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FOREWORD

Foreword

Governments around the world are striving to re-ignite growth in their economies while reducing
widening inequalities. At the same time, they are working hard to implement the climate goals agreed
by the global community under the Paris Agreement. These challenges are not mutually exclusive.
We have a unique window of opportunity to bring the climate and economic growth agendas together
and to generate inclusive economic growth in the short term, while ensuring that we meet the climate
challenge in the longer term.

Investing in Climate, Investing in Growth lays out the case for governments to pursue an
integrated policy approach that combines climate action with fiscal initiatives and structural reforms.
It is clear from the report’s analysis that countries can achieve strong and inclusive economic growth
while reorienting their economies towards development pathways with low greenhouse gas emissions
and high resilience to the effects of climate change. The report sees potential to increase long-run output
by up to 2.8% on average across G20 countries in 2050, with a net effect of nearly 5% if mitigated
climate impacts are taken into account. Importantly, growth impacts are positive in the near-term too:
the report sees potential for a net GDP effect of around 1% for G20 economies by 2021.

Howeuver, it is also increasingly clear that meeting the Paris Agreement’s goals will require countries
to step up ambition, enhance co-operation across borders and strengthen domestic policies and
implementation on the ground as a matter of urgency. Moreover, there is a need for governments to
take immediate action. The decisions that we take now on key issues such as infrastructure and the
structure of our economies will be critical in ensuring a longer term future that enhances rather than
diminishes well-being. Proactive, forward-looking policies to facilitate a just transition for affected
businesses and households will also be vital to ensure that reform is inclusive, progressive and good
for business, particularly in vulnerable regions and communities.

This report has been produced in the context of the German G20 Presidency, which has placed climate
squarely on the G20 agenda in recognition of the fact that the growth and climate agendas are mutually
supportive. Indeed, adopting an inclusive, low-emission and climate-resilient growth agenda is an
opportunity to reorient G20 growth objectives as the group’s 2014 Brisbane commitment to 2% growth
nears its end in 2018.

The OECD is supporting countries, developed and developing, to create more effective policy approaches
to address the growth, inclusiveness and climate challenges in a holistic way. For OECD member
countries, it will not be easy to achieve the transition from carbon-intensive to low-emissions economies
while seeking to re-ignite growth. For partner economies, the challenge is to avoid locking in emissions-
intensive development paths while pursuing growth and development opportunities. Our report shows
that there are significant benefits to an integrated approach to the climate and growth challenge.

"——<—\/_\," il
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Angel Gurria
OECD Secretary-General
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EXECUTIVE SUMMARY

Executive summary

Achieving a growth path thatis resilient, inclusive and sustainable is one of the top policy
priorities of our time. Governments around the world are facing the triple imperatives of
re-invigorating growth while improving livelihoods and urgently tackling climate change,
in line with the goals of the Paris Agreement. This report argues that boosting economic
growth, improving productivity and reducing inequalities need not come at the expense of
locking the world into a high-emissions future. It is the quality of growth that matters.

With the right policies and incentives in place — notably strong fiscal and structural
reform combined with coherent climate policy - governments can generate growth that will
significantly reduce the risks of climate change, while also providing near-term economic,
employment and health benefits. Such a climate-compatible policy package can increase long-
run GDP by up to 2.8% on average across the G20 in 2050 relative to a continuation of current
policies. If the positive impacts of avoiding climate damage are also taken into account, the net
effect on GDP in 2050 rises to nearly 5% across developed and emerging economies of the G20.

Investment in modern, smart and clean infrastructure in the next decade is a critical
factor for sustainable economic growth, especially as infrastructure generally has suffered
from chronic underinvestment since before the financial crisis. The report estimates that
USD 6.3 trillion of investment in infrastructure is required annually on average between
2016 and 2030 to meet development needs globally. An additional USD 0.6 trillion a year
over the same period will make these investments climate compatible, a relatively small
increase considering the short and long-term gains in terms of growth, productivity and
well-being. The additional investment cost is likely to be offset over time by fuel savings
resulting from low-emission technologies and infrastructure.

Furthermore, the current fiscal environment provides a window of opportunity to take
action now. Low interest rates have increased fiscal space in many countries and, where
there is less fiscal space, opportunities exist to optimise the tax and spending mix to align
stronger economic growth with inclusive, low-emission, resilient development. Well-
aligned climate, fiscal and investment policies will further maximise the impact of public
spending to leverage private investment.

Finance will be a key factor: capital must be mobilised from both public and private
sources, supported by a variety of financial instruments tuned for low-emission, climate-
resilient infrastructure. Public financial institutions need to be geared for the transition,
while the financial system itself should take greater steps to correctly value and incorporate
climate-related risks. Development banks and finance institutions - multilateral, bilateral
and national - all have a critical role to play here too, not only using their balance sheets
to amplify available resources, but also developing green finance in partner countries,
including through policy and capacity building support.

Getting the fundamental climate policies right is essential to aligning incentives. There
is a need to accelerate the reform of inefficient fossil-fuel subsidies and broaden the carbon
pricing base, focusing on tracking the impact and sharing policy experiences. Making

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017 1 5



EXECUTIVE SUMMARY

16

greater use of public procurement to invest in low-emission infrastructure can trigger
industrial and business model innovation through the creation of lead markets.

At the same time, we must recognise that sustainable growth also means inclusive
growth. Coherent climate and investment policies, effective fiscal and structural policy
settings and reforms must work together to facilitate the transition of exposed businesses
and households, particularly in vulnerable regions and communities. Early planning for
the transition is essential if societies are to avoid stranded assets in fossil-fuel-intensive
industries and stranded communities alongside them.

Looking beyond energy production and use, developments in agriculture, forestry
and other land-use sectors will enable scaling up the pace of the transformation needed
elsewhere in the economy. Current stocks of carbon in tropical forests and other ecosystems
need to be protected and their ability to act as carbon sinks enhanced wherever possible.
Research and development needs to be significantly strengthened and followed by rapid
demonstration and diffusion of technological breakthroughs that will reduce and eliminate
greenhouse gas emissions from energy, industry and transport, and improve agricultural
yields and crop resilience. In addition, the feasibility to deploy “negative emissions” at
scale remains a major uncertainty, despite being an important feature of most scenarios
consistent with the Paris Agreement’s goals.

Finally, international co-operation remains fundamental to managing climate risks.
Countries’ current contributions to emissions reduction beyond 2020 are not consistent
with the Paris temperature goal, and need to be scaled up rapidly. Support for action in
developing countries will be important, not just for mitigation but also to improve the
resilience and adaptive capacity of countries facing the greatest climate challenges. Climate
impacts will grow, even if we achieve the Paris temperature goal. We need flexible and
forward-looking decision-making to increase resilience in the face of these risks. Managing
the interdependences between climate, food security and biodiversity goals will be critical
to achieving the Sustainable Development Goals and long-term robust growth.
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Chapter 1

A decisive transition
for growth and climate

Governments around the world are facing the triple imperatives of re-invigorating
growth while improving livelihoods and urgently tackling climate change. This chapter
contains an extended synthesis of the report, showing how acting on climate change can
also be good for growth, provided the right policies and structural reforms are put in
place. After setting the scene for combined action on climate and growth, the synthesis
presents results on the macro-economic implications of a “decisive transition” to a low-
emission, high-growth and resilient future. The synthesis then lays out development
pathways compatible with the Paris Agreement and how they vary across country
types, as well as the need to scale and shift infrastructure investment. Turning to
policy, the synthesis also presents the mix of structural and targeted climate policies
required, the implications of the transition for exposed businesses and workers and
how governments can address them, and changes needed to the financial system. It
concludes with the main policy messages arising from the report.
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Creating the conditions for sustainable growth

18

The global economy is not generating the level or quality of growth to which the citizens
of G20 countries aspire. Productivity growth, the key factor that increases income per capita,
has been declining for years in many countries. Widening inequalities, often related to the
slowdown in productivity growth, are forcing a rethink about how the benefits of growth
are shared. Many advanced countries face concerns about persistent unemployment and
how to meet expectations about pensions, health and education. For some economies, this
is exacerbated by ageing societies. Developing and some emerging economies have the
benefit of a more dynamic demography, though many have concerns about the quality of
investment and regulation. In their 2016 communiqué, G20 leaders recognised that “the
use of all policy tools — monetary, fiscal and structural - individually and collectively” is
needed both to support aggregate demand in the short term and to build the foundations
for resilient, longer-term growth prospects.

The top priority for many G20 countries is to reinvigorate their economies, but the
quality of that growth is vital. To improve lives and well-being in the short-term, growth
needs to be inclusive, with benefits felt by the whole population. Economic growth over the
last two centuries has led to staggering increases in wealth and well-being for much - but not
all - of the world’s population. To continue to improve well-being over a longer time horizon,
the sources of growth need to be sustainable economically, socially and environmentally. To
date, growth has exploited natural capital to meet the demands of rising populations, using
technology largely based on abundant fossil fuels. Those fuels have been cheap because little
account has been taken of their social and environmental costs.

Climate change: a systemic risk for growth

The impact of the current growth model on the natural environment now threatens the
foundations of continued growth. While local pollution is increasingly driving momentum
for reform, environmental pressures, including climate change, are no longer just local
or regional; they pose profound challenges to global development. The scale of potential
damage from climate change poses a major systemic risk to our future well-being and the
ecosystems on which we depend, in particular for societies in less-developed, less-resilient
countries. The pace and scale of the required economic transformation is unprecedented,
if the worst of these risks are to be avoided; planning and investment in adaptation and
resilience are also essential to reduce vulnerability to climate change.

Governments acknowledged the intrinsic importance of climate change for sustainable
development and poverty alleviation in both the Paris Agreement and the 2030 Agenda for
Sustainable Development. In Paris, countries collectively agreed to strengthen the global
response to climate change including by limiting the global average surface temperature
increase to well below 2°C and to pursue efforts to limit it to 1.5°C above pre-industrial
levels, while increasing the ability to adapt to adverse impacts of climate change.

Most countries have proposed national action plans under the Paris Agreement, but
collectively these are insufficient to achieve the long-term objective of the agreement. The
Nationally Determined Contributions to 2030 are a positive step, but even if they were fully
implemented, warming would reach around 3°C, leading to severe disruption and economic
damage. Reasons for insufficient ambition vary, but commonly include perceived high
economic and social costs of climate policies, and concerns about competitive disadvantage
if stringent climate policies are not mirrored elsewhere. These concerns persist despite
the “enhanced transparency framework” of the Paris Agreement. In addition, political and
investmenthorizons have pitted thelong-term benefits of low-emission development against
the short-term (but ultimately unsustainable) benefits of cheaper high-carbon options. The
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threat of future damage from climate change has been too distant to drive sufficient early
action, and short-term gain has tended to come first. But the threat of climatic disruption is
not a conventional risk management issue, either temporally or spatially. While short-term
costs are often local, a failure to address them will put future local and global benefits
beyond reach.

Inclusive and climate-compatible growth

This report shows how action on climate change can generate inclusive economic
growth in the short term, in addition to securing longer-term growth and well-being for
all citizens. Governments can not only build strong growth but also avoid future economic
damage from climate change if they collectively act for a “decisive transition” towards low-
carbon economies. This requires combining climate-consistent, growth-enhancing policies
with well-aligned policy packages for mobilising investment in low-emission infrastructure
and technologies.

Investment in modern infrastructure is an important basis for economic growth,
but underinvestment has been prevalent since the financial crisis. Energy, water supply,
sanitation and waste management, mobility services and communications are foundations
for economic activity and also essential for achieving the Sustainable Development Goals.
Many advanced economies have suffered from a deficit of public infrastructure investment,
hurting growth. Most emerging economies need massive investment to provide a growing
population with universal access to modern services.

Countries are now facing a fundamental choice: the type of infrastructure investments
they make will either support or seriously undermine future global well-being. As well as
being a source of growth, infrastructure investment is a key determinant of future GHG
emissions and resource efficiency, both directly (for example, through the type of power
plants installed) and indirectly, by influencing behaviours (for example, through transport
systems and urban planning). The window for making the right choices is uncomfortably
narrow. The lifespans of much infrastructure and related physical investment means that
future GHG emissions are going to be locked in by investment choices in the next decade,
as infrastructure needs expand with the world economy. While investing in new and
improved infrastructure is an important part of getting growth going now, investing in the
right kind of infrastructure will deliver growth that can last. To manage climate risks and
deliver long-term sustainable growth, infrastructure investment needs to be low-emission,
energy-efficient and climate-resilient.

A unique opportunity

Current economic conditions - including low real interest rates in most countries -
afford many governments the opportunity to invest in the right infrastructure now,
to reignite growth while also paving the way to achieving the Paris Agreement goals.
Governments need to bring together structural policy reforms, effective climate policies and
the progressive alignment of regulatory frameworks to ensure effective action. A combined
agenda for climate and growth offers numerous economic opportunities, including
enhanced markets for low-emission infrastructure, technologies and services; increased
market confidence spurred by greater climate policy clarity; and enhanced incentives for
innovation and efficiency. These and other opportunities are relevant as the G20 prepares
to revisit its Brisbane “2% upside growth” commitment and strengthen performance on
growth; up to now, G20 countries have reached less than half of the 2% goal. The timing
and mix of the policy interventions required will very much depend on countries’ different
developmental imperatives and exposure to climate risks.
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The transition will not succeed unless the low-carbon economy is inclusive. To make
pro-climate growth policies politically feasible, their implications for both households
and businesses need to be taken into account. Beyond a well-functioning tax and welfare
system, targeted measures can compensate for any potentially regressive impacts of
climate policy on poor households. Past experience of industrial transitions shows that
workers and communities relying on GHG-intensive activities should be actively engaged
early in planning the transition. Where restructuring or plant closures are likely, authorities
should aim for transparency and work with relevant companies, sectors and communities
to develop economically sustainable alternatives and gain political and social support for
policy measures. Clear policy signals are also essential to guide the transformation of
technologies and business models for a low-GHG economy.

Acting together for better growth

The benefits of combined action on growth and climate increase as more countries
act in a concerted way. Simultaneous action by countries generates economies of scale in
climate solutions, magnifies the gains from learning and hastens a decline in technology
costs, increasing the penetration of new technologies. Simultaneous action can also reduce
the concerns of firms that competitors in countries not facing carbon pricing or regulation
would be at an advantage.

Recognising their different economic structures and level of development, members
of the G20 are well positioned to take the lead in uniting climate and growth efforts. The
G20 countries not only account for 85% of global GDP and 80% of CO, emissions, they have
far-reaching influence on the rest of the world through innovation, trade and development
finance. They are also, collectively, leading the transition: G20 countries are home to 98%
of global installed capacity of wind power, 97% of solar photovoltaic (PV) power and 93% of
electric vehicles (IEA, 2017). While efforts to reduce emissions and sequence policies will
vary from country to country, the G20 could spearhead the transition to low-carbon growth,
generating technology cost reductions and best practices that will further accelerate the
transition globally. Solar PV costs have declined about 80% in leading markets since 2010,
for example. If G20 countries do not take the lead, it is hard to see how the transition can
be effected.

A “decisive transition” for climate and growth

20

The current global macroeconomic environment - including low interest rates -
provides an opportunity to take swift action to address climate change while boosting
economic growth. Spurring investment in smart, modern, clean and resilientinfrastructure,
if combined with stronger fiscal and structural policies in a synergistic way, can boost
growth in the short term and underwrite robust long-term growth, in both advanced and
emerging economies. Low interest rates have increased fiscal space, giving governments
more flexibility over spending choices without compromising their future financial position.
Even in countries where there is less fiscal space, there are opportunities to optimise the
tax and spending mix to align stronger economic growth with inclusive and low-carbon
development.

Many policies aimed at strengthening growth can also support the transition to
low-emission pathways; by the same token, measures aimed at stimulating investment in
low-emission infrastructure can be good for growth. Economic growth and the low-carbon
transition both depend on the development and diffusion of new technologies and efficient
reallocation of resources towards both low-carbon and high-productivity economic activity.
Policies that stimulate technological diffusion and facilitate resource reallocation thus work
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for both objectives and can ensure a cost-effective low-carbon transition. Such measures
can be disruptive, but effects can be offset by spreading the benefits of growth widely, and
through policies that improve access to new economic opportunities (education, vocational
training) and provide an adequate social safety net to workers.

A decisive transition to spur growth while limiting climate change

New OECD modelling work presented in this report builds on IEA (2017) to show how
combining economic reforms with ambitious climate policies in an integrated, synergistic
manner can spur economic growth while also mobilising the investment needed to achieve
longer-term climate objectives. Results suggest that such a collective “decisive transition”
can boost long-run output by 2.8% on average across the G20, when comparing a current
policies trajectory to a pathway set to hold warming below 2°C with a probability of 50%
(Figure 1.1, right-hand panel). Importantly, the net effect on growth is also positive in the
short term (left-hand panel).

The modelled growth effect is driven by a combination of investment in low-emission,
climate-resilient infrastructure; an additional fiscal initiative to fund climate-consistent
non-energy infrastructure; pro-growth reform policies to improve resource allocation;
technology deployment; and green innovation. The benefits of combined growth and
climate policies more than offset the impact of higher energy prices, tighter regulatory
settings, and high-carbon assets that may become economically stranded before the end
of their economic life. Carbon-tax revenues are assumed to be used to lower public debt
in most countries. The overall macroeconomic benefits of the modelled policy package
therefore also include substantial reductions in most countries’ public debt-to-GDP ratios.

Avoided climate damages bring additional economic gains

If estimates for the positive impacts of avoiding damage from climate change
are also accounted for, the net effect for 2050 rises to 4.7% higher than it would be if
governments take no further action. While some economic damages are already captured
in the modelling baseline, damages from climate change could pose a much greater
threat to economic growth and well-being through mechanisms difficult to capture in
economic modelling. The impact of these severe non-linear and unpredictable economic
damages, such as flooding of coastal regions and increased frequency and strength of
extreme weather events, could be very significant. Complementing model results with
fuller damage estimates is important to give a more realistic picture of the long-term
benefits of climate-friendly growth now. In addition, in the absence of action to reduce
emissions, significant further damage can be expected between 2050 and 2100, outside of
the timeframe of this exercise. Upper estimates of GDP costs without climate action range
between 10 and 12% annually on a global scale by 2100.

The implications of a decisive transition will vary depending on a country’s economic
structure, but even fossil fuel exporters can offset losses and boost economic growth if
policies are well chosen. This is a significant finding as climate action is usually expected
to impose costs on fossil fuel exporters, including lower output and less employment in
fossil fuel export activities. However, in a decisive transition these costs can be mitigated
if carbon-tax revenues are judiciously recycled, in parallel with well-managed pro-growth
reforms and proactive fiscal policies. The resulting positive effect on growth can more
than outweigh the impact of stranded assets and higher energy prices. Results suggest
the GDP boost would vary from 2% to 3% by 2050 in different G20 economies, not including
avoided damages.
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Figure 1.1. Positive growth effects for the G20 by combining climate action
with economic reforms in a decisive transition
(50% probability of achieving 2°C)
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Note: See note under Figure 1.2.

Figure 1.2. Positive growth effects in 2050 for the G20 by combining
climate action with economic reforms in a more ambitious scenario
(66% probability of achieving 2°C)
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Note: The average G20 is a weighted average of selected G20 economies, which represents 88% of the G20 countries (excluding
the European Union). “Net investment to decarbonise” comprises the effects of specific investment needed to achieve a 2°C
climate objective. “Fiscal initiative” includes additional investment in climate-friendly non-energy infrastructure and soft
infrastructure (e.g. education and research). Total investment corresponds to an increase in public investment in all countries
of 0.5% of GDP. Countries that experienced disinvestment as a result of mitigation policies are assumed to compensate for
this disinvestment. The structural reform modelled here includes a package of measures to improve economic flexibility and
resource allocation, calculated using the OECD Product Market Regulation index. Innovation captures the increase in R&D
spending necessary to reach a 2°C scenario (50% scenario) and equivalent to 0.1% GDP (66% scenario). Stranded assets are
consistent with IEA estimates. Regulatory setting captures the reduced costs of the transition in a more flexible regulatory
environment. For damages, simulations presented here include only a subset of potential damages, excluding for instance
damages from extreme climate events, due to difficulties in projecting their frequency, severity and location. The exercise
models global damages associated with temperature increases, using the Nordhaus (2016) damage function.
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Pursuing a more ambitious climate scenario

Limiting warming to 2°C is not enough to satisfy the objectives of the Paris Agreement.
While it is difficult to precisely define what “well below 2°C” and “efforts to limit to 1.5°C”
mean, a step towards a more ambitious scenario can be described in which more stringent
action raises the probability of holding warming below 2°C from 50% to 66%. Such a scenario
is set out in a parallel report to the German G20 Presidency which this analysis draws upon
(IEA, 2017). New OECD simulations suggest that this more stringent mitigation scenario can
also be a strong basis for economic growth, with a GDP increase of around 2.5% for the G20 on
average in 2050, further increased to about 4.6% if avoided climate damages are accounted for.
Ambitious pro-growth reforms coupled with innovation, and in some countries the recycling of
carbon-tax revenues, can outweigh losses resulting from potential energy price increases and
stranded assets (Figure 1.2). However, this result requires caution. The macroeconomic effects
of this scenario are hard to model because the speed and depth of the necessary economic
changes are profound and difficult to anticipate. These changes include the stranding of some
fossil-fuel-intensive energy activities, massive investments in the global stock of buildings
and radical changes to transport systems. The extent of important developments cannot yet
be known, such as a more resource-efficient circular economy, new business models and
technological breakthroughs that could change the economics of the transition.

Costs of delaying action

There are also significant costs involved in delaying action to reduce emissions.
Countries may be tempted to delay decarbonisation for several reasons, including the
long-term nature of the climate threat and political resistance based on perceived short-
term risk of economic, distributional or competitiveness impacts of climate policies. Such
a delay would simply increase the transition costs and require a more abrupt adjustment
when action does finally start. If more stringent policies were introduced later they would
affect a larger stock of high-carbon infrastructure built in the intervening years, leading
to higher levels of stranded assets across the economy. In a delayed action scenario where
action on climate change accelerates only after 2025, GDP losses are estimated to be 2%
on average across the G20 after 10 years, relative to the decisive transition, and would be
higher for net fossil fuel exporting countries. The losses could materialise as soon as the
delayed transition starts and could be aggravated by financial market instability. The main
uncertainty concerns how many assets might be stranded. Further research is warranted
on how those assets should be measured.

Decisive action by leading countries

Even if action is not fully co-ordinated internationally, pro-active countries could
still see benefits of combining climate and growth policies through a leadership alliance,
demonstrating the benefits to other countries over time. The competitive advantage for
such leadership economies is not likely to suffer in aggregate, due to the growth benefits
of action described above and because their policies would drive demand for low-GHG
products and spur innovation. They would also gain from short-term co-benefits of action,
such as improved human health due to lower pollution. However, the pro-active countries
may need to plan for significant structural changes in the economy, especially if some
firms in carbon-intensive sectors relocate to countries with less stringent policies. This
reinforces the case for accompanying structural reforms, as well as measures to ensure
a proper transition of the work force. Cost-efficient decarbonisation policies, including
carbon pricing with astute use of revenues, are even more important in this scenario. While
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countries outside of the leading group could gain some short-term competitive advantage
in carbon-intensive industries, they would likely face higher stranded assets later. And
the burden these countries impose on other countries, including higher climate risks, will
become increasingly clear and may have broader implications for a range of international
geopolitical issues.

Regardless of the international picture, the appropriate combination of pro-growth
policies and action on climate change will vary from country to country, depending on
governance, economic and social structures. The following sections show how country
characteristics will shape emissions pathways and infrastructure choices, before exploring
how different combinations of structural reform and climate policies can trigger growth in
various country contexts.

Pathways and priorities for a decisive transition

24

The long-term temperature goals of the Paris Agreement can be translated into a fixed
quantity of long-lived GHGs to be released to the global atmosphere over time. This global
“carbonbudget”isbest presented as arange, reflectinguncertainties on how the temperature
target is interpreted, how the climate responds to GHG concentrations (climate sensitivity),
and the role of non-CO, GHG emissions. The level of gross GHG emissions consistent with a
given (net) carbon budget will also depend on assumptions about technologies for “negative
emissions”, which would allow for a temporary overshoot before emissions are removed
from the atmosphere to maintain net emissions within the overall budget. The global
carbon budget compatible with a 66% likelihood of remaining below 2°C is estimated to be
590-1 240 GtCO, from 2015 to the time of peak warming - roughly 15 to 30 years of fossil
fuel-related CO, emissions at current rates.!

To remain within the carbon budget compatible with the Paris goals, the global
emissions pathway created by a decisive transition requires three main features:

- an early peak in global emissions, as soon as possible;
» a subsequent rapid fall in GHG emissions;

- net GHG emissions near zero or net negative in the second half of the century.

The later the peak in global emissions, the greater the rate of emissions reduction
required subsequently to stay within the carbon budget. Options for achieving ambitious
mitigation goals may be lost if emissions peak too high or too late, and delayed action would
lead to higher costs as described above. Further, failure to reach a global emissions peak
before 2030 may make it impossible to limit global average surface temperature increase
to well below 2°C, let alone 1.5°C. This is particularly important because although total
global CO, emissions from energy have been flat for the past three years, the CO, intensity
of primary energy across the G20 remains high. As growth picks up, global CO, emissions
could therefore start to increase again unless governments take further action.

Low-emission pathways

The mitigation objective in the Paris Agreement is extremely stringent. A deep
transformation of the energy sector is needed to decarbonise electricity supply, improve
energy efficiency, deploy smart grids and storage to better manage electricity demand and
supply, and electrify other energy end-uses such as transport and buildings. However, the
energy sector is only part of the low-carbon transition story. Agriculture, forestry and other
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land use contribute around a quarter of total GHG emissions, around half of which is from
agriculture. The land sectors act as both sources of GHGs (including methane from cattle
and rice, nitrous oxide from fertiliser use) and sinks of CO, (from forestry and carbon stocks
in soils), so they have an important influence over the carbon budget remaining for energy-
related emissions.

Most scenario modelling of global pathways that keep warming “well below 2°C”
require not only reducing emissions of all GHGs but also “net negative” emissions later this
century.? Land-use and forestry will have to go from being a net emitter to a net sink of
GHG emissions, including through reforestation, avoided deforestation, and conservation
and recovery of soils as carbon stocks. Agriculture also has the potential to become more
GHG-efficient while meeting increased food demand from rising populations, though this
is dependent on demographics and dietary preferences, as well as technological progress in
crop yields. Energy-related CO, emissions can also be reduced by using bioenergy, either for
advanced biofuels or in power plants fitted with carbon capture and storage (CCS). Potentially
a means to create “negative emissions”, the required technologies are still not yet proven at
commercial scale across relevant applications. Concerns remain over competition for land
and whether enough biomass can be produced sustainably, while meeting food demand,
maintaining carbon stocks and protecting biodiversity.

Adaptation pathways are important planning tools

Adaptation is also at the heart of the Paris Agreement. Strong action to reduce
emissions will lower the need for adaptation by reducing the intensity of climate-change
impacts. Nevertheless, significant climate impacts are already locked in, so planning for
and investing in adaptation and resilience is critical. Vulnerability to climate change varies
greatly across sectors and within countries, shaped by geography, income, governance and
development choices. Socio-economic trends and trans-boundary impacts are also relevant.

Decisions being made today will affect future vulnerability to climate change,
intentionally or not. However, climate vulnerabilities are diverse and projections of local
and regional change are uncertain, so it is neither possible nor desirable to address the
need for adaptation comprehensively at one point in time. “Adaptation pathways” can
be developed to shape near-term planning and policy decisions that reduce short-term
and long-term risks. These pathways provide a means to identify path dependencies and
critical decision points, creating a flexible, forward-looking approach to decision-making.
National adaptation plans can strengthen the capacity of national and local decision
makers to account for climate change and direct investments in resilience. Relevant tools
for adaptation strategies include national risk assessment, indicator sets and in-depth
evaluations of large infrastructure projects.

Pathways for different countries

Both low-emission and adaptation pathways are specific to individual countries. This
is highlighted by the diversity of current CO, intensity of energy and energy intensity
of GDP, both key determinants of CO, emissions. The lines in Figure 1.3 show different
combinations of these two determinants resulting in the level of CO, emissions per unit of
GDP required to be on course for the IEA 66% 2°C scenario, which this report builds on, in
2030, 2040 and 2050. The 2014 positions of G20 countries are also plotted, highlighting the
different starting points and challenges facing different countries as they choose the most
appropriate pathways towards the Paris objectives.
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Figure 1.3. The carbon and energy intensity of G20 economies in 2014
and the path to 2050
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Pathways will vary according to different country circumstances. Figure 1.4 presents a

new characterisation of CO, emissions pathways

out to 2050 under the IEA 66% 2°C scenario,

showing the G20 average and also groups of advanced and emerging economies. Measured
against a starting point of 2010 emissions, global CO, emissions fall by about 80% by 2050.
Advanced economies begin rapid emissions reductions from the outset and are projected
to converge at very low levels by 2050. However, pathways for emerging economies are very
different. Upper middle-income countries, taken together, show a gradual decline starting
from the current period, also accelerating to reach low levels by 2050. Lower middle-income
countries, given their stages of economic and demographic development, show continued
increases in emissions to about 2025, followed by a gradual decline back to around 2010 levels.

As well as the diversity of potential countr

y pathways, these scenarios illustrate the

importance of policies (including climate support) that can combine growth with emissions
reductions, to bring forward the required peak in emissions while not harming prosperity,

in particular for emerging (middle-income)

market economies. Understanding the

appropriateness of different policies requires understanding how low-emission pathways

apply to different countries, for both energy an

d non-energy sectors, taking into account

the relative importance of energy, industry, land-use and other sources of GHG emissions.
Groups of countries that share common characteristics could gain a significant advantage
from joint analysis of policy developments as they develop their plans for combined growth

and climate action.
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Figure 1.4. Emissions pathways by income group
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Scaled-up investment in clean, resilient infrastructure

Infrastructure investment is vital to underpin economic growth as part of a decisive
transition towards low-emission, climate-resilient pathways, but current levels and types
of investment are inadequate. The quality of infrastructure is declining in many advanced
economies, public capital stock is shrinking in some countries, and more infrastructure
investment is needed in developing countries to achieve universal access to energy and basic
public services. The quality of different infrastructure types, and resulting access to basic
services, varies greatly across different country income groups, with implications for the
quality of growth and development (Figure 1.5). For example, having nearly universal access to
electricity (bottom left) does not mean that the electricity supply is of good quality (top right).

Figure 1.5. Quality of infrastructure status and access to basic services
in G20 countries, by income groups
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Sources: Authors, based on WEF (2015) and World Bank (n.d.) (accessed February 2017).
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Unprecedented levels of infrastructure investment will be required to sustain growth
and meet the basic needs generated by rapid population growth and urbanisation in
developing countries, even before considering climate and pollution challenges. The OECD
estimates that around USD 95 trillion of investments are needed from 2016 to 2030 in
infrastructure (energy, transport, water and telecoms), equalling around USD 6.3 trillion
per year without taking into account climate concerns. Transport represents 43% and
energy 34% of those investment needs, 60% to 70% of which will be required by emerging
economies.

The new estimates also suggest that for infrastructure to be consistent with the 2°C
66% scenario, investment needs reach USD 6.9 trillion per year in the next 15 years, an
increase of about 10% in total infrastructure investment from the reference estimate above
(Figure 1.6, left-hand panel). This covers transport, water and sanitation as well as energy
supply and use. The additional capital cost is low overall and could be offset over time by
fuel savings reaching USD 1.7 trillion per year up to 2030 (Figure 1.6, right-hand panel) -
further reinforcing the case for robust low-emission economic growth.

Focusing on energy infrastructure, low-emission pathways require a deep
transformation in the way energy is used and produced, requiring 29% more investment
in the energy sector (Figure 1.6, top three segments). In the IEA 2°C 66% scenario, 95% of
the electricity would need to be low-carbon by 2050, 70% of new cars would be electric,
the entire existing building stock would have been retrofitted, and the CO, intensity of the
industrial sector would be 80% lower than today (IEA, 2017). Achieving this would entail a
major shift of energy supply investment towards low-carbon alternatives, and a significant
increase in demand-side investments to make the economy more energy-efficient in the
next few years.

Figure 1.6. Annual infrastructure investment needs and fuel savings
in a low-carbon future
Global estimates (annual average for 2016-30, USD 2015 trillion)
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Notes: Reference case assumes no further action by governments to mitigate climate change.

Sources: IEA (2017) for energy supply and demand; IEA (2016a) for road and rail infrastructure; OECD (2012) for airports and
ports; McKinsey (Woetzel et al., 2016) for telecoms. The water and sanitation estimate is an average of estimates from: Booz
Allen Hamilton (2007), McKinsey (Woetzel et al., 2016) and OECD (2006).
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While itis clear that a boost in investment is needed in the short term to engage on a low-
emission pathway, the exact amount remains uncertain. Other modelling exercises (IEA 2016)
show that in the long term (to 2050), overall investment needs could actually be lower in a
low-carbon scenario than in a business-as-usual scenario. This would include savings from
modal shifts to low-carbon transport, particularly at the urban level, where fewer vehicles
and less parking space would be needed. In the long term, a world less reliant on fossil fuels
is also likely to require less port capacity, fewer oil and gas tankers, and fewer hinterland
railways to transport coal. On the other hand, digitalisation and smarter energy systems
may require additional investment needs in telecommunication systems. G20 countries need
to better understand the actual infrastructure investment needs associated with their low-
emission development strategies.

Most existing energy and transport infrastructure was designed and built for a world
in which fossil fuels were cheap and abundant. Given the long lifespan of infrastructure,
failure to invest in the right type of infrastructure in the next 10 to 15 years would either
lock the world into a GHG-intensive development pathway or risk stranding many assets. It
would also imply serious and probably irreversible risks, not only of environmental damage,
but also of financial instability that harms economic growth prospects. As explained above,
the later a decisive transition begins in earnest, the more difficult and disruptive it promises
to be for the energy sector and other GHG-intensive activities. Taking a low-carbon path
offers an opportunity to accelerate investment in infrastructure, create a short-term boost
to economic growth and development, and provide relief from persistent problems like
congestion, air pollution and access to energy.

Improving the transparency of infrastructure project pipelines

While long-term planningis a vital first step for the low-carbon transition, G20 countries
must also be able to transform such plans into bankable, low-emission infrastructure
projects. Most countries still lack clear and transparent information on their infrastructure
investment pipelines, even though G20 leaders recognised in 2014 the importance of
such pipelines for tackling the global investment and infrastructure shortfall. Improving
the visibility of infrastructure plans and needs is a key priority and critical to gain the
confidence of private sector investors. Where current investment plans are known, they
are often limited to the energy sector and generally not consistent with the commitment
in the Paris Agreement to mitigate GHG emissions and support adaptation. In addition, G20
countries have a significant influence on infrastructure developments in other countries
through export credits and official finance, where better alignment with the Paris Agreement
should be sought.

New analysis of the current existing capacity and current pipeline of power plants in G20
countries?® indicates that a shift towards investment in renewable energy has started and is
likely to continue in the next 15 years, as two-thirds of the global capacity under construction
is based on renewable energy technologies — close to what is required by the IEA 2°C 66%
scenario (Figure 1.7, right-hand panel). Despite this encouraging trend, more than 20% of the
projects under construction are still based on coal. This number could increase as 416 GW of
coal plants are in pre-construction development, and 543 GW are on hold. Continuing this
trend will put the temperature targets set out in the Paris Agreement out of reach.

Innovation will play an important role in achieving low-emission growth. While much
progress can and needs to be made immediately using currently available technologies, a
full low-carbon transformation will require widespread innovation and deployment of new
infrastructure, technologies and business models. Beyond the need for new combinations
of technologies to achieve net-negative emissions while meeting food demand sustainably,
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heavy industry will require technology breakthroughs to mitigate process emissions and to
reduce reliance on fossil fuels. Energy sector innovation is also important, including rapid
advances in energy storage to accommodate larger shares of variable renewable sources. As
mentioned above, structural reforms can play an important role in facilitating this green
innovation and ensuring that it is good for growth.

Figure 1.7. Current capacity and current pipeline of power plants relative to those
required in a 66% 2°C scenario
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Source: Authors’ analysis from i) Platts WEPP (2017) for oil and gas under construction in G20 countries; ii) the Global Coal Plant
Tracker (2017) for coal under construction in G20 countries; iii) IAEA (2016) for nuclear under construction in G20 countries;
iv) IEA (2016b) for renewable energy under construction in G20 countries; and v) IEA (2017) for capacity additions in the IEA 2°C
66% scenario, globally.
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Combining pro-growth reforms with climate policy and well-aligned investment
conditions
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To mobilise the investment required for a decisive transition, governments need to
support pro-growth structural reform policies with coherent climate policies and a well-
aligned investment policy environment (Figure 1.8). The most effective policy combinations
to mobilise investment in low-emission infrastructure vary from country to country,
including the respective contributions of public and private investment.

Structural reforms that promote higher and more inclusive growth — such as measures
to enhance product-market competition, facilitate access to jobs and improve skills - can be
supportive of the low-carbon transition and are a key part of a decisive transition for climate and
growth. The swift infrastructural, technological and industrial shifts implied by low-emission
pathways to 2050 demand more rapid resource reallocation and faster technology diffusion.
They can be further accompanied by improving dynamism in labour markets, provided that
workers in the most affected carbon-intensive industries are supported through the transition.
Pro-growth reforms that help meet these demands also generate more productive economic
activity and enable new entrants to capitalise on emerging opportunities. Easier reallocation
also boosts investment in R&D and other forms of knowledge-based capital, which boost
adoption of new low-carbon technologies and long-term productivity growth. This requires
reforms in product markets, financial markets, labour markets and housing markets. In short,
policies that attempt to preserve the status quo - or at most favour an incremental transition —
risk falling short from both a climate and an economic point of view.
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Figure 1.8. The three components of a well-aligned policy framework
for climate and growth
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Strong and coherent climate policy as the basis for the transition

Carbon pricing can be a powerful, cost-effective tool for steering producers and
households towards low-carbon and growth-oriented behaviour and investments. However,
carbon prices have so far been low, especially when measured by “effective carbon rates”
that incorporate the carbon price equivalent of energy taxes as well as explicit carbon
prices. Currently, most CO, emissions within the G20 are not priced at all, and 91% are
priced at less than EUR 30 per tonne of CO, (a conservative estimate of the lowest social
costs that would result from a tonne of CO, emissions).

Where carbon prices exist, their impact on infrastructure investments has tended to be
limited and indirect, partly because price signals have been weakened by transitional support
measures or exemptions given to firms or households. Poorly targeted use of the public revenues
from carbon pricing can also hinder their effectiveness and reduce the political acceptability of
carbon pricing. On the other hand, intelligent use of carbon pricing revenues is an opportunity
to improve fiscal space and make climate policy more inclusive and progressive, for example by
reducing other taxes and lightening the burden on the poorest households.

