      : probability weighting function

: value function

◼ taking into account:
⚫ reference dependence
⚫ loss aversion
⚫ diminishing sensitivity
⚫ probability weighting (decision weights)

Decisions under risk and uncertainty
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Prospect theory: value function
Decisions under risk and uncertainty

Source: N.C. Barberis 2013
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Prospect theory: probability weighting function
Decisions under risk and uncertainty
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Framing matters

◼ What is mitigation of climate change? 
⚫ an insurance against climate damage? 
⚫ a bet on scientific projections?

◼ What is the reference point?
⚫ the climate of 1900? today’s climate? the 2° target?

some expected future climate?
⚫ similar issues for ecosystems, life expectancy etc.

◼ Are cost-effectiveness discussions detrimental, 
because we forget to emphasize the benefits?

◼ Framing in the design of policy instruments

◼ “Libertarian paternalism” (e.g. defaults)

◼ ...

Decisions under risk and uncertainty
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Optimization or precaution?

◼ optimal emissions trajectories from integrated assessment

⚫ see e.g. Botzen/van den Bergh 2012

⚫ economists: framework for thought experiments

⚫ yet influential in the political debate (e.g. USA 1990s, Stern Review)

◼ precautionary principle
⚫ prevent dangerous anthropogenic interference with the climate 

system (UNFCCC, 1992)
• “2°C above pre-industrial levels” (EU 1996)
• “well below 2°C above …” (Paris Agreement 2015)
• “pursue efforts to limit … to 1.5°C” (Paris Agreement 2015)

⚫ sustainability concept: critical limits
• threshold values for natural capital components
• how arbitrary and how costly is the threshold? -> a bit of CBA?

⚫ cost-effectiveness analysis rather than cost benefit analysis

Target setting
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Target setting

Source: IPCC SR1.5

Special Report 1.5°C: impacts & risks
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IPCC 5AR
Carbon budgets

Source: IPCC 5AR TS WG3
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A recent update
Carbon budgets

Source: Carbon Tracker Initiative (with IPCC data)
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Fossil fuel reserves
Carbon budgets

Source: Hansen et al. 2013* require advanced techniques and/or higher prices

*
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Mitigation

4 major levers for abatement in industry

Country: Germany
Source: Hübner 2020
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Methane abatement measures (examples)

◼ energy
⚫ flaring of landfill gas

⚫ electricity generation from landfill gas

⚫ utilization of gas from coal mines

⚫ gas flaring or utilization in oil extraction

◼ agriculture
⚫ rice management

⚫ improved feeding practices

⚫ anaerobic digestion

Mitigation
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Swiss CO2 emissions by source (2015)
Mitigation

Source: Baier et al. 2018 with FOEN data
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Mitigation

Levers for abatement in consumption

And ...

buy less / reuse / repair

travel less

stream less 

buy regional products 
(in most cases)

reduce packaging 

avoid very emissions 
intensive products (beef)

what else?
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Agricultural products
Mitigation

Source: IPCC 5AR TS WG3
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GHG emissions abatement by sector
Mitigation

Source: IPCC
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Mitigation

Abatement measures

Source: McKinsey 2013
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Carbon prices and consumption losses
Mitigation

Source: IPCC
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Economic growth and abatement costs
Mitigation

Source: OECD 2008
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Cost of mitigation
Mitigation

Source: IPCC 5AR TS WG3
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Carbon prices for 1.5°C
Mitigation

Source: IPCC SR1.5
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Mitigation

Fossil fuel subsidies (in % of GDP & bio. US$, 2013)

Source: OECD/IEA 2014
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Determinants of abatement cost estimates

◼ baseline projections
⚫ population

⚫ GDP

⚫ energy resources and prices

⚫ emissions

◼ technical potential
⚫ availability and potentials of measures

⚫ substitution possibilities

⚫ rate of technological change

◼ discount rate

◼ ancillary benefits of GHG abatement

◼ climate policy regime 
⚫ stringency & flexibility

⚫ policy instruments and revenue recycling

Mitigation
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Ancillary benefit: reduced air pollution
Mitigation

Quelle: IPCC 5AR TS WG3


