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Executive Summary
Background
In its work on global energy scenarios, the RETD has identified several areas for improvement in
existing energy system models analyses (e.g., IEA’s World Energy Outlook and Energy Technology
Perspectives). These analyses frequently attempt to characterize the costs and benefits of decarbonizing
the energy system, and while these reports proficiently analyze the energy system investments necessary
for aggressive climate change mitigation (and the associated fuel savings), this provides only part of the
economic picture. A more complete cost and benefit assessment of energy system decarbonization needs
to also account for the indirect costs of retaining the traditional (fossil fuel‐based) energy system (i.e., the
“Costs of Inaction”), including:1,2
•
•
•

Climate Change Adaptation Costs – costs of actions taken to reduce the negative impacts of climate
change
Climate Change Damage Costs – residual costs of climate change that cannot be eliminated via
adaptation
Fossil Fuel Dependence Costs – other costs (beyond climate change adaptation and damages)
associated with fossil fuel use (e.g., health impacts of fossil fuel combustion, military costs for
securing fossil fuel supplies)

Based on its prior work on climate change mitigation, the RETD has concluded that the “Costs of
Action”3 with respect to decarbonization of the energy system are modest to negative, ranging from net
savings in scenarios targeting 450 ppm CO2‐eq (as shown in the IEA’s World Energy Outlook 2010 (WEO
2010) and Energy Technology Perspectives 2010 (ETP 2010) to incremental costs of about 1% of cumulative
global GDP over the next 50 years, as shown in the RETD “ACES” scenario, which had a stricter climate
target than the WEO 2010 or ETP 2010 (RETD, 2010). Moreover, given the level of detail provided in
these energy system analyses, these direct energy system costs are relatively well quantified.
A similar level of understanding of the Costs of Inaction is necessary to better inform policymakers and
other stakeholders on the most sensible path forward with respect to energy system investments and
dealing with climate change. Given this need, the RETD initiated this project on climate change
adaptation, damages and fossil fuel dependence to advance the understanding of the Costs of Inaction.
Specifically, Navigant conducted a literature review and selected fifteen reports for detailed review –
ten on climate change adaptation and damages, and five on fossil fuel dependence. These reports, along
with others, were used to develop a picture on the quantitative estimates, as well as to better
understand the knowledge gaps and research needs. The project also included some conceptual work
on how to better integrate the analyses of mitigation, adaptation, damages and fossil fuel dependence.
Not included in this report was an explicit examination of subsidies and incentives within the energy
system.

1 As defined here, these three elements of the Cost of Inaction are largely independent from one another. It is possible that some
adaptation measures could also aid in reducing fossil fuel dependence costs, such as investments in health care infrastructure, but
Navigant believes these areas of overlap are limited.
2 Energy subsidies, including fossil fuel subsidies, is another important aspect of a more complete assessment. These subsidies
would normally be included in any comprehensive assessment of the energy system. They are not explicitly addressed in this
report. In addition, some of the other reported benefits of RE deployment, such as job creation, may not be fully accounted for in
the overall macroeconomic impacts of different energy choices. These other benefits would also form part of developing a more
complete economic picture.
3 In this report, we refer to the costs of climate change mitigation (i.e., GHG reductions) as the “Costs of Action”, and to adaptation,
damages and fossil fuel dependence costs as the “Costs of Inaction”, i.e., the indirect costs of maintaining the status quo with
respect to the energy system.
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Key Findings
Based on an assessment of the “state of the science” of mitigation, adaptation, damages and fossil fuel
dependence, Navigant has come to the following conclusions:
•

Limitations with existing cost estimates. summarizing the global Costs of Inaction with precision is
difficult given the limitations in the current knowledge base and published literature. With respect
to climate change adaptation and damages, different studies cover different timeframes, different
regions, use different assumptions about future climate change, cover different economic sectors,
and may use different discount rates. Importantly, a key observation is that the available literature
likely underestimates total costs by a large amount. Two issues drive this. First, existing studies do
not cover all sectors affected. Second, reanalysis of some recent work suggests that even for the
sectors covered, the costs are underestimates, perhaps by a factor of 2‐3. In addition, most estimates
of adaptation and damages costs are for public expenditures and do not include expenditures by
private sector entities (individuals and businesses). There is relatively consistent reporting in the
literature that much more work is needed to develop a more complete cost picture.
With respect to fossil fuel dependence, the main limitation is a lack of comprehensive global studies.
Most studies identified either cover a limited geographic scope or only some of the elements of
fossil fuel dependence.
Nevertheless, there is sufficient evidence to conclude that the Costs of Inaction are large, and appear
significantly larger than the Cost of Action. Based on its review of the data, Navigant has developed
an indicative snapshot summary of these costs in Figure ES1 below. It is vital to keep several points
in mind when reviewing the chart.
o The uncertainty in the literature regarding quantitative estimates is such that the chart can
only be viewed as illustrative.
o The data sources for each cost category are varied because no one study has attempted the
type of fully integrated assessment that would be necessary to produce internally consistent
estimates across all four cost categories. Navigant identified reasonable values for each
category and applied some judgment to account for the uncertainty/underestimates in the
available data.
o The level of mitigation in the WEO 2009 450 Scenario4 would result in a reduction in the
adaptation, damages, and fossil fuel dependence costs shown, but it would not reduce those
costs to zero. A fully‐integrated assessment is necessary to determine the extent of the
reduction, but the literature does indicate that the reduction in climate change costs and
fossil fuel dependence costs would be substantial.
o The benefits of the mitigation investments would actually extend far beyond the timeframe
used for the adaptation, damages and fossil fuel dependence estimates because avoided
GHG emissions never result in impacts.
o The fossil fuel dependence costs shown are for the United States alone because there are no
global estimates for all of the elements of these costs.

•

Climate Adaptation and Damages Costs. In very broad terms, climate adaptation and damages
costs in a scenario with minimal mitigation are likely to run into the range of several hundred
billion dollars per year by 2030. This is admittedly not a precise estimate, but it is based on the fact
that current studies on adaptation report costs of about $50‐200 billion per year by 2030, and our

4 The WEO 2010 did not provide sufficient economic data to determine the net economic impact of mitigation, data from the WEO
2009 were used.
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review of these studies indicates that these are probably underestimates by at least a factor of 2‐3,
and more likely greater (Parry et al. 2009). For the purposes of comparing costs to the WEO 2009 20‐
year estimate of mitigation costs, Navigant developed a 20‐year estimate of adaptation costs, as
shown in Figure ES1, of $2.4‐7.3 trillion (see the notes after the table for additional details). At the
same time, residual damage costs in that timeframe are also estimated to be several hundred billion
dollars per year. Again, for the purposes of comparisons to the WEO mitigation cost, we have
developed a 20‐year estimate of damages costs, as shown in Figure ES1, of $9.7‐14.6 trillion (see the
notes after the table for additional details). Moreover, the literature suggests that adaptation and
damages costs would rise considerably beyond 2030.
•

Fossil Fuel Dependence Costs. While the use of fossil fuels makes them critical to the smooth
functioning of the global economy, it is clear from the literature that the Costs of Inaction resulting
from the use of these fuels (beyond climate change adaptation and damages costs) actually reduce
economic activity approximately $1 trillion per year globally, if not more. While this value is
approximate, Navigant bases it on its analysis of these costs for the United States alone, which are
estimated to be in the range of $450‐900 billion/yr ($250‐650 billion/yr excluding wealth transfer
effects), or about $9‐18 trillion over a 20‐year period, as shown in Figure ES1. Thus, fossil fuel
dependence costs appear to be at least as large as climate change adaptation and damages costs, and
possibly larger, at least in the absence of high‐impact climate change‐related effects. Moreover,
these costs are being incurred now, not just at some future date, as with adaptation/damages.

•

If these 20‐year estimates are examined on an annual basis and compared to total global fossil fuel
usage of approximately 420 EJ/yr, the combined costs of adaptation, damages and fossil fuel
dependence are in the range of $2.50‐4.80/GJ, and likely higher, because fossil fuel dependence costs
are for the US only. Similarly, if compared to total final energy end use from all sources of about
93,000 TWh (electricity, fuels and heat, including that supplied by renewable energy), these costs
are about 1.1‐2.2 ¢/kWh.

Figure ES1: Indicative Complete Costs and Benefits of GHG Reductions: 20‐year Estimates (2010‐
2030)

$ trillion (undiscounted)

$24

Potential avoided fossil
fuel dependence costs
from U.S. alone

$20
$16

Potential avoided
residual damages costs
Net savings
from GHG
mitigation

$12

Potential avoided
adaptation costs

$8
$4
$0
Global GHG Mitigation
(WEO 2009 450)

Global Climate Change
Adaptation

Global Climate Change
Residual Damages

U.S. Fossil Fuel
Dependence

Mitigation costs (positive number indicated net savings)
Low end of cost range
High end of cost range
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Notes to Figure ES1:
• Mitigation costs are from IEA (2009).Costs include lifetime energy cost savings of investments made for 2010-2030.
• Adaptation and residual damages costs are illustrative only and are ranges, based on the following:
– The low end of adaptation costs is based on results from the AD-DICE model contained in Agrawala, et al.
(2010) for a scenario without mitigation. The adaptation values are consistent with the range provided in
UNFCCC (2007) and other adaptation studies.
– The high end of adaptation costs are 3x the low end. Based on the literature, including the Parry, et al (2009)
estimate that UNFCCC (2007) underestimated covered sectors by 2-3x and much more than that when
considering all sectors, we believe 3x is a conservative correction for underestimation.
– The low end of residual damage costs is based on results from the AD-DICE model contained in Agrawala, et al.
(2010) for a scenario without mitigation.
– The high end for residual damages is 1.5x the low end. The literature does not provide a good indication of the
accuracy of current damages estimates, but does suggest that current estimates are low.
– Costs are based on annual estimates for the 2030 timeframe but are likely significant underestimates.

•
•

For U.S. fossil fuel dependence costs, if wealth transfer is excluded the range is $5-13 trillion.
As some points of reference, total annual global GDP is in the range of $63 trillion/yr, whereas U.S. and E.U. annual
GDP are about $14.7 and $16 trillion/yr respectively.

Key Challenges and How to Move Forward
This study was motivated in large part by the common misconception that aggressive climate change
mitigation will result in economic losses, and that renewable energy is an expensive option for
mitigation. To the contrary, Navigant believes that the economic analysis contained in this report
creates a compelling case for energy system decarbonization, for its climate change mitigation
benefits and the associated reduction in climate change adaptation and damages costs and fossil fuel
dependence costs.
The available data do not provide a sufficient basis for determining the optimal mix of investments in
mitigation versus adaptation (which also assumes that some damages will need to be absorbed).
Nevertheless, the available data is sufficient to support decisive action on the side of climate change
mitigation and reducing fossil fuel dependence. In scenarios that consider this, renewable energy plays a
central role in meeting the GHG reduction targets of those scenarios. Thus, the question is not if society
can afford to make deep cuts in GHG emissions – with RE playing a central role – but how to create an
energy system where the strategic and security imperatives are well aligned with the financial risks and
rewards for those who would make the necessary investments. This remains a formidable challenge for
several reasons:
•

•

Despite the progress made in recent years, studies of adaptation, damages and fossil fuel
dependence are of only limited value to decision‐makers because:
o Each study only tells part of the story.
o Making comparisons between studies is difficult, so it is difficult to draw meaningful
conclusions.
o There are wide ranges and large uncertainties in the estimates, particularly with regard to
climate change adaptation and damages.
o The available quantitative estimates are significant underestimates, which hampers the ability
to make the case for more decisive action on GHG reductions.
o These studies are typically large and/or highly technical, and thus, the information is not
readily “accessible” to a more general audience or even to policymakers. Thus, there is a gap
between what is known by the research community and those that could effect change. This
creates an urgent need for better communication.
o To our knowledge, no integrated study has been performed to show the full comparison of
the Costs of Action to the Costs of Inaction.
Unlike for mitigation, there is a lack of accepted metrics for assessing the effectiveness of
adaptation. With mitigation, the cost of energy is a basic metric that most people can understand.
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•

•

However, for adaptation, economic metrics are more difficult to develop and existing monetary
metrics alone, like gross domestic product loss, are inadequate. Moreover, non‐monetary metrics,
such as the value of ecosystem preservation, are difficult to develop.
The timeframe for the most significant climate change impacts is probably far out into the future
(beyond 2030), which challenges the case for immediate action, given the need for up‐front
investment and the many competing priorities of governments. (Conversely, fossil fuel dependence
costs are being incurred now, which may increase public interest in action.)
There are not enough suitable frameworks whereby entities making large investments in mitigation
efforts (e.g., renewable energy deployment) can be rewarded (financially) from the resulting
reductions in adaptation and fossil fuel dependence costs.

Even though there is already a strong case for moving from analysis to action, there will still be
significant benefits from improving the analysis, particularly as it relates to allocating finite resources
both between climate change adaptation and mitigation measures and between priorities within each of
these areas. A major improvement would be to bring greater consistency to studies that look, either
separately or together, at all the variables in the equation: adaptation, damages, fossil fuel
dependence and climate change mitigation. Beyond developing a standardized approach, a
significant modeling and analysis effort is needed to develop a fully integrated assessment designed
to help policymakers understand all of the trade‐offs in our energy choices.
Some research priorities include:
•

•
•
•
•
•
•

Having the climate impacts and modeling communities (e.g., the Integrated Assessment Modeling
Consortium of the Energy Modeling Forum) develop better estimates of climate adaptation and
damages functions that reflect the latest research and cover all economic sectors. This could include:
o Developing and implementing a consistent framework for analysis to enable comparisons
across studies and between mitigation costs and adaptation/damages costs and fossil fuel
dependence costs on an “apples‐to‐apples” basis.
o Filling in the missing sectors, regions and other impacts so often referred to in the various
analyses, to make them more comprehensive.
o Contributing to improvement in the quality of the adaptation/damage and fossil fuel
dependence cost data available to the groups modeling the energy system in detail.
Incorporating fossil fuel dependence costs into the so‐called Integrated Assessment Models (IAMs)
currently used to evaluate trade‐offs between climate mitigation, adaptation and damages.
Developing a method for incorporating the richness of analysis in energy system partial equilibrium
models5 into the comprehensiveness of IAMs.
Initiating a research effort specifically designed to answer the question as to how much adaptation,
damages, and fossil fuel dependence costs would be reduced if significant mitigation was achieved.
Starting an effort in the IAM modeling community to better model the linkages between sectors and
between mitigation, adaptation and damages.
Incorporating risk and uncertainty into estimates of adaptation investments and potential damages.
Explicit accounting of subsidies provided to all segments of the energy industry (i.e., fossil, nuclear,
renewable, etc.), including direct and indirect subsidies (including special land use rights, insurance
exemptions, tax credits, etc.)

5 These are detailed models for analyzing the energy system, such as those used for the IEA’s World Energy Outlook and Energy
Technology Perspectives reports. Currently, these models examine the energy system more‐or‐less in isolation from the rest of the
economy (subject to initial, fixed assumptions about parameters such as GDP and population).
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Some outreach priorities include:
•

Communicating the results of this project to policymakers and other stakeholders outside the
academic and research communities, to address the knowledge gap. Given the complexity of the
subject matter, a major element of “making the case for action” has to be to communicate the results
in such as way that it will lead to action. This could include:
o Convening workshops targeted towards policymakers that convey the message that energy
policy decisions need to be driven by the complete economic picture.
o Conducting a follow‐up study designed to illustrate the externality costs associated with
traditional energy generation technologies through the discussion and quantitative analysis
of recent catastrophic events (e.g., Fukushima Daiichi nuclear plant accident and the BP
blowout in the Gulf of Mexico).
o Working to make adaptation, damages, fossil fuel dependence, and subsidies part of basic
policy analysis and decision making, not just for the energy system, but also for other critical
policy areas, such as land use, infrastructure, agriculture, forestry, tourism, transport and
public health.
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1. Introduction
The RETD Mission and Vision
The RETD is one of several independent bodies set up under the framework of the Technology
Cooperation Programme of the IEA.6 Implementing agreements bring together experts from research,
government and industry to address common challenges in specific technology areas and to share the
benefits of their combined efforts. The RETD was formed after the International Conference for
Renewable Energies in Bonn, Germany, June 2004. It was created as a complement to the other
renewable energy (RE) Implementing Agreements, which are mainly focused on specific technology
research, development and demonstration. In contrast, the RETD is cross‐cutting and aims to bridge the
gaps between technology development, market development and policy formulation.
The RETD’s vision is to achieve significantly higher utilization of RE by promoting international
cooperation and encouraging more effective, efficient and rapid deployment. The RETD’s mission is to
act as a catalyst for increased RE technology deployment by:
•

•

Proposing solutions and options to maximize, (a) the share of RE technologies in the global,
regional, and national energy systems, and (b) the contribution of RE to climate change
mitigation, security of energy supply and economic growth; and
Providing recommendations on how to overcome barriers for significantly increased RE
deployment.

Building on the unique framework of the IEA, the RETD aims to disseminate information and enhance
knowledge about RE technology deployment, thus supporting improved public and private sector
decision making. RETD projects are intended to make transparent and demonstrate the impact of RE
action and inaction, and provide the necessary facts and comparisons to aid in the formulation of sound
public policy.

Project Background
Climate change presents the human race with two immense challenges: (i) mitigation (i.e., reduction and
prevention) of its impacts through greenhouse gas (GHG) reduction, and (ii) adaptation to reduce the
damages (i.e., dealing with the consequences). Moreover, our continued dependence on fossil fuels
creates additional cost burdens beyond their contribution to climate change. Although work on all of
these challenges must occur simultaneously, to date, greater focus, particularly amongst the energy
research community, has been placed on analyzing mitigation rather than adaptation/damages and fossil
fuel dependence. This is due in part to the fact that mitigation options are relatively easy to identify (e.g.,
energy efficiency (EE) and RE deployment), provide measurable results (i.e., GHG reductions), and
provide economic value that is quantifiable (i.e., kWh produced to meet energy demand). Conversely,
analyzing adaptation, damages and fossil fuel dependence costs is very complex and requires inclusion
of many sectors outside of energy and requires researchers to make estimates about parameters that are
less well understood, such as the extent of the impacts of future climate change.
Nevertheless, as the largest source of GHG emissions, the energy sector is central to any successful
mitigation strategy, and therefore also has a large bearing on what adaptation, damages and fossil fuel
dependence costs are today and will be in the future. Complex computer models of the energy system

6 The IEA is an autonomous body which was established in November 1974 within the framework of the Organization for
Economic Cooperation and Development (OECD) to implement an international energy program. The IEA carries out a
comprehensive program of energy cooperation on energy issues across 26 of the OECD’s 30 member countries. More information
about the IEA is available at the http://www.iea.org/.
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have been used to assess how the system might transform itself in order to achieve strict climate
mitigation targets. These so‐called “partial equilibrium” models analyze the energy system by
determining an economically optimal approach to meeting energy needs, subject to various constraints,
such as energy supplies and costs, GHG emissions limits, and specific energy policies. Examples include
the IEA’s World Energy Outlook (WEO) and Energy Technology Perspectives7 (ETP) and the RETD’s own
report: Achieving Climate Stabilization in an Insecure World: Does Renewable Energy Hold the Key? (RETD,
2010). However, these models typically only include the direct economic aspects of the energy system
(capital investments, operations and maintenance costs, and fuel costs, plus he impacts of assumed
policies), and do not integrate an analysis of climate change adaptation, damages, or fossil fuel
dependence.
Based on the results of these analyses, it is clear that in order to achieve stabilization of GHG
concentrations at or below 450 parts per million (ppm) CO2 equivalent (ppm CO2‐eq),8 the energy system
needs to be rapidly transformed from an energy inefficient system based primarily on fossil fuels to a
highly efficient system that is based primarily on RE and other low‐carbon energy sources. The above‐
mentioned reports all illustrate that the transformation to a largely decarbonized energy system needs to
and can happen within the next 20‐30 years.

Project History
Since 2007, the RETD has undertaken a multi‐phase project to better understand the role of RE in global
energy scenarios. The initial phase was conducted by the Center for Resource Solutions (Hamrin, et. al,
2007). Subsequent phases have been conducted by Navigant Consulting, Inc. (Navigant), in close
collaboration with the RETD Executive Committee and with the valuable guidance of the Project
Steering Group.
The project was motivated in part by the view that the official IEA scenarios – those of the WEO and ETP
– have historically been too conservative with respect to RE deployment and RE technology learning
rates. Some groups outside of the IEA have developed energy scenarios that have a much stronger
uptake of RE (Hamrin, et. al, 2007), such as Greenpeace’s energy [r]evolution9 (Greenpeace, 2008), and the
more recent report by the WWF and Ecofys (WWF, 2011). Moreover, the actual growth of the RE market
continues to proceed at a faster pace than is indicated by the results of the WEO and ETP. However, the
WEO and ETP are among the most important reports of their kind for guiding the development of
energy policies and investment decisions, and are used by policymakers and the private sector to gain
insights into the future evolution of the global energy system, including the role of RE technologies.
Given this breadth of usage, the results of the WEO and ETP and how they are interpreted can have a
strong influence on RE policy and investment decisions.
In light of the importance of these documents, the RETD has spent considerable effort in providing
feedback to the IEA regarding the WEO and ETP, primarily in a peer review role. In this capacity, the
RETD has focused on scenario definitions, scenario development, underlying technology assumptions
used in the models, and the presentation of the results with a particular emphasis on costs.10 The RETD
has observed that over the period of its work with the WEO and ETP, both reports have undergone

7 The World Energy Outlook is published annually, while the Energy Technology Perspectives is published every two years. At the time
of writing, the latest editions of the WEO and ETP were for 2010 (IEA, 2010a and IEA 2010b).
8 The 450 ppm CO2‐eq target is frequently discussed goal that would see GHG concentrations stabilize at 450 ppm CO2‐eq by the
year 2100. According to the International Panel on Climate Change (IPCC), achieving such stabilization will limit the global
average temperature rise to 2°C above the average of the period 1980‐1999 with approximately a 50% probability (Meinshausen
2006; IPCC, 2007)
9 http://www.greenpeace.org/international/press/reports/energyrevolutionreport.
10 The RETD provided formal feedback for the WEO 2008, WEO 2009, WEO 2010, ETP 2008, and ETP 2010.
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significant improvement with respect to the definition and framing of its scenarios and with respect to
the analysis and discussion of the role of RE technologies.
In 2009, the RETD decided to push the global energy modeling field further by developing its own vision
for a renewable‐energy‐intensive future called the RETD Achieving Climate and Energy Security Scenario
(RETD ACES Scenario). Work on the first‐generation modeling of the RETD ACES Scenario was
completed in 2010 in collaboration with the Energy Technology Systems Analysis Programme (ETSAP)
Implementing Agreement. The work culminated in presentations at the United Nations Climate Change
Conference of the Parties 15 (COP 15) and the development of the report: Achieving Climate Stabilization
in an Insecure World: Does Renewable Energy Hold the Key? (RETD, 2010).

Project Scope and Objectives
In its work on global energy scenarios, the RETD has identified a key weakness in the majority of the
existing energy system models. As noted above, most of the analyses attempt to characterize the costs
and benefits of decarbonizing the energy system. While these activities do a good job at analyzing the
energy system investments necessary for aggressive climate change mitigation scenarios, and the fuel
savings associated with these investments, this provides only part of the economic picture. A more
complete cost and benefit accounting of energy system decarbonization needs to also account for the
economy‐wide costs associated with retaining the traditional (fossil fuel‐based) energy system (i.e., what
one might think of as the “Costs of Inaction”).
These Costs of Inaction have been defined to be independent of one another (i.e., additive), and include:
•
•
•

Climate Change Adaptation Costs – costs of actions taken to reduce the negative impacts of climate
change
Climate Change Damage Costs – residual costs of climate change that cannot be eliminated via
adaptation
Fossil Fuel Dependence Costs – other costs (beyond climate change adaptation and damages)
associated with fossil fuel use (e.g., health impacts of fossil fuel combustion, military costs for
securing fossil fuel supplies)

Given the importance of understanding the complete economic picture, particularly for policymakers
evaluating energy system decarbonization options, the RETD decided to investigate the Costs of Inaction
in greater detail through this project. More specifically, the project was designed to:
•
•
•

•

Develop an understanding of the “state of the science’ when it comes to quantifying the Costs of
Inaction
Examine how these costs influence the overall economic story of energy system decarbonization
Begin to assess how to incorporate these costs into energy system modeling efforts like what is
done for the WEO and ETP, i.e., develop methodologies for incorporating adaptation, damages,
and fossil fuel dependence costs into global energy scenario modeling.
Create a concise and robust RETD position as to how to advance the understanding of the true
economics of energy system decarbonization.

The project approach centered around a literature review. Navigant selected fifteen reports for detailed
review – ten on climate change adaptation and damages, and five on fossil fuel dependence costs. These
reports, along with others, were used to develop a picture on the quantitative estimates, as well as to
better understand the knowledge gaps and research needs. The project also included some conceptual
work on how to better integrate the analyses of mitigation, adaptation, damages and fossil fuel
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dependence, which was done through internal Navigant discussions and discussions with outside
experts.
Not included in this report was an explicit examination of subsidies and incentives within the energy
system. These costs are important, and should also be considered in the broader context of a more
complete assessment of all costs and benefits, but were outside the scope. Nevertheless, these subsidies
would normally be included in any comprehensive assessment of energy system economics, and could
therefore fall within the boundaries of existing partial equilibrium models.
In addition, some of the other reported benefits of RE deployment, such as job creation and rural
economic development, may not be fully accounted for in current models that examine overall
macroeconomic impacts of different energy choices. These other benefits would also form part of
developing a more complete economic picture.