Fossil-fuel subsidies are still widely prevalent and act as negative carbon price
signals, leading to increased emissions of CO, and local pollutants. In 2014, G20 countries
collectively provided subsidies amounting to USD 354 billion for fossil-fuel consumption,
and USD 18 billion for fossil-fuel production. These subsidies translate into large fiscal
costs for governments. For example, the fiscal burden of fossil-fuel subsidies reached as
high as 1.4% of GDP in Mexico and 4.1% of GDP in Indonesia before both countries started
reforming such subsidies; those subsidies were also regressive, benefiting mostly those on
upper and middle incomes. In general, governments can make fossil fuel subsidy reform
more acceptable if they precede such reform by improving energy services and introducing
measures aimed at supporting the poor.

Even where carbon pricing is at the heart of countries’ climate policy, local conditions
and political compromises often make the design of schemes less than perfect and more
susceptible to factors like information asymmetries, non-price barriers such as behavioural
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change, and public opposition to new taxes or tax increases. This means that carbon pricing
may need to be complemented by other targeted measures such as specific investment
incentives; regulations and standards; information policies; and measures aimed at low-
carbon innovation. The interactions between policies need to be carefully evaluated, however.

Tuning broader investment conditions for low-emission, resilient investment

For climate policies to be more effective — and more supportive of low-emission economic
growth in a decisive transition — the broader policy environment in which they operate needs
to be well aligned with climate objectives. Existing policy frameworks, developed over decades
to support fossil fuel-based economic growth, can inadvertently weaken the low-emission
investmentsignal provided by carbon pricing. Potential misalignments can be identified in many
policy areas, including investment, competition, trade and tax. A first priority is to ensure that
pro-growth reforms are well aligned with low-carbon growth, such as ensuring a competitive
level playing field for electricity generation. In addition, specific policies and regulations that
weaken the business case for investment and innovation in low-emission and climate-resilient
infrastructure need to be identified and fixed. For instance, poorly designed support schemes
and outdated maps of domestic natural resources may hinder the attractiveness of investment
in renewables. Inconsistent land-use and transport planning can lead to a locking in of carbon-
intensive infrastructure and behaviour, particularly in urban areas.

Some land-use policies can also be misaligned with climate objectives. Resolving these
conflicts is vital to maximise the contribution of the land-use sector to low-emission pathways
while balancing land-use priorities. For example, agricultural input subsidies, price support,
tariffs and subsidies on agricultural products, and in some cases subsidised crop insurance
premiums, often foster more emissions-intensive practices and impede investments in
adaptive technologies (though in some countries specific policy designs are aligned with
sustainability objectives). Land degradation is another example, resulting from uncontrolled
open access to common land. Reforming land tenure arrangements - to increase private
ownership or long-term leases — or strengthening the sustainability of traditional institutions
and land use rights, can foster private investment in restoring degraded landscapes or
preventing land degradation, which in turn help sequester more CO,.

Public infrastructure choices and procurement

Public procurement at central and local government levels plays a key role in the
economy as a whole (averaging 13% of GDP in advanced countries, and sometimes more in
emerging economies). Itis particularly important for pro-growth infrastructure investment,
includinglow-emission and resilient infrastructure. Public procurement can also create lead
markets for innovative, low-GHG industrial materials and infrastructure choices. This can
be done by pricing life-cycle CO, emissions in procurement criteria, thereby encouraging a
competition to lower emissions. To unlock this potential and align procurement with Paris
Agreement objectives, public procurement organisations need to be strengthened.

Efforts to improve climate resilience, in particular infrastructure resilience, need to
take country and locally specific contexts into account. In general, the owners and operators
of infrastructure are best placed to decide on the appropriate measures to implement.
The public sector has a key role to play, however, to ensure that the current direction of
infrastructure investment is aligned with the goal of increasing resilience to economic
and climate-related shocks, and also catalysing private sector investment in adaptation by
creating an enabling environment. A well-designed regulatory framework, information on
climate risk and pricing externalities, and better aligned policies could help drive adequate
investment in resilience by owners, operators and financiers.

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017



1. ADECISIVE TRANSITION FOR GROWTH AND CLIMATE

A transition that is inclusive, progressive and good for business

Even though action on climate change can be positive for overall economic growth and
welfare, most countries face political challenges in implementing ambitious policy reform.
Vested interests and incumbent actors in today’s high GHG-emissions societies can prevent
governments from acting decisively and consistently. In a decisive transition, certain
assets, especially in the fossil fuel and power sectors, will lose value and be economically
stranded, with potential implications for employment opportunities. Even if the impact on
overall employment is likely to be modest, jobs will shift as GHG-intensive activities change
business profiles and technologies.

Most countries’ economies are “entangled” with fossil fuels and other GHG-intensive
sectors, reflecting the significant contribution of these activities to past economic
development. Even in countries that are not fossil fuel producers, tax revenues, financial
markets, pension funds and jobs depend to varying degrees on GHG-emitting activities,
which can place governmentsin a position of significant conflict should they try toimplement
strong climate policies. This entanglement can render climate action ambivalent at best
unless governments adopt an inter-ministry, cross-cutting approach to climate action.

Governments have previously had to learn about the modernisation and restructuring
of some heavy industries, experience which may prove instructive in managing the
transition to a less GHG-intensive economy, including engaging with affected firms and
communities. Relevant measures used in the shipbuilding and iron and steel sectors include
the creation of funds and targeted subsidies (e.g. restructuring investment aid, closure aid),
special legislation and fiscal measures. Clearer decarbonisation and adaptation pathways
will help governments anticipate, plan for and communicate the structural consequences
of the transition away from GHG-intensive activities. This should minimise the destruction
of asset values. Disruption linked to business cycles and other factors, such as the global
excess capacity of iron and steel, can allow governments to prepare industry for the shift.

Creating opportunities for workers most affected by the low-carbon transition will be
essential. The aggregate effect of the transition on jobs may be modest, but reallocation
across sectors and activities will be necessary and in some sectors significant. Trade
unions are aware of the challenges posed by the transition and advocate a role for workers
in a “just transition” — a transition that includes proactive measures to plan and invest
in environmentally and socially sustainable jobs, sectors and economies. Good planning
to anticipate and facilitate retraining and mobility, and an active social dialogue between
government, employers and workers, are vital for climate-friendly development.

The low-carbon transition will also directly affect households. Energy supply costs may
increase, at least in the short term, so households could face transitional costs for new efficient
equipment and infrastructure. Households could also face higher energy unit costs, for example
where carbon pricing is the instrument of choice. These changes may be regressive, affecting
the poorest households the most, but targeted recycling of carbon tax revenues can offset this
effect. In many countries, the need to improve energy access and affordability will have a
strong bearing on policy choices to facilitate the adoption of low-carbon energy practices. The
reforms of fossil-fuel subsidies, initiated in some G20 countries and beyond, have shown how
governments can compensate for rising energy prices and avoid regressive impacts.

The transition is unlikely to succeed, however, unless the low-carbon economy includes
and provides opportunities to all actors. The transition will affect everyone, from central
and local governments to the private sector, the labour force and citizens, whose divergent
interests and influence will come into play. An improved understanding of aligned and
divergent interests can help governments to make policy that addresses multiple needs and
musters coalitions in favour of action - in business, institutions, civil society and different
government portfolios. This would ensure that other pressing policy priorities, such as

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017 33



1. A DECISIVE TRANSITION FOR GROWTH AND CLIMATE

poverty alleviation and inclusiveness, are not compromised, making the transition more
sustainable. This broad-based engagement should be an essential element in the domestic
processes guiding the elaboration of low-greenhouse gas development strategies.

Overall, to improve the chances of achieving the Paris Agreement goals, it is vital to
incorporate political economy considerations early in the process of elaborating domestic
strategies to implement Nationally Determined Contributions. In addition, pursuing
“whole-of-government” approaches to low-emission, climate-resilient growth can help
governments to avoid entanglement in high-carbon sectors and activities.

Mobilising capital for a decisive transition

34

Coherent climate policy and a well-aligned investment framework are essential to
steer the investment flows needed to pursue low-emission, resilient pathways, but in
themselves are not enough. Mobilising the necessary capital also requires diverse financial
instruments tuned for infrastructure financing, efficient allocation of risks and use of risk
mitigation techniques, public financial institutions geared towards low-carbon investment,
and a financial system that correctly values climate risk.

Private financing of infrastructure, including low-emission energy infrastructure, has
undergone a major shift in the last decade. Renewable energy projects have been able to
access more diversified pools of financing through project finance structures, attracting
equity investors such as pension funds and sometimes project bonds. At the same time,
banks are facing challenges such as non-performing loans and stricter regulation, so there
is a need to open complementary sources of finance such as institutional investment and
capital markets. The low-carbon transition will require substantially stronger efforts to
overcome the remaining barriers to mobilising the private investment capital required for
low-emission, resilient infrastructure.

New models and partnerships are scaling up financing for low-emission infrastructure,
by drawing on the changing role of traditional financial actors and their respective
strengths. Increased co-operation, for instance between banks and utilities, or between
development finance institutions and institutional investors, has significant potential to
facilitate finance for key elements of low-emission pathways, including renewables and
energy efficiency in buildings and industry.

Real and perceived risks related to infrastructure financing, for example due to weak
governance and regulation, currency fluctuations, and lack of domestic capital markets,
continue to hamper private investment, particularly in emerging economies. There is also a
need to improve the understanding of the specific risks and returns associated with investment
in low-emission infrastructure. These risks often relate to infrastructure as an asset class,
characterised traditionally by its long-term nature and high upfront costs, together with political,
regulatory, macroeconomic and business risks and, more recently, climate change risks.

Despite the crucial role of technology and innovation, as highlighted in the pathways
analysis above, new venture capital finance in clean technologies has been declining. Current
investment models are not always aligned with the capital intensity and long development
timelines required by clean technologies. Governments need to remove bottlenecks in clean
technology finance, particularly in early stages and commercialisation, by enhancing public
and private co-operation and improving business models for the financing of research and
development in energy efficiency and low-emission infrastructure.

Various risk mitigation and “blended” finance approaches have been developed and
need to be scaled up. Tools such as guarantees, credit enhancements, currency hedging
and more diversified insurance offerings help to mitigate and better allocate risk across
different actors, while instruments such as green bonds and securitised loans help to secure
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a reliable long-term funding basis for infrastructure projects. Blended finance models -
with a focus on crowding in private finance — can de-risk and mobilise private investment
in infrastructure, while optimising public investment.

Important role of development banks and finance

Development banks (national and multilateral) and development finance institutions
(DFIs) have a critical role as a bridge between private and public actors, helping countries
to embark on a sustainable low-carbon development path. National development banks
(NDBs) are widespread in the G20, and several are initiating efforts to finance low-emission,
climate-resilient infrastructure. Multilateral development banks (MDBs) and bilateral DFIs
have made ambitious climate commitments and are scaling up efforts to mobilise private
climate investment, while dedicating significant financing to infrastructure (Figure 1.9). MDBs
are able to leverage significant capital through their shareholder governments and mobilise
knowledge, expertise and innovation developed in other parts of the world. Despite this, MDBs
could better align their financing for infrastructure with low-emission pathways, particularly
in the transport and water sectors, by increasing the share of climate-related commitments in
their portfolios, improving disclosure of portfolio-wide carbon impacts and renewing efforts
to mobilise private investment. To meet their targets, MDBs and bilateral finance institutions
require strong mandates. They also need to work with countries to raise awareness and build
demand for low-emission, climate-resilient infrastructure, facilitated by access to concessional
climate finance. Increased collaboration and joint action between MDBs, bilateral actors and
NDBs will be needed to scale up financing, particularly in emerging and developing countries.

Governments also need to co-operate to guide the global financial system to more
accurately value climate risk and move towards investment in low-emission and climate-
resilient infrastructure. Fuller disclosure and reporting of climate impacts and risks is
required to enable a broader shift in the financial system towards alignment with the
Paris Agreement and the Sustainable Development Goals. Policies need to focus on the
mainstreaming of climate-change risk management practices across the financial system,
and the efficient pricing of assets based on disclosure of climate change risks. In spite of
progress through the Financial Stability Board, public-sector finance institutions still lag
behind, and individual country responses are uneven across the G20.

Figure 1.9. Share of MDB commitments for infrastructure that are climate-related
and total MDB commitments for infrastructure (USD billion)
by sector, 2013-15 average
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Notes: This graph is based on data reported to the OECD Development Assistance Committee by the following MDBs: the
African Development Bank, the Asian Development Bank, the European Bank for Reconstruction and Development, the
European Investment Bank, the Inter-American Development Bank, the Islamic Development Bank and the World Bank
Group (WBG), which also includes the International Finance Corporation. Climate-related components of projects are those
that target mitigation, adaptation, or both mitigation and adaptation, based on the joint MDB Climate Finance Tracking
Methodology. MDB commitments include concessional and non-concessional support.

Source: OECD DAC statistical system.
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Main policy messages
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The analysis above points to a wide array of policy priorities that G20 countries can
adopt to launch a decisive transition, creating strong, inclusive economic growth while
reorienting economies towards low-emission, climate-resilient pathways:

Integrate the climate imperative into structural reform and broader national
development strategies, reflecting the role of our physical environment as a fundamental
pillar for strong, sustainable, balanced growth.

Implement structural reform policies that boost both productivity and economic activity,
as well as supporting the transition to low-emission, climate-resilient economies,
through easier resource reallocation; faster technology development and diffusion;
greater dynamism in labour markets; and measures to facilitate firm entry and exit.

Reassess and optimise national fiscal policies to increase investment in low-emission,
climate-resilient infrastructure and soft investment such as climate-focused
R&D, recognising the potential of fiscal measures to revive economic growth and
strengthen climate-friendly investment signals.

Continue to develop relevant metrics and analytical tools to incorporate the impacts
of climate change and the costs of inaction into economic policy design and
implementation, to move towards a more sustainable long-term growth model.

Pursue a whole-of-government approach to low-emission, climate-resilient growth
and address barriers and policy misalignments with climate objectives across the
investment environment, particularly in infrastructure sectors, using the OECD
publication Aligning Policies for a Low-carbon Economy as a starting point.

Improve understanding and management of the interdependencies between climate
change and biodiversity conservation, in relation to food security, poverty alleviation
and human health and well-being, which are vital to achieving the Sustainable
Development Goals.

Speed up collective and national efforts towards full implementation of the Paris
Agreement.

Jointly commit to advancing the international stocktaking and oversight mechanisms
of the Paris Agreement, including those on monitoring, reporting and review, and
the robust assessment of collective progress, to encourage deeper international co-
operation and more ambitious action and support.

Develop and share experience of long-term, low-emission development strategies, and
ensure Nationally Determined Contributions and near-term actions are consistent
with such strategies. These strategies should address climate and economic
development objectives in an integrated way, shaping expectations about the scale
and nature of investment needs and helping minimise stranded assets.

Recognise that for growth to be sustainable it must also be inclusive, and ensure that
policies to drive the transition towards a low-emission, climate-resilient economy are
socially progressive.

Integrate the social and economic implications of the transition more effectively into
policies and planning. Support sectoral restructuring by identifying exposed labour
forces, communities and regions, by assessing local capabilities, and by developing
response measures, including retraining and reskilling of the exposed workforce.
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Adopt flexible, forward-looking approaches to decision-making to increase climate
resilience and ensure that these approaches are robust given the uncertainty
surrounding climate changes effects at local and regional levels.

 Establish a pipeline of infrastructure projects that are consistent with long-term,
low-emission development strategies, reconciling short-term action and long-term
decarbonisation goals, as a means to shiftinvestment to climate-resilientinfrastructure

- Bridge data gaps on infrastructure projects and improve information on investment
pipelines, for example with the support of the G20 Global Infrastructure Hub and the OECD.

« Introduce specific policies and regulations, such as spatial planning and technical
standards, that promote climate resilience of infrastructure, including screening and
factoring climate risks in public investments, including procurement procedures.

Realise GHG mitigation potential across the economy.

e Accelerate the reform of inefficient fossil-fuel subsidies that encourage wasteful
consumption, including agreeing on a date for phasing out such subsidies. As the
basis for reform, expand internationally comparable information on subsidies to more
countries and types of support, for example through peer review. Share experience
on successful and progressive subsidy reforms.

 Broaden the carbon pricing base, track impact and emissions reductions progress, and
share policy experience of effective carbon pricing to inform flexible forward-looking
policy decisions. Explore joint action in this area, such as minimum carbon prices,
gradual increases in prices over time, and linking of emissions trading systems.

« Tap the large mitigation potential in agriculture, forestry and other land-use sectors.
Preserve and expand existing carbon stocks in forests and other ecosystems; avoid net
deforestation and forest degradation; and improve soil management, in particular of
organic soils. Stimulate mitigation in the agriculture sector by increasing investment
in the development and deployment of new technologies and sustainable practices.
Promote efficient and effective use of nitrogen fertilisers and limit their over-use.

» Make greater use of public procurement to invest in low-emission infrastructure and to
trigger industrial and business model innovation through the creation of lead markets,
for example by introducing climate-related criteria to procurement decisions.

« Implement and strengthen research, development and demonstration efforts for
breakthroughs in technologies essential for eliminating GHG emissions from industry
and from road, maritime and air transport, as well as breakthroughs in energy storage
and “negative emissions” technologies, including through international collaborative
efforts such as Mission Innovation.

Mobilise financing for the transition.

« Expand efforts to mobilise private investment in low-emission, climate-resilient
infrastructure by scaling up the use of diversified risk mitigation tools, improved
environmental risk analysis, and diversified financial instruments and models.

» Take steps towards a more climate-consistent global financial system by assessing
and addressing possible misalignments within financial regulations and practices,
improving the ability of markets to price climate change risks, and assessing the
risks climate change poses to financial stability.

« Call on all development banks and finance institutions - multilateral, bilateral and
national — to put in place targets and action plans to boost support for low-emission
infrastructure and climate-proofing efforts; improve disclosure of climate risks; scale
up efforts to mobilise private investment; and continue to support policy and planning
frameworks for climate-resilient infrastructure, especially in vulnerable countries.

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017 37



1. A DECISIVE TRANSITION FOR GROWTH AND CLIMATE

38

Notes

1. The carbon budget from 2015 to 2100 is smaller than this for the same likelihood of remaining below

2°C, requiring negative emissions after the peak. See Chapter 2.

2. TheIEA (2017) assumptions, which this report builds on, are therefore conservative in this regard.

3. The electricity sector is the only sector where enough information is available to analyse the
pipeline, as surveys and commercial databases track information on capacity in operation, cancelled,
announced or at pre-construction stage, as well as under construction.
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Chapter 2

Pathways from Paris

Human interference with the climate system is rapidly taking us into uncharted
territory, with the potential for severe and irreversible impacts and making it harder
to achieve the Sustainable Development Goals (SDGs). The Paris Agreement aims
to limit average global warming to well below 2°C, a political judgement based on
scientific evidence. The stringency of this mitigation goal means that countries need
to strengthen mitigation action without delay. After setting out the case for urgent
action and the carbon budget consistent with the goal of well below 2°C, this chapter
examines the characteristics of low-emission pathways and how country diversity
may impact the scale, phasing and priorities for mitigation action across countries. It
then summarises projected impacts, emphasising the need for flexible, forward-looking
approaches to decision-making that reflect the diversity of climate vulnerabilities and
confidence levels about local and regional change. Finally, the chapter looks at how
countries can get to where they need to be, supported by the mechanisms of the Paris
Agreement.
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This chapter sets out the case for urgent action on climate change and explains in broad
terms what is required to move to low-emission, climate-resilient development pathways. The
first section explains why we need to act urgently. The second section assesses the carbon
budget consistent with the “well below 2°C” goal in the Paris Agreement, and how this in turn
depends on developments in the non-energy sector — notably in agriculture, forestry and land-
use (AFOLU). The third section examines the characteristics of low-emission pathways, taking
as its core a scenario consistent with a 66% likelihood of keeping the global average surface
temperature increase to below 2°C throughout the century (IEA 66% 2°C scenario) from a parallel
report for the German G20 Presidency on the scale and scope of energy sector investments
needed to increase the chances of reaching this goal (IEA, 2017). This section also analyses the
IEA 66% 2°C scenario in the context of a broader range of scenarios achieving similar outcomes.
The fourth section then examines how country diversity may affect low-emission pathways
and the priorities for action across countries. Even with stringent mitigation, climate change
is projected to have significant negative impacts, so countries need to enhance resilience and
increase their adaptive capacity. The projected changes in regional and local conditions are
far less well understood than larger-scale changes in temperature, sea-level rise and ocean
acidification.! The fifth section summarises projected impacts and emphasises the need to
develop flexible, forward-looking approaches that help us to identify robust solutions. The
last section of this chapter addresses the key question of how countries can get to where they
need to be from where they are now, highlighting the fundamental importance of the Paris
Agreement in building trust and transparency to underpin effective international action.

Climate change - why we need to act urgently

40

The last 60 years or so have seen unprecedented human impact on the systems that
underpin life on Earth (Steffen et al., 2004). Industrial-scale agriculture and the massive
use of fossil energy to drive economic growth have transformed the life chances of billions
of people.? But they have also created an unpredictable climatic future, very different from
the conditions in which humanity has thrived for the past 10 000 years. Since 1990, world
GDP has more than doubled while carbon dioxide (CO,) emissions from fossil fuel use have
increased by some 60%, contributing to increasingly rapid climatic change (Figure 2.1).

Other environmental challenges have also emerged, such as ozone depletion, biodiversity
loss, desertification, and local and regional pollution. Rapid progress on reducing ozone
depletion has been possible, underpinned by international agreements targeting ozone
depleting chemicals. Other “wicked” problems have proved more resistant to progress
(Rittel and Webber, 1973). Notable among these is climate change, which both poses
profound challenges to our current development paradigm and, at the same time, opens up
opportunities for sustained and sustainable improvements in inclusive economic well-being.

Climate change in context

Global atmospheric concentrations of CO, — the major greenhouse gas (GHG)* — have
now risen past 400 parts per million (ppm by volume) from a pre-industrial level of around
280 ppm (Figure 2.1). By 2012, the global mean surface temperature had increased by
approximately 0.85°C on average from pre-industrial levels;* each of the last three decades
has been successively warmer than any preceding decade since 1850 (IPCC, 2014a). In 2015,
global mean temperatures went 1°C above pre-industrial levels for the first time, due to the
combined effects of climate change and a very strong El Nino that lasted into early 2016. All
but one of the 16 warmest years on record has occurred since 2001, with 2016 the hottest
recorded (WMO, 2017).
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Figure 2.1. Global CO, emissions from fossil-fuel use and cement production,
and the atmospheric concentration of CO,
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Sources: i) CO, emissions from Olivier et al. (2016); ii) Global atmospheric CO, concentrations from NOAA (2017).
StatLink sa=m http://dx.doi.org/10.1787/888933484019

So where might we be heading? Projections of climate change depend on inherently
uncertain assumptions about human behaviour and future policy choices. It is also difficult
to estimate the precise strength of the climate response to atmospheric GHG concentrations,
due to the complexity of the climate system.> Scenario analysis has therefore been a vital
analytical tool in helping us understand the range of plausible future outcomes and how
these depend on future emissions of GHGs and atmospheric aerosols, land-use change, and
many other socio-economic factors.

Table 2.1 shows end-of-century projections for global mean surface temperature
relative to pre-industrial levels (1850-1900) from the most recent assessment by the
Intergovernmental Panel on Climate Change (IPCC), for four Representative Concentration
Pathways (RCPs) (IPCC, 2013).° The scenario associated with the lowest emissions, RCP2.6,
is consistent with a policy target of limiting warming to below 2°C with greater than 66%
likelihood, broadly in line with the IEA 66% 2°C scenario (IEA, 2017). None of the other RCPs
deliver mean surface temperature changes of 2°C or lower.

Table 2.1. Projected mean temperature changes relative
to a pre-industrial (1850-1900) baseline

Emissions scenario Change in mean temperature (°C) by 2081-2100
Low scenario — RCP2.6 1.6
Medium scenario — RCP4.5 2.4
Medium to high scenario — RCP6.0 2.8
Very high scenario - RCP8.5 43

Note: The temperature changes for each RCP include an observational estimate of warming of 0.61°C between 1850-1900 and
1986-2005 and the mean warming across CMIP5 Global Climate Models between 1986-2005 and 2081-2100 for the RCP. Both
the observed historical warming and GCM-derived components of the changes have uncertainties. These are not presented
as methods are not generally available in the literature for combining the uncertainties in models and observations.
Source: IPCC (2013).

Climate risks and the benefits of mitigation

Climate change will lead not just to higher temperatures but also to rising sea levels,
acidification of the oceans - with effects on marine ecosystems - and changing patterns of
precipitation, as well as more extreme weather. Regions will be affected differently by these
changes; regional (and smaller-scale) changes in weather patterns and precipitation are
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still highly uncertain (see for example, Shepherd, 2014). Changes could even take us beyond
thresholds or “tipping points” in the climate system (Box 2.1). Greater levels of emissions will
therefore lead to a greater likelihood of “severe, pervasive and irreversible impacts” (IPCC, 2014b).

Stringent mitigation action to limit temperature increases would moderate the physical
climate impacts that countries would otherwise need to adapt to (Figure 2.2). With climate
change, heat waves are likely to become more frequent and longer in duration; keeping the
global average temperature increase to 2°C will significantly limit the number of people exposed
to heatwaves. Similarly, climate change is very likely to increase extreme precipitation events
in some regions (IPCC, 2013). Mitigation could moderate the increase in the number of people
exposed to flooding, as well as limiting loss of cropland and reducing water stress.

Climate change is projected to destroy human and physical capital. How these changes
translate into economic terms is an open research challenge, depending on potentially non-
linear interactions between climate, ecological and social systems, as well as infrastructure
networks (see Box 2.1 and Chapter 4). This makes climate change a risk management
problem: the approach needs to be one of finding the most cost-effective ways to limit
climate risks to a politically agreed level, informed by the best scientific evidence. Early and
ambitious action on adaptation and mitigation can significantly reduce these risks.

Figure 2.2. Estimates of climate change impacts avoided
by 2100 through mitigation

SO
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~rN
Heatwaves Cropland decline Flooding Water stress
millions of people exposed thousand km? millions of people millions of people exposed
to heatwaves/year affected/ year to increased water stress
u" 9, 2 Vo Py Sy A )
% Q 9,.°%, °> 6 %, 9.7, "%, <9
No mitigation’ % %% o%% %% o o % % % %

w
Emissions capped at constant 2030 levels?

+3°C

| | 1 L

Avoided impacts: - 89 % - 760/0 -2 6 %

Notes: (1) Refers to RCP8.5 scenario. (2) Emissions capped 55.1 GtCO,e, consistent with the NDCs, with no backtracking.
(3) Strong further action for a 50% chance of meeting the 2°C target: emissions of 55.1 GtCO,e in 2030, with further large
reductions in GHG emissions to meet 2°C by 2100.

Source: AVOID2 (2015).
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Box 2.1. Thresholds for abrupt and/or irreversible change

The level of scientific understanding of thresholds in the climate systems, as well as the
physical and economic implications of crossing such thresholds, is low. Such potential
changes include the collapse of the Atlantic Meridional Overturning Circulation (AMOC),
the disappearance of summer Arctic sea ice, ice sheet collapse, permafrost carbon release,
methane release, and tropical and boreal forest dieback.

Recent research has given greater confidence to evidence that partial irreversible loss of the
West Antarctic Ice Sheet has already begun. Tropical forests are being adversely affected by
drought, while AMOC weakening continues. Interaction between different thresholds will be
important in determining the timescales, extent and reversibility of changes throughout the
climate system. For example, increased meltwater from ice sheets will further weaken the
AMOC, and this may in turn alter the position of the Intertropical Convergence Zone near the
equator, affecting rainfall patterns and the health of the Amazon rainforest (Lenton et al., 2008).

Figure 2.3. Examples of thresholds for abrupt
and/or irreversible climate impacts

ARCTIC SEA ICE ICE SHEET PERMAFROST METHANE RELEASE TROPICAL RAINFOREST
(frozen ground) FROM SEABED

SEASONAL DISAPPEARANCE  PARTIAL COLLAPSE LIKELY ON SIGNIFICANT SURFACE THAW CATASTROPHIC RELEASE TRANSITION POSSIBLE
LIKELY IN 21ST CENTURY MILLENNIAL TIMESCALES PROJECTED IN 21ST CENTURY VERY UNLIKELY IN 21ST CENTURY

REVERSIBLE IRREVERSIBLE IRREVERSIBLE IRREVERSIBLE UNKNOWN

IMPACTS: HABITAT LOSS; IMPACTS: SEA LEVEL RISE, IMPACTS: ACCELERATED IMPACTS: ACCELERATED IMPACTS: ACCELERATED
CHANGES IN N. HEMISPHERE ACCELERATED WARMING WARMING AND WARMING AND WARMING & REGIONAL IMPACTS
IMATE AND ASSOCIATED IMPACTS ASSOCIATED IMPACTS ASSOCIATED IMPACTS
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Note: There is considerable uncertainty relating to the reversibility of climate impacts. Here, impacts are
considered irreversible if recovery is unlikely within 100 years after climate drops back below the relevant
threshold.

Source: MOHC analysis of i) IPCC, 2014c and ii) AVOID2 WPA.5 Report.
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The interpretation of “well below 2°C”

The Paris Agreement reached at the 21%t Conference of the Parties to the UNFCCC
(COP21) in December 2015 aims to hold the global average surface temperature increase
to “well below 2°C and to pursue efforts to limit it to 1.5°C above pre-industrial levels,
recognising that this would significantly reduce the risks and impacts of climate change”
(UNFCCC, 2015a). There is, however, no precise definition of what “well below 2°C” means.

It is not immediately obvious that the IEA 66% 2°C scenario used in the related
IEA report (IEA, 2017) should be equated to a “well-below 2°C” goal. However, UK Meteorological
Office Hadley Centre (MOHC) analysis of the many scenarios analysed as part of the IPCC’s AR5’
suggests that in general, scenarios delivering a greater than 66% likelihood would be somewhat
more stringent in terms of emissions reductions than scenarios consistent with 1.75-2.0°C of
median warming by 2100 (Figure 2.4). Most of these stringent IPCC mitigation scenarios (the
thin coloured lines in Figure 2.4) rely on net negative CO, emissions, whereas the IEA 66% 2°C
scenario assumes no net negative emissions. It is therefore reasonable to use the IEA 66% 2°C
scenario as one representation of what a well-below 2°C scenario could look like, though of
course there are other plausible pathways that could include net negative emissions.

Figure 2.4. IPCC AR5 CO, emissions scenarios with a greater
than 66% chance of staying below 2°C
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Source: IPCC AR5 Database, MOHC analysis.
StatLink sz http://dx.doi.org/10.1787/888933484028

Carbon budgets and temperature goals

CO, is the predominant GHG, but many other gases contribute to global warming
(Box 2.2). For long-lived GHGs, such as CO,, it is the cumulative level of emissions over time
that determines the contribution to climate change, not just the emissions in a given year.
There is a strong linear relationship between cumulative CO, emissions and the increase
in average surface temperatures (Wigley, Richels and Edmonds, 1996; Allen et al., 2009;
IPCC, 2013; Friedlingstein et al., 2014). This means that there is an upper limit on the total
cumulative CO, emissions over time consistent with a given temperature target - the so-
called “carbon budget”. This budget is not a single number but a range, reflecting uncertain
projections about the emissions of non-CO, GHGs, as well as in the climate response to
GHGs in the atmosphere.?
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Box 2.2. Greenhouse gases, aerosols and radiative forcing

Climate change is due to a net imbalance in the energy flowing into the Earth system due
to human modifications of the atmosphere. CO, is responsible for most of the warming
observed since the pre-industrial period (1.68 + 0.035 Watts per metre squared (W/m?) in
2011 relative to 1750), but other gases play an important role in this “radiative forcing” —
tipping the balance of radiation flowing into the Earth’s atmosphere.

¢ Atmospheric concentrations of methane (CH,) reached 1,810 parts per billion (ppb)
in 2012, 2.5 times more than in 1750. Even at these small concentrations, CH, has
contributed about 20% of the radiative forcing of CO, (Ciais et al., 2013).

» Atmospheric nitrous oxide (N,O) is another important GHG, with a radiative forcing
of 0.17 + 0.03 W/m? in 2011 compared with the pre-industrial period. Concentrations
have risen more than 20% since pre-industrial times, mostly due to increased
agricultural activity, with a lesser contribution from the burning of fossil fuels and
industry (Ciais et al., 2013).

o Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) contribute
approximately 11% of the total radiative forcing from GHGs and also deplete
stratospheric ozone (0O,). Emissions of CFCs have been drastically reduced in recent
years as the Montreal Protocol has been implemented, but due to their long lifetime it
will take a substantial amount of time to affect atmospheric concentrations.

» The effect of atmospheric ozone (O,) depends on where it is situated. In the lower
atmosphere, O, is formed when other chemical species, such as CH, and carbon
monoxide, combine with nitrogen oxides (NOx) in sunlight, contributing to poor air
quality. Stratospheric O, has a small cooling effect, but overall ozone has a warming
effect of around 0.35 (0.15 to 0.55) W/m? (Myhre and Shindell, 2013).

» Aerosols are microscopic particles suspended in the atmosphere that generally cool
the climate, yet some have a warming effect (e.g. black carbon). IPCC AR5 (IPCC,
2013) estimated the radiative forcing of aerosols to be -0.9 (-1.9 to -0.1) W/m? (Myhre
and Shindell, 2013), an overall cooling effect on the climate. Aerosols and their
interactions with clouds offset a substantial portion of global mean warming, but
aerosols contribute the largest uncertainty to the total radiative forcing estimate.

e Land use change from human activity also affects the Earth’s climate, by changing
the surface albedo (how much light it reflects) and by increasing the emission of GHGs
(e.g. through deforestation). Afforestation also absorbs CO, from the atmosphere. Land
use change has significant impacts on the local water cycle and can lead to changes in
rainfall in regions far away from the initial land use change (e.g. DeAngelis et al., 2010).

Carbon budgets consistent with 2°C and 1.5°C temperature targets are shown in
Table 2.2, along with an indication of the likelihood of limiting warming to this level. These
budgets assume non-CO, GHG emissions contribute the equivalent of around 420 gigatonnes
of CO, (GtCO,) (Rogelj, 2016b). The global carbon budget compatible with a greater than 66%
likelihood of staying below 2°C is estimated to be 590-1 240 GtCO, from 2015 to the time of
peak warming (Rogelj, 2016b). This represents roughly 15 to 30 years of fossil fuel-related CO,
emissions at current rates - an indication of the remarkably short time remaining in which
to transform the global energy system and to meet the Paris Agreement’s temperature goal.
Even this challenging number assumes net negative CO, emissions later in the century.
The carbon budget to limit the temperature increase to 2°C with a 66% likelihood by 2100 is
more stringent — between 470 and 1 020 GtCO,,.
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This downwards adjustment reflects the fact that to achieve such a stringent mitigation
target, modelling suggests that it would be more cost-effective to reduce emissions at
a slightly lower - but still rapid - pace early on and then to compensate with “negative
emissions” later in the century. Drawing CO, back down from the atmosphere and
sequestering it safely over the long term enables such scenarios to live within their carbon
budgets.® The most plausible options for achieving this are afforestation, bioenergy with
carbon capture and storage (BECCS) and changed agricultural practices (Box 2.3).

The total carbon budget used in the IEA 66% 2°C scenario is 880 GtCO,. This budget lies below
the mid-point of the “peak warming” range (915 Gt CO,) and above the mid-point of the range
for the entire period 2015-2100 (745 Gt CO,). The IEA 66% 2°C scenario assumes no net negative
emissions. Out of this total budget of 880 GtCO,, the IEA allocates a carbon budget of 790 GtCO,
for the energy sector, and assumes that 90 GtCO, over 2015-2100 are emitted from industrial
processes. Land use is assumed to generate approximately net zero cumulative emissions over
the period, starting from positive emissions and becoming negative by the end of the century.
Non-CO, GHGs are assumed to contribute around 0.5°C of warming by 2100 (IEA, 2017).

Table 2.2. Carbon budgets from 2015 to peak warming for different temperature targets

and likelihoods
Temperature targets >50% < 2°C >66% < 2°C >50% 1.5°C
Global carbon budget available from 2015 to peak warming 590-1 240
(Gt CO,) 990-1 240 [470-1 020]* 390-440

2

Note: Figures represent 10th-90th percentile range. The budget to peak warming may include negative emissions, but
not any net negative emissions required after peak warming. +This denotes the global carbon budget over the whole
period 2015-2100, taking account of net negative emissions after the peak.

Source: Adapted from Rogelj, 2016b; IPCC, 2014c.

Box 2.3. What are negative emissions?

Owing to the long time scales involved in the removal of carbon from the atmosphere by
natural processes, recovery from an overshoot of the atmospheric CO, concentration may
take a considerable amount of time (Lowe et al., 2009; Solomon et al., 2009). Technologies
that actively remove carbon from the atmosphere - resulting in “negative emissions” -
could be used to lower atmospheric CO, in the event of an overshoot in emissions, but could
also be important in offsetting emissions from sectors where emissions reductions are
more difficult (such as freight, aviation and shipping). Several options have been examined
for negative emissions technologies (NETs):

* Afforestation and reforestation (AR) to fix atmospheric CO, in terrestrial biomass and
soils. Potential is estimated at 4 GtCO,/yr at a lower cost than BECCS and with land
and nutrient requirements increasing with potential (Smith et al., 2015).

» Changed agricultural practices (CAP), such as soil management practices that can
improve soil quality by reducing soil erosion and increasing resilience to weather
variability, while simultaneously contributing to food security objectives (OECD,
2015e). Soil carbon sequestration and biochar each have the potential to provide
about 2.6 GtCO,eq/yr and have fewer disadvantages than many NETs (Smith, 2016).

» BECGCS: Farming bio-energy crops that absorb CO, as they grow and are then burnt for
energy, with the resulting emissions captured and stored underground. Potential is
estimated at around 12 GtCO,/yr (Smith et al., 2015).

* Direct air capture (DAC): The use of chemicals to absorb CO, from the atmosphere
before being stored in solid form or pumped into geological reservoirs. Potential is
estimated at around 12 GtCO,/yr but at a far greater cost and energy requirements
than BECCS (Smith et al., 2015).
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Box 2.3. What are negative emissions? (cont.)

« Enhanced weathering (EW): Natural weathering of minerals is accelerated to remove
CO, from the atmosphere, with the products stored in soils or buried in the land
surface. Potential is estimated at around 0.7 GtCO,/yr (Smith et al., 2015).

¢ Ocean fertilisation (OF): Increasing the ocean’s biological uptake of CO, by fertilising
nutrient-limited areas.

These NETs each have large but varied levels of uncertainty over their social acceptability,
unresolved technological issues and high costs, and variable demands for land, water,
energy and fertiliser, which affect their feasibility and efficacy at scale (Smith et al., 2015).
DAC is considered to have very high costs and energy requirements. EW is also a high-cost
technology as well as having a limited global potential for emissions removal and significant
requirements for land use. OF by contrast is seen as too risky as little is known about the
ecological effect of dumping large quantities of nutrients into the sea (Schiermeier, 2007),
nor does it do anything to address ocean acidification. AR and BECCS are typically the
only NETs included as mitigation options in current generations of Integrated Assessment
Models. The extent to which these technologies can be deployed at scale in the near- to
medium-term is a key uncertainty.

