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Foreword

Climate change is an extreme global challenge and is high on the agenda of the
Sustainable Development Goals (SDGs) recently adopted by the United Nations General
Assembly. Although this is not the first significant episode of climate change in modern
history (see the Histoire du climat depuis ’an mil by Le Roy Ladurie, published in
1967), it is now a major threat to ecosystems, glaciers, coastal zones, agricultural yields
and, above all, to our economic systems and our societies. It is not only a threat to
future generations, but also a problem for the present ones. Sustaining and improving
the standard of living of all peoples, and especially the poor, will require slowing down

climate change and adapting to its effects.

Widespread apprehension is shared by both business and political leaders as well as
by the general public in most countries. If too little is done, the impacts of unabated
climate change could prove disastrous to all, above all in the most vulnerable regions
of the world that are usually the poorest. Cities, business organisations, and major
companies are taking steps to reduce their greenhouse gas emissions, but in order to
succeed, governments will have to push beyond the pledges submitted for the COP21

meeting in Paris.

The essays in this book provide an extensive panorama of the dimensions of this
challenge: How will we get countries to act beyond their self-interest for the sake of their
collective interest? Perceptions about past responsibilities for climate change and future
obligations vary greatly across regions. These perceptions have to be taken into account.
Institutions have to go beyond the UNFCC/Paris process to promote experimentation
and learning and include increasingly ambitious provisions for monitoring, reporting
and verification that progressively extend beyond emission levels. Policies have to be
carried out simultaneously on several fronts, ranging from investment in low-carbon
technology and R&D, to adaptation, to financing. To be effective, simultaneous
cooperation in multiple areas will be necessary. Several contributions to the book
concur that the necessary societal transformation path will require that this cooperation
be driven — at least in market economies — by a change in relative prices revolving
around agreement on a reference carbon price to be implemented progressively, starting

from a unilateral basis.

Xi
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Financial burden sharing is a hard challenge to meet because of the magnitude of
the estimated transfers. Typically located in the hottest regions, poor countries will
probably be the hardest hit by rising temperatures. They are also the least resilient, have
contributed the least to emissions so far, and have limited bargaining power. Funding
is needed for adaptation as well as for mitigation. This requires massive investment,
technological transfer and financial support from the more developed countries. Ferdi
has a mandate to promote ideas for improving the equality of opportunity across nations,
and the essays in this book are a contribution to this objective. It is our hope that they
will stimulate thinking, new ideas and new initiatives for developing a workable and

effective global climate regime, which is essential to our common future.

CEPR and Ferdi thank Scott Barrett, Carlo Carraro and Jaime de Melo for their tireless
efforts in putting this volume together. CEPR, which takes no institutional positions on
economic policy matters, is delighted to provide a platform for an exchange of views

on this critical topic.

Patrick Guillaumont, Tessa Ogden
President, Ferdi Deputy Director, CEPR

2 November 2015
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1 Introduction

Scott Barrett, Carlo Carraro and Jaime de Melo'
Columbia University; University of Venice and Feem; Ferdi

For the first time ever, in Paris at COP21, almost all of the world’s countries will commit
to reducing or controlling their own greenhouse gas emissions. At the same time, cities,
business organisations and major companies will also commit to reducing their own
emissions. This will represent an important success of diplomatic efforts to address the
climate change problem. However, preliminary assessment of the Intended Nationally
Determined Contributions (INDCs) submitted so far shows that the agreement being
prepared for adoption in Paris in late 2015 will need to create incentives for parties to
pledge to do more in the immediate future. Incentives will also be needed for parties to
actually do more. These incentives may come not only from within the United Nations
Framework Convention on Climate Change (UNFCCC) process, but also from other
sources, such as the effort currently underway to amend the Montreal Protocol to limit
hydrofluorocarbons (HFCs). The emerging regime for limiting climate change will
therefore consist of multiple agreements, policies, and actions adopted at the local,

regional, and global levels.

In Paris, but also beyond, attention will probably focus on whether similar countries
are making similar pledges to limit their emissions. It will also focus on whether the
sum total of all pledges will put the world on track towards meeting its common goal.
The current goal is to prevent mean global temperature from rising by more than 2°C
relative to the pre-industrial level. Attainment of this goal may already be beyond our
reach, but the bigger point is that limiting temperature change to any level will require
reducing carbon dioxide (CO,) emissions to zero, or removing CO, directly from the

atmosphere. This is an unprecedented global challenge.

1 Thanks to Arild Angelsen, Ottmar Edenhofer, Brian Flannery, Patrick Guillaumont, Thomas Stocker, David Victor and

Mitsutsune Yamaguchi for helpful comments.
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From a top-down perspective, the approach needed to meet this challenge is
straightforward. To limit concentrations, cumulative future emissions must stay within
a fixed ‘carbon budget’. This perspective reduces negotiations to a zero-sum emission
game, one in which a smaller emission reduction for one player necessarily implies a
larger reduction for another. In other words, the top-down perspective puts the spotlight
on equity and fairness, assuming away the problems of efficiency and effectiveness.
However, the top-down approach cannot be implemented directly in a world in which
states are sovereign. In contrast, the bottom-up approach takes as its starting point
that states are likely to act so as to advance their self-interests, unless they are given
incentives to limit their emissions further for the sake of their collective interests.
The challenge in this case is to provide these incentives. The process of assessment
and review negotiated for Paris is one way to provide such incentives — by creating
opportunities for ‘naming and shaming’. The Paris approach is thus a blend of the top-
down and bottom-up approaches, simultaneously pushing countries away from the non-

cooperative outcome and pulling them towards the full cooperative outcome.

However, the gap between these two outcomes is vast and will be difficult to close. The
non-cooperative outcome, being grounded in self-interest, holds a strong attraction. By
contrast, the ideal outcome requires deep cooperation and may be beyond the reach of
our existing institutions. What we need is a regime for limiting climate change that is
workable and effective, rather than workable and insufficiently effective (as might be
the case with Paris) or effective if implemented but politically unacceptable (as would
be true of an ‘ideal’, top-down climate agreement). This volume presents a number of
analyses, ideas, and proposals for how to design, build, and sustain such a workable and
effective regime. The contributions look to — but also beyond — Paris, identifying the

paths that the evolving climate regime can and should take.

This book’s main goal is to provide hints, guidelines, and policy recommendations
for a workable and effective climate agreement. Most chapters focus on effectiveness.
However, one of the merits of the book is that it also provides sound analyses of fairness
(and therefore workability) of a climate agreement. The concern with distributional
issues cannot be neglected. Countries will agree on reducing their own greenhouse gas
(GHG) emissions only if they believe that the burden of this emission reduction effort

is fairly shared among all the world’s regions.
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The book is organised into seven sections. Aimed at a non-specialist audience, each
chapter is short, pragmatic, and can be read independently. Part I identifies the
challenge, focusing on the science of climate change, the 2°C goal, and the state of the
climate negotiations. Part II provides a perspective on how some of the key players see
this issue — from Africa to China, from Europe to India, and from Japan to the United
States. Part IIT describes how the self-interests of players like these can be leveraged
by the design of international institutions to provide meaningful and effective collective
action. Part IV moves from a focus on institutions to the design and implementation of
policies. Part V is concerned with technology options, discussing not only how policies
can stimulate the development and diffusion of key technologies, but also how some
technologies (such as geoengineering) present their own challenges for the design of
policies and institutions. Part VI addresses the distributional issues around burden-
sharing and the need for the poorest countries to develop even as the world moves
towards a new energy future. Finally, Part VII is concerned with how to address these

issues with international finance.