Report Contents
Section 2 provides a review of the fifteen studies and summarizes the key findings of those studies, both
quantitative and qualitative. Section 3 examines how existing partial equilibrium energy system models
might be modified to include the Cost of Inaction in their scenario analysis. Section 4 articulates the
RETD’s position on the Cost of Inaction. Section 5 provides conclusions and outlines next steps for the
RETD and other stakeholders. Annex I provides 2‐3 page summaries for each of the fifteen studies
reviewed in detail. Annex II provides a complete listing of all the reports identified as part of the initial
literature review.
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2. A Review of Climate Change Adaptation, Damages and Fossil Fuel Dependence
Defining the Costs of Inaction in the Energy System
When one thinks of fossil fuel costs, the typical focus is on what we term “direct” costs: oil and gas
exploration and production, coal mining, refining, power generation, distribution, and the like. These
costs are all included in the final prices paid by consumers on their electric bills or when they purchase
gasoline for their automobiles. However, a range of additional costs – called externalities in the field of
economics – are not included in these prices because they are borne by society at large rather than
directly by the businesses in the fossil fuel value chain. One can also therefore think of these costs as the
“indirect” costs of using fossil fuels, and as such, sometimes these are referred to as “hidden” costs.
These externalities include, but are not limited to, the costs of climate change adaptation (e.g.,
installation costs for sea walls to prevent flooding from sea level rise), climate change damage beyond
that which can be prevented by investing in adaptation (e.g., reduced crop yields because of altered
rainfall patterns), and other fossil fuel dependence costs (e.g., increased human morbidity and mortality
caused by air pollution from the burning of fossil fuels). By their nature, indirect costs can be difficult to
quantify, and because they do not form part of the price paid for energy, they are generally not taken
into account in decision‐making within the energy system.11 For the purposes of this report, we refer to
these costs as the Costs of Inaction, particularly as they relate to the decarbonization of the energy
system, i.e., the costs of maintaining the status quo.
In order to quantify the costs of inaction, it is helpful to break them down into three categories, two of
which are related to climate change:12
•

•
•

Climate Change Adaptation Costs are the costs of measures taken by humanity to adjust to
climatic change. These costs are already being incurred today, even if they are not explicitly
identified as climate change adaptation costs.
Climate Change Damage Costs are the costs of residual damage produced by climatic change
that cannot be eliminated via adaptation.
Fossil Fuel Dependence Costs are the externality costs beyond climate change that are associated
with maintaining the energy system’s current dependence on fossil fuels. As stated above, these
do not include the direct costs of fossil fuel supply (i.e., infrastructure investments, expenditures
on fuel procurement).

These Costs of Inaction can then be compared against the Costs of Action, i.e., the cost of mitigating
climate change and reducing fossil fuel dependence.
•

Climate Change Mitigation Costs are defined as the net costs of reducing GHG emissions
(principally through the decarbonization of the energy system) and slowing the rate and
ultimate extent of climatic change.13 Since the decarbonization of the energy system drives
reductions in fossil fuel use, we can look at climate change mitigation as simultaneously
addressing all three areas above. Given that there will be both costs and savings from

11 The situation is a classic case of the “tragedy of the commons” in which no one seeks payment for the damages caused by the
fossil fuel companies because no one effectively owns the goods harmed by these externalities (e.g., no one owns clean air). As a
result, the companies do not bear the cost of those damages (in fact, no entity bears the cost directly), so these “indirect” costs are
not reflected in the prices of fossil fuel products.
12 As defined here, these three elements of the Cost of Inaction are largely independent from one another. It is possible that some
adaptation measures could also aid in reducing fossil fuel dependence costs, such as investments in health care infrastructure, but
we believe these areas of overlap are limited.
13 There are a range of energy‐related and non‐energy related mitigation options. The RETD is primarily concerned with energy‐
related options.
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investments in low‐carbon energy systems (e.g., reduced investments in oil and gas exploration,
reduced purchases of fossil fuels, lower fossil fuel prices due to lower demand), the relevant
metric for climate change mitigation costs is the cost difference between the total direct costs of
the energy system in a mitigation scenario vs. the total direct costs of the energy system in a
“business as usual” scenario. In theory, this “net cost of mitigation,” or the Costs of Action, can
then be compared to the net change in adaptation, damages and fossil fuel dependence costs
(Costs of Inaction) that result from the mitigation.

Putting Adaptation and Fossil Fuel Dependence Costs in Context – The Cost of Action
Before examining the costs of inaction, in this section, we provide a brief review of three estimates of
climate change mitigation costs. In relative terms, mitigation measures and costs are generally better
understood than adaptation, damages and fossil fuel dependence costs. We present here, the results of
three similar global scenario analyses that quantify the costs of GHG reductions for relatively stringent
climate stabilization targets (Table 1). While the data available from these studies do not provide a
complete picture of mitigation costs, they do offer a useful starting point for the discussion that follows.
Table 1: Three Studies of Climate Change Mitigation Scenarios
Report
World Energy
Outlook 2010,
International Energy
Agency (IEA 2010a)

Scenario Name
450 Scenario

Energy Technology
Perspectives 2010,
International Energy
Agency (IEA 2010b)

BLUE MAP
Scenario

Achieving Climate
and Energy Security:
Does Renewable
Energy Hold the
Key? RETD (RETD
2010)

ACES Scenario

Scenario Description
• 2010-2035 timeframe
• Aggressive implementation of
Copenhagen Accord
commitments, and significant
phase-out of fossil fuel
subsidies
• Emissions reductions
consistent with stabilizing
GHG concentrations at 450
ppm CO2-eq around 2100
• 2010-2050 timeframe
• Annual global energy-related
CO2 emissions are reduced
by 50% by 2050, compared to
2005

• Target 400 ppm CO2-eq by
2100, in a world with
constraints on fossil fuels
trade, reflecting an insecure
world and focus on energy
independence

Mitigation Costs
• Incremental capital investments
of $18 trillion over the “Current
Policies Scenario”14
• Assumed fuel cost savings of
$17.1 trillion over the life of the
investments based on the World
Energy Outlook 2009 (IEA
2009)15
• Incremental capital investments
of $46 trillion over the Baseline
Scenario16,17
• Estimated fuel cost savings of
$112 trillion for 2010-2050, over
the Baseline Scenario, for a net
saving of $66 trillion
• At 3% and 10% discount rates,
the net savings are $32 trillion
and $8 trillion, respectively
• Incremental total direct energy
system costs of $14.3 trillion at
a 5% discount rate (~1% of
discounted cumulative gross
domestic product) over the
Reference Scenario for 20102060.

14 The Current Policies Scenario is the new name given the “Reference Scenario”. This scenario freezes policies in place and thus is
not representative of a “business‐as‐usual” scenario, but rather provides a baseline from which to make comparisons. For
comparison, the “New Policies Scenario” (NPS) is closer to what might be considered a “business‐as‐usual” scenario, and
incremental investments of the 450 Scenario over the NPS was $13.5 trillion for 2010‐2035.
15 Fuel cost savings are not shown in the WEO 2010. As a result, fuel cost savings of $17.1 trillion from the WEO 2009 450 Scenario
was used as a proxy. In reality, the savings in the WEO 2010, which cover the period 2010‐2035, are likely higher than those of the
WEO 2009, which only covered the period 2009‐2030.
16 The ETP 2010 “Baseline Scenario” is modeled after the WEO 2009 “Reference Scenario”.
17 In the Baseline Scenario, total investment, excluding upstream investments in the production and transportation of coal, oil and
gas, is estimated to be $270 trillion between 2010 and 2050. Most of this ($240 trillion) is accounted for by investments that
consumers will make in capital equipment that uses energy, including vehicles, and plants in heavy industry.
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The most stringent scenarios of the IEA’s World Energy Outlook 2010 and Energy Technology Perspectives
2010 are consistent with achieving stabilization of GHG concentrations in the atmosphere at 450 ppm
CO2‐eq. This matches well with the most stringent scenarios included in the adaptation/damages studies,
and corresponds roughly to limiting temperature rise to 2°C above pre‐industrial levels (with 50%
probability). These scenarios require a relatively rapid and significant transformation of the energy
sector and entail sizeable investments in a portfolio of low‐carbon technologies, above their respective
baseline scenarios. Nevertheless, in these scenarios, a major finding is that the fuel cost savings resulting
from these investments more than pay for the incremental investments. These savings arise from lower
fossil fuel consumption as well as lower fossil fuel prices driven by lower demand. Importantly, the net
savings do not factor in reduced climate adaptation or damages costs, nor the costs of fossil fuel
dependence, as defined above.
Although not included in Table 1, the results from the previous editions of the WEO and ETP showed
similar results (IEA 2009, IEA 2008). These results turn on its head, the widespread perception that
aggressive climate mitigation will entail significant costs and slower economic growth. Rather, climate
mitigation via energy system transformation and decarbonization should be thought of as an investment
that yields attractive returns, even when measured solely using traditional economic metrics (i.e., direct
energy system costs). This does not mean that achieving such a transformation will be easy, but it does
suggest that there is sufficient value to be found to make it possible.
The RETD has also modeled a scenario using a similar economic model (RETD 2010) that targets an even
lower concentration for GHG stabilization – 400 ppm CO2‐eq. While this may not seem much lower than
450 ppm CO2‐eq, it is important to recognize that current GHG concentrations already exceed 450 ppm
CO2‐eq. The level of GHG reductions required to meet this scenario pushed the modeling to the limit,
and in the end, the model achieved a GHG concentration of about 425 ppm CO2‐eq by 2100. To achieve
this level resulted in an incremental overall energy system cost, measured on an NPV basis at a 5%
discount rate, of about $14 trillion over the period 2010‐2060. While this represents a net increase in total
costs (unlike for the WEO 2010 and ETP 2010 450 ppm scenarios) it is quite small for what is achieved,
amounting to less than 1% of cumulative global gross domestic product (GDP) (also discounted at 5%)
over the same period. If the world were to follow the path outlined in the RETD ACES scenario, it would
achieve climate stabilization of 2°C with a higher probability than that associated with scenarios with
450 ppm CO2‐eq or higher.

The Costs of Inaction – Estimates of Climate Change Adaptation, Climate Change Damages
and Fossil Fuel Dependence Costs
As discussed above, the Costs of Inaction are composed of three elements: climate change adaptation,
climate change damages and fossil fuel dependence. Even though all three are related in that they stem
from fossil fuel use, the research communities are different. Although researchers that study adaptation
and damages are often the same because of the intricate linkages between the fields, numerous studies
consider only adaptation or damages, but not both. However, an entirely different research community
looks at fossil fuel dependence costs as defined here. Moreover, within fossil fuel dependence, the study
of the macroeconomic costs, environmental costs and military costs are conducted more or less
separately. As we will discuss later, this is one reason why it remains difficult to compare costs across
the different areas.
Given that both fields are active areas of research, there are numerous studies available in the literature,
dating back to at least the early 1990s. After conducting a literature review, Navigant used a
prioritization process to select which reports to review in detail, ultimately selecting ten (10) reports
focused on climate change adaptation and damages and five (5) reports focused on fossil fuel
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dependence. These fifteen reports form the basis of the findings presented here, but other reports also
contributed to the overall assessment. The prioritization criteria applied were as follows:
•

Comprehensiveness, which was defined as whether the study covered multiple sub‐sectors,
geographies, and analyzed other reports (i.e., it was a meta‐analysis, effectively providing access
to results of several studies in one report)
Author/authoring organization
Publication date was considered important for two reasons. For climate change adaptation and
damages, the field is evolving quickly such that studies from even a few years ago are likely to
be out of date with respect to specific quantitative findings. For fossil fuel dependence, fuel
prices today are dramatically different from just a few years ago, such that the macro‐economic
costs today are much higher than what has been estimate prior to 2005 (e.g., see Greene, 2010).

•
•

In addition to the references used in this report (see Section 6 and Annex I), the complete list of the
studies identified in the literature review is included in Annex II.
Climate Change Adaptation and Damage
The Components of Adaptation and Damages18
The broad nature of climate change’s impacts makes it useful to adopt a standard typology for breaking
down the costs of adaptation and damages into more manageable groupings. Perhaps the most intuitive
classification is to group adaptation measures and damages by the economic sectors they impact (Table
2).
Table 2: Sectors impacted by climate change
Sector
Agriculture
Mining
Manufacturing

Example Damages
• Reduction in crop yields due to
pests, droughts and/or floods
• Reduced precipitation can cause
mines requiring water to shut down
• Increase in cost for water use

Water supplies

• Increasing temperatures increase
urban heat island effect reducing
desirability of urban centre shopping
• Losses due to pests and/or
increased wildfires
• Decreased fish stocks due to ocean
acidification
• Reductions in drinking water supplies

Human health

• Increasing heat-related deaths

Coastal zones

• Losses from storm surges due to sea
level rise
• Increasing losses from more intense
storms

Retail

Forestry
Fisheries

Infrastructure

Example Adaptation Strategies
• Development of drought resistance crops
• Increased irrigation
• Development of mining technologies with
lower water requirements
• Development of manufacturing techniques
requiring less water
• Development of additional local shops
•
•
•
•
•
•
•
•
•
•
•

More active management of forests
More resources applied to fire fighting
More careful management of quotas
Increased fish farming
Greater water efficiency
Reductions in use of water for irrigation
Development of additional waters supplies
Improvements in health care delivery
Better education
Greater use of air conditioning
Construction of sea walls and restoration of
coastal marshes
• Reinforcement of buildings
• Stricter building codes

18 It is important to note that some regions may derive benefits from climate change, at least if that climate change remains modest.
Studies with regional specificity have the ability to include this, and some of the studies reviewed below to factor this into their
estimates.
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Sector
Ecosystems

Tourism

Energy

Cross-sectoral
issues

Example Damages
• Damages to ecosystems, resulting in
reduced ecosystem services and
biodiversity loss
• Decreased snowfall at ski resorts
• Loss of beaches to erosion and sealevel rise
• Reduction in the efficiency of existing
physical assets as temperatures
increase
• Potential for conflicts and large-scale
human migrations

Example Adaptation Strategies
• Ecosystem restoration projects
• Tougher rules governing development that
results in land use change
• Investments in snowmaking equipment
• Additional measures to protect and restore
beaches
• Higher efficiency standards
• Greater use of technologies that are less
sensitive to weather changes
• International cooperation and assistance to
build adaptive capacity

Adaptation measures can also be separated, as noted by the World Bank (2010), into hard and soft
measures.
•
•

Hard adaptation measures are those that involve capital expenditures for the development of
physical assets (e.g., sea walls, water supplies).
Soft measures are policy measures, such as the development of better public health services that
will be able to respond rapidly to the increasing incidence of vector‐borne disease outbreaks.
Changes to zoning laws and disaster preparedness are two additional examples.

Adaptation measures can also be divided into public and private measures as noted in World Bank (2010),
the first of which is the focus of most adaptation studies.
•

•

Public adaptation efforts are deliberate, planned programs, such as the expansion of drainage
systems to deal with the increased likelihood of strong storms and flooding, designed to increase
the adaptive capacity of society.
Private adaptation measures are autonomous efforts of individuals, groups of individuals, or
corporations that occur outside of broader public efforts, such as the decision to reinforce a
home’s structural integrity to withstand larger and more frequent hurricanes, or the
procurement of insurance to deal with higher risks of catastrophic losses (assuming such
insurance is available).19 The decision to relocate would be another private adaptation measure,
but one with potentially large implications for both private and public spending. This applies to
people relocating within a country (e.g., from coastal zones to inland zones), but also the
potential for migration of environmental refugees. Both situations have implications for the
provision of public services (e.g., schools, roads, water/sewer) in regions that may see higher
than expected population growth due to relocations.

Adaptation measures can also be split into preparatory and reactive measures as noted in UNFCCC (2009).
•

•

Preparatory measures are those efforts completed in advance of future climate change that can
yield benefits over many years, for example, making investments in water infrastructure and
updating building codes in anticipation of climate change. In the literature, this is also
sometimes refers to as investments in adaptation “stock” and/or adaptive “capacity” measures
(Agrawala, et al., 2010).
Reactive measures are undertaken in response to climate change that has already occurred, such
as making more use of air conditioning. In the literature, this is also sometimes refers to as
“flow” adaptation, where all of the costs and benefits accrue in the same time period (Agrawala,
et al., 2010).

19 It is interesting, but perhaps not surprising, to note that the insurance industry was one of the first groups to recognize the
potential economic impacts of climate change.
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Studies Reviewed and Summary of Costs
As noted above, ten studies that examine the various costs of adaptation and damages were reviewed in
detail. These are summarized in Table 3.20 A number of important observations have emerged from our
review of these reports. They are grouped thematically below.
Table 3. Summary of Adaptation and Damages Costs from Ten Studies
Study

Region

Sectors

Parry, et al.
(2009)

Global

Agriculture,
Forestry,
Fisheries, Water,
Human Health,
Coastal,
Infrastructure,
Ecosystems

IPCC
(2007)

Global

Coastal,
Agriculture,
Infrastructure,
Energy Demand

European
Commission
(2009)

European
Union

Agriculture, Water,
Human Health,
Coastal, Tourism

OECD
(2008)

Global

Agriculture,
Forestry,
Fisheries, Water,
Human Health,
Coastal,
Infrastructure,
Tourism, Energy

de Bruin, et
al. (2009)

Global

No sectoral
breakdown

20
21

Implications
21
The study concludes that the UNFCCC (2007) study may
have been the best global adaptation estimate to date, but
that its annual global cost estimate of $49-$171 billion by
2030 underestimates adaptation costs by a factor of 2-3 for
the 5 sectors included in the estimates, and by significantly
more if all sectors are analyzed. The underestimate of the
covered sectors stems from two reason: (i) some have been
only partially covered; and (ii) the additional costs of
adaptation have sometimes been calculated as ‘climate markups’ against low levels of assumed investment. It also
provides a preliminary integrated assessment with a focus on
analyzing whether the benefits of adaptation (i.e., in reducing
damages) exceed adaptation costs under both a business-asusual and 450 ppm scenario. The authors view this as just a
first step in this type of analysis using relatively simple
assumptions, but they found that adaptation is cost effective
under both mitigation and business-as-usual scenarios.
Impacts will vary regionally but will impose net annual costs,
which will increase over time as global temperatures increase.
Annual damage costs for the European Union will be €20
billion and €65 billion for temperature rises of 2.5°C and 5.4°C
with high sea level rise scenarios, respectively for the four
sectors, excluding human health.
The report reviews a series of 2006-2007 reports that have
estimated global annual adaptation costs. It noted that there
had been a lack of efforts prior to the period. It notes that the
one truly global report to date was the UNFCCC (2007) study,
while the other reports actually covered developing countries
with costs ranging from $4-109 billion. It concludes that the
studies have very serious limitations.
Global integrated assessments are relatively new. The goal
was to incorporate adaptation for one of the first times into socalled “integrated assessment models” to allow examination
of the mixture of mitigation and adaptation that maximizes
economic value. It stresses the significant limitations in
existing data on damages and adaptation and the nascent
stage of this integrated approach. It concludes that the cost of
inaction is high and that both mitigation and adaptation are
necessary.

Annex I contains 2‐3 page summaries of each study.
UNFCCC (2007) has not been reviewed separately, since it is reviewed in Parry, et al (2009) and other studies.
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Study

Agrawala,
et al. (2010)

Stern, 2006

Tol (2009)

UNFCCC
(2009)

World Bank
(2010)

Region

Sectors

Global

Settlement,
Ecosystem,
Energy Demand,
Agriculture, Water,
Infrastructure,
Coastal
Protection, Health

Global

Water and
Infrastructure are
highlighted, but
the sectors are
generally
unspecified

Global

No sectoral
breakdown

Global

Infrastructure,
Coastal, Water,
Agriculture,
Forestry,
Fisheries, Human
Health, Weather

Developing
Countries

Infrastructure,
Coastal, Water,
Agriculture,
Forestry,
Fisheries, Human
Health, Weather

Implications
The report builds off of de Bruin, et al. (2009), using additional
integrated models and incorporating preparatory adaptation in
addition to reactive adaptation. It begins comparing mitigated
and unmitigated scenarios and starts comparing model
results. As an example, one model shows a savings of $221
and $153 billion annually by 2050 in avoided adaptation and
damage costs, respectively when comparing a scenario that
reaches 3.1°C in 2100 to a 550ppm scenario (2.5°C in 2100).
It emphasizes that adaptation and damages data is too limited
for any type of accuracy in estimates, but is sufficient to
conclude that investment in both mitigation and adaptation is
necessary to produce lowest cost policy.
It concludes that adaptation costs to unmitigated climate
change would cost developing countries between $4-37 billion
annually.
In a review of existing studies, global impacts range from
-4.8% to 2.5% in terms of percent change in GDP, depending
on temperature change assumed. African nations are worst
off. Although some studies show modest benefits from mild
warming, the author suggests that this degree of warming has
likely already occurred. Moreover, there is a higher likelihood
of negative surprises than positive ones with respect to
economic impacts of additional warming.
The report reviews several global assessments (both
investment flow analyses and integrated assessment models)
for adaptation, and national-level studies. It concludes that
there need to be multiple methodologies for cost and benefit
adaptation studies because of the topic’s complexity and that
the methods need to be used to calibrate each other, It also
notes that there has been insufficient detailed analysis of the
cost and benefits (i.e., most studies have been quick).
The study was one of the first to use both a top down global
adaptation investment flow and bottom-up adaptation
estimation that could start to calibrate each other. It concludes
the cost for developing countries of adapting to an
approximately 2°C warmer world by 2050 will be in the range
of $70-100 billion a year. Bottom-up estimations for selected
countries indicate it could be higher.

Observations Regarding Methodologies:
In order to put the reports in context, it is first necessary to develop a better understanding the
methodologies used. The topic is complex, and the methodologies and assumptions used can have a
significant bearing on the results. Moreover, the methods and assumptions used in the
adaptation/damages literature vary considerably from study to study. Some of the principle ways in
which they vary are outlined below.
•

Modeling approaches: There are several types of modeling methods used in the climate change
adaptation literature, which can be classified at the highest level as either a top‐down or a
bottom‐up methodology. The top‐down approach, which for example was used in de Bruin, et
al. (2009), involves the use of theoretical models, while the bottom‐up methodology, which was
used for part of the World Bank (2010) assessment, involves the collection and aggregation of
local‐level empirical data. The top‐down modeling approach can be applied to the entire world,
a nation, a region, a country, or an economic sector. Of particular interest here are the global
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•

•

•

•

studies since they produce world‐wide estimates of adaptation, damages, and/or mitigation.
These global models can be broken into two basic categories:
o Investment and Financial Flow (I&FF) studies – These studies focus on the costs of
anticipated climate adaptation. They do this by identifying future global investment
needs and estimating a markup on those investments that is necessary to improve their
resilience to climate change. These models do not cover economic analysis of mitigation
or residual damages. Such an approach was used for the UNFCCC (2007) and part of the
World Bank (2010) study.
o Integrated Assessment Models (IAMs) – These models are a generic class of models that
integrate a number of different modules and/or methods into an analytical framework.
A number of these models, in particular the PAGE, RICE, DICE, and WITCH models,22
provide an integrated economic framework that allows for the assessment of climate
mitigation, adaptation, and damage.
Results formats: The studies vary in their outputs. Some studies show global annual cost
estimates at particular points in time, while others show total costs over a period. The costs are
generally shown either in U.S. dollars (although some costs are in real terms while others are
nominal) or as a percentage of gross domestic product (GDP). Some studies also calculate the
marginal cost/benefit of adaptation and mitigation over time as well as the net present value
(NPV) of the costs and benefits with a chosen discount rate. Importantly, there is no consensus
on what discount rate to use, and the choice of discount rate can have a major influence on the
results and conclusions.
Climate scenarios: Some studies only examine a single scenario (e.g., a business‐as‐usual,
unmitigated climate change scenario) and simply examine the costs of anticipated necessary
adaptation. Other studies compare different climate scenarios. The assumptions about the pace
and extent of climate change (and mitigation efforts) vary considerably across these studies.
Some are based on GHG concentration stabilization levels ranging from 450ppm to 550ppm
CO2‐eq, while other studies use various scenarios from the IPCC Special Report on Emissions
Scenarios (SRES) and some others, particularly the World Bank and OECD studies, use varying
temperature scenarios ranging from 2 to 3.5 degrees Celsius (generally defined as temperature
rise between 1980‐1999 and 2090‐2099).
Adaptation type: Different studies make different assumptions (or in some cases, models
determine) about the types of adaptation measures included, speed at which the measures are
implemented, and costs of those measures. Many studies omit private sector adaptation and soft
adaptation measures. I&FF studies also tend to omit preparatory adaptation measures, while
IAM models include both reactive and preparatory adaptation. In many cases, studies also leave
out the “adaptation deficit” that has been created by ongoing underinvestment in basic
infrastructure and services in many parts of the world (i.e., adaptation deficit is the lack of
existing adaptive capacity in developing countries principally due to a lack of development).
Some researchers have placed the costs of catching these countries up as high as $200 billion per
year (Parry, et al. 2009). Another example is the fact that models do not adequately account for
likely changes in energy demand as climate changes. For example, changing agricultural
practices may require more energy (e.g., for water pumping).
Sectors: Table 3 indicates that most studies include from about 5‐10 sectors, but there is limited
consistency across studies. Even when there is consistency in the included sectors, there are
some sectors listed in Table 2 omitted from the studies. For example, tourism is often not
considered. Ecosystems impacts are also difficult to quantify. Several study authors readily point

22 These are different examples of IAMs. PAGE stands for Policy Analysis for the Greenhouse Effect, AD‐DICE stands for Adaptation‐
Dynamic Integrated model of Climate and the Economy. AD‐RICE stands for Adaptation–Regional Integrated model of Climate and the
Economy. WITCH stands for World Induced Technical Change Hybrid model.
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•

•

out that many aspects of adaptation and damages are omitted, due mainly to a lack of sufficient
information to conduct the analysis.
Timeframe of analysis: Studies provide cost estimates over varying time periods. Some reports
examined costs to 2030 (Parry, et al., 2009; UNFCCC, 2007; IPCC, 2007), while Tol (2009) and the
OECD reports (OECD, 2008; de Bruin, et al., 2009; Agrawala, et al., 2010; Tol, 2009) project out to
2100. It is interesting to note that impacts beyond 2100 (and in some cases beyond 2030 or 2050)
are generally not included in any of the analyses, which is particularly critical given that climate
impacts may be non‐linear as temperature rises. For example, the results in Agrawala, et al
(2010) show annual adaptation and damages in 2100 that are roughly 10x and 3x higher than in
2050 (in constant dollars).
Uncertainty and risk assessment: While most reports assume that climate impacts occur
gradually, Tol (2009) points out that rapid warming is possible and severe events may bring
about violent conflict. More broadly, few studies include estimates of potential costs from severe
climate change and low‐probability/high‐impact events. As mentioned above, these costs are
difficult to quantify. But where they are quantified, these analyses typically use an expected
value for such impacts. Said another way, adaptation and damages studies generally assume
perfect foresight regarding climate change and its effects. In reality, and this applies beyond
simply low‐probability impacts, uncertainty in future climate change will require policy makers
to hedge their strategies, which will lead to less efficient, more costly adaption than is modeled.
Tol (2009) also points out that surprises to the negative side (i.e., greater impacts than modeled)
are more likely than surprises to the positive side.

