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Paris Agreement (COP21): to hold the increase in the global average
temperature to well below 2 °C above pre-industrial levels and to pursue
efforts to limit the temperature increase to 1.5 °C above pre-industrial levels.
The Paris Agreement is still based on a voluntary approach, according to
the Common But differentiated Responsibilities (CBDR) principle.

• What factors can explain the participation of developing countries in
mitigation actions?

The vulnerability of a country to climate change is an important
component of any attempt to define the magnitude of the threat as well
as to reach a global agreement (Kelly and Adger, 2000).

The more exposed to climatic damage a country is, the higher its interest to
act and to solicit actions from other parties in climate negotiations. Given
that the future large emitters are developing countries, the main challenge
for the forthcoming years is to persuade them to mitigate. In this respect, a
precise evaluation of the cost of climate change might strongly influence
their bargaining behavior.
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The paper describes how the monetary evaluation of climate

change damage costs might influence the relative

attractiveness of potential mitigation actions debated under the

Paris Agreement framework.
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Research question

In particular, through a CGE we test four alternative damage
functions in order to:

• investigate the economic impact of climate change on
countries in a dynamic setting;

• examine to what extent the cost of climate change might
affect the participation of countries (especially developing
ones) in mitigation policies.



Two main points must be addressed when dealing with climate costs:

1. how to evaluate climate damages and the relative monetary value:

• The choice of the components to be included in the computation

Market impacts: agriculture, fisheries, tourism, energy sector etc.
Non-market impacts: losses from biodiversity, desertification etc.

• The definition of the damage function

Damages mainly expressed as a polynomial function of either global mean
temperature change (Bosetti et al., 2006) or the rate and magnitude of
temperature increase (Hope, 2010, 2011; Waldhoff et al., 2014). In particular,
they are often formulated as a quadratic function of (global mean)
temperature change (Manne et al., 1995; Manne and Richels, 2005; Nordhaus
and Sztorc, 2013).

2. how to calculate the impact of damage on GDP:

Direct impact: including the climate components only with respect to the direct
impacts implies describing the costs of climate change as a percentage of GDP
Indirect impact: when introducing the damage in a recursive way, a wider
effect on the economic system given by the change in GDP after that sectoral
and international adjustments took place.
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Climate-economic CGE model based on the energy-environmental-dynamic
GDynE improved with data on renewable electricity generation from GTAP-
Power.

19 regions and 22 sectors; time horizon to 2050; 5-year temporal structure.
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6 The GDynEP model

The cost of climate change
Monetary evaluation of damages caused by climate change

Annex I Emerging economies Energy exporters Developing countries
European Union Brazil Asian EEx Rest of South Asia
United States China African EEx South East Asia
Rest of OECD East India American EEx Western Africa

Rest of OECD West East and South Africa

Russian Federation South America

Rest of Europe
Central America and 
Caribbean Islands 
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7 Modelling the cost of climate change 1/4

Given the large number of uncertainties (both scientific and economic)
that must be considered when estimating the cost of climate change
(Clarkson and Deyes, 2002) results are very different one from the other
and the quantitative assessment is still uncertain and incomplete (Tol,
2015).

Assuming that all types of cost, both market and non-market based,
need to be considered in an exhaustive cost and benefit analysis of a
global climate regime, we consider the estimation in DARA (2012) of
the human and the economic costs of the climate crisis as the most
complete currently available in terms of both cost types and country
coverage.

During the last decades several attempts to determine the cost of
climate change have been made by applying different methods (Tol,
2009)
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8 Modelling the cost of climate change 2/4
The initial global average cost (CCMw,t0) is given by the ratio between
the total cost of climate change (CCTw,t0) calculated on DARA data
and the stock of CO2 in the atmosphere (STCOw,to), while for the
following years:

where α has been calibrated in order to obtain a global cost of climate
change in 2050 consistent with four different levels of global GDP loss.

	 , 	 , ∙ ,

• 2% GDP loss: Lower bound. Based on OECD (2015), production
function approach (α = 0.3);

• 3% GDP loss: Intermediate. Simple average of the estimates taken
from several recent studies investigating the recursive cost (α=0.653);

• 4% GDP loss: Intermediate (α=0.761);
• 5% GDP loss: Upper bound. It represents the projection up to 2050 of

the DARA estimates (α=0.817).

, , , ,



9

In order to investigate the impact of climate change over countries,
we distribute the global cost of climate change among the 19
regions of the model according to their vulnerability to climate
change.

Where the vulnerability of a region is given by the ratio between the
Vulnerability Index (VULN) and the Readiness Index (READ)
developed by the University of Notre Dame, weighted by regional
the share of global population according to POPr,t and POPw,t that
are, respectively, the regional and global population.

The distribution of the cost of climate change among regions (CCR)
is given by:
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10 Modelling the cost of climate change 4/4

The influence of climatic damage cost on economic activities is
modelled by following the ‘Genuine Saving’ approach (Hamilton,
1996).