Low-emission pathways

Characteristics of low-emission pathways

As can be seen from Figure 2.4 and the tight constraint on carbon budgets consistent
with limiting temperature change to well below 2°C, low-emission pathways will be
characterised by the following broad features:

1. A peak in global emissions as soon as possible;
2. A subsequent rapid fall in GHG emissions, particularly of CO, emissions;

3. Net GHG emissions approach zero or even become net negative in the second half of
the century (IPCC, 2014a).

The later the peak in global CO, emissions, the greater the rate of emission reduction
required subsequently to be consistent with the carbon budget. Options for achieving
stringent mitigation goals may be lost if the peaking level is too high or too late. Delaying
peaking beyond 2020 would make the Paris Agreement’s goal of well below 2°C significantly
more difficult to achieve, requiring even more rapid reductions of emissions and a prolonged
period of net negative CO, emissions through major afforestation or the large-scale use of
negative emissions technologies such as BECCS (Box 2.3). Action will need to come earlier
and the fall-off in emissions will need to be more rapid if even more stringent targets are
to be achieved (e.g. towards 1.5°C). Not reaching a global emissions peak before 2030 may
preclude limiting warming to well below 2°C.

Assumptions for future non-CO, GHG emissions constrain the carbon budget available
for the energy sector and industrial processes.”* While CO, emissions will eventually need
to go to zero, or below, annual emissions of short-lived GHGs such as CH, only need to be
stabilised and can still remain positive while meeting the goal of well below 2°C (Allen et al.,
2016). The higher the level at which such emissions are stabilised, however, the lower the
carbon budget consistent with a given temperature goal will be (Allen et al., 2016)."* For N,0,
a long-lived GHG, it is the cumulative level of emissions over time, not the level of emissions
in a given year that matters most for maximum temperature change (Smith et al, 2012).
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N,O emissions are predominantly due to agriculture.’? Population and economic growth
are increasing demand for food, so N,O emissions will continue for the foreseeable future
to ensure food security, even if we can improve the efficiency of fertiliser use (Zhang et al.,,
2015). As a long-lived GHG, continued N,O emissions would need to be offset by a reduction
of other long-lived GHGs - for example, by greater negative emissions of CO,.

The IEA pathways in context

Socio-economic developments, including economic and population growth and food
demand, will influence whether future GHG emissions will be consistent with a well below
2°C target. The Shared Socio-Economic Pathways (SSPs, Riahi et al., 2017) provide a set of
storylines exploring the implications of different assumptions about future economic
growth, demographics and technical change. Together with the IPCC’s RCPs, they provide
a framework to analyse and evaluate the implications of climate policy in different socio-
economic settings. In this section, the IEA 66% 2°C scenario is compared with modelling
results®® for a “middle-of-the-road” SSP scenario (SSP2), coupled with the IPCC’s RCP 2.6
scenario (together, SSP2-2.6).*

Figure 2.5 shows the evolution of non-land-use CO, emissions for the IEA 66% 2°C
scenario alongside the SSP2-2.6 comparison range. The IEA emissions numbers encompass
both energy-related emissions and industrial process emissions:* the IEA non-land use CO,
emissions pathway lies at the lower edge of the range of the SSP mitigation scenarios to
2050. The IEA’s assumption of no net negative CO, emissions means that to meet the carbon
budget constraint, emissions must peak earlier and lower than in the scenarios that do
allow net negative emissions. The range of non-land-use CO, emissions in SSP2-2.6 becomes
negative by the end of the century, due to extensive use of BECCs. The IEA 66% 2°C scenario
rules out net negative CO, emissions and lies at the upper end or above the SSP2-2.6 range
at the end of the century. Its lower CO, emissions early on allow the IEA scenario to still
remain below 2°C with a 66% likelihood.

Figure 2.5. Non-land-use CO, emissions
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Source: IIASA (n.d.) and IEA (2017).
StatLink Sa=m http://dx.doi.org/10.1787/888933484038

Figure 2.6 provides a similar comparison between the IEA and SSP scenarios for CO,
emissions from land-use change. Land use in the IEA 66% 2°C scenario turns from a source
to a small sink by 2050 and emissions lie well within the range of emissions in the SSP2-2.6
modelling results. The outcomes of one particular modelling realisation of SSP2-2.6 (the
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GCAM model) display extreme changes in land-use emissions due to strong dependence on
afforestation and the use of bioenergy (at different times) as mitigation options, which leads
to steep projected increases in food prices towards the end of the century (Popp et al, 2017).¢

Figure 2.6. Change in land-use-change emissions since 2005 in the IEA 66%
and SSP2-2.6 scenarios
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Notes: *SSP2 range excluding GCAM results.
Source: IIASA (n.d.) and IEA (2017).
StatLink Si=m http://dx.doi.org/10.1787/888933484042

Since the IEA land-use assumption aligns better with the other model realisations
of SSP2-2.6, the IEA scenario would seem to be consistent with much smaller projected
increases in food prices to 2100. This conclusion is further strengthened by examining
projections for total bioenergy in energy demand in these different scenarios. Again, the
IEA projections for total bioenergy demand align closely with the SSP2-2.6 range to 2050
as shown in Figure 2.7. In all the SSP2-2.6 scenarios, energy from traditional biomass is
projected to fall sharply after 2020, while BECCS increases rapidly. The IEA assumes a
modest amount of BECCS in 2050 (about 2 exajoules (E]J)/yr in the power sector), which
increases the pressure on the energy system to decarbonise earlier and faster, including
through the extensive use of CCS in the industrial sector (IEA, 2017)

Figure 2.7. Bioenergy projections in the IEA 66% and SSP2-2.6 scenarios
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Source: IIASA (n.d.) and IEA (2017).
StatLink Sa=m http://dx.doi.org/10.1787/888933484052
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Turning to the main non-CO, GHGs, Figures 2.8 and 2.9 compare the range of CH, and
N,O emissions in the IEA 66% 2°C and the SSP2-2.6 scenarios. There is a wide range of
projections and a much wider range still if we consider less stringent mitigation outcomes
or other future socio-economic storylines. Any lack of progress in mitigating emissions to
this level - particularly of N,O - would clearly reduce the chances of staying below 2°C, or
require offsetting net negative emissions through afforestation, BECCS or another approach.

Figure 2.8. Methane emissions in the IEA 66% 2°C and SSP2-2.6 scenarios
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Note: uses a GWP 100 value for CH, of 28 (Table 8.7 of IPCC (2013)).
Source: IIASA (n.d.).
StatLink azm http://dx.doi.org/10.1787/888933484069

Figure 2.9. Nitrous oxide emissions in the IEA 66% 2°C and the SSP2-2.6 scenarios
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Note: uses a GWP 100 value for N,O of 265 (Table 8.7 of IPCC (2013)).
Source: IIASA (n.d.).
StatLink Sa=m http://dx.doi.org/10.1787/888933484072

Priorities and challenges ahead

The transformation of the energy and industrial systems over the next decades is
absolutely fundamental to achieving the Paris Agreement’s goal of well below 2°C and will
require major structural change to overcome the carbon-intensity that is hard-wired into
economies, systems and behaviours (IEA, 2017). That transformation needs to be effected
within a few decades if serious climatic disruption is to be avoided. While much progress
can and needs to be made now based on currently available technologies, we will also need
to develop new technologies and infrastructure to bring us within reach of the very low or
negative emissions required by the second half of the century.
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Outside the energy and related end-use sectors, the extent of GHG emissions from AFOLU
sectors will set the pace and nature of the transition needed in the energy sector. Additionally,
mitigation options within the AFOLU sectors may be the critical determinant of whether these
stringent mitigation scenarios are feasible, notably afforestation and avoided deforestation?,
bioenergy, BECCS and more GHG-efficient and productive agriculture. Availability of bioenergy
is uncertain; estimates suggest it could account for 3% to 37% of the global energy share by 2050,
and 23% to 50% of the global energy share by 2100 in a 2°C scenario, with models projecting
more than half of modern biomass primary energy coming from non-OECD countries (Rose et
al.,, 2014). The bioenergy share in the IEA 66% 2°C scenario falls within this range, as it does in
IRENA’s comparable scenario where bioenergy accounts for around 21% of total final energy
consumption by 2050, growing from 13% today. Developments in AFOLU are highly uncertain,
however, and depend on many factors including technical progress, demographics and demand
side developments, such as dietary preferences (Box 2.4).

Box 2.4. Competing priorities for land

A central issue for the future of AFOLU emissions is how the demands for food production and for
climate mitigation are managed. Food demand is projected to grow strongly through the century
alongwith population and economic growth. The United Nations Food and Agriculture Organisation
(FAO) estimates indicate that to meet the demand projected for 2050, global agricultural production
must grow 60% above the level of 2005-07 (FAO, 2013). In parallel to increasing food production,
reducing food losses and waste “from field to fork” would ease environmental pressures and
climate impacts by improving efficiency along the food supply chain (OECD, 2016b).

Over the last five decades (between 1961-63 and 2007-09) agricultural production has increased
by 170%. Increased agricultural demand has so far been met largely through improvements
in yield (which accounted for 80% of the agricultural production increase), rather than land
expansion (20% of the production increase) (OECD, 2012). But the rate of yield growth for
most crops has been decelerating in the past few decades, even though it is still increasing in
absolute terms (FAO, 2013). So without further yield improvements, demand for agricultural
land is likely to grow, increasing the associated CH, and N,0 emissions. On the other hand,
improving growth in agricultural Total Factor Productivity (TFP) through increased research,
development and innovation has the potential to meet demand for food production while using
fewer environmental resources and inputs, and emitting fewer GHGs (OECD, 2014). The AFOLU
sectors could even become a net sink for CO, before the end of the century (IPCC, 2014a).

The demand for bioenergy for climate mitigation could grow rapidly through the century
(Figure 2.7), raising questions about both the compatibility of large-scale bioenergy
production with food security, and the sustainability of bioenergy in terms of life-cycle
emissions and impacts on water and ecosystems, which will vary depending on the
particular bioenergy technology and where and how it is applied.

Uses of bioenergy include fuels to replace fossil fuels, particularly in aviation and freight,
heating for industrial processes, and as an input to negative emissions technologies (Box
2.3), such as BECCS. If deployed at sufficient scale, this sort of technology could deliver two
major economic benefits: i) allow the transition to low-emission technologies to be more
gradual than otherwise would be necessary; and ii) offset emissions from any sectors in
which mitigation proved technically, economically or socially too difficult.

The greater the scale at which bioenergy is used and produced, however, the greater the
tension with food security objectives, in the absence of demand-side measures such as
dietary changes that reduced the relative demand for meat products, and reduced food
waste (Smith et al., 2013).
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Negative emissions technologies and other bioenergy uses will clearly affect other
aspects of the Sustainable Development Goals, such as food production, water availability
and biodiversity (Smith et al., 2013). The feasibility and acceptability of BECCS is uncertain,
in terms of deployment of CCS technologies (see Chapter 6), as is the availability of arable
land to meet the simultaneous demand for food production and for biomass for energy
(Box 2.4). The IPCC AR5 mitigation scenarios consistent with a less than 2°C target require
210 GtCO, of BECCS annually by 2050 - which is of the same order of magnitude as the natural
terrestrial and ocean carbon sinks — with cumulative global negative emissions typically up
to 1,000 GtCO, over the century (Fuss et al.,, 2014). The sustainability of bioenergy feedstock
is also a significant concern, in particular to guarantee a net zero carbon footprint. There
is some degree of consensus among experts that the technical potential for sustainable
bioenergy - the potential that is theoretically available before cost considerations are taken
into account - is around 100 EJ per year (Creutzig et al., 2015).

In terms of energy use, the priority is to achieve rapid and transformational
improvements in:

« energy efficiency, from the use of more efficient equipment, such as improved motors
or internal combustion engines, from energy-efficient buildings and power plants,
and from greater resource efficiency across the life-cycle of products (Box 2.5);

* emissions intensity of energy, by replacing emissions-intensive generation capacity and
fuels with low-emission generation sources such as wind or solar, and the use of
biofuels where they have a low life-cycle of emissions.

Box 2.5. The importance of resource efficiency for climate goals

Since 1990, the global use of material resources has grown broadly in line with global GDP,
though slightly less rapidly. Global material resource consumption is projected to double
by 2050 (OECD, 2016a). GHG emissions from the waste sector typically account for a few
percent of total GHG emissions in OECD member countries, but this only represents direct
emissions primarily from landfill methane emissions and incinerators. Resource efficiency
improvements through an approach of “reduce, reuse and recycle” can support climate
mitigation objectives and contribute to achievement of some of the SDGs.

The energy requirements and GHG emissions associated with the production, consumption
and end-of-life management of materials can only be assessed by taking a systems view of
the production of goods and fuels, transportation of goods, crop and food production and
storage, and disposal of food and waste. The life-cycle GHG emissions arising from material
management activities were estimated to account for 55% to 65% of national emissions for
four OECD member countries, suggesting significant potential to reduce emissions through
material resource efficiency measures (OECD, 2012). Substituting secondary, recycled
materials for primary materials can significantly reduce GHG emissions (Table 2.3).

Table 2.3. Relative energy and carbon intensity of primary and secondary metal

production

Primary Energy Secondary Energy Primary CO, Secondary CO,

Material TJ/100,000t TJ/100,000t ktC02/100,000t ktC02/100,000t
Aluminium 4700 240 383 29
Copper 1690 630 125 44
Ferrous 1400 1170 167 70
Lead 1000 13 163 2
Nickel 2064 186 212 22
Tin 1820 20 218 3
Zinc 2 400 1800 236 56

Source: International Bureau of Recycling, 2008
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Economic and population growth and increased fossil fuel use have been the main drivers
behind the approximately 60% increase in global CO, emissions since the early 1990s. Global
CO, emissions from energy use have increased less rapidly than GDP and energy use per unit of
GDP globally has fallen by around 31%. However, at the same time, the CO, intensity of energy
actually increased by 3%. Figures 2.10 and 2.11 show the historical performance of G20 countries
on these two key measures compared with the levels projected in the IEA’s 66% 2°C scenario.

The IEA estimates that the energy intensity of G20 economies would need to fall by
more than 60% between 2014 and 2050 (IEA, 2017), a rate of around 3% a year from 2020 to
2050. Daunting as this sounds, it is broadly in line with historic achievements by the G20
countries. More challenging is the more than 75% reduction in CO, intensity of energy that
is simultaneously required, an average rate of 4.4% a year from 2020 to 2050. Here historic
trends are far less encouraging: achieving this scale of change will require an unparalleled
increase in the deployment of low-carbon technologies (IEA, 2017).

Figure 2.10. Energy intensity of GDP for G20 countries
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Source: World Bank (n.d.a.) and IEA (2017).
StatLink a=m http://dx.doi.org/10.1787/888933484083

Figure 2.11. CO, intensity of energy for G20 countries
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Absolute emissions reflect not just per capita income but also the size of the economy,
its energy intensity and the CO, intensity of its primary energy supply (see above).
Countries also have different income and population growth rates. These drive energy
demand and future GHG emissions, as well as influence development patterns, climate
resilience and adaptation capacities. Emissions from different sectors also have varying
levels of importance from country to country. Finally, governance is an important factor
in formulating and implementing low-emission, climate-resilient development pathways.
This section analyses some of these key dimensions of country diversity.

Income levels, emissions per capita and governance

The capacity of each country to develop low-emission pathways depends on two key
dimensions of country diversity: income level (GDP per capita) and average GHG emissions
per person. In Figure 2.12, the size of each bubble represents the absolute level of emissions
for the G20 countries (in orange), and the average emissions per G20 country included in
each income group (in grey).!® Emissions per capita are strongly correlated with GDP per
person, reflecting the importance of energy to development.

Figure 2.12. GHG per capita and GDP per capita in G20 countries, 2012
g(l)-iG emissions per capital excl. LULUCF (tC0O.-eq per capita)
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Note: Total GHG emissions in kilotonnes of CO, equivalent excluding land-use, land-use change and forestry (LULUCF).
Values for 2012 except for Saudi Arabia (2011) and South Africa (2007). Bubble size is proportional to total GHG emissions for
countries and average emissions for income groups. HIC= High-income countries, UMIC= Upper middle-income countries;
LMIC= Lower middle-income countries.
Source: UNFCCC (2016), World Bank (n.d.a.), and replies to the OECD State of the Environment Questionnaire (accessed
through OECD-STAT).
StatLink azm http://dx.doi.org/10.1787/888933484104
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Income captures many dimensions of country capacity to mitigate and to adapt to
climate change. More developed economies have higher levels of accumulated physical and
human capital, financial and technological resources, and institutional capacity. Higher
income levels are also highly correlated with standards of governance, as illustrated in
Figure 2.13, which shows the results of a cluster analysis using six governance indicators and
GDP per capita, and displays the results against just one of these, government effectiveness.
Governance is a key factor underpinning effective and equitable adaptation across multiple
actors and sectors in a context of uncertainty and complexity (Huitema et al., 2016). High
income is also associated with greater levels of resilience, through mechanisms such as
social safety nets, widespread insurance and infrastructure.

Figure 2.13. Government effectiveness and GDP per capita
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Source: World Bank (n.d.b.) and OECD calculations.
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Structure of GHG emissions across the G20

Energy emissions represent the bulk of GHG emissions in G20 countries. However, emissions
from other sectors make a significant contribution to overall GHG emissions, notably in
Argentina, Indonesia and Brazil (Figure 2.14). Agricultural emissions are a significant proportion
of emissions in Argentina, Australia, Brazil, France, India and Indonesia, and are important
in several others. Hence countries will face choices over the phasing and timing of mitigation
action in different sectors and on different GHGs, with early action on long-lived GHGs essential
to avoid cumulative emissions incompatible with the Paris Agreement’s goal of well below 2°C.
Action on short-lived GHGs and other climate forcers can not only complement this but also
provide significant benefits in terms of health and food security (Shindell et al., 2012).

Land-use emissions are also important. Figure 2.15 shows the relative importance
of agricultural and land use, land-use-change and forestry (LULUCF) emissions, as a
percentage of total GHG emissions including LULUCF across G20 countries.’ Argentina,
Brazil and Indonesia stand out, with a large share of one or both of agricultural and LULUCF
emissions. In a number of countries, the sink capacity of land use (essentially negative
emissions) more than offsets agricultural emissions,? while for three countries, combined
LULUCF and agricultural emissions comprise 15% to 20% of total GHG emissions.?* Land-
use change related to commercial agricultural expansion is one of the major sources of
CO, emissions from deforestation (Hosonuma et al., 2012), though the share of agricultural
emissions is not strongly correlated with land-use emissions.

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017 5 5


http://dx.doi.org/10.1787/888933484116

2. PATHWAYS FROM PARIS

Figure 2.14. G20 GHG emissions by sector
(% of total GHG emissions excluding LULUCF)
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Figure 2.15. G20 agriculture, land-use and forestry emissions as % of total GHG
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GDP, population growth and emissions

Future growth rates of energy-related emissions can be broken down into the growth
rates of several different factors, including energy intensity of GDP and CO, intensity of
energy (Blanco et al., 2014; Peters et al., 2017). So for a given rate of reduction in emissions,
changes in GDP per person and in population together determine how quickly the other
factors need to fall to keep on track to meet the Paris Agreement’s goal of well below 2°C
(Figure 2.16). Over the long term, GDP per capita growth rates may change as countries
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develop, but the current rates will influence the immediate challenges for countries in
developing their low-emission, climate-resilient pathways. Countries such as Brazil that
have experienced volatile economic growth rates, with sharp declines in growth in recent
years, may change their relative position significantly. However, we expect the broad
patterns to show some degree of stability over the period to 2030.

Countries fall broadly into three groups. In Brazil, France, Germany, Italy, Japan and
Russia, recent combined growth rates in income per person and population are less than
2% per year. A second group of countries has combined growth rates between 2-4% per year,
including Australia, Canada, Korea, Mexico, South Africa and the United Kingdom. A third
group, including China, India, Indonesia, Saudi Arabia and Turkey, have combined growth
rate in GDP per person and population of more than 4% per year.

Figure 2.16. Growth rates of GDP per person and population in G20 countries,
average 2011-15

E’opulation growth (annual %, average 2011-5)

4|
3 -
SAU
2r ZAF  AUS TUR
MEX
1 ARG IDN IND
i BRA CAN o USA CHN
ITA
RAe  GBR ‘08
0 RUS ¢ EUU
JPN DEU
.1 | | | | | | | |
-2 -1 0 1 2 3 4 5 6

7 8
GDP per capita growth (annual %, average 2011-5)

Note: Averaged over the most recent five years of data.
Source: World Bank (n.d.a).
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If countries were aiming ata uniformrate of reductionin energy-related CO, emissions,
the severity of the mitigation challenge would increase from the first to the third group.
However a key element of the Paris Agreement is that countries’ mitigation contributions
reflect “common but differentiated responsibilities and respective capabilities in the light
of different national circumstances”, which is reflected in the nature and level of ambition
embodied in countries’ Nationally Determined Contributions (NDCs) (see section below).

However, even countries with rapid GDP or population growth can make rapid reductions
in emissions per unit of GDP. GHG emissions per unit of GDP decreased in nearly all G20
countries between 1990 and 2014 (Figure 2.17). As well as structural economic changes,
this progress has mainly been due to a general improvement of the energy efficiency of G20
economies rather than an improvement of the carbon intensity of the energy mix. Progress
has been varied, but no country has reached the levels consistent with a 66% likelihood of
staying below 2°C.??
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Figure 2.17. Annual % change in GHG emissions per unit of GDP for selected G20
economies
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Energy intensity of GDP, CO, intensity of energy and energy imports across the G20

Multiplying the CO, intensity of energy by the energy intensity of GDP results in the CO,
intensity of GDP for energy emissions. Figure 2.18 shows lines of constant CO, intensity of
GDP at levels consistent with the IEA 66% 2°C scenario. Each line is labelled to show the year
in which it is projected to be achieved in the IEA scenario,” with the data point showing
the G20 average projected by the IEA. The 2014 positions of G20 countries are also plotted,
highlighting the different starting points and challenges facing different countries as they
choose the most appropriate pathways towards the Paris Agreement’s goal of well below
2°C. These lines therefore provide a clear direction of travel for country-specific levels of
energy intensity and CO, intensity of energy. France, for example, has both a relatively low
CO, intensity of primary energy and energy intensity of GDP, albeit not yet at the levels
needed by 2050. Brazil also has a low CO, intensity of energy - reflecting the current large
share of low-carbon power generation (like France) and the use of bioenergy - but a slightly
higher energy intensity of GDP. Further improvements in such economies will require
continued investment in low-carbon generation in order to avoid moving backwards, but
also priority action in other CO_-intensive sectors that are harder to decarbonise, such as
transport and industry, and continued improvements in energy efficiency.

In contrast, countries like China and South Africa have both a high CO, intensity of
energy (reflecting coal-powered generation) and a high energy intensity of GDP. Australia
also has a high CO, intensity but slightly lower energy intensity of GDP, while Canada and
Russia have a slightly lower CO, intensity, but are more energy-intense economies due
to factors including the climate. Of course, countries may have similar levels of energy
intensity or CO, intensity for very different reasons, and different country outcomes
for energy and CO, intensity could be consistent with the IEA 66% 2°C scenario. But the
direction of travel for all is clear.
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Figure 2.18. CO, intensity and energy intensity of G20 economies in 2014

and the path to 2050
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Source: Calculations based on the IEA World Indicators and IEA 66% 2°C scenario projections.
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Figure 2.19. Net energy imports and CO, intensity of primary energy
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Source: World Bank World Development Indicators (database, accessed February 2017); “World Energy Balances”, IEA World

A further important difference between countries is their position as net importers
or exporters of energy (Figure 2.19). There are broadly three groups of countries. For the
main net importers of energy, deploying low-carbon energy represents an opportunity
in the long run to become self-sufficient in power generation, strengthening their energy
security. Many of these countries also have CO,-intensive primary energy, which means
that rapid progress can be made to reduce the CO, intensity of electricity generation. For the
second group, the main net energy exporters, the low-carbon transition represents a risk
in terms of loss of export - and tax — revenues. A final group (or perhaps two sub-groups,
comprising net importers and net exporters) — consists of those countries with limited net
trade in energy. This may be due to the availability of significant low-carbon energy options
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(e.g. Brazil), but the group also includes countries with significant fossil fuel resources
largely for domestic use, with limited net energy trade relative to total primary energy
supply (e.g. Argentina, China, Mexico, South Africa and the United States). The challenges
to decarbonisation therefore vary across countries, but are particularly significant for
countries that have high CO, intensity of energy.

Low-emission pathways for different country groups

As countries develop their low-emission, climate-resilient pathways, an important
questioniswhetherthese pathwaysareunique and specifictoindividual countries or whether
groups of countries face similar challenges. Countries that have many characteristics in
common could have much to gain by sharing analysis, policy development and experience
as they develop their NDCs and pathways. One way of seeing what countries might have
in common is to group them by income level - either Advanced (High-Income) Economies
or Emerging (Middle-Income) Economies — and whether or not they are energy exporters or
importers (Table 2.4).%

Table 2.4. Country groupings

Group Advanced Exporters Advanced Importers Emerging Exporters Emerging Importers
Country  Australia® France Indonesia Argentina
Canada Germany Mexico Brazil
Saudi Arabia Italy Russia China
Japan South Africa India
Korea, Rep. Turkey

United Kingdom
United States

Source: OECD calculations. * includes New Zealand following the methodology used in the IEA 66% 2°C scenario.

Country characteristics will shape priorities in developing and implementing low-
emission, climate-resilient development pathways, as can be seen by examining the
outcomes of the Deep Decarbonisation Pathways Project (DDPP). This collaborative
project between country modelling teams aimed to identify practical pathways that the
G20 countries in which they were based could adopt, taking seriously the GHG emissions
reductions required to limit warming to 2°C or less.? The DDPP project involved research
teams from countries representing 74% of current global CO, emissions.” Each team
developed its own “bottom-up” deep decarbonisation pathway (DDP) based on a sector-
by-sector analysis of the feasibility and cost of different mitigation options. Teams were
“autonomous in defining their targets, choosing their analytical methods, and incorporating
national aspirations for development and economic growth in their scenarios” (DDPP, 2015).

Consequently, the IEA 66% 2°C scenario is more stringent than the DDPP exercise; G20
emissions are projected to fall by almost 80% by 2050 for the IEA 66% 2°C scenario, and
about 50% in the DDPP exercise. Nevertheless, both the DDPP results and the IEA 66% 2°C
scenario show very different energy-related CO, emissions pathways across the income
level and energy exporter-importer country groups. Advanced Economies (Exporters and
Importers) begin rapid emissions reductions from the outset and are projected to converge
at very low levels by 2050. Emissions from Emerging Economies are projected to follow very
different tracks.

In the IEA 66% 2°C scenario, Emerging Exporters reduce emissions from 2015 onwards,
achieving a reduction of just over 60% by 2050. In the DDPP projections, however, Emerging
Exporter emissions increase to 2020 before declining by a smaller 33% by 2050. Emissions
from Emerging Importers grow sharply from 2010, peaking around 2017 in the IEA 66%
2°C scenario and in 2030 in the DDPP results, but then fall more rapidly than those from

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017



2. PATHWAYS FROM PARIS

Emerging Exporters. This group achieves a more than 70% reduction in emissions by 2050
in the 66% 2°C scenario, but a less than 15% reduction in DDPP, reflecting the scale of the
initial increase and the differing nature of the two exercises (Figure 2.20).

Figure 2.20. Energy-related CO, emissions by income-energy group
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Note: AX: Advanced Exporters. Al: Advanced Importers. EX: Emerging Exporters. EI: Emerging Importers. G20 countries not
included in Figure 2.20 (a) are: Argentina, Saudi Arabia, South Africa and Turkey. Australian emissions also include those
for New Zealand since they are aggregated in the IEA modelling. Those not included in Figure 2.20 (b) are Argentina, Russia,
Saudi Arabia and Turkey. G20* denotes the average across the countries where there is disaggregated data available for each
exercise

Source: (a) IEA data underpinning IEA (2017) and OECD calculations. (b) DDPP (2015) and OECD calculations.
StatLink sz http://dx.doi.org/10.1787/888933484180

Another perspective can be gained by looking at emissions pathways just by income
group (Figure 2.21). The joint mitigation-development challenge facing Lower Middle-Income
countries is striking. The IEA scenario (LMIC reduction of 13%) would require significantly
more stringent mitigation than in the bottom-up DDPP exercise (LMIC increase of 84%).
Upper Middle-Income countries are projected to reduce emissions by 80% in the IEA 66%
2°C scenario but only by 36% in the DDPP results.

Figure 2.21. Emissions pathways by income group in the IEA 66% 2°C and DDPP
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Source: IEA (2017), DDPP data and OECD calculations.
StatLink Sr=r http://dx.doi.org/10.1787/888933484191
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Other studies have shown potential for emissions reductions to go beyond these levels
by 2050 in some emerging economies, though there remain significant challenges in doing
s0.28 To keep warming well below 2°C, effective transparency, review and updating processes
will clearly be essential, as well as support for climate action in developing countries.

Beyond energy-related emissions, there are clear priorities for countries to preserve
existing carbon stocks in forests and other ecosystems by avoiding deforestation and
forest degradation and by limiting over-use of nitrogen fertilisers (Prentice, Williams and
Friedlingstein, 2015). Enhancing the terrestrial sink for atmospheric CO, by afforestation,
reforestation and better soil management practices can also make animportant contribution
(Mackey et al., 2013). Additionally, countries will need to place a greater priority on building
resilience and adaptive capacity.

Climate-resilient pathways reflecting regional climate change

62

Even if global action to reduce GHG emissions increases enough to meet the Paris
Agreement goal of well below 2°C, the impacts of climate change will still increase far
beyond today’s level. Examining the projected impacts on a regional basis can help countries
to develop climate-resilient pathways.

Projected regional climate changes

This section presents results for two different RCP scenarios simulated by a number of
the climate models that informed the IPCC’s Fifth Assessment Report (IPCC, 2013). The first
is the RCP2.6 scenario. The second is the RCP4.5 scenario, which has mean end-of-century
warming across models of 2.4°C. Both therefore have end of century warming relative to the
pre-industrial time period below the level associated with the emissions pathways implied
by countries’ Nationally Determined Contributions (NDCs) to GHG emissions reduction
post-2020, as described below. The RCP4.5 scenario is, however, broadly in line with the
NDCs earlier in the century.

The following figures show maps of projected climate changes between the recent past
(1986-2005) and mid-century (2046-65) for these two RCPs. The mean average change for
different regions across the available climate models is shown, but individual models may
give results that differ in terms of the magnitude of changes and details of the spatial
patterns of change.

Temperature

The regional pattern of projected temperature changes to mid-century (2046-65) is
similar for both RCP2.6 (Figure 2.22) and RCP4.5 (Figure 2.23), but with greater changes in
RCP4.5. For RCP2.6, projected regional warming values exceeding 2.5°C are confined largely
to the Arctic Ocean, while in RCP4.5 projected warming exceeds 2.5°C over most of Alaska
and much of Canada and Russia. Despite the greater warming in these areas, long-term
warming may be more noticeable in tropical countries, such as Indonesia, where the
variability in temperatures from year to year is lower. For both scenarios, model-average
warming is less in the Southern Hemisphere than in the Northern Hemisphere, with
warming across the Southern Hemisphere being less than 2.5°C for RCP4.5 and less than
1.5°C for RCP2.6.
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Figure 2.22. Projected absolute change in annual mean surface temperature
for RCP 2.6 for the period 2046-65 relative to 1986-2005
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Note: Maps show average changes across available global climate model simulations.
Source: MOHC analysis.

Figure 2.23. Projected absolute change in annual mean surface temperature for
RCP 4.5 for the period 2046-65 relative to 1986-2005
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Note: Maps show average changes across available global climate model simulations.
Source: MOHC analysis.
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The regional pattern of changes in extreme temperatures is quite different from that for
changes in annual mean temperature. For example, those regions expected to experience
the greatest increases in the temperatures of very hot days differ from those expected to
see the largest increases in annual mean temperatures (Figure 2.24). For both scenarios, the
maximum temperature during a year is projected to increase most over parts of continental
Europe, southwest Asia, North America and inland regions of South America, such as
western Brazil. As for annual mean temperatures, the increase in maximum temperature
during a year is projected to be greater for RCP4.5 than for RCP2.6. For example, over parts
of southeast Europe the model-average increase in maximum temperatures during a year
is more than 3.0°C for RCP4.5, whereas it is less than 2.5°C under RCP2.6.

Figure 2.24. Projected changes in the maximum temperature during a year
between 1986-2005 and 2046-65 for RCP2.6 (top) and RCP4.5 (bottom)

Change in temperature (degC)

Note: Maps show average changes across available global climate model simulations.
Source: MOHC analysis.
Precipitation

In both RCP2.6 and RCP4.5, global average annual mean precipitation is likely to increase
by 2-3% on average between 1986-2005 and 2046-65 (Table 2.5). Projections are highly uncertain
on the country scale, however. For most of the G20 countries, some simulations show increases
in precipitation while others show decreases. Nonetheless, both scenarios show the same
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coherent pattern of precipitation increasing in some areas and decreasing in others, particularly
northern Africa, southern Europe, Central America, northern South America, southern Africa
and Australia (Figure 2.25). For RCP4.5, the greatest model-average precipitation decreases for
the G20 countries — of more than 6% — are projected for some of the Mediterranean countries.
The same countries are projected to experience more modest precipitation decreases for RCP2.6
of around 2% or 3%. For RCP4.5, the greatest model-average precipitation increases projected for
the G20 countries — of more than 7% — are for Canada and Russia.

Table 2.5. Projected percentage changes in global average annual mean precipitation
and maximum daily precipitation total during a year between 1986-2005
and 2046-65 for RCP2.6 and RCP4.5

Change in annual mean precipitation

Change in annual maximum daily precipitation total

Scenario Mean Likely range Mean Likely range
RCP2.6 +2.2 +0.5-+3.8 +5.7 +2.3-491
RCP4.5 +2.6 +1.0—+4.1 +6.8 +1.8-+11.8

Source: MOHC analysis.

Figure 2.25. Projected changes in annual mean precipitation between 1986-2005
and 2046-65 for RCP2.6 (top) and RCP4.5 (bottom)

Change in precipitation (%)

Note: Maps show average changes across available global climate model simulations.

Source: MOHC analysis.
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In all G20 countries, global average extreme precipitation is expected to increase more
than global average annual mean precipitation. Global average maximum daily precipitation
is likely to increase by 6% on average for RCP2.6 and 7% for RCP4.5.

Climate impacts and the SDGs

The choice of development pathway will have a major influence on how climate change
affects poverty levels (Hallegatte et al., 2016). In a scenario where economic growth is
higher, inequality is lower and there is better provision of basic services, climate change is
estimated to increase the number of people in extreme poverty in 2030 by 3 to 16 million
people. By contrast, under a more pessimistic scenario, extreme poverty could increase by
35-122 million people because of climate impacts on agriculture, health, labour productivity
and the incidence of natural disasters (Hallegatte et al., 2016).

Agriculture will be affected by the changes in precipitation patterns and ecosystem
services that are projected to occur with climate change. IPCC (2014b) reported that
negative impacts of climate change on yields of crops such as wheat and maize have been
more common than positive impacts. Crop yields are projected to increase by 2050, but by
less than would otherwise be the case (Ignaciuk and Mason-D’Croz, 2014). Under a very
high emissions scenario (IPCC scenario RCP 8.5), climate change could increase the prices
of major grains by 5-30%, leading to increases in the proportion of people suffering from
malnutrition in South- and Southeast Asia, Middle East and North Africa and Sub-Saharan
Africa. Without adaptation, aggregate production losses are expected for wheat, rice and
maize for 2°C of local warming (Challinor et al., 2014). This applies to both temperate and
tropical regions and increases over the century.

While health impacts are modest at this stage, they are projected to be a major source
of harm from climate change (Smith et al,, 2014). Increases in heat-related mortality are
projected to outweigh the decline in cold-related mortality. The dangers of extreme heat
were illustrated by the prolonged 2003 heatwave in France, which is estimated to have led to
almost 20,000 excess deaths (EM-DAT, n.d.). The 2015 heat wave in India led to 2 248 deaths
(EM-DAT, n.d.). In the absence of adaptation, climate change could lead to 250,000 excess
deaths per year by 2050 (WHO, 2014). Climate change increases the risk of illness from food-
and water-borne disease as well as the spread of vector-borne diseases, with as many as
200 million more people being at risk in 2050 (Béguin et al., 2011).

Labour productivity, particularly in warm countries with high proportions of outdoor
labourers, will be reduced by 3-5% per degree for outdoor activities. The overall decline in
labour productivity will be 1% in most OECD countries (OECD, 2015b). In non-OECD countries,
average labour productivity is estimated to have declined by 10% during peak temperature
months over the past decades, and could decline by 20% during peak months by 2050 (Dunne
et al., 2013). Impacts on labour productivity are likely to disproportionately affect the poor,
especially women, who tend to work in climate-sensitive sectors and have fewer resources
for adaptation (Hallegatte et al., 2016). Asia and Africa will suffer the most significant effects.

Climate change will exacerbate water-related risks. Increasing demand and decreasing
supply will result in water shortages. Rising sea levels will cause flooding, as will changing
patterns of rainfall and extreme rainfall episodes. Water quality will also suffer. Some
3.9 billion people are projected to live in areas of severe water scarcity by 2050 (OECD,
2012). In coastal cities, annual losses from flooding could rise from USD 6 billion in 2005 to
USD 1 trillion per year by 2050, if flood defences are not improved (Hallegatte et al., 2013)
(Figure 2.26). The countries at greatest risk from coastal city flooding span developed and
developing countries, including the United States and China.?
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Developing climate-resilient pathways

Countries’ vulnerabilities to climate change are shaped by development choices, socio-
economic trends and climate effects that cross borders and will demand flexible, forward-
looking approaches to decision-making.

As with mitigation action, a primary determinant of countries’ ability to adapt is their
GDP per capita. Richer countries will be better able to adapt to the impacts of climate change
than those with lower GDP per capita; they have more resources to invest in adaptation
and recovery. This can be seen in the correlation between GDP per capita and standards of
protection against flooding (Hallegatte et al., 2017). There are also indirect effects: richer
countries tend to have higher quality institutions, leading to more rigorous planning and
better implementation of policies. More developed financial markets mean that households
and businesses are better able to manage the financial consequences of extreme events.

How much rainfall countries receive — and how much this is expected to change - also
affects countries’ ability to adapt. Climate change is expected to reduce precipitation in
regions that are already severely water-stressed. Moreover, the loss of Asian and Andean
glaciers will place further stress on freshwater availability in countries in South Asia and
South America. The need to reconcile supply and demand will shape the range of feasible
development paths, constrain some adaptation options (such as irrigation) and increase the
urgency of developing an efficient policy response.

The variability of precipitation is also a key factor for adaptation. Monthly variability in water
runoff, GDP per capita and investments in water security are interconnected (Sadoff et al., 2015).
River basins in high-income countries tend to have less variable runoff and higher investment in
water security. In contrast, river basins in low-income countries tend to feature variable runoff
and low investment in water security. As climate change makes precipitation less predictable, it
will be vital to enhance investment in water security to address these fluctuations.