The above observations demonstrate that there has been a general evolution in adaptation modeling
over time as the questions researchers have been trying to answer has changed. The I&FF assessments
were developed to simply estimate the potential costs of planned adaptation without respect to any
benefits of that adaptation (i.e., reduced damages). Meanwhile, early IAM efforts were designed to
examine future damage costs under different mitigation scenarios, but they did not examine adaptation.
Early studies of both types were also primarily focused on determining the potential costs to developing
countries. Parry, et al. (2009) and de Bruin, et al. (2009) started to adaptation, into IAMs. Parry, et al.
(2009) was trying to determine whether adaptation was cost effective relative to damages with and
without mitigation, while de Bruin, et al. (2009) and Agrawala, et al. (2010) wanted to determine the
economically optimal mix of adaptation, mitigation, and damages. In our view, these efforts at
integrating mitigation, adaptation, and damages into a single framework is a critical step, since
understanding how all three interact is ultimately what is necessary to examine the optimal mix of the
three. From the perspective of RE deployment, this integrated approach is also necessary in order to help
address the cost‐benefit tradeoff assessment that drives RE policies. Section 3 provides additional details
on possible approaches to model integration.
Observations Regarding Costs:
As shown in Table 3, there is a very wide range of global adaptation costs presented in the studies (e.g.,
UNFCCC (2007) reported a range of $49‐$171 billion annually by 2030) and global studies focused on
developing countries have ranged from $4 billion per year at the bottom end of the Stern (2006) range to
$109 billion annually at the top end of the UNDP (2007) range (OECD, 2008). The ranges suggest that
there is a high degree of uncertainty in the estimates of adaptation costs. Some of this is also driven by
the differences in methodologies discussed above. Damage costs are similarly uncertain given the oft‐
noted incompleteness and out‐dated nature of current damage functions (Agrawala, et al., 2010). Clearly,
more work is needed to enhance the comprehensiveness of the adaptation and damage analyses and the
quality of the underlying assumptions and data. One element that would help is to calibrate the I&FF
and IAM assessments, which must make simplifying assumptions in their approach given their global
nature, by comparing them to a fully aggregated series of bottom‐up assessments.
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Despite the progress made in recent years, the uncertainty in the available data prevents the data from
providing a sufficient basis for determining the optimal mix of investments in mitigation versus
adaptation (this also assumes that some damages will need to be absorbed). It should be noted however
that the IAMs are designed to perform such a calculation should sufficiently complete and accurate data
become available.
Although the variation in the ranges presented in Table 3 are evident, it is worth noting that there
actually was a series of early studies using versions of the I&FF approach that came up with similar
ranges for adaptation costs for developing countries. However, more recent studies like Parry, et al.
(2009) have noted that that this apparent convergence actually does not mean that there is a high degree
of consensus among different researchers with respect to the potential impacts, but was a function of the
fact that most of the studies were simply updates on the same underlying method (OECD 2008).
Similar levels of uncertainty can be found within the estimated costs for individual sectors as
demonstrated by the UNFCCC (2007) estimated range of investment that will be needed to adapt new
infrastructure to climate change risks in 2030 ($8‐130 billion annually). Parry, et al. (2009) actually places
the upper end of the range much higher. Stern (2006) places the range on the same costs at $15 – 150
billion annually. Nevertheless, it is still worth noting that of the sectors typically covered in the models,
infrastructure and coastal zones appear to be the ones that will be the hardest hit. Parry, et al. (2009)
ranks infrastructure as the hardest hit sector with damages accumulating even after significant
investment in adaptation. World Bank (2010) places infrastructure as the second most costly sector ($13 –
28 billion annually by 2050 – developing countries only), but estimates the coastal zone costs to be
slightly higher at $28 ‐ 29 billion annually (developing countries only).
Despite the uncertainty in the results, it is clear that, although moderate climate change has the potential
to provide some modest benefits to certain world regions, these benefits are small relative to the global
damages and adaptation costs, particularly if climate change continues beyond this moderate level. It is
also notable that developing countries are expected to bear a large portion of future adaptation costs,
partly due to their current lack of adaptive capacity. UNFCCC (2007) places these costs at $27‐66 billion
annually by 2030 out of the total global costs of $49‐171 billion. The recent World Bank (2010) study
places developing country costs at $70‐100 billion annually by 2050.
Regardless of the specific values estimated, it also becomes apparent that current adaptation estimates
are incomplete and conservative, possibly by a wide margin. Parry, et al. (2009) estimated that while the
UNFCCC (2007) study was the best‐in‐class report at the time of Parry, et al.’s publishing, its global
adaptation cost estimate of $49‐171 billion annually underestimates actual costs for the sectors covered
by 2‐3 times. They also conclude that total adaptation costs are therefore significantly more than that
once all sectors are included.
Thus, based on our review of the literature, Navigant believes that estimates of climate change
adaptation and damage costs remain significant underestimates. In summary, there are several reasons
for this:
•
•
•

Almost all studies leave out multiple economic sectors and types of impacts, thus providing only a
partial estimate of adaptation and damages costs.
For the sectors examined, follow‐up studies tend to conclude that initial estimates were
conservative.
Most studies focus on public investments only, and do not include private investments (i.e., made
by individuals and corporations) that will likely be necessary.
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•
•

•

•
•

Most studies also focus solely on hard adaptation measures to the exclusion of soft measures.
Studies that apply the I&FF approach (e.g., UNFCCC, 2007) estimated adaptation costs by applying
a “climate markup” to current investments deemed to be climate sensitive (to make them “climate
proof”). But in developing countries, the current rate of basic investment is already too low (i.e.,
there is an “adaptation deficit” as discussed earlier). Thus, this approach underestimates adaptation
and damages costs by underestimating baseline costs, and because these regions remain very
vulnerable to the effects of climate change.
Residual damages have the potential to be very large, and these are not part of the I&FF studies at
all, and in general, remain very difficult to quantify. While there are damage functions in IAMs,
they are considered by some researchers to be out of date such that the ones used even within the
last 1‐2 years do not reflect the latest research, and may therefore be significant underestimates.
They also do not fully reflect uncertainty or high‐impact events (UNFCCC, 2009, Agrawala, et al.,
2010). Lower probability, higher impact events (e.g., migrations, conflicts over resources,
catastrophic climate change) are often excluded from analyses because they remain difficult to
quantify. Yet, if these were to occur, their impacts could be severe and highly disruptive to the
global economy, and cannot be ignored.
Adaptation and damages costs will extend far beyond the study periods (generally 2030, 2050 or
2100), and there is a general recognition that these costs are likely to increase in a non‐linear fashion.
More generally, the issues of risk and uncertainty are not considered in adaptation and damages
estimates. The estimates developed in these studies tend to assume perfect foresight regarding
future climatic change and adaptation, but in reality, policymakers and others will need to plan for
an uncertain future. The need to plan for different contingencies would tend to increase costs.

Fossil Fuel Dependence
The Components of Fossil Fuel Dependence
Beyond their impacts on climate change, fossil fuel usage results in the imposition of other large
externality costs on the global economy. Moreover, these costs are being incurred today, not at some
point in the future, as they are essentially proportional to fossil fuel use, and for some effects,
proportional to fossil fuel prices. Thus, analysis of fossil fuel dependence typically focuses on historical
and current data and related economic modeling to compute the impacts as they are. The costs of fossil
fuel dependence, in addition to the climate change costs covered above, include:
•

•

•

Environmental Costs: Multiple pollutants and waste products are produced by fossil fuel
combustion (primarily coal), including particulate matter, sulfur oxides, nitrogen oxides, carbon
monoxide and unburned hydrocarbons. Fossil fuel exploration, production and transport also
carry environmental costs.
Human Health Costs: There are a variety of negative health effects associated with the
environmental impacts of fossil fuel use, most notably the effects of fine particulates and smog
on respiratory illness, but also water pollution and contamination of food supplies (e.g., the
leading source of mercury in the environment is from coal combustion).
Macroeconomic Costs: There are four basic impacts from a macroeconomic perspective:
o Price volatility (short term fluctuations)
o Price shocks (lost GDP as the economy reaches a new equilibrium after a price shock)
o Above‐market prices paid for fuels because of the market power of producing nations
o Wealth transfer due to fossil fuel imports23

23 Wealth transfer is a major issue for importing countries, due to trade balance issues as well as the fact that the outflow of money
to certain countries results in support for unstable and repressive regimes. However, from a global economic perspective, the
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•

Security Costs: Fossil fuel dependence necessitates that, to ensure supply, foreign sources of oil
are protected with military force. There are both peacetime costs and wartime costs.

These costs exclude fossil fuel subsidies, either direct subsidies to consumers, or tax and other incentives
for the fossil fuel industry, as these subsidies are generally reflected in prices.
Studies Reviewed and Summary of Costs
As noted above, five studies covering elements of fossil fuel dependence were reviewed. The studies are
summarized in Table 4.24 A number of observations have emerged from the review of these reports, and
they are grouped thematically below.
Table 4. Summary of Fossil Fuel Dependence Costs from Five Studies
Sector(s) and
Issues
Examined

Report

International
Energy
Agency
(2004)

Korhonen
and
Ledyaeva
(2010)

Vulnerability of
OECD and
developing
country
economies to
increases in oil
prices.

Impacts of oil
price shocks
on oilproducing and
oil-consuming
economies.

Metrics

A sustained
$10/bbl increase
in oil price caused
an overall net
decline of 0.5% in
global GDP ($255
billion) in the first
year and a
permanent loss of
0.3% over 5
years.

A large oil price
shock (a price
increase of 50%)
initially boosts the
Russian GDP by
6% and reduces
Japan’s by 3%
and the U.S.’s by
2%.

Methods

Interlink,
OECD’s inhouse model of
the world
economy, was
used to perform
the analysis.

Vector
autoregression
(VAR) models
for different
countries were
linked together
by a trade
matrix.

Report Strengths
& Weaknesses
Strengths
The report is
comprehensive and
global. It examined
oil price
dependence and
economic
interdependence,
and allowed time
for indirect impacts
to occur.
Weaknesses
Although not a
weakness of the
study per se, the
prices used are
much lower than
current prices,
suggesting that an
update would be
beneficial.
Strengths
Examines linkages
between countries
that are major
trading partners.
Includes direct and
indirect effects.
Weaknesses
Impacts on the rest
of the world,
including
developing
countries, are not
considered

Findings

The global
negative
economic
impacts of
increasing oil
prices are
significant ($150
billion/yr),
especially in
developing
countries.

Oil producers
benefit overall,
even with small
negative indirect
impacts.
Oil consumers
primarily
experience
negative direct
effects, but there
are some indirect
benefits.
However, the
indirect benefits
do not
counterbalance
the negative
direct effects.

direct economic impacts of outflows of capital from importing countries is offset by inflows to exporting countries, assuming that
most of that inflow is invested versus saved.
24 Annex I contains 2‐3 page summaries of each study.
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Sector(s) and
Issues
Examined

Report

NRC (2010)

ORNL (2005)

Stern (2010)

Metrics

Methods

Damage costs
of fossil fuels
including
impacts to
human health,
visibility,
agriculture,
and other
sectors;
Economic
costs of oil
supply shocks.

The quantifiable
damages from
pollution were
more than $120
billion in 2005,
from:
• Electricity
generation
($63b)
• Transportation
($56b)
• Heating ($1b)

For electricity
generation and
heating, the
authors
monetized
power plant
effects related
to air pollution.
For
transportation,
air pollution
effects were
quantified for
the full vehicle
life cycle.

Economic
costs caused
by (i) the use
of market
power by oil
producing
countries, (ii)
oil price
shocks and (iii)
wealth transfer

The total cost of
U.S. oil
dependence for
the three items for
the period 19732004 is $3.6
trillion (constant
2000 dollars). This
is an average of
about $115
billion/yr over the
period).

The authors
conducted their
own modeling,
including Monte
Carlo analysis.

US
expenditures
related to
projecting
military force in
the Persian
Gulf.

The cost of U.S.
protection of
Persian Gulf oil
was $6.8 trillion
for 1976–2007
(the fraction
related to oil is not
specified but oil is
assumed to be the
main reason). This
is an average of
about $220
billion/yr over the
period)

Used an
activity-based
cost (ABC)
model, which is
a full-cost
method that
traces flows of
goods and
services.

Report Strengths
& Weaknesses
Strengths
The report
examined impacts
on sectors often not
quantified, and
from natural gas in
addition to coal.
However, oil price
volatility and
ecosystem impacts
were not examined
in detail
quantitatively.
Weaknesses
The environmental
costs considered
for electricity
generation were
relatively narrow,
limited to air
emissions of SO2,
NOx and
particulates.
Strengths
The report used
sophisticated
economic models
and methods and
results from 45
other studies.
Weaknesses
The 2005 oil price
estimates of $35$45/bbl were lower
than the actual
2005 average price
of $50.
Strengths
Results are the first
estimates of U.S.
military cost for
Persian Gulf force
derived entirely by
quantitative
methods
Weaknesses
This report focuses
solely on a specific
time period and
region and does
not explicitly
identify what
fraction of U.S.
force projection in
the Persian Gulf
region is oil-related.

Findings

Air pollution costs
from use of fossil
fuels are
significant – over
$120 billion per
year in the U.S.
alone.
Oil security costs
were reported
broadly as $28/barrel, or about
$15-58 billion/yr.

U.S. oil
dependence
costs were
estimated for
2005 to be $150$250 billion/yr.

Costs of U.S.
force projection in
the Persian Gulf
for 2007 alone
were estimated at
$500 billion.
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Observations on the literature
What is apparent when examining the fossil fuel dependence literature is that studies are not as
comprehensive as those looking at climate adaptation and damage. Although the literature is extensive,
studies typically examine only some aspects of fossil fuel dependence and are often not global in scope
(e.g., see the range or reports listed in Annex II). Moreover we did not find studies that comprehensively
addressed fossil fuel price volatility. Of the studies we identified, the only one that was global in scope
was IEA (2004). As such, comparisons between studies, especially given the limited number of studies
reviewed in detail in this report, is not possible. Nevertheless, some broad conclusions about fossil fuel
dependence can be made, which is done here by drawing a particular focus on the United States, as it is
the country for which was found a fairly comprehensive set of data covering multiple aspects of fossil
fuel dependence. The data contained in the five studies above has also been supplemented with some
additional reports.
Observations on U.S. Fossil Fuel Dependence Costs
For the United States, total fossil fuel dependence costs are estimated at $450‐900 billion annually at
current world oil prices. Even if wealth transfer due to oil imports is excluded (because on a global basis
this partly balances out with the trade benefits to oil exporters), the costs range from $250‐650 billion per
year. These are summarized in Figure 1 and discussed in more detail below. For comparison, total US
GDP was approximately $14.7 trillion in 2010, and total global GDP was about $63 trillion. Thus, fossil
fuel dependence costs are estimated at about 1.5‐4% of US GDP without wealth transfer effects, and 3‐6%
if wealth transfer is included.
Figure 1: Estimate of U.S. Fossil Fuel Dependence Costs
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$Billion per year

$800
Wealth transfer of oil
imports

$700
$600

Oil market power & price
shocks

$500
$400

Health, environment and
other externalities

$300

Military expenditures to
protect oil

$200
$100
$0
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High

Notes:
• Military costs are from Delucchi and Murphy (2008)
• The low end of health, environment and other externalities are from NRC (2010). The high end, substitutes the high end of the
estimate for coal from Epstein, et al. (2011) for the NRC (2010) estimate for coal.
• Oil market power, price shocks and wealth transfer are from Greene (2010) for the years 2006-2008.

Environment and health impacts: NRC (2010), in a very detailed study, provides a monetized estimate of
the pollution from fossil fuel use of $120 billion per year. They monetized the effects of those pollutants
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on human health, grain crop and timber yields, building materials, recreation, and visibility of outdoor
vistas. However, for the largest source: electricity generation, their scope was rather narrow, being
limited to the emissions of SO2, NOx and particulate matter from power plants. Moreover ecosystem
costs were not included in this study, suggesting that the estimate is conservative. A recent report
focused on coal use in the United States (Epstein, et al., 2011), provides a more comprehensive
assessment and estimates that the lifecycle (extraction, transport, processing, and combustion) impacts of
coal use in the United States are $150 ‐ $310 billion annually, excluding climate change impacts.
Economic impacts of oil prices: ORNL (2005) provides estimates for the economic costs of U.S. oil
dependence for three separate factors: (i) above‐market prices paid for oil due to the ability of oil
producers to exert market power, (ii) macroeconomic losses due to price shocks (as the economy reaches
a new equilibrium), and (iii) wealth transfer (a direct economic loss to the United States). The analysis
estimates total costs of $3.6 trillion for the period 1973‐2004 (constant $2000). For the year 2005, the
estimate, based on projected oil prices at the time, was $150‐$250 billion. This work has been updated in
2010 (Greene, 2010). With rising oil prices have come higher oil dependence costs: over $300 billion in
2006, and over $475 billion in 2008. The largest component is wealth transfer, which arguably has a
counterbalancing effect outside of the United States. Nevertheless, excluding wealth transfer, the
economic costs of oil dependence, as defined here, has ranged from $100‐200 billion/year since 2006.
While similar studies were not found for coal or natural gas, clearly oil accounts for the vast majority of
these types of economy‐wide costs.
Korhonen and Ledyaeva (2010) cover similar macroeconomic effects, with an emphasis on the direct and
indirect effects of trade linkages between countries. For the United States, they report the cumulative
impact of a 50% increase in oil prices, after 20 quarters (5 years) to be 1.9% of GDP. For a GDP of
approximately $15 trillion/yr, this amounts to an impact of about $285 billion/yr.
Military Costs: There does not appear to be consensus on the cost of military protection for oil supplies,
and different methodologies yield significantly different results. For the study included in Table 4, Stern
(2010) concludes that the total cost of U.S. military force projection in the Persian Gulf from 1976‐2007
was $6.8 trillion, and for 2007 alone was $500 billion. This estimate does not specify what portion of this
is for oil security, but the author suggests that the majority of it is oil‐security related. This estimate is
significantly higher than other studies. For example, Delucchi and Murphy (2008) suggest that if there
were no oil in the Persian Gulf, that U.S. defense expenditures might be reduced “in the long run” by
$27–73 billion per year.
The estimate in Stern (2010) certainly seems high compared to Delucchi and Murphy (2008) as well as
several other studies referenced in both of these papers. Given the outlier nature of the study by Stern
(2007), the more conservative estimate by Delucchi and Murphy (2008) is used in Figure 1, since it is
more consistent with the bulk of the research in this area.
Observations on Global Fossil Fuel Dependence Costs
As noted above, of the five studies in Table 4, there was one (IEA, 2004) that provided a global estimate
for one element of fossil fuel dependence costs. The report examined the global economic impact of
increasing oil prices and concluded that a $10 increase in the world oil price would decrease global GDP
by about $250 billion in the first year (or about 0.5% of GDP; declining in future years as the economy
adjusts to the new price). At the time that study was published, oil prices were about $25/barrel, such
that a $10/barrel increase represented a major percentage change in oil price. Obviously, oil prices have
risen much more since that study was published, suggesting that the macroeconomic effects of oil at
about $100‐120/barrel would be much higher, likely in excess of 1% of global GDP.
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Moreover, given the findings for the United States, it is reasonable to conclude that globally, the total
cost of fossil fuel dependence today is in excess of $1 trillion per year, although the exact number is not
known.25 In countries like China, the environmental and health costs of coal use are likely to be much
more severe than in the United States, whereas in other developed countries, a high dependence on
imported fossil fuels makes them more sensitive to the macroeconomic effects. All in all, it appears as
though fossil fuel dependence costs, as defined here, are at least as large of climate change adaptation
and damages costs, and possibly higher. Moreover, these costs are being incurred today, not in 2030 or
beyond.
Finally, as large as these number are, like climate change costs, they are probably underestimates. The
military costs shown in Figure 1 are relatively conservative as they only look at expenditures in the
Persian Gulf, and there is at least one estimate (Stern, 2010) that is roughly an order of magnitude larger.
Also, the health and environmental impacts discussed above are not comprehensive, and the United
States has relatively well developed environmental, health and safety laws. In developing countries with
more lax laws and regulations, the relative impacts may be higher, although this may be offset by lower
total use of fossil fuels.

Summary of the Costs of Inaction
1) Summarizing the global Costs of Inaction with precision is difficult given the significant limitations
in the current knowledge base. Nevertheless, there is sufficient evidence to conclude that the Costs of
Inaction are large, and appear significantly larger than the Cost of Action. In very broad terms,
climate adaptation and damages costs in a scenario with minimal mitigation are likely to run into the
range of several hundred billion dollars per year by 2030, with the potential to grow non‐linearly
after that. This is admittedly not a precise estimate, but it is based on the fact that current studies on
adaptation report costs of about $50‐200 billion per year by 2030, and the current review of these
studies indicates that these are probably underestimates by at least a factor of 2‐3, and more likely
greater (Parry et al. 2009).
2) While it remains very difficult to compare these costs to one another and to mitigation costs, an
indicative snapshot summary of these costs was developed (Figure 2). It is vital to keep several
points in mind when reviewing the chart.
o
o

o

The uncertainty in the literature regarding precise estimates is such that the chart can only
be viewed as illustrative.
The data sources for each cost category are varied because no one study has attempted the
type of fully integrated assessment that would be necessary to produce internally consistent
estimates across all four categories. Navigant identified reasonable values for each category
and applied some judgment to account for the uncertainty/underestimates in the data.
The level of mitigation in the WEO 2009 450 Scenario would result in a reduction in the
adaptation, damages, and fossil fuel dependence costs shown, but it would not reduce those
costs to zero. A fully‐integrated assessment is necessary to determine the extent of the
reduction, but the literature does indicate that the reduction in climate change costs and
fossil fuel dependence costs would be substantial.

25 This is an indicative number only. U.S. fossil fuel dependence costs , excluding wealth transfer, are estimates at $250‐650
billion/yr. Since the US consumes roughly one quarter of total global primary energy (most of which is fossil fuels), we have used
the lower end of the U.S. estimate for fossil fuel dependence, minus wealth transfer, and multiplied by four to provide an
indicative estimate for global fossil fuel dependence costs.
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o

o

The benefits of the mitigation investments would actually extend far beyond the timeframe
used for the adaptation, damages and fossil fuel dependence estimates because avoided
GHG emissions never result in impacts.
The fossil fuel dependence costs shown are for the United States alone because there are no
global estimates for all of the elements of these dependence costs.

3) For the purposes of comparing costs to the WEO 20‐year estimate of mitigation costs, Navigant
developed a 20‐year estimate of adaptation costs, as shown in Figure 2, of $2.4‐7.3 trillion (see the
notes after the table for additional details). At the same time, residual damage costs in that
timeframe are also estimated to be several hundred billion dollars per year. Again, for the purposes
of comparisons to the WEO mitigation cost, this study developed a 20‐year estimate of damages
costs, as shown in Figure 2, of $9.7‐14.6 trillion (see the notes after the table for additional details).
Moreover, the literature suggests that adaptation and damages costs would rise considerably
beyond 2030.
Given that a number of studies (e.g., IEA, 2009; IEA, 2010b) also show that mitigation to achieve a
450ppm scenario actually results in net savings in the energy system, the result is an overwhelming
case for aggressive action to reduce GHG emissions.
Figure 2: Indicative Costs and Benefits of GHG Mitigation: 20‐year Estimates
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Notes to Figure 2:
26
• Mitigation costs are from IEA (2009) .Costs include lifetime energy cost savings of investments made for 20102030.
• Adaptation and residual damages costs are illustrative only and are ranges, based on the following:
– The low end of adaptation costs is based on results from the AD-DICE model contained in Agrawala, et al.
(2010) for a scenario without mitigation. The adaptation values are consistent with the range provided in
UNFCCC (2007) and other adaptation studies.

26 The WEO 2010 did not provide sufficient economic data to determine the net economic impact of mitigation, so data from the
WEO 2009 were used.
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– The high end of adaptation costs are 3x the low end. Based on the literature, including the Parry, et al (2009)
estimate that UNFCCC (2007) underestimated covered sectors by 2-3x and much more than that when
considering all sectors, we believe 3x is a conservative correction for underestimation.
– The low end of residual damage costs is based on results from the AD-DICE model contained in Agrawala, et al.
(2010) for a scenario without mitigation.
– The high end for residual damages is 1.5x the low end. The literature does not provide a good indication of the
accuracy of current damages estimates, but does suggest that current estimates are low.
– Costs are based on annual estimates for the 2030 timeframe but are likely significant underestimates.

•
•

For U.S. fossil fuel dependence costs, if wealth transfer is excluded the range is $5-13 trillion.
As some points of reference, total annual global GDP is in the range of $63 trillion/yr, whereas U.S. and E.U. annual
GDP are about $14.7 and $16 trillion/yr respectively.

4) While the use of fossil fuels makes them critical to the smooth functioning of the global economy, it
is clear from the literature that the Costs of Inaction resulting from the use of these fuels (beyond the
climate change adaptation and damages costs) actually reduce economic activity approximately $1
trillion per year globally, if not more. While this value is approximate, we base it on the analysis of
these costs for the United States alone, which are estimated to be in the range of $450‐900 billion/yr
($250‐650 billion/yr excluding wealth transfer effects), or about $9‐18 trillion over a 20‐year period,
as shown in Figure 2. Thus, fossil fuel dependence costs appear to be at least as large as climate
change adaptation and damages costs, and possibly larger, in the absence of high‐impact climate
change‐related effects. Moreover, these costs are being incurred now, not just at some future date, as
with adaptation/damages.
5) If these 20‐year estimates are examined on an annual basis and compared to 2008 global fossil fuel
usage of approximately 420 EJ/yr, the combined costs of adaptation, damages and fossil fuel
dependence are in the range of $2.50‐4.80/GJ, and likely higher, because the fossil fuel dependence
costs are for the US only. Similarly, if compared to total final energy end use from all sources of
about 93,000 TWh (electricity, fuels and heat, including that supplied by renewable energy), these
costs are about 1.1‐2.2 ¢/kWh.
6) Fossil fuel dependence costs appear to be at least as large as climate change adaptation costs, and
possibly larger, at least in the absence of high‐impact climate change‐related effects. Moreover, these
costs are being incurred now, not just at some future date, as with adaptation/damages. A few key
observations are listed below:
o There are no comprehensive studies of all components of fossil fuel dependence costs, even
for a single country or region.
o There does not appear to be sufficient analysis of this issue on a global level. Unlike
adaptation, studies of fossil fuel dependence are focused mainly on specific countries or
regions.
o Oil dependence costs are largely comprised of macroeconomic impacts, whereas coal
dependence mainly entails environmental impacts. Natural gas dependence costs appear
relatively small compared to those for oil and coal.
7) It remains very difficult to compare studies to one another and to compare adaptation and fossil fuel
dependence costs to climate change mitigation costs. This is partly a result of:
o Different timeframes of analysis
o Different scenario assumptions (e.g., assumed GHG concentrations and associated
temperature rise, assumed adaptation types and implementation timeframes)
o Different basic macroeconomic assumptions
o Inconsistent and incomplete sector coverage
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8) Models need to define the reference scenario: all model outputs need to be accompanied with
explicit details concerning the reference scenario. Understanding the reference scenario is crucial to
interpreting results. Parry, et al. (2009) points out that one needs to be able to compare across
scenarios and understand, for example, how a heavy mitigation scenario compares with a current
policy scenario. Unless the reference scenario is understood, then estimating adaptation and
damages costs may not be informative. Many studies have estimated adaptation costs without
stating the reference scenario.
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3. Methodologies for Capturing the Costs of Inaction in Energy Modeling
The RETD’s Guiding Principles for Global Energy System Modeling
In its previous work on the RETD ACES Scenario, the RETD laid out a few key principles that should be
followed for global energy system models to effectively address all of the issues facing the modern
energy system. The RETD developed these principles largely because these models are no longer being
used to examine just supply and demand issues in the energy system, but instead are increasingly
focused on assessing climate change mitigation options. As such, it is becoming increasingly important
that these models have the capability to examine the multiple economic aspects of these mitigation
options.
With the RETD ACES scenario, the RETD began to apply these principles to global energy system
modeling. The large Costs of Inaction discussed in the preceding section serve to highlight the need to
focus particularly on broadening the scope of these models to include other aspects of the macro‐
economy that interact with the energy system, in order to get a more complete accounting of the Costs of
Action versus the Costs of Inaction. As a result, Table 5 presents an updated version of these guiding
principles with an added emphasis on these various economic aspects.
Table 5: RETD’s Principles for Improving Global Energy Scenarios
Issues Affecting
Global Energy
Modeling

RETD Position

Energy System
Drivers

Energy scenarios must consider all the drivers of the future energy system, which has
expanded from the traditional elements of energy supply and demand to include issues
ranging from climate policy to energy supply security and economic development.

