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Introduction /1

Awareness of climate inertias

Even an aggressive mitigation policy can at best limit climate change 
whose effects will be experienced for decades � unavoidable to adapt
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E.g.: ambitious stabilization at 450 ppm can limit
climate change to a 2°C temperature increase



Introduction /2

“…Current knowledge of adaptation and adaptive capacity is insufficient for
reliable predictions of adaptations; it also is insufficient for rigorous
evaluation of planned adaptation options, measures and policies of
governments” (IPCC 2001, TAR)

Nevertheless it is recognised that:

“…more quantitative information on the costs and benefits of economy-
wide adaptation is required…” (the Stern review, 2006)

2

“Only a few credible estimates are now available of the cost of adaptation
(in the Developing countries) …and… highly speculative” (the Stern
Review 2006)

“At a global or international level, defining a socially, economically and
environmentally justifiable mix of mitigation, adaptation and development
remains difficult and a research need” (IPCC 2007, FAR)



Introduction /3

Final aim of  an “economic” climate change impact assessment 
analysis is to provide: 

A measure (through some indicators) of the “welfare” impact of
climate change

Information on the costs and benefits of different climate
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(possibly) indication on and “rank” of solutions (policies or
policy mix) in term of effectiveness, efficiency, equity

Information on the costs and benefits of different climate
change mitigation and adaptation policies



=>

Climate system dynamics

Environmental system dynamics

Socio-economic system dynamics
is needed 

Some representation of:
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And of their interdependences 

Integrated Assesment
“philosophy” and modelling approach 

(increasingly used since the beginning of the ’90)



Two ways to integration: Hard Link vs Soft Link

Hard-linked climate-economic models

Economic 
system

Climate
system

Emissions

Damages

Climate and economics treated as a 
“unified” system represented by a 

consistent set of differential (climatic + 
economic) equations. Emissions build 

CO2 concentration stock and 
temperature. A (more or less refined) 

damage function translates temperature 
increase into GDP losses.  

Mitgation

Adaptation
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Soft-linked climate-economic models

Climate 
System

Environm.
impact

module(s)

Economic 
Impact

module(s)

Economic 
Assessment

O O
I I

increase into GDP losses.  

Climate, environment and economics treated  separately. Outputs of climate models 
are inputs to environmental impact modules. Outputs of environmental impact 

modules are inputs to economic impact modules � these provide final economic 
assessment. Inputs and outputs need to be “translated” in the different “languages” 

used by different models/disciplines

O

OI
Mitgation

Adaptation



Hard and soft link: who’s who

Examples of hard linked integrated assessment models: “first generation” DICE
(Nordhaus, 1991), RICE (Nordhaus, Yang, 1995), CETA (Peck, Teisberg, 1992),
“second generation” MERGEII (Manne, Richels, 2004)), RICE 99 (Nordhaus,
Boyer, 2001), FEEM-RICE (Buonanno et al., 2002), “third generation”, MIND
(Edenhofer et al, 2006), WITCH (FEEM; see Bosetti et al., 2007)
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Examples of soft linked integrated assessment models: AIM (Morita et al. 1994
and updates), IMAGE II (Image team, 2002 and updates), ASF (Sankowsky et a.,
2000 and updates), MESSAGE (Riahi and Roherl, 2000 and updates), MARIA (Mori,
2000 and updates), MINICAM (Edmonds et al., 1996 and updates) � all used by
IPCC to produce emission scenarios. Others: SGM (MIT), ICES (FEEM)



Hard vs Soft link, strengths and weaknesses

Hard-linked Soft-linked

Climate
environmental

economic details

“Time treatment”

Necessarily “simplified”
“high” aggregation

Can be very complex
“high” disaggregation

“Refined”: usually full 
intertemporal optimization

“Simplified”: usually 
(comparative) statics or 

Links and 
feedback

Fully consistent and 
integrated

The feedback loops are 
not necessarily closed 
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Policy 
perspective

intertemporal optimization (comparative) statics or 
recursive-dynamics 

Better suited for policy 
optimisation

Better suited for policy 
evaluation

The “scenario” 
issue!!