Figure 2.26. The 20 cities most at risk from sea-level rise
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Note: Cities where expected annual average losses increase most (in relative terms in 2050 compared with 2005) in the case
of “optimistic” sea-level risk, where defence standards are held constant.

Source: Hallegatte et al., 2013. Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 3, 802-806
copyright (2013).
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Political choices will also affect countries’ vulnerabilities to climate change. Countries
at similar levels of economic development vary widely in the levels of climate risks that they
are willing to accept: New York is protected against a 1:100 year flood while Amsterdam is
protected to a standard of 1:10 000. The development path that each country pursues will
affect the cost and feasibility of achieving different levels of risk reduction: for example,
development in low-lying coastal areas may subsequently necessitate large investments in
coastal protection, or relocation to higher ground.

Countries can reduce their vulnerability to the effects of climate change by pursuing
inclusive development. Poverty, marginalisation and inequality constrain people’s ability
to adapt to a changing climate. The poor tend to live in higher-risk areas and have less
access to public services (Hallegatte et al., 2017). Moreover, the poor and marginalised have
few resources with which to cushion the impact of climate shocks, with the result that
such shocks can cause long-term harm, and even transform transient poverty into chronic
poverty (Olsson et al., 2014). Ensuring that development is inclusive can avoid a vicious
cycle between climate change and poverty.

Box 2.6. Adaptation pathways: the Delta programme

The Delta programme is designed to protect the Netherlands against the risk of flooding
and ensure access to fresh water. An approach called “adaptation pathways” has been
used to identify different sets of policy measures that could meet these objectives, given
uncertainties about how the climate, the economy and society will evolve. Multiple model
runs are used to project the range of potential variables over time. Based on this process,
the analysis identifies tipping points where additional or different actions may be required
to ensure that the objectives are met under some scenarios.

At each tipping point, there is a range of potential options — a “decision tree”. Depending on
the one chosen, the options available further down the track may differ. The combinations
of available options offer many different pathways, which are all projected to meet the
same performance criteria. These alternative pathways can then be compared using a range
of qualitative and quantitative criteria. Once a pathway has been chosen, a monitoring
system is established to track changes in relevant variables and change course if needed.
The involvement of relevant stakeholders is essential to ensure that the right dimensions of
each decision are taken into account and that there is a shared understanding of the likely
consequences of different options.

This approach directly addresses the challenge of long-term planning in an environment
of pervasive uncertainty. One of its main benefits is that it ensures that the actions taken
today are consistent with the longer-term objectives. It also supports a flexible response, by
identifying how options will open up or preclude certain actions in the future.

Source : Haasnoot et al., 2013

Since countries’ circumstances differ, so will their appropriate adaptation responses. The
concept of “adaptation pathways” has been pioneered to ensure that large infrastructure projects
are able to respond to changing circumstances over the course of their useful life (Box 2.6). The
underlying principle is to identify the range of potential outcomes that could materialise and
then work backwards to identify the range of measures that would be needed to address those
outcomes. The adaptation pathway provides a formalised way of identifying sequencing, path
dependencies and the points where decisions need to be made (Haasnoot et al., 2013).

At the national level, the concept of adaptation pathways provides a model for viewing
adaptation as a process for adjusting to changing circumstances over time. There is a
succession of decision-points over time, each of which then determines the future range of
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opportunities that are open to decision-makers (Wise et al., 2014) (Figure 2.28). In practice,
however, the process is less straightforward, because of the need to define what constitutes
successful adaptation, difficulty in measuring the current state of progress and competing
views about the appropriate responses to a changing climate. Nonetheless, the underlying
approach of cycles of implementing actions, learning and adjusting course provides a useful
description of the adaptation process.

Figure 2.28. Iterative decision cycles

Maladaptive Space

Adaptive Space

Maladaptive Space

Source: Wise et al., 2014

National Adaptation Plans (NAPs) provide an important tool for communicating priorities
and putting in place the key elements required to support adaptation. Adaptation will be the
product of a multitude of decisions, ranging from farmers’ choices of crops to urban planning,
undertaken by a wide range of actors facing different sets of opportunities and constraints.
Climate change will be just one of many factors that could influence how people respond to
change. This means that it is neither possible nor desirable for every adaptation action to
be dictated in a top-down manner. Instead, adaptation strategies such as NAPs should aim
to strengthen the capacity of relevant decision makers to account for climate change. An
important element of this is to influence investment decisions by demonstrating political
commitment and setting the strategic direction for resilience at the national level.

The basis for effective adaptation is having access to suitable data in a usable form,
combined with the tools to interpret the implications of climate change for the relevant
decisions. These data should be regularly updated and reliable, which may require
improvements in countries’ statistical capacity.®* Providing information is necessary, but
not sufficient, to guarantee informed decision-making. The governance arrangements
that determine how decisions are made may themselves need to be adapted to make
them responsive to the effects of climate change. Action by governments may be required
if inertia in existing governance systems means that they are no longer fit for purpose
in a changing climate (Wise et al., 2014). For example, adopting a risk-based approach
in the water sector requires involving a broader set of stakeholders, obtaining different
information and changing the objective of the decision from meeting certain technical
standards to achieving acceptable levels of risks. Regulatory reforms may be required to
enable these changes to occur.

At the project level, there are clear metrics to assess progress and inform decision-
making as part of an adaptation pathway. In contrast, the concept of national pathways
cannot be readily quantified, because of the nature and diversity of actions that they
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include. For this reason, it is vital to use both quantitative and qualitative information to
assess progress (OECD, 2015d). Relevant tools for doing so include national risk assessments,
indicator sets and in-depth evaluations of large projects. This process is likely to be most
effective when it is integrated into existing processes for monitoring and evaluation, rather
than being implemented as a standalone system.

OECD analysis of infrastructure resilience shows that action is required across four
policy areas (Vallejo and Mullan, 2017):

» supporting decision-making by providing tools and information;
» screening and factoring climate risks into public investments;
 enabling infrastructure resilience through policy and regulation;
» encouraging the disclosure of climate risks.

Spatial planning is another critical area for climate change adaptation, given that it
can shape the location and design of new physical assets. There are two main challenges
for spatial planning: ensuring that development is only permitted in lower-risk areas, and
that the spatial plans are enforced. Unplanned urbanisation is a common feature of rapidly
developing economies, with informal settlements being established in areas that are too risky
for formal development, such as river banks and hillsides. As a consequence, the people with
the fewest resources for managing climate risks are located in some of the highest risk areas.

Well-planned urbanisation can reduce the disparities in exposure between high-and
low-income groups. Where the following conditions hold, the differences in exposure
between income groups remain low (Revi et al., 2014):

 buildings meet construction standards;
» development is only permitted in lower-risk areas;
« infrastructure and basic services are provided to all.

Managing the effects of climate change on ecosystems will be an essential element
of climate change adaptation pathways. Ecosystems are already under severe pressure
as a result of deforestation, water pollution, over-fishing and other causes. The OECD
Environmental Outlook to 2050 projected that biodiversity would decline in all world
regions under business-as-usual policies. Climate change will place a further burden on
ecosystems, as the rate of change exceeds plants and animals’ abilities to adapt. There
is already evidence of plants and animals having moved to new areas and changed their
seasonal activities in response to climate change (Settele et al., 2014). Several policy options
can be used to protect ecosystems from the impacts of climate change. The first priority
is to strengthen efforts to alleviate the non-climate pressures on ecosystems. A crucial
element of this is to mainstream biodiversity — and ecosystems more generally — into
national and sectoral planning (OECD, forthcoming). Beyond this, several measures can be
taken to lessen the effects of climate change on ecosystems (Settele et al., 2014):

« Adaptive landscape management: Ensure that landscape management strengthens
resilience and capacity to adapt to change. Ensure that institutional arrangements,
regulations and policies are designed with the expectation that ecosystems will change.

» Supporting biodiversity migration: Create and maintain migration “corridors” to
support the process of ecosystem adaptation. In some cases, it may be necessary to
move species to a new location.

» Off-site conservation: Preserve diversity through measures such as seed banks and
breeding programmes. Several issues need to be resolved to ensure the successful
reintroduction of preserved resources into the wild.
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Ecosystem-based approaches can play an essential role in building resilience to the
effects of climate change. In some cases, they can be cheaper and more flexible than hard
infrastructure, and generate benefits beyond adaptation. For example, wetland protection
or restoration can reduce flood risk, while also storing carbon and supporting biodiversity.
Economic instruments such as Payments for Ecosystem Services should be used to enhance
the provision of ecosystem services (OECD, 2010).

Linking adaptation and mitigation

Mitigation supports adaptation by delaying and reducing the scale of climate impacts.
At a global level, this reduces the scale of the adaptation challenge. Mitigation also reduces
the risk of encountering climate extremes that cannot be adapted to. In principle, credible
commitments to a low-emission trajectory would reduce the total need for investments
in climate change adaptation (OECD, 2015c). However, in practice this is not so simple
(Wilbanks, 2005):

 Dealing with uncertainty: Adaptation decisions need to be made today based on
expectations about the extent of future climate change. In terms of mitigation efforts,
the question is then about expectations as well as outcomes, including the credibility
of emissions reduction commitments.

« Different time horizons: Within the 2050 planning horizon, the differences are relatively
modest between emissions trajectories but will become more severe over time.
Implications for adaptation decisions will vary depending on the degree of lock-in.

« Diverse actors: Much adaptation is expected to be local and autonomous. Mitigation is
focused on the main emitting sectors, while adaptation will take place in those that
are most sensitive to the effects of climate change.

« Distributional issues: The benefits of adaptation are primarily local and near-term,
while the primary benefits of mitigation are long-term and global.

At the level of specific adaptation measures, there are synergies and trade-offs. For
example, half of the new coal power plants in China are being built in areas of high water
stress (Luo et al., 2013). Replacing coal with wind or solar power would yield both mitigation
and adaptation benefits. However, not all good things go together. Between mitigation and
adaptation actions there are tensions as well as mutual benefits (Table 2.6). Inappropriate
biofuels production, for example, could exacerbate problems with food security.

Table 2.6. Potential synergies and trade-offs between adaptation and mitigation measures

Positive for mitigation Potential trade-off with mitigation
Positive for Reduced deforestation: Sequesters carbon and provides Desalination: Addresses water shortage but is energy-
adaptation ecosystem services. intensive.
Agricultural practices (e.g. no till): Sequesters carbon Increased irrigation: Helps farmers manage variable
and can boost farmers’ incomes. precipitation but can be energy-intensive.
Wetland restoration: Carbon sequestration and reduced Air conditioning: Reduces the impact of high temperatures
flood risk. on health, but is energy-intensive.
Renewable energy (wind, solar PV): Lower water use than Construction of hard defences: Reduces the risk
thermal generation. of extreme events, but GHGs are embodied in the
construction.
Potential Inappropriate expansion of biofuels: Could exacerbate
trade-off with ~ food price shocks if biofuels displace crops.
adaptation Hydropower: Could increase the complexity of managing

water resources.
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To develop and implement effective climate policy, it is vital to ensure coherence
between adaptation and mitigation policies.3! At the level of individual projects, this means
ensuring that the appraisal process takes into account the full range of relevant costs and
benefits, including impacts on carbon emissions and on resources relevant for adaptation,
such as water. Some projects will inevitably involve trade-offs; it is important that they are
acknowledged to ensure that any negative impacts on mitigation or adaptation are justified.

Getting from here to there

72

Climate change is a global externality because GHG emissions in one country cause
damages in other countries that are not currently adequately factored into decisions (Stern,
2007). Economic theory also tells us that a global public good such as a stable climate can
only be delivered through effective collective action at the international level: each country
is asked to incur costs to reduce emissions, but the benefits of these efforts are shared
globally.?? The costs and benefits of climate action are distributed unevenly across countries
and over time, and are to some degree still uncertain. Mitigation costs fall early on, while
the major benefits in terms of avoided impacts would be seen later in the century.** This
provides incentives for countries to free-ride on the actions of others, either now or in
terms of the damages that will face future generations.** Developed countries have been
responsible for most of the cumulative CO, emissions so far, but developing countries will
make up most future emissions. In the meantime, technological advances have massively
reduced the costs of key renewable technologies.

This final section addresses the key question of how countries get to where they need
to be. It discusses the NDCs, which are not aligned with a cost-effective path towards the
Paris Agreement goal of well below 2°C. Finally, it underlines the fundamental importance
of the Paris Agreement in efforts to build the trust and transparency needed to go beyond
current levels of mitigation action.

The Nationally Determined Contributions

As part of the process of creating a new international climate agreement under the
UNFCCC, each party submitted its proposed national climate action plan, known as its
intended “nationally determined contribution” or NDC (Box 2.7). The Paris Agreement
requires that parties “prepare, communicate and maintain” their NDCs.* In parallel,
developed countries reaffirmed their commitment to support developing countries by
mobilising USD 100 billion a year by 2020 from public and private sources. Emphasis was
also placed on a just transition for workers, through the creation of good quality jobs in line
with national development priorities.

The NDCs set out the post-2020 climate actions parties intend to take: for example,
decarbonisingenergy supply through shiftstorenewable energy, energy efficiencyimprovements,
better land management, urban planning and low-carbon transport at the city level (see Annex
2.A1 for details of the G20 countries’ NDCs). Taken together, the NDCs are a progression beyond
current policies but are not enough to keep global warming below 2°C; they are more in line
with emissions scenarios that keep the temperature rise to below 3°C in 2100 (UNEP, 2015).%
Analysis of the NDCs suggests that emissions will continue rising to 2030 (UNFCCC, 2015b).
Additionally, the NDCs imply significant variations in future carbon prices across countries,
suggesting substantial potential gains to emissions trading.*” To drive investment in low-
emission technologies, the NDCs need to be both credible and backed by good domestic policy
design, which includes flexibility to adjust (see Chapter 6) (Nemet et al., 2017).

In adopting a dynamic, hybrid approach - part bottom up, part top down monitoring
and review of the adequacy of country efforts against global targets - parties to the UNFCCC
have secured broad participation in international mitigation efforts, but at the (hopefully)
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short-term cost of environmental effectiveness and economic efficiency. The plateau in
energy-related CO, emissions over the last three years is a positive sign, though it is still
too early to claim that we are at a peak of total global emissions, let alone the subsequent
rapid reductions required to keep warming “well below 2°C” (IEA, 2017).

Box 2.7. G20 countries’ NDCs vary widely

The G20 countries’ pledges differ in terms of the kind of emissions reduction they specify,
the conditions they set, their target dates and the GHGs they cover.

An absolute emissions reduction relative to a base year. The G20 European Union countries
(France, Germany, Italy and the United Kingdom) have opted for 1990 as the base year,
along with the Russian Federation. This reflects the type of target and base year agreed
under the Kyoto Protocol. Australia, Brazil, Canada and the United States have identified
their target relative to their GHG emission levels in 2005.

A reduction in the emissions intensity of the economy relative to a base year. India, for instance, has
pledged a 33-35% reduction of the emission intensity of its GDP while China aims for a 60-
65% reduction. Both countries use 2005 emissions intensity of the economy as their baseline.

Emissions reduction relative to a business-as-usual scenario (without further climate policies):
This is the case for the NDCs of Indonesia, Korea, Mexico, Saudi Arabia, and Turkey.

A specified emissions trajectory: South Africa has pledged a “peak, plateau and decline” of
emissions, describing a path over the next 20 years. Argentina has placed an absolute cap
on its 2030 emissions.

Conditionality: Several countries have set conditions for the achievement of some - or all - of
their targets. These include the provision of financial, technical or capacity-building support
from developed countries (e.g. for Argentina, India, Indonesia, Mexico, Saudi Arabia), the
degree of the implementation of the Paris Agreement by developed countries (for South
Africa). Argentina, Indonesia and Mexico have both unconditional and conditional targets,
the latter requiring support from developed countries.

Target date: Most G20 countries have set 2030 as their target date. The United States and
Brazil chose 2025; South Africa has target periods of 5 years going from 2020 to post-2035.

Coverage: Most G20 pledges cover the six Kyoto Protocol GHGs* as well as the economic sectors
outlined by the IPCC.*® Australia, Canada, the European Union, Japan, the Russian Federation,
Turkey and the United States have also included nitrogen trifluoride (NF,), added on the list
of GHGs under Kyoto Phase II, in the target gases. Mexico also focuses on black carbon, while
Indonesia includes only CO,, CH, and N, 0.

Building on the Paris Agreement

Early efforts to forge an effective international response to climate change resulted in
the 1992 UN Framework Convention on Climate Change (UNFCCC), the start of an open-
ended negotiating process that led to the Paris Agreement in December 2015. The Paris
Agreement aims to strengthen the international response to climate change by building
on the bottom-up approach initiated at the Copenhagen COP15 meeting in 2009.4° It also
adds “an enhanced transparency framework”, to help track progress of individual parties
on mitigation and adaptation action as well as on support for developing countries (finance,
technology and capacity-building). This framework is vital, given the evidence that trust and
reciprocity are important for successful management of natural resources (Ostrom, 1990).4
The framework will support several processes and milestones for collective stocktaking
and oversight of progress made on long-term goals.*
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An immediate priority within the UNFCCC process is to put the Paris Agreement into
operation by reaching agreement on the rules and modalities for several key provisions,
including those on monitoring, reporting, verification and assessing collective progress
according to the timeline established at COP21.** Headway here is essential to build the
trust needed to increase the stringency of action over time. This is the current focus of the
OECD-IEA Climate Change Experts Group.

The Paris Agreement architecture has yet to demonstrate that it can catalyse the urgent
and stringent mitigation action and support needed to meet the Agreement’s goals. Parties
must now implement their emissions limitation and reduction pledges to 2020 and their
aims beyond 2020. The aggregate mitigation effect of the NDCs is inadequate, however,
and countries need to scale up their efforts. Developed country support for climate action
will be important, not just for mitigation but also to improve the resilience and adaptive
capacity of countries facing the greatest climate challenges.

At COP21, parties were invited to communicate by 2020 the long-term low-emission
development strategies they will follow up to 2050. Six countries have done so; it is crucial
that more follow suit. This is an important mechanism for helping countries to align short-
term actions with long-term goals and to minimise the risks of either emissions lock-in or
stranded assets. One important initiative to support this and to build broader engagement
and action is the 2050 Pathways Platform launched at COP22 in Marrakech, Morocco (Box 2.8).

Success will not solely depend on action at central government level. The UNFCCC process
has over recent years deliberately and increasingly created mechanisms of engagement with
and commitments from non-state actors, most notably under the Lima-Paris Action Agenda
in the run-up to COP21, on issues as diverse as cities, private finance and forests.

Box 2.8. The 2050 Pathways Platform

The 2050 Pathways Platform was launched at the High-Level Event of COP22 in Marrakech.
Membership is growing quickly: 22 countries, 15 cities, 17 regions and states, and 192
companies have already joined.

Short-term GHG emissions reduction targets and actions such as the NDCs need to be set
and implemented consistently with the long-term global goal. Developing pathways from
now until 2050 can help in envisaging the structural changes necessary to achieve net-zero
GHG emissions, as opposed to incremental changes. The platform helps countries design
and implement long-term deep decarbonisation strategies that will limit the average global
temperature increase to well below 2°C. It does so by sharing resources (including finance and
capacity building), experience and best practices. It also builds a broader constellation of cities,
states, companies and investors engaged in long-term low-emission planning of their own, and
in support of the national strategies. It is envisaged as a space for collective problem-solving.
Pathways to 2050 need to be socio-economic development pathways, not just GHG emission
reduction pathways; adaptation is an important component. Developing 2050 pathways can
help to capture the synergies between socio-economic development and climate change
mitigation, for example by aligning climate action with objectives on health, innovation
and food security. They are also a risk-management tool: they can avoid carbon lock-in, and
therefore reduce the risk of stranded assets, by putting short-term climate actions in the
context of the long-term climate transition.

Pathways to 2050 need to be co-designed —and ultimately owned -by all relevant stakeholders:
not just politicians and policy-makers, but also businesses, unions, NGOs and others. They
also need to be informed by the best expert knowledge and evidence. The Platform aims to
leverage arange of international processes to provide: technical analysis and support; sharing
lessons learned and best practices; and multi-stakeholder/cross-jurisdictional dialogues.

Source: 2050 Pathways Platform team.
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Notes

1. High levels of CO,, associated with enhanced warming, also lead to increased acidification of
the ocean and impacts on corals and a wide range of marine ecosystems.

2. Yet 13 percent of the world’s population lived below the international poverty line of US$1.90
per day in 2012, see World Bank (2016).

3. CO, contributed about 76% of global warming in 2010 (IPCC, 2013).
4. Taken here as the 1850-1900 average.

5. Scientists have more confidence in their understanding and projections of global surface
temperature than of precipitation, since the latter depend on the dynamics of the atmosphere,
not just on energy-balance considerations. There is also have greater confidence in projections
of global or continental scale changes than at regional or local scale. Global Climate Models
(GCMs) are the basis of much of the information on future climate changes presented in
the IPCC’s assessment reports. See Taylor, Stouffer and Meehl (2012) on the Coupled Model
Intercomparison Project Phase 5 (CMIP5), which was used in IPCC AR5 (2013). Such exercises
help to determine the strengths and weaknesses of the various GCMs and inform their future
development.

6. The Representative Concentration Pathways (RCPs) used in the most recent IPCC ARS report
span a wide range of possible future emissions scenarios. They are used to illustrate a range
of possible climate futures to 2100 (Moss et al., 2010) by specifying different concentrations
of GHGs and other atmospheric constituents (such as aerosols). These scenarios are named
RCP2.6, RCP4.5, RCP6.0 and RCP8.5 to reflect their impact on the net energy flows into the
climate system. So RCP2.6 (4.5) would give rise to a net energy inflow to the climate system
of 2.6 (4.5) Watts per square metre (Wm?) by 2100 in the Integrated Assessment Model (IAM)
used to derive them. These RCPs have been used as input to models that produce detailed
simulations of the climate system.

7. In their Fifth Assessment Report, the IPCC analysed over 1 000 published emissions scenarios
from integrated assessment models (IPCC, 2014a). Based on a subset of these selected for
their detailed information on emissions and consistency with both historical emissions and
assumptions about a feasible maximum level of negative emissions, the UK Meteorological
Office Hadley Centre (MOHC) identified 39 scenarios that had a greater than 66% probability of
not leading to warming above 2°C. These are shown in Figure 2.4 alongside scenarios that lead
to median end of century warming of 1.75-2.0°C.

8. Estimatesoftheequilibriumclimatesensitivity, which determinesthelong-runclimateresponse
to GHGs, range between 1.5°C and 4.5°C for a doubling of atmospheric CO, concentrations.

9. The net effect of negative emissions technologies on atmospheric concentrations is reduced by
theresponse of the ocean and land stores of CO, to areduction in atmospheric CO, concentration.
See Mackey et al. (2013).

10. The climate effects of different GHGs relative to CO, are typically evaluated using the 100 year
global warming potential (GWP, ), which also has been adopted in GHG trading schemes.
However, this metric is not related to temperature outcomes, nor does it clearly highlight the
need to limit cumulative CO, emissions (Smith et al.,, 2012). Indeed, there is no single metric
that can equate the full climate effects of different GHGs as the appropriate metric will depend
on the policy outcome sought (Shine, 2009).

11. To gain the same climatic benefit as a one-off reduction in the level of CO, emissions, the rate
of methane emissions would need to be reduced on a permanent basis. Much of the difficulty in
reducing CH, emissions lies in the agricultural sector and, in particular, with growing livestock
numbers (Ripple et al., 2014).

12. About 70% of global N,O emissions are due to agriculture (World Bank, 2009).

13. From the SSP Public Database Version 1.1. - see https://tntcat.iiasa.ac.at/SspDb/
dsd?Action=htmlpage&page=about

14. The climate policy assumptions for SSP2 — the SSP scenario that most closely resembles historic
economic and demographic trends - include some delay in establishing global action with
regions transitioning to global co-operation between 2020 and 2040, making emissions in the
SSP2 baseline scenario broadly consistent with the NDCs (O’'Neill et al., 2015; Riahi et al., 2017).

15. The industrial process emissions are estimated from the overall carbon budget (90 GtCO, over
2015-2100) with a starting point of 2 GtCO,/yr and falling to around 1 GtCO,/yr by 2050, as
described on p.48 of IEA (2017).

16. Modelling approaches to land-use are highly varied - see Alexander et al. (2017).

17. In Brazil, concerted public action has led to reduced deforestation over the past few years.
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18.

19.

20.
21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.
36.

The income groups are the standard World Bank groups, notably High-Income (HIC), Upper
Middle-Income (UMIC) and Lower Middle-Income (LMIC) countries. There are no low-income
countries (LIC) in the G20.

By including LULUCF emissions in the total, emissions increase (decrease) if land-use is a net
source (sink).

In Japan, Korea, Russia, Turkey and the United States.
Canada, India and Mexico.

Analysis of the IPCC ARS integrated assessment scenarios, consistent with outcomes with a
greater than 66% likelihood of keeping warming below 2°C, result in total GHGs emissions in
2050 between 41%- to 72% lower than in 2010 (IPCC, 2014a), which in average annual terms
requires emissions reductions between of 1.3%- to 3.1% per year. If world GDP is assumed to
grow at around 3% per year, this would require the sum of the total annual reductions in the
emissions intensity of GDP of some 4.3% to0 6.1%.

The IEA’s average figure for the G20 is based on more disaggregated modelling, not shown in
the figure.

For example the use of advanced technology in some countries while other countries with a
similar level of energy intensity might have developed in such a way because of constraints on
energy availability.

Using more of the indicators discussed in this chapter would provide an alternative grouping
based on cluster analysis. However there would be only minor differences, in part reflecting
the importance of AFOLU emissions. To match the economic analysis in Chapter 4, which
does not consider AFOLU sectors, we present the results based on this more limited number of
characteristics.

See the Executive Summary of the 2015 DDPP report at http://deepdecarbonization.org/wp-
content/uploads/2015/12/DDPP_EXESUM-1.pdf .

The G20 countries where no results are available are: Argentine, Russia, Saudi Arabia and
Turkey.

See for e.g. Anandarajah and Gambhir (2014), Capros et al. (2014), Gambhir et al (2013), Pye et al.
(2017), and Winkler and Marquand (2009).

Due to their high wealth and low protection level, three American cities (Miami, New York City
and New Orleans) concentrated 31% of the losses in 2005 across the 136 cities studied. Adding
Guangzhou, the four top cities accounted for 43% of global losses in that same year (Hallegatte
et al., 2013).

A number of G20 countries have invested significantly in providing access to relevant data
sources, through initiatives such as the UK’s Climate Impact Programme and the climate
section of the United States’ US Data.Gov website. The private sector is increasingly engaged
in this area, through the provision of consultancy services and provision of expertise by
insurance companies.

Interactions between mitigation and adaptation will be explored in the 2018 IPCC special report
on the impacts of global warming of 1.5°C degrees (IPCC, 2016).

The need for international environmental agreements to be “self-enforcing” in the face of
limited sanctions had the dismaying implication that participation would be inefficiently low
from a global perspective precisely when such co-operation would be of greatest environmental
benefit (Barrett, 1994). Concerns about “carbon leakage” by through the off-shoring of emissions-
intensive industry are a further constraint on stringent mitigation action, though at current
levels of carbon prices there is little evidence that carbon leakage is a major problem, except
perhaps in a few fossil-intensive industries. See for example, Branger, Quirion and Chevallier
(2013) and Martin et al. (2014).

Leading to important debates about the right discount rate to use to estimate the social cost of
carbon, see Pindyck (2013) for a discussion of this and related issues.

See Crampton et al., 2017.
NDCs representing 190 parties had been submitted as of 17 January 2017.

Of course, whether the NDCs are consistent with a goal of well below 2°C also depends on
what happens to emissions beyond the 2025-30 period for which the NDCs are applicable. A
comparison of countries’ pledges with emission scenarios available in the IPCC AR5 database
shows that more than three quarters of the scenarios that follow a similar emission profile to
that consistent with existing NDCs to 2030 give median warming values of more than 2°C in
2100 (i.e. 50% chance of warming less than 2°C), with the vast majority giving a level of median
warming between 2° and 3°C.
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37. Aldy and Pizer (2016) use four integrated assessment models to assess and compare the NDCs.
They estimate that countries’ marginal abatement costs vary by two orders of magnitude.
Marginal costs rise almost proportionally with income, while total mitigation costs also reflect
carbon intensity and trade in fossil fuels. See also Bataille et al. (2016) and Rogelj et al. (2016a).

38. CO,, CH,, N,0, hydrofluorocarbons, perfluorocarbons, sulphur hexafluoride.
39. See Arent and Tol (2014).

40. Concerns about “top-down” approaches crystallised at the Copenhagen UNFCCC Conference of
the Parties (COP15) in 2009. Outcomes at COP16 in Cancun built on the Copenhagen Accord both
in terms of a new transparency regime and a formalisation of some international pledges (e.g.
on climate finance). More than 90 countries, including all major emitters, put forward pledges
that took a variety of forms, mostly covering the period to 2020.

41. Ostrom (1990) highlighted the significant empirical evidence of the potential for self-organising
institutions successfully to manage natural resources where there is sufficient trust and
reciprocity between those involved. The likelihood of co-operation was also found to increase
with factors such as: (i) reliable information about short- and long-term costs and benefits; (ii)
a recognition of the importance of the resource to their own achievements and a long-term
view; (iii) communication between those involved; (iv) informal monitoring and sanctioning is
both feasible and considered appropriate; and (v) the existence of social capital and leadership.

42. The main milestones are the Facilitative Dialogue in 2018 and the Global Stocktakes, which
will take place every five years from 2023 assess collective progress towards long term goals,
including mitigation and adaptation efforts and means of implementation, and will inform
Parties’ future actions.

43. Countries agreed in Marrakesh at the 22nd Conference of the Parties (COP22) that this “Paris
rulebook” will be finalised by the end of 2018 (COP24).
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Chapter 3

Infrastructure
for climate and growth

Infrastructure investment is vital to underpin economic growth and development, but
current levels of investment are inadequate. Meeting the Paris Agreement’s mitigation and
adaptation objectives will also require a radical shift in the world’s infrastructure base.
This chapter considers the current gap in infrastructure investment, the infrastructure
and technology transformations needed to shift onto low-emission, climate-resilient
pathways, and the incremental capital costs involved. It then looks at the energy sector as
an indicative assessment of progress in aligning infrastructure investment plans for the
transition, before exploring how governments might better align short-term investment
strategies with long-term decarbonisation and resilience goals.
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Choices made today about the types, features and location of infrastructure will heavily
influence the extent of the impacts of climate change and the vulnerability or resilience
of societies to it. Creating low-emission, climate-resilient pathways compatible with the
Paris Agreement, as described in Chapter 2, requires a radical shift in our infrastructure
bases, mainly for energy, mobility services and buildings. Sustainable infrastructure
- infrastructure that is socially, economically and environmentally sound - is a key
foundation for economic activity and for reaching the Sustainable Development Goals
(SDGs). Since the financial crisis, however, infrastructure of all kinds has suffered from
chronic underinvestment.

The first section of this chapter documents the current gap in infrastructure
investment required to sustain growth and development. The inconsistencies between
current investment trends and climate goals, and the infrastructure investment and
technology transformations needed to shift G20 governments onto low-emission, climate-
resilient pathways are then addressed. The chapter then focuses on the energy sector as
an indicative assessment of progress in aligning infrastructure investment plans for the
transition, highlighting the risks of locking in emissions and stranding assets that come
with continued investment in fossil-fuel infrastructure. Finally, the chapter concludes with
guidance to G20 countries on how they could better align short-term investment strategies
with long-term, low-emission decarbonisation goals, and the need to enhance resilience to
climate impacts.

Scaling up infrastructure investment to sustain growth and development

90

Infrastructure in sectors such as energy, transport, water and telecommunications is the
backbone of our economies, essential for sustained, inclusive growth and for meeting the SDGs.
But current levels of investment in infrastructure are generally too low to sustain growth,
and often of insufficient quality. Ensuring affordable and reliable access to basic services
remains a major challenge in lower and middle-income countries, while advanced economies
are struggling with chronic underinvestment in their ageing infrastructure. Infrastructure
investment in the G20 countries needs to be significantly scaled up to fill this gap.

Current levels of infrastructure investment are insufficient to sustain growth and
development

Effective energy and transportinfrastructure underpins almost all economic activity. Many
studies have underscored the positive relationship between high-quality public infrastructure
and economy-wide productivity in the long run (e.g. Berg et al., 2012; Ghazanchyan and Stotsky,
2013; Calderon and Serven, 2014). Infrastructure investment is also a way of stimulating
demand in the short term: after the financial crisis, many G20 countries devoted a major share
of their fiscal stimulus to infrastructure investment (see Chapter 4). On average, emerging and
developing economies devoted 40% of their stimulus packages to infrastructure spending,
while advanced economies devoted 21% (ILO and IILS, 2011).

Infrastructure investment can also have an impact on promoting inclusive development
and fighting income inequality. Inclusive growth, human well-being and poverty reduction
depend critically on the type, extent and quality of the infrastructure that supports key
services: food, energy, water supply, safe and resilient cities, and sustainableindustrialisation
(Bhattacharya et al., 2016a). For example, SDG7 (“Ensure access to affordable, reliable, sustainable
and modern energy for all”) requires considerable investment in energy infrastructure in
urban and rural areas. Investments in sustainable infrastructure can boost growth and
employment and contribute to “promote sustained, inclusive and sustainable economic growth, full
and productive employment and decent work for all” (SDG8). Transport infrastructure - such as
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roads, railways, ports and airports - connects home to work, and rural areas to domestic and
regional markets, contributing to economic development and the goal of “ending poverty in all
its forms everywhere” (SDG 1). Infrastructure choices also affect our natural environment and
the sustainable use of natural assets such as air, water, terrestrial ecosystems and forests
(SDGs 13, 14 and 15).

Despite the links between infrastructure investment and growth and development,
underinvestment in infrastructure has been chronic over the past decades. The stock of
public capital relative to GDP decreased by 15% globally in the past 30 years (Bhattacharya
et al., 2016b; IMF, 2014). Over the past two decades, global infrastructure investment has
averaged 3.5% of world GDP (Woetzel et al., 2016).

In advanced G20 economies, public investment fell from 5% of GDP in the late 1960s to 3%
in the mid-2000s. Despite increased infrastructure investment following the recent financial
crisis, spending remains at a historic low, resulting in an ageing and poorly maintained
infrastructure stock in many G20 countries. In the United States, for instance, the National
Association of Manufacturers rates transport-related land-based infrastructure as mediocre
to poor, with US bridges on average 42 years old, and 1 in 9 structurally deficient. In addition,
65% of roads in 2013 were in “less than good condition”, a significant factor in 30% of road
fatalities (National Economic Council and the President’s Council of Economic Advisers, 2014).

In emerging and low-income economies, public investment fell from 8% of GDP in
the late 1970s to 4-5% in the mid-2000s, rising again to 6-7% in 2012. This increase has
been led by China, which in 2014 accounted for USD 1.3 trillion of the USD 2.2 trillion
invested in infrastructure in developing and emerging economies. This is not only more
than all other developing countries, but also more than all developed countries combined
(Bhattacharya et al., 2016Db).

The quality of infrastructure is critical for development. Many middle-income
economies - such as Brazil, India, Russia and South Africa — are left with infrastructure
bases of low quality, which constrains medium- and near-term growth. In South Africa,
for instance, only 46% of households had piped water of good quality in 2012 and only 71%
of households had access to sewerage networks. One-fifth of South African firms identified
unreliable electricity supply as a major constraint to doing business (Development Bank of
Southern Africa, 2012). Even in China, despite sustained investment in the past decades,
the quality of urban infrastructure is not always adapted to the challenges faced by
rapidly growing cities (Pan, 2016). Some suggest that China has in fact overinvested in
infrastructure and highlight a need to reallocate investments towards more productive
infrastructure (Ansar et al., 2016).

Unprecedented levels of infrastructure investment are needed to i) maintain and
upgrade ageing infrastructure in high-income countries; and ii) achieve universal access
to basic services in middle-income economies. G20 countries face different priorities in
improving infrastructure quality and access (Figure 3.1). Rapid rates of urbanisation
and population growth require an expansion of transport and electricity infrastructure,
especially in developing countries. By 2050, the global population is expected to increase to
9 billion people, 66% of which will be urban, compared with 54% in 2014. Demand for urban
mobility is expected to nearly double between now and 2050, with most of this growth
concentrated in developing countries (OECD/ITF, 2017). One in 8 people still live in extreme
poverty, nearly 800 million suffer from hunger, 1.1 billion live without electricity, and water
scarcity affects more than 2 billion (UN, 2016). Countries that are caught in a low-growth
trap could use this opportunity to boost their growth in the short-term, capitalising on the
current environment of low interest rates, or optimise the taxation-spending balance to
increase infrastructure spending (see Chapter 4).
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The importance of infrastructure quality for sustainable growth and well-being can
be seen by looking at both access to basic services and at a measure of the quality of the
underlying infrastructure (Figure 3.1). For example, while many high-income and middle-
income countries boast near-universal access to electricity, in many cases the quality of

electricity supply is mediocre, with important consequences for both economic activity and
well-being.

Figure 3.1. Quality of infrastructure and access to basic services
in G20 countries, by income and growth groups
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Note: The growth groups are based on the 2010-15 average of GDP growth, population growth and gross capital formation as
a share of GDP.

Source: Authors, based on WEF (2015) and World Bank (n.d.a.) (accessed on 28 February 2017).
StatLink sazm http://dx.doi.org/10.1787/888933484204

The infrastructure investment gap

The OECD estimates that around USD 95 trillion of investments will be needed between
2016 and 2030 in energy, transport, water and telecommunications infrastructure to sustain
growth, or around USD 6.3 trillion per year, even if governments take no further action

92

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017


http://dx.doi.org/10.1787/888933484204

3. INFRASTRUCTURE FOR CLIMATE AND GROWTH

on climate change (Table 3.1). This number is to be compared with current infrastructure
spending of around USD 3.4 to USD 4.4 trillion (IEA, 2017; IEA, 2016b; Woetzel et al., 2016;
Bhattacharya et al., 2016b). Middle-income countries are expected to represent around 60%
to 70% of future infrastructure needs (Pardee Centre, n.d; NCE, 2016; Bhattacharya et al.,
2016b) (Figure 3.2). The majority of infrastructure investments are required in transport
and power, two critical sectors that are also at the heart of decarbonisation strategies
(Figure 3.3). However, all infrastructure estimates need to be read with caution (Box 3.1).

Table 3.1. Global estimates of infrastructure investment needs 2016-30,
by sector (before taking into account climate considerations)

USD 2015 trillion Annual average Cumulative

Energy supply Power and Transmission & Distribution (T&D) 0.7 11.2

Fossil fuel supply chain 1.0 14.3
Energy demand 0.4 6.6
Transport infrastructure Road 2.1 31.8

Rail 0.4 6.4

Airports and ports 0.2 2.7
Water and sanitation 0.9 13.6
Telecoms 0.6 8.3
TOTAL 6.3 94.9

Sources: IEA (2017) for energy supply and demand; IEA (2016d) for road and rail infrastructure; OECD (2012) for
airports and ports; McKinsey (Woetzel et al., 2016) for telecoms. The water and sanitation estimate is an average
of estimates from: Booz Allen Hamilton (2007), McKinsey (Woetzel et al., 2016) and OECD (2006). See technical note
on estimating infrastructure investment needs for further details on methodology (http://oe.cd/g20climatereport).

