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Key Messages - Global
• Climate change will lead to impacts across a wide range of sectors, with associated economic
costs. These costs can be investigated using Integrated Assessment Models.
• The COACCH project has developed new estimates of the economic costs of climate change,
drawing on new evidence and bottom-up damage functions, and applied these in three IAMs.
• The results show higher economic costs than earlier studies, even without the consideration of
more extreme scenarios, tipping points, and biodiversity impacts. The estimated costs for a
business-as-usual scenario (RCP6.0) indicate global damage costs of approximately 2 to 3% of
GDP/year by 2050, rising to 10% to 12% by 2100.
• Importantly, these climate change impacts are not evenly distributed across the world. There
are much higher relative impacts (% of GDP) projected in Sub Saharan Africa and South Asia,
where damages could be 1.5 times higher than the global average.
• These costs are projected to fall significantly under a mitigation scenario (RCP2.6) that is broadly
consistent with the Paris Agreement goals. Under this scenario, global damage costs fall to
under 2% of GDP/year by 2050 and to 2% to 4% by 2100, demonstrating the economic benefits of
global mitigation.
• The IAMs have also been used to investigate the costs and benefits of mitigation policies and
explore the potential ‘economically optimal’ global mitigation level. The results indicate that
based on central values, the ‘optimal’ end-of-century temperature is ~1.8°C above pre-industrial.
• When the uncertainty range from the models is considered, which reflect the potential risk of
even higher damages, the economically optimal peak temperature falls to ~1.4 – 1.7°C above preindustrial. These results demonstrate that with the updated estimates of the economic costs of
climate change, ambitious mitigation scenarios can be justified.
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Introduction
Climate change will lead to economic costs. These
costs, which are often known as the ‘costs of
inaction’, provide key inputs to the policy debate
on climate risks, mitigation and adaptation.
The objective of the COACCH project (COdesigning the Assessment of Climate CHange
costs) is to produce an improved downscaled
assessment of the risks and costs of climate
change. The project is proactively involving
stakeholders in co-design, co-production and codissemination, to produce research that is of
direct use to end users.
This brief summarises the results of the study on
the global economic costs of climate change, and
the analysis of mitigation policy. More details are
available in the project deliverable.

Modelling Approach
Climate change will lead to wide ranging impacts
on the natural and man-made environment
across different sectors and regions. These
impacts will, in turn, lead to economic costs in
market and non-market sectors.
These economic costs can be estimated using
global integrated assessment models (IAMs), see
the Box over the page. These use a consistent
framework that allows modelling of baseline and
climate futures, socio-economic development,
and economic impacts.
These models can estimate the potential
economic costs of climate change, either as
aggregate values (which can be expressed an
equivalent % of GDP) or as a social cost of carbon
(the marginal cost of a tonne of additional carbon
emitted, i.e. $/tCO2). They also allow for the
subsequent exploration of mitigation policy
choices, and how these can reduce these impacts.
Earlier IAM studies reported modest economic
global impacts from climate change, e.g. with only
a 1 to 2% welfare-equivalent income loss, for 2 –
3°C of warming.

Definitions
The following definitions are used in COACCH:
Co-design (cooperative design) is the
participatory design of a research project with
stakeholders (users of the research). The aim is
to jointly develop and define research questions
that meet collective interests and needs.
Co-production is the participatory development
and implementation of a research project with
stakeholders. This is also sometimes called
joint knowledge production.
Co-delivery is the participatory design and
implementation for the appropriate use of the
research, including the joint delivery of
research outputs and exploitation of results.
Practice orientated research aims to help
inform decisions and/or decision makers. It
uses participatory approaches and transdisciplinary research.

The COACCH project has developed new
estimates of the economic costs of climate
change, as well as the costs and benefits of policy
options. The project has produced a new set of
damage functions (see Box) for use in IAMs,
based on the new information generated from the
COACCH sector modelling results. These provide
a significant improvement from the current
literature in terms of (a) sectoral detail, (b)
transparency, (c) regional granularity, and (d) the
representation of uncertainty.
These new COACCH damage functions were then
used in three Integrated Assessment Models
(IAMs): MIMOSA, WITCH and REMIND. These were
then run to explore two key issues. The first was
to estimate global and regional GDP losses from
climate change taking into full account the
climate-economy feedbacks. The second was to
examine mitigation policy costs and benefits
under the light of the new damage estimates.