Accordingly, in order to represent the wealth reduction caused by the
cost of climate change on the economy, the regional cost of climate
change is deducted from capital stock as:

	 , , , , ,

	 , , 1 , 	 ,

	 , , , , , , ,

It implies that although the
damage cost is internalized as a
national aggregate and not
specified at the sector level, it
influences capital stock
accumulation, which in turns
reduces net investments that also
affect the production function of
each sector by reducing the
availability of capital input (direct
recovery cost and indirect
damage cost on future capital
accumulation capacity).
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Simulation details

1. Business As Usual without cost of climate change (BAU NO COST)

2. Global Emission Trading without cost of climate change (GET NO COST)

3. Business As Usual with cost of climate change (BAU COST)

4. Global Emission Trading with cost of climate change (GET COST)

We replicate Scenarios #3-4 according to the four cost patterns previously
described (corresponding to a 2%, 3%, 4% and a 5% GDP global loss by
2050).
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12 Figure 1 – Direct and recursive impact of damage cost as % of GDP
in BAU
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13 Table 1 – GDP change in BAU COST w.r.t. BAU NO COST (in 2050)

GDP Cost 2% Cost 3% Cost 4% Cost 5%

World -2.0% -3.0% -4.0% -5.0%

Developed -1.7% -2.3% -2.7% -3.1%

DCs-Eex -3.3% -4.8% -6.2% -7.3%

DCs -3.3% -6.7% -10.7% -16.2%

DCs Africa -7.1% -14.6% -24.1% -38.7%

DCs Asia -1.9% -4.0% -6.0% -7.7%

DCs Latin America -1.0% -1.4% -1.8% -2.0%

China -1.0% -1.5% -1.9% -2.2%

India -1.7% -3.6% -5.5% -7.3%

RoW -2.3% -3.2% -4.0% -4.6%
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14 Table 2 – GDP change in GET w.r.t. BAU (in 2050)

No Cost Cost 2% Cost 3% Cost 4% Cost 5%

World -5.2% -5.1% -4.5% -3.9% -2.8%

Developed 3.5% 3.6% 3.9% 4.2% 4.6%

DCs-Eex -15.6% -15.0% -14.3% -13.4% -12.3%

DCs -2.4% -1.7% 0.6% 4.1% 11.3%

DCs Africa 0.6% 1.7% 7.4% 18.0% 47.3%

DCs Asia -11.5% -11.1% -9.9% -8.4% -6.5%

DCs Latin America 6.1% 6.7% 7.0% 7.4% 7.7%

China -16.2% -16.3% -16.2% -15.9% -15.6%

India -17.3% -17.6% -16.5% -15.2% -13.5%

RoW -6.5% -6.3% -5.9% -5.7% -4.9%
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15 Figure 2 –Costs in GET w.r.t. BAU with the 2% and 5% cost
pattern (Bln USD, NPV at 2015)
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• Internalizing the cost of climate change in policy assessment might

influence country behavior and bargaining strategies in global climate
negotiations.

• Mitigation policies entail high GDP losses, especially for emerging
economies and energy exporters. However, when the cost of climate
change is considered, GDP losses decrease or they might become even
gains.

• The heterogeneity of countries in their vulnerability to climate impacts
combined with differences in mitigation burdens explains why the
negotiating attitude is affected by the internalization of damage costs.

Three policy implications arise:
• There is an urgent need to develop a widely accepted methodology

that provides a proper computation of the costs of climate change;
• If inaction prevails in the next years, the damage costs after 2050 could

enormously affect the GDP growth;
• Together with measures to foster intra-generational equity, efficient

compensating measures are required to facilitate the participation of
those countries that, in spite of the reduction of climate economic
damages, still face too high mitigation costs.



Thank you for your attention!
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19 Regions 22 Sectors
European Union Coal
United States Oil
Rest of OECD East Gas
Rest of OECD West Petroleum & coal products
Russian Federation Electricity from fossil and nuclear energy sources
Rest of Europe Electricity from renewable energy sources
Brazil Agriculture
China Food
India Textile
Asian Energy Exporters Non-metallic mineral products
African Energy Exporters Wood
American Energy Exporters Pulp and paper
Rest of South Asia Chemical and petrochemical
South East Asia Basic metal 1
Western Africa Basic metal 2
East and South Africa Transport equipment
South America Machinery and equipment
Central America and Other manufacturing industries

Caribbean Islands Transport
Water Transport
Air Transport
Services
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Annex I
countries

Emerging
economies

Energy 
exporters

Developing 
countries

Model settings
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OVERALL INDEX SUB-INDEX INDICATORS

Aggregation of sub-indexes Habitat Change • Biodiversity
• Desertification
• Heating and Cooling
• Labour Productivity
• Permafrost
• Sea-level Rise
• Water

Health Impact • Diarrheal Infections
• Heat & Cold Illnesses
• Hunger
• Malaria & Vector-borne
• Meningitis

Industry Stress • Agriculture
• Fisheries
• Forestry
• Hydro Energy
• Tourism
• Transport

Environmental Disasters • Floods and landslides
• Storms
• Wildfires
• Drought
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DARA indicators
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20 Figure 1.a – Damage costs in BAU and GET scenarios
(constant 2015 Bln USD)
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21 Figure 3 – GDP%change in GET w.r.t. BAU (NPV at 2015)
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