Climate Change

Climate change is now a key component of energy modeling given the importance of the
energy sector for mitigation strategies. Scenarios should examine aggressive global actions
sufficient to meet the most stringent targets with high probability.

Disruptive
Technologies

Energy models need to examine disruptive technology developments within their scenarios,
such as Smart Grid, different type of electric vehicles, and photovoltaics (PV) achieving grid
price parity. The traditional method of modeling market penetration through smooth
extrapolation from the current state does not adequately address the potential for disruptive
change.

Economic
Analysis

Since the energy system touches upon many aspects of the global economy, the economic
analysis must expand beyond just direct energy infrastructure investments and fuel costs.
Specifically, economic analyses should incorporate the costs of climate change adaptation
and damage and fossil fuel dependence costs which include environmental costs, as well as
the impacts of fossil fuel subsidies.

Scenario analysis should include sensitivity analysis of fossil fuel price and incorporate the
Fossil Fuel Prices impacts of price volatility, which favors the adoption of alternatives to fossil fuel-based
technologies.

Infrastructure
Development

Models need to allow for the development of distributed energy systems, particularly in
developing economies where the drive for energy access in the face of capital constraints
encourages their implementation. In developed countries, Smart Grid deployment could alter
the generation, delivery and use of energy.

Transparency

Complete documentation of a model’s methodology, assumptions, inputs, and results is
critically important, especially as modeling techniques adapt to the changing energy system.
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Energy System Modeling – a Review of the Basics
As mentioned earlier, the primary type of computer model used for detailed analysis of the global
energy system is called a “partial equilibrium” model.27 This type of model solves a set of interrelated
equations to determine the economically optimal energy supply mix to meet energy demand, subject to
various constraints and assumptions (including basic macroeconomic forecasts, energy/climate policies
and incentives, resource constraints and costs, and technology availability, cost and performance). These
models typically divide the world into several (15‐20) regions and include all sectors of energy demand
(i.e., residential, commercial, industrial, transport). They necessarily have many hundreds, if not
thousands, of assumptions about energy technologies for production, transformation and consumption,
as well as macroeconomic variables, such as GDP and population growth. They are called partial
equilibrium models because they only cover part of economy (the energy system) and examine it more or
less in isolation from the rest of the economy. As an example, these models typically take GDP as a fixed
exogenous input and do not examine linkages between model outputs and the broader economy, even
though there are important feedbacks.
While partial equilibrium models do a reasonably good job at simulating the long‐term behavior of the
traditional energy system, the current partial equilibrium approach is no longer adequate for the modern
energy system. With particular regard to the economic analysis of these models, a more expansive
approach is necessary to address the wide‐ranging ramifications of energy use on other aspects of the
economy. Specifically, the aforementioned connection between energy use, climate change and fossil fuel
dependence; and the increasing use of these models to analyze scenarios centered around climate change
policies, with implications far beyond the energy system. Thus, the question arises: How should these
models be enhanced to better meet the demands being placed upon them?
To begin to answer this question one must also look briefly at the Integrated Assessment Models (IAMs.)28
Like energy system partial equilibrium models, IAMs use an explicit economic framework, but the
framework is designed to cover the majority (or sometimes all) of the economic system, and they are
used to assess the global costs and benefits of climate change – mitigation of it, adaptation to it, and
damages from it – over long timeframes (UNFCCC, 2009). Since they cover all aspects of the economy,
these models necessarily represent the energy system with far less detail compared to partial equilibrium
energy system models. Thus, while the approach used by these models is helpful in that it allows the
user to develop a complete and integrated economic picture of climate change mitigation, adaptation,
and damages, the more simplistic representation of the energy system limits the development of insights
when it comes to the role of specific energy policies and technologies.

Getting the Best of Both Worlds
Since it is highly desirable to maintain the detail provided in energy system partial equilibrium models
while accounting for the broader economic context of climate change, the focus here is on how to
incorporate climate change adaptation and fossil fuel dependence parameters into partial equilibrium
models, which is shown conceptually in Figure 3. Below are proposed three different approaches that
could potentially be implemented in a stepwise fashion. Briefly, these approaches are:

27 Three examples of this type of model are the World Energy Model (WEM) used for the World Energy Outlook of the IEA, the model
used for the IEA’s Energy Technology Perspectives, and the TIAM model developed by the ETSAP Implementing Agreement of the
IEA, and used by the RETD in its recent scenario modeling work (RETD, 2010). The explicit economic framework and the level of
detail with regard to the energy system’s components contained in these models make them the most appropriate choice for
integrating adaptation, damages and fossil fuel dependence costs. Models that are more deterministic (e.g., spreadsheet models
that make assumptions about the future energy mix) are less suited.
28 Examples of IAMs include the PAGE model used in Parry, et al. (2009) and the AD‐RICE, AD‐DICE, and AD‐WITCH models
used in OECD 2010.
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1.

2.

3.

Incorporating the impacts of climate change and fossil fuel dependence on the energy system
directly into the partial equilibrium models through modifications in the technology
assumptions (e.g., modifying the hydroelectric potential assumptions based on anticipated
changes in precipitation patterns).
Incorporating climate change adaptation/damages costs and fossil fuel dependence costs into the
partial equilibrium economic analysis via a “damages function” that mathematically links the
degree of climate change in a particular scenario to the expected corresponding degree of
adaptation and residual damages.
Fully integrating the partial equilibrium model with an IAM so that feedbacks between the
energy system and the macro‐economy are completely represented.

Figure 3: Conceptual framework for integrating climate adaptation, damages and fossil fuel
dependence costs into energy system models
• Policies
• Technology
assumptions
• Macroeconomic
assumptions

•
•
•
•

Energy prices
Investments
CO2 prices
Total energy
system costs

Partial Equilibrium
Model of the Global
Energy System

• Non‐energy GHG
emissions
• Non‐energy GHG
mitigation options

Climate Module

• GHG emissions
• GHG concentrations

Fossil Fuel
Dependence Module

• GDP impacts
• Price volatility

Climate Change
Adaptation/Damages
Module

• GDP impacts
• Climate impacts
on energy system
• Other impacts

All three approaches require that a “climate module” be made part of the partial equilibrium energy
system model, either implicitly as part of the model or used separately to fully characterize the different
scenarios. This module would link the results of the energy system calculations to some basic
calculations of the climate system, including GHG concentrations and the associated temperature rise
(and potentially, region‐specific temperature and other climatic changes, such as precipitation). Some
models, such as the ETSAP TIAM model, already have a climate module, whereas the WEO conducts
separate analysis using other models to define and specify the relationship between GHG emissions and
concentrations. To get a sufficiently complete picture of the climate system, this would also necessitate
adding information and assumptions about non‐energy GHGs, and possibly, information and
assumptions about non‐GHG climate forcings, such as aerosols, soot and land use change. These could
either be fixed assumptions or, ideally, dynamic assumptions, so that both energy and non‐energy GHG
mitigation options could interact (compete) with one another to meet the climate change goals of the
scenarios.
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Climate change and fossil fuel dependence impacts on the energy system
The first level of integration between partial equilibrium energy system models and climate change
adaptation and fossil fuel dependence is to incorporate how these two factors themselves impact the
energy system (e.g., climate change has the potential to impact renewable energy potentials and energy
demand). This would be accomplished by working within the existing framework of the partial
equilibrium approach by modifying existing equations to add the new functionality for the parameters
that are likely to be affected (see Table 6 and Table 7). Some of these would require careful examination
of climate change adaptation or residual damages, while others would be more straightforward.
Table 6: Climate Change Impacts on the Energy System
Model Parameter(s)
Affected
Space heating and
cooling energy
demand

Renewable energy
resource potential

Energy infrastructure
capital costs

Fossil fuel supply and
price

Fossil fuel and
biomass power plant
performance and
efficiency

Climate Change
Drivers

Expected Impacts

Temperature and
humidity changes

• Higher temperatures will decrease space heating (a
benefit) and increase space cooling requirements
• Some regions may experience colder winters
• Higher humidity will increase space cooling requirements

Climate conditions

Key issues/specific parameters by resource:
• Hydropower: precipitation patterns
• Biomass: precipitation, CO2 concentrations, temperature,
humidity, pests/disease
• Wind: global atmospheric circulation patterns/intensity
• Ocean (current): ocean circulation patterns/intensity
• Ocean (wave): wind patterns
• Solar: cloud cover, humidity

Severe weather and
weather extremes

• Additional costs may be required to harden infrastructure
against severe weather and weather extremes
• Coastal energy infrastructure may need to be relocated or
hardened as sea level rises

Anticipated regulatory
action on carbon

• Carbon-intensive technologies are likely to carry higher
investment risks (due to exposure to carbon prices) and
therefore face higher costs of capital

Geopolitical risk

• Access to fossil fuel supplies may be impeded due to the
geopolitical consequences of climate change adaptation
and damages, such as migration of refugees or conflicts
over resources (food, water, land)

Climate conditions

• The net output and efficiency of power plants based on
combustion are affected by temperature and humidity.
Generally, higher temperatures and higher humidity result
in lower output and slightly lower efficiencies (slight
changes are significant though since they are multiplied
over the globe).
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Table 7: Fossil Fuel Dependence Impacts on the Energy System
Model Parameter(s)
Affected

Fossil Fuel
Dependence Drivers

Expected Impacts

Energy prices

Fossil fuel price
volatility, including
price shocks

• Partial equilibrium models do not include price volatility
because this is considered a short-term issue and the
models are long-term projections
• Nevertheless, volatility and price shocks do have real
impacts on fossil fuel costs, on decisions made with
respect to energy supply and use, and on the allocation of
capital

Energy prices

Rising fossil fuel
prices

• This should be captured already via existing scenarios
and assumptions

Energy security

• There are likely to be higher O&M costs to secure certain
types of facilities (e.g., nuclear plants, oil and gas
terminals)
• Military expenditures will be different in different
scenarios, in order to secure fossil fuel supplies

Energy system
operations and
maintenance (O&M)
costs

Incorporating the Costs of Inaction into the economic analysis of the energy system through a damage
function
As discussed in Section 2, despite large uncertainties, climate change adaptation and damage costs and
fossil fuel dependence costs are substantial. In fact, the reduction of these costs (through mitigation)
appears to significantly outweigh the global estimates of mitigation costs. Moreover, some studies show
that mitigation to 450 ppm actually results in net savings even before reductions in adaptation, damages
and fossil fuel dependence are considered, whereas the RETD ACES scenario, which targeted a lower
GHG target, did show net increase in energy system costs on the order of 1% of cumulative GDP over
the next 50 years. Thus, it is highly desirable from a policymaking point of view to include all relevant
costs in modeling of the global energy system, at least those components of the Costs of Inaction that can
be attributed to the energy system. Said another way, it is of equal importance to look at both the Costs
of Action and Inaction when using global energy models to inform policymakers and businesses about
different choices for the energy system, particularly for scenarios with deep GHG reductions that will
entail higher mitigation costs.
The ability to incorporate these Costs of Inaction into partial equilibrium models of the energy system is
dependent on developing a suitable analytical basis – i.e., being able to “translate” these costs into
equations that can be integrated into the analytical framework of the models. One possible approach is
to develop a so‐called “damage function” that represents the Costs of Inaction as a function of key
parameters, such as GHG concentrations (i.e., the model would factor in a $/CO2‐eq damage cost). This
would provide a relatively simple way to add in the economics of adaptation and fossil fuel dependence
into the economic optimization algorithms of partial equilibrium models, without fundamentally
altering the way in which the models work. This would effectively change the decision‐making criteria
around energy resources and technologies, given an estimate of the impact of those choices, not just on
direct energy system costs, but also on the other costs and benefits of those choices. The drawback is that
this type of arrangement would not capture some of the important linkages between the economy as a
whole and the energy system. For example, the use of more land for biofuels production as part of a
mitigation strategy would impact land availability for adaptation, which would in turn impact GDP. A
partial equilibrium model with a damage function would not be able to account for the impact that the
mitigation choices would have on the available adaptation options or the resulting impact on GDP.
Full integration of feedbacks between the energy system and the macroeconomy
In order to more fully capture the linkages between mitigation, adaptation/damages, and fossil fuel
dependence costs, a more complete integration would be necessary between the energy system and all
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the key aspects of climate change adaptation, damages and fossil fuel dependence. There are two options
for achieving this goal, both of which are much more complex and challenging undertakings than the
efforts described above.
•

•

Option 1: A partial equilibrium model could be fundamentally modified to incorporate the other
economic sectors impacted by the Costs of Inaction. In effect, this would incorporate the type of
broader economic coverage that IAMs provide into the partial equilibrium model.
Option 2: A partial equilibrium model could be integrated with an existing IAM, so that
feedback iterations across the models are possible. Such an effort would involve either:
o Determining the suite of parameters to be passed back and forth between the models, or
o Effectively nesting one within the other (e.g., replacing the simplified representation of the
energy system in IAMs with the “core” of a partial equilibrium model).

Putting either approach into practice is likely to involve significant development and collaboration from
across all three disciplines (energy system modeling, adaptation/damages modeling, and fossil fuel
dependence cost modeling). Addressing the specifics of the necessary collaboration between these
communities is beyond the scope of this project.

Achieving Improvement in Energy Sector Cost Modeling
Given the urgent need for improving the incorporation of the Costs of Inaction in energy sector
modeling and the complexity of the full integration options discussed above, a stepwise process may be
the most productive approach.
An important first step to incorporating the Costs of Inaction is to increase the communication and
collaboration across the energy system modeling, adaptation/damages modeling, and fossil fuel
dependence cost modeling communities, as is discussed further in Section 4 below. There is ongoing
work in all three fields and techniques and findings are updated regularly, so it will be essential to have
open and active lines of communication between them.
Second, climate change and fossil fuel dependence impacts on the energy system itself could be
incorporated into existing partial equilibrium models, as a means of improving the analysis of mitigation
options. In a sense, since these are direct impacts on the performance and cost characteristics of the
system covered by the model, rather than economic impacts beyond the energy system, incorporation of
these impacts should be viewed as a necessity even before consideration of the Costs of Inaction. Since
implementation would primarily involve altering existing technology assumptions, this step should be
possible with minimal modification to the existing conceptual structures of the models. It is important to
note however that research would be required to collect the data and that the research process would
have to be iterative given that our understanding of climate change and fossil fuel dependence impacts
continues to evolve.
Third, a detailed analysis would need to be conducted to determine the potential viability of using a
damage function in a partial equilibrium model as opposed to the full integration of a partial
equilibrium model with an IAM. The analysis would need to identify all the potential interactions
between the economy as a whole and the energy system that could only be represented through full
integration (e.g., solar thermal electric plant build out as part of a mitigation strategy would increase
water demand leaving less water for irrigation adaptation measures, which would impact GDP). With
the interactions catalogued, the analysis would then need to develop an estimate of the potential impact
of not incorporating them into the economic analysis. Given the complexity of the full integration
process, a relatively significant difference in the expected value of the outputs would be necessary to
justify its choice over the damage function option.
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4. The RETD Position on Climate Change Adaptation and Damage Costs and the
Costs of Fossil Fuel Dependence
Aggressive Actions to Reduce Greenhouse Gas Emissions and Fossil Fuel Use Are Cost
Effective
Although large uncertainties remain in quantitative estimates of climate change adaptation and damage
costs and fossil fuel dependence costs (i.e., the Costs of Inaction), the available literature supports the
conclusion that the Costs of Inaction are significantly larger than the costs of climate change mitigation
(i.e., the Cost of Action). Given that mitigation scenarios, as analyzed in detail in the WEO and ETP
publications, consistently show that mitigation actually represents a net savings on its own, the result is
an overwhelming case for aggressive GHG reductions and aggressive RE deployment.
Even if climate change mitigation entails net incremental costs above some reference or “business‐as‐
usual” scenario, these costs are likely to be modest, as shown in the RETD ACES scenario. In this
scenario, very aggressive GHG reductions – more so than modeled in the WEO or ETP – only increase
energy system costs by a small amount – about 1% of cumulative global GDP for 2010‐2060. However,
the reductions in adaptation, damages and fossil fuel dependence costs in such a scenario would easily
cover these incremental mitigation costs. Thus, the ultimate conclusion one can draw is that a complete
economic analysis of the Costs of Inaction indicates that there is simply no truth to the widely held
belief that climate change mitigation will damage the global economy in the long run. At a minimum
mitigation is a cheap form of insurance against unforeseen future impacts. More likely is that it is the
central strategy in an economically optimal path to dealing with climate change.
Investments in low‐carbon energy sources, especially RE and EE are critical to energy system action,
providing a suite of benefits in three complementary ways:
1.

2.

3.

RE and EE investments reduce fuel costs (by lowering demand) and thus provide direct energy
system benefits. These savings begin accruing immediately and continue to accumulate over the
life of the investments.
RE and EE investments produce lower climate change adaptation costs and residual climate
change damage costs. These savings occur over the life of the investments and beyond, and
become more important farther out into the future, due to the long‐lived effects of GHG
emissions.
RE and EE investments reduce fossil fuel dependence costs (i.e., the “indirect” costs of fossil fuel
use). These benefits start immediately, since fossil fuel dependence costs are roughly
proportional to fossil fuel use, and any measure that reduces fossil fuel use also reduces their
negative impacts. These benefits will accrue to governments, individuals, and companies, with
the exception of fossil fuel companies.

Need for Comprehensive Cost Studies Designed to Inform Energy Policy
As one of the most important sectors for climate change mitigation, energy system modeling (such as
that done in the WEO and ETP) is increasingly focused on analyzing the impact of climate change
mitigation scenarios. The same is not consistently true of the climate change adaptation and damage
analysis and fossil fuel dependence research fields. Many studies are focused on scientific methodology
development (e.g., how to develop damage functions or estimate the costs of fossil fuel price fluctuations
on the economy) rather than on comparisons of all cost categories under various scenarios. Even when
costs are compared across scenarios (e.g., some of the adaptation literature does cover this type of
analysis), it is rare that mitigation, adaptation, and residual damage costs are all developed through an
integrated approach, even though this is critical given the strong interplay between these elements. Only
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recently, have IAMs been modified to perform such an integrated analysis, but even these very recent
studies are considered illustrative because of the urgent need for better data for the damages and
adaptation functions (Agrawala, et al., 2010).
Even though IAM analyses are beginning to examine such integrated assessments there still remain three
primary weaknesses. First, the mitigation elements of such analyses are driven by the generic
representation of mitigation in the IAM models (sometimes a single equation). From the perspective of
policy makers interested in mitigation and adaptation, additional detail is necessary, particularly for the
energy sector since it is central to most mitigation options. The partial equilibrium models underlying
the WEO, ETP, and RETD ACES analyses provide that type of detail on the energy system, but to date
we have not identified an effort to integrate these modeling systems. Second, as best as can be
determined based on the literature review, no one has attempted to bring the issue of fossil fuel
dependence costs into the integrated economic assessments in IAMs. In fact, the fossil fuel dependence
and adaptation research communities appear to have had very limited interaction to date. Third, no
research group appears to have asked the question that the RETD is posing: “How much would
adaptation, damages, and fossil fuel dependence costs fall if the world achieved significant mitigation?”

Importance of Fossil Fuel Dependence Costs
Another important conclusion is that fossil fuel dependence costs appear to be at least as large as climate
change adaptation costs, and possibly larger, at least in the absence of high‐impact climate change
effects. Moreover, these costs are being incurred now, and not just at some future date, which means that
on a net present value basis, these costs are significant. While our heavy reliance on fossil fuels makes
them central to the functioning of the global economy and thus makes their phase‐out a challenge, it is
clear from the literature that fossil fuel use is also a significant drag on economic growth. Thus, replacing
them with better solutions – ones with fewer negative externalities and other “indirect” costs – would
benefit the global economy, even if the alternatives had higher costs, as measured using traditional
economic metrics, since these metrics do not account for the large externality costs.

Climate Change Adaptation and Damage Costs Are Underestimated
Significant progress has been made in recent years in the critically important research on climate change
adaptation and damages estimation. Nevertheless, as some of the authors of these recent works readily
admit, even the best global estimates to date are inadequate, and were completed quickly without
sufficient peer review (UNFCCC, 2009). The most critical issue is that current climate change adaptation
and damage estimates are almost certainly significant underestimates, perhaps by a factor significantly
larger than 2‐3. A growing body of research on national‐level costs supports the conclusion that these
global estimates are low (UNFCCC, 2009).
In addition, there is a lack of appropriate metrics for measuring the full range of adaptation and
damages costs. Traditional cost‐benefit assessments, which seek to provide an understanding of the
trade‐offs between adaptation, mitigation and damages, focus on monetary metrics. Yet a range of non‐
monetary criteria also need to be considered, such as ecosystem protection.

Lack of Comprehensive Fossil Fuel Dependence Analysis
Relative to the field of climate change adaptation and damages, fossil fuel dependence research appears
more fragmented. A review of the literature indicates that the most important gap in this field of
research is a lack of comprehensive studies, i.e., studies that provide global coverage, that consider all
components of fossil fuel dependence, and that include all fossil fuels. More specifically:
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•

•

•

There appear to be no recent, comprehensive studies of all components of fossil fuel dependence,
even for a single country or region. This is particularly important because current fossil fuel prices
are far higher than what has been assumed in most studies, even those completed just 4‐5 years ago.
There is insufficient analysis of this issue at the global level. Unlike adaptation, studies of fossil fuel
dependence are focused mainly on specific countries or regions. This is particularly important
because some costs of fossil fuel dependence in some countries are offset by gains in other countries
(e.g., financial flows out of importing countries and into exporting countries).
Most studies focus, not surprisingly, on oil dependence, and specifically on the macroeconomic and
military costs. In contrast, there is relatively little analysis of coal and natural gas dependence, even
though coal dependence costs in particular appear quite large given the environmental and public
health impacts of coal mining and combustion. The data reviewed here suggests that the externality
costs of coal exceed its market value, such that fully incorporating these costs would more than
double its price, at least in the United States.

High Uncertainty in Climate Change Adaptation, Damages and Fossil Fuel Dependence
Costs
As noted above, there are large uncertainties remaining in quantitative estimates of climate change
adaptation and damages and fossil fuel dependence costs. The specific challenges are outlined below.
Climate Change Adaptation and Damage Costs
• Studies use methodologies that differ greatly in terms of the format of the results, timeframes of
the analysis, definitions of the climate scenarios (e.g., stabilization level, rate at which mitigation
is implemented), adaptation definitions (e.g., types of measures included and the rate at which
they are implemented), and sectors covered.
• As a result, there is limited ability to meaningfully calibrate results across different studies. In
particular, there is a need for calibrating top‐down I&FF and IAM work (which tend to have
broad geographic coverage) with bottom‐up empirical studies (which tend to be more narrowly
focused on individual countries or regions).
• The damage functions in IAMs need significant updating based on the latest research.
• Many studies only look at adaptation costs in the context of a single future scenario (e.g., a 2°C
warming scenario) without comparing it to adaptation costs under a reference scenario (e.g.,
projected warming under current policies).
• While adaptation is widely studied, additional efforts are needed with regard to damages.
• There is a lack of analyses that contain internally consistent coverage of mitigation, adaptation,
and damages although this now appears to be an active area of research.
Fossil Fuel Dependence Costs
• More work is needed to provide global, comprehensive estimates across the different types of
fossil fuel dependence costs.
• There is the general problem of trying to determine the proportion of military spending that is
attributable to securing energy supplies.
• There does not appear to be studies that look at the reduction of fossil fuel dependence costs that
would come from mitigation scenarios.

The Role of Renewable Energy
There is a strong case to be made that mitigation is the preferred option for addressing climate change.
Moreover addressing climate change with RE and EE will also yield significant reductions in fossil fuel
dependence costs. Still, the question of what represents the optimal mix of mitigation options remains
an open one. While a portfolio of technologies will clearly be needed, RE has a leading role to play. IEA
(2010a) and IEA (2010b) both provide projections of the relative contributions of different mitigation
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options for energy‐related CO2 reductions. In the IEA (2010a), RE is second only to EE in terms of its
energy‐related CO2 abatement (Figure 4). Moreover, carbon capture and sequestration (CCS), which rises
in importance beyond 2020, remains an unproven technology today. While it is not unreasonable to
assume that CCS will be available after 2020, the relative risks of RE are much lower at the present time.
In IEA (2010b) (Figure 5), the situation is similar, although CCS rises in importance even more in the out‐
years to provide slightly more overall abatement that RE. Nevertheless, RE’s abatement occurs earlier in
time, which may have greater overall value from the perspective of limiting temperature rise due to the
cumulative effect of emissions on temperature.
For the RETD ACES scenario, similar data were not developed on the specific contribution of different
energy resources to abatement, but in that scenario, RE becomes the dominant energy source after about
2030, suggesting that it, along with EE, has a major, if not the most important, role to play, in mitigation.
Figure 4: World energy‐related CO2 emissions savings in the World Energy Outlook 2010 450 Policy
Scenario
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Source: World Energy Outlook 2010 (IEA, 2010a), Figure 13.9.