Part I: The challenge

Climate change is a monumental challenge for policy (Arrow 2009). As we approach
the Paris Conference (COP21), many participants and observers are filled with hope but
are also concerned that the new agreement will fall short of the ‘ambition’ needed to

stabilise greenhouse gas concentrations at a ‘safe’ level.

This apprehension about the future is shared not only by the scientific community,
but also by business and political leaders, and by the general public in most countries.
If too little is done to limit emissions, the impacts of unabated climate change could
prove disastrous in many regions of the planet. Part I thus leads off with a state-of-the-

art assessment of the scientific, economic, and policy aspects of climate change.> The

2 In their chapters, several contributors refer to IPCC reports, occasionally the same ones. To save space, end-of-chapter
references only cite the co-lead authors for each publication. Readers wishing to refer to the full documents will find the

full citation in the references to this Introduction.
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purpose is to explain what is at stake in Paris. Part I ends with a summary of where the

negotiations stand now, as we head into Paris.

As President Barack Obama recently said, “[s]cience, accumulated and reviewed over
decades, tells us that our planet is changing in ways that will have profound impacts on
all of humankind”.* This is also what Stocker, Co-Chair of IPCC Working Group I, tells
us in Chapter 2. The scientific assessments carried out by the Intergovernmental Panel
on Climate Change (IPCC) have delivered robust and rigorous scientific information for
the complex negotiations to limit climate change and its impacts and risks, particularly

those that threaten the livelihoods of humans and the functioning of critical ecosystems.

However, climate change is not only a threat to ecosystems, glaciers, coastal zones,
and agricultural yields; climate change is above all a threat to our economic systems
and our societies. It is not only a threat to future generations, but also a problem for the
present. Combating climate change is therefore important for sustaining and improving

the standard of living of all the world’s peoples.

In Chapter 3, Edenhofer, former Co-Chair of IPCC Working Group III, and his
collaborators emphasise not only the risks and costs of climate change, but also the
risks and costs of mitigation, namely of reducing GHG emissions to limit the impacts
of climate change. In principle, the risks of mitigation differ fundamentally from the
risks of climate change in terms of their nature, timescale, magnitude, and persistence.
Humankind has the technological means to solve the problem. However, this requires
a large-scale transformation in the way we produce and use energy, as well as how we
use land. A further delay in mitigation action substantially increases the difficulty of,
and narrows the options for, this transformation. For example, delays will inevitably
increase mitigation costs and will require an even wider adoption of CO, removal
technologies later in the future. Time is therefore another important challenge, though

there are numerous reasons why countries may want to adopt climate policy unilaterally.

Delays and policy uncertainties are discussed by Flannery in Chapter 4, which focuses

on the state of climate negotiations. Political leaders express confidence that a deal in

3 https://www.whitehouse.gov/climate-change
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Paris is achievable, but the real challenge is to design pathways and procedures for
incremental mitigation efforts in the years following COP21. Residual acrimony and
distrust from Copenhagen hamper the process, which must resolve many complex and
contentious issues, such as the legal form of an agreement, compliance, the role (if any)
for GHG markets and offset projects, intellectual property rights, compensation for loss
and damage, transparency and associated measurement, and monitoring, reporting and
verification (MRV) and review procedures. Overshadowing all remains the question
of how the principle of ‘common but differentiated responsibilities’ (CBDR) will
manifest itself throughout the agreement, from mitigation to reporting and from review

to finance.

Nevertheless, some aspects are solidifying. Mitigation efforts will not be negotiated;
rather, they are being submitted as INDCs, and, ultimately, recorded. Total financial aid
appears set by the Copenhagen pledge of developed nations to mobilise US$100 billion
per year by 2020, provided that private-sector finance complements official assistance.
Also, negotiators appear resolved to creating a durable framework based on cycles of

review and renewal over intervals of, perhaps, five or ten years.

Despite these efforts, however, the Paris agreement is unlikely to put the world ‘on track’
to limiting warming to less than 2°C (or 1.5°C). Only recently have political leaders
begun to temper expectations. They will need to manage expectations thoughtfully to
avoid a backlash from a range of nations, stakeholders and media, and to restore the
credibility of the UNFCCC as an effective process. The Paris agreement will be but
another (although very important) step in a long journey. It is crucial to set the rules of
this journey, through effective monitoring, verification, and comparison of domestic
implementation, rather than complaining about the likely incomplete effectiveness of

the Paris agreement.

Part II: Views from the regions

Perceptions about the relevance of past contributions to climate change to future
obligations vary greatly across regions and countries, as do the political processes
leading to countries’ negotiating positions. To give a sense of this diversity, we invited

‘views’ from two regions and three countries, asking contributors to describe briefly
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likely country/regional positions and to assess the set of desirable/feasible policies.
These contributions, reflecting the mosaic of interests across countries and regions, are

collected in Part II.

If Africa contributes the least to climate change, in Chapter 5 Mekonnen notes that it is
also the region that is estimated to lose the most (in relative terms) as a result of climate
change (2-4% of GDP) in the coming 10-50 years, as 50-80% of the land, livestock
and population in this region are already in drylands, with the poor being the most
exposed to climate shocks. Of the 48 least developed countries (LDCs) that are most
vulnerable to natural and economic shocks, 34 are in Africa. Citing evidence that past
shocks from extreme temperatures have only affected agricultural productivity in low-
income countries, Mekonnen foresees a lack of resilience to the high projected costs
of damage from extreme temperatures. Growth-oriented domestic policies will shape
countries’ strategies, with mitigation activities that exploit Africa’s latecomer advantage
in the building of infrastructure needed for the rapid urbanisation projected across the
continent. This will necessitate external financing that far exceeds current committed
levels and that should be allocated on the basis of indicators to climate vulnerability.
Mekonnen urges greater cooperation at the regional and continental levels, including
greater participation in the Lima Challenge established by a group of tropical forest

countries.

In Chapters 6 and 7, Fei and Somanathan, respectively, document that domestic policy
priorities guide China’s and India’s climate policies, which, until recently, were defensive
towards an international climate agreement, with both countries being members of the
‘Like-Minded Countries’ (LMDC) group. Both countries are preoccupied with growing
energy demands (rural-urban migration approximately triples per capita energy
consumption) and energy security. China has only very recently come to realise that
balancing energy security and environmental protection presents a huge challenge for
its energy system. China and India are also coming to terms with the growing evidence

of damage from climate change and from poor air quality.