IPCC approach: emissions scenarios stem from exogenous
storylines proposed by/incorporated in a set of soft-linked models.
Problematic for hard linked models where the “storyline” is
endogenously embedded: replicating “soft linked” emissions may
imply unrealistic economic assumptions, or using model-
consistent economic assumptions may imply different emissions
paths! � Crucial for policy perscriptions!!



Room for fruitful integration

A hard-link model can generate emissions or temperature increases in a fully
consistent climate-economic framework.

A soft-link appoach can be used to economically assess climate change impacts
from those emissions with a greater country and sectoral detail and taking into
account adjustments in national and international markets due to changes in
relative prices (i.e. autonomous adaptation).
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These detailed information on climate change damages can be used to
parameterise the aggregated damage function of a hard link system. The same
can hold for the parameterisation of cost and benefit of an adaptation function.

Finally a hard link model can be used to determine the optimal level of mitigation
and adaptation and optimal mix between these two strategies.



Room for fruitful integration: implications

Damage functions in hard-linked models can account for autonomous adaptation

The inclusion of planned adaptation could enable “direct impact targetting”
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The policymaker can decide to fix a target in term of maximum damage tolerable
or in term of damage reduction that need to be accomplished and the optimal
portfolio of strategies can be determined accordingly.



From emission target, to concentration target, to 
temperature target, to damage target ?



First step: modeling hard-linked adaptation

Here we propose a possible modelling of adaptation in a hard-link 
framework. The parameterization is still rough and functions are 
developed and tested on a simpler model wrt WITCH, i.e. the 
FEEM-RICE model.

However some interesting insights clarifying the different mechanisms 
through which adaptation and mitigation operate, can be derived 

e.g.:
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If we can adapt, is it still optimal to mitigate? If yes, what are the main
drivers of the choices to mitigate and adapt? What would
characterise an “optimal” mix between the two strategies? What role
could potentially play technological progress?

e.g.:



The modelling framework ��� � the RICE-FEEM model

Hard-linked climate-economy model

Fully dynamic (Ramsey) optimization model, with pollution stock

Endogenous technical progress (R&D investment driven) 
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This exercise � world central planner maximizes utility (discounted 
flow of consumption) deciding how much to invest in:

- physical capital (thus controlling economic growth),

- knowledge capital (thus controlling technological progress) 

- adaptation capital (thus controlling impacts of climate change), and

- emissions reductions (thus controlling future climate change). 



The modelling framework ��� � RICE-FEEM
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The modelling framework ��� � RICE-FEEM

“Link” 
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on abatement rates
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),(&),(),(),(),( tnDRtnIAtnItnCtnY +++= Usual output allocation 

Net (of CC damage and environmental
policies) output ),(),(),( tnQtntnY W=

Climate change damages (as forgone GDP) depending ( +) on 
temperature and (-) on adaptation “capital”



Calibrating adaptation

On the cost side we defined a lower bound on adaptation costs (AC)

Total discounted AC must be greater than 0.14% of total  discounted GDP since 
2050 (lower value extrapolated from Tol 1997) 

In the model, the constraint is never binding: in 2050 total discounted AC is 
0.2% of total discounted GDP and then increasing (0.8% of GDP in 2100)

A further comparison: our total AC in 2000-2100 ~ 1.5 trillion $, according to 
Hope’s PAGE model, (Hope 2006) AC is 0.75 trillion $ in the same period. 

Our estimation is thus “conservative”

On the benefit side no priors

The model endogenously yields a (total discounted) climate change damage 
reduction due to adaptation of 16% in 2050 and of 52% in 2100

Again “comparable” with PAGE: in 2100 adaptation can reduce climate change 
damages in economic sectors in developed countries by 90%, in developing 

countries by 50% (Hope 2006).



Scenarios

Mitigation only (no R&D investments, no adaptation): (M).

Mitigation and adaptation (no R&D investment) (M+A).

3 scenarios
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Mitigation, adaptation and R&D (M+A+R).