Integrated Assessment Models
Estimating the global economic costs of climate
change is difficult. This is because of the
complexity of trying to assess and value the
impacts of climate change for multiple hazards
(for slow-onset change, as well as shifts in the
frequency and intensity of extreme events), for
both market and non-market sectors, for all
countries globally, over long time-spans.
Integrated assessment models combine the
scientific and economic aspects of climate change
within a single, iterative analytical framework,
that allow an exploration of these costs. The
advantage of these models is that they link
emissions, temperature and other climatic change
impacts and economic costs in a consistent and
integrated framework. However, to make such
analysis manageable, they often use simplified
descriptions of climate projections and use
simplified impact relationships in the form of
damage functions
The COACCH project has derived a new set of
damage functions for IAMs. These are available
for 14 macro-regions across the world, for both
global mean temperature increases and for sealevel rise, and an even higher resolution for
Europe. The functions include uncertainty sources
from scenarios, climate and impact models.
The new COACCH damage functions generate
higher central estimates for the economic costs
of climate change than earlier studies. This
reflects the higher impact estimates in more
recent literature, e.g. in terms of extreme events,
increased sea-level rise, as well as the inclusion
of indirect effects.

• WITCH8 is a dynamic optimisation IAM of
intermediate complexity linking a top-down
optimal growth model with a bottom-up energy
system model, with 17 world regions.
• REMIND9 is an energy-economy general
equilibrium model linking a macro-economic
growth model with a bottom-up engineeringbased energy system model based on 12 world
regions.
The models were run with harmonised socioeconomic scenarios (SSP2) and assumptions on
GDP and population growth.
It is emphasized that all current studies are
partial, in that they include only a subset of the
economic costs of climate change. A further
issue is the lack of empirical evidence on climate
change impacts and economic costs at higher
temperatures, and thus whether there will be a
step-change in impacts, including the potential
risks from the risk of large-scale, non-linear
global discontinuities, often called tipping points.
Finally, the results of any study are affected by
the assumptions made. This includes aggregating
assumptions, notably on whether and how to add
up or adjust effects in different regions and time
periods, including positive and negative values,
and whether to account for equity/inequality
aversion. When expressing economic costs as a
social cost of carbon or in present value terms,
there is a further issue around the appropriate
discount rate to use.

The project then integrated these new functions in
three IAMs. These are similar models in that they
all capture the interlinkages between the
economic and systems, but they differ in structure
and levels of complexity. The use of different
models is thus particularly useful for an intercomparison of the results and their robustness.
•MIMOSA-6 is a recent IAM based on IMAGEFAIR7 with 26 regions covering the world. It is a
relatively simple Cost-Benefit IAM.

Global damage function for temperature
related impacts without SLR damages

The Economic Costs of Climate Change
The COACCH analysis has assessed the potential
future economic costs of climate change. The
level of these costs will depend on global
mitigation agreements and implementation. The
study compared two alternative scenarios.

This finding is robust across the three models,
and all three give similar results (though MIMOSA
gives slightly higher damages and REMIND
slightly lower). These values are much higher
than results from earlier modelling studies.

The first scenario looked at a business-as-usual
or baseline future. This is represented by the
RCP6.0 scenario, which is associated with
relatively high warming pathways.

Direct effects (non-SLR) dominate the costs,
while the indirect effects due to the
macroeconomic effects add about 10 to 20%.

The second looked at a mitigation scenario
(RCP2.6). The Paris Agreement (of 2015) set the
goal of limiting global warming to well below 2
degrees Celsius (°C), compared to pre-industrial
levels, and pursuing efforts to limit warming to
1.5°C. RCP2.6 is broadly in line with a 2°C pathway.
The results are disaggregated to show the
breakdown of damages between:
i) immediate effects due to temperature (no SLR);
ii) immediate effects of SLR; and
iii) dynamic effects (indirect), which are the
accumulated GDP effects from impacts on growth.
For the business-as-usual scenario (RCP6.0), the
models indicate average global damage costs of
approximately 2 to 3% by 2050 (central estimate)
rising to 10% to 12% by 2100.

These findings can be compared with the
mitigation scenario, RCP2.6. Under this scenario,
the global economic costs of climate change fall
significantly. This scenario reduces global damage
costs to under 2% by 2050 (central estimate) and
to 2% to 4% by 2100. The benefits of mitigation can
be seen by comparing the two figures, i.e. the
difference between the RCP6.0 and RCP2.6
estimates.
It is stressed that these values do not include
biodiversity impacts pr major earth-system
discontinuities, i.e. tipping points. However, they
do consider uncertainty ranges which provide
insights on worst-case scenarios. These show
much higher damages are possible, e.g. for
RCP6.0, global damages rise to 18-22% (95th
damage quantile) by 2100, almost double the
central values.