Somanathan attributes India’s slow start at mitigation to internal political costs and to the
lack of action by developed countries. India’s ambitious National Action Plan of 2008
and more recent announcements have established very ambitious targets for electric

generation of installed renewable energy capacity of 175 GW by 2022 (close to current
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worldwide installed capacity). Sizable steps have also been taken towards carbon and oil
pricing, with revenues earmarked for removing unmetered and subsidised electricity in
agriculture, which accounts for 18% of electricity consumption. But Somanathan warns
that any politically feasible increase in the carbon price will require compensation that

will only be possible with offsets from developed country carbon-trading programmes.

Fei acknowledges that without China’s active engagement, the world will be unable
to limit climate change. From the perspective of the bottom-up approach, this implies
that China’s climate policy will be rooted in its three domestic priorities: development,
air quality, and energy security. These three targets are a tall order, since better air
quality calls for a sharp reduction in coal consumption, which is currently necessary for
energy security, especially as energy demand is set to grow under rapid urbanisation.
In its international position, China also wishes to align its greater mitigation ambitions
with its desire to stand with other developing countries, notably as a member of the
LMDC group. Fei sees encouraging signs in the recent fact that a transition towards
a low-carbon economy is no longer viewed as a costly effort driven by international
pressure. He concludes that market-based policies and measures are needed to reduce
the economic and political costs of command and control measures regulating the state-

owned energy enterprises that dominate energy-intensive industries.

The EU and Japan both participated in the Kyoto Protocol. In Chapter 8, Yamaguchi
and Akimoto tell of Japan’s successful experience in reducing emissions by 12% from
1990 levels during the Kyoto Protocol period under a totally voluntary ‘agreement’
between the government and industry sectors. They conclude that careful consideration
of a country’s political, economic, and cultural environment should weigh heavily in
the design of its climate policy strategy. They also note that, under the Kyoto Protocol,
Japan had to compete fiercely with rapidly industrialising countries in the region that
did not face an emissions cap. Japan also had to prepare its INDC in the aftermath
of the Fukushima meltdown. The government’s new ‘3E+S’ plan (economy, energy
security, environment, and safety) will be a huge implementation challenge, as the
Japanese people do not want a return to nuclear energy and marginal abatement costs
are very high in the energy-efficient Japanese economy. Acknowledging the extremely
high costs of stabilising temperature at any level, Japan has launched the Innovation

for Cool Earth Forum (ICEF) to develop innovative technologies. As to diffusion of
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highly energy efficient technologies, Japan has promoted sectoral approach focusing

on energy-intensive sectors.

The EU took leadership on climate change in the negotiations leading to the Kyoto
Protocol. Following Europe’s failure to put a tax on CO, in 1990 — a step that would have
required unanimity among members on the tax rate — Brussels set up the EU Emissions
Trading System (ETS), which only required majority approval. In Chapter 9, Guesnerie
notes that legal and political feasibility concerns, rather than economic considerations,
dictated this choice. The economic recession, political pressure and lobbying for free
emissions quotas rapidly led to an oversupply of licenses and to the collapse of the
market price, even though climate policy in Europe succeeded in reducing EU emissions
(the EU is likely to reach its -20% target in 2020). Having extolled the superiority
of a carbon tax over a cap-and-trade (CAT) system on economic grounds, Guesnerie
recognises that reaching a worldwide carbon price is beyond political feasibility, but
that linking separate carbon markets might help us on the path towards a unique carbon
price. Climate clubs could also help if credible punishment is in the offing to prevent
free-riding, an option to be considered for EU climate diplomacy but still beyond reach
under the current difficulties of the EU ETS.

Kotchen reviews the US position in Chapter 10. In spite of increased awareness
among the public that global warming is due to human activities, scepticism and sharp
differences between the executive and legislative branches of the government that led to
the non-ratification of the Kyoto Protocol continue to complicate the US international
position on climate for the Paris summit. The US nonetheless managed to reduce CO,
emissions by 10% in 2013 from 2005 levels, with half of this reduction due to the
recession and the rest coming from a lowering of the carbon content of energy through
a shift to natural gas and an increase in overall energy efficiency. Because most aspects
of the Climate Action Plan are taking place under executive authority (see also Chapter
17), they are subject to legal challenges (these do not apply to the Californian and
north-eastern states’ initiatives, which account for more than half of the US economy).
Kotchen notes that legal challenges will be stronger if there is a lack of ambitious INDC
commitments by other countries at COP21. In the longer run, however, he foresees
that the greatest challenges to advancing an ambitious agenda will be from the large

and growing developing countries rather than from domestic politics. While developing
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countries are waiting for substantial increases in climate finance prior to starting to
mitigate, Kotchen is optimistic that both Democrats and Republicans will recognise
the value of climate-related assistance to poor countries. The key to success from
the US perspective, then, is that all countries submit reasonably ambitious emissions
reductions plans and that the agreement be viewed as the beginning of a process of
pledge and report (rather than commit and comply), leading to transparency and regular

reporting of emissions.

Part lll: Architecture and governance

The chapters in Part III focus on the architecture of institutions designed to reduce
global emissions of greenhouse gases. Some chapters are concerned with the UNFCCC/
Paris process, but others go beyond this approach and look to other opportunities to

limit emissions.

In Chapter 11, Bodansky explores one of the key legal issues facing the climate
negotiations. Many observers have long argued that an agreement to limit emissions
must be legally binding. However, under international law countries are free to
participate in any agreement or not as they please, and making an agreement legally
binding may cause some countries not to participate. The Kyoto Protocol was ‘legally
binding’, but that didn’t stop the US from declining to ratify the agreement, or Canada
from withdrawing from it later. Bodansky notes that there is no clear evidence that a
legally binding agreement has more of an effect on state behaviour than a non-legally
binding agreement. Probably more important than the legally binding nature of an
agreement are its precise terms, particularly with regard to the agreement’s ability to

enforce participation.

In the run up to COP21, countries have been submitting their INDCs. As previously
emphasised, one issue is whether the aggregate of emission reductions implied by these
pledges are on the right track to meet the goal of limiting mean global temperature
change to 2°C. Another issue is whether similar countries are making similar pledges.
Are countries pledging to contribute their fair share? In Chapter 12, Aldy and Pizer
focus on this second question. They find that it is a difficult question to answer, because

the INDCs are expressed in different ways and no single metric exists for effort. They
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suggest that comparability of pledges should be based on multiple data sources and

analyses by a set of independent experts.