Figure 3.2. Evolution of infrastructure investment needs by income groups
in the G20

[ High-income [ Upper middle-income [ Lower middle-income
Share of total infrastructure investment needs (%)
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Source: Pardee Center (n.d. accessed February 2017).
StatLink si=r http://dx.doi.org/10.1787/888933484216
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Figure 3.3. Global investment needs by sector, 2016-30
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Source: As per Table 3.1.
StatLink == http://dx.doi.org/10.1787/888933484229

Box 3.1. The challenges of estimating infrastructure investment needs?

There have been several attempts to provide estimates on infrastructure investment needs
(WEF, 2013; NCE, 2014; Bhattacharya et al., 2016; Woetzel et al., 2016; Kennedy and Corfee,
2012). Each projection is highly uncertain as it combines several distinct sources, each with
different underlying assumptions:

» Projections attempt to take as a starting point existing infrastructure investment,
but there is a lack of comprehensive data on investments across countries, including
G20 countries (AsDB, 2017, Bhattacharya et al., 2016b). There is a need for national
and international agencies to gather more comprehensive, better quality data on
infrastructure investment.

e Most infrastructure needs assessments are based on projected GDP growth and
country-level elasticity of infrastructure spending to growth (Woetzel et al., 2016; NCE,
2016), which results in estimates that are highly dependent on GDP assumptions. Few
studies are based on achieving minimum quantitative benchmarks for infrastructure
stocks and services (such as those used by Pardee Center, 2014), which is more
relevant in particular for low-income countries and in the context of the SDGs.

* Most infrastructure assessments are based on global models, but infrastructure
needs and priorities depend on countries’ specific circumstances - such as access to
energy, quality of current infrastructure, growth rate and inequalities — and should
be informed by country-specific long-term development strategies.

e Many assessments do not account for how infrastructure is managed and
implemented. Some analysts suggest that better management of infrastructure
could lower infrastructure investment needs (Woetzel et al., 2016).

» Many assessments do not integrate incremental investment needs for climate change
adaptation and mitigation. When they do, they do not necessarily take a network
approach, to account for the interdependency between infrastructure systems. For
instance, decreased demand for energy reduces the capital requirements for new
infrastructure in oil, gas and coal, potentially freeing up rail and port capacity
(Kennedy and Corfee-Morlot, 2012).

The figures presented here offer an up-to-date estimate based on the sources listed in
Table 3.1. The new estimate in this report is around USD 4.9 trillion per year for energy,
transport, water and telecommunications infrastructure, reflecting a recent reevaluation of
investment needed in transport (IEA, 2016d). This estimate is of a similar order of magnitude
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Box 3.1. The challenges of estimating infrastructure investment needs* (cont.)

to figures presented in other analyses. The New Climate Economy (NCE) (2014) estimated
that the world needed to invest USD 57 trillion (USD 3.8 billion per year) in infrastructure
between 2014 and 2030, or around USD 96 trillion (USD 89 trillion in 2010 dollars) including
primary energy generation and energy efficiency. More recent estimates by Bhattacharya
et al. (2016b) anticipate larger needs: USD 75-86 trillion (or USD 5.4 trillion a year),
excluding primary energy and energy efficiency — USD 1.6 trillion more per year than
the NCE.? McKinsey (Woetzel et al., 2016) estimates cumulative needs of USD 49 trillion
(or USD 3.3 trillion per year) for the period 2016-30 (Table 3.2). The Pardee Center (2014)
estimates that annual spending in infrastructure will be on average USD 4.3 trillion per
year between 2014 and 2050.

Table 3.2. Selected estimates of infrastructure investment needs, 2016-30 — annual
averages in 2015 USD trillion per sector

Energy supply
Primary energy  Energy demand/ Water and
Power and T&D  use supply chain efficiency Transport sanitation Telecoms
OECD (2017) 0.7 1.0 0.4 2.7 0.9 0.6
Bhattacharya et al. (2016b) 1.5 0.8 1.6 2.0 0.9 1.0
McKinsey (Woetzel et al., 2016) 1.0 not included not included 1.2 0.5 0.6
NCE (2014) 0.7 0.9 1.7 1.0 1.5 0.5

Note: See technical note on estimating infrastructure investment needs for further details (http://oe.cd/

g20climatereport).
Sources: NCE, 2014; 2016; Bhattacharya et al., 2016b; Pardee Center, 2014; Woetzel et al., 2016.

Shifting infrastructure investment for low-emission, climate-resilient pathways

Low-emission, climate-resilient pathways will require an unprecedented transformation of
our infrastructure system. Most existing energy and transport infrastructure was designed and
built for a world of cheap and abundant fossil fuels, contributing to economic growth in many
regions but also to GHG emissions. As a result, around 60% of GHG emissions are hard-wired
into existing infrastructure (NCE, 2016; IPCC, 2014). In an effort to keep average global warming
well below 2°C, the Paris Agreement stipulates that a “balance” between anthropogenic sources
and sinks of GHGs must be reached by 2050-2100, so that there are zero net emissions to the
atmosphere in the second half of the century (see Chapter 2). In many cases, it will be important
to shift as much investment as possible towards zero-emission (rather than low-emission)
options, given that some difficult-to-decarbonise sectors will still have residual emissions.

In addition to being responsible for more than 80% of energy-related CO, emissions
(IEA, 2016a), G20 countries represent around two-thirds of global investment needs in
infrastructure. This share is expected to raise to 75% of infrastructure needs between
2016 and 2030 (Pardee Center, n.d.). G20 country choices are critical to the world’s ability to
mitigate climate change and will also dictate the resilience of G20 infrastucture to climate
change impacts. The infrastructure required for the low-emission transition is also integral
to meeting many of the SDGs beyond SDG13 on climate change (Figure 3.4).
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Figure 3.4. The links between low-carbon, climate-resilient infrastructure and the SDGs
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Infrastructure and technology shifts for low-emission pathways

Achieving low-emission, climate-resilient pathways requires strategies spanning
infrastructure, technology development and innovation in the energy, land-use and
agriculture sectors. This section examines the implications for infrastructure and
technology of the shift to zero net emissions across these different categories (Table 3.3).

Table 3.3. Examples of infrastructure and technologies needed for a low-emission transition

Strategies

Infrastructure needs

Technologies

Transport  Improve carbon

intensity of vehicles
Shift to more
efficient transport
modes

Avoid carbon
intensive mobility
when possible

Decarbonise the
power sector

Electrification of
end-uses

Energy efficiency

Energy

Heavy
industries

Energy efficiency in
industrial processes
Material efficiency
Capture of emissions
Improve carbon
sequestration

by land

Minimise

emissions from
food production,
including livestocks

Land use

Passenger Charging infrastructure for electric cars
and fueling infrastructure for hydrogen cars
Intelligent Transport Systems
Smart grids
Rail
Mass rapid transit systems (light rail, metro,
bus rapid transit lanes)
Infrastructure for walking, cycling
Freight Hinterland rail infrastructure
Energy Renewable energy (wind, solar, thermal energy,
and power tidal, waves)
generation Smart grids
Infrastructure for CO2 transport and storage
Buildings  Retrofitting of the building stock
Energy-efficient new build
Heat supply
Energy efficiency in industrial processes
Infrastructure for CO2 transport and storage
Negative Infrastructure for CO2 transport and storage
emissions

Agriculture Restoration of degraded grassland

Electric cars

Advanced biofuels and biojet (algae) for air
and maritime transport

Hydrogen aircrafts
Batteries

Electrification of trucks

Advanced biofuels, hydrogen for shipping
Investment in agriculture research (yields)
Energy storage (thermal cycle, power to gas,
batteries)

Tidal, thermal energy

CCS (large-scale demonstration)

Zero energy or positive energy buildings
Alternative material for steel and cement

CCS (large-scale demonstration of industrial
CCS applications)

Hydrogen in steel making

CCS

Direct air capture and storage

BECCS (deployment at commercial scale)
Biochar

Ocean liming

Research on yields improvements

Innovative agricultural practices to improve
productivity

Source: Authors.
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Infrastructure for low-emission energy and transport systems

Energy production and use accounts for around two-thirds of all anthropogenic GHG
emissions, mostly in the form of CO, from the combustion of fossil fuels (IEA, 2017). Creating
low-emission pathways requires radical changes in infrastructure, not only to reduce the
carbon intensity of energy supply, but also to create less energy-intensive behaviours and to
reduce energy use in transport, buildings and industry. The main elements of infrastructure-
related changes needed to reshape energy supply and use are described here, with the main
technological breakthroughs needed covered in Box 3.2.

Key to the energy transition is the decarbonisation of electricity, including phasing
out inefficient coal-fired power plants and unabated coal, the widespread deployment of
renewable energy sources, further development of nuclear power according to country
choices, and potentially the development of negative emissions technologies (NETs) such
as bio-energy with carbon capture and storage (BECCS) (IEA, 2017). Significant investments
in smart grids will be needed to help manage demand and support increased penetration of
intermittent renewable energy. On the demand side, reducing energy use in transport and
buildings will be key.

Transport produces roughly 23% of global CO, emissions and is the fastest-growing
source globally. Without further policy action, CO, emissions from transport could double
by 2050 (OECD/ITF, 2017). Reducing emissions from transport is not only crucial for a low-
carbon transition: it also reduces air pollution and congestion. The strategies necessary will
depend on each country’s circumstances, for example to what extent cities have already
been developed around car ownership, and where opportunities exist to use urban planning
to reduce the need for personal vehicles (OECD, 2015a). In general, ambitions will only be
fulfilled with integrated policy action to:

e avoid unnecessary travel and reduce the demand for total motorised transport
activity;

» promote the shift to low-emission and even zero transport modes; and

 improve the carbon intensity and energy efficiency of fuels and vehicle technologies.
Significant advances have been made recently, notably in the electrification of
transport via battery and fuel cells vehicles that are now on the market.

Building sector energy use was responsible for 9% of CO, emissions in 2013 in G20
countries. Increasing energy efficiency in buildings has not been sufficient to offset
large increases in energy demand driven by the growth in population, energy-intensive
appliances, and heating and cooling of buildings (IEA, 2016c). This is despite the availability
of technologies that could lead to widespread decarbonisation of buildings through
immediate widespread uptake. In developing and emerging economies, the building sector
tends to be dominated by new construction and demolition of older buildings as cities
expand. Integrating energy efficiency principles early in construction is therefore more
important than retrofitting existing buildings. In mature economies, 75-90% of today’s
buildings will most likely still be in service by 2050. Many of these buildings are not built to
the standards of today’s energy efficiency codes and do not benefit from the latest energy-
saving technologies; as a result, 30% of current buildings will need to be retrofitted by 2030
(IEA, 2017). Energy demand and efficiency of the appliances contained in buildings also
has a major impact (Climate Policy Initiative, 2013). Managing policy decisions in tandem
with investment decisions on heating, cooling, and power transmission and distribution
infrastructure could enable additional cost reductions.
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Box 3.2. Which technological innovations are needed
for a low-carbon economy?

Many of the technologies needed to decarbonise the economy are known and available at a
commercial scale, even though ongoing R&D will likely see further cost reductions: electric
vehicles, renewable electricity generation and advanced building insulation techniques
are all examples. However, to achieve pathways consistent with the Paris goals, many
new technological breakthroughs will be required. Twenty-one technological innovation
priorities were identified for this project that are crucial to achieving a low-carbon economy
but have not yet been deployed at commercial scale and therefore still require significant
R&D. Some key examples are described here.

Carbon capture and storage (CCS)

Current scenario projections rely heavily on CCS to meet emission targets. In the IEA scenario
consistent with a 66% chance of reaching the Paris Agreement’s 2°C goal, CCS contributes
around 15% of emissions reductions by 2050 (IEA, 2017). In industry, it accounts for one-
fourth of cumulative CO, emissions savings by 2050 relative to the New Policies Scenario.
Furthermore, negative emissions technologies (NETs) such as bioenergy with CCS (BECCS)
would benefit from the advancement of conventional CCS. While the components of carbon
capture, transport, injection and storage have been demonstrated individually at commercial
scale (Florin and Fennell, 2010), large-scale demonstration is an urgent priority to overcome
the challenges of whole systems integration across the CCS chain (LCICG, 2014). The main
research priorities are: (1) developing advanced adsorption and membrane processes; (2)
advanced processes such as Ca-looping; and (3) improved modelling of CO, storage, including
optimal injection scenarios and expected leakage (IEA, 2012; UKCCSRC, 2015).

The cost of CCS for power generation is estimated at USD 43-80/tCO, (IEA, 2012). CCS
applied to industrial processes is less well developed and is generally more challenging,
but has the potential to be cheaper than CCS for power generation. Each process and site is
unique and will likely require bespoke equipment and plant design. Current cost estimates
are USD 15-138/tCO, for cement and USD 51-64/tCO, for steel (Fennell et al., 2012). Research
priorities for industrial CCS include: (1) improving heat and flow integration; (2) testing the
impact of impurities on the capture process; and (3) developing novel sorbents optimised
for industrial operating conditions.

Industrial sector (energy use and process emissions)

The industrial sector accounts for one-third of global emissions. Of this, steel, cement and
chemicals together make up over 70% (IEA, 2010). Energy efficiency improvements will
not be able to reduce industrial emissions as needed. The other options for achieving low
(or zero) emissions from industrial processes are: switching from fossil fuels to biomass
or hydrogen; electrification; and CCS. With the exception of biomass usage in certain
applications, all these options are still in the concept phase. There is an urgent need to
develop breakthrough processes (e.g. steel production based on hydrogen or electrolysis)
that could result in a step-change in emissions reductions. Development of alternative
building materials to steel and cement could reduce emissions from both industry and
the built environment. Alternative cement chemistries (i.e. not based on limestone) could
provide a low-carbon solution for cement, but extensive testing would be required to gain
wide-scale acceptance in the construction industry.

Aviation sector
CO,emissionsfromaviationamountedto700MtCO,in2013,oraround2%ofglobalCO,emissions
(Elgowainy et al., 2012). With demand expected to rise by around 5% per annum, emissions
could be as high as 3100 MtCO, by 2050 (ATAG, 2014). In the medium term, radical new aircraft
designs (e.g. the “blended wing” concept) could improve fuel efficiency by 25% compared
with the most efficient planes today (DfT, 2007). In the short term, options for low (or zero)

98 INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017



3. INFRASTRUCTURE FOR CLIMATE AND GROWTH

Box 3.2. Which technological innovations are needed
for a low-carbon economy? (cont.)

carbon airplanes are extremely limited. Biofuels present the most viable alternative but are
limited to those that meet industry standards and are interchangeable with conventional
fuels. New engine designs that can cope with the low aromatics composition of biofuels
could open the aviation sector up to cheaper biofuels supply options. Hydrogen-powered
planes should not be ruled out. In 2016, the first four-seater hydrogen fuel-cell powered
plane took flight (Pultarova, 2016). While this is promising, significant technical challenges
need to be overcome for commercial-scale hydrogen powered planes to become a reality. In
particular, the low energy density of hydrogen requires a large storage volume, which will
require major design modification. A starting point for hydrogen in aviation may be for use
during taxiing. EasyJet is exploring this idea (Carrington, 2016).

These alternative fuels for aviation, as well as other sectors, will rely on cost-effective and
scaled-up supply chains. Researching and designing new plant strains optimised for biofuel
production would increase crop yield and reduce the cost of biofuel supply. Other promising
avenues for investigation include cellulosic biomass, algae and halophytes (Epstein, 2014).
Hydrogen supply from electrolysis, which requires a large amount of electricity, could be
superseded by new technologies such as photocatalytic water splitting (Hisatomi et al.,
2014; Moniz et al., 2015) or microbial processes (Magnuson et al., 2009), reducing the amount
of electricity required per unit of hydrogen produced.

Negative emission technologies (NETSs)

There are five main NETS: direct air capture, the lime-soda process, augmented ocean disposal,
biochar and bioenergy with CCS (BECCS), the best known. Cost estimates for NETs are USD 59-
155/tCO,e (Workman et al., 2011). With the exception of BECCS, all NETs are in a very early stage
of technical development. BECCS relies on a sustainable source of biomass; given competing
pressures for bioenergy across different sectors, it is unlikely that BECCS alone will be adequate.
The main research priorities are: (1) developing novel sorbents to reduce the energy input for
direct air-capture technologies and the soda/lime process; (2) optimising the design of pyrolysis
plants for biochar production (3) integrated testing of CCS with 100% biomass-firing; (4) improving
liquefaction processes for artificial trees; and (5) systematic studies of biochar effectiveness,
focusing on repeatability and side-effects (Gurwick et al., 2013; Workman et al., 2011).

Electricity storage

Electricity storage is required to accommodate high levels of intermittent renewable
generation. Beyond 2050, scenarios limiting global warming to 2°C have a share of generation
from intermittent renewables greater than 50%. A rule of thumb is that for every GW of
intermittent renewables, 1 GWh of storage is required (Budischak et al., 2013). The research
priorities for electrical batteries include new cell chemistries emerging from the lithium-ion
family,suchaslithium-air(Grandeetal.,2015)andlithium-sulphur(Fotouhietal.,2016),orother

metals such as sodium and magnesium (Erickson et al., 2015). These could improve power
and charge density (Zhang, 2013), decreasing the cost per unit of energy stored. Improved
manufacturing techniques and efficient management of battery packs could provide
evolutionary cost and performance improvements. Capital costs of lithium-ion batteries
of around USD 193-254 per kWh of storage capacity are possible (Darling et al., 2014) and
new cell chemistries could offer further reductions to reach the USD 150/kWh thought to
be the threshold for commercialisation of battery technologies for battery electric vehicles
(Nykvist and Nilsson, 2015). Less mature electricity storage technologies, such as redox flow
batteries, molten salt batteries, flywheels, and power-to-gas could also play an important
role in balancing supply and demand over different timescales (from seconds to months),
and different scales (distributed and centralised) (Brandon et al., 2016).

Source: Napp, T. (forthcoming).
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The importance of innovation in land use sectors

Chapter 2 highlighted the importance of agriculture, foresty and land use (AFOLU) for
low-emission pathways, accounting for around 25% of global anthropogenic GHG emissions,
mainly deforestation (9-10% of emissions) and agriculture (10-12%, mainly methane and
nitrous dioxide) (IPCC, 2014). In some countries, proportions are much higher: land use
and agriculture were responsible for 48% of emissions in Indonesia, 46% in Brazil, 31% in
Argentina, and 27% in Australia (FAO, n.d.). By 2050, land will have to supply 60% more food
than it does today to feed a growing population (Alexandratos and Bruinsma, 2012). It will
have to do so in a way that does not further harm the climate. AFOLU sectors are expected to
play a significant role in low-emission development pathways through carbon sequestration
and sustainable approaches to managing land and livestock, and climate adaptation.

While crucial for low-emission pathways, AFOLU sectors differ from other sectors of the
economy in the sense that infrastructure is not central to low-emission strategies (Box 3.3), at
least in the short term. In the long term, infrastructure investments will be needed to increase
resilience of agriculture (for example through access to on site renewable energy sources), to
optimise the transport of produced goods, and to further develop ship and rail freight (Box 3.3).

Innovation is central to low-emission, climate-resilient land-use strategies. Although
agricultural emissions of methane (CH,) and nitrous oxide (N,0O) are notoriously difficult to
reduce, technological innovation offers possible paths. This includes improving crop and
livestock productivity (e.g. by developing crop varieties that are resilient to local hazards
and that inhibit the production of nitrous oxides); more efficient fertiliser use; improved soil
management; and practices aimed at reducing CH, emissions from ruminants, rice paddies and
manure management. Better agricultural practices that increase the productivity of arable land
in a sustainable manner would also help to halt and reverse deforestation and widespread land
degradation, which is estimated to cost USD 100 billion per year (Delgado et al. 2015).

Figure 3.5. Government spending on agricultural knowledge
and innovation systems in 2012-14 in selected G20 countries,
as a share of agricultural value added
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Note: a. Government spending on agricultural knowledge and innovation systems includes funding of agricultural research,
agricultural education, training and extension services for farmers. b. Exchange rates used in the OECD Producer and
Consumer Support Estimates database have been applied here: http://www.oecd.org/agriculture/agricultural-policies/
producerandconsumersupportestimatesdatabase.htm. c. Data for other G20 countries are not available.

Source: OECD (2016b).

StatLink == http://dx.doi.org/10.1787/888933484231
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Agricultural innovation is not only about technological improvements but also about
education, training and organisational improvements. Further investment in research
and development and education is hence central to spur agricultural innovation that can
improve sustainable productivity growth (Ignaciuk, 2015). Indeed, the level of technological
development and innovation in agriculture has a direct impact on its capacity to produce
adequate and sustainable supplies of food and feed (OECD, 2014). Given the importance of
sustainable productivity growth for achieving ambitious mitigation targets, G20 countries
can be encouraged to increase their spending in agricultural knowledge and innovation
systems (Figure 3.5).

Box 3.3. Investing in innovation and infrastructure for resilient agriculture

Ensuring access to a secure water supply will be one of the main challenges of the land
use sector — particularly agriculture - in the years to come. Climate change is expected to
reduce crop yields in some areas. Coupled with increased demand for food from a growing
population with increasingly rich diets, this will impose serious strains on agricultural
systems, threatening food security in the most vulnerable countries.

Strategies to adapt agricultural systems are varied. Much can already be achieved by
increasing the sector’s reliance on on-site renewable energy sources, as well as optimising the
transport of produced goods by shrinking the distance food is transported, and developing
ship and rail freight. Technology also has a considerable role to play, via such measures as:

 developing new crop varieties that are drought-resistant and better adapted to higher
temperatures; and

e improving water efficiency via the widespread dissemination of pressurised
irrigation systems (e.g. sprinklers and drip irrigation), which decrease water demand
while increasing the efficiency of water use.

Significant investment in R&D will be required to increase the resilience of agricultural
systems to climate change. In OECD member countries, annual adaptation costs in
agricultural R&D and in improved irrigation technology are estimated at USD 16-20 billion
by 2050. In the short term, most of this investment is likely to come from public sources,
although by 2050 the private sector is likely to invest more in this area than the public
sector (Ignaciuk and Mason-D’Croz, 2014). Governments could facilitate private investment
by lowering investment barriers that impede R&D, ensuring that private knowledge is
disseminated, and encouraging public-private partnerships for R&D, where appropriate
(Ignaciuk, 2015).

Incremental investment needs: mitigation

Assessment of the incremental capital requirements for putting the world on track to meet
the mitigation objectives of the Paris Agreement depends on a number of factors, including the
interpretation of the target (e.g. well below 2°C or efforts towards 1.5°C, likelihood of reaching the
target); assumptions concerning decarbonisation strategies chosen (e.g. with or without nuclear,
accounting or not for behavioural changes such as modal shifts in transport); and assumptions
made on several factors such as the evolution of GDP, population, and technology costs.

Consistent with the global pathways analysis in Chapter 2, this section takes as its
core the IEA scenario consistent with a 66% likelihood of keeping the global average surface
temperature increase to below 2°C throughout the century (IEA 66% 2°C scenario, IEA 2017).
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The OECD estimates that around USD 103 trillion of cumulative investment between 2016
and 2030 would be required for the IEA 66% 2°C scenario, or 10% more than in a scenario where no
further action is taken to mitigate climate change. The major shift of energy supply investments
towards low-emission alternatives and significant scaling-up of demand-side investments
for energy efficiency assumed by the scenario would require 29% more investment in the
energy sector alone (IEA, 2017). Annual investment needs in transport, water and sanitation,
telecommunications and energy supply and demand would be around USD 6.9 trillion over the
next 15 years, versus USD 6.3 trillion a year with no further action (Figure 3.6, left-hand panel).

Theincremental capital cost of shiftinginvestments for the IEA 66% 2°C scenariois therefore
significant, but not prohibitive; furthermore, incremental costs would be offset by fuel savings
of up to USD 1.7 trillion per year through 2030 (Figure 3.6, right-hand panel). Factoring in modal
shifts in transport could also lower overall investment needs for low-emission pathways, due
to reduction in vehicle ownership and less investment needed in parking space (IEA, 2016d).
Finally, provided low-emission infrastructure investment is pursued in an integrated way with
climate-consistent, growth-enhancing policies, it could form an integral part of a new growth
model for low-carbon growth, offsetting incremental costs entirely (Chapter 4).

Figure 3.6. Global annual infrastructure investment needs for a 66%
scenario 2°C, and fuel savings, 2016-30, USD 2015 trillion

I Transport Water and sanitation [ Telecoms
=3 Power and electricity T&D Primary energy supply chain X Energy demand

Infrastructure investment . Fossil-fuel expenditures (at import price)

4.7

Reference case 66% 2°C Reference case 66% 2°C

Notes: Reference case assumes no further action by governments to mitigate climate change.

Sources: IEA (2017) and IEA (2016a) for energy supply and demand; IEA (2016d) for road and rail infrastructure; OECD (2012)
for airports and ports; McKinsey (Woetzel et al., 2016) for telecommunications. The water and sanitation estimate is an
average of estimates from: Booz Allen Hamilton (2007), McKinsey (Woetzel et al., 2016) and OECD (2006). See technical note
on estimate of infrastructure investment needs for further details on methodology (http://oe.cd/g20climatereport).

StatLink = http://dx.doi.org/10.1787/888933484243

The global infrastructure investment needs estimate presented here is higher than
in previous exercises, partly because many past estimates were based on a less ambitious
scenario with a lower chance of limiting warming to below 2°C. NCE (2016) and Kennedy and
Corfee-Morlot (2012), for example, estimated that incremental capital costs could increase by as
little as 5% compared to a business as usual scenario in a low-emissions future. The impact on
investment needs of increasing the level of ambition is not justincremental and linear: itimplies
aradical reorientation of investments and measures to decarbonise sectors that are harder and
more expensive to decarbonise (transport, aviation, industry). For instance, cumulative global

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017


http://oe.cd/g20climatereport
http://dx.doi.org/10.1787/888933484243

3. INFRASTRUCTURE FOR CLIMATE AND GROWTH

investments increase by 13% in the IEA 66% 2°C scenario compared with a scenario with a 50%
chance of meeting 2°C, mainly due to increased investment in low-emission electricity supply
and end uses (IEA, 2017).

There are many uncertainties associated with those estimates. Further research is
required to understand the impact of the digitalisation of energy on telecommunication
infrastructure, for example. Deployment of BECCS may generate significant investments in CO,
pipelines (Chapter 2). There are also many remaining uncertainties on the impact of a low
carbon future on future demand in infrastructure beyond energy. Between 2010 and 2015,
fossil fuels represented between 11% and 18% of the value of international trade in goods
(UN, n.d.). Fossil fuels accounted for an average of 42% of total maritime traded volumes
between 2011 and 2015 (UNCTAD, 2016). In the long term, a world less reliant on fossil
fuels is likely to require fewer port capacities, oil and gas tankers, and hinterland railways
to transport coal (Kennedy and Corfee-Morlot, 2012). Specific country contexts will also
influence investment needs. Encouraging more efficient transport modes from the outset
in developing and emerging economies where infrastructure continues to be built could
generate significant savings, reducing the need for road and parking spaces, which in many
non-OECD countries are more costly than the additional investments required in public
transport infrastructure (IEA, 2016d).

Box 3.4. Investment needs for low-emission urban mobility

Cities have a major role to play in strategies to decarbonise transport (see Chapter 2). It
is essential to integrate transport and land-use planning to reduce overall demand and
facilitate the shift from individual cars to mass transit systems. The International Transport
Forum undertook a modelling exercise to assess transport investment needs in G20 countries
between 2015 and 2050 under three different scenarios for urban development (see OECD/ITF
(2017) for more details) (Figure 3.7).

In the baseline scenario (BASE), no additional measures to reduce travel demand and CO,
emissions are implemented. The combined effects of urban extension, population and
income growth will result in a surge in motorised mobility. Road traffic — the sum of car-
km and motorcycle-km - will increase globally by 91%. Most of the increase comes from
G20 countries, with 7 600 billion additional vehicle-km out of a total of 11 100 billion. In the
G20, this increases CO, emissions by 10%.

In the Integrated land-use and transport planning scenario (LUT), stringent policies targeting
land-use planning, development of public transport and restriction of car use significantly
mitigate CO, emissions. In G20 countries, transport emissions decrease by 34%.

In the strong investment scenario (INVEST), budgetary constraints on transit infrastructure
are removed, increasing investment in mass transit infrastructure — urban rail, underground
and tramways - especially in middle-income countries. This leads to a decrease of 50% in
CO2 emissions.

Overall, aggregate infrastructure investment needs are smaller in the transit-oriented
scenarios (USD 9 trillion in LUT and USD 13 trillion in INVEST) than in the baseline
(USD 14 trillion). However, the results differ by income groups. High-income economies
need to frontload urban transport investment towards light rail systems in the next
10 years. Middle-income countries can significantly decrease overall investment needs by
2050 by shifting investments in the next 10 years to rail.

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017 103



3. INFRASTRUCTURE FOR CLIMATE AND GROWTH

104

USD trillion
14

Box 3.4. Investment needs for low-emission urban mobility (cont.)

Figure 3.7. Investment in urban infrastructure in G20 countries,
2016-50, road and rail - ITF projection
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Source: Based on ITF data (accessed on 28 February 2017).

StatLink iz http://dx.doi.org/10.1787/888933484251

Incremental investment needs: adaptation

Estimates of the additional funding required for infrastructure adaptation depend on

specific definitions of what constitutes “infrastructure adaptation”, including which sectors
are included (Box 3.5). In practice, costs are very context-specific, adding to the challenge.

Box 3.5. Defining adaptation investments
Adaptation investments can be considered across three areas:

Adaptation investments that create an enabling environment, such as investing in climate
information, awareness raising and capacity building, and adapting governance systems to
better account for the projected changes and deep uncertainty regarding climate change. If
private stakeholders are sufficiently aware of climate risks, some adaptation investments
make economic sense without public support.

Adaptation investments that “climate proof” infrastructure, reducing the exposure or
vulnerability of an infrastructure asset or network, whether from the outset or as part of
a retrofitting process. Such investment can take the form of engineering work with clearly
identifiable additional costs, such as building a bridge higher than would otherwise be the
case or building to higher design standards. It can also mean considering reduced exposure
when siting or designing, often without incurring additional costs, for example siting back-up
power generators to avoid them being flooded or modifying operational routines. It can also
consist of pursuing a different approach to provide the same service, for example expanding
green spaces to absorb rainfall in urban areas, instead of investing in larger drainage pipes.
Adaptation investments that fill gaps in infrastructure provision, particularly in developing
countries, where infrastructure can be insufficient even for addressing current climate
challenges.

Source: Agrawala and Fankhauser (2008).

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017



http://dx.doi.org/10.1787/888933484251

3. INFRASTRUCTURE FOR CLIMATE AND GROWTH

Several estimates of the global costs of adaptation feature a category on infrastructure
adaptation. These tend to estimate the costs of “climate proofing” infrastructure by applying
an adaptation cost mark-up to future investment plans to take account of future climate
change. Such investments are estimated to be small compared with other factors that may
influence the future costs of infrastructure. The cost of adapting infrastructure has been
estimated at no more than 1-2% of the total cost of providing that infrastructure (Hughes,
Chinowsky and Strzepek, 2010).

Other estimates take into account adaptation investments that fill gapsin infrastructure
provision. Below are three recent estimates:

» The UNFCCC (2007) estimated that by 2030, the world would be spending
USD 8-130 billion more each year on new infrastructure than would otherwise be
needed in response to impacts associated with climate change, with two-thirds of the
investment in OECD countries. This estimate excludes operating and maintenance
costs, as well as the costs of adapting existing infrastructure, and any additional
investment needed in water supply infrastructure (USD 11 billion, 85% of which will
be needed in non-Annex 1 Parties) or housing.

» The UNFCCC estimates were criticised for failing to account for the infrastructure
deficit in low and middle-income countries (LMICs), the investments in governance
and technical capacity needed to maintain infrastructure in those countries, as well
as the “residual” losses that cannot be prevented even with adaptation. With these
elements taken into account, adaptation infrastructure investments in LMICs are
eight times higher than the high-bound UNFCCC estimate (Parry et al. 2009.).

 Infrastructure accounts for a significant share of the USD 70-100 billion in annual
global adaptation costs, according to a 2010 World Bank study on the costs between
2010 and 2050 of adapting to an approximately 2°C warmer world. Infrastructure
adaptation is estimated to require USD 13-27.5 billion per year, depending on wetter or
drier climate scenarios (Figure 3.8). Urban infrastructure (drainage, public buildings)
accounts for over half of these costs, followed by railways (18%) and roads (16%), with
costs highest in East and South Asia. This amount does not account for coastal zone
adaptation, water supply or flood protection.

Figure 3.8. World Bank estimates of global adaptation investment needs 2010-50
USD 13-27.5 billion per year

Other

12% )
Urban infrastructure

Roads

18%

Railway

Note: The estimate provided above does not account for adaptation in coastal zone adaptation, water supply or flood
protection.

Source: World Bank (2010).
StatLink iz http://dx.doi.org/10.1787/888933484263
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The estimated global carbon budget consistent with a 66% likelihood of limiting global
warming to below 2°C (described in Chapter 2) equates to 15 to 30 years of fossil fuel-related
CO,emissions at current rates. Given the slow rate of capital stock turnover (Table 3.4), the
infrastructure investment choices countries make over the next 15 years will be pivotal
in determining the extent of global climate change. If governments continue to invest
in fossil-fuel infrastructure, they risk locking in even higher levels of GHG emissions for
decades to come, and they will enhance the risk of stranded assets. Long operational
lives also make infrastructure vulnerable to the impacts of climate change in the coming
decades. Overall, unless global emissions peak by around 2030 and fall to zero by 2100,
serious climatic disruption could draw up to 720 million people back into extreme poverty
(Granoff et al., 2015).

Information on infrastructure projects is not always complete or available to the level
of detail required to allow meaningful analyses on progress in shifting investment in line
with the Paris Agreement’s goals. Energy is the only sector where information is more
complete, as surveys and commercial databases track information on power plant capacity
announced, at pre-construction stage, under construction, cancelled or in operation. This
section therefore focuses on the energy sector as an indicative assessment of progress in
aligning infrastructure investment plans for the transition, using the IEA 66% 2°C scenario
as a benchmark.

Table 3.4. Typical lifespans of selected infrastructure and equipment

Lifespan
Water infrastructure (dams, reservoirs, sanitation facilities) 30-200 yr
Transportation (port, bridges) 30-200 yr
Buildings, housing (insulation, windows, buildings) 30-150 yr
Power plants (coal-fired, gas-fired, nuclear) 20-60 yr
Cars 15-20 yr
Building appliances 10-20 yr
Industrial boiler 10-30 yr
Cities, urbanisms, land use planning > 100 yr

Source: Corfee-Morlot et al. (2012).

Investment is shifting towards cleaner infrastructure - but slowly

Fossil fuels have held the lion’s share of energy supply investment in G20 countries.
Fossil fuels continued to represent 63% of total supply-side investments, or USD 1 trillion in
2015. This share needs to drop to 26% by 2050 to be consistent with the IEA 66% 2°C scenario
(Figure 3.9).

The transition is under way, however, with investment flows slowly shifting from
fossil fuels to low-emission technologies in particular sectors. In power generation, G20
countries invested USD 290 billion in renewable energies in 2015, three times more than
in 2000. Capacity investments have increased for wind, solar and hydropower generation
in particular (IEA, 2016b). Since 2011, these technologies have captured approximately
40% of total annual investments in power generation (IEA, 2016b). This increase in total
renewables capacity investment is even more impressive given that the cost of production
of the technologies has decreased in the past few years: since the end of 2009, solar PV
module prices have fallen by around 80% and wind turbine prices by 30-40% (IEA, 2017).
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Figure 3.9. G20 investment in energy supply 2000-15,
and investment needs in the 66% 2°C scenario
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In the transport sector, most of the investment in G20 countries has targeted road
transport since 2000, but the share of rail infrastructure investment — important to help
promote the shift from emissions-intensive road transport — has been growing steadily,
from 20% in 2000 to 26% in 2014, with a peak at 31% in 2010 (Figure 3.10). From a low of
USD 250 billion in 2003, investment has more than doubled in size to reach USD 650 billion
in 2014 (OECD/ITF, 2017). Investment in rail needs to increase significantly in the coming
years to help fully decarbonise the economy.

Figure 3.10. Road and rail infrastructure investment in G20 countries, 2000-14
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Source: OECD/ITF, 2017.
StatLink si=r http://dx.doi.org/10.1787/888933484286

Investment plans are not yet aligned with the Paris Agreement’s objectives

How, then, do current investment patterns and national energy sector infrastructure plans
match up with the trajectory needed to achieve Paris objectives? In the power sector, the current
capacity mix in G20 countries is still far from that required by the IEA 2050 scenario (Figure 3.11,
left-hand panel). However, the plants under construction and planned for the next five years
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paint a different picture. The right-hand panel of Figure 3.11 compares this pipeline with required
additions up to 2025 in the IEA 66% 2°C scenario. The share of zero-carbon capacity additions is
close to that required under the scenario (72% renewables and nuclear, versus 76% required).
Solar and wind represent 84% of renewable generation capacity under construction, versus
36% for the plants in operation (Figure 3.12). However, the share of coal is much greater than
the required level (22% of planned additions, versus 8% required). So, across the G20, the real
challenge facing the power sector is accelerating the phase-out of coal-fired power generation.

Figure 3.11. Current capacity and current pipeline of power plants relative to
those required in a 66% 2°C scenario

[ Coal [ 0il [ Gas [ Nuclear [ Renewables

A. Plants in operation by technology, B. Capacity additions by technology,
share of total MW installed share of total MW under construction
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11111111111 X 71% 68% 71%
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Current (2016) Required (2050) as per Currently planned Required (2016-25) as per
IEA 66% 2°C scenario (2016-21) IEA 66% 2°C scenario

Note: Results are presented as share of total gigawatts and refer to power generation in operation in G20 countries in 2016, the
energy mix in 2050 in the IEA 2°C 66% scenario, capacity additions in G20 countries for the period 2015-21, and global capacity
additions in the IEA 2°C 66% scenario in the period 2016-25.

Source: Authors’ analysis from i) Platts WEPP (2017) for oil and gas under construction; ii) the Global Coal Plant Tracker (2017) for
coal under construction,; iii) IAEA (2016) for nuclear under construction; iv) IEA (2016c) for renewable energy under construction;
and v) IEA (2017) for capacity additions in the IEA 2°C 66% scenario.

StatLink = http://dx.doi.org/10.1787/888933484293

Figure 3.12. Power plants in operation and under construction in G20 countries,
by technology (in GW)
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Source: Authors’ analysis from i) Platts WEPP (2017) for oil and gas under construction (accessed March 2017); ii) the Global
Coal Plant Tracker (2017) (accessed on 28 February 2017) for coal under construction; iii) IAEA (2016) for nuclear under
construction (November 2016); and iv) IEA (2016c) for renewable energy under construction.