Figure 5: World energy‐related CO2 emissions savings in the Energy Technology Perspectives 2010
BLUE Map Scenario

Source: Energy Technology Perspectives 2010 (IEA 2010b) Figure 2.2.
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In addition to its important role to play in mitigation, RE has other benefits related to adaptation and
fossil fuel dependence that other options may not. Developing countries currently suffer from
insufficient investment in basic infrastructure and services, which, among other things, leaves them
more vulnerable to the impacts of climate change. RE has the potential to provide some of those basic
services, and in a climate‐resilient way. Thus, RE could help fill the “adaptation deficit” talked about in
some reports and do so in a way that also provides basic economic development and access to
sustainable energy.
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5. Conclusions and Next Steps
In this report, Navigant has reviewed the “state of the science” on climate change adaptation costs,
climate change damages costs, and other fossil fuel dependence costs – collectively, what are termed the
“Costs of Inaction”. The available data do not provide a sufficient basis for determining the optimal mix
of investments in mitigation versus adaptation (which also assumes that some damages will need to be
absorbed). Nevertheless, the available data is sufficient to support decisive action on the side of climate
change mitigation and reducing fossil fuel dependence. In scenarios that consider this, renewable energy
plays a central role in meeting the GHG reduction targets of those scenarios. Thus, the question is not if
society can afford to make deep cuts in GHG emissions – with RE playing a central role – but how to
create an energy system where the strategic and security imperatives are well aligned with the
financial risks and rewards for those who would make the necessary investments. This remains a
formidable challenge for several reasons:
•

•

•

•

•

•

Despite the progress made in recent years, studies on adaptation, damages and fossil fuel
dependence are of only limited value to decision‐makers because:
o Each study only tells part of the story.
o Making comparisons between studies is difficult, so it is difficult to draw meaningful
conclusions.
o There are wide ranges and large uncertainties in the estimates, particularly with regard to
climate change adaptation and damages.
o The available quantitative estimates are significant underestimates, which hampers the ability
to make the case for more decisive action on GHG reductions
o These studies are typically large and/or highly technical, and thus, the information is not
readily “accessible” to a more general audience or even to policymakers.
o To our knowledge, no integrated study has been performed to show the full comparison of
the Costs of Action to the Costs of Inaction
Regarding climate change, up to now there has been much more attention paid to mitigation – from
researchers, the press, the public, and other stakeholders – in part because information on
mitigation is more comprehensive (Agrawala, et al., 2010). Moreover, a broadly held view remains
that mitigation entails significant costs, when in fact, there is increasing evidence that these costs,
measured economy‐wide, are likely to be small or even negative.
At the same time, the costs of climate change adaptation/damages and fossil fuel dependence are
not well understood outside of the academic and policy research communities. This creates an
urgent need for better communication.
Unlike for mitigation, there is a lack of accepted metrics for assessing the effectiveness of
adaptation. With mitigation, cost of energy is a basic metric that most people can understand. But for
adaptation, economic metrics are more difficult to develop and existing monetary metrics alone, like
GDP loss, are inadequate. Moreover, non‐monetary metrics, such as the value of ecosystem
preservation, are difficult to develop.
The timeframe for the most significant climate change impacts is probably far out into the future
(beyond 2030), which challenges the case for immediate action, given the need for up‐front
investment and the many competing priorities of governments. (Conversely, fossil fuel dependence
costs are being incurred now, which may make the argument for action more compelling to the
general public.)
There are not enough suitable frameworks whereby entities making large investments in mitigation
efforts (e.g., RE deployment) can be rewarded (financially) from the resulting reductions in
adaptation and fossil fuel dependence costs.
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Therefore, even though we argue that there is already a strong case for moving from analysis to action,
there will still be significant benefits from improving the analysis, particularly as it relates to allocating
finite resources both between climate change adaptation and mitigation measures, and between
priorities within each of these areas. A major improvement would be to bring greater consistency to
studies that look, either separately or together, at all the variables in the equation: adaptation,
damages, fossil fuel dependence and climate change mitigation. This would include harmonizing:
•
•

•
•
•

Timeframes of analysis
Scenario assumptions
o Assumed GHG concentrations and associated temperature rise
o Regional impacts expected from climate change
o Adaptation definition in terms of the measures covered
o Schedule of mitigation action over time
o Schedule of adaptation action over time
Basic macroeconomic assumptions
Sector coverage
The development of proper baselines (e.g., to reflect the current underinvestment that exists in
developing countries)

Beyond developing a standardized approach, a significant overall modeling and analysis effort is
needed to develop a fully integrated assessment that would help policymakers understand all of the
trade‐offs in our energy choices.
Some of the research priorities include:
•

•
•
•
•
•
•
•

Having the climate impacts and modeling communities (e.g., the Integrated Assessment Modeling
Consortium of the Energy Modeling Forum) develop better estimates of climate adaptation and
damages functions that reflect the latest research and cover all economic sectors. This could include:
o Developing and implementing a consistent framework for analysis to enable comparisons
across studies and between mitigation costs and adaptation/damages costs and fossil fuel
dependence costs on an “apples‐to‐apples” basis.
o Filling in the missing sectors, regions and other impacts so often referred to in the various
analyses, to make them more comprehensive.
o Contributing to improvement in the quality of the adaptation/damage and fossil fuel
dependence cost data available to the groups modeling the energy system in detail.
Incorporating fossil fuel dependence costs into the IAM framework so that fully integrated
assessments covering mitigation, adaptation, damages and fossil fuel dependence is possible
Developing a method for incorporating the richness of analysis in energy system partial equilibrium
models into the comprehensiveness of IAMs
Initiating a research effort specifically designed to answer the question as to how much adaptation,
damages, and fossil fuel dependence costs would be reduced if significant mitigation was achieved
Starting an effort in the IAM modeling community to better model the linkages between sectors and
between mitigation, adaptation and damages
Incorporating risk and uncertainty into estimates of adaptation investments and potential damages
Finding ways to combine the richness of analysis in energy system partial equilibrium models and
the comprehensiveness of IAMs
Explicit accounting of subsidies provided to all segments of the energy industry (i.e., fossil, nuclear,
renewable, etc.), including direct and indirect subsidies (including special land use rights, insurance
exemptions, tax credits, etc.)
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Some outreach priorities include:
•

Communicating the results of this project to policymakers and other stakeholders outside the
academic and research communities, to address the knowledge gap. Given the complexity of the
subject matter, a major element of “making the case for action” has to be to communicate the results
in such as way that it will lead to action. This could include:
o Convening workshops targeted towards policymakers that conveys the message that energy
policy decisions need to be driven by the complete economic picture.
o Conducting a follow‐up study designed to illustrate the externality costs associated with
traditional energy generation technologies through the discussion and quantitative analysis
of recent catastrophic events (e.g., Fukushima Daiichi nuclear plant accident and the BP
blowout in the Gulf of Mexico).
Working to make adaptation, damages, fossil fuel dependence, and subsidies part of basic policy
analysis and decision making, not just for the energy system, but also for other critical policy areas, such
as land use, infrastructure, agriculture, forestry, tourism, transport and public health.
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7. Glossary
CCS: carbon capture and sequestration
Climate change adaptation costs: Costs incurred to adapt to the impacts of climate change, such as
infrastructure hardening, flood protection, and increased use of irrigation for agriculture
Climate change damages costs: Costs that cannot be avoided due to investments in adaptation, or
because one chooses not to incur adaptation costs. In scenarios with adaptation and/or mitigation, the
remaining damages are also sometimes called “residual damages”.
Climate change mitigation costs: Costs to reduce greenhouse gas emissions and to limit the amount of
climate change
COP 15: Conference of the Parties 15. This was the annual meeting of the UNFCCC that took place in
Copenhagen in December 2009.
EE: Energy efficiency
ETP: Energy Technology Perspectives, a biennial publication of the IEA
ETSAP: Energy Technology Systems Analysis Program. An Implementing Agreement of the IEA
focused on energy system model development.
Fossil fuel dependence costs: Costs incurred due to the use of fossil fuels, other than the direct costs of
procuring them, such as health impacts of fossil fuel combustion and macroeconomic impacts of oil price
shocks.
GDP: Gross Domestic Product
GHG: greenhouse gases
IAMs: Integrated assessment models, a type of computer model used to estimate climate change
adaptation, damages, and mitigation costs.
IEA: International Energy Agency
IPCC: Intergovernmental Panel on Climate Change
kWh: kilowatt‐hour
OECD: Organization for Economic Cooperation and Development
O&M: Operations and Maintenance
ppm: parts per million
ppm CO2‐eq: parts per million carbon dioxide‐equivalent. A measure of GHG concentrations in the
atmosphere that expresses the effects of all GHGs in equivalent amounts of CO2.
46 of 103
IEA‐RETD ‐ Climate Change Adaptation, Damages and Fossil Fuel Dependence ‐ July 2011

PV: Photovoltaic
RE: Renewable energy
RETD: Renewable Energy Technology Deployment, an Implementing Agreement of the IEA
RETD ACES Scenario: RETD Achieving Climate and Energy Security, a 400 ppm CO2‐eq climate
mitigation scenario modeled by the RETD and ETSAP.
SRES: the IPCC Special Report on Emissions Scenarios
TIAM: Times Integrated Assessment Model: the partial equilibrium energy system model used in the
RETD ACES Scenario
The cost of action: Climate change mitigation costs
The cost of inaction: These costs are defined as the costs incurred by not addressing climate change and
fossil fuel dependence, and include climate change adaptation costs, climate change damage costs (costs
that cannot be eliminated via adaptation).
UNFCCC: United Nations Framework Convention on Climate Change
WEM: World Energy Model: the partial equilibrium energy system model used by the WEO
WEO: World Energy Outlook, an annual publication of the IEA.
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Climate Change Adaptation and Damages
Table 8. Summary of Reports on Climate Change Adaptation and Damages Costs
Study

Region

Sectors

Parry, et al.
(2009)

Global

Agriculture, Forestry,
Fisheries, Water,
Human Health, Coastal,
Infrastructure,
Ecosystems

IPCC (2007)

Global

Coastal, Agriculture,
Infrastructure, Energy
Demand

2007-2030

European
Commission
(2009)

European
Union

Agriculture, Water,
Human Health, Coastal,
Tourism

2020s and 2080s

Global

Agriculture, Forestry,
Fisheries, Water,
Human Health, Coastal,
Infrastructure, Tourism,
Energy

Present - 2030

OECD (2008)

de Bruin, et
al. (2009)

Agrawala, et
al. (2010)

Stern, 2006

Timeframe
• 2007-2030
• 2050 and 2080
analyses
performed for
Water and Coastal
impacts

This is an evaluation of estimates of the
costs of adaptation made in UNFCCC
(2007) and other studies. The costs have
been used as the basis for discussion
regarding the levels of investment needed
for adaptation to climate change.
The report reviews numerous expert
studies, and the underlying methodology is
different for each of the papers reviewed in
this report.
The study used a computable general
equilibrium (CGE) model (the GEM-E3
Europe model), which individually modeled
most EU countries.
This report reviews the results of several
other studies from the 2006-2007
timeframe. The methodology for each report
reviewed varies, but they are generally
described as “empirical estimates”.

Global

No sectoral breakdown

1990-2100

Two existing Integrated Assessment Models
(IAMs) were modified to incorporate
adaptation as a policy variable, creating the
AD-DICE and AD-RICE models, and then
checked against the original RICE and
DICE models.

Global

Settlement, Ecosystem,
Energy Demand,
Agriculture, Water,
Infrastructure, Coastal
Protection, Health

2010-2100

The report examines adaptation, mitigation
and damages using three IAMs that were
modified to include adaptation options: ADDICE, AD-RICE and AD-WITCH.

Global

Water and Infrastructure
are highlighted, but the
sectors are generally
unspecified

2006-2200

This report uses the PAGE2002 Integrated
Assessment Model. Using multiple model
runs, the author obtains a probability
distribution of global income pathways net
of climate change damage and adaptation
costs.

Tol (2009)

Global

No sectoral breakdown

To 2100

UNFCCC
(2009)

Global

Infrastructure, Coastal,
Water, Agriculture,
Forestry, Fisheries,
Human Health, Weather

2020s to 2100

World Bank
(2010)

General Methodology

Developing
Countries

Infrastructure, Coastal,
Water, Agriculture,
Forestry, Fisheries,
Human Health, Weather

2010-2050

The report reviews 13 reports which
estimate climate change impacts regionally
and globally, as % of GDP. The author
aggregates regional results to obtain global
results when not available.
This paper conducts a meta-analysis of the
literature on the economics of adaptation,
determining the key methodological issues
as well as the strengths and weaknesses of
the studies.
The authors used a dynamic CGE model,
which modeled the market for each industry
considered and estimated the economic
impacts. No cross-sectoral analysis was
performed. Adaptation actions were
selected to oﬀset the predicted impacts and
to restore welfare in each of the major
economic sectors analyzed. The costs of
these actions and the costs of changes in
the frequency of extreme weather events
were also estimated. The total benefits of
the actions were subtracted from the
damage costs calculated in the CGE model.
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Report Title
Authors

Publication
Date
Summary

Overall
Conclusions

Underlying
Studies (if
meta‐
analysis)

Geographic
Scope
Timeframe
of Analysis

29

Assessing the Costs of Adaptation to Climate Change: A Review of the UNFCCC and
Other Recent Estimates (Parry, et al., 2009)
Martin Parry, Nigel Arnell, Pam Berry, David Dodman, Samuel Fankhauser, Chris
Hope, Sari Kovats, Robert Nicholls, David Satterthwaite, Richard Tiffin, Tim Wheeler,
International Institute for Environment and Development (IIED), Grantham Institute for
Climate Change, Imperial College London.
August 2009
Several recent studies have reported adaptation costs for climate change, including for
developing countries. They have similar‐sized estimates and have been influential in
discussions on this issue. However, the studies have a number of deficiencies which
need to be transparent and addressed more systematically in the future. A re‐
assessment of the United Nations Framework Convention on Climate Change
(UNFCCC)29 estimates for 2030 suggests that they are likely to be substantial under‐
estimates. The purpose of this report was to illustrate the uncertainties in these
estimates rather than to develop new cost estimates.
1) The UNFCCC report concluded that total funding needed for adaptation by 2030
could amount to $49‐$171 billion per annum globally, of which $27‐$66 billion
would be required in developing countries.
2) The UNFCCC has underestimated the costs of climate change adaptation by a factor
of 7‐8 (2‐3 times for the sectors included, plus additional underestimates because not
all sectors were included)
3) The hardest hit sector is infrastructure, and even investment in adaptation will not
avoid all damages to infrastructure caused by climate change. Infrastructure was
not explicitly defined in this report, but states that they adopt the World Bank (2006)
methodology.
UNFCCC (2007), Investment and Financial Flows to Address Climate Change. Bonn: Climate
Change Secretariat.
The report also reviewed:
1) World Bank (2006), Investment Framework for Clean Energy and Development.
Washington DC.
2) Stern, N. (2006), Stern Review: Economics of Climate Change. Cambridge University
Press, Cambridge.
3) Oxfam (2007), Adapting to Climate Change. What is Needed in Poor Countries and Who
Should Pay? Oxfam Briefing Paper 104.
4) UNDP (2007), Human Development Report 2007/08. Palgrave McMillan, New York.
Global
•
•

2007‐2030
2050 and 2080 analyses performed for Water and Coastal impacts

UNFCCC (2007), Investment and Financial Flows to Address Climate Change. Bonn: Climate Change Secretariat.
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Report Title
Climate
Scenarios
Considered

Is Study
Empirical or
Theoretical?
Are Costs
Real or
Nominal?
Are Costs
Annual?
Analytical
Methodology

30

Assessing the Costs of Adaptation to Climate Change: A Review of the UNFCCC and
Other Recent Estimates (Parry, et al., 2009)
This report illustrates uncertainties of the UNFCCC estimates (SRES A1 and B1, as
defined by the Intergovernmental Panel on Climate Change, or similar scenarios).
According to the IPCC, the A1 scenario a future world of very rapid economic growth,
global population that peaks in mid‐century and declines thereafter, and rapid
introduction of new and more efficient technologies, while the B1 storyline shows a
convergent world with the same global population as in the A1 storyline but with rapid
changes in economic structures toward a service and information economy, with
reductions in material intensity, and the introduction of clean and resource‐efficient
technologies.30
Actual temperature rise is not indicated, as the SRES scenarios apply across temperature
increases of 0.5‐5.0°C.
The underlying studies are theoretical.

Costs are nominal.

The costs provided are annual cost for the year 2030.
This is an evaluation of estimates of the costs of adaptation made by the UNFCCC in
2007. The costs have been used as the basis for discussion regarding the levels of
investment needed for adaptation to climate change. The UNFCCC report made the
following assumptions:
1) Agriculture, forestry and fisheries: The agriculture estimate consists of three distinct
cost items: extra capital investment at farm level, the need for better extension
services at country level and the cost of additional global research (e.g. on new
cultivars).
2) Water supply: The water estimate considers the effect of additional water demand
and changes on the supply side. Investment decisions are made in anticipation of
2050 water needs.
3) Human health: The health estimates are the extra prevention costs for three health
issues: malnutrition, malaria and diarrhea. The health impacts are based on the
Global Burden of Disease study.
4) Coastal Habitation: Coastal protection costs are based on the DIVA model, which
considers a limited set of adaptation options that are applied globally. Uniquely, the
coastal estimate considers both adaptation costs and residual damages. For long‐life
defense infrastructure, investments are made in anticipation of sea‐level rise in 2080.
5) Infrastructure: The infrastructure estimate adopts the World Bank‘s methodology,
using insurance data to determine the share of climate‐sensitive investment, and
applying a percentage increase on current infrastructural investment to suggest
additional costs for climate‐proofing new infrastructure.
6) Ecosystems: An indication of adaptation costs for ecosystems was derived from the
costs of increasing protected areas to at least 10% of the land area of each nation or
ecosystem, although it was not possible to split this into baseline costs of meeting
current deficits and incremental adaptation.

http://sedac.ciesin.columbia.edu/ddc/sres/
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Report Title
Sectoral
Impacts

Report
Strengths
Report
Weaknesses

Assessing the Costs of Adaptation to Climate Change: A Review of the UNFCCC and
Other Recent Estimates (Parry, et al., 2009)
1) Agriculture, Forestry, and Fisheries: The UNFCCC estimate of $11.3–12.6 billion for
adaptation costs is a reasonable first approximation, but IIED expects the estimate of
adaptation costs for agriculture, forestry and fisheries to increase. About 80% of the
cost of potential impacts could be avoided from the $11.3‐12.6 billion adaptation
investment, but about 20% may not be affected at all by adaptation measures.
2) Water: The use of an average climate change scenario rather than an ensemble
which describes the range of possible impacts has probably led the UNFCCC to
under‐estimate the costs of providing for the full range water storage need.
3) Human Health: The UNFCCC’s estimates of adaptation include scenarios for
diarrheal diseases, malaria, and malnutrition. The UNFCCC study may be under‐
estimating the effects and costs of climate change in part because of the assumed
decline in incidence of disease as population numbers increase, as the study
assumes that the number of cases of disease will remain the same.
4) Coastal Habitation: The UNFCCC report did not take into account the uncertainties
of sea‐level rise and ecological conservation, which could lead to costs double or
triple those reported by UNFCCC, or around $2‐3 billion per year.
5) Infrastructure: The UNFCCC estimates that adaptation costs for infrastructure range
from $8‐130 billion, depending on assumptions made regarding all extreme‐weather
disasters. For the years 1996‐2005, the weather‐related disasters cost about $50
billion per year in damages, which is a reasonable approximation of weather
impacts that are not currently avoided by adaptation.
6) Ecosystems: The study supports the UNFCCC conclusions of $65–80 billion reflects
the range of probable adaptation costs for protected areas, including both terrestrial
and marine environments and that adaptation costs for non‐protected (non‐PAN)
areas should be included and could amount to about $290 billion. Seeing as the
UNFCCC report on global adaptation costs for ecosystems did not include the costs
of enhanced conservation, this study concludes that this is an important source of
under‐estimation, though the contribution to the underestimation provided by this
omission has not been estimated by the authors.
This report draws attention to significant limitations and gaps in assumptions in the
UNFCCC report, which are specified below.
1) Weaknesses of UNFCCC Report:
a) Several key sectors, including mining and manufacturing, energy, retailing, and
tourism, were not included.
b) Cost estimates for ecosystems, although made, were left out of the final table
showing total costs, due to lack of sufficiently robust information.
c) In human health, just three areas of impact, where there were sufficient
estimates, were considered. This suggests that some costs have been omitted.
d) Adaptation costs for health effects in high‐income countries were not estimated.
e) Absence of case studies to test the top‐down form of UNFCCC analysis
2) Weaknesses of IIED Report:
a) The report states that the UNFCCC estimate of investment needs is probably an
under‐estimate by a factor of between 2 and 3 for the included sectors, and
higher overall since not all sectors were covered. However, although the types
of gaps were discussed, quantitative estimates of many of the omissions
identified were not offered.
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Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change (IPCC, 2007).
Neil Adger, Pramod Aggarwal, Shardul Agrawala, Joseph Alcamo, Abdelkader Allali,
Oleg Anisimov, Nigel Arnell, Michel Boko, Osvaldo Canziani, Timothy Carter, Gino
Casassa, Ulisses Confalonieri, Rex Victor Cruz, Edmundo de Alba Alcaraz, William
Easterling, Christopher Field, Andreas Fischlin, Blair Fitzharris, Carlos Gay García, Clair
Hanson, Hieo Harasawa, Kevin Hennessy, Saleemul Huq, Roger Jones, Lucka Kajfež
Bogataj, David Karoly, Richard Klein, Zbigniew Kundzewicz, Murari Lal, Rodel Lasco,
Geoff Love, Xianfu Lu, Graciela Magrín, Luis José Mata, Roger McLean, Bettina Menne,
Guy Midgley, Nobuo Mimura, Monirul Qader Mirza, José Moreno, Linda Mortsch,
Isabelle Niang‐Diop, Robert Nicholls, Béla Nováky, Leonard Nurse, Anthony Nyong,
Michael Oppenheimer, Jean Palutikof, Martin Parry, Anand Patwardhan, Patricia
Romero Lankao, Cynthia Rosenzweig, Stephen Schneider, Serguei Semenov, Joel Smith,
John Stone, Jean‐Pascal van Ypersele, David Vaughan, Coleen Vogel, Thomas Wilbanks,
Poh Poh Wong, Shaohong Wu, Gary Yohe
2007
Observational evidence from all continents and most oceans shows that many natural
systems are being affected by regional climate changes, particularly temperature
increases. The authors assess the regional impacts and suggest adaptive responses.
1) Impacts will vary regionally but are likely to impose net annual costs overall, which
will increase over time as global temperatures increase.
2) For temperature increases of less than 1‐3°C above 1990 levels, some impacts are
projected to produce benefits in some places and some sectors, and produce costs in
other places and other sectors.
3) For increases in temperature greater than about 2‐3°C, it is very likely that all
regions will experience either declines in net benefits or increases in net costs.
4) Global mean losses could be 1‐5% GDP for 4°C of warming, while developing
countries are expected to experience larger percentage losses.
5) A wide array of adaptation options is available, but more extensive adaptation than
is currently occurring is required to reduce vulnerability.
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Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change (IPCC, 2007).
1) Adams, R.M., B.A. McCarl and L.O. Mearns, 2003: The effects of spatial scale of climate
scenarios on economic assessments: An example from U.S. agriculture. Climatic Change,
60, 131‐148.
2) Butt, A.T., B.A. McCarl, J. Angerer, P.T. Dyke and J.W. Stuth, 2005: The economic and
food security implications of climate change. Climatic Change, 68, 355‐378.
3) Callaway, J.M., D.B. Louw, J.C. Nkomo, M.E. Hellmuth and D.A. Sparks, 2006: The
Berg River Dynamic Spatial Equilibrium Model: A New Tool for Assessing the Benefits and
Costs of Alternatives for Coping With Water Demand Growth, Climate Variability, and
Climate Change in the Western Cape. AIACC Working Paper 31, The AIACC Project
Office, International START Secretariat, Washington, District of Columbia, 41 pp.
4) Dore, M. and I. Burton, 2001: The Costs of Adaptation to Climate Change in Canada: A
Stratified Estimate by Sectors and Regions – Social Infrastructure. Climate Change
Laboratory, Brock University, St Catharines, Ontario, 117 pp.
5) Fankhauser, S., 1995a: Protection versus retreat: the economic costs of sea‐level rise.
Environ. Plann. A, 27, 299‐319.
6) Franco, G. and A. H. Sanstad, 2006: Climate Change and Electricity Demand in
California. White Paper, CEC‐500‐2005‐201‐SF, February 2006, California Climate
Change Center, Sacramento, California, 40 pp.
7) Kirshen, P., M. Ruth, W. Anderson and T.R. Lakshmanan, 2004: Infrastructure
systems, services and climate changes: Integrated impacts and response strategies for the
Boston Metropolitan area. Climate’s Long‐term Impacts on Metro Boston (CLIMB)
Final Report August 13, 2004.
8) Mansur, E.T., R. Mendelsohn and W. Morrison, 2005: A Discrete‐Continuous Choice
Model of Climate Change Impacts on Energy. Social Science Research Network, Yale
School of Management Working Paper No. ES‐43, Yale University, New Haven,
Connecticut, 41 pp.
9) Morrison, W. and R. Mendelsohn, 1999: The impact of global warming on U.S. energy
expenditures. The Impact of Climate Change on the United States Economy, R.
Mendelsohn and J. Neumann, Eds., Cambridge University Press, Cambridge, 209‐
236.
10) Nicholls, R.J. and R.S.J. Tol, 2006: Impacts and responses to sea‐level rise: A global
analysis of the SRES scenarios over the 21st Century. Philos. T. Roy. Soc. A, 364, 1073‐
1095.
11) Reilly, J., F. Tubiello, B. McCarl, D.Abler, R. Darwin, K. Fuglie, S. Hollinger, C.
Izaurralde, S. Jagtap, J. Jones, L. Mearns, D. Ojima, E. Paul, K. Paustina, S. Riha, N.
Rosenberg and C. Rosenzweig, 2003: U.S. agriculture and climate change: new results.
Climatic Change, 57, 43‐69.
12) Rosenzweig, C. and M.L. Parry, 1994: Potential impact of climate change on world food
supply. Nature, 367, 133‐138.
13) Sailor, D.J. and A.A. Pavlova, 2003: Air conditioning market saturation and long term
response of residential cooling energy demand to climate change. Energy, 28, 941‐951.
14) Yohe, G.W. and M.E. Schlesinger, 1998: Sea‐level change: The expected economic cost of
protection or abandonment in the United States. Climatic Change, 38, 447‐472.
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Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change (IPCC, 2007).
Global impacts are examined:
1) Africa is particularly vulnerable as there is minimal ability to adapt, while there are
various stressors contributing to climate change. Some adaptation is currently
taking place, but may be insufficient for future climate change.
2) Asia is experiencing rapid urbanization, which increases the use of fossil fuels,
causing deterioration of the environment. While the economy develops, adaptation
measures must keep up with the rapid pace of development.
3) Australia and New Zealand, with developed economies and scientific capabilities,
are well‐suited to invest in social adaptive capacity. However, these regions are
subject to extreme weather events, which are not responsive to adaptive measures.
4) Europe’s economy will experience a decrease while increasing regional differences.
5) Latin America’s environment will be at risk to lose water availability and
biodiversity due to lack of infrastructure and adaptive capacity.
6) North America will likely experience varied regional differences, though the
majority will be vulnerable to climate change and severe losses, particularly if
extreme weather events increase in frequency and intensity and adaptation levels
remain low.
7) Polar Regions may experience a mix of impacts, both positive and negative.
Detrimental impacts include those on infrastructure and traditional indigenous
ways of life, while beneficial impacts include reduced heating costs and more
navigable northern sea routes.
6) Small islands will be particularly vulnerable to sea‐level rise and extreme events
that may reduce the tourism income that is dependent on beaches.
2007‐2030
The authors used the IPCC Special Report on Emissions Scenarios (SRES; Nakićenović
and Swart, 2000) A1FI, A2, B1, and B2 scenarios, which include a 2‐4.5°C temperature
increase above pre‐industrial levels by 2050.
A1FI
A2
B1
B2
Global temperature change (°C
3.97
from the 1961‐1990 period)
This report is based on theoretical modeling.