While the emission limits pledged by countries will not be legally binding, one plan
under consideration is to make provisions for monitoring, reporting, and verification
legally binding. It is essential to know whether countries’ actual behaviour is tracking
their pledges and, as Wiener notes in Chapter 13, greater accountability can also cause
behavioural change. States may be more likely to meet their pledges if their actions can
be observed. Indeed, Wiener argues that monitoring, reporting, and verification should
extend beyond emission levels and related outputs, to include policies and measures
for reducing emissions, investment in technology R&D, financing, adaptation, and
geoengineering. In Paris, countries may be reluctant to go as far as Weiner recommends,
but as time passes and future climate agreements come to address more and more issues,
the provisions for monitoring, reporting, and verification agreed in Paris may also need

to change.

The Kyoto Protocol tried to address climate change in a top-down way, and failed. Paris
will try to build cooperation with a larger role for the bottom up. Victor and Keohane
do not think this will quickly lead to deep changes in emissions, but they do see a
silver lining to this cloud. As they note in Chapter 14, Paris could “help governments
and other critical players determine what is feasible through coordination and it could
establish some momentum in negotiations, so that countries not making serious efforts
could be embarrassed as laggards”. In an optimistic scenario, they say, “this process
could, through a series of increasingly serious steps, move pledge and review to a more
coordinated and effective effort in the long run”. The approach they advocate involves
“experimental governance,” requiring, first, that goals be related to actions; second, that
participants who fail to act face significant costs; and third, that connections be made

between various national pledges and the overall goal.

In Chapter 15, Stewart, Rudyk and Oppenheimer suggest that the world can do more
than just build on the Paris agreement. States and other actors — including firms,
NGOs, international organizations, and subnational authorities — can pursue a ‘building
block strategy’ that relies on clubs, institutional linkages, and dominant market actors.
These efforts would not undermine the UNFCCC approach, but would complement it

by pursuing related approaches. Examples include multilateral banks agreeing not to
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finance new coal-fired electricity generation projects, industry groups setting standards
for wind turbines that confer upon them a competitive advantage, and the sharing of

technical information on opportunities to reduce emissions.

In Chapter 16, Mavroidis and Melo maintain that a reform of the World Trade
Organization could also help. They argue that interpretations of the trade rules reflected
in previous decisions constrain the ability of countries (alone or in groups) to develop
climate change-friendly policies, such as labelling of an energy-efficient technology
and efforts to limit fossil fuel subsidies. The WTO, they believe, needs to be reformed
towards a ‘positive contract’” whereby countries have less leeway, and they propose
reforms in that direction at the plurilateral and multilateral levels. Trade rules will
then serve the purpose of reducing emissions and not just liberalising trade. They also
explain that proposals for a climate club relying on tariffs would face legal obstacles
under the current WTO rules, but that there are alternative ways to stimulate emission
reductions by a subset of the WTO membership — a ‘coalition of the willing’ seeking

to limit emissions.

Our own assessment of the situation, consistent with all of these chapters, is that the
Paris agreement is unlikely to be an obstacle to making progress in limiting emissions,
and could even help. It could help directly by encouraging participation, increasing
ambition, and developing systems for MRV and for promoting experimentation
and learning. It could also help indirectly by not standing in the way of, or by even
promoting, complementary efforts, such as for taking action in particular sectors or
for reforming the world trade rules. The climate change problem is simply too big and

complex for a single approach to suffice.

Part IV: Policy options

Whatever is agreed upon in Paris and beyond in terms of a new climate regime, success
in limiting emissions will ultimately require ‘putting a price’ on carbon by some means.
Such a price will not only reduce emissions directly, but stimulate investment and even
R&D into new technologies. The contributions in Part IV concern policies that ‘put a

price’ on carbon. The chapters in Part V address technology-related policy issues.

1
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Conceptually, the need for carbon pricing has long been understood. The difficulty has
been in translating concepts into real policies. As Gro Harlem Bruntland noted regarding
the outcome of the Rio 1992 conference, “[w]e knew the basic principles on which to
build: cost-effectiveness, equity, joint implementation and comprehensiveness but not
how to make them operational” (cited in Schmalensee 1998). Fortunately, in the years
since then, many efforts have been made to adopt carbon pricing, and we are starting
to have a better idea of what has worked and the hurdles ahead. The contributions
here cover two approaches. Under the regulatory approach, which is based on law
and engineering, economics can enter through the back door, in the implementation
stage, as in the US Clean Power Plan (CPP). Under the ‘straight’ economic approach,
based either on taxing emissions or imposing a cap on emissions and allowing trading,
politics can enter in the design stage, as demonstrated by the experience of allocating

entitlements under the EU emissions trading system.

In Chapter 17, Burtraw notes that the structure of the CPP is relevant for an international
audience of policymakers because the process it inaugurates, in which implementation
flexibility is strong, mirrors the one that is taking place in international negotiations.
Recounting the political failure in the US of adopting a legislative approach to cap-and-
trade to meet President Obama’s pledge in Copenhagen in 2009 to cut emissions by
17% from 2005 levels by 2020, Burtraw reviews evidence showing that this pledge will
be met by the CPP. He also thinks that the regulations adopted by the US Environmental
Protection Agency are unlikely to be politically overturned. Importantly, Burtraw notes
that the flexibility in the CPP gives regulated entities (i.e. the US states) the tools to
negotiate a cost-effective outcome and empowers and reinforces the actions of first-
movers and bottom-up leadership. It is in this sense that the CPP may bring about a

cost-effective outcome ‘through the back door’.

The challenges of carbon pricing are starkly exposed by Sterner and Kohlin in Chapter
18. All the evidence — primo loco in Sweden, which has a carbon price of over $100/tCO,
and a carbon intensity of GDP that is only a third of the world average — is that a carbon
tax (when applied at a sufficiently high rate as in Sweden), along with complementary

measures, is very effective at reducing emissions and encouraging the development of
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substitutes for fossil fuels.* But Sweden stands out as an exception. In most countries,
taxes are unpopular, so politicians, helped by strong lobbying activity by the fossil fuel
industry, deny the need to act and procrastinate. And at the international level, burden

sharing and fairness also account for the lack of progress in taxing carbon.

Against this background, Sterner and Kohlin review four variations to direct carbon
pricing: (1) the removal of fossil fuel subsidies; (2) fuel taxation; (3) cap and trade,
and direct regulation; and (4) the promotion of renewable energy, as has been done by
Germany over the last 15 years. They conclude that the negotiation process in Paris
might want to include many instruments for different parts of the climate change
complex, possibly using a price floor to complement the quantitative commitments

made so far.

Taxing carbon started 25 years ago and is now widespread, with 40 national and 20
sub-national jurisdictions engaged in taxing carbon or involved in cap and trade (CAT)
schemes. These efforts apply to a significant share of global emissions, and amount
to an average price of carbon $7Gt/CO,. In Chapter 19, Wang and Murisic review this
experience, focusing on 15 cases of implementation. They argue that hybrid elements
in both the carbon tax and CAT schemes appear to blur the differences between the two
approaches. Among the lessons they draw from their survey, they urge an expansion of
bottom-up initiatives to foster greater cooperation on carbon pricing that would help
promote transparency in the process of price-setting and also overcome concerns about

carbon leakage.