Optimal Abatement

Abatement Rates
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Optimal Emissions

CO2 Emissions
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Higher emissions with adaptation (even higher with 
endogenous R&D)
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“Optimal” Damage

Cumulated Disc. Environmental Damage
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Lower environmental damage

0

200

400

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

B
ill

io
ns

 U
S

 $

M+A+R



Consumption

Disc. Cumulated Consumption (% Difference wrt Mitig ation)
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Mitigation and adaptation are economic substitutes

Resources are scarce and they have to be allocated now among
competing strategies.

Given that successful adaptation reduces the negative effect of
climate change on output (lower damage) there is a lower need
to mitigate.
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The time profile of optimal investments
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Accordingly, comparing mitigation and adaptation:

Co st D istrib u tio n  Be tw e e n  S tra te g ie s
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Motivation

Benefit side : benefits from adaptation arrive sooner (economic
inertia 10 ys), benefits from mitigation arrive later (environmental
inertia 50 ys) => need to mitigate in advance.

Environmental side : weaker economic inertia => adaptation is a
“good” response to current damage => need to adapt only when
damage materializes (i.e. after 2040).
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Cost side : mitigation penalises current output, adaptation penalises
present and future output (effects on capital stock). Initially damage
and capital stocks are low => at the beginning penalizing current
output (mitigate) more cost effective than penalizing capi tal
stock (adapt). As time goes by the situation reverses: damage and
capital stocks are larger => adapting more cost effective than
mitigate.



Cost effectiveness of strategies

M+A (Discounted) Effectiveness of 
policies: (% reduction of damage wrt 

no policy)

(Discounted) Expenditures on 
policies

Total Mitigation 
(% on total)

Adaptation 
(% on total)

Total (% of 
GDP)

Mitigation 
US b. $

Adaptat. 
US b. $

2020 -0.42 100 0 0.01 6.54 0

2030 -1.13 100 0 0.01 7.55 0
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2040 -8.68 21 79 0.12 8.25 110

2050 -18.76 13 87 0.2 8.72 290

2100 -55 6 94 0.8 9.26 1530

In our framework, in 2100, 160 times more resources devoted to
adaptation, adaptation only 15 times more damage reducing. Mitigation
seems more cost-effective. So why the unbalance?



Cost effectiveness of strategies: the unbalance

Structure of mitigation costs: abatement costs increase
exponentially => steep increases beyond a 10% abatement rate
(e.g.: a 6% abatement, costs 9 bill. $, 50% abatement costs 2112
bill. $.
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Adding the benefit side: a 50% abatement rate costs 2112 bill. $ and
reduce the damage by 29%, 1530 bill. $ spent on adaptation reduce
the damage by 52%.



Cross elasticity

Adaptation Elasticity to Mitigation Mitigation Elasticity to Adaptation

M+A M+A+R M+A M+A+R

2000 0 0 -0.08 -0.12

2020 0 0 -0.17 -0.29

2040 -0.04 -0.04 -0.24 -0.40
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2060 -0.03 -0.04 -0.35 -0.47

2080 -0.03 -0.03 -0.40 -0.82

Imperfect substitutability (strategic complements).

Mitigation more reactive to adaptation than vice versa.

Elasticity of mitigation to adaptation increases with t.



Explaining the different cross-elasticity

Even though mitigation effort is increased, the effect on damage is
diluted over time. The damage stock remains rather unaffected and
stays “high” at least in the first 50 years � the need to adapt remains
strong anyway => low(er) responsiveness of adaptation to mitigation

Adaptation is “immediately” (10-years delay) effective in reducing the
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Adaptation is “immediately” (10-years delay) effective in reducing the
negative impact of environmental damage � An increase in
adaptation effort represents an immediate strong(er) and increasing
over time incentive to reduce mitigation => high(er) responsiveness
of mitigation to adaptation



Some sensitivity analyses: discount rates

Discount Rate: Effect on Abatement Rates 
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Discount Rate: Effect on the Stock of Knowledge

0

10000

20000

30000

40000

50000

60000

70000

80000

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

B
ill

io
ns

 1
9

90
 U

S
$

dr 4%

dr 3% 

dr 2%

dr 1%

0

2000

4000

6000

8000

10000

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

B
ill

io
ns

 1
9

90
 U

S
$

dr 4%

dr 3% 

dr 2%

dr 1%



Some sensitivity analyses: discount rates

Discount Rate: Effect on % Contribution of Mitigati on to Total Damage 
Reduction (1990-2100) 
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But with a lower discount rate mitigation increases its “relative weight”
respect to adaptation: Lower discount rate => future “more important” =>
environmental inertia “less important” => mitigation relatively more
convenient.