3.21 ‐
3.32

2.06

2.34 ‐
2.4

Costs provided are real, normalized to 2005 U.S. dollars.

All costs provided are summed to total costs.
The report evaluates evidence of climate change impacts; assesses future impacts;
considers responses through adaptation; explores trade‐offs between adaptation and
mitigation; and evaluates key vulnerabilities. The report reviews numerous expert
studies, and the underlying methodology is different for each of the papers reviewed in
this report.
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Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change (IPCC, 2007).
The report examined impacts to many sectors. Only some reports provided quantitative
impacts, which are reported below:
7) Coastal Resources: Tol (2002) estimates the global protection costs at USD $1,055
billion for a sea‐level rise of 1 meter.
8) Agriculture: Adaptation measures can adjust annual average yield as well as reduce
fluctuations in agricultural yields as a result of climate variability, increasing yields
by over $1.0 billion (2000 values). For the nation of Mali, Butt et al. (2005) found that
adaptation measures could reduce the variability in welfare by up to 84%. The costs
of adaptation were not included by the authors of this study.
9) Infrastructure: In the water sector, potential adaptation strategies include building
new treatment plants, improving efficiency of actual plants or increasing retention
tanks. Dore and Burton (2001) estimated that adaptation costs for these measures
could be as high as Canadian $9.4 billion for a city like Toronto if extreme events are
considered. The same report also estimates that replacing all ice roads in Canada
would cost around Canadian $908 million. However, the study also points out that
decrease of permafrost levels would reduce road building costs and that the costs of
winter control, such as snow clearance, sanding, and salting, are generally expected
to decrease as temperature rises.
10) Energy Demand: Energy demand studies were only performed for the United
States, assuming increased cooling and reduced heating. Morrison and Mendelsohn
(1999) estimated American net adaptation costs in the range of $1.9‐12.8 billion by
2060. In particular, changes in building stocks, specifically increases in cooling
capacity, contributed to the increase in energy expenditure by $3 billion to $11.5
billion. Mansur et al. (2005) meanwhile, estimated increased energy expenditures
for the United States ranging from $4 to 9 billion for 2050, and between $16 and 39.8
billion for 2100.
1) This report brought together world experts to draw on a number of separate,
independent published studies, including country‐specific studies, to draw its
conclusions.
2) The report examines regional effects of adaptation or lack or adaptation.
1) Several sectors, including forestry, fisheries, human health, ecosystems, mining and
manufacturing, retailing, and tourism, were not included in the economic estimates.
2) No overall conclusions on the studies assessed were made, and few quantitative
results were provided.
3) The study did not include major analyses such as the Stern Report.
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Climate change impacts in Europe: Final report of the PESETA research project
(European Commission, 2009)
Juan‐Carlos Ciscar (editor), JRC European Commission
1) Scientific coordination: Juan‐Carlos Ciscar (Institute for Prospective Technological
Studies‐Joint Research Center, IPTS‐JRC), Antonio Soria (IPTS‐JRC).
2) Climate scenarios: Clare M. Goodess (Climatic Research Unit, University of East
Anglia), Ole B. Christensen (Danish Meteorological Institute).
3) Agriculture study: Ana Iglesias (Department of Agricultural Economics and Social
Sciences, Polytechnic University of Madrid), Luis Garrote (Department of Civil
Engineering, Polytechnic University of Madrid), Marta Moneo (Potsdam Institute
for Climate Impact Research, PIK), Sonia Quiroga (Department of Statistics, Alcala
University).
4) River flood study: Luc Feyen (Institute for Environment and Sustainability‐Joint
Research Center, IES‐JRC), Rutger Dankers (Met Office Hadley Centre).
5) Coastal systems study: Robert Nicholls (School of Civil Engineering & the
Environment, University of Southampton), Julie Richards (ABP Marine
Environmental Research Ltd), Francesco Bosello (Milan University, FEEM), Roberto
Roson (Ca’Foscari University).
6) Tourism study: Bas Amelung (ICIS, Maastricht University), Alvaro Moreno (ICIS,
Maastricht University).
7) Human health study: Paul Watkiss (Paul Watkiss Associates, PWA), Alistair Hunt
(Metroeconomica), Stephen Pye (AEA Technology), Lisa Horrocks (AEA
Technology).
8) Integration into the general equilibrium model: Juan‐Carlos Ciscar (IPTS‐JRC),
László Szabó (IPTS‐JRC), Denise van Regemorter (IPTS‐JRC), Antonio Soria (IPTS‐
JRC).
2009
The study estimates climate change impacts in Europe on five impact categories:
agriculture, river floods, coastal systems, tourism and human health. The analysis
enables a comparison between the impact categories and offers insight into the relative
magnitude of impacts. The results provide the first regionally‐focused multi‐sectoral
integrated estimates of impacts to the European economy.
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Climate change impacts in Europe: Final report of the PESETA research project
(European Commission, 2009)
1) The study evaluated future climate change scenario impacts on the current
economy. Two time frames were considered: the 2020s and the 2080s. According to
the authors, “Without public adaptation to climate change and if the climate of the
2080s occurred today, the annual damage of climate change to the EU economy in
terms of GDP loss is estimated to be between €20 billion for the 2.5°C scenario and
€65 billion for the 5.4°C scenario [with high sea level rise]. Damages would occur
mainly in the Southern Europe and Central Europe North regions.” These damages
cover agriculture, water, coastal systems and tourism.
2) Southern Europe and Central Europe North are predicted to experience the most
severe damages.
3) The following are the EU total damage costs through 2080 with the ranges
accounting for the differences in the 2.5°C scenario and the 5.4°C scenario with high
sea level rise:
a) Southern Europe is expected to experience the highest damages of 0.2% to
1.4% of the GDP, with decreases in tourism revenue up to €5 billion/year.
Decreases in other sectors, including agriculture, are also anticipated.
b) Central Europe: The southern region expects to see losses between ‐0.05%
(i.e., a savings) and 0.3% in damages, with the greatest costs coming from
river flooding damage and agriculture. The northern region would
experience losses between 0.4% and 0.7% of the GDP in damages, with
major losses from coastal systems and river flooding (up to €5 billion/year).
However, the tourism sector in both regions is expected to benefit from
changes in climate.
c) The British Isles are expected to suffer similar losses as Central Europe, with
the exception of the 5.4°C scenario with high sea level rise, where the losses
would reach 0.4% of the GDP in damages. The coastal habitation and river
flooding impacts are more negatively severe, while the tourism sector is
anticipated to improve up to an additional €4.5 billion increase compared to
2005.
d) Northern Europe is the only region anticipated to benefit economically,
with welfare gains ranging between 0.7% and 1% of the GDP, primarily due
to the large positive impacts in the agricultural sector, fewer river flood
damages and higher tourism revenues, despite potential high damage costs
in coastal regions.
This scope of this report is limited to the nations of the European Union.
Five different scenarios are included: The 2020s are studied with one climate scenario.
For the 2080s, four future climate scenarios are considered to reflect the uncertainty
associated with the driving forces of global emissions and the sensitivity of climate
models to GHG concentration. The cost impacts outlined in the report relate to the
2080s.
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Climate change impacts in Europe: Final report of the PESETA research project
(European Commission, 2009)
Two global socioeconomic scenarios are selected from the IPCC SRES report: the high‐
emission A2 scenario and the lower‐emission B2 scenario. For each socioeconomic case,
climate scenario output from two state‐of‐the‐art regional climate models (RCMs),
nested within a global circulation model (GCM), are used, from the EC‐funded
Prudence project. The authors do not specify a temperature increase for the 2020
scenario. The four 2080s scenarios are classified by the EU temperature increase: 2.5°C,
3.9°C, 4.1°C and 5.4°C. Compared to the preindustrial level, the global temperature
increase of the scenarios are in a range between 2.6°C and 3.4°C.
This is a theoretical study.

The costs provided are nominal.

Some costs provided are annual. The costs are noted as either annual (per year) or total
(cumulative).
Three steps were followed in the integration of the data and models:
1) Daily and 50 x 50 km resolution (approximately the size of London) climate data
are selected for a series of future climate scenarios.
2) These data serve as input to run the physical impact models for the five impact
categories.
3) The market impact categories and their associated direct economic effects are
introduced into a computable general equilibrium (CGE) model, the GEM‐E3
Europe model, which individually modeled most EU countries.
1) Agriculture: In the 2020s scenario, the EU is expected to increase yield by ~15%,
though a 5.4°C increase could result in lower yields by 10% in the 2080 scenario.
2) Water: The expected river flooding damage costs in the 2080s are anticipated to be
anywhere from €7.7 to €15 billion, depending on the temperature increase (from 2.5‐
5.4°C), more than doubling the annual average from 1961‐1990. The figures below
are relative to the 1961‐1990 average.
3) Human Health: Two approaches were used in determining heat‐related effects in
2020: under the value of a life year lost (VOLY) method, costs come to €13 billion,
while the VSL approach results in €30 billion of costs assuming no physiological
acclimatization. Benefits from reductions in cold‐related deaths are €23‐46 billion
under VOLY and €55‐110 billion under VSL. The authors caution against creating
net economic impact summaries for the human health category due to high levels of
uncertainty.
4) Coastal Habitation: Adaptation costs in the 2020s range from €305 to 1,013
million/year. Adaptation costs in the 2080s range from €271 to 2,608 million/year.
5) Tourism: European tourism is expected to remain relatively constant, though
regional variation and re‐distribution of income is anticipated.
1) This report clearly explains its methodology for determining the cost to each of the
five sectors.
2) The report progresses understanding of the potential impacts of climate change on
the European environment, human health and economy with respect to different
sectors and geographical regions and offers relative comparisons among sectors.
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Climate change impacts in Europe: Final report of the PESETA research project
(European Commission, 2009)
1) This report does not consistently provide adaptation costs in the same units.
2) This report does not estimate impacts related to transport, energy, forestry,
ecosystems and biodiversity, infrastructure, and catastrophic events. Therefore, this
report underestimates the overall impacts of climate change in Europe.
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Economic Aspects of Adaptation to Climate Change: Costs, Benefits, and Policy
Instruments (OECD, 2008)
Shardul Agrawala and Samuel Fankhauser, editors, OECD.
2008
This report assesses adaptation costs and benefits in key climate sensitive sectors, as
well as across sectors at the local, national and global levels. It also discusses market and
regulatory mechanisms that can be used to incentivize adaptation actions.
Global adaptation costs are summarized from several reports. The calculated costs of
adaptation are widely dependent on the range of assumptions about what adaptation
measures are implemented.
Some of the concluding remarks of the report, verbatim, include:
1) Adaptation efforts need to rest on a sound economic basis.
2) Sectoral adaptation costs and benefits estimates are available, but their coverage is
uneven.
3) Some adaptations can be implemented at low cost but others, such as infrastructural
measures, will require significant investment.
4) Global studies of adaptation costs are also available, but face very serious
limitations.
5) Adaptation policy is about much more than costing and financing, establishing
incentives is also critical.
6) Insurance can incentivize adaptation if premiums are well designed; it is, however,
not a panacea.
7) Price signals and environmental markets can be used to promote adaptation actions
but may require adjustments to internalize adaptation benefits.
8) Public private partnerships can help provide infrastructure for adaptation and help
“climate‐proof” existing infrastructure.
9) The conclusions of the studies are provided below:
a) IFCED: $9‐$41 billion per year for developing countries
b) Stern: $4‐$37 billion per year for developing countries
c) IPCC WG II: no global estimate
d) Oxfam: at least $50 billion per year for developing countries, but the authors
stated that there is some double counting performed in this study.
e) UNFCCC: $28–$166 billion per year globally
f) UNDP: $86‐$109 billion per year for developing countries. The estimates include
costs for increased disaster response investments and additional climate‐
proofing.
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Economic Aspects of Adaptation to Climate Change: Costs, Benefits, and Policy
Instruments (OECD, 2008)
1) Investment Framework for Clean Energy and Development, The World Bank
(IFCED)31
2) The Stern Review (Stern)32
3) Intergovernmental Panel for Climate Change (IPCC) Working Group II Fourth
Assessment Report (no global estimate provided) (IPPC WG II)33
4) Studies on adaptation financing by the Oxfam (Oxfam)34
5) UNFCCC Study (UNFCCC)35
6) UNDP Human Development Report (UNDP)36
IFCED
Stern
IPCC WG II
Oxfam
UNFCCC
UNDP
Global,
Global,
Global
Global,
Global
Global,
emphasis on emphasis on
emphasis on
emphasis on
developing
developing
developing
developing
countries
countries
countries
countries
Present
Present
Present
Present
2030
2015
Not stated
in report

Not stated
in report

Not stated
in report

Not stated
in report

Not stated
in report

Not stated
in report

Empirical

Theoretical

Empirical

Empirical

Theoretical

Empirical

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Annual

Annual

No global
Annual
Annual
Annual
estimate
made
The methodology for each report reviewed varies. The report provides a critical
assessment of adaptation costs and benefits. First, empirical estimates of adaptation
costs and benefits are summarized. Next, cost estimates of priority adaptation actions
are assessed. Then, the results and underlying assumptions of adaptation costs are
evaluated. Finally, an overall assessment is offered of the key messages and strengths
and limits of the estimates.

World Bank (2007), “PPI in Developing Countries in 2006”, results from the PPI Project Database, World Bank,
Washington, DC, November.
32 Stern, N. (2006), “The Economics of Climate Change”, The Stern Review, Cambridge University Press, Cambridge.
33 IPCC (Intergovernmental Panel for Climate Change) (2007), “Climate Change 2007: Impacts, Adaptation and
Vulnerability”, Working Group II Contribution to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change, “Chapter 17: Assessment of Adaptation Practices, Options, Constraints and Capacity”, Cambridge
University Press, Cambridge.
34 Oxfam (2007), “Adapting to Climate Change: What’s Needed in Poor Countries, and Who Should Pay”, Oxfam
Briefing Paper 104.
35 UNFCCC (United Nations Framework Convention on Climate Change) (2007), “Investment and Financial Flows
to Address Climate Change”, background paper on analysis of existing and planned investment and financial flows
relevant to the development of effective and appropriate international response to climate change.
36 UNDP (United Nations Development Programme) (2007), “Fighting Climate Change: Human Solidarity in a
Divided World”, Human Development Report 2007/2008, Palgrave Macmillan, New York.
31
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Economic Aspects of Adaptation to Climate Change: Costs, Benefits, and Policy
Instruments (OECD, 2008)
1) Small Island States: These regions will experience increased coastal zone protection
costs. Under Nicholls and Tol (2006), adaptation costs are estimated to 5‐13.5% of
the national GDP for Micronesia in 2080, with the range coming from a group of
different climate scenarios.
2) Europe: This region is anticipated to spend $0.62‐1.79 billion annually on coastal
protection.
3) North America: This region is anticipated to spend $0.88‐2.02 billion annually on
coastal protection.
6) Coastal Habitation: Protection costs are often estimated to be less than 0.1% (or even
0.05%) of a country’s national GDP. Adaptation costs in coastal areas are often
higher, as the costs may be regionalized, rather than absorbed at the national level.
7) Agriculture, Forestry, and Fisheries: McCarl estimates that a $14.23 billion per year
investment will be required for agriculture, forestry and fisheries by the year 2030 in
the absence of climate change. Adaptation costs are expected to add up to ~10% of
that cost per year through 2030.
8) Water: Total adaptation costs may be as high as $531 billion through 2030, including
adaptation responses to both economic and climatic changes.
9) Energy: Morrison and Mendelsohn (1999) examined the U.S. energy demand impact
costs, disaggregating by sectors and fuel types. The authors concluded that there
were $1.93 billion (1990 USD) to $12.79 billion (1990 USD) in total net adaptation
costs through 2060.
10) Infrastructure: Satterthwaite (2007) provides a global estimate of infrastructure
adaptation costs, ranging from $7.8‐130 billion by the year 2030.
11) Tourism: Specific adaptation costs or damages for tourism were not mentioned in
this paper, although winter tourism is expected to see a decrease in revenue as
climate change occurs.
12) Public Health: Ebi (2007) estimates direct global adaptation costs in a bottom‐up
approach by investigating treatment costs of additional number of cases limited to
three health outcomes: diarrheal diseases, malnutrition and malaria, leading to a
cumulative global cost estimate of $4‐5 billion by 2030 with an upper bound cost
estimate of $11‐12.6 billion by 2030, with most of the costs incurred in developing
nations.
1) The report offers a summary and critical assessment of several of the leading studies
which estimate adaptation costs at the global and national levels for many major
sectors.
2) The report identifies the generic adaptation options (e.g., bear losses, modify the
threat (e.g., flood control)), identifies the range of policy instruments that can
facilitate adaptation in various sectors, and discusses incentives.
3) Biodiversity and ecosystem services are discussed but not quantified.
1) Results are often for specific countries, which cannot easily be extrapolated globally
or to other nations.
2) Increased visibility and emphasis are given to OECD and developed nations. While
global estimates of adaptation costs for developing nations are reviewed in the
report, few monetary costs are provided for developing countries.
3) Although caveats for adaptation cost estimates are provided, the report authors do
not take a position on whether the estimates provided in the reviewed reports are
high, low, or reasonable.
4) Specific climate scenarios on which the reports reviews are based are not provided.

63 of 103
IEA‐RETD ‐ Climate Change Adaptation, Damages and Fossil Fuel Dependence ‐ July 2011

Report Title
Authors
Publication
Date
Summary

Overall
Conclusions

Geographic
Scope

Economic Aspects of Adaptation to Climate Change: Integrated Assessment
Modeling of Adaptation Costs and Benefits (de Bruin, et al., 2009)
Kelly de Bruin, Rob Dellink, Shardul Agrawala
OECD
March 2009
This report develops and applies a framework for incorporating adaptation into
Integrated Assessment Models (IAMs). The IAMs are developed to have explicit
treatment of the costs of mitigation, the costs of adaptation, and the residual damages
from climate change. The resulting global and regional adaptation cost curves indicate
how differing levels of mitigation and adaptation affect gross damages.
1) Optimal climate policy would entail a mix of both mitigation and adaptation
measures, as opposed to purely one or the other. Both are important in responding
to climate change.
2) Overinvestment in adaptation may be worse from a welfare perspective than
underinvestment, although moderate overinvestment is preferable to no adaptation
at all.
3) The higher the current value of damages, the more effective mitigation is as
compared to adaptation.
4) In the near term, it makes the most sense to have higher adaptation levels and lower
investment in mitigation. Over time, it is best to increase mitigation levels slowly.
This is the most cost‐effective approach. If no action is taken, residual damages cost
$5.4 trillion annually in 2100. However, almost half of those damage costs can be
avoided by spending $247 and $367 billion annually on adaptation and mitigation
respectively.
5) In vulnerable regions, adaptation is essential. In some of the less vulnerable regions,
adaptation may actually remove all damages and even transform some climate
damages into climate benefits.
This report examined global adaptation costs, specifically for the following regions:
1) Japan
2) USA
3) Europe37
4) Other High Income Countries38
5) Highly Industrialized Oil Exporting Regions39
6) Middle Income Countries40
7) Russia
8) Low‐Middle Income Countries41
9) Eastern Europe
10) Low Income Countries42
11) China
12) India
13) Africa43

37 Austria, Belgium, Denmark, Finland, France, Germany, Greece, Greenland, Iceland, Ireland, Italy, Liechtenstein,
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and the United Kingdom
38 Includes Australia, Canada, New Zealand, Singapore, Israel, and rich island states
39 Includes Bahrain, Brunei, Kuwait, Libya, Oman, Qatar, Saudi Arabia, and UAE.
40

Includes Argentina, Brazil, Korea, and Malaysia.
Includes Mexico, South Africa, Thailand, most Latin American states, and many Caribbean states.
42 Includes Egypt, Indonesia, Iraq, Pakistan and many Asian states.
43 Includes all sub Saharan African countries, except Namibia and South Africa
41
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Economic Aspects of Adaptation to Climate Change: Costs, Benefits, and Policy
Instruments (OECD, 2008)
1990‐2100
The AD‐RICE model considers a 2°C increase by 2100.
The AD‐DICE model considers a 3.5°C increase by 2100 (this model was the primary
model used).
The authors of this report performed their own theoretical modeling.

Real

The costs are annual.
1) The authors reviewed existing IAMs and identified models that would be conducive
to including adaptation as a policy variable. The two models used were:
a) The global Dynamic Integrated Model for Climate and the Economy (DICE)
b) The Regional Integrated model for Climate Change and the Economy (RICE)
2) These models were modified to incorporate adaptation as a policy variable, creating
the AD‐DICE and AD‐RICE models, and then checked against the original RICE
and DICE models.
3) After simulations are run, the authors ran a sensitivity analysis relating to
assumptions about discount rates and climate damage functions.
4) In addition to results, hypothetical plans for utilizing this approach on other IAMs
are provided.
The report’s main findings do not include a sectoral breakdown. However, damage and
adaptation costs were provided for each region included in the scope of the report.

Country

Japan
USA
Europe
Other High Income Countries
Highly Industrialized Oil Exporting
Regions
Middle Income Countries
Russia
Low‐Middle Income Countries
Eastern Europe
Low Income countries
China
India
Africa
Global

Adaptation Costs:
Optimal Control scenario, AD‐RICE model
(NPV, in trillion)
Base Model of
2.5 Times Increased
Anticipated Damages
Damages
$3
$5
$9
$13
$25
$82
$0
$0
$4
$14
$13
$0
$24
$0
$22
$4
$33
$14
$151

$55
$0
$77
$0
$75
$5
$99
$51
$478
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Economic Aspects of Adaptation to Climate Change: Costs, Benefits, and Policy
Instruments (OECD, 2008)
1) By including adaptation as a separate policy variable in IAMs, this study was able to
improve these established tools in order analyze the interactions between mitigation
and adaptation.
2) The report clearly states assumptions and cost determination methodology.
3) The report delineates cost across geographical areas as well as creating a global
overall cost.
1) The report does not include a breakdown of adaptation costs by sector.
2) Detailed regional knowledge is limited on damages and adaptation options to
reduce these damages. Thus, analysis was confined to a top‐down assessment and
the results could not be refined with more detailed bottom‐up information.
3) Discussions of uncertainty and risk were not included in the report.
4) Adaptation was included in the model as a long‐term reactive output. An approach
that included both near‐term and long‐term benefits of adaptation that better
reflected the anticipatory nature of specific adaptation measures would have made
the analysis better.
5) The study only incorporated adaptation in the RICE and DICE models.
Incorporation should occur in other IAMs as well and results compared.
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Plan or React? Analysis of Adaptation Costs and Benefits Using Integrated
Assessment Models (Agrawal, et. al., (2010)
Shardul Agrawala, Francesco Bosello, Carlo Carraro, Kelly de Bruin, Enrica DeCian, Rob
Dellink, Elisa Lanzi, OECD.
August 2010
The report examines adaptation, mitigation and damages. A framework was developed
to estimate costs of adaptation by incorporating adaptation as a policy choice variable
within three Integrated Assessment Models (IAMs):
1) The global Dynamic Integrated model of Climate and the Economy (DICE)
2) The Regional Integrated model of Climate and the Economy (RICE), and
3) The World Induced Technical Change Hybrid (WITCH) model.
1) All types of adaptation measures are important for offsetting impacts of climate
change.
2) The costs and policy mix of investments vary among regions and over time, and
depend on the level of mitigation.
3) Non‐OECD countries will need to allocate more resources as a share of their GDP to
building adaptive capacity, reflecting their higher vulnerability. Until 2050, these
countries should allocate almost equal expenditures in building adaptive capacity,
including services such as meteorological services, early warning systems, and
agricultural extensions; as well as adaptation actions that directly reduce damages.
After 2050, both non‐OECD and OECD countries will need to allocate more
investments in adaptation actions, as opposed to building capacity.
4) The total costs of climate change are lowest when both mitigation and adaptation
are undertaken in conjunction.
5) AD‐RICE and AD‐WITCH are variations on the RICE and WITCH models that
include adaptation costs. These regional adaptation‐IAMs were developed for this
study and show the highest adaptation costs (in % GDP) for the Indian sub‐
continent and Sub‐Saharan Africa, followed by other low and middle income
countries, and Western Europe. Japan, USA and China fall at the lower end of
spectrum in both models, although the costs in absolute terms can be substantial.
The authors note there is an urgent need to update information on regional
damages to reflect more recent assessments such as the IPCC Fourth Assessment
Report.
6) The highest costs as % of GDP are as follows (ranges are provided as results varied
across the AD‐RICE and AD‐WITCH models):
a) For the Indian‐sub continent, the adaptation costs range from about 0.15 to
0.50% of GDP for the year 2050, and from about 0.7% GDP to 1.4% GDP in the
year 2100.
b) For Sub‐Saharan Africa the corresponding ranges are from 0.25% to 0.40 % of
GDP in 2050 and from 0.5% to 1.4% of GDP in 2100.
7) None of the models were recommended over the others, although it was noted that
the AD‐WITCH model has a more detailed representation of the energy sector.
This report covers global adaptation costs.
2010‐2100
A 2.5°C temperature increase in the AD‐RICE, AD‐DICE, and AD‐WITCH models.
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Plan or React? Analysis of Adaptation Costs and Benefits Using Integrated
Assessment Models (Agrawal, et. al., (2010)
The authors perform theoretical modeling.

Costs are nominal.