The hybrid architecture that will emerge from the Paris negotiations will include
bottom-up (INDCs) and top-down (MRV) elements. Policy instruments will differ

across jurisdictions. Linkages across jurisdictions (e.g. acceptance of allowance or

4 The advantages of a tax are well known: (1) the transparency of the price system reaches billions of people that do
not have to worry about their taking climate-friendly decisions; (2) it goes a long way towards re-establishing Pareto
optimality; (3) it is more easily verifiable than other approaches; (4) if the tax is the same, or there is an agreement on
convergence, the leakage problem is quasi-solved; (5) the thorny issue of burden sharing is greatly reduced; (6) because
of the nature of the underlying uncertainty, the welfare benefits from the price system are greater than those associated
with a quantity system; and (7) moving towards a uniform carbon tax would reduce the incentives and possibilities for

lobbying activity (see, for example, Cooper 2008).
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credits in another jurisdiction or crediting for compliance) that are required for this
architecture to be effective are discussed by Stavins in Chapter 20. Linkage facilitates
cost-effectiveness and can have potential political advantages, though to be effective,
sufficient environmental integrity is required among the parties that are linking. Stavins
recognises that the policy architecture developing under the Paris agreement will
have elements that inhibit linkage (e.g. overly restrictive rules on allowable trading or
adding objectives such as a sustainable development condition under the CDM), while
other elements should facilitate linkage (e.g. international compliance units to help the
tracking, reporting and recording of allowance unit transactions at the national level). If
linkage has a sufficiently important role in the agreement and if operating rules are not
too strict, mitigation costs would be reduced, which in turn would encourage ambition
later on. As an example, Stavins would like to see the explicit inclusion of a statement

that parties may transfer portions of their INDCs to other parties.

With countries contributing their INDCs individually, convergence to multilateral
carbon pricing will be a long time coming. Effective carbon prices are likely to differ
markedly, making leakage (i.e. the increase in foreign emissions that result from
domestic actions) a real concern. In Chapter 21, Fischer examines the three channels
through which leakage occurs: energy markets via the price for fossil fuels; the
competitiveness channel as higher energy prices are transmitted to producers; and the
innovation channel if carbon mitigation policies induce innovation. She also considers
various ways in which policies can limit leakage, including border carbon adjustments,
output-based rebating, exemptions, and sectoral treaties as alternatives. She notes,
however, that all of these alternatives are unattractive, so long as they are adopted
unilaterally. Fischer recommends a coordinated — perhaps multilateral — approach to

anti-leakage measures.

Part V: Technology options

Stabilising temperature requires stabilising concentrations of greenhouse gases in the
atmosphere, or offsetting the effect of rising concentrations through reducing radiative
forcing by reflecting sunlight away from the earth. In turn, stabilising concentrations
requires progressively reducing emissions to zero, or offsetting positive emissions
with an equivalent removal of CO, directly from the atmosphere. These are the only
possibilities.

14
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So far, the climate negotiations have focused exclusively on the mainstream option
of reducing emissions. However, emissions have increased steadily since negotiations
began in 1990. Past efforts to limit emissions — let alone to bring them to zero — have
failed. Paris will improve on this record, but bringing global emissions to zero will
clearly be a great challenge. For this reason, it seems sensible to begin to consider the

other ways to limit climate change.

This section puts the emphasis where it has always been — on mainstream efforts to limit
emissions. The technological potential to reduce emissions remains very large. The
last chapter however considers alternative ways of limiting global mean temperature

change.

The world can certainly make a start in reducing emissions now, using the technologies
already at hand (Pacala and Socolow 2004). However, as Toman explains in Chapter
22, new technologies will be needed to close the gap between the cost of fossil fuels
and alternative energy sources as the scale of effort increases over time. Standard
policy approaches, such as the adoption of a carbon tax, will help. But direct funding
of research and development and demonstration will also be needed. Current funding
of research into alternative energy technologies is very low and needs to be scaled up;
Toman suggests that it needs to be as much as 20 times greater than the current level.
This is a gap that the current round of negotiations is not seeking to bridge — at least

not directly.

There are different ways to reduce emissions, including energy conservation and
substitution of nuclear power for fossil fuels. However, these approaches are limited for
various reasons, which is why so much attention has been given to renewable energy. In
Chapter 23, Bosetti describes the current situation and explains why this must change
in the future if emissions are to be reduced substantially. In recent years, solar and wind
energy have grown enormously, but this growth is starting from a very small base. If the
world is to have a chance of limiting climate change to 2°C, renewable energy will need
to be scaled up to a much higher level. In addition, CO, will need to be removed from
the atmosphere. One such option involves using biomass, a renewable form of energy,
to produce electricity, and then capturing and storing the carbon released in the process
of combustion. However, the problem here is scale. More fundamentally, a key problem

for renewables is that the economics of adopting these technologies depends on the
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economics of the fossil fuel alternatives — a reason why R&D is needed, as discussed

above, in addition to policies like carbon taxes that favour renewables over fossil fuels.

Even if renewable energy reaches its potential, more will need to be done to limit
temperature change to 2°C. If the world continues to burn fossil fuels, the emissions
associated with this can be reduced substantially by capturing the carbon emissions
and storing it somewhere other than in the atmosphere. As Tavoni discusses in Chapter
24, the problem is that carbon capture and storage technology is an add-on cost. It
will only be economic if accompanied by policies like carbon taxes that favour the use
of the technology.® So far, and in contrast to renewables, carbon capture and storage
technology has not taken off. In many countries, plans have been drawn up to build
such plants but then cancelled. The reasons have been cost, the falling price of natural
gas, and local objection to storing CO, near power plants. However, carbon capture and
storage has one other advantage over other technologies: use of this technology reduces
the ‘leakage’ associated with reductions in fossil fuel use by a coalition of countries
(see Chapter 21).

All of the above chapters indicate that limiting temperature change to 2°C is an
enormous challenge. Including analyses of other options, such as nuclear power, will

not change this picture; nuclear and all the other options also have their limitations.

This is why Barrett and Moreno-Cruz consider in Chapter 25 alternative ways of limiting
climate change — ways that would work independently of the world’s energy system.
The first approach is carbon geoengineering, which involves removing CO, from the
atmosphere directly. The approach they focus on is industrial, with the potential to
remove CO, at virtually any scale. One problem with this technology is storage, but
unlike carbon capture at the power plant, there is more flexibility in locating direct
CO,-removal technologies away from population centres. New ideas on re-using the
captured CO, are also emerging. The bigger problem with this technology may be

its high cost. However, carbon geoengineering is the only true backstop technology

5 Not only is CCS costly, it also requires a vast infrastructure at the scale required to make a meaningful difference to
global CO2 emissions. This is true for the logistics of pipelines and reservoirs and compounded if the approach is to
use biomass plantations for BECCS. Obtaining permits to construct and operate the entire system may be even a bigger

challenge than cost, and it is not “just” an economic issue.
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for addressing climate change. The other approach is solar geoengineering, in which
sunlight is reflected away from the earth, offsetting the effect of rising concentrations.
This technology can control mean global temperature but it isn’t a backstop, as it would
affect the climate differently than limits on concentrations. Most obviously, it would
not limit ocean acidification. Ironically, a problem with this approach is its low cost.
Solar geoengineering would likely be cheap, meaning that it may be in the interests of
a single country to deploy it. The primary problem with this technology is therefore

governance.