Importantly, these impacts are not distributed
evenly across the world. There are much higher
relative impacts (% of GDP) projected in Sub
Saharan Africa and South Asia. This is shown in
the figure below for the year 2100. This is shown
in the figure below for 2100. Under the RCP6.0
scenario (top), the highest damages are projected
in the Middle East and Africa region, at 13% to 17%
of GDP, followed by Asia at 12% to 14%.

Under the RCP2.6 scenario, damages are reduced
in all regions, and this mitigation scenario
prevents the higher damages found in some
regions in the baseline run. The RCP 2.6 scenario
reduces the damages to a regional maximum of
4.5%, as compared to 20% for RCP 6.0. The results
show that mitigation is extremely beneficial in
reducing the more severe impacts of climate
change.

Regional breakdown of damages as GDP losses (%) in 2100 in world regions for top RCP6.0 and bottom RCP2.6.
Values are presented for the with SLR adaptation: values would be higher for the no SLR-adaptation scenario.
The boxes show the results for each of the three models, and the breakdown by direct, SLR, and indirect effects.

The Costs and Benefits of Mitigation Policy
Two of the IAM models have also been used to
investigate the costs and benefits of mitigation
policies that reduce GHG emissions, and further,
to explore the potential economic ‘optimal’ global
mitigation level.
It is stressed that IAMs do not capture all the
economic costs of climate change, and there are
important ethical as well as economic
considerations when setting mitigation policy. The
results, therefore, should only be seen as
experiments to provide policy insights.
The analysis looked at the optimal level of
mitigation by considering i) the reduction in global
damage costs (the benefits) of mitigation, ii) the
costs of mitigation and iii) the residual damage,
i.e. the cost after mitigation.
The results are shown first for the central
projections of warming and damages. The results
indicate that the modelled ‘optimal’ end-ofcentury temperature is approximately 1.8°C above
pre-industrial (central projections).
This is in line with the Paris Agreement to limit
warming to below 2°C.

This shows that the 2°C goal can be justified even
with the central estimates from the model.
This analysis does not consider the potential for
non-market impacts and major earth system
tipping points. However, it is possible to explore
the potential effects of these by considering the
uncertainty ranges which provide insights on a
worst-case scenario.
Under these high damage scenarios, the models
project much higher damage cost, and the optimal
temperature falls to 1.4-1.7°C, which is in line with
the higher Paris Agreement ambition to limit
warming towards 1.5°C.
This analysis demonstrates that with the updated
estimates of the economic costs of climate
change, ambitious mitigation scenarios can be
justified.
For the MIMOSA IAM, an additional analysis has
been made to look at the benefit to cost ratio of
mitigation (the net present value of benefits/
costs), considering values of 0.1%, 1.5%r and 3%
for the pure rate of time preference for the
discount rate scheme

Cost-optimal emission trajectory and corresponding end-of-century temperature from the cost-benefit runs
for two models for the low, medium and high end of the damage function. Note the analysis uses a Pure Rate
of Time Preference (PRTP) of 1.5% and an elasticity of marginal utility of 1.

For the medium damage results, this analysis
finds a benefit-cost-ratio of approximately 2 to 1.
The Social Cost of Carbon and Optimal Carbon Tax
The IAMs can also be used to estimate the social
cost of carbon, the marginal net economic cost of
carbon (or CO2) per tonne emitted. This is the
global (net) damage from the impacts of climate
change impacts over the next 100 years or so,
from one additional tonne of carbon (or CO2)
emitted today, aggregated over time and
discounted back to the present. The SCC can also
be interpreted as the marginal benefit of reducing
emissions by one tonne.
These values are estimated by running MIMOSA
with an additional pulse of emissions. The
resulting values are highly sensitive to the
assumptions around discount rate, aggregation
rules, and equity, but they always exceed USD
130/tCO2. These are significantly higher SCC
values than earlier literature, which typically had
values around USD25 - 100/tCO2 .
Finally, the IAM model cost-benefit analysis has
also been used to explore the potential economic
‘optimal’ global carbon price over time, i.e. to
provide insights carbon taxes, and can be used as
shadow prices for policy appraisal. The shadow
carbon price is lower in the early decades than
BCR (top) and Social Cost of Carbon $t/CO2 (bottom: pulse, 2020)
from MIMOSA for different scenarios, medium damages
the SCC, due to inertia in the model.

Shadow Prices $t/CO2 from MIMOSA for different scenarios
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