Annual costs are not provided. Costs are given as a percentage of GDP or as total costs
through 2030.
1) The adaptation costs include resources invested in both stock (durable investments)
and flow (all costs and benefits accrue in one time period) adaptation for AD‐DICE,
AD‐RICE, and AD‐WITCH. In addition, AD‐WITCH is able to distinguish between
investments in building adaptive capacity and those used for adaptation actions
that directly reduce the net climate damages.
2) The interactions between adaptation and mitigation at a global level are examined
by comparing results of AD‐DICE and AD‐WITCH, which are both based on more
current information.
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Plan or React? Analysis of Adaptation Costs and Benefits Using Integrated
Assessment Models (Agrawal, et. al., (2010)
1) The highest costs are estimated for the “Settlement and ecosystem protection” and
“Space heating and cooling/energy demand” sectors.
2) Total global adaptation costs by 2030 for a 2.5°C increase under RICE are provided
below as % of output:

Regions
USA
CHINA
JAPAN
EUROPE44
RUSSIA
INDIA
OHI45
HIO46
EE
MI47
LMI48
AFRICA49
LI50
Global

Total
Dam‐
ages
0.45
0.22
0.50
2.83
‐0.65
4.93
‐0.39
1.95
0.71
2.44
1.81
3.91
2.64
1.50

Agri‐
culture
0.06
‐0.37
‐0.46
0.49
‐0.69
1.08
‐0.95
0.00
0.46
1.13
0.04
0.05
0.04
0.13

Other
Vul‐
nerable
Markets
0.00
0.13
0.00
0.00
‐0.37
0.40
‐0.31
0.91
0.00
0.41
0.29
0.09
0.46
0.05

Coastal
0.11
0.07
0.56
0.6
0.09
0.09
0.16
0.06
0.01
0.04
0.09
0.02
0.09
0.32

Health
0.02
0.09
0.02
0.02
0.02
0.69
0.02
0.23
0.02
0.32
0.32
3.00
0.66
0.10

Non
Market
Time
Use
‐0.28
‐0.26
‐0.31
‐0.43
‐0.75
0.30
‐0.35
0.24
‐0.36
‐0.04
‐0.04
0.25
0.20
‐0.29

Cata‐
strophic
Events
0.44
0.52
0.45
1.91
0.99
2.27
0.94
0.46
0.47
0.47
1.01
0.39
1.09
0.17

Settle‐
ments
0.10
0.05
0.25
0.25
0.05
0.10
0.10
0.05
0.10
0.10
0.10
0.10
0.10
1.02

3) Total global adaptation costs by 2030 under the AD‐WITCH Model (in USD billions
total) are as follows:

Country

Settlement,
Ecosystem
Protection

Space
Heating,
Cooling,
Energy
Demand

Agriculture
(Irrigation)

Water,
Infrastructure

Coastal
Protection

Human
Health
(Disease
Treatment)

US
WEuro
EEuro
Kosau51
Cajaz52
TE53
MENA54
SSA55
SASIA56
China
EAsia57
LACA58
Total

22
56
3
5
10
3
4
4
20
17
4
6
154.0

3.9
‐8.8
‐0.8
7.7
‐7.8
0.6
18.6
10.4
50.7
45.5
25.9
2.0
148.0

3.0
4.7
7.4
5.9
1.6
10.1
50.7
13.4
17.0
3.0
1.3
4.3
122.4

1.3
2.0
3.2
2.5
0.7
4.3
21.7
5.7
7.3
1.3
0.5
1.8
52.3

3.6
5.0
0.3
1.8
2.9
1.7
1.2
2.7
1.3
1.3
4.3
7.7
33.8

1.1
‐0.7
‐0.1
1.9
3.0
0.1
2.1
0.5
1.1
0.3
4.7
5.7
20.6

44 Austria, Belgium, Denmark, Finland, France, Germany, Greece, Greenland, Iceland, Ireland, Italy, Liechtenstein, Luxembourg,
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and the United Kingdom
45 Australia, Canada, New Zealand, Singapore, Israel, and rich island states
46 Bahrain, Brunei, Kuwait, Libya, Oman, Qatar, Saudi Arabia, and UAE
47 Argentina, Brazil, Korea, and Malaysia
48 Mexico, South Africa, Thailand, most Latin American states, and many Caribbean states
49 Sub‐Saharan African countries, except Namibia and South Africa
50 Egypt, Indonesia, Iraq, Pakistan and many Asian states
51 Korea, South Africa, Australia
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Plan or React? Analysis of Adaptation Costs and Benefits Using Integrated
Assessment Models (Agrawal, et. al., (2010)
1) This report uses reputable IAMs and compares the results both across models and
against other reports. The IAMs used are more sophisticated models than those
used in previous assessments, and allow for adaptation to be treated not only as a
“flow” variable (one that assumes costs/benefits of investments accrue in the same
time period), but also as a “stock” variable where it is assumed that benefits will
persist for decades into the future.
2) The report provides recommendations for the timing and composition of adaptation
actions, as well as the interaction between adaptation and mitigation.
1) This report does not cover all sectors, such as transportation or tourism.
2) Only the AD‐WITCH model provided regional and sectoral economic impacts.
3) The estimates provided are highly dependent on climate damage functions used as
input, which were noted by the authors as being out of date, particularly the
regional damage functions. Thus, the results can only be seen as illustrative of the
type of analysis that needs to be done, as opposed to a definitive assessment.

Canada, Japan, New Zealand
Transition Economies
54 Middle‐East
52
53

55

Sub‐Saharan Africa
South Asia
57 South East Asia
58 Latin America, Mexico, and the Caribbean
56
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Stern Review Report on the Economics of Climate Change (Stern, 2006)
Nicholas Stern, UK Treasury
October 2006
This report examines the evidence on the economic impacts of climate change itself, and
explores the economics of stabilizing greenhouse gases. It also considers the complex
policy challenges involved in managing the transition to a low‐carbon economy and in
ensuring that societies can adapt to the unavoidable consequences of climate change.
1) Considering total costs based on the work performed by the Intergovernmental
Panel on Climate Change (IPCC) in 2001, the author concludes that the damages
from unabated climate change (global average temperature rise of over 2°C) would
be equivalent to at least 5% of global GDP each year. If a wider range of risks and
impacts is taken into account, the estimates of damage could rise to 20% of GDP or
more. In contrast, the costs of action – reducing greenhouse gas emissions to avoid
the worst impacts of climate change – can be limited to around 1% of global GDP.
2) For temperature rises of 3 or 4°C, calculations are likely to scale as a constant
proportion of GDP, as GDP grows. However, the costs are expected to rise sharply if
temperatures increase further to 5 or 6°C, as is expected should emissions continue
to increase and feedbacks amplify the initial warming effect.
1) Impacts in the developed world include:
a) Some sectors may experience benefits from climate change for moderate levels
of warming up to 2 – 3°C, particularly in higher latitude regions.
b) The global cost of adapting infrastructure could be $15 – 150 billion each year
(0.05 – 0.5% of GDP). Japan and the United State are expected to bear a
significant amount of costs. This preliminary cost calculation assumes that
adaptation requires extra investment of 1‐10% to limit future damages from
climate change.
c) The UK Environment Agency has estimated that 10 – 15% of increased reservoir
capacity may be required to address potential water deficits, costing the UK $5.5
billion (£3 billion). Also in the UK, a study by Foresight anticipated that a
cumulative increase in investment of $18 – 56 million (£10 – 30 million) each and
every year for the next 80 years would be required to prevent the costs of flood
damages from escalating in the UK.
2) For developing countries, adaptation costs are likely to run into tens of billions of
dollars, but are difficult to estimate because of uncertainty about the precise impacts
of climate change and its multiple effects. The World Bank (2006) estimate is $3‐$37
billion annually.
2006‐2200
1) The calculations used to perform the adaptation costs assume 3 or 4°C of
temperature rise.
2) The PAGE2002 model uses two scenarios of climate change: high and baseline. In
the baseline climate scenario, 5°C warming is not predicted to occur until sometime
between 2100 and 2150. In the high scenario, global mean temperature rises to an
average of nearly 4.3°C above pre‐industrial levels by 2100, compared with an
average of 3.9°C above pre‐industrial levels in the baseline scenario.
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Stern Review Report on the Economics of Climate Change (Stern, 2006)
This report uses the PAGE2002 Integrated Assessment Model. The PAGE2002 model
takes baseline GDP growth from an exogenous scenario and produces 1000 runs of
global GDP, less the cost of climate change damage and adaptation to climate change,
from 2001 to 2200. Thus the author obtains a probability distribution of global income
pathways net of climate change damage and adaptation costs.
1) Water: Growing water shortages in regions with an already dry Mediterranean‐like
climate (Southern Europe, California, Australia) will require costly investment in
reservoirs and other measures to manage water stress and shortages. In addition to
water shortage concerns, the costs of damages from flooding are significant.
Defending New Orleans alone from flooding during a Category‐5 hurricane is
expected to cost around $32 billion.
2) Infrastructure: As previously stated, the global cost of adapting infrastructure could
be $15 – 150 billion each year for OECD countries (0.05 – 0.5% of GDP).
1) The author performs a thorough literature review before determining his own cost
estimate methodology.
2) All assumptions are clearly stated.
3) The PAGE2002 IAM incorporates nonlinear damage functions, including potential
catastrophic events, and nonmarket costs, unlike most other IAMs.
1) The cost estimates for developing nations is limited in this study, with emphasis on
OECD nations.
2) Critics have cited the report’s use of a low discount rate, which implies higher net
present value of future damages.
3) The report did not include a sensitivity analysis.
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The Economic Effects of Climate Change (Tol, 2009)
Richard S. J. Tol
Spring 2009, Journal of Economic Perspectives, 23(2): 29–51.
The paper reviews estimates of total and marginal damage costs of climate change and
identifies gaps in current research. Sensitivity of estimates to particular assumptions is
also examined.
1) For increases of 1‐2°C, some models show global net positive economic effects.
However, temperature rise above this point will likely result negative effects.
Moreover, given the amount of warming that has already occurred, if there are
some positive effects, these may be mostly behind us already.
2) While the United States places too low a price on carbon emissions, the EU may
place a price that is too high.
3) European nations are best off in climate change scenarios in terms of GDP change,
while African nations are worst off, regardless of amount of temperature increase.
4) Developing countries, although most vulnerable to climate change, have essentially
no climate policies and many subsidize fossil fuel use, rather than tax it.
5) The paper points out that current climate change cost estimates have large
uncertainties and omit impacts from indirect effects on economic development;
large‐scale biodiversity loss; low‐probability, high‐impact scenarios; impacts of
climate change on violent conflict; and the impacts of climate change beyond 2100.
The author concludes that there is a greater likelihood of negative “surprises”.
6) While there is a strong case for near‐term action on climate change, phasing in a
higher cost of carbon over time may ease transition and offer time to evaluate costs,
benefits, and policy mechanisms.
1) Nordhaus (1994a)59
2) Nordhaus (1994b)60
3) Fankhauser (1995)
4) Tol (1995) 61
5) Tol (2002)62
6) Mendelsohn, Schlesinger, and Williams (2000)63
7) Nordhaus (2006)64
8) Maddison (2003)65
9) Rehdanz and Maddison (2005)66
10) Hope (2006)67
11) Nordhaus and Boyer (2000)68
12) Plambeck and Hope (1996)69
13) Nordhaus and Yang (1996)70

Nordhaus, William D. 1994a. Managing the Global Commons: The Economics of Climate Change. Cambridge, MA: MIT
Press.
60 Nordhaus, William D. 1994b. “Expert Opinion on Climate Change.” American Scientist, 82(1): 45–51.
61 Tol, Richard S. J. 1995. “The Damage Costs of Climate Change Toward More Comprehensive Calculations.”
Environmental and Resource Economics, 5(4): 353–74.
62 Tol, Richard S. J. 2002a. “Estimates of the Damage Costs of Climate Change—Part 1: Benchmark Estimates.”
Environmental and Resource Economics, 21(1): 47–73.
63 Mendelsohn, Robert O., Michael E. Schlesinger, and Lawrence J. Williams. 2000. “Comparing Impacts across
Climate Models.” Integrated Assessment, 1(1): 37–48.
64 Nordhaus, William D. 2006. “Geography and Macroeconomics: New Data and New Findings.” Proceedings of the
National Academy of Science, 103(10): 3510–17.
59
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The Economic Effects of Climate Change (Tol, 2009)
The report reviews 13 reports which estimate climate change impacts regionally and
globally, as % of GDP. The author aggregates regional results to obtain global results
when not available. Global GDP impacts range from ‐4.8% to 2.5%, depending on
temperature change assumed. Results from the reports reviewed are included below:
Report
Nordhaus (1994a)
Nordhaus (1994b)
Fankhauser (1995)
Tol (1995)
Tol (2002)
Mendelsohn, Schlesinger, and Williams (2000)
Nordhaus (2006)
Maddison (2003)
Rehdanz and Maddison (2005)
Hope (2006)
Nordhaus and Boyer (2000)
Plambeck and Hope (1996)
Nordhaus and Yang (1996)

Timeframe
of Analysis
Climate
Scenarios
Considered

Impact on Global GDP
‐1.3
‐4.8
‐1.4
‐1.9
2.3
0.0
‐0.9
‐0.1
‐0.4
0.9
‐1.5
2.5
‐1.7

2100
The following are the degrees of warming assumed in each scenario:
1) Nordhaus (1994a): 3°C
2) Nordhaus (1994b): 3°C
3) Fankhauser (1995): 2.5°C
4) Tol (1995): 2.5°C
5) Tol (2002): 1.0°C
6) Mendelsohn, Schlesinger, and Williams (2000): 2.5°C
7) Nordhaus (2006): 2.5°C
8) Maddison (2003): 2.5°C
9) Rehdanz and Maddison (2005): 1.0°C
10) Hope (2006): 2.5°C
11) Nordhaus and Boyer (2000): 2.5°C
12) Plambeck and Hope (1996): 2.5°C
13) Nordhaus and Yang (1996): 2.5°C

Maddison, David J. 2003. “The Amenity Value of the Climate: The Household Production Function Approach.”
Resource and Energy Economics, 25(2): 155–75.
66 Rehdanz, Katrin, and David J. Maddison. 2005. “Climate and Happiness.” Ecological Economics, 52(1): 111–25.
67 Hope, Chris W. 2006. “The Marginal Impact of CO2 from PAGE2002: An Integrated Assessment Model
Incorporating the IPCC’s Five Reasons for Concern.” Integrated Assessment Journal, 6(1): 19–56.
68 Nordhaus, William D., and Joseph G. Boyer. 2000. Warming the World: Economic Models of Global Warming.
Cambridge, MA: MIT Press.
69 Plamberk, Erika L., and Chris W. Hope. 1996. “PAGE95—An Updated Valuation of the Impacts of Global
Warming.” Energy Policy, 24(9): 783–93.
70 Nordhaus, William D., and Zili Yang. 1996. “RICE: A Regional Dynamic General Equilibrium
Model of Optimal Climate‐Change Policy.” American Economic Review, 86(4): 741–65.
65
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The Economic Effects of Climate Change (Tol, 2009)
1) Nordhaus (1994a): Theoretical
2) Nordhaus (1994b): Empirical
3) Fankhauser (1995): Theoretical
4) Tol (1995): Theoretical
5) Tol (2002): Theoretical
6) Mendelsohn, Schlesinger, and Williams (2000): Theoretical
7) Nordhaus (2006): Empirical
8) Maddison (2003): Empirical
9) Rehdanz and Maddison (2005): Empirical
10) Hope (2006): Empirical
11) Nordhaus and Boyer (2000): Empirical
12) Plambeck and Hope (1996): Empirical
13) Nordhaus and Yang (1996): Empirical
Costs in all studies are stated as Real.
Costs in all studies are stated as percentage of GDP.
The authors reviewed results from other studies of impacts on GDP. A range of
methodological approaches were used in the studies reviewed.
1) Interviews with experts were conducted by Nordhaus (1994b).
2) The enumerative method was applied in the studies by Fankhauser (1994, 1995),
Nordhaus (1994a), and Tol (1995, 2002a, b). This method obtains estimates of
physical impacts from natural science papers, which are then valued and summed.
3) The statistical approach was used by Mendelsohn, Morrison, Schlesinger, and
Andronova, 2000; Mendelsohn, Schlesinger, and Williams, 2000; Nordhaus, 2006;
and Maddison, 2003. It is based on direct estimates of the welfare impacts, using
observed variations in prices and expenditures.
4) The self‐reported approach was used by Rehdanz and Maddison, 2005, in which
countries reported their own “happiness” level.
A discussion of impacts by sector is not offered.
1) The report points out that only 14 estimates of the total damage cost of climate
change have been published, which does not reflect the urgency of the public debate
nor the level of possible expenditures on greenhouse gas emission reduction.
2) The report discusses uncertainties about estimates and identifies the omissions for
consideration and future study.
1) The author states the welfare effect of a doubling of the atmospheric concentration
of greenhouse gas emissions on the current economy is “relatively small”—a few
percentage points of GDP. We believe this impact is in fact quite large, and the
authors do not acknowledge that many countries will be subjected to significant
negative impacts.
2) The report appears to focus on academic literature on the subject, and omits other
major reports such as the Stern Report and work by the OECD. Moreover, many of
the underlying reports are from the 1990s and early 2000s, and may be dated.
3) The author postulates on uncertainties in relative terms without providing orders of
magnitude of costs, making it difficult to judge the significance of uncertainties.
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Potential costs and benefits of adaptation options: A review of existing literature
(UNFCCC, 2009)
United Nations Framework Convention on Climate Change
December 2009
1) This paper conducts a meta‐analysis of the literature on the economics of
adaptation, determining the key methodological issues as well as the strengths and
weaknesses of the studies.
1) Total global adaptation costs were estimated at an average of $100 billion annually
in 2030, from an approximation of the studies reviewed. Since many sectors were
excluded, including tourism, energy, manufacturing, and ecosystems, this estimate
is an underestimate of actual costs.
2) The authors confirmed that the relative economic costs of the damage caused by
climate change (as a percentage of GDP) will be greater in developing countries,
reinforcing the need for adaptation.
3) The authors suggest that most analyses of global adaptation costs require additional
detail in order to assess the costs more accurately. Gaps were identified, including:
a) Non‐monetary benefits
b) Mitigation and adaptation linkages
c) Cross‐sectoral and wider economic effects, and
d) The limits of adaptation, i.e. situations in which adaptation will not prevent
damages.
4) Annual costs of adaptation for developing countries were estimated as follows (with
time frame in parentheses), in billions:
a) World Bank (2009): $9–$41 (Present)
b) Stern Review (2007): $4–$37 (Present)
c) Oxfam (2007): At least $50 (Present)
d) UNDP (2007): $86–$109 (2015)
e) UNFCCC (2007): $28–$67 (2030)
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Potential costs and benefits of adaptation options: A review of existing literature
(UNFCCC, 2009)
1) The following global reports were reviewed:
a) UNFCCC (2007): Investment and financial flows relevant to the development of
an effective and appropriate international response to Climate Change
b) World Bank (2009): The costs to developing countries of adapting to climate
change. Global report of the ‘Economics of Adaptation to Climate Change’
project
c) Hope (2009): The costs and benefits of adaptation (in Parry, 2009)
d) De Bruin et al (2009): Economic aspects of adaptation to climate change:
Integrated assessment modeling of adaptation costs and benefits
e) Carrarro et al (2009): Analysis of adaptation as a response to climate change.
Copenhagen consensus on climate change.
2) In addition, a number of national studies were reviewed:
a) UNDP (2009): Methodology for the assessment of investment and financial
flows to address climate change
b) ADB (2009): The economics of climate change in South‐East Asia: A regional
review
c) Galindo (2009): The economics of climate change in Mexico and Brazil
d) SEI (2009): The economics of climate change in East Africa.
e) Metroeconomica et al (2006): Climate change impacts and adaptation: Cross‐
regional research program to quantify the cost of future impacts.
f) Swedish Commission on Climate and Vulnerability (2007): Facing climate
change ‐ threats and opportunities.
g) Van Ierland et al (2006): Qualitative assessment of climate change adaptation
options and some estimates of adaptation costs.
5) A small selection of case studies at the sub‐national and local level were included.
1) Global: UNFCCC, World Bank, Hope, De Bruin, Carrarro.
2) Regional:
a) UNDP (2009); General
b) ADB (2009): Indonesia, the Philippines, Thailand, and Vietnam.
c) Galindo (2009): Mexico and Brazil
d) SEI (2009): Burundi, Kenya and Rwanda and also includes an overall East
African regional assessment
e) Metroeconomica et al (2006): UK
f) Swedish Commission on Climate and Vulnerability (2007): Sweden
g) Van Ierland et al (2006): Netherlands
3) A small selection of case studies at the sub‐national and local level was included.
1) UNFCCC: 2030
2) World Bank: 2050
3) Hope: unspecified
4) De Bruin: unspecified
5) Carrarro: unspecified
6) UNDP (2009): 2030
7) ADB (2009): 2100
8) Galindo (2009): 2100
9) SEI (2009): unspecified
10) Metroeconomica et al (2006): 2020s, 2050s, 2080s
11) Swedish Commission on Climate and Vulnerability (2007): 2100
12) Van Ierland et al (2006): unspecified
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Potential costs and benefits of adaptation options: A review of existing literature
(UNFCCC, 2009)
1) UNFCCC: unspecified
2) World Bank: unspecified
3) Hope: 450pmp stabilization scenario
4) De Bruin: unspecified
5) Carrarro: unspecified
6) UNDP (2009): unspecified
7) ADB (2009): 450–550 ppm
8) Galindo (2009): more than 2–3°C
9) SEI (2009): unspecified
10) Metroeconomica et al (2006): unspecified
11) Swedish Commission on Climate and Vulnerability (2007): unspecified
12) Van Ierland et al (2006): unspecified
1) UNFCCC: Empirical
2) World Bank: Empirical
3) Hope: Theoretical
4) De Bruin: Theoretical
5) Carrarro: Empirical
6) UNDP (2009): Empirical
7) ADB (2009): Theoretical
8) Galindo (2009): Theoretical
9) SEI (2009): Theoretical
10) Metroeconomica et al (2006): Empirical
11) Swedish Commission on Climate and Vulnerability (2007): unspecified
12) Van Ierland et al (2006): Empirical
1) UNFCCC: 2005 dollars, undiscounted
2) Metroeconomica et al (2006): Nominal
3) Costs for all other studies are unspecified
1) UNFCCC: Annual
2) World Bank: Annual
3) Hope: Total
4) De Bruin: unspecified
5) Carrarro: unspecified
6) UNDP (2009): unspecified
7) ADB (2009): Annual
8) Galindo (2009): Annual
9) SEI (2009): Total
10) Metroeconomica et al (2006): Total
11) Swedish Commission on Climate and Vulnerability (2007): unspecified
12) Van Ierland et al (2006): unspecified
The authors reviewed the studies mentioned above with the goal of determining and
assessing the methodology for assessing climate change and adaptation costs. The
authors proceed to cite the strengths and weaknesses of the studies and provide
comparative reviews.
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Report Title
Sectoral
Impacts

Potential costs and benefits of adaptation options: A review of existing literature
(UNFCCC, 2009)
Two of the studies reviewed outline sectoral impacts, globally.

UNFCCC
(2007, in billions)
Infrastructure
Coastal zones
Water supply & flood protection
Agriculture, forestry, fisheries
Human Health
Extreme weather events
Total

Report
Strengths

Report
Weaknesses

$2–$41
$5
$9
$7
$5
–
$28‐$67

World Bank Estimates
(2009, in billions)
Wettest Climate
Driest Climate
Scenario
Scenario
$29.5
$13.5
$30.1
$29.6
$13.7
$19.2
$7.6
$7.3
$2.0
$1.6
$6.7
$6.5
$89.6
$77.7

1) This report draws on a number of published, independent studies, including
country‐specific studies, to draw its conclusions.
2) The assumptions made in drawing a conclusion about the studies’ cost estimates are
clearly stated, as are the assumptions and methodologies for each study considered.
This report focused on the adaptation costs for developing nations, but the analysis of
impacts on developed countries was not performed as rigorously.
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Economics of Adaptation to Climate Change (World Bank, 2010)
World Bank’s Environment Department, Sergio Margulis, Urvashi Narain, Kiran
Pandey, Laurent Cretegny, Ana Bucher, Robert Schneider, Gordon Hughes, Timothy
Essam, Robin Mearns, Anne Kuriakose, and Carina Bachofen
August 2010
This paper develops estimates of adaptation costs for developing countries and specific
regions among developing countries to inform the international community’s eﬀorts in
climate negotiations between developed and developing countries, and helps decision
makers in developing countries to assess the risks posed by climate change and to
design national strategies for adaptation. This report was intended to fill in the gaps left
by other papers, such as the UNFCCC report (2007) in the area of long‐term adaptation
costs.
1) Economic development is a central element for adaptation to climate change, as
development enables an economy to diversify and become less reliant on sectors
such as agriculture that are more vulnerable to the effects of climate change.
2) The cost to developing countries of adapting to an approximately 2°C warmer
world by 2050 will be in the range of $70 bn to $100 bn a year. Costs could be even
higher, once cross‐sectoral impacts are taken into account.
3) Adaptation should start with measures that tackle the weather risks that countries
already face, e.g. more investment in water storage in drought‐prone basins or
protection against storms and flooding in coastal zones and/or urban areas, as
climate change will exacerbate these risks.
4) Costs are expected to increase over time, although falling as a percentage of GDP—
suggesting that countries become less vulnerable to climate change as their GDP
increases.
5) Wet Scenario (sum of only positive costs of all sectors):
a) East Asia and Pacific: $25.7 bn/year
b) Europe and Central Asia: $12.6 bn/year
c) Latin American and Caribbean: $21.3 bn/year
d) Middle East and North Africa: $3.6 bn/year
e) South Asia: $17.1 bn/year
f) Sub‐Saharan Africa: $17.1 bn/year
6) Dry Scenario (sum of only positive costs of all sectors):
a) East Asia and Pacific: $17.9 bn/year
b) Europe and Central Asia: $6.9 bn/year
c) Latin American and Caribbean: $14.8 bn/year
d) Middle East and North Africa: $2.5 bn/year
e) South Asia: $15 bn/year
f) Sub‐Saharan Africa: $14.1 bn/year
1) East Asia and Pacific
2) Europe and Central Asia
3) Latin American and Caribbean
4) Middle East and North Africa
5) South Asia
6) Sub‐Saharan Africa
2010‐2050

80 of 103
IEA‐RETD ‐ Climate Change Adaptation, Damages and Fossil Fuel Dependence ‐ July 2011

Report Title
Climate
Scenarios
Considered
Is Study
Empirical or
Theoretical?
Are Costs
Real or
Nominal?
Are Costs
Annual?
Analytical
Methodology

Sectoral
Impacts

Economics of Adaptation to Climate Change (World Bank, 2010)
This report examines a 2°C increase in temperature by 2050.

The authors performed a theoretical study, using models to derive results.

Costs reported are nominal.