StatLink sz http://dx.doi.org/10.1787/888933484305
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The level of coal plants in the pipeline is high despite recent falls in global capacity
under development, mainly due to shifting policies and economic conditions in China and
India - which account for 86% of coal power built globally between 2006 and 2016 — together
with a reduction in overall power demand (Box 3.6). Pre-construction activity decreased
by 48% from January 2016 to January 2017. Construction starts dropped 62%, and ongoing
construction decreased by 19%. Coal plant retirements are taking place at an unprecedented
pace, with 64 GW of retirements in the past two years, mainly in the European Union and
the United States (Shearer et al., 2017). Nevertheless, the proportion of overall G20 capacity
investment that is coal based could increase in the future, as 416 GW of coal plants are in
pre-construction, and 543 GW are “on hold” (Figure 3.13).* Considerable further efforts are
therefore needed. These efforts will not only be domestic. G20 economies also influence
the type of infrastructure that is built outside of their borders, and especially in developing
countries through development finance and export credits (Box 3.7)

Box 3.6. Recent reductions of the coal project pipelines in China and India

In China, over 300 GW of projects in various stages of development were put on hold in 2016
until after the 13th Five Year Plan (2016-20), including 55 GW of projects that were already
under construction. According to a survey by Greenpeace, the amount of new coal power
capacity authorised for construction in 2016 in China was 22 GW, a decline of 85% from the
142 GW authorised in 2015.

In India, the draft National Energy Plan, released in December 2016, states that no further
coal power capacity beyond that currently under construction will be needed until at least
2027; but there is already 177 GW in the pipeline before that date. Moreover, India is in the
midst of a solar power revolution, with bids as low as Rs 2.97 (USD 0.044) per kilowatt-hour,
and government proposals to install 215 GW of renewables (biomass, small hydro, wind,
distributed solar PV, and utility scale solar PV) by 2027. Although some policy and financial
challenges need to be addressed to reach the ambitious goals set by the government, the
combination of the current low capacity utilisation rate of several coal power plants and
the declining cost of renewables has caused many financial backers of coal projects to
withdraw support. Construction activity is now on hold for 31 coal plant units at 13 sites
totalling 12 725 MW of capacity, mainly due to frozen financing.

Source: Extract from Shearer et al. (2017).

Figure 3.13. Coal power plants under construction, 2015-21, top five G20 countries
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Source: Authors’ analysis based on the Global Coal Plant Tracker (2017) (accessed on 5 April 2017).
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Box 3.7. Aligning ODA and export credits for infrastructure investment
with the Paris Agreement’s objectives

The G20 includes the biggest aid providers globally — roughly 77% of ODA and ODA-like
flows come from G20 countries, according to the OECD-DAC statistical system — and while
aid supports only a small share of infrastructure investment overall, it plays a critical role
in low-income countries where it is difficult to mobilise domestic and external finance.
Export credits - commercially motivated support linked to a country’s trade strategy — also
play an important role in financing infrastructure. For example, 20% of external finance
for infrastructure projects in Sub-Saharan Africa is provided by China EXIM Bank alone
(Gutman, Sy and Chattopadhyay, 2015).

An analysis of export credits in support of power generation from G20 countries that
report to the OECD shows that the overwhelming majority of these credits supported
fossil fuel technologies over the last decade (Figure 3.14). Export credits provided by
G20 countries for coal power generation specifically amounted to USD 13.1 billion. Most
signatories to the OECD’s Arrangement on Export Credits have agreed to begin limiting
export credits related to coal.

Figure 3.14. Official export credits for power generation projects
(Share per sector, G20 members reporting to the OECD Working Party on Export Credits and Credit Guarantees)
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Note: G20 countries that report to the export credit committee are Canada, France, Germany, Italy, Japan,
Republic of Korea, the United Kingdom and the United States.

Source: OECD (2015a).

StatLink =a=m http://dx.doi.org/10.1787/888933484324

Minimising the risk of stranded assets

Limiting global warming in accordance with the Paris Agreement will lead to some
infrastructure being replaced before the end of its economic life, especially in energy supply
and demand activities, as low-GHG solutions replace more GHG-intensive ones. The longer
infrastructure investment plans are misaligned with the agreement’s climate goals, the more
extensive the value of the assets at stake. Locking in long-lived assets that risk later being
economically stranded when policy constraints finally catch up will lead to higher costs if the
global carbon budget is still to be met, and is sub-optimal from a global welfare perspective.®
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Stranded assets are a common feature of market economies that spur reallocation
of capital as some firms are outcompeted by others (Caldecott et al., 2017). A range of
approaches has been used to define and quantify the climate-related risk for assets (Box 3.8).
Similar assets may also face different financial risks depending on their contribution to
their country’s emission profile, making the identification of the exact magnitude of assets
at risk more challenging. A natural gas power plant, for example, can play a positive role if it
replaces low-efficiency coal or balances variable sources of power generation, or a negative
role if it slows the penetration of renewables.

Box 3.8. Climate-related risks for assets: clarifying the terms of the discussion

Many different definitions have been used in the debate on the impact of climate policy and
climate change on assets.

» Stranded assets: Assets whose investment cannot be fully recouped as the result of
climate policy (e.g. a coal power plant closing before it has recouped investment as its
electricity is no longer competitive, whether because of a carbon price, other forms
of support to low-carbon generation, or on pure financial grounds). More precisely, if
the revenues of an asset are lower than its capital expenditure minus operating costs,
the difference is the estimate of the stranded asset.

» Assets at risk under climate change: Infrastructure at risk of being destroyed or made
unusable as the result of local climate changes (flooding, sea-level rise, typhoons,
droughts). Dietz et al. (2016) provide a first estimate of value at risk, estimated at 1.8%
of global financial assets in their central estimate (USD 2.5 trillion), rising to 16.9% in
a 99% percentile scenario (USD 24 trillion).

» Foregone revenues: Revenues lost as lower volumes of fossil fuels are sold, and sold
at a lower price than would otherwise be the case without climate mitigation policies
(also known as the “carbon bubble”). IEA argues that the foregone revenues can be
larger than stranded assets as the former include profits, even if these are discounted.

 Capital value loss: The capital value that a company loses as its activity is impaired
by climate policy (and possibly climate change damages), as used by IRENA for its
upstream fossil fuel estimates of stranded assets (IRENA, 2017b). There is much overlap
between foregone revenues and the capital value of an energy company, although
much depends on how the company is managed, and how quickly it can diversify its
portfolio (e.g. a company that produces oil exclusively versus an oil and gas company
with a renewable energy branch and ownership in electricity distribution).

Unburnable carbon: Fossil fuel resources that are not used due to climate mitigation
policies, but that would be burned if there were no constraint on emissions, usually
expressed in energy amounts (Carbon Tracker Initiative, 2013).

IEA (2017) and IRENA (2017a) represent the latest estimates of energy-related assets at
risk; both use the notion of stranded assets, although their metholodgy, sectoral coverage
and assumptions about the future energy mix differ. Assuming an orderly transition to
meet the Paris Agreement objectives, the IEA 66% 2°C scenario estimates stranded assets at
USD 852 billion between 2014 and 2050, distributed as follows:

» USD 320 billion for power (96% of which are coal-fired power plants), with about half
of the stranded assets occurring before 2030.
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» USD 532 billion for production facilities, including coal mines, oil and gas wells and
processing plants, that fail to recover their capital investment as a result of climate
policy (USD 120 billion for gas, USD 400 billion for oil and USD 12 billion for coal).

Alessorderly transition - for example, a delay followed by abrupt action —is likely to have
more deleterious effects. The IEA considers a “disjointed transition case”, in which climate
policy would change abruptly in 2025, shifting from weaker action to a more ambitious
trajectory, allowing the world to stay within the carbon budget of the 66% 2°C scenario. This
would mean a change in investors’ and market expectations, with investments previously
committed to fossil fuel-based production that would eventually be stranded following the
change in policy. Stranded assets would then amount to USD 2.1 trillion, with the brunt of
the additional assets in oil (USD 1 trillion) and gas (USD 300 billion). The “delayed action”
scenario in Chapter 4 builds on these numbers.

IRENA provides a different set of estimates of asset risks based on a renewable energy-
driven low-carbon transition scenario, REmap (IRENA, 2017a). In terms of sectoral coverage,
IRENA differs from the IEA in including heavy industry and buildings, in addition to oil and
gas.® Among other differences, while the same emission budget as the IEA is used, IRENA
projects renewables to provide 65% of total primary energy by 2050, against 47% for the IEA
scenario.” Results for the delayed action case are indicated in parentheses, confirming the
much higher financial impact of an abrupt adjustment in mitigation policy:

» The capital value loss for the oil, gas and coal sector is estimated at USD 3.8 trillion
(USD 7 trillion in a Delayed Policy Action case).

» Stranded assets in power generation are estimated at USD 200-300 billion for a low
assumption of plants economic lifetimes and USD 1.2 trillion with longer lifetimes
(USD 1.9 trillion in a Delayed Policy Action case).

 Stranded assets in industry are estimated at USD 220 billion (USD 740 billion in the
Delayed Policy Action case).

A combination of IEA and IRENA estimates indicate that stranded assets could amount
to USD 1.06 trillion for the energy supply and industry sectors — using IRENA’s low range
for industrial assets economic lifetime — a number that would nearly triple under a delayed
action scenario. These amounts are significant for sectors at stake. However, they appear
manageable when compared with the global infrastructure investment needs over the
same period to 2050 —i.e. USD 244 trillion, particularly if exits are well planned and impacts
on the work force are mitigated (Chapter 6).

Possible ripple effects through the financial system also need to be taken into account.
Stranded assets can be viewed as the primary effect of what may be broader effects on the
financial situation of companies and sectors in the low-carbon transition. As the value of
physical investment in energy production assets that will not be recovered becomes visible
to investors, they should reassess publicly listed companies’ value, taking into account future
earnings. How companies would anticipate, and adapt to, a more stringent climate policy
environment is highly uncertain at this stage, and estimates of capital value losses therefore
carry more uncertainty than stranded assets. In general, because capital value loss casts a
wider net than stranded assets, capital value loss ought to be higher, unless the company
has diversified its activities or changed business model, which cannot be evaluated ex ante.
Financial stability concerns add to the case for swift action (Carney, 2015).

Stranded assets are not only about energy. A changing climate also weighs on crop
yield productivity, which calls for sustainable agriculture investment to taper volatility of
future earnings (Morel et al., 2016). The risk of stranding is particularly high in countries
like Brazil and Malaysia where deforestation gives way to agriculture (Rautner et al., 2016).
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Aligning short-term infrastructure investment plans with long-term, low-
emission, climate-resilient development strategies

Barriers to accelerating investment in low-emission and resilient infrastructure include
a lack of long-term infrastructure planning that integrates climate mitigation and resilience
from the outset, and a lack of a pipeline of bankable and sustainable projects that internalise
positive and negative externalities over the lifetime of infrastructure. In order to overcome
these barriers, G20 countries should first develop clear infrastructure investment plans that
consider mitigation and adaptation as part of their work on developing pathways to 2050.

This section looks at how countries have framed long-term plans, before considering how
governments might improve the transparency of infrastructure project pipelines, both to improve
the alignment of short-term infrastructure investment with long-term, low-emission, climate-
resilient development strategies and to enhance investment flows to that end. The other barriers
to accelerate low-emission and resilient infrastructure investment are discussed in Chapter 5.

Develop long-term low-emission strategies to reconcile short-term actions and long-term
decarbonisation goals

The Paris Agreement invites parties to communicate by 2020 long-term, low-emission
development strategies to 2050 as one of its mechanisms to support strengthening of the
international response to climate change. In addition to helping to scale up the ambition
of the NDCs, which remain inadequate to reach the Paris Agreement’s goals (Chapter 2),
such strategies are vital to assist countries in reconciling short-term actions with long-
term climate goals. Aligning short-term infrastructure investment plans with long-term,
low-emission development strategies will help minimise the risk of both emissions lock-in
and stranded assets. Long-term infrastructure investment planning is equally important
to ensure flexible, forward-looking investments in resilience, to minimise future impacts
from climate change and related economic damage and social hardship.

Post-2030 decarbonisation pathways require different infrastructure, technologies
and industrial bases. Countries need to prepare in the next 15 years the technologies and
infrastructure necessary to overcome the fossil fuel bias of our economies. In addition,
what is considered to be “low-carbon” may differ across countries and over time. Not all
“low-carbon” infrastructure is necessarily consistent with the trajectory to a carbon neutral
society by the second half of the century; what could be considered as low-carbon in the
next five years in some places may not be considered low-carbon elsewhere or on a different
timescale.

To date, six countries have submitted mid-century long-term plans to the UNFCCC: Bénin,
Canada, France, Germany, Mexico and the United States (Box 3.9). Many other countries are
in the process of developing such plans; it is vital that they follow suit. China, India, Russia
and the G7 countries have all indicated their intent to develop such strategies before 2020.
The 2050 Pathways Platform initiative launched at the UN Climate Change Conference in
Marrakech (COP22) represents an important complementary initiative (see Box 2.9).

G20 leaders recognised at the 2014 G20 Summit in Brisbane a lack of a clear pipeline of
bankable infrastructure projects as one barrier to infrastructure investment. The lack of
information on the pipeline of infrastructure projects makes it difficult to match investment
needs and investors, including for low-emission, climate-resilient infrastructure. Providing
detailed, comprehensive information on infrastructure projects is key to sending the right
signals to private stakeholders to invest in the transition. The lack of information also
makes it difficult to carry out a cross-country assessment of consistency of infrastructure
plans with long-term mitigation and adaptation goals.
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This challenge is particularly important for transitional or “bridge” technologies. Switching
from oil or coal to natural gas, for example, will reduce GHG emissions and help countries
achieve their 2030 targets and NDCs. But in the mid-term it may generate infrastructure that is
costly to replace as further decarbonisation is necessary. There would then be a choice either
to let the asset become stranded or to lock in its emissions and accept a continued dependence
on fossil fuels that could prevent countries from achieving 2050 targets.

Retrofitting infrastructure post-construction, or stranding assets before the end of
their economic life, can be very costly — more costly than designing infrastructure from the
outset to take into account climate considerations (Corfee-Morlot et al., 2012; NCE, 2016).
To minimise the scale of such problems, each country needs to define now which low-
emission options and technologies are consistent with its low-emission pathway to 2050
and beyond, as well as the timing with which new and existing assets need to be deployed
and/or phased out. Given the uncertainties associated with the deployment of technologies
that are necessary for low-emission pathways (e.g. BECCS), there is a need for a continual
reassessment of ambition, as set out in the Paris Agreement.

How do strategic infrastructure plans match up with long-term mitigation and
adaptation goals?

Atthe 2014 G20 Summit in Brisbane, G20 leaders recognised that “tackling global investment
and infrastructure shortfalls is crucial to lifting growth, job creation and productivity” and
endorsed the Global Infrastructure Initiative (GII), a multi-year work programme to improve
the quality of public and private infrastructure investment. In 2015, the G20 Investment and
Infrastructure Working Group (IIWG) conducted a voluntary survey to compile information
on countries’ investment strategies, including the main challenges being addressed, policy
priorities, and the policy context of these strategies. This section draws on that work, which
remains in progress, in reviewing the extent to which current investment plans and pipelines
of infrastructure projects are consistent with climate goals in G20 countries (Table 3.5).

Box 3.9. Examples of mid-century long-term plans under the Paris Agreement

France has committed to reducing carbon emissions by 40% by 2030, compared with 1990
levels, and by 75% by 2050. This means that annual emissions reductions must accelerate
from 8 megatonnes of carbon dioxide equivalent (MtCO,eq) per year to 9-10 MtCO,eq. Sectoral
targets are spelled out for three “carbon budget” periods — 2015-18, 2019-23 and 2024-28 -
followed by a long-term target to be achieved by 2050. The national low-carbon strategy
is founded on two pillars: including carbon footprint reductions as a key consideration
in all economic decisions; and redirecting investments to support the energy transition,
through interventions such as environmental quality labels, guaranteeing public funds,
and gradually increasing carbon taxes without increasing the overall tax burden.

The United States has committed to reducing its GHG emissions by 26-28% below its 2005
levels by 2025, making every effort to reach a 28% reduction (including LULUCF). It considers
this target to be in line with a straight-line emission reduction pathway from 2020 to deep,
economy-wide emissions reduction of 80% or more by 2050. To reach these targets, the
government has set out three pillars for action:

o shifting to a low-carbon energy system, while putting a particular emphasis on
i) increasing the energy efficiency of buildings, vehicles and plug-in appliances,
ii) decarbonising electricity, and iii) shifting to clean electricity and low-carbon fuels
in transport, buildings and industry;

» carbon sequestration and removal, taking advantage of the country’s natural land
resources and their capacity to continue to act as a net carbon sink;
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Box 3.9. Examples of mid-century long-term plans under the Paris Agreement (cont.)

+ reducing emissions from non-CO, gases, notably via the introduction of i) stringent
standards and incentives to limit CH, emissions from oil and gas production and
from landfills; and ii) new technologies and best practices for livestock agriculture.

Germany'’s Climate Action Plan 2050 (adopted in November 2016) sets out to obtain extensive
GHG neutrality by 2050, which implies reducing total GHG emissions by 80-95% from 1990
levels. The strategy includes a mid-term target of 55% emissions reduction by 2030, and
provides several strategic measures, including:

 sector-specific emissions reduction targets for 2030 that will undergo an impact
assessment and possibly be revised in 2018;

¢ aroad map towards an almost climate-neutral building stock;

» a commission for growth, structural change and regional development, which will
bring together stakeholders from different levels of government, business, industry
and various regions, in order to develop strategies for implementation of the Climate
Action Plan by the end of 2018.

Canada’s Mid-Century Long-Term Low-Greenhouse Gas Development Strategy sets out to
cut GHG emissions by 80% by 2050 from 2005 levels. The strategy is not policy prescriptive,
but seeks to inform the Pan-Canadian Framework on Clean Growth and Climate Change,
and more generally the conversation on how Canada can achieve a low-carbon economy.
It describes modelling analyses that illustrate various scenarios towards deep emissions
reductions and outlines potential GHG abatement opportunities. Furthermore, it identifies
the areas in which emissions reduction will be more challenging, thus requiring an
increased policy focus. The Pan-Canadian Framework has four pillars: i) pricing carbon
pollution; ii) complementary measures to further reduce emissions across the economy;
iii) measures to adapt to the impacts of climate change and build resilience; and iv) actions
to accelerate innovation, support clean technology, and create jobs.

Sources: FMESDE (n.d.); GFMoENBN (2016); Government of Canada (2016); Government and Provinces of
Canada (2016); White House (2016); UNFCCC (2015).
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Mainstreaming climate mitigation and adaptation in infrastructure plans

Low-emission growth and economic development are often presented, erroneously,
as competing priorities. While there will always be trade-offs and competing objectives
between different goals for infrastructure investment, many climate-friendly infrastructure
options also provide relief from problems like congestion, air pollution and access to
energy in rural locations that have to date lacked easy answers (Box 3.10). This can be a
boost to mainstreaming of climate considerations into infrastructure plans. As with any
large-scale investments, the essential task is to ensure that all the costs and benefits are
considered coherently at the outset, taking into account the time frames during which the
infrastructure will be operated.

Table 3.5 shows that only 9 countries - less than half of the G20 - have integrated both
mitigation and adaptation considerations into infrastructure planning. An additional four
countries only mention mitigation. Five mention neither climate mitigation nor adaptation.
In addition, only seven G20 countries have made available a detailed plan of infrastructure
projects covering at least three of the four economic sectors of primary concern from a
climate perspective (e.g. transport, energy, water and AFOLU, addressed below). The
majority cover only one of these areas, or have not communicated infrastructure plans
in these areas at all. There is therefore considerable scope for G20 countries to heighten
their efforts to both align infrastructure plans across key economic sectors with climate
mitigation and adaptation goals, and communicate those plans.

For transport, five G20 countries have provided detailed plans for road, rail, ports and
airport infrastructure. Five more have an overall target specific to road and rail. Many
countries that do not have a detailed plan tend to either have specific targets (e.g. Turkey)
and/or allocated a budget for infrastructure (e.g. India). While these are promising signs,
there is a need to better shape and define the future nature of transport in these countries
for the transition. China, Russia and the United States are yet to communicate targets,
budgets and plans for transport infrastructure. Infrastructure to facilitate the deployment
of electric vehicles - such as public charging stations - is also important to the transition
in the transport sector. However, to date, G20 infrastructure plans make no mention of
concrete charging station infrastructure.

For energy, 17 G20 countries have defined renewable energy targets. Most, however,
have not communicated a pipeline of projects for the years to come. Further, Table 3.5 also
indicates that fossil-fuel related energy is still prevalent in many governmental plans. Ten
G20 countries have targets for fossil fuel energy.

Water and AFOLU receive little attention in national infrastructure plans. For water
supply and sanitation, only five countries have defined infrastructure plans. One additional
country has set aside an envelope of funding for this issue. As for AFOLU, three countries
have defined a pipeline of projects in agriculture. A further three have either established
a budget or a target but are yet to provide information on the specific projects involved. In
terms of forestry, information is even more scarce: targets exist in only three G20 countries,
and one country has identified a budget to invest in this sector. Given the importance of
these two sectors in transiting to low-emission, climate-resilient economies, there is scope
for G20 countries to develop more robust plans, budgets and targets in their strategies in
these areas.
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Box 3.10. Examples of co-benefits between low-carbon infrastructure and other
SDGs

Air pollution

Improved air qualityis one of several co-benefits of climate action thathave positive implications
for human health. The OECD estimates that in 2010, 3 million people died prematurely because
of outdoor air pollution. Unless policies become more stringent, projections suggest 6-9 million
people will die prematurely each year by 2060. These deaths are largely projected to take
place in densely populated regions with high concentrations of PM2.5 (particulate matter
2.5 micrometers or less in diameter) and, to a lesser extent, ozone (especially China and India)
and in regions with aging populations, such as China and Eastern Europe.

In addition, increasing concentrations of PM2.5 and ozone are projected to lead to substantially
more cases of illness. This will imply more hospital admissions, greater health expenditure, a
higher number of lost working days and limitations on normal daily activities. Air pollution-
related healthcare costs are projected to increase from USD 21 billion in 2015 (using constant
2010 USD and PPP exchange rates) to USD 176 billion in 2060, reflecting both a large number of
additional cases of illness due to air pollution, and a projected increase in healthcare costs per
illness. While a reduction in the burning of fossil fuels is likely to decrease the risk of heart
and lung diseases, such as lung cancer, as well as neurologic disorders, other measures also
provide clear benefits for human health. For example, replacing cars by more active forms of
transport such as walking and cycling can reduce obesity, lung disease, heart disease, breast
cancer and depression (Armstrong, 2012).

If climate change mitigation and air pollution policies are integrated, air quality could
improve to a point where 40% of the global population currently exposed to dangerous PM
levels would breathe air that meets World Health Organisation clean air quality guidelines.
At the same time, expenditure on air pollution control will be reduced by EUR 250 billion
in 2050. According to the estimates provided by the study, one-third of the total financial
co-benefits by 2050 will occur in China, while annual cost savings of EUR 35 billion are
estimated for the European Union, provided the current air pollution legislation and climate
policies are adopted in parallel (Rafaj et al., 2012).

Reducing congestion

A number of governments have implemented Bus Rapid Transit (BRT) systems to reduce
local air pollution and improve health. National railway systems have also reduced
congestion, while improving access to remote, small or low-income communities, and
supporting economic development and trade (Ang and Marchal, 2013). By improving
connectivity and reducing congestion, these policies can boost the contribution of urban
centres to productivity growth (OECD, 2015b).

Sources: OECD (2015b; 2016a); Armstrong (2012); Rao et al. (2016); Rafaj et al. (2012).

Improving the transparency of infrastructure project pipelines

Infrastructure development plans and project pipelineinformation thatareinaccessible,
incomplete or poorly aligned with long-term climate mitigation and adaptation goals are
likely to hinder the flow of infrastructure investment in support of climate goals. Several
mechanisms are available to help governments improve the transparency of infrastructure
project pipelines.

The Global Infrastructure Hub (GI Hub) launched by the G20 in 2014 could prove
a useful tool to increase transparency and strengthen the global pipeline of private and
public infrastructure investment opportunities. It showcases investment-ready projects to
multilateral banks and private investors. As of February 2017, the project pipeline consisted
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of 44 projects from eight countries, with a total value of more than USD 29 million (although
several early-stage projects have not yet disclosed their values) (GI Hub, n.d.). Out of the eight
countries that have contributed to the GI Hub Project Pipeline, only four are G20 countries.
The participation of more G20 countries in the Hub would provide a more complete and
transparent picture to investors of the direction of infrastructure plans as a whole.

Other global initiatives also help to improve the transparency of infrastructure project
pipelines. These can be divided into influencers, mobilisers and tool providers (Mercer and
IDB, 2016). Influencers — such as the OECD Centre on Green Finance and Investment, the New
Climate Economy and the Global Infrastructure Investor Association - provide research and
leadership to align infrastructure investment plans with sustainability targets. Mobilisers,
such as the GI Hub, assist i) governments in developing bankable projects and ii) investors
in funnelling funds into those projects. Tool providers — such as the IRENA Navigator and
the World Bank’s REFINe - aim at facilitating the integration of environmental and social
components of infrastructure projects into investment decisions (Mercer and IDB, 2016).

Other platforms provide information on public-private partnerships (PPPs) for
infrastructure projects, with the aim of matching investors to projects. For example, the
World Bank’s Private Participation in Infrastructure (PPI) Project Database contains data
on 6 400 infrastructure projects in 139 low- and middle-income countries (World Bank,
n.d.b). The World Bank also provides a range of other resources on PPPs for infrastructure,
including regional and sectorial updates on overall infrastructure investments through
PPPs, as well as sample agreements, checklists, risk matrices, standard bidding documents
and other material facilitating the establishment of PPPs, notably in developing countries
(World Bank, n.d.c; n.d.d). Strengthening those existing tools to improve the data quality
on existing infrastructure investments and future plans and needs is a key priority for
G20 countries, and critical to gain the confidence of private sector investors in low-carbon,
climate-resilient infrastructure (Chapter 5).
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Notes

1.

All estimates were converted to 2015 USD for comparability.

2. Bhattacharyaetal. (2016b)explainthatsuchanincreaseistheresultofadifferentmethodological

approach, and argue that previous estimate failed to reflect the increase in infrastructure
spending over the past decade, mainly in middle-income countries. Batthacharya et al’s
(2016b) methodological approach consists of calculating an updated baseline of infrastructure
spending in 2015 for major countries, and projecting investment requirements on assumptions
of growth and investment rates (which are in turn based on assessments of investment plans
and identified gaps across major economies and regions).

Details of the assumptions on costs are available in IEA (2017).

. Pre-construction includes power plants announced, in pre-permit development and permitted.

“On hold” includes plants announced as being on hold. In the absence of an announcement that
the sponsor is putting its plans on hold, a project is considered “shelved” if there are no reports
of activity over a period of two years. At the global level, coal power plants in pre-construction
development and “on hold” amount to 570 GW and 607 GW respectively.

See Iyer et al. (2015); Rozenberg, Vogt-Schilb and Hallegatte (2014); Johnson et al. (2015); Fay et
al. (2015).

Although there is value in assessing the cost of shifting the building stock to meet the
energy requirements of a low-carbon transition, retrofitting and renovation would add value
to buildings, which is not the case of stranded assets in the energy sector. IRENA estimates
stranded assets in the buildings sector to amount to USD 12.5 trillion in its Delayed Policy Action
case and USD 5 trillion in the REmap reference case; computed as “the difference between cost
of deep retrofit and the additional cost to build a new fossil-free building” (IRENA, 2017a).

It also assumes oil demand would be at 45% (IRENA) and 41% (IEA) of today’s level by 2050.
Other methodological differences include that IRENA estimates the impact on the oil and gas
sector through the capital value of registered companies, then extrapolates to global oil and gas
production. For power and industry, it calculates stranded assets based on the nominal value of
a plant shutting down before the end of its economic lifetime.
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Chapter 4

Growth implications
of climate action

The current global economic environment provides governments with an opportunity
to boost economic growth while also addressing the challenges of climate change.
Ensuring that growth is low-emission, resilient and inclusive can help to meet the
Paris Agreement goals while also delivering on the Sustainable Development Goals.
While the synergies between climate and growth policies are substantial, capitalising
on them requires fiscal initiatives to scale up public and private investment in the
right technologies and infrastructure, combined with a well-designed structural
reform package. This chapter shows how these pro-growth reform policies can support
ambitious policy action on climate change to create a “decisive transition” to a low-
emission, high-growth future. It presents model simulations that combine climate
action with pro-growth policies including the impacts of delaying action.
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The current global macroeconomic environment, including low interest rates in most
countries, provides governments with an opportunity to create conditions for high-quality
economic growth that is low-emission, resilient and inclusive. The synergies between
climate and growth policies are substantial, but capitalising on them requires scaling up
public and private investment in the right technologies and infrastructure, combined with
an effective structural reform package. Growth and climate agendas can be integrated
as their effectiveness depends partly on the same factors: developing and diffusing new
technologies to attract investment, and reallocating resources towards high-productivity
economic activities.

This chapter shows how these pro-growth reform policies can support ambitious policy
actiononclimate change tocreatea “decisive transition” toalow-emission, high-growth future.
Based on macro-economic model simulations, the chapter explores the potential impacts on
growth and employment of scenarios that combine climate action with pro-growth policies.
The chapter starts by providing context on the current global macro-economic conditions
and the potential for fiscal and structural policy levers to promote growth. The following
sections present the results of the model simulations, and examine the implications of a
delayed action scenario and the consequences of a lack of co-ordinated action. The chapter
concludes by shedding light on the structural and employment changes that economies face
as they move to low-emission pathways.

The macro-economic context

128

Many G20 countries are in a low-growth trap

Global economic growth has hovered around 3% in the past five years, below the level
neededtosustaintheaspirationsof citizens.Inmany countries, privateand publicinvestment
has been weak, slowing growth in labour productivity and total factor productivity (OECD,
2015a, 2016a). In most high-income G20 countries, government, businesses and households
have been investing substantially less than in the pre-crisis years (Figure 4.1).

Although overall investment as a share of GDP has increased in emerging G20
economies, its level varies significantly from country to country, and remains low in several.
Yet investment is a key driver of growth, and a decisive factor enabling emerging economies
to reach the levels of economic development of high-income countries. In response to these
bleak economic conditions, expectations for GDP growth and investment for the next
decade have been revised downwards in both advanced and major emerging economies
(Figure 4.2).

As G20 governments seek to revive economic growth, the quality and inclusiveness
of growth also matters. To continue to improve well-being beyond the short term, the
sources of growth need to be sustainable economically, socially and environmentally.
Over the longer term, the fundamentals of continued economic growth are at great risk
due to the scale of potential damage from climate change described in Chapter 2. Climate
change poses a major systemic risk to all economies, but particularly for societies in less-
developed, less-resilient countries. Delaying action on climate change is likely to resultin a
more disruptive, substantially costlier transition, as high-carbon infrastructure and other
assets will be made obsolete.

As well as supporting low-emission, climate-resilient development, new growth also
needs to be inclusive. Widening inequalities and an increasing realisation that recent
growth has benefited only parts of the population have made enhanced inclusiveness a key
priority for governments. The benefits of low-emission, climate-resilient growth, including
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new economic opportunities, need to be equitably distributed across society, reducing
potential opposition to climate change policies and helping to ensure existing inequalities
are not compounded in the transition.

Figure 4.1. Investment as a share of GDP in 2015 relative to the average
in the pre-crisis decade”
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Note: *Average of investment shares in GDP from 1996 to 2007. No breakdown available for Italy and the emerging economies
Source: OECD (2016a), Economic Outlook: Statistics and Projections (database).

Figure 4.2. Long-term growth expectations have declined
[ Expected annual growth 2017-2026, per cent [ Revision, percentage points

India —
Indonesia —
China | [E— '
World !
United Kingdom
United States
Canada
0ECD
Euro area
Brazil 1
Japan
Russia

-3 -2 -1 0 1 2 3 4 5 6 7 8
Note: The revision is the difference between April 2011 projections of average annual GDP growth over 2012-21 and April 2016
projections of average annual GDP growth over 2017-26. OECD and World estimates based on weighted average of available
countries, using 2015 PPP shares.
Source: Consensus Forecasts; and OECD calculations.
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A window of opportunity to escape the low-growth trap

To getout of thelow-growth trap, collective, well-designed policy decisions are needed to
support aggregate demand in the short term and provide an impulse to longer-term growth.
There is little scope left for monetary policy to provide such a stimulus in most countries,
so a proactive fiscal policy response is required. Such a response is feasible because interest
rates are close to zero in many advanced economies, and where they are rising they are still
near historic lows (OECD, 2016a). Other things being equal, lower interest rates increase the
extent to which governments can borrow in the near term without losing market access or
facing challenges with the sustainability of public debt. In other words, lower rates increase
the “fiscal space” available to governments. Targeted government spending and taxation,
wherever possible, need to be deployed to support the implementation of structural reform
and improve infrastructure, helping to close the infrastructure investment gap identified
in Chapter 3.

In countries where public debt is high and where population ageing poses risks to fiscal
sustainability and long-term financing challenges, these issues need to be taken into account
in evaluating the size and desirability of using fiscal space. Such countries should indeed
avoid substantially higher financing costs as a result of higher debt. Budget rules can also
constrain the extent to which governments can use deficit-financing to fund infrastructure.
In a few countries, notably Brazil, fiscal consolidation is needed to allow monetary policy to
loosen and support a recovery of investment. In addition to public funding of infrastructure,
governments can seek to mobilise private investment through well-designed investment
policies and public-private partnerships (see Chapter 5 on investment policies and Chapter
7 on raising finance).

Independently of existing fiscal space or limiting fiscal rules, all G20 countries have
considerable scope to improve their mix of public spending and revenue to boost growth
and support the low-carbon transition (OECD, 2016a). This can be achieved, for example, by
cutting inefficient subsidies (Chapter 5). Removing subsidies to fossil fuels, in particular,
can boost growth while creating an incentive for low-emission growth. Tax reform can also
support low-emission growth, by reducing taxes on income and raising taxes on greenhouse
gas (GHG)-emitting and other polluting activities or immovable property (Johansson et al,
2008).

The fiscal space should be used wisely to boost production capacity with appropriate
investment in hard and soft infrastructure. For countries with high debt, it is critical that
such a policy initiative raises GDP sufficiently to lower the debt-to-GDP ratio. Consistency
of investments with climate change goals, based on strong climate policy packages, will
ensure long-term sustainability as well as avoid stranding high-carbon investment later.
A productivity-enhancing fiscal initiative will yield long-term growth benefits only if the
requirements of the low-carbon transition are taken into account.

Reviving growth requires stronger structural policies in G20 economies

Complementing fiscal policy with pro-growth structural reforms that support low-
emission investments should be another important pillar of low-emission growth packages.
Structural reforms can further strengthen aggregate demand and employment in the short
term and generate gains in long-term material well-being. As recent OECD Economic Outlooks
have argued (OECD, 2016a, 2015b), the pace of growth-enhancing reforms has slowed in
high-income and emerging economies, particularly in cross-cutting policy areas with a
strong influence on labour productivity, such as education and innovation (OECD, 2017).
Governments have tended to concentrate reform efforts in specific policy areas, which
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suggests that potential gains from policy synergies and reform complementarities are
being missed (OECD, 2017). Enhanced education and innovation policy is vital not only to
address the persistent and widespread decline in productivity growth but also to manage
the low-carbon transition successfully and to make economic growth more inclusive.

To strengthen economic growth, renewed efforts are needed across a wide range of
reform areas in both advanced and emerging economies. Possible reform packages include
measures to enhance entry of new firms and product market competition, particularly in
services sectors with pent-up demand (Gal and Hijzen, 2016). Firm-level evidence suggests
that reforms to strengthen competition, market entry and entrepreneurship can boost
investment by around 4% after two years in high-income economies (Gal and Hijzen, 2016).
As shown below, they would improve the response of firms to increases in energy prices
and tighter environmental regulation, boosting investment, innovation and productivity.

Such reforms encourage the take-up of new technologies and more efficient use of
resources; they can also hasten the development of low-carbon business models, such as
new transport solutions through, for example, the development of start-ups. Reallocation-
friendly banking sectors and insolvency regime reforms could ease the exit of failing
firms, thereby facilitating the reallocation of resources to more productive and innovative
activities, including low-carbon activities (Adalet McGowan et al., 2017). Such policies would
also boost investment in knowledge-based capital, such as high-productivity technologies,
research and development, management skills and worker qualifications across countries,
businesses and households - for example, through education and trade — also increasing
diffusion of new, lower-carbon technologies.

Steps to better match skills to jobs and to ensure that skills are used fully could also
boost productivity by enabling firms and workers to adopt and use innovation and new
technologies (OECD, 2016a). Reforms to housing policies and active labour market policies
that combine benefits with retraining and upskilling can lower unemployment, facilitate
geographic mobility and improve the matching of skills and jobs. Such policies can help
workers in declining fossil fuel-intensive production find new jobs in low-carbon sectors
while encouraging upward social mobility — part of ensuring a “just transition” for workers
(see Chapter 6).

Reform efforts will only work if they are coherent. Regulatory policies need to
encourage the emergence of new business models, especially in low-emission activities.
Complementarities also need to be exploited to make the most of growth impacts of policy
reforms. For example, relaxing labour regulations in an environment of rigid product
markets may reduce employment and wages. In contrast, deregulating the business
environment at the same time enhances the likelihood that businesses will compete for
workers. Overall, integrating climate policies with growth policies is a policy challenge with
substantial benefits. The specifics of how structural reform policies can support climate
change mitigation strategies are covered in Chapter 5.

Combining economic and climate policies could both achieve the Paris climate
objectives and spur economic growth

Governments have at their disposal a range of policy options to both generate economic
growth and to combat climate change. How these policies are combined will influence
differently both economic growth and the extent to which countries move towards low-
emission and resilient pathways. The policy combinations can be stylised as choices along
two dimensions: between current economic policies and pursuing a high-growth policy
package on one dimension, and between no climate action and action to pursue the Paris
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Agreement goals on the other dimension (Figure 4.3). If chosen appropriately, a combination
of climate policy instruments, and well-aligned fiscal initiatives and structural reforms
would allow G20 countries to both achieve climate goals and escape the low-growth trap.

Figure 4.3. Identifying a pathway for the “decisive transition”
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The baseline scenario used in the model simulations assumes no climate policy change
from the current situation, and no new policy to support growth beyond what is currently
planned (top-left quadrant of Figure 4.3). In such a situation, the world would remain in a
low-growth trap and miss the Paris Agreement goals.

Governments may be tempted to pursue fiscal and structural policies to provide an
impulse to economic growth “at all costs”, without ensuring that new investments support
the low-emission transition (bottom-left quadrant). Reasons for pursuing this path could
include low prices for fossil fuels, the strength of incumbent fossil fuel technologies
(see Chapter 3), inaccurate or non-existent pricing of GHG emissions and other pollution
externalities, and a disregard for the longer-term consequences of today’s infrastructure
investment decisions (see Chapter 5). There may also be alack of “bankable” low-carbon and
climate-resilience projects, due to policy misalignments and the incumbency advantage of
existing technologies and business models. This “unsustainable high-carbon” pathway is
not examined in this report.

