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Review of estimates of adaptation costs. 

Interaction between adaptation and mitigation 

Adding the uncertainty dimension 

Adaptation in the context of international mitigation 
agreements 
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IMPACTS, ADAPTATION, AND 
VULNERABILITY 

THE WORKING GROUP II CONTRIBUTION TO 
THE IPCC'S AR5 



The role of adaptation 

Moderate to high risk from climate change impacts still 
persists even with successful mitigation action 

IPCC AR5   
SPM WG II 
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Adaptation facts  

• Adaptation is meant to reduce the risk of negative climate 
change impacts. Given that GHG concentrations are already 
above 400 ppmv, adaptation remains crucial whatever the 
mitigation rate 

• Adaptation policies and measures already started to be 
implemented across regions in the public and private sector 
and within communities (cities). 

• Adaptation is place- and context-specific, no single 
approach for reducing risks is appropriate across all settings. 

• Significant co-benefits, synergies, and trade-offs exist 
between mitigation and adaptation and among different 
adaptation responses. 

• Greater speed rates and magnitude of climate change 
increase the likelihood of exceeding adaptation limits. 
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The cost of adaptation and the residual cost 
of climate change 
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• Aggregate economic losses accelerate with 
increasing temperature but global economic 
impacts from climate change are currently 
difficult to estimate 
existing incomplete estimates of global annual 

economic losses for warming of ~2.5°C above pre-
industrial levels are 0.2% to 2.0% of GDP but more 
likely to be greater than this range 

few quantitative estimates for additional warming 
around 3°C or above. 

In any case meaningless to estimate value of impacts 
without taking into account market-driven adaptation 

Impacts and adaptation economics in the  
IPCC AR5: key research gaps 
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• Few relatively independent lines of evidence, shortcomings 
in data, methods and coverage on adaptation costs 
need for a better assessment of global adaptation costs, 

funding, and investment.  
 many gaps remain in estimating adaptation costs and 

benefits for some sectors, particularly in developing countries 
 

Impacts and adaptation economics in the  
IPCC AR5: key research gaps 
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Relevant in «areas» key for development in developing countries  
$ 70 - $100 billion annually by 2050  

Yearly average adaptation costs in  2010-2050 

Source: WB (2010) 

What do we know about adaptation costs 

The IPCC considers confidence in these numbers to be low because the 
estimates are derived from a very limited  number of relatively 
independent lines of evidence (only 3) 
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Adaptation, mitigation and residual damage  

Strategically, 
functionally and 

financially linked. The 
three cannot be 

considered separately 
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Adapation and Mitigation 
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Adaptation Adaptation and mitigation

Mitigation can considerably reduce adaptation effort (wrt 
adaptation alone). Still adaptation expenditure is non negligible.   

Adaptation cost 
without mitigation 

Adaptation cost with mitigation 
(stabilization at 2.5 C) 

Source: Bosello, 
Carraro, De Cian 

(2010) 
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Developing countries are more vulnerable to climate change, more exposed (70% 
of damages occur here), more sensitive, lack resources and show adaptation 
deficit: adaptive capacity (institutions, access to information, natural resources, and 
education) is lower. Irrespectively of mitigation, huge adaptation costs 
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Developed countries Developing countries

80% of adaptation expenditure is 
needed in D.ing countries $260 
billion annuitized 

20% of adaptation expenditure is 
needed in D.ed countries $70 
billion annuitized 

Equalizing adaptation expenditure over 
GDP  developing developed cs, => $ 

180 billion from D.ed to D.ing countries 
yearly   

Source: Bosello, 
Carraro, De Cian 

(2010) 

Adaptation Costs 
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No Policy Adaptation Mitigation

Loss and Damages 

Source: Bosello, 
Carraro, De Cian 
(2010) 

Loss and Damages 
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No Policy Adaptation Mitigation+Adaptation Mitigation

Loss and Damages 

The two strategies coupled can accomplish  
better results than when in isolation 

Source: Bosello, 
Carraro, De Cian 
(2010) 

Loss and Damages 
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Adaptation, mitigation and uncertainty/risk 

Extended theoretical and applied literature on uncertainty and 
mitigation (e.g. on damage/catastrophic uncertainty Nordhaus 
and Popp, (1997); Gjerde et al. (1999); Castelnuovo et al., 
(2003); Baranzini et al (2003), Bosetti et al., (2009), Lorentz 
(2010); on technology uncertainty Bohringer et al. (2009); on 
irreversibility and learning Keller et al. (2004), Ulph and Ulph 
(2007)). 
 
Rather extended applied literature on mitigation and adaptation 
(e.g. Agrawala et al., 2010; 2011, Bahn et al 2010; Bosello et 
al., 2010, 2011, 2013; de Bruin et al., 2009; Hof 2009, 2010).  
 