To conclude, taken together, the chapters in this part of our book all suggest that there
are no easy technological options for limiting global temperature change. More R&D

efforts are certainly needed.

Part VI: Development and burden sharing

Developing countries, especially the very poorest, have contributed the least to climate
change. As they will be hardest hit by its effect, the poorest will need to put aside
large amounts of resources for adaptation purposes. At the same time, many easily
implementable mitigation activities in the near future can be carried out at least cost
in the poorest countries. Burden sharing, including the availability of finance for
the poorest countries to mitigate and adapt while fulfilling their aspirations to grow,
continues to be the main obstacle to reaching a compromise at the COP meetings.
Without discussion on loss and damage, the Technology Mechanism, the Green Climate
Fund and the Adaptation Fund, developing countries would not have accepted to break
down the firewall between Annex I and non-Annex I countries, as was agreed in Durban
in 2011. In short, developing countries would not have agreed to submit their INDCs

along with all other countries.

Developing countries, especially the poorest, feel that it is iniquitous to expect that
they will slow their development when they will be the hardest hit, while the rich
are responsible for most of the excess of carbon stock and have the means to pay for
mitigation. Any agreement/outcome on burden sharing reflected in the INDCs will
reflect perceived future damages, the costs of mitigation and adaptation, and, for the

developing countries, the amount of finance for adaptation that will be forthcoming.
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Part VI covers damages, costs, and non-financial aspects of burden sharing. Part VII
covers mobilisation of finance, the split between mitigation and adaptation, and the

split between developed and developing countries.

In Chapter 26, Hallegatte and his co-authors explain that the poorest countries have been
the most severely hit by climate shocks so far, and are projected to be more vulnerable
in the future because they are situated in the hottest regions. Moreover, within these
countries, the poorest communities are at greatest risk. They settle in the riskiest areas,
for reasons of affordability, represent the least resilient segment of society, and receive
smaller shares of social protection. To achieve low-carbon resilient development,
Hallegatte and his co-authors urge long-term planning for investment, especially in
urban areas, improved access to health care, and the adoption of well-targeted social

safety nets.

To meet their national development targets, including those related to growth, social
development, and access to natural resources such as water, low-income countries will
need to devote considerable resources to adaptation. In Chapter 27, Kaudia recognises
that the growth-related objectives of the high-emitting, fast-growing middle-income
countries is driving a wedge in the negotiation pathways of the different groups of low-
income countries (the Alliance of Small Island States, the Africa Group of Negotiators,
and the Least Developed Country group) and those of the (largely middle-income)

LMDC group. This will make it difficult to build a common position in the negotiations.

Kaudia states that low-income countries’ submissions have been pushed by developed
countries. In Kenya’s case, and for many other low-income countries, forestry has the
highest GHG abatement potential. While domestic policies that are in the national
interest should be pursued anyway, Kaudia argues that submissions by low-income
countries should be voluntary and contingent on financial resources and technological
capability enhanced by involvement from developed countries that, so far, have not
honoured the principles of fairness and equity enshrined in the UNFCCC. The principle
of common but differentiated responsibilities (CBDR) should then be the underpinning
principle if the world is to reach the objective of a socially inclusive and sustainable
development path that is equitable, as the low-income countries are the most vulnerable

to climate change.
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The contribution of forest conservation to climate change policies is reviewed by
Angelsen in Chapter 28. A decade ago, high hopes were placed on reductions in
rates of deforestation, with its low cost (at $5 per tCO,, reducing deforestation rates
by half would only cost $9-10 billion per year) and a promising outlook for results-
based payments mechanisms. Ten years on, vested interests still hold the power to
block the policy reforms that are needed to shift the balance of interests towards forest
conservation. A flawed process for allocating concessions and land rights — reflecting
a lack of ownership at the national level combined with REDD+ processes run at the
international level — has resulted in few results on the ground. Yet, forest conservation
will have to play a central role in the contribution of REDD+ countries to the global

effort to limit climate change.

To extend REDD+ activities beyond the initial vision of a vehicle of international
transfers, Angelsen singles out improvements leading to national commitment policies,
pressure from consumers on corporations, and ‘entrepreneurial authority’ coming from
private actors defining new standards. Combined with assessment and review, REDD+
would become an integral part of countries’ national contributions to the global efforts
to curb climate change. For forest conservation to generate the hoped-for contribution
to arresting climate change, Angelsen concludes that REDD+ countries will have to
take the driver’s seat — something they may be reluctant to do until financial resources

from developed countries are truly forthcoming.

Starting from the observation that coal is both a high emitting source of CO, and
an inefficient source of energy that is only extracted by a few countries, whereas
energy is consumed by all countries, in Chapter 29, Collier proposes shutting down
coal production progressively, starting in the high-income countries (US, Germany,
Australia) and then moving down the ladder (middle-income countries would be
required not to expand production once closure starts). On equity grounds, this would
be better than freezing discovery and new investment, as suggested by the Board of the
World Bank. If the parties involved were to cooperate by “harnessing the moral energy
generated by popular concern about climate change”, Collier argues that it would be

easier to curb coal supply than demand.

The challenges of urban adaptation come on top of massive and as yet unmet

development needs, especially in the least developed countries. Globally, cities account
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for over 70% of global GHG emissions while supporting 54% of the world’s population.
In addition, 90% of the projected population increase by mid-century is expected to
be headed towards cities, especially in developing countries where vulnerability to
climate impacts is highest. In Chapter 30, Bigio reviews the mitigation and adaptation
strategies that are needed to reduce the carbon footprint of urban growth. To address
the magnitude of the challenge, he proposes applying the average carbon replacement
value for key construction materials of Annex I countries to all new urban construction
expected to take place in the 21* century. This would require one-third of the available
carbon budget for limiting climate change to +2°C (40% of the budget share has already
been emitted during the period 2000-2011). Bigio identifies the synergies that can
be achieved between urban adaptation to climate change and mitigation achieved by
investing in energy-efficient infrastructure, both of which can improve the welfare of
the urban poor. Obtaining finance and using it effectively is a big challenge ahead, as
most urban growth momentum is expected to occur in small and medium-sized cities

where governance and institutional capacities are usually weakest.