Alternatively, governments may pursue policies to decarbonise economies but without
taking action to provide an impulse to economic growth: a “pure mitigation” scenario (top-right
quadrant). As argued below, however, this would result in higher adjustment costs, less take-
up of business opportunities in the context of the low-carbon transition, and lower material
well-being and employment, all of which would make the transition more difficult politically.

The “decisive transition” scenario is a high-investment, high-innovation and low-carbon
transition path, combining pro-growth policies with more ambitious climate policies (bottom-
right quadrant). In this scenario, countries implement a policy package that spurs growth
while accelerating the transition towards long-term climate change objectives. This package
comprises a fiscal initiative in support of climate objectives - for example, additional investment
in infrastructure, education and R&D - and structural reforms that have been found to boost
long-term growth and can be made coherent with the low-carbon transition (OECD, 2017).
In the model simulation, a “typical” package is considered to combine an increase in public
investment with a cut in the stringency of product-market regulations and an increase in R&D
spending. In reality, the composition of this package would be country-specific, reflecting
existing institutions, regulatory frameworks and preference for equity. Box 4.1 provides an
overview of the underlying model assumptions while Annex 4.A2 provides further details on
the models' structure and parameters.
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The macro-economic impacts of the different scenarios are expected to vary over time.
In particular, while decarbonisation policies are likely to create adjustment costs in the short
to medium term (5 to 20 years depending on policy stringency), high-carbon pathways would
mean, over the longer term, increasing damage from climate change. This would weigh
negatively on output and on well-being more generally. The high-carbon pathways would also
entail increasing tail risks (such as rapid sea-level rise from melting of ice sheets, and systemic
effects of repeated extreme weather events) and well-being costs (such as increased mortality
from air pollution). Ambitious climate mitigation action offers the benefit of decisively lower
long-term costs from climate change and provides decisively more insurance against the
risk of destructive extreme weather events. Conversely, it requires more investment and
more stringent climate mitigation policies in the short term. Undertaking structural reforms
so these adjustments occur in the context of high, inclusive growth ought to be seen as an
integral part of making the economic case for climate policy action.

The macro-economic impacts of the different scenarios will also substantially differ
across countries, depending on their sectoral structure and energy consumption. For example,
fossil-fuel exporting countries are usually seen as incurring the highest costs in the transition.
In reality the situation may be more complex, as demand for fossil fuels will continue for some
time, and relative costs of extraction will determine market shares and revenues in a scenario
with lower demand. Similarly, countries whose public investment is low could benefit the most
from the additional increase in investment (Fournier, 2016). More flexible product and labour
markets would also facilitate the transition toward a decarbonised economy (see below).

Given the importance of path dependence, the implications of delayed action are also
examined, building on the IEA disjointed scenario (IEA, 2016), whereby investment to meet
the goal of limiting global warming to 2°C is delayed to 2025. This implies a more abrupt path
to decarbonisation from 2025 on, combining higher carbon taxes, more support to low-carbon
technologies in general, and significantly larger stranding of fossil-fuel-based assets.

The model simulations in this chapter explore the implications of a decisive transition
for the main macroeconomic aggregates, including GDP, employment, business investment
and the ratio of public debt-to-GDP. The decisive transition scenario is compared with a
baseline scenario that assumes no change from current climate policy and no new policy
to support growth. The transition would involve not only undertaking mitigation policies to
reduce emissionsand achieve a2°Cpath with a 50% probability, butalso complementingthese
policies with a fiscal initiative (e.g. additional investment in hard and soft infrastructure)
and structural reforms that would support long-term growth and reduce adjustment costs.
A simulation is also run for a more ambitious climate scenario, assuming a 66% probability
of keeping temperature below 2°C. The simulations build on the results from a parallel
report for the German G20 Presidency on the scale and scope of energy sector investments
needed to increase the chances of reaching this goal (IEA, 2017).

Box 4.1. Key modelling assumptions

Several assumptions underpin the decisive transition scenario:

« Governments absorb some of the incremental costs of low-carbon and climate-resilient
infrastructure investments (e.g. via public investment programmes or procurement
of innovative solutions). This is justified by market failures that may prevent firms
from responding to more direct price-based instruments (see Chapter 5). Such public
investments could trigger higher growth in business investment, at a time when it
remains modest. As many climate-friendly investments involve new technology, they
should also open markets for innovative firms. One important assumption underlying
the simulations is that the investment undertaken is of good quality, and there is
relatively strong institutions and effective public governance in place.
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Box 4.1. Key modelling assumptions (cont.)

« All G20 countries take action on climate. If a leadership group of countries were to
act alone, free riders would benefit from lower fossil fuel prices and substitution of
carbon-intensive economic activity away from this group of countries, undermining
global emission reductions (see below and Annex 4.A1 for a discussion).

» The boost in investment is assumed to be budget-neutral in the medium term and
financed by better reallocating tax and spending, which would leave the public deficit
unchanged. From 2017 to 2020, the measure would be financed through a higher public
deficit in all the G20 countries covered in the analysis except Brazil, Japan, India and
South Africa. In these four countries, assuming no change in policies, fiscal space is
limited, and the initiative is expected to be budget neutral from 2017 onwards.

» In most countries, revenues from the taxation of carbon emissions are used to pay
down public debt. In countries where the ratio of public debt-to-GDP is low, however,
it is assumed that, in the medium term, those revenues are used to support a further
increase in public consumption. A detailed discussion of the potential uses of carbon
tax revenue follows in Chapter 5. Other recycling options could lead to higher growth
outcomes depending on pre-existing tax levels and their distortionary effects in
various economies. In most cases, the effect of the recycling is expected to vanish over
time, except if revenues are used to increase good-quality productive investment.

« Interestrates setby central banks are assumed to remain at their currentlevel for three years
in the euro area and Japan, and to follow inflation and growth developments elsewhere.

Simulations were performed using Yoda, an OECD in-house semi-structural model for
selected G20 economies. This model encompasses international spill-overs and delayed
labour-market response to policy (hysteresis effects). To assess the robustness of simulation
outcomes and complement the analysis, some simulations were also performed using the
macro-economic Oxford model which has detailed trade and financial inter-linkages, but
can be simulated only up to 2045 (see Annex 4.A2). Like all empirical tools, these models
have several limitations. In particular, they are a stylised representation of the economy.
Political decisions, social acceptance and institutional factors, for example will also play a
major role in the real world, but are not taken into account in the simulations.

The quantitative analysis covers most G20 countries (representing 88% of the total of G20
economies excluding the European Union), based on data availability and the geographic
scope of modelling tools.! With a view to identifying categories of countries that would
respond differently to mitigation and pro-growth policies, four types of stylised economies
are presented depending on their reliance on fossil fuels (net importers or exporters) and
their level of development (advanced or emerging economies).

A “pure mitigation” scenario, without supporting growth policies, would have overall
limited growth effects

Achievingthe goal of limiting global warming to 2°C with 50% probability will clearly require
ambitious climate policies. This includes strengthening the use of carbon pricing instruments
in order to direct private investment and technological change into low-emission activities in a
cost-effective way. In the model simulations, the move is achieved through higher carbon taxes
and a range of energy efficiency and technology support policies (IEA, 2016, 2017). Without
specific additional measures to boost growth, the impact of decarbonisation is estimated to be
small in the medium term on average for G20 countries. For each country, the effects of such
a “pure mitigation” scenario would depend on whether it is a net exporter or importer of fossil
fuels, with a more pronounced negative effect on net fossil-fuel exporters.
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Long-term effects of mitigation policies on output in a pure mitigation scenario would
be more pronounced, though still relatively small given the time horizon involved. Net
fossil-fuel exporters in OECD member countries and emerging economies would experience
significant losses in the long term, reflecting to a large extent massive disinvestment in
high-carbon industries and lower fossil-fuel export prices. In countries where the level of
public debt is low, however, recycling of carbon-tax revenues through additional spending
could mitigate those losses. By contrast, net fossil-fuel importers would benefit in the long
term from the increase in net investment and, to a lesser extent, the decline in international
commodity prices from lower global demand. Overall, the GDP impact of mitigation policies
would be small in net fossil-fuel importer economies in the long term.

Examining these results in more detail, the move to a low-emission pathway implies
reducing high-carbon investment, and using the freed resources to fund part of the increase in
low-carbon investment spurred by mitigation policies. According to IEA (2016, 2017) estimates,
the energy sector requires net investment of around 0.2% of GDP in order to reduce emissions to
a level that keeps warming at or below 2°C (Figure 4.4). This includes investment in renewable
energy technologies, nuclear power and energy efficiency, and the lower investment in
fossil-fuel supply and power transmission and distribution, due to lower electricity demand.
This estimate is based on the assumption that world GDP would grow around 2% between
now and 2045-50. This scenario assumes an orderly transition to a low-carbon economy and is
contingent on the deployment of energy technologies that deliver net negative emissions.

The investment data used in the scenario is restricted to the energy sector. Agriculture,
forestry and land use are likely to play an important role in achieving a 2°C objective,
especially in countries such as Brazil and Indonesia, but the majority of infrastructure
investment needs relates to energy supply and use (see Chapters 2 and 3) (OECD, 2015b;
OECD, 2016b). In addition, there are limited up-to-date data for land-use investment, making
their inclusion in macro-economic estimates difficult.

Further, investment in total urban and non-urban transportation infrastructure could
add the equivalent of 0.2-0.3% of world GDP on average per year, according to estimates
from the IEA Energy Technology Perspectives and data from the International Transport
Forum. This information could not be included in the simulation exercise, however, because
detailed data are not available for all scenarios and individual countries. Adding this
infrastructure investment would have increased the positive GDP impact of investment in
this scenario, though to a limited extent.?

Figure 4.4. World net additional energy-related investments implied by a
transition from current policies to a 50% 2°C probability scenario
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Studies based on integrated assessment models have concluded that mitigation policies
will have a negative impact in the long term (IPCC, 2014). Once economies adjust to new
policies, however, the cost in terms of lower material living standards is low (OECD, 2015c).
Other studies have suggested that limiting global warming to 2°C with 50% probability
would entail global consumption losses of 2-6% by 2050; this would amount to a small
fraction of the consumption gains in the context of continued economic growth (IPCC,
2014). The magnitude of the impact depends crucially on assumptions about availability
and costs of low-emission technologies, the degree of market flexibility and the options for
recycling carbon tax revenues.

Box 4.2. Modelling exercises for growth and climate policy analysis

A range of modelling approaches has been used to assess the effects of climate mitigation
policies on economic growth (see Clarke et al., 2014). Differences in results arise, among
other things, from the choice of modelling approach. Computable general equilibrium models
such as ENV-Linkages have been used for instance in OECD (2009). Other studies have used
macro-economic models accounting for short-term market failures, such as E3me used in
IRENA (2017) to estimate GDP and employment effects of a low-carbon scenario based on
extensive deployment of renewable energy and energy efficiency. Other differences arise
from key parameter assumptions (e.g. the cost of low-carbon technologies, endogenous or
exogenous technical change, the degree of crowding out of investment); and the choice of
policy instruments (carbon pricing alone or in combination with low-carbon technology
support, energy efficiency measures, etc.).

Most economic analyses to date have focused primarily on climate policy. The “decisive
transition” scenario in this report is driven by the need to consider climate policy in
the current macro-economic context of low-growth, low productivity growth, under-
investment and low interest rates. It also broadens the policy tool-kit to include dedicated
fiscal initiatives (beyond the carbon tax, used for mitigation purposes) and structural
reforms that are aligned with both the growth imperative and the requirements of the
transition to low-emission, climate-resilient economies.

A decisive transition would spur growth while limiting climate change

Complementing climate change policies with a combination of a fiscal initiative and
structural reforms would help achieve both climate and growth objectives. The fiscal
initiative comprises spending or tax measures that will foster productivity in the medium
to long term. Measures should be chosen according to each country’s most pressing needs
and could include not only raising spending on soft and hard infrastructure or education,
but also reducing taxes that are most likely to lower economic growth, such as income tax.
Measures should also be closely aligned with the general objectives of the transition to a
low-carbon, climate-resilient global economy.

In all countries, there is scope to design these policies to ensure the benefits of higher
growth are shared by all, including low-income households. Such measures include
decreasing labour taxes at the lower end of the wage distribution, and improving access
to education, health, low-cost quality housing and public transport. Priorities will differ
depending on individual countries (OECD, 2016a, 2017). Spending on adaptation policies
that would improve the resilience of economies could also be part of this package.

To illustrate the impact of a decisive transition on the economy, the model simulation
presented below assumes that in addition to mitigation policies, countries put in place a
pro-environment, pro-growth policy package that combines fiscal and structural measures.
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This approach differs from previous work on the issue in that it places climate policy actions
within the current macro-economic context of low-growth, low productivity growth, under-
investment and low interest rates, and broadens the policy tool-kit to include dedicated fiscal
initiatives (beyond the carbon tax, used for mitigation purposes) and structural reforms that
can support the low-carbon transition. The policy package used in the simulations includes:

 Afiscalinitiative that corresponds to an increase in public investment of 0.5% of GDP.
This represents a larger increase than in the pure mitigation scenario in countries
that are net fossil fuel importers, as there is a need to invest more to compensate for
the disinvestment triggered by decarbonisation policies. In many countries, such a
package could be deficit-financed for a few years, before turning budget-neutral. OECD
analysis suggests that thanks to low real interest rates, OECD member countries could
afford to finance a fiscal initiative equivalent to 0.5% of GDP per year for about three
to four years, on average (Mourougane et al., 2016). After this period, reallocating
spending and taxation to the most growth-friendly and equity-enhancing measures
would help to free up resources (see Fournier and Johansson (2016) for examples).
Assuming it takes the form of an increase of good-quality public investment, such an
initiative would leave the public debt-to-GDP ratio unchanged in the long term. These
measures are also to be aligned with low-emission and climate-resilience objectives.

» Changes in R&D spending that would be needed at the world level to achieve a 50% 2°C
scenario. Estimates have been derived from Marangoni and Tavoni (2014), assuming
all countries act collectively. The impact of R&D spending on total factor productivity
draws on recent OECD analysis (Egert and Gal, 2016).

» Reforms to make product-market regulation more conducive to competition and
market entry, essential to facilitate the transition. The impact of product-market
reforms on long-term output is based on new OECD analysis on the impact of selected
structural reforms for both OECD member countries and emerging economies (Egert,
forthcoming ; Egert and Gal, 2016). The measure is calibrated using past observations
of reform changes. In practice, the reform is assumed to be more ambitious in emerging
economies than in OECD member countries, explaining why the resulting outputimpact
is larger for emerging economies. A more flexible regulatory environment, for example
as measured by the OECD product-market regulation (PMR) indicators, reduces the cost
of the transition to a low-carbon economy. In particular, new results show it can reduce
the negative effects from higher fossil fuel prices on business investment. In countries
with most flexible product markets, the effect of higher end-user fossil-fuel prices on
investment seems neutral or could even be positive (Box 4.3).

The simulations indicate that selected pro-growth policies can offset the negative
impact of mitigation policies aimed at limiting global warming to 2°C with 50% probability,
showing that combined climate and growth policies can be, on average across countries,
good for growth, in both the long term and the short term. After five years, average gains in
output for G20 economies would amount to around 1%, thanks to well-aligned pro-growth
policies (Figures 4.5 and 4.6). Estimates suggest that those effects could raise long-run
output by up to 1-4% in most of the large advanced economies and emerging economies by
2050. Those gains would be just below 3% by 2050 for G20 countries. The detailed results for
the country types are provided in Table 4.1.

An important part of the output effect is an overall boost in investment, including in
low-emission infrastructure, by 0.5% of GDP, increasing long-term output by up to 2% in
advanced economies and emerging economies by 2050. Medium-term gains would amount
to 0.2-0.5 % in most countries.
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The countries that would experience the highest gains are those where the initial stock
of public capital is lowest, and those where long-term unemployment is high. Net fossil-fuel
exporters would benefit the most from the initiative, which is supposed to offset the negative
impact of the disinvestment caused by mitigation policies. In a few economies that are heavily
reliant on fossil fuels, a typical pro-growth package may not be sufficient to fully compensate
for mitigation cost in the short term. Designing the policy package that would best fit each
country’s needs, however, would have a stronger counterbalancing effect.

Adding reforms that favour innovation and growth (such as basic public R&D
and structural reforms) to the fiscal initiative would increase the output gains. Indeed,
implementing structural reforms can enhance output and lower the public-finance impact
of an increase in public investment, through their gradual effect on total factor productivity
and potential output. In particular, reforms aimed at removing barriers that hold back
demand for investment, such as improving the design of regulations to reduce unnecessary
burdens on entrepreneurship, can markedly boost output in the long term through their
effect on total factor productivity.

Figure 4.5. Contribution of selected pro-growth and mitigation policies in the G20
(50% probability of achieving 2°C)
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Note: The average G20 is a weighted average of selected G20 economies, representing 88% of the G20 countries (i.e. excluding
the European Union). Energy prices and stranded assets are based on the IEA scenario and correspond to a move to a 2°C
climate objective with a 50% probability. Regulatory setting captures the reduced costs of the transition in a more flexible
regulatory environment, based on firm level investment regression that interacts energy price inflation with product-market
regulation settings. Fiscal initiative corresponds to an increase in public investment that complements the net investment
from decarbonisation so that in total, investment would increase by 0.5% of GDP. This means that net fossil fuel exporters
who experience disinvestment from mitigation policies are assumed to invest more to compensate for this disinvestment.
The structural reform considered here is a lowering in barriers to investment by 0.35 point for the OECD member countries
and by 0.85 point for emerging economies, which correspond to the average change in this measure in the past. The impact
has been calculated using estimation of business regulation on income per capita by Egert (forthcoming) and Egert and Gal
(2016). Innovation corresponds to the increase in R&D spending necessary to reach a 2°C scenario using estimates from
Marangoni and Tavoni (2014). It is assumed that the stylised fossil fuel exporters recycle their carbon tax revenues into
higher public consumption in the medium term, given their initial low level of public debt. No recycling is assumed for the
net importers.
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Figure 4.6. Net growth effect of selected pro-growth and mitigation policies
in stylised economies
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Note: See the Note for Figure 4.5.

Table 4.1. Contribution of selected pro-growth and mitigation policies
in stylised economies and the G20

GDP difference to baseline, %

Advanced Advanced Emerging Emerging
Policy component fossil-fuel importer  fossil-fuel exporter  fossil-fuel importer  fossil-fuel exporter G20 average

2021 2050 2021 2050 2021 2050 2021 2050 2021 2050

Effect of net investment to
decarbonise & additional fiscal 0.4 1.5 0.3 1.1 0.0 0.7 0.2 1.6 0.2 1.6
initiative supportive of the transition

Structural reforms & green
innovation

Energy prices, stranded assets
& regulatory settings

Net growth effect 0.7 2.2 0.2 1.6 1.5 2.8 -0.3 1.4 1.0 2.8

0.7 13 0.6 14 1.7 2.6 1.9 5.1 1.3 2.1

-0.3 -0.6 -0.7 -0.9 -0.3 -0.5 -2.4 5.3 -0.4 -0.9

Note: See the note for Figure 4.5

Box 4.3. A regulatory environment that encourages competition
and firm entry improves firms’ investment and innovation response
to climate change mitigation action

Climate change mitigation action requires flexibility: old technologies and infrastructure
need to be replaced by new ones. New OECD research undertaken for this project shows
that governments need to provide a flexible regulatory environment — which does not
restrict firm creation, market entry or competition - to encourage private investment
and innovation and thus make the most out of the low-carbon transition (Annex 4.A4).
Previous research has already shown that such a flexible regulatory environment can boost
productivity, investment and employment across the income spectrum.

The new OECD research undertaken for this project has econometrically estimated the
response of firms’ investment to higher energy prices, taking into account the regulatory
environment in which firms operate, as measured by the OECD’s Product Market Regulation
(PMR) indicator. Pricing carbon emissions in energy use is a key element of policies to lower
CO, emissions. Carbon pricing results in higher energy prices. The new research shows
that the effect of higher energy prices on manufacturing investment tends to be neutral
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Box 4.3. A regulatory environment that encourages competition
and firm entry improves firms’ investment and innovation response
to climate change mitigation action (cont.)

or even significantly positive if product market regulations are not restrictive. By contrast,
the effect is significantly negative if product market regulations restrict competition and
entry of new firms. The research can be seen as providing tentative support to the claim
that environmental regulations may induce firms to innovate and improve efficiency, thus
boosting productivity — the “Porter hypothesis” (Porter, 1991; Porter and van der Linde,
1995) - provided the regulatory framework encourages competition and entry of firms.

The estimated effect of an increase in the energy price index on manufacturing investment
depends on the restrictiveness of product market regulation (Figure 4.7). If regulatory
restrictivenessis low (PMR indicator below about 1.5), arise in energy prices has a significant
and positive effect on investment: firms adapt to higher prices by boosting investment.
By contrast, if regulatory restrictiveness is high (PMR above about 2.3), a rise in energy
prices has a significant and negative effect on investment. For example, in a country with
restrictive regulation (PMR of 2.5), a typical firm’s investment would diminish by about 1%
in response to an increase of energy prices of 10%. In a country with competition-friendly
regulation (PMR of 1), a typical firm’s investment would rise by about 1%. The OECD has
recorded PMR values of 2.5 or higher for several emerging economies among the G20. APMR
value of about 1 has been recorded for the United Kingdom.

Figure 4.7. The effect of energy price inflation on investment depends
on product market regulations

Effect of a one per cent rise in energy price inflation on investment to capital ratio, in per cent
0.4

0.3

01

ot | <
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Note: The econometric model described in Annex 4.A4 is built on a baseline used in Dlugosch and KoZluk
(2017). It includes country-year, industry-year and firm-fixed effects, a measure for stringency in labour
market index, a measure of access to finance, sales over total capital, lagged out gap and lagged real interest
rates as further controls. Energy price inflation is the three-year moving average of changes in the energy
price index. Time sample: 1999-2011. The dashed line indicates the 95% confidence interval, using firm
clustered standard errors.

The fiscal initiative in the decisive transition would also trigger an increase in business
investment, especially in countries where investment needs are the highest (Figure 4.8).
Business investment in the average of selected G20 economies could rise by almost 4%
by 2050, according to the Yoda model. Simulations from the Oxford model would point to
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smaller increases on average in G20 economies. One condition underlying those positive
outcomes is that governance and framework conditions are good enough to mobilise
business investment. Policies to achieve this outcome are discussed in Chapter 5.

Figure 4.8. Business investment impact of a decisive transition
to decarbonisation
Difference to baseline, per cent
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fossil-fuel importer  fossil-fuel exporter fossil-fuel importer fossil-fuel exporter selected G20 agregate (Oxford)

Note: The average G20 is a weighted average of the G20 economies covered in the analysis, which represent 88% of the G20
countries (i.e. excluding the EU).

Consistent with growth and real wages developments, countries are expected to
experience sizeable gains in employment (Figure 4.9). Gains would amount to 0.2% in
the average of G20 countries after five years. Those gains would mostly come from the
additional investment and structural reforms. Long-term developments in employment
and gross employment reallocation effects from those policies are examined in more detail
later in this chapter.

Finally, the likely impact of a decisive transition on public finances is expected to
be small, assuming investment needs will be financed by the deficit for three years and
be budget-neutral thereafter (Figure 4.10). Over the medium term, the ratio of public
debt-to-GDP would fall compared with a no-policy-change scenario in net fossil-fuel
importers, reflecting mostly gains in carbon tax revenues. In some countries, output gains
more than finance the initial fiscal impulse. The ratio of public debt-to-GDP could fall by
5-7 percentage points compared with the baseline scenario in the average of selected G20
economies after five years, and by up to 20 percentage points by 2040.

Overall, these estimates rely on very specific assumptions and should be interpreted
with care. A crucial assumption is that governments invest in good-quality projects and that
the fundamental framework conditions are in place to get the most out of these investments
(see Chapter 5 for a discussion of policies). Furthermore, a typical policy package has been
simulated in all countries, for practical reasons. On the one hand, choosing the composition
of this package in light of each country’s institutional and regulatory frameworks, as well as
its social preferences, would certainly be the most effective way of maximising the impact
on output. On the other hand, poor choice of policy settings and ineffective implementation
and governance of reforms would lower the output impact of the policy package. In
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addition, the simulations presented in the chapter do not account for the political economy
of reforms and any difficulties in ensuring reform acceptance (see Chapter 6).

Figure 4.9. Impact of a decisive transition on employment

Difference to baseline, per cent, 2021
0.5

Advanced Advanced Emerging Emerging Average
net fossil-fuel importer  net fossil-fuel exporter  net fossil-fuel importer  net fossil-fuel exporter selected G20

Note: see Figure 4.8.

Figure 4.10. Impact of a decisive transition to decarbonisation
on the debt-to-GDP ratio
Difference to baseline, percentage points
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Note: The average G20 is a weighted average of the G20 economies covered in the analysis, which represent 88% of the G20
countries (i.e. excluding the EU).The net fossil fuel exporter takes the example of a country where public debt is low and
carbon tax revenues are recycled into additional public consumption in the medium term. No recycling is assumed in the
other stylised economies.
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Avoided climate change damages bring additional economic gains

The simulations presented above do not account for the costs associated with climate
change damages, which would weigh on long-term economic growth, through lost output as
well as reduced well-being. The mitigation effort in the decisive transition would significantly
reduce these long-term risks. Accounting for avoided climate damages enhances the output
impact of the decisive transition, as damages affect the long-term capacity of the economy
(Figure 4.11). Those damages depend heavily on countries’ locations (damages are usually
larger in countries close to the Equator), geographies and economic and social structures. The
effects of climate damages on output are estimated to be small in the short to medium term but
more marked in the long term and in some emerging economies. Evidence from the literature
suggests that climate change damages could have a disastrous effect after 2050, beyond the
scope of the analysis considered here (IPCC WGII, 2014; OECD, 2015d).

Figure 4.11. Effect of including avoided damages in a decisive transition scenario
in 2050 (50% probability of meeting 2°C)
Average of selected G20 economies
GDP difference to baseline, %

0 | |
Effect of net Additional fiscal  Structural reforms Energy prices, Net growth Total net growth effect
investment to initiative supportive & green innovation  stranded assets & effect including estimated
decarbonise of the transition regulatory settings avoided climate
damages

Note: See Figure 4.5.

It should be noted that the scale of climate damages is very hard to gauge with standard
modelling tools (Box 4.4). It has been computed in this report using simple rules for the
baseline and decisive transition scenarios. The emissions profile that is consistent with the
Yoda model is used to calculate the average expected global temperature increase by 2100,
using the MAGICC model (Meinshausen, Raper and Wigley, 2011). The resulting average
global temperature increases from pre-industrial levels are 4.3°C in the baseline scenario
and 1.6°C (with a 50% chance of remaining below 2°C) in the decisive transition scenario.
These estimates correspond to the upper range of the global temperature sensitivity as used
in Clarke et al. (2014). Global damages associated with these temperature increases have
been calculated using the climate damage function in Nordhaus (2016) and correspond to a
very small subset of likely climate-change damages to the economy, excluding in particular
extreme events (Box 4.4). Those global estimates are then distributed across regions and
countries following OECD (2015d).
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Box 4.4. The challenge of estimating the consequences of climate impacts

Economic analyses do not yet adequately capture the full range of climate impacts and
should not be seen as providing the complete picture of the costs of climate change impacts
(for a discussion see e.g. Stern, 2013). Some of the main challenges include:

 Uncertainty: The impacts of climate change depend upon the interactions between
natural systems, socio-economic changes and the severity of temperature changes,
all of which are subject to considerable uncertainties in estimating future impacts.
These interactions can be complex and non-linear.

Modelling assumptions: Decisions about the extent of autonomous adaptation,
macroeconomic impacts and the weight to place on future losses can all significantly
affect the results produced.

« Data gaps and modelling constraints: Some impacts, such as changes in climate extremes,
are subject to very limited available data, but could be a significant source of future
losses from climate change. In addition, non-market impacts (such as impacts on
biodiversity) are not well captured in existing models.

Furthermore, economic models tend to struggle to capture the impacts of localised extreme
climate events on global value chains, combined with a limited ability to project their
frequency, severity and location. The latest climate science projects increasing incidence
of episodes of high temperatures (IPCC, 2013). Extreme precipitation events are projected
to increase in some regions, while rising sea levels will also increase flood risk in coastal
areas. The processes governing cyclones are particularly difficult to model, but available
evidence suggests that cyclone wind speeds will increase while cyclone frequency stays
the same or diminishes.

Historical experience provides some indication of the potential economic impact of future
extreme weather events. A single event, Hurricane Sandy, led to 43 deaths and economic
losses of USD 50 billion in the United States (City of New York, 2013). In general, wealthier
countries tend to suffer larger losses from climate extremes in absolute terms, due to the
higher value of assets at risk, but smaller in proportional terms (Cummins and Mahul, 2009;
Bosello and Dasgupta, 2015). Evidence on the longer-term impacts of disasters is mixed,
reflecting both measurement challenges and the counterbalancing effects of the economic
stimulus from reconstruction activities. Lis and Nickel (2010) found that natural disasters
lead to median GDP being 4% lower five years later in developing countries. Disasters do
not appear to have an impact on measured growth in OECD countries. Meanwhile, Cavallo
etal. (2013) found that even extremely large disasters do not display a significant long-term
impact on economic growth, unless they are followed by a “radical political revolution”.

The ambiguous evidence on GDP impacts should not hide the underlying issue that
impacts on welfare are undoubtedly negative. First, reconstruction activities are recorded
as additional value-added, although they may merely replace destroyed capital stock.
Second, the poor tend to bear the brunt of climate-related disasters. Their economic losses
are smaller in absolute terms but have a disproportionately negative impact on welfare
(Hallegatte et al., 2017). Third, only a subset of the impacts from extreme events is included
in GDP, with impacts such as deaths and injuries only being captured indirectly. These
costs are predominantly borne by developing countries. For example, between 1970 and
2008, 95% of deaths from natural disasters occurred in developing countries (Handmer
etal, 2012).
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Avoided damages from decisive action would appear more markedly in the second half
of the century, when increases in global temperature diverge between a business-as-usual
scenario and the decisive transition scenario. With emissions reaching net-zero in the
second half of the century, damages to GDP would hardly increase in the decisive transition
scenario, at about 1% of GDP, while upper estimates without climate action show a rapid
increase towards 10 to 12% annually on a global scale by 2100 (OECD; 2015d; Nordhaus, 2016;
Weitzman, 2012), with much more pronounced impacts for the most vulnerable regions.

The results are subject to several caveats:

» The method does not include potential co-benefits such as reduced air pollution,
which could alter the macroeconomic impact of a transition to a low-carbon path via
their effect on health and productivity (see Chapter 3).

» Non-market damages are captured in a very crude manner, through a 25% increase
in the estimated damages.

» Extreme events and their possible systemic effects are highly uncertain and difficult
to quantify (Box 4.4).

e Uncertainties surrounding market damage estimates are large, reflecting
uncertainties that occur in every stage of the process of calculating damages (Clarke
et al,, 2014; OECD, 2015). Results are highly dependent on assumptions (e.g. the
rate of economic growth in different countries; or when certain technologies will
come online). Alternative measures of climate damages, such as the social cost of
carbon (the economic cost caused by an additional tonne of CO,) are also subject to
high uncertainties and depend in particular on the assumption made on the rate of
time preference, as part of the discount rate (Nordhaus, 2016; Anthoff and Tol, 2013;
Greenstone, Kopits and Wolverton, 2013).

» The macro-economic adjustment effects of climate change due to changing relative
prices and marked differences in sectoral labour productivity are not covered. Should
climate change induce structural shifts toward the less productive sectors, climate
change damages would be exacerbated by the sectoral and temporal reallocation of
factor inputs (Kalkuhl and Edenhofer, 2016).

Pursuing a more ambitious climate scenario: 66% probability of limiting global warming
to 2°C

Limiting warming to 2°C is not enough to satisfy the objectives of the Paris Agreement.
While it is difficult to precisely define what “well below 2°C” and “efforts to limit to 1.5°C” mean,
a step towards a more ambitious scenario can be described in which more stringent action
raises the probability of holding warming below 2°C from 50% to 66% (see IEA, 2017, for policy
and technology details). This scenario will require more investment effort at the global level,
in response to more ambitious GHG emission-reduction policies than in the 50% 2°C scenario.
Simulations presented here suggest that this more ambitious scenario can still deliver positive
output outcomes, provided that mitigation is accompanied by strong pro-growth reforms.

The net impact on growth will depend on the relative changes of a range of factors. More
stringent environmental policies and higher stranded assets in this scenario than in the 50% 2°C
path will have a stronger dampening effect on the productive capacity of economies. Estimates
suggest that mitigation costs could be about three times higher in a 66% 2°C scenario than in
a 50% 2°C scenario (Hof et al., 2017). The need for more investment in a 66% 2°C scenario will
boost growth, however. Recycling of carbon revenues, which will be bigger in the 66% scenario,
could also offset some of the mitigation costs. More importantly, the benefits from avoided
damages from climate change would grow from the 50% 2°C scenario, although more markedly
so in the second half of the century, and with the above mentioned uncertainties.
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Assessing the impact of a transition to a 66% 2°C scenario is challenging, as it represents
a non-linear step change from the pathway to reach 2°C with a 50% probability - energy-
related CO, emissions in 2050 would need to be roughly halved from their level under the
50% 2°C projection (IEA, 2017).

« First, the marginal returns of the additional investment required in the energy sector
will most likely be lower, as all the easily attainable benefits will already have been
grasped in a 50% 2°C scenario.

» Second, reaching a 66% 2°C target will require substantially more action on emissions
sources related to energy use (for instance, retrofitting existing coal or gas power
plants with carbon capture and storage; significant structural changes to the
transport sector). The 66% scenario will also require even more stringent action on
non-energy-use emissions, including from land use, which also has implications for
the energy sector because of constraints on biomass supply. As a result, the carbon
taxes will need to rise more than proportionately throughout the economy, reflecting
the high marginal costs of emissions reductions.

 Third, the level of stranded assets would be higher than in a 50% 2°C scenario, with
a correspondingly higher impact on GDP outcomes. Although some global estimates
exist for the different scenarios, reliable country estimates of stranded assets are not
publicly available (see Chapter 3). The timing of the stranding of these assets is also
uncertain.

» Finally, the availability, cost and future performance of key technologies has an
important role in achieving ambitious climate targets. In many studies, remaining
below the 2°C target requires net global emissions in 2100 to be zero or negative
(Dessens, Anandarajah and Gambhir, 2014). This requires relying on "negative
emissions" technologies such as biomass energy with carbon capture and storage
(BECS) to counterbalance unavoidable GHG emissions. Research is under way to
better understand these different factors (see Chapter 2).

There has been little analysis of the outcome of a 66% 2°C scenario and considerable
uncertainties surround the estimates that are available. Most of the IPCC’s Fifth Assessment
Report (2014) scenarios for ambitious mitigation hover around 2°C. These show consumption
losses in the long term, with higher mitigation costs for more stringent scenarios. The
special IPCC report asked for by Parties to the UNFCCC as part of the Paris Agreement should
provide more insights into pathways leading to a maximum temperature increase of 1.5°C.

In addition to the very large uncertainties around estimates of mitigation costs in a
66% 2°C scenario, it is extremely difficult to gauge the extent of the fiscal impetus that will
be needed to offset mitigation costs in such a scenario. Such an impetus could amount to
several percentage points of GDP in some economies that rely heavily on fossil fuels. There
are also major uncertainties regarding the level of R&D spending that would be required to
achieve this more ambitious climate target. Scenarios quantifying those needs are being
developed, and will be available in the coming years.

With these caveats in mind, Figure 4.12 provides an illustration of the long-term output
impact of a decisive transition to a 66% 2°C scenario. The net impact on output in 2050
is estimated to be 2.5%. The results suggest that a larger pro-growth policy package will
be required to offset the additional mitigation costs of the more stringent climate policy
required to meet the goal. Incorporating the output impacts from avoided climate damages
provides an additional boost to growth in the long term, with a total increase in output of
4.6% above the baseline in 2050.
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Figure 4.12. Illustration of the output impact of decisive transition to a 66% 2°C
scenario in 2050, including avoided damages
Average of selected G20 economies

Output difference to baseline, %
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Effect of net Additional fiscal Structural reforms Energy prices, Net growth Total net growth effect
investment initiative supportive & green innovation stranded assets & effect including estimated
to decarbonise of the transition regulatory settings avoided climate
damages

Note: The average G20 is a weighted average of selected G20 economies, representing 88% of the G20 countries (i.e. excluding
the European Union). Energy prices and stranded assets are based on the IEA scenario and correspond to a move to a 2°C
climate objective with a 66% probability. Regulatory setting captures the reduced costs of the transition in a more flexible
regulatory environment, based on firm level investment regression that interacts energy price inflation with product-market
regulation settings. Fiscal initiative corresponds to an increase in public investment that complements the net investment
from decarbonisation so that in total, investment would increase by 0.5% of GDP. This means that net fossil fuel exporters
who experience disinvestment from mitigation policies are assumed to invest more to compensate for this disinvestment.
The structural reform considered here is a lowering in barriers to investment by 0.35 point for the OECD member countries
and by 0.85 point for emerging economies, which correspond to the average change in this measure in the past. The impact
has been calculated using estimation of business regulation on income per capita by Egert (forthcoming) and Egert and
Gal (2016). Innovation corresponds to a 0.1% of GDP increase in R&D spending. It is assumed that the stylised fossil fuel
exporters recycle their carbon tax revenues into higher public consumption in the medium term, given their initial low
level of public debt. No recycling is assumed for the net importers. For damages, simulations presented here include only a
subset of potential damages, excluding for instance damages from extreme climate events, due to difficulties in projecting
their frequency, severity and location. The exercise models global damages associated with temperature increases, using
the Nordhaus (2016) damage function.

Acting now and acting together: implications of a delayed transition and of
actions limited to a leadership group

The costs of delayed action

The decisive transition scenario requires a rapid change in the direction of investment,
based on a set of incentives that may be disruptive at some level in the near term, even if
combined with a broader economic package for growth. Faced with potential short-term
costs, countries may be tempted to delay action to ward off the long-term climate threat,
despite the availability of policies to manage adverse impacts on industry, labour markets,
households and communities (Chapters 5 and 6).

The scenario presented in this section assumes the decisive transition (i.e. action
and investment to limit global warming to 2°C with a probability of 50%) is delayed to
2025, at which point a reassessment of climate risks triggers an abrupt transition toward
decarbonisation. The delayininvestingin decarbonisation increases costs, as more stringent
climate policies have to be introduced more rapidly, leading to more stranded assets of
emission-intensive activities that for which investment continued up to 2025 under a less
ambitious climate policy outlook. The scenario relies on the IEA global estimates of around
USD 310 billion of additional stranded assets in the upstream oil sector alone (IEA, 2016).
This amount is distributed across countries, over the first 10 years following the delay,
following the methodology outlined in Glades and Ekins (2014).