All costs reported are annual.
The two approaches used were a top‐down, global method and a bottom‐up, country‐
based approach for selected countries. The following four steps were used in both the
global and country methods:
1) Development baselines were crafted for each sector, essentially establishing a
growth path in the absence of climate change that determines sector‐level
performance. These baselines used a consistent set of GDP and population forecasts
for 2010–2050.
2) Two climate scenarios were chosen to capture as large as possible a range of model
predictions. Since there is scientific consensus that climate change will happen, the
variable changed was how it would affect the environment. The authors looked at
scenarios from extreme wet to extreme dry.
3) An analysis was done to predict climate conditions and translate impacts on
economic activity, human behavior, the environment, and physical
capital/infrastructure. The authors relied on a dynamic computable CGE model,
which modeled the market for each industry considered and estimated the
economic impacts. No cross‐sectoral analysis was performed.
4) Adaptation actions were selected to oﬀset the predicted impacts and to restore
welfare in each of the major economic sectors analyzed. The costs of these actions
and the costs of changes in the frequency of extreme weather events were also
estimated. Both hard and soft adaptation actions were considered. The total benefits
of the actions were subtracted from the damage costs calculated in the CGE model.
1) Global Wet Scenario (sum positive costs of all sectors excluding gains from climate
change):
a. Infrastructure: $27.5 bn/year
b. Coastal Zones: $28.5 bn/year
c. Water: $14.4 bn/year
d. Agriculture, forestry, fisheries: $2.5 bn/year
e. Human Health: $2.0 bn/year
f. Extreme Weather Events: $6.7 bn/year
2) Global Dry Scenario (sum positive costs of all sectors excluding gains from climate
change):
a. Infrastructure: $13.0 bn/year
b. Coastal Zones: $27.6 bn/year
c. Water: $19.7 bn/year
d. Agriculture, forestry, fisheries: $3.0 bn/year
e. Human Health: $1.5 bn/year
f. Extreme Weather Events: $6.4 bn/year
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Economics of Adaptation to Climate Change (World Bank, 2010)
1) This report improves upon the UNFCCC 2007 report, including better maintenance
costs and a two‐pronged approach to coming up with a global cost assessment: a
top‐down estimate and a bottom‐up calculation to support the findings. The report
looks at long‐term plans, rather than just immediate adaptation actions.
2) The report also demonstrates how changing factors such as wet/dry in the scenario
affect costs.
3) The report identifies its shortcomings related to uncertainty, institutions, and
modeling limitations, and offers recommendations for future efforts in these areas.
1) Some sectors such as mining and manufacturing, energy, ecosystems, retailing, and
tourism, were not included. Also, a cross‐sectoral analysis of costs was not feasible.
2) The report only considers two climate scenarios: extreme wet and extreme dry.
Catastrophic events were not considered.
3) The study is limited by the range of adaptation strategies considered. The study
focuses on hard options (e.g., building dams and dykes) and not soft options such as
early warning systems, community preparedness programs, watershed
management, and urban and rural zoning.
4) The only case where technical change is considered is in the agricultural sector;
otherwise, future innovation is not considered.
5) Although the study describes its analysis as “global”, it is, in fact only an
assessment for developing countries. This is not explicitly stated.
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Fossil Fuel Dependence
Table 9. Summary of Reports on Fossil Fuel Dependence Costs
Study

Region

International
Energy
Agency
(2004)

Global

Korhonen
and
Ledyaeva
(2010)

Russia, Canada,
France, Belgium,
Netherlands,
Italy, UK,
Germany, China,
Switzerland,
Finland, USA,
Japan

NRC (2010)

ORNL (2005)

Stern (2010)

USA

USA

USA

Issue Examined
Vulnerability of
OECD and
developing
country
economies to
increases in oil
prices
Impacts of oil
price shocks on
oil-producing and
oil-consuming
economies
Damage costs of
fossil fuels
including impacts
to human health,
visibility,
agriculture and
other sectors;
economic costs of
oil supply shocks
Economic costs
caused by: the
use of market
power by oil
producing
countries, oil price
shocks, and
wealth transfer
from oil imports.
US expenditures
related to
projecting military
force in the
Persian Gulf

Timeframe

1998-2008

1994-2005

General Methodology
Interlink, OECD’s in-house model of the
world economy, was used to perform the
analysis, which examined a $10/barrel
sustained increase in the price of oil.

Vector autoregression (VAR) models for
different countries were linked together via
a trade matrix to measure the direct and
indirect effects of oil prices on GDP growth
of 12 economies. Oil price was an
exogenous variable.
This report summarized data from other
reports that relied on theoretical models.

2005 and
2030

The study performs a review of empirical
evidence, but the authors perform their
own theoretical modeling of costs.
1973-2005

1976-2007

The study uses an activity-based model to
traces flows of goods and services. The
model uses Navy deployment data to
allocate Department of Defense expenses
to specific regions, to link activities to the
goods and services they require.
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Analysis of the Impact of High Oil Prices on the Global Economy (IEA,
2004)
International Energy Agency
May 2004
The vulnerability of OECD and developing country economies to increases
in oil prices was examined to determine the threat of oil price increases to
the global economy. The work was done in collaboration with the OECD
Economics Department and the International monetary Fund’s Research
Department,
Impacts of a sustained $10 increase in oil prices were estimated, from $25
per barrel (OECD base case) to $35 per barrel:
1) Combining the regional results yields an overall net decline of 0.5% in
global GDP – equivalent to $255 billion ‐ in the first year of higher
prices. There is a permanent loss of 0.3% over the five‐year period
examined in this report.
2) The transfer of income from oil importers to oil exporters in the year
following the $10 price increase would amount to roughly $150 billion.
3) The loss of GDP would decrease in the third year as increased demand
from oil‐exporting countries boosts the exports and GDP of oil‐
importing countries.
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Analytical Methodology

Analysis of the Impact of High Oil Prices on the Global Economy (IEA,
2004)
Regional impacts include the following:
1) Europe is highly dependent on oil imports, and thus will suffer most in
the short term. Significant job losses would aggravate unemployment
levels and GDP losses would exacerbate budget deficits.
2) Japan’s relatively low oil intensity compensates to some extent for its
almost total dependence on imported oil. GDP losses will worsen the
budget deficit.
3) The United States will suffer the least among major oil‐importing
countries, largely because indigenous production supplies over 40% of
its oil needs. However, unemployment would worsen significantly in
the short term.
4) Oil‐exporting OECD countries would experience positive impacts to
GDP in the first year. However, GDP growth declines after two to three
years due to a decline in exports of non‐oil related goods and services to
oil‐importing countries (as these countries will experience negative
impacts to their economies, as described above, and thus will have
reduced demand for goods and services).
5) Countries that are neither significant importers nor exporters incur GDP
losses in the short term, as consumers react to higher oil prices
immediately. After time, the higher earnings of domestic oil companies
will be spent or distributed to shareholders.
6) Asia imports the bulk of its oil and would experience a fall in economic
output of 0.8% and a fall in its current account balance (as a share of
GDP) of 1% one year after a price increase. Asia would also experience
the largest increase in inflation in the first year, on the assumption that
the increase in international oil price would be quickly passed through
into domestic prices.
7) The poorest countries would experience severe impacts with a 1.5%
reduction in GDP after one year. The Sub‐Saharan African countries
have more oil‐intensive and fragile economies, and would suffer a GPD
loss of more than 3%.
The results of this report rely on theoretical modeling.
Costs are provided in real dollars.
Costs are annual, expressed as a percent of GDP
1999‐2008
Interlink, OECD’s in‐house model of the world economy, was used to
perform the analysis. Each OECD country is modeled separately, while non‐
OECD countries are modeled mainly by region according to trade links
with the OECD.
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Analysis of the Impact of High Oil Prices on the Global Economy (IEA,
2004)
1) Combining the effects for all world regions, the effect is a loss of GDP of
0.5% ($255 billion) in the first year following the price change. This
assumed that 75% of the windfall to oil exporting countries is spent vs.
saved. Higher levels of savings would increase the GDP loss.
2) OECD countries can expect their GDP to drop 0.4% in the first two
years of high oil prices with a 0.3% drop over the five year period due
to recovery in non‐oil related goods and services industries.
3) The economic effects on oil‐importing developing countries are
significant, as these countries use more than twice as much oil to
produce one unit of economic output as compared to developed
countries.
4) There is significant impact on the inflation rate from the higher prices of
oil. Over a five year period, the consumer price index is 0.5% higher.
1) For basic macro‐economic effects, the report offers a comprehensive,
global analysis of oil price dependence and economic interdependence.
2) The timeframe examined allows enough time for indirect impacts to be
experienced, enabling the estimation of overall net impacts.
1) The model did not factor in secondary effects, such as the impact of the
price shock on consumer and business confidence, nor the effects of oil
price changes on natural gas and electricity prices, other than through
the general rate of inflation
2) The report also does not factor in price volatility, which was noted to be
rising and as having a real economic cost by reducing the efficiency of
capital allocation.
3) While not a weakness per se, since the study was completed oil price
increases have far exceeded the $10/barrel analyzed in this report, so an
update to this report would be informative.
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Trade linkages and macroeconomic effects of the price of oil (Korhonen and
Ledyaeva, 2008)
Iikka Korhonen, Bank of Finland Institute for Economies in Transition (BOFIT),
Svetlana Ledyaeva, Center for Markets in Transition, Helsinki School of Economics
21 March 2008
This paper assesses the impact of oil price shocks on oil‐producing and oil‐consuming
economies. It focuses on assessing the ongoing impacts of trade linkages between
countries. Moreover, it focuses on Russia and its trading partners, as well as several
other countries that are key trading partners within the larger group of countries.
The global economic response to oil price shocks is assessed. Countries that experience
direct impacts experience changes in their economies due to a change in oil prices.
Other effects, such as rising prices of non‐oil goods are considered indirect effects. Both
producers and consumers experience both direct and indirect effects.
1) For oil producers:
a) As expected, oil producers initially benefit from oil price shocks. For example,
a large oil shock leading to a price increase of 50% boosts the Russian GDP by
about 6%.
b) However, over time, oil producers are negatively affected by indirect effects of
positive oil price shocks, as economic activity in their export countries suffers.
In general, the indirect effects are smaller than the direct effects.
2) For oil consumers:
a) Effects are more diverse. In some countries, output falls in response to an oil
price shock, such as in the USA, while other countries seem to be relatively
immune to oil price changes.
b) Indirect effects are also experienced. Countries which trade more with oil
producers gain indirect benefits via higher demand from oil‐producing
countries.
3) Results for all countries in study:
Cumulative response (over five years) of GDP
Country
growth to a 50% increase in oil price (%)
Russia
5.48
Canada
3.37
France
3.10
Belgium
0.52
Netherlands
0.42
Italy
0.32
UK
‐0.58
Germany
‐0.80
China
‐1.19
Switzerland
‐1.32
Finland
‐1.85
USA
‐1.90
Japan
‐3.27
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71

Trade linkages and macroeconomic effects of the price of oil (Korhonen and
Ledyaeva, 2008)
The effects of oil price shocks were examined in Russia and its 8 main trading partners
‐ Germany, Italy, the Netherlands, China, USA, United Kingdom, Switzerland and
Finland‐ as well as four countries which can be considered major trading partners of
most of these countries: Belgium, Canada, France and Japan.
1) The direct effect for Russia, the largest oil exporter in the sample, from a positive
oil price shock is positive. While the indirect effect is negative, the net effect is
positive and large.
2) Canada, the second net oil exporter in the sample, also gains from a positive oil
price shock. However, the magnitude of the effect is considerably smaller than for
Russia, implying that the Canadian economy is less dependent on world oil prices
than is the Russian economy.
3) The largest negative total effects from positive oil price shocks are found for Japan,
the USA, Finland, and Switzerland.
4) USA, Japan and China resulted in the largest negative direct effects of a positive oil
price shock. The direct effects of are also negative for Finland, Germany,
Switzerland, and UK.
5) The indirect effects are negative for Finland, Germany, Netherlands, China, and
Japan (in addition to Russia).
1994‐2005 (specifically quarter 3 of the year 1995 to quarter 3 of the year 2006).
The study is theoretical, using a model developed for capturing the inter‐linkages
between GDP growth rates of different economies.
Costs provided are real.

Costs provided are not annual.
Vector autoregression (VAR) models for different countries are linked together via a
trade matrix, as in Abeysinghe71. Abeysinghe measures the direct and indirect effects of
oil prices on GDP growth of 12 economies. The oil price is an exogenous variable.
Countriesʹ growth rates depend not only on oil‐price changes but also on other
countriesʹ growth rates via a bilateral export matrix. Higher growth in one country
boosts other countriesʹ exports to that country, which in turn spurs economic activity in
the other countries. Then, impulse responses for oil price shocks are able to be derived.
1) Oil producers overall benefit directly from oil price shocks, but they also
experience small negative indirect impacts (e.g., reduced economic activity
amongst importing nations, which hurts exports of oil producing countries.
2) Oil consumers primarily experience negative direct effects, but there are some
indirect benefits. However, the indirect benefits do not counterbalance the negative
direct effects.
3) Energy efficiency was also examined. The study found some evidence (albeit
modest) that the more energy‐efficient countries, i.e. those that achieve a higher
GDP with a given level of energy use, suffer less when the price of oil rises.

Abeysinghe T. Estimation of direct and indirect impact of oil price on growth (2001) Economics Letters, 73 (2), pp. 147‐153.
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Trade linkages and macroeconomic effects of the price of oil (Korhonen and
Ledyaeva, 2008)
1) This report examines oil price shock effects on a number of major countries.
2) While the impacts are generally as expected, it is the first study to estimate the
direct and indirect effects of a price shock to a major raw‐material producer and its
main trading partners.
1) Impacts on the rest of the world, including developing countries, are not
considered.
2) The report focuses solely on the impact of oil prices without consideration of other
fuel sources.
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Hidden Costs of Energy: Unpriced Consequences of Energy Production and
Use (NRC, 2010)
Committee on Health, Environmental, and Other External Costs and Benefits of
Energy Production and Consumption; Board on Environmental Studies and
Toxicology; Division on Earth and Life Studies; Board on Energy and
Environmental Systems; Division on Engineering and Physical Sciences; Board
on Science, Technology, and Economic Policy; Policy and Global Affairs
Division; National Research Council
2010
This report summarizes the hidden damage costs associated with generating
electricity, transportation, and infrastructure across various fuel types, which are
not reflected in market prices.
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Hidden Costs of Energy: Unpriced Consequences of Energy Production and
Use (NRC, 2010)
1) Damage Costs Associated with Electricity Generation:
a) Coal: In assessing damages from coal generation facilities, emissions of
SO2, NOx, and PM were considered. Total 2005 non‐climate change
damage costs were approximately $62 billion (2007 dollars) or 3.2
cents/kWh. Damage costs included human health, visibility of outdoor
vistas, agriculture, forestry, and damages to building materials
associated with emissions of airborne particulate. These costs were
estimated using concentration‐response function.
b) Natural Gas: In assessing damages from natural gas generation facilities,
emissions of SO2, NOx, and PM were considered. They amounted to
$0.74 billion (2007 USD), or 0.16 cents/kWh. Damage costs included
human health, visibility, agriculture, and other sectors, using the
methods outlined in the section on coal.
2) Damage Costs Associated with Heating (All heating impacts were derived
from natural gas heating. Oil was not considered, since overall, it is a small
part of the heating market (with New England being an exception).
Therefore, reported damages are likely an underestimate.):
a) Residential: Total damages for 2007 amounted to approximately $500
million or $0.11 per thousand cubic feet (2007 USD). Damages occur
from impacts to health, ecosystems, visibility, agriculture, and other
sector effects associated with criteria‐pollutant‐forming emissions from
fuel combustion. Damages related to climate change were not included in
this estimate (as they are included in another section).
b) Commercial: Using the same method as was used to estimate residential
damages, total commercial damages for 2007 amounted to
approximately $300 million or $0.11 per thousand cubic feet (2007 USD).
Damages associated with energy for heat in 2030 are anticipated to be the
same as the 2007 estimates, as the reductions due to efficiency and well‐
controlled emissions in the natural gas industry will combat increased
sources to meet demand.
3) Damage Costs Associated with Transportation: The 2005 damages related to
light‐duty vehicles amounted to $36 billion per year (2007 USD), from
impacts to health, visibility, crop yields, timber yields, building materials
and recreation. Adding medium‐duty and heavy‐duty trucks and buses
increases the total damages estimate to approximately $56 billion (2007
USD). The authors note that these estimates are likely low, as light‐duty
truck‐related damages are not included.
4) Infrastructure Costs: Externalities associated with the energy infrastructure
were examined and quantified where possible, including disruption
externalities in the electricity transmission grid, vulnerability of energy
facilities to accidents or possible attack, the external costs of oil consumption,
supply security considerations, and national security externalities.
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Hidden Costs of Energy: Unpriced Consequences of Energy Production and
Use (NRC, 2010)
5) Costs Associated with Oil Dependence: Primarily Oil Supply Shocks: The
authors suggest that the U.S. economy is negatively affected by oil supply
shocks, which cause macroeconomic disruptions. The costs of these
disruptions and adjustment, as reported in the literature, range from $2 to $8
per barrel in 2007 dollars for 2006 market conditions. For total consumption
of about 20 million barrels per day, this represented a total annual cost of
about $15‐58 billion.
1) The scope of this report is limited to the United States. Whereas costs were
broken down by sector, there was little regional separation of costs provided
in the report. Since certain parts of the country depend more heavily on
natural gas for heating, most of the costs associated with natural gas heating
can be assumed to be associated with those regions.
2) Most of the damages associated with air pollution from coal generation are
centered along the Eastern U.S. Damages are estimated at $156 million on
average per plant.
3) Air pollution damages from natural gas generation are somewhat more
equally distributed across the nation, with the largest damages located in the
Northeast (along the Eastern seaboard), Texas, California, and Florida. 10%
of gas‐fired plants with highest damages produce 65% of the air‐pollution
damages from all 498 gas‐fired plants in the United States, while the lowest
emitting 50% of plants account for only 4% of aggregate damages.
4) For natural gas heating, damages in the South (average 33 cents/MCF) and
Midwest (average 46 cents/MCF) outweigh the damages in the West and
Northeast (both average 16 cents/MCF).
This report summarized data from other reports that relied on theoretical
models.
Costs are provided in 2007 dollars.
Costs provided are annual.
2005 and 2030
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Hidden Costs of Energy: Unpriced Consequences of Energy Production and
Use (NRC, 2010)
The authors chose not to develop entirely new methods for estimating impacts
and damages; rather, they relied on existing estimates and confirmed the
assumptions made were reasonable. They identified specific costs and effects as
well as issues would benefit from additional research:
1) For electricity generation and heat production, the authors focused on
monetizing downstream effects related to air pollution from coal‐ and gas‐
fired processes. The authors did not assess effects associated with power‐
plant construction, and the authors did not assess effects from methane
emissions from transporting natural gas by pipeline for heat.
2) For transportation, the authors quantified effects related to air pollution for
essentially the full vehicle life cycle. These costs include impacts from vehicle
manufacture, which will still occur for biofuel vehicles in the future.
3) For energy infrastructure, the authors considered literature on a variety of
damages:
a) Disruption in the electricity transmission grid: Damages range from
$0.00025/kWh in residential situations to $0.13/kWh in commercial
settings.
b) Vulnerability of energy facilities to accidents and possible attack:
Damages and clean up costs for oil spilled is estimated at $13.01 per
gallon spilled.
3) External costs of oil consumption: There may be an externality associated
with oil consumption based on the effects of oil price shocks (estimated at $2‐
8/barrel).
4) Supply security considerations and national security externalities: There are
significant military costs associated with securing energy suppliers for the
United States.
1) The total damages due to external effects sum to more than $120 billion for
the year 2005.
2) Though there are some uncertainties with the estimates, the report concludes
that the aggregate total substantially underestimates the damages, because it
does not include unquantifiable damages in other sectors such as climate
change and ecosystems.
1) The report is one of the first to ever look comprehensively at the costs of
fossil fuel use externalities beyond climate change.
2) The report examined the health and transportation sectors in depth.
3) The research included analysis for multiple fuels, including natural gas and
coal.
1) The report did not measure negative economic impacts from oil price
volatility. Predictability of prices is preferred to volatile prices, and
consumers are willing to pay a premium to reduce the risk and have more
stable prices.
2) The environmental costs considered for electricity generation considered
were relatively narrow, limited to air emissions of SO2, NOx and particulates
from power plants.
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Costs of U.S. Oil Dependence: 2005 Update (ORNL, 2005)
David L. Greene, Sanjana Ahmad, Oak Ridge National Laboratory (ORNL)
January 2005
This paper, the fourth in a series, assesses the direct costs of U.S. dependence on
petroleum, to shed light on U.S. vulnerability to oil supply and pricing.
1) The analysis shows that while key parameters may change the total
dependence costs, the total cost of U.S. oil dependence from 1973 to 2004
totals $3.6 trillion (constant 2000 dollars).
2) The metrics assessed include:
a) Transfer of wealth from the U.S. to oil producing countries: $1.3 trillion
b) Loss of economic potential (GDP) due to oil demand and supply
elasticity and the competitive cost of oil: $1.0 trillion, and
c) Macroeconomic adjustment costs caused by sudden and large oil price
increases: $1.2 trillion. (These costs arise when a sudden price shock
throws the economy out of equilibrium, and wages and prices are not
able to adjust rapidly enough, and underemployment of labor and
capital results)
These results suggest that these three components contribute relatively
equally to the cost of U.S. oil dependence. Many reports have focused solely
on the oil price shocks costs, which underestimates the true costs of oil
dependence by a factor of 3.
The analysis was performed for the whole of the U.S. Results were not broken
down regionally, nor were other countries considered. The paper projected that
U.S. dependence on oil would cost over $200 billion in 2005, which is similar to
the costs incurred in 1980 and 1981 (constant dollars). As a percent of GDP,
however, the 2005 impact will be only half as large as the 1980‐81 impacts
because GDP has doubled in the intervening years.
1973‐2005
The study performs a review of empirical evidence, but the authors perform their
own theoretical modeling of costs.
Costs are provided in undiscounted 2000 dollars.
The costs provided are total.
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Costs of U.S. Oil Dependence: 2005 Update (ORNL, 2005)
1) This report updates estimates of historical costs through 2004 and projects
costs in 2005 based on current oil price projections of the U.S. Energy
Information Administration.
2) Also, improvements were made to previous modeling, including:
a) Improvements in cost estimation methods: inclusion of stochastic price
paths for competitive oil prices and changing the pattern of
macroeconomic adjustment costs over time to better approximate the
predictions of macroeconomic models.
b) Updates to data and key parameters based on the recent literature,
including the oil price elasticity of GDP, the price elasticity of U.S. oil
demand, the demand adjustment rate, the price elasticity of U.S. oil
supply, and the supply adjustment rate.
c) Use of risk analysis methods (Monte Carlo simulations) to better reflect
the inherent uncertainty about critical assumptions.
3) For estimation of transfer of wealth, the quantity of net imports was
multiplied times the difference between the actual market price and the
hypothetical price that would prevail in a competitive market, which was
determine to be $13/bbl.
4) The loss of potential GDP was measured by summing the losses (and gains)
throughout the economy of producers’ and consumers’ surplus caused by
higher oil prices. Because losses also occur in related markets, a multiplier
was used to convert petroleum market losses into an estimate of economy‐
wide losses.
5) Macroeconomic adjustment costs were simulated by comparing the actual
price of oil in year t to the price to which the economy has adjusted by year t,
given the history of oil prices.
1) The report suggests that oil dependence has cost the U.S. $3.6 trillion in total
between 1973 and 2005, with most losses occurring between 1979 and 1986.
2) The transfer of wealth of $1.3 trillion is a loss to the U.S., but not a loss to the
global economy since it is a transfer.
3) The U.S. Energy Information Administration anticipated that oil prices in
2005 would average around $35‐$45/bbl, resulting in oil dependence costs in
2005 of $150‐$250 billion.
4) The report’s sensitivity analysis indicates that a reasonable range of
uncertainty for the total costs of U.S. oil dependence is $2‐$6 trillion for the
past 30 years. Putting those numbers in terms of present value using a
discount rate of 4.5%, the costs of U.S. oil dependence since 1970 are $8
trillion, with a reasonable range of uncertainty of $5 to $13 trillion.
1) The report uses sophisticated economic models to estimate impacts.
2) The report reviews and uses methods and results in 45 other studies.
3) The report states its own limitations and uncertainties, and recommends
areas for future research.
1) The report focuses solely on the macro‐economic impacts of oil prices. Other
costs are not estimated, including external costs such as environmental costs
and military costs of securing oil supplies, which entail significant costs.
Therefore, the estimates of oil dependence provided are underestimated.
2) The 2005 oil price estimates of $35‐$45/bbl were lower than the actual 2005
average price of $50.
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United States cost of military force projection in the Persian Gulf, 1976–2007
(Stern, 2007)
Roger J. Stern
January 2010 in Energy Policy
This paper quantitatively estimates the military cost for the Persian Gulf force
projection using data from regional operations in the Middle East.
This report assesses military expenditures, for the period of 1976‐2007, as related
to protection of oil for national security purposes.
The total costs (in constant 2008 dollars) are estimated to be $6.8 trillion for 1976–
2007. This does not specify how much of this is oil related, although the author
suggests that oil is the main reason.
This report focuses solely on the costs the U.S. bears in order to protect the oil
supply in the Persian Gulf.
1976‐2007
The author performs his own theoretical modeling.
Costs are provided in 2008 dollars.
Costs provided are total, not annual.
1) This report estimated the “Cost of Persian Gulf Force Protection” using an
activity‐based cost (ABC) model, which is a full‐cost method that traces
flows of goods and services. The model uses Navy deployment data to
allocate Department of Defense expenses to specific regions, to link activities
to the goods and services they require. This reveals internal flows of goods
and services and allows estimates to be made. Estimates were then compared
to results of previous studies of regional military costs for reasonableness.
2) The methodology uses geographic distribution of aircraft carriers as a proxy
allocator of Department of Defense (DoD) baseline cost to regional
operations. Allocation follows from DoD data that since 1990 no less than
one aircraft carrier has been continuously on‐station in the Persian Gulf; that
eight carriers are required to remain on‐station there; that the Navy has had
11‐15 carriers since 1990; and that Army and Air Force units are virtually
never deployed to combat operations without Navy units.
1) The author estimates that the cost of Persian Gulf force protection is $6.8
trillion for 1976‐2007, and also projects that the cost for 2007 and 2008 will be
about $500 billion per year (2008 dollars). This estimate is higher than other
earlier estimates.
2) The substantial military investment is not a remedy for the market failure at
the heart of regional security problem, which is oil market power. Therefore,
market power is revealed as a substantial source of social and monetary loss.
1) This paper presents the first estimate of U.S. military cost for Persian Gulf
force derived entirely by a quantitative method.
2) This report compares its results to previous similar studies as a check on the
methodology.
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United States cost of military force projection in the Persian Gulf, 1976–2007
(Stern, 2007)
1) This report focuses solely on a specific time period and region. There are
likely other military efforts occurring in other regions to protect oil security,
so these costs should, as they state, only reflect efforts in the Persian Gulf and
not total efforts to protect oil supplies.
2) The report does not explicitly identify what fraction of U.S. force projection
in the Persian Gulf region is oil‐related.
3) The report does not examine the efforts of any other countries to protect their
oil supplies.
4) The estimates provided are generally higher than previous estimates. More
work is needed to compare the different approaches
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