In Chapter 31, Coninck and Bhasin review the role that technology development and
transfer, or ‘technology cooperation’, could play in facilitating climate change mitigation
and adaptation. This process was initiated with the establishment of the Technology
Mechanism (TM) in Cancun in 2010. However, due to lack of funding, vested interests,
and lock-in, the TM has not yet achieved the hoped-for technological cooperation.
One reason for this is that technology transfer requires more than scaling up R&D.
As Coninck and Bhasin point out, “technology = hardware + software + orgware”,
where “orgware” stands for institutional policy and policy capabilities. Moreover,
the TM’s Technological Executive Committee is populated with climate negotiators
who reproduce the deadlocks observed in climate negotiations. The authors identify
provisions that would help developed countries see that it is in their self-interests to
assist developing countries to enhance their capabilities. A ‘technology window’ in
the Green Climate Fund, combined with making technology part of the portfolio of
agreements, would help establish technology as one of the essential building blocks
identified by Stewart and co-authors for the transformation in the energy sector that is

needed for a workable climate regime.

20



Introduction

Scott Barrett, Carlo Carraro and Jaime de Melo

Part VII: Climate finance

It is clear that most of the economic effects of the policies proposed in earlier chapters
require a ‘redirection’ of future investments towards low-carbon options. Around $90
trillion will need to be invested in infrastructure in the world’s urban, land use and
energy systems in the next two decades; this amounts to about $5-6 trillion a year.
About $1.6 trillion will need to be invested every year in energy supply, half to
meet energy demand and half to replace existing plants. How these investments are
managed will shape future patterns of growth, productivity, and living standards. It is
therefore necessary to redirect these investments towards low-carbon technological and

organisational solutions. This is what most earlier chapters were concerned about.

Nevertheless, additional investment will also be necessary to transition our economic
and social systems towards a low-carbon future. The first questions are therefore: What
is the size of the required additional investments, and what is the sectoral distribution
of these investments? Massetti addresses these questions in Chapter 32, in which
he analyses the distribution of investment needs across countries and over time. He
also provides an overview of the expected financial flows from carbon pricing. These
financial flows are crucial to cover the costs of the investment needs and to finance the

necessary transfers to developing countries.

Massetti’s main message can be simply summarised as follows: additional investments
to cope with societal transformations required to achieve the +2°C target amount to
about $0.6 trillion a year from now to 2030, i.e. 0.75% of world GDP in 2013. By
contrast, a +2°C-consistent carbon tax would generate up to $1.3 trillion per year of
revenues in OECD economies in 2030. This is equivalent to 2.1% of OECD aggregate
GDP in 2013. Non-OECD countries may need (as a median estimate) about $50 billion

in power generation capacity per year until 2030.

These figures seem to suggest that, provided adequate carbon pricing is introduced,
financial resources may be sufficient to address the climate change problem. However,
the macroeconomic dimension is just one facet of the problem. Implementation always
remains the big issue. The regulatory framework and economic incentive schemes
should be designed to favour the development of climate finance, both in the public

and private sectors. Another key challenge is indeed assuring confidence that projects
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will deliver an appropriate, risk-adjusted rate of return and that they can be built and

operated with all necessary approvals and permits in a timely fashion.

Chapter 33 by Buchner and Wilkinson discusses the above issues. They review needed
improvements in the regulatory environment such that climate finance will extend
beyond national borders (currently three-quarters of climate finance is spent in the
originating country/region). So far, the ‘alternative sources’ of finance identified in 2009
(carbon markets and prices, taxes on transport and international financial transactions,
and the green bond market) have been disappointing. Buchner and Wilkinson conclude
that strong government leadership will be needed to steer finance towards a low-carbon

future, and suggest steps to take in that direction in Paris.

Since the aftermath of the 2008 crisis, the world is awash with savings and the cost
of finance is low. This should be favourable for financing a transition to a low-carbon
economy, but the investments are not forthcoming. In Chapter 34, Hourcade argues
that we need new tools to kick-start this transition. The creation of government-backed
‘climate remediation assets’ would provide the guarantee that is currently lacking for
private investments. New financial tools are indeed needed to trigger a massive wave of
low-carbon investments, and carbon prices alone cannot do the job. Hourcade points out
that, in the absence of a benevolent lender, high upfront costs of low-carbon projects,
under uncertainty about the cost of equipment and the duration of the maturation phase
of the projects, mean that investments that could be profitable are frozen. The creation
of ‘climate remediation assets’ based on a governments’ public guarantee, along with

carbon pricing, would remove this barrier to investing in low-carbon activities.

The distribution of financial resources is a final issue that needs to be addressed. How
should additional — beyond official development assistance, or ODA — concessional
climate finance be allocated between countries? Assuming that the split of funds between
mitigation and adaptation has been decided, Guillaumont discusses in Chapter 35 the
principles that should guide the distribution of funds for adaptation. These principles
should be informed by an assessment of a country’s vulnerability to weather shocks
and natural hazards resulting from changes in the climate. Any resulting index should
also be independent of a country’s policies. He presents such an index of countries’
vulnerability to climate change that he then plugs them into a formula similar to the

ones used by the multilateral development banks for the allocation of ODA funds. A
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large dispersion in per capita allocations result within and across country groupings,

reflecting the great heterogeneity in exposure to climate shocks across countries.

Research on climate finance is still in its infancy. Nevertheless, the four chapters in
this section emphasise research directions and policy proposals that could effectively
address the problem of identifying the sources of funding to cover the costs of climate

related investments.

Final reflections

Climate change is a formidable challenge — probably the most difficult challenge the
world has ever faced. There are some positive signs, such as the spread of carbon pricing
worldwide and the large number of countries submitting their own INDCs at COP21 in
Paris. However, with few exceptions (such as Sweden), far too little is being done. The
world has set a high bar for action — the +2°C target — but the INDCs submitted so far
fall short of the pledges that are needed to meet this goal, particularly because INDCs
refer only to 2025-2030, and it is not clear that countries will even meet their pledges.
Clearly, the commitments adopted in Paris will be just the first step in a long journey.
Additional emissions reduction efforts will need to be implemented in the coming
years, and more effective policy measures will need to be adopted, both domestically
and internationally. The adoption of robust systems for measurement, reporting, and
verification will facilitate compliance, but without supporting enforcement measures,
countries are unlikely to achieve large emissions reductions. What is missing is both
enforcement and vision. It is not enough to agree on a temperature target. It is now
urgent to agree on a societal transformation path, which, in market economies at least,
can be driven only by a change in relative prices. Countries should therefore agree on a
reference carbon price — to be implemented progressively and through country-specific

measures — that would drive investments towards low-carbon options.

The development of new technologies that lower the cost of alternative energy sources
relative to fossil fuels will also help to reduce emissions, but contributions to R&D need
to be scaled up considerably. The current level of public R&D investment in energy
technologies is only a quarter of the equivalent level in the 1980s. Therefore, a four-fold

increase in investment would not be unrealistic.
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Distributional concerns must also be addressed. To be effective, any new agreement
must be perceived by its parties as being fair. A priority for investment must be
development of the world’s poorest countries without increasing global emissions — a
task that will require massive investment and financial support from the industrialised
countries. This is not development assistance in the conventional sense of the term;
it is development assistance that pays off globally, for the countries that contribute
financially as well as for the recipient countries. Cooperation must therefore occur in
multiple areas simultaneously — for reducing emissions, for undertaking R&D, and for
financing investment and development. The scale, breadth, and complexity of the task

are unprecedented, but we have no alternative but to face this challenge directly.