Delaying action would be costly for all countries (Figure 4.13). The average output loss
for selected G20 economies would amount to 2%, with most of the loss incurred a year after
the delayed transition starts. Losses would be particularly marked in net fossil fuel exporters,
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with a significant amount of additional stranded assets compared with a non-delayed scenario.
Broadening the scope of stranded assets beyond the upstream oil industry would also result in
higher losses — coal-based power generation in particular can be a significant share of stranded
assets in mitigation scenarios (see Chapter 3 for IEA, 2017 and IRENA, 2017 estimates).*

In addition, this result is based on a relatively conservative scope of stranded assets
(Chapter 3). Capital losses may also trigger financial instability, which could lead to further
economic losses through two principal channels:

« Astock market channel: stock marketinstability through the exposure of institutional
investors such as banks, pension funds and insurance companies to stocks of listed
oil and gas companies. This exposure could harm economies as a tightened credit
supply - due to weakened bank balance sheets and increased volatilities - would
further hamper investment. In addition, household exposure to stocks of affected
companies could lead to a decrease in savings with negative effects on consumption.

e A debt and loan channel: potential default by some affected companies on their

fixed income and bank loans due to capital losses, with similar implications for bank
balance sheets and credit supply as the stock market channel.

To illustrate the stock market channel, a full write-down of companies is simulated in
the oil and gas sector on domestic equity markets. Although exposure of stranded assets
of firms in climate-sensitive sectors is not likely to lead to a full write-down of all assets,
a 100% shock to market capitalisation provides an upper bound estimate. This choice is
consistent with Battiston et al. (2016) who stress test the EU banking system in order to
identify systemic impacts of climate change policies.

The magnitude of additional economic losses triggered by financial instability from
capital losses from stranded assets would depend on countries’ reliance on fossil fuels and
the extent of market capitalisation, with sizeable impacts limited to the short term.

Overall these results are in line with existing literature which also points to significant
cost of delaying action and a trade-off between reduced short-term costs and higher
economic adjustments caused by continued carbon lock-in. This implies the need to sharply
increase carbon prices and to introduce more stringent regulations as governments seek
to return to a 2°C-compatible pathway (Bosetti et al., 2009; Kriegler et al, 2015; Jakob et al.,
2012). Inertia in the extraction sector is also found to be a factor affecting the benefit of
climate change action and thus strengthens the case for early action (Bauer et al., 2016).

Figure 4.13. Macro-economic implications of delaying action on climate
(without growth-enhancing policies)
GDP difference to 50% 2°C scenario
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Decisive action taken by a leadership group of countries

Decisive action on climate mitigation, beyond the Nationally Determined Contributions
submitted for the Paris Agreement, may also be taken by a group of leading countries, even
if multilateral action is lacking. Such action would require bigger structural adjustments
than the multilateral case, as emission-intensive activities in coalition countries may move
to other countries. This would reinforce the case for accompanying structural reforms to
boost growth and facilitate economic adjustment in the leadership coalition countries (see
above and Chapter 5). Countries outside the leading group may face more stranded assets
later, and the costs of delayed action. Achieving climate change mitigation objectives would
be compromised, resulting in substantial long-term costs and risks. Such a leadership group
scenario cannot be accurately modelled, but the following discussion analyses qualitatively
the likely forces at play.

Collective action is needed to mitigate climate change. Countries may be tempted to
“free ride”, however, enjoying the benefit of climate change mitigation while limiting their
own mitigation efforts to avoid the potential costs or loss of competitiveness. There is also
an incentive to wait for low-carbon technologies to become less expensive. A group of
countries may nevertheless choose to take the lead even if others do not: leader countries
can gain from the co-benefits of climate change mitigation action, especially the positive
impacts of lower air pollution for human health (see Chapter 3 and Tirole, 2012). Some
large countries, in particular China, bear a significant share of the cost of global warming
and may therefore have a stronger incentive for action. In addition, public opinion may put
environmental concerns high enough on the political agenda to induce governments to take
the lead. Leader countries may choose to act without an explicit agreement or in a coalition;
there is a vast literature investigating the rationale for building environmental coalitions,
their credibility and enforcement, and mechanisms to increase their breadth and stability
(Barrett, 1994; Barrett, 2003; Nordhaus, 2015; Dellink, 2001; Finus et al., 2006). Annex 4.A1
looks in more detail at some of the mechanisms resulting from a group of countries taking
the lead in terms of climate mitigation.

Evidence suggests that countries taking the lead on climate change may not suffer
in aggregate macro-economic terms, particularly in the medium term (Dechezleprétre
and Sato, 2015). More stringent environmental policies do not seem to affect aggregate
competitiveness,butdohave smallbutsignificanteffectsonsectoral specialisation: countries
with stringent environment policies (or high energy prices) tend to have an advantage in
less pollution-intensive exports, after controlling for other factors such as capital intensity,
endowments or geography (Kozluk and Timiliotis, 2016). Most technologically advanced
firms are also more likely to further increase their productivity. Less advanced firms,
especially those relying on carbon-intensive production, would either need to increase
investment to reorient their production or exit the market (Albrizio et al., 2017). Caution is
required when extrapolating these results to unprecedented increases in environmental
stringency. However, a regulatory environment that is conducive to competition, entry of
new firms and smooth reallocation of resources from exiting firms and activities makes it
more likely that the economy will respond through higher innovation and productivity (see
Box 4.3 above).

Conversely, if climate action is limited to aleadership group, high-emissions production
in countries outside the group is likely to increase, as it would benefit from less stringent
climate policies, lower associated costs (e.g. carbon taxes) and lower global fossil-fuel
prices. Empirical evidence, as cited above, suggests these production cost differences may
not be large. Nevertheless, the more easily production in the leadership coalition can be
substituted by production in other countries (e.g. of energy-intensive manufacturing goods
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traded in world markets), the stronger the competitiveness gains of opt-out countries
in carbon-intensive sectors. In the longer term, however, if the opt-out countries decide
eventually to pursue mitigation, they would face the risk of substantially more stranded
assets as well as higher adjustment costs. In the meantime, their populations would also
suffer the health costs of higher local pollution and environmental degradation.

Attaining global climate goals in a leadership group scenario would require larger climate
mitigation efforts within the leadership coalition than in the case of a global decisive action
scenario, due to the lack of action in the opt-out countries. Hence, such a scenario can only be
realisticifthe coalitionis sufficientlylarge. Moreover, the structural changes and associated costs
would be more marked. Reforms to reduce the costs of structural change and boost technology
diffusion would therefore be particularly relevant for the leading countries. Adjustment costs
and redistributive effects across sectors would result in intensive lobbying against mitigation
action. The leading countries could hence use carbon tax revenues for growth-enhancing tax
reforms (e.g. to lower labour taxes) and to mitigate adjustment costs. Pollution haven effects
could give rise to demands for tariffs (e.g. border carbon adjustments) or other restrictions on
carbon-intensive imports — even if the welfare gains of freer trade are likely to outweigh the
costs of abating the trade-induced leakage (Kuik and Gerlagh, 2003).

By pursuing climate mitigation policies, the leadership group would also accelerate
the development of low-carbon technologies, reducing the cost of their deployment.
In principle, they could gain “first-mover” advantages in these technologies, but these
“learning by doing” benefits could spill over worldwide. This would have the benefit of
reducing “carbon leakage” (Castelnuovo et al. 2005). This would result in lower emissions
and reduce deployment costs for other countries through knowledge and technology. The
positive technological spillover benefits from trade could even dominate the carbon leakage
effect (Gerlagh and Kuik, 2014).

Structural and employment composition effects of low-emission pathways

150

The decisive transition requires advances in technology and policy measures to
promote less polluting economic activity; these will inevitably result in structural change.
The evidence on existing policies to foster decarbonisation, such as the Emissions Trading
System in the European Union, suggests that the sectoral employment effects have been
small (OECD, 2014a). The estimated competitiveness effects on employment through
relocation of industry have also tended to be small. However, this may in part reflect the
lack of ambition of policies and a tendency to grant concessions and exemptions to trade-
exposed industry (OECD, 2014a).

Simulations with the OECD computable general equilibrium model ENV-Linkages (Chateau
et al,, 2014) consider the sectoral shifts under a global “mitigation-only” policy scenario to limit
global warming to 2°C and find sectoral reallocation effects to be modest in terms of overall
value-added and employment.> At the individual sectoral level, expansions and contractions
are large for some sectors, however. Not surprisingly, fossil-fuel industries and energy-
intensive manufacturing will experience the steepest declines and renewable-energy
industries the sharpest increases. For example, by 2030, GHG mitigation policies are
estimated to lower value-added in the coal-extraction sector by around 40% compared with
a situation in which governments take no further action on climate. However, the impact
of this reduction on aggregate global value-added would only be 0.1 percentage point.
Conversely, value-added in solar and wind energy is estimated to increase by 40%.
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Large impacts in individual sectors may not translate into a large overall reallocation of
activity and jobs because the most carbon-intensive industries represent only a small share
of total value-added and employment. Job reallocation as a result of climate action across
sectors (summing up the creation and the shedding of jobs) is estimated at 1.5% of total
employment by 2050. This adds a modest amount to the job reallocation to be expected on
the basis of past experience. For example, between 1995 and 2005, the amount of sectoral
job reallocation in OECD member countries amounted to 20% of employment (OECD, 2012).

In some countries where the scope for expansion of renewable energies (including
hydro and geothermal) appears strong, manufacturing sectors may grow significantly as a
result of competiveness gains, as countries collectively move to reduce GHG emissions from
fossil fuels. This is the case in the United States and Brazil. By contrast, manufacturing
is projected to shrink as a result of climate action in China and India, as their economies
are more energy-intensive. Increases in non-transport services, including housing services,
are estimated to be substantial in low-income countries because of their large weight in
the economy (close to 2% of aggregate value-added in India, for example), whereas there
may be reductions in high-income countries. In a few countries, including Brazil and
Russia, downscaling of value added in land transport also has some weight relative to total
economy value-added.

The model simulations also suggest that mitigation policies would result in modest
additional employment reallocation world-wide by 2050, relative to total employment, as
different sectors create and shed jobs (Figure 4.14). To focus on the reallocation effects across
sectors, the model assumes that overall national employment levels remain unaffected by
climate mitigation action in the long run. Job creation and job shedding balance, as wages
adjust to changes in labour supply and demand across sectors. As argued above, higher GDP
growth in the decisive action scenario - in which mitigation policies are implemented in an
integrated way with growth-enhancing policies - is likely to result in higher employment
in the short term. In the longer term, higher GDP growth would typically result in higher
wage growth on aggregate, with employment effects largely depending on individual
labour markets. Sectoral job creation and destruction are each estimated to amount to
0.7% of employment. Overall, job shedding in emissions-intensive energy sectors is only
partly offset by job creation in low-emission energy sectors, reflecting the important role
of improving energy efficiency. Individual country results would vary according to the
type of renewables or fossil fuels they use. Where biofuels may expand, such as in Brazil,
renewables may generate more employment, as this activity is labour intensive. Job creation
may then exceed job loss in services and manufacturing sectors.

Jobreallocation is estimated to be strongest in some of the emerging economies, notably
in India, Indonesia and Russia, although these results need to be treated with caution in
view of widespread labour-market informality in these countries (Figure 4.15). In India and
Russia, climate change mitigation policies result in more substantial job losses in high-
emissions energy production, whereas in Indonesia agriculture may shed jobs equivalent to
about 1% of total employment. Non-transport services account for much of the job creation
as a result of climate change action. In South American economies and South Africa, job
reallocation is smaller. This is also true for all high-income countries, including Australia
and Canada, where fossil-fuel extraction activities are relatively important.
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Figure 4.14. Sectoral composition of job reallocation in the world
Deviation to baseline in 2050 in a 2°C scenario, percentage of total employment
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Figure 4.15. Job reallocation is relatively strong in some emerging economies
Deviation to baseline in 2050 in a 2°C scenario, percentage of total employment
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Model simulations suggest that the majority of job reallocations from climate change
mitigation action affectlow-skilled workers, because they constitute over half of total labour
costs in energy-producing sectors (OECD, 2016c). This is especially the case in emerging
economies. In OECD member countries, high-skill occupations such as managerial staff and
technical experts are also expected to undergo significant reallocation.

In the long term, the scale of change implied by the transition to low-emission and
climate-resilient economies will be much greater than modelled here because such
economies will ultimately require greater reliance on knowledge-based outputs and human
capital, and less reliance on the use of material resources and environmental services
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(OECD, 2014a). More generally, in the longrun, it has been argued that low-carbon economies
require more reliance on new ideas - the “knowledge economy” or “weightless economy”
- and less on raw materials and energy, boosting demand for highly educated workers and
workers providing services that do not require a lot of material inputs (OECD, 2014a). These
are likely to require resource reallocation not only between the broadly defined sectors
shown above, but also within sectors.

For mitigation policies, as for any policy resulting in structural change, the functioning
of the labour market will have a significant impact on aggregate employment outcomes.
Rigidities in the labour market may hamper structural adjustments, with negative effects
on employment and GDP (OECD, 2012). Wage rigidity in the formal sector is more of a
problem in rapidly growing developing countries, such as in China and India, because of
the larger sectoral reallocations of labour necessary (OECD, 2014a).

The decisive transition policy scenario shows how climate policies combined with
well-aligned pro-growth reforms and fiscal initiative can put economies on track for low-
emission, climate-resilient growth, while also facilitating the reallocation of jobs across
sectors. It is also essential that sector-level changes be accompanied by proactive measures
to plan and invest in sustainable jobs, as discussed in Chapter 6.

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017 153



4. GROWTH IMPLICATIONS OF CLIMATE ACTION

154

Notes

1. The simulations presented in the chapter cover the G7 countries, Australia, China, India,
Indonesia, Brazil, South Africa, and the Russian Federation. The G7 countries and Australia are
considered to be advanced economies and China, India, Indonesia, Brazil, South Africa, and the
Russian Federation emerging economies.

2. Studies based on integrated assessment models also find a negative impact of mitigation
policies in the short to medium term, although the magnitude of the impact is more pronounced
than in the current analysis (IPCC, 2014). Differences reflect the nature of the modelling tools
used in the two approaches and - more important — the fact that the present analysis accounts
for the specificity of the current macroeconomic environment of low growth and low interest
rates. Another difference between simulations presented in this chapter and those cited in
IPCC (2014) is the focus on selected G20 economies, primarily due to data constraints.

3. The implementation of a carbon tax and other energy taxes can reduce growth prospects in
the short term. In the IEA scenario, carbon and other energy taxes lead to a fall in fossil fuel
demand, including through the change in the sectoral composition of the economy and gains
in energy efficiency. In practice, however, the simulation outcomes presented in this chapter
are primarily explained by the magnitude of the investment needs estimates and carbon price
increases to achieve the climate objectives.

4. There is no universally agreed definition of stranded assets: see the discussion in Chapter 3.

5. This scenario focused on the effects of global climate mitigation based on a price applied
globally to all greenhouse gas emissions, without fiscal initiative and pro-growth reforms
assumed elsewhere in this chapter. Overall impacts on GDP would be more negative in the
absence of these measures (Chateau, Dellink and Lanzi, 2014).
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ANNEX 4.A1. Collective mitigation policies,
world fossil fuel prices, substitution effects and innovation

Introduction

Collective global action by definition excludes free-riding and carbon leakage, and provides
the scale necessary to tackle the climate change challenge.! However, incentives to free-ride
can be substantial. Countries refraining from climate mitigation could benefit from lower global
fossil fuel prices, gaining a competitive edge in carbon-intensive production. They could also
be tempted to wait till low-carbon technologies become cheaper before avoiding high upfront
costs. Some countries may have incentives to take the lead in terms of climate mitigation,
however (Tirole, 2012). Countries will want to minimise local collateral damage such as air
pollution. Moreover, the largest actors, such as China, expect to bear a non-negligible cost of
climate change and officials tend to prefer policy options consistent with public opinion.

The magnitude of the necessary climate mitigation action and the feasibility of
achieving climate goals are likely to depend on the size and composition of the set of
countries taking up climate mitigation. What would be the consequences of partial and
heterogeneous action, as opposed to a collective action? This annex addresses this question
by looking at three key aspects of the global economy: the role of global fossil fuel prices,
the effects via the trade channel and the role of innovation.

In practice, policy decisions are not exogenous, and they are interdependent. There
is a vast literature investigating the rationale for building coalitions. Barrett (1994)
emphasises credible or “self-enforcing” treaties that combine individual and collective
rationality. Barrett’s (2003) book on international environmental agreements discusses the
“small coalition paradox” (as called by Nordhaus, 2015) according to which coalitions are
either small or shallow. Dellink (2001) discusses incentives that stabilise large coalitions,
and Finus, lerland and Dellink (2006) show that a transfer scheme can help. Nordhaus
(2015) strengthens the concept of coalition stability in adding rationality for each subset
of the players. Lessmann, Marschinski and Edenhofer (2009) show that trade sanctions
can significantly raise participation in coalitions. Lessmann and Edenhofer (2011) show
that research co-operation can foster coalition stability when it focuses on research co-
operation in mitigation technology rather than co-operation on augmenting productivity in
the private good sector. This discussion on determinants of policy decisions goes beyond
this annex that discusses their consequences.

This illustrative modelling exercise presents very simple, stylised relationships - in
a world of two principal regions which are the coalition (where fossil fuels are subject to a
carbon tax) and the opt-out countries, where no equivalent policies are undertaken. In practice,
similar reasoning can be applied to sectors (rather than countries) and other climate
policies that increases the cost of carbon emissions (e.g. emissions trading schemes). The
qualitative conclusions present similarities with those derived from more detailed general
equilibrium models, such as in Burniaux and Oliveira Martins (2012), reflecting a supply-
side leakage related to the negative effect on fossil fuel price and a specialisation leakage
effect due to changes in relative production costs (see also a discussion of leakage channels
in Marschinski, Jakob and Edenhofer, 2009).
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The following points are discussed:

» Carbon-pricing in a subset of countries (or sectors) can be less effective in reducing
global emissions than full carbon pricing, not only because the scale of the climate
change challenge requires broad action, but also because exempted entities benefit
from lower fossil fuel prices and from a leakage effect.

» As climate action in individual countries spurs technological progress in low-carbon
technologies, the effect on emissions may be broader due to knowledge diffusion
across countries, including those not taking up climate mitigation. In the context of
partial action, it may thus be even more important to assure that climate mitigation
policies support both innovation and its diffusion.

« Efficiency gains in sectors with low demand elasticity (e.g. heating efficiency in
advanced economies where demand is already saturated), rather than sectors with
high demand elasticity are likely to result in less of a rebound effect.

» The rebound effect can be mitigated with carbon taxes.

» Should carbon-pricing cover a subset of sectors, the largest emissions reductions are
expected to be reaped in sectors in which price-elasticity of demand is the highest
(e.g. cases where an alternative zero-emissions option already exists). Leakage will
be lowest where the elasticity of substitution with exempted items or imported items
that may bear a lower carbon tax is the lowest (e.g. non-tradable goods).

» The appropriate amount of the carbon tax depends on numerous factors, including
long-run fossil fuel supply-side and demand-side elasticities, which cannot be
observed with precision, and the availability of technologies, suggesting that the
appropriate pace of a carbon tax may need to be adjusted on a regular basis by
governments informed by market developments.

Three main mechanisms are investigated in this exercise: the role of endogenous
world fossil fuel prices in the leakage of emissions abroad; the role of substitution towards
exempted fossil fuels; and some aspects of the role of innovation. In the first section,
the computation takes into account the fossil fuel price mechanism, while ignoring the
substitution effect. In the second step, the computation is augmented with a substitution
effect to get an overall effect of the carbon tax on fossil fuel quantities emitted. In a third
step, the role of innovation is discussed. In a final step, the theoretical channels are
combined with key findings in the literature to draw policy implications.

A leadership coalition and a world fossil fuel price with a partial carbon tax and
without explicit substitution between goods

158

In a stylised world in which agents consume or produce a composite fossil fuel good,
the consumption of fossil fuels is assumed to be proportionally linked to carbon emissions.
In the coalition region A, agents consuming fossil fuels are subject to a carbon tax T (or
an equivalent environmental policy) that increases the end-user fossil fuel price to p¥+T,
where p¥ is the fossil fuel world price. In the opt-out region B, agents are also consuming
fossil fuels, but are not subject to a carbon tax. All fossil fuel producers are in a third entity
C. Let’s denote a, and (1I- ;) are the relative size of entities A and B. Fossil fuel demand is
a decreasing function d(p%) of price and fossil fuel supply is an increasing function s(p%)
of price. Formulated as such, this modelling is stylised, but also quite general: it can refer
to any shape of demand and supply curves. Then, one can write the demand and supply
functions determining quantities of fossil fuels consumed by region A (q,), consumed by
region B (q,) and produced in the world (q ) as:?
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1) qa = ard,(p" +T)
2 qp=(1-ar)dz®")

G qc=s@")

The static equilibrium world fossil fuel consumption g=g,+q, depends on the carbon
tax T In a first step, one can see that the overall effect of the carbon tax on reducing
emissions in the coalition is partly offset by the increase of consumption in response to the
world (pre-tax) fossil fuel price decrease:

aq ' ' ap"

Direct ef fect in coalition A4,

——
; 5 World price ef fect
holding world price constant

where dg (p")=ards(pW + T) + (1 — ar)dg (")

is the global demand function for fossil fuels.

The clearance of the fossil fuel market provides the world fossil fuel price, as the
solution of the following system:

; qa + Qg = dc
O arda@¥ +T) + (1 —ap)dz@®) = s@¥)

Hence, one can derive the effect of a carbon price on the world fossil fuel price:*

opW _ ardA'(p"+T)
ar  s'(@W)-dg(®")

(6)

Inserting equation (6) in equation (4) provides a global effect of a coalition carbon tax
on fossil fuel consumptions (and hence emissions):

aq _ ardA'(pW+T)s'(»%)

DT ey O

The direct effect in coalition region A dominates the world price effect, so that fossil fuel
consumption decreases at the world level. In the opt-out region B however, the world price
effects pushes fossil fuel consumption up.> A carbon tax in the coalition will deliver larger
gains the larger the size of the coalition and the higher the sensitivity of fossil fuel supply and
output to fossil fuel prices. For instance, Figure A1.1 illustrates the effect of the same carbon
tax in a low demand elasticity case (Panel A) and in a high demand elasticity case (Panel B).®
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Figure Al.1. The effect of a carbon tax on the fossil fuel world equilibrium
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Note: (D) and (S) denote demand and supply functions, P, the world fossil fuel price, q, + g, the quantity of fossil fuel
consumed and T a carbon tax scaled by the share a,.

The importance of supply elasticity in emissions outcomes can be better understood
with a stylised extreme case. In the extreme case where supply is inelastic: s'(p¥), quantities
(and emissions) do not adjust (Figure 4.16, Panel C). This would correspond for instance to a
fossil fuel supplier setting a world-level quantity cap with no reaction to the introduction of
a carbon tax. In this particular case, prices are changing, so that fossil fuel consumers can
capture the price premium that would otherwise be captured by the fossil fuel supplier’. As
a result, world fossil fuel prices are more sensitive to a carbon tax, and fossil fuel quantities
remain constant - with perfect leakage of emissions to the opt-out region. In practice, a
fossil fuel supplier cartel can reduce the price-elasticity of supply.

A world fossil fuel price with a partial carbon tax and substitution between
taxable and non-taxable fossil fuels

160

In practice, the demand for a good depends on the imported substitutes and their
prices. This was implicit in the previous section; making the role of substitution explicit
helps to think about the trade channel. The demand equations (1) and (2) are thus replaced
here by equations in which demand depends both on the price in the region and on the
price of the imported substitute from the alternative region, while the supply side function
is left unchanged:?
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1) qa=ds(pa=p" +T,pg =p")

) qg=dg(Pa=p" +T,pgp =p")

() qc=s@E")
One should then rewrite equation (4), including an additional substitution (or trade)
effect:
0q _  dd4 . w w 1 owy32Y ddg . w w
@ aw= @ tTPY) + de(@") o, P tTPY)

" — %
Direct ef fect in coalition A World price effect  Substitution ef fect inregion B

The effect of a change in the carbon tax on the world oil price is dampened by this
substitution effect, as the substitution effect mitigates the demand reduction:

944 (W 4 W)+ 29B W L W
() "W _ Gpa P TP g, (T +Tp™)

aT s'(W)-dg (W)

' dd dad dd, dad
where dg (") = 0" + T,p") + 2" + T,p") + 32" + T,p") + 32 (0" +T,p")

In sum, the overall reduction of emissions is lower, as the demand for fossil fuels is
increasing in region B when prices increase in the coalition A:

ad ad
aq _ apa @ +Tp")s' (") @ +1p")s' (")
7) ==
) T T o™ SO -dp ™)

positive substitution effect

The relationships presented here can also be used to think about the consequence of a
carbon tax (or any equivalent policy) that covers a subset of sectors only. For this purpose,
regions A and B could be replaced by two sectors, one that is subject to the carbon tax, and
one that is not. Of course, the calibration would then need to reflect price elasticities in each
sector.

The role of innovation is uncertain a priori

Another important factor that plays a role in the move to a low-carbon environment is
innovation, which leads to improvements in energy and fossil fuel efficiency, i.e. the ability
to produce with lower fossil fuel inputs. The sign of the effect on improving fossil fuel and
energy efficiency on carbon emissions is ambiguous. On the one hand, for a given unit of
consumption, less fossil fuels and emissions are used. On the other hand, the efficiency
improvements make energy-intensive goods cheaper, increasing the demand for them and
hence emissions: this is the so-called “rebound effect”. The rebound effect was observed
in the nineteenth century by Jevons (1865): efficiency improvements to the steam engine
technology had increased coal consumption.’ The magnitude of the rebound effect is subject
to much debate. In particular, Grubb (1990) argues that the rebound effect depends to the
extent to which energy prices and availability constrain demand or not. He also argues
this effect can be lower when price changes are policy driven and when fossil fuel prices
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are higher. This would be the case if policies boosting efficiency focus on price-inelastic
activities where market incentives to increase efficiency are poorer.

If one assumes that fossil fuels q are used to produce a final good C with a technology
A, so that C = A g, then one can write the following elasticity of fossil fuel demand to
technology:

dln (q) _ dln (C) dln (m) _
dln (4) _ aln (m) dln (4)

—
o0
~

where g:z—gg is the elasticity on the final good C to its price and gi:—ﬁﬂ the sensitivity of
the price of the final good to the efficiency improvement. In other words, the rebound effectis
larger when demand for the final good is price-elastic, and offsets the emissions reductions
when the good is fossil fuel-intensive, such as transport. At the macroeconomic level, the
long-term declining share of energy in GDP suggests implies a decreasing sensitivity of
consumer price to fossil fuel prices: this second component driving the rebound effect has
declined.

Similarly, the effect of carbon prices on energy efficiency innovation is ambiguous from
a theoretical perspective. A stylised way to discuss the ambiguities is to look to what extent
consumers’ utility improves in case of innovation. Let’s denote U(C=Aq) the utility with
decreasing marginal returns. Then, the sensitivity of utility with respect to energy efficiency
gain can be decomposed into two components. On one side, the price increase of fossil fuels
should decrease their quantity consumed, decreasing the relevance of innovating in this
field: there is a negative market size effect. On the other side, at lower consumption level,
the welfare effect of a slight increase in consumption is larger. The utility is more sensitive
to marginal gains, this is a positive scarcity effect:

au '
© Fi° qa - U'(Aqu)

Lo b5
market size effect scarcity ef fect

where U(.)is a utility function with decreasing marginal gains.

The learning-by-doing channel presents no theoretical ambiguity about the effect of
environment policy stringency (see Castelnuovo et al. 2005, for simulations with a learning-
by-doing channel). In this channel, the pace of technology improvement increases with
the size of the market. As a result, a carbon-pricing policy will increase innovation in zero-
carbon energy, and as this innovation spills over, this should lead to worldwide gains. Di
Maria and van der Werf (2008) build on the spillover argument to argue that the induced-
technology effect of climate policy reduces carbon leakages. In this channel, first movers
can benefit from this learning-by-doing effect, but they may also support a short-term cost
of starting to use new methods before the technology has matured: early investment can
be depreciated faster.

Insights from the empirical literature and policy implications

162

The empirical literature provides evidence on the pollution haven hypothesis, namely
that highly polluting industries can concentrate in countries with low environmental policy
stringency - after controlling for other factors, such as capital intensity, endowments or
geography (see for instance Aichele and Felbermayr, 2015; and Kozluk and Timiliotis, 2016).
This illustrates the importance of the substitution effect across countries. At the same time,
Kozluk and Timiliotis (2016) show a significant but small shift in specialisation: in countries
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with high environmental policy stringency, firms tend to specialise in low-pollution goods
so that overall net exports are not affected by disparities in environmental policies. The
pollution haven hypothesis can raise the issue of the net gains of openness. Kuik and
Gerlagh (2003) find that welfare gains of freer trade outweigh the costs of abating the trade-
induced leakage. In addition, Gerlagh and Kuik (2014) argue that the positive technological
spillover effect can dominate the carbon leakage effect.

OECD (2016) shows that effective carbon prices are highly uneven within countries.
Effective carbon prices are typically high on final goods that consumers cannot substitute
with carbon-tax exempted goods, such as gasoline, and low on other tradable goods, such
as manufacturing goods. This is consistent with a rational non-co-operative behaviour in
which governments prefer to avoid a carbon tax in cases where the elasticity of substitution
is the highest.

Fossil fuel consumption need not always be proportional to carbon emissions. In
some cases, carbon emissions can be reduced without reducing fossil fuel consumption
(e.g. carbon capture and storage, reforestation). In these cases, the world fossil fuel price
channel does not operate.

Many academic studies have investigated the price elasticity of energy demand.
End-user price elasticity estimates are summarised in a meta-analysis by Labandeira,
Labeaga and Lopéz-Otero (2017), and Fournier et al. (2013) provide an overview of selected
empirical studies of the oil price elasticity. There is large uncertainty surrounding the
estimates. In addition, long-term elasticity is much larger than short-term elasticity. This
is expected because some of the adjustments take time to materialise (e.g. switching to
low-consumption cars). Coal supply elasticity is typically assumed to be larger, and plays
a critical role as carbon intensity of coal is high (Burniaux and Oliveira Martins, 2012). As
regards magnitudes, there is a difference between end-user price elasticity and world prices
elasticity: a 1% change in a world price does not translate into a 1% change in end-user price
in the presence of an excise tax. Long-term demand elasticity to end-user energy prices
is about -0.5 (ranging from about -1.2 to about 0 in a selected sub-sample of estimates)
according to Labandeira, Labeaga and Lopéz-Otero (2017), and long-term demand elasticity
to oil prices is about -0.2 (from about -0.6 to about 0) according to Fournier et al. (2013).

The few studies estimating supply-side elasticity provide mixed results (e.g. Lin, 2008).
Such studies are scare, in part because it is even more difficult to isolate demand shocks
than supply shocks. The global financial crisis provides a particular experiment, with the
sharp demand-driven collapse of the oil price at the end of 2008 suggesting that short-term
supply elasticity is very low. However, this should be read with great care as this is a single
event, during which financial market disruptions could also have affected the world price;
the shale gas revolution could also have played a role. To overcome this problem, some
papers (e.g. Dées et al., 2007) model the supply of oil using a curve-fitting technique along
the lines of Hubbert (1962). However, such techniques are inherently difficult and tend to
be consistent with a wide range of possible supply paths, particularly if peak production is
unknown.

The fact that short-term supply and demand-side elasticities are much lower than
long-term elasticities has a policy implication on the appropriate tax level to reach tighter
emissions targets. Rapid increases in the stringency of environmental policies are likely
to require a particularly large carbon price, supporting the case for a gradual increase in
environmental policies over a long period. Should short-term supply-side elasticity be much
lower than short-term demand-side elasticity, then the short-term effect of a sharp increase
in a carbon tax could be a sharp collapse of fossil fuel prices, dampening substantially the
emissions effect. In particular, this raises concerns about any delayed action scenario that
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necessitates a quick and large rise of carbon price to compensate for the delay. The pace
of increase of carbon prices needs to remain reasonable; it is all the more necessary to
start tightening emissions targets early. This also means that mitigation policies need to be
announced in advance with credible commitments, so that agents can anticipate changes
that need time to be implemented.

Recent literature suggests that there is evidence of a rather limited rebound effect - that
is, that energy efficiency gains are only partially offset by demand increases. In particular,
Dimitropoulos, Oueslati and Sintek (2016) find in a recent meta-analysis that the direct
rebound effect in transport is around 12% in the short run and 32% in the long run. This
analysis does not include indirect macroeconomic effects, so the overall rebound effect
may be larger but is still likely to be limited.

The technological spillover effect is a strong argument in theory to claim that a
leadership coalition can be successful in mitigating climate change, but this spillover
should not be taken for granted. In practice, stylised facts suggest that spillovers take time.
The dispersion of energy efficiency across the world is large and stable over a long period.
More broadly, Barro (2015) investigates the pace of GDP per capita convergence. He provides
evidence in support of the “iron law of convergence” according to which countries eliminate
gaps in levels of real per capita GDP at a rate of around 2% per year. Convergence at a 2% rate
implies that it takes 35 years for half of an initial gap to vanish. This suggests that for the
technological spillover effect to help in mitigating climate change, additional policy action
would be useful. For example, policies in favour of foreign direct investment (FDI) may help
to transfer technologies; Meyer and Sinani (2009) provide a meta-analysis to understand
when and where FDI generates positive spillovers.
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Notes

1. Forinstance, Kriegler et al. (2015) explore a scenario in which a front runner coalition embarks
on immediate ambitious climate action while the rest of the world makes a transition after
2030. They find that the resulting climate outcome is unlikely to be consistent with the goal of
limiting global warming to 2 degrees.

2. This set-up ignores the effect of emissions on temperatures, which is turn is expected to
reduce heating demand. It is reasonable to ignore this link in the short to medium run as global
temperature is a function of the stock of past emissions and hence a change in emissions takes
a long time to translate into a change of the pace of temperature. For a model in which oil price
demand depends on temperature, see Cho et al. (2016).

3. Theintertemporal dimensionisignored here for the simplicity of the exposure. Sinn (2008) finds
a similar world fossil fuel channel in an intertemporal supply-side perspective, introducing the
“green paradox”: suppliers can even boost current supply in the presence of climate mitigation
policies that depress future fossil fuel demand. Edenhofer and Kalkuhl (2011) show this green
paradox occurs for carbon taxes that increase at a rate higher than the effective discount rate
of the resource owners.

4. This derivation is computed with the implicit function theorem.

5. Strictly speaking, the overall effect includes an implicit substitution effect as demand
depends on available imported substitutes. This is ignored for the sake of the simplicity of the
presentation at this stage and is introduced in the next section.

6. Equation (7) shows the role of derivatives with respect to the level of prices. One can convert
such derivatives into elasticities by multiplying by the price to quantity ratio.

7. 1f one assumes that this supplied quantity is optimised after the environmental policy change,
one can show that the supplier side optimal quantity would be shifted downward, so that
overall fossil fuel consumption is decreased.

8. For the sake of simplicity, entities A and B are assumed to have the same share here.

9. The Jevons paradox has been revisited by Khazzoom (1980) and Brookes (1990) and renamed
Khazzoom-Brookes postulate by Saunders (1992).
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ANNEX 4.A2. Brief description of the models

The YODA model

168

The Yoda model encompasses structural features (such as hysteresis, impact of credit
risks premium faced by governments on public debt) and some international dimensions.
By incorporating some non-linearities, this model specifically depends on the current state
of economies, and in particular their position in the business cycle. For instance, the extent
to which hysteresis affects economies will depend not only on the degree of labour-market
rigidity but also on the extent to which the economy is experiencing a shortage of demand.
This is an important difference from standard macroeconomic models. This model also
allows for monetary policy to be constrained at the zero-lower bound.

In the current version the major advanced economies, major emerging-market
economies and the rest of the world are modelled. Each country model comprises about 20
key reduced-form equations. In total, the model comprises about 700 equations.

Countries and regions are connected through trade volume linkages. One main
advantage of this instrument is that it is flexible and can be easily amended to address
specific issues such as the treatment of structural reforms.

With this model, simulations can be run up to 2050.

Specification of the main equations

This section reports the key equations that are driving the simulations.

Economic growth, which is modelled in reduced form, depends on potential growth,
real interest rates and discretionary fiscal policy.

(1) Ay, = Ay{ + aygapgapi-y + ayAry + A Aige + AyAcg, — hzAtax, — BpAep + gy,

With y¢ the log of actual output, y,” the log of potential output, r, the real long-term
interest rate, ig, cg and tax are respectively public investment, public consumption and
tax in percentage of potential GDP, and the output gap. As fiscal multipliers. Ep is the log of
(after tax) energy prices. The gap term captures the effect of other market mechanisms and
stabilisation policies that are not explicitly modelled (e.g. unconventional monetary policy).

International trade spillovers are introduced in the growth equation when the model is
simulated jointly for several countries (linked mode).

Potential output is affected by past developments in demand. Hysteresis has a
permanent impact on the level of potential:

€

(2) Ay: = Ay;;‘-—v]_ + H* Min(gapt—i’ 0) o (1-deprec)

Aige + 6 * (Ayt_1 — A¥ss) + &yry

with u>0 the degree of labour market hysteresis, € is the elasticity of public capital
in the production function, deprec the depreciation rate, § the speed of convergence of
potential output to the steady state, y*ss and error term &y, ; is a supply shock.

Inflation is driven by an expectation-augmented Phillips curve where expectations are
anchored to an inflation target.

INVESTING IN CLIMATE, INVESTING IN GROWTH © OECD 2017



4. GROWTH IMPLICATIONS OF CLIMATE ACTION

(3) T = AppMe—q + (1 - an,n)“g‘ + angap * 8aPt T Ent

With JT; inflation, /T7 inflation target and &r: an inflation shock. The specification
assumes dynamic homogeneity (i.e. that the coefficients on past and expected inflation
sum to unity).

Monetary policy settings follow a Taylor rule:

(4) i = Max(04i;—1+(1 — 6,) * (i* + o4 (M — 17 ) + 03 * gap), 1)

With it nominal short-term interest rate, T a lower threshold under which i, cannot go
and i* the neutral rate which varies over time. The neutral rate is always consistent with
targeted inflation and potential output developments. In euro area countries, monetary
policy responds to euro area-wide inflation and output gap, so that country-specific inflation
and output gap affect monetary policy to the extent of the weight of the respective country
in euro area nominal GDP.

The long-term nominal interest rate on public debt is assumed to follow the short-term
rate with a term premium and a fiscal risk. Fiscal risk increases by ¢ basis points for each
additional percentage point of gross debt. The implicit assumption here is that financial
markets impose a risk premium on the interest rate applied to debt, that is function of the
level of debt.

(5)  irly = iy + termy + riskg + ;¢

with

(6)  term; = dterm;_, + term

and

(7)  risky = @d;_q

where irlt is the long-term nominal interest rate bearing on public debt, term the term
premium, riskr fiscal risk, d: public debt-to-GDP ratio, and €;t a shock. The term premium
is time-varying, with an auto-regressive component, and in the medium term it converges
to its historical average (term).

The real interest rate is computed as the difference between the nominal interest rate
and inflation.

(8) Iy = irlt — Tt

Public balance is broken down into a structural component and a cyclical one, which
moves with the output gap.

(9)  pby = 1g¢ + €8¢ + tax; + (acg + ax)gape + €pb,t