Some sensitivity analyses: climate change damage /1

Environmental Damage: Effects on Stock of Capital 
Devoted to Adaptaion
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Some sensitivity analyses: climate change damage /2

Environmental Damage: Effect on % Contribution of 
Mitigation+R&D to Total Damage Reduction 
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Conclusions

• Mitigation and adaptation are strategic complements. Both contribute
to the solution of the climate change problem.

• It is dynamically optimal to mitigate first and adapt then. No “wait and
see” mood for mitigation even though adapting is possible.

In this simplified framework (no uncertainty, no catastrophic events,
etc.):
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• When adaptation becomes convenient the large majority of resources
are absorbed by adaptation

• Higher preference for the future increases the weight of mitigation wrt
adaptation.



Conclusions

More research on adaptation is necessary. Major challenges:

• Bridge the gap between local and national or macro-regional

• Increase data and evidence on adaptation costs � develop relevant
case studies and methodologies (due to “local nature” of many
adaptation measures)

• Bridge the gap between local and national or macro-regional
adaptation assessments � “Scale consistency check”

• Understand and quantify the relationships between mitigation and
adaptation, also in terms of crowding out of financial resources

• Integrate damage models into integrated assessment models to
improve damage functions and enable better stabilization analyses



e.g.: WITCH and ICES

Hard-link integrated economic-environment model, full dynamic
optimization, 12 regions and strategic behaviors (game theory
approach), endogenous technical change, bottom-up treatment
of energy sector (electric and non electric energy use, 6 fuels, 7
different technologies for electricity generation).
Damage function: temperature decreases GDP. Mitigation costs,
but reduces emissions and damages. The model determines
optimal abatement, optimal investment, optimal R&D, optimal
energy mix. Single “industry” model (no international trade on
goods).
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goods).

Multisector (up to 66) multi country (up to 87) recursive-dynamic
top down CGE model with international trade and capital mobility.
An explicit climate change damage function does not exist:
climate change impacts translated into environmental impacts
translated into economic “shocks”, originate market adjustments
(resources re-allocation) whose final GDP and sectoral effect is
assessed. Autonomous adaptation intrinsically considered.
Mitigation accounted for by carbon taxes.



WITCH, ICES and adaptation

Autonomous adaptation cannot be explicitly modelled.

Planned adaptation can be modelled (see after) as a strategy
that decreases through appropriate modification of the damage
function, the negative impact of temperature increase on GDP �
High aggregation: sectoral dymension cannot be captured

The “optimising” framework of the model allows to determine
optimal level of adaptation and optimal mix of adaptation and
mitigation
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The role of “autonomous adaptation” is an intrinsic output of the
model: the impact on GDP originated by a climate change
pressure (e.g land lost to sea level rise) takes into account
market substitution mechanisms. Direct impact � final impact

“Planned adaptation” can be modelled at the sectoral level. E.g.
GDP implication of increased health care or coastal defence
expenditure, etc.

mitigation

It is not possible to define endogenously an “optimal and time
consistent” level of adaptation or mix adaptation-mitigation



Room for fruitful integration: WITCH @ ICES

- GDP growth,
- Tech. change 
scenarios,
- Long-term natural 

Endogenous internally 
consistent economic 

storylines

“bottom-up” treatment of 
planned adaptation (and 

mitigation) �

37

Endogenous 
Emission Scenarios/
Trade-offs between 

mitigation and 
adaptation

- Long-term natural 
resources prices’ 
etc.

(Economic assessment of) 
climate change impacts 

“with” autonomous 
adaptation and “high” 

sectoral/country detail �
new parameterization of 
WITCH damage function

parameterization of 
adaptation (mitigation) 

functions
&
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