Limited research compounding the two: Catastrophic risk and 
the mitigation-adaptation mix theoretically analyzed by Kane 
and Shogren 2000,  Ingham et al. 2007, empirically by Bosello 
et al. 2014.  
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Adaptation, mitigation and uncertainty/risk 

Catastrophic risk increases the use of mitigation wrt 
adaptation as only mitigation affects the temperature increase 
process which triggers the catastrophic event (Bosello et al. 
2014) 

No policy Mitigation  
Mitigation + adaptation  Mitigation + adaptation + C. risk  

GHG Emissions Mitigation and adaptation 
expenditure 
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Theory: Coalition theory literature investigates the following 
questions: Can adaptation 1) Increase global mitigation effort? 2) 
Enlarge the participation to mitigation agreements? 3) Stabilize the 
mitigation coalition? No clear cut answers so far. 

Barrett (2010): adaptation can enlarge participation to a mitigation 
global agreement, but by “emptying” its content. 
Auerswald et al. (2011). Adaptation in a group of countries, as 
credible signal of low mitigation commitment, can stimulate mitigation 
in outsiders, but effect on total mitigation is ambiguous. 
Marrouch and Chauduri (2011): Adaptation can stabilize a 
mitigation agreement, lowering the incentive to free-ride. 
Buob and Stephan (2012). If mitigation and adaptation are 
complement, adaptation support from D.ed countries can stimulate 
mitigation in D.ing countries. But not sufficiently to reduce total 
emissions.  
 

Adaptation and mitigation in international 
climate change agreements 
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Empirical work: What usually found is that adaptation 
makes ambitious mitigation targets less necessary and 
provides an opportunity to mitigate less. 
- Hence a global agreement become less demanding (and 
less costly) and therefore easier to be attained. Climate 
coalitions become larger and more stable. 
- Nonetheless, adaptation should not be viewed negatively. 
By reducing the overall cost of climate policy, adaptation 
frees more resources for a greener economic development 
which is in itself a form of mitigation and adaptation. 
 

Adaptation and mitigation in international 
climate change agreements 
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Some conclusions 

• Economic approach to adaptation evolved from a focus on cost-
benefit analysis to a multi-metric evaluations, including risk and 
uncertainty, to provide support to decision makers. 

• Both private and public sectors have a role to play in the 
development and implementation of measures able to provide the 
desirable level of adaptation. 

• Adaptation must be seen in the frame of the overall development 
path of a country, particularly for developing countries. 

• Economic instruments have high potential as flexible tools to 
foster adaptation by providing incentives for anticipating and 
reducing impacts. Nonetheless, market-driven adaptation will be 
dominant, particularly in developed countries  

• The desirability of adaptation options will vary with time and 
climate change realization (e.g. until climate change effects grow 
to merit investment costs).  
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Some conclusions 

• Given that some degree of climate change is by now 
unavoidable, adaptation must belong to the climate policy 
package and the optimal balance of mitigation and adaptation in 
different regions of the world should be negotiated at COPs 

• Large adaptation efforts will be induced by changes in relative 
prices of goods, services and resources and will thus be 
autonomously carried out by the private sector.  

• However, the private sector alone will often not provide the 
desirable level of adaptation, with some types of actions not 
undertaken due to costs, incentives, nature of beneficiaries, and 
resource requirements, particularly in developing countries.  

• This implies the public sector will need to play a strong role and 
transfers to developing countries will be necessary. 
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Some conclusions 

• Economic development and adaptation can be 
complementary or competitive. If complementary: 

• Development can yield positive ancillary adaptation 
effects or co-benefits, provided it takes into account 
climate change in its design.  

• Adaptation actions can provide significant co-benefits 
such as alleviating poverty, providing better 
infrastructure, enhancing productivity in agriculture, 
and diffusing education and innovation, thus favoring 
economic development. 
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Thanks 



Key messages from the IPCC WGII 

• Experiments, observations, and models used to estimate 
future impacts and risks have improved since the AR4, 
with increasing understanding across sectors and regions. 

• Continued emission of GHG will increase the likelihood of 
severe, pervasive and irreversible impacts for people and 
ecosystems. 

• Impacts from recent climate-related extremes reveal 
significant vulnerability and exposure of both ecosystems 
and human systems to current climate variability. 

Key risks associated to observed CC include: 
Food and water shortages 
Increased poverty 
Increased displacement of people 
Coastal flooding 
Loss of ecosystems and biodiversity 
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Key messages from the IPCC WGII 
Key future risks include: 

 Water  Triple of people exposed to extreme floods in RCP 8.5 
than in RCP2.6, reduction of the 20% of access to water for an 
addional 7% of population per °C of temperature increase  

 Ecosystems  Marine and terrestrial species extinction and 
redistribution with potential impact on food security 

 Coastal areas  Millions of people displacemtet because of sea-
level rise and coastal floods by 2100 

 Agriculture  Decrease in median crop yields (up to a 2% per 
decade) 

 Urban areas  Increased stress on infrastructures, health and 
economic activity 

 Health  Direct (diseases, extreme events) and indirect 
(malnutrition, water scarcity) adverse impacts 

 Conflicts  for resources (water, food, physical space) 
24 



Widespread impacts in a changing world 
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Potential impacts on economic sectors  
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Adaptation options  

A first step towards adaptation to future climate change is reducing 
vulnerability and exposure to present climate variability.  
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