The negotiations leading up to COP21 in Paris have raised many of these issues. The
arrangements adopted in Paris will need to be developed and improved upon over
time. Additional efforts will also need to be pursued — whether ‘building blocks’,
trade restrictions, or measures of some other description. The UNFCCC process will
remain central to any global effort, but it will not be the only game in town. The climate
problem is too complex, too far-reaching, and too important for any one institutional
arrangement to address on its own. This book provides some guidance for how the
world can navigate the unchartered territory that lies ahead of us. It is our hope that
it will also stimulate even more ideas for how the world can develop a workable and

effective climate regime.
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2 Implications of climate science
for negotiators

Thomas F. Stocker
Physics Institute, University of Bern

The scientific assessments carried out by the Intergovernmental Panel on Climate
Change have delivered robust and rigorous scientific information for the complex
negotiations that should produce a binding agreement to limit climate change and its
impacts and risks. Understanding climate change as a threat to key resources for the
livelihood of humans and the functioning of ecosystems provides a more appropriate
perspective on the scale of the problem. Model simulations suggest that many options
exist today to limit climate change. However, these options are rapidly vanishing under
continued carbon emissions: Temperature targets must be revised upwards by about
0.4°C per decade for constant mitigation ambitions. Mitigating climate change has the
important benefit of creating favourable conditions to reach many of the Sustainable
Development Goals; business-as-usual and consequent unchecked climate change will

make these important universal goals unreachable.

1 Introduction

“Climate change is one of the greatest challenges of our time” — this is the assertion of
the parties to the United Nations Framework Convention on Climate Change (UNFCCC
2009). The Fifth Assessment Report of the IPCC (ARS), which was completed in
November 2014 with the publication of the Synthesis Report (IPCC 2014c), gives a
comprehensive snapshot of the knowledge science has to offer to quantify, understand,
and confront this problem. The four key messages from the “Summary for Policymakers”

of the Synthesis Report are:
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Human influence on the climate system is clear, and recent anthropogenic emissions
of greenhouse gases are the highest in history. Recent climate changes have had

widespread impacts on human and natural systems.

Continued emission of greenhouse gases will cause further warming and long-
lasting changes in all components of the climate system, increasing the likelihood
of severe, pervasive and irreversible impacts for people and ecosystems. Limiting
climate change would require substantial and sustained reductions in greenhouse

gas emissions which, together with adaptation, can limit climate change risks.

Adaptation and mitigation are complementary strategies for reducing and managing
the risks of climate change. Substantial emissions reductions over the next few
decades can reduce climate risks in the 21st century and beyond, increase prospects
for effective adaptation, reduce the costs and challenges of mitigation in the longer

term, and contribute to climate-resilient pathways for sustainable development.

Many adaptation and mitigation options can help address climate change, but no
single option is sufficient by itself. Effective implementation depends on policies
and cooperation at all scales , and can be enhanced through integrated responses that

link adaptation and mitigation with other societal objectives.

The power of these statements, which reflect the scientific assessment, lies in the fact

that the member countries of the IPCC have formally approved the formulations by

consensus.

The purpose of this chapter is to briefly introduce the reader to important insights from

the physical climate science (Section 2) and consider them with the perspective of

threats to primary resources for human and ecosystems. Section 3 revisits projections

of climate change and establishes a link to the requirements of adaptation and their

limits. In Section 4, cumulative carbon emissions are considered as a framework to

assess the options that are available to confront climate change. Section 5 sheds light

on the rapid disappearance of these options. Future challenges and conclusions are

presented in Section 6.
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2 Anthropogenic climate change as a threat to primary
resources

Carbon dioxide concentrations in the atmosphere are now unprecedented and 30%
higher than during at least the last 800,000 years, and they are rising more than 100
times faster than during the past 20,000 years (Figure 1). Similar observations hold for
methane and nitrous oxide, the two other important greenhouse gases. The chemical
composition of the Earth’s atmosphere is now fundamentally different from that which

prevailed before the Industrial Revolution (Hartmann et al. 2013).

Figure 1  Atmospheric CO, concentrations over the past 800,000 years

Pleistocene Holocene Anthropocene

400 ] ] ]
360 b b b
T 320 1 1 1
g - ] ] ek
~ 280 [ 1 - ,_,..-,-.“‘ B R S 1
L%, i e E E
© 240 k¥ ] ] ]
200 b b b

160 + T T T T T T T T T T T T T T .0 .Q .Q

N N N N Q % © % 9 O O & & & S QO O
e & P " & EF F S S
1000 years before 1950 Years AD Years AD

Notes: Measurements of atmospheric CO, concentrations on air trapped in bubbles in various Antarctic ice cores (left three
panels), and direct measurements at Mauna Loa since 1958 (rightmost panel). Current concentrations are far outside the
natural range of variations during the past eight ice age cycles. The stretched time scale highlights the rapid acceleration of
the CO, increase: in the past 60 years CO, increased by about twice the amount it increased in the preceding 400 years, and
by about four times that over the previous 10,000 years.

Source: Data from Liithi et al. (2008), Bereiter et al. (2015) and NOAA ERSL; figure made by B. Bereiter.

Turning back to the physical climate system, based on multiple lines of independent
evidence from the atmosphere, the ocean and the cryosphere, IPCC has concluded that
warming in the climate system is unequivocal. Since 1951 the Earth has warmed by
about 0.6 to 0.7°C, which is the most easily accessible manifestation of a change in
its global energy balance. This has resulted from positive radiative forcing since 1750
AD caused by a large warming contribution from the increase in the concentrations
of the major greenhouse gases in the atmosphere (Figure 1), and a smaller cooling
contribution from aerosols. A much more convincing manifestation of the consequence
of this positive radiative forcing is the detection of this extra energy that has accumulated

in the Earth System. Since 1970, the energy content of the Earth System has increased
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by about 250-102! J (Figure 2). Thanks to the unprecedented effort of the international
scientific community to measure ocean temperatures on a global scale from the sea
surface to a depth of about 2 km, we know that more than 90% of this stored energy is
found in the ocean (Roemmich et al. 2012). It is somewhat paradoxical that the public
is almost exclusively fixated on atmospheric temperatures, and in particular their recent
decadal variability (Boykoff 2014), while the ocean is a natural integrator and recorder

of the warming.

Figure 2  Heat accumulation in the Earth System: Change in the energy content of
the Earth System since 1970
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Note: More than 90% of the additional energy is stored in the top 2 km of the world ocean. In contrast to identifying

the warming in the atmosphere where even on the global scale decadal variations are important, the ocean is an effective
integrator of the signal.

Source: Figure modified from Stocker et al. (2013) and IPCC (2014c).

The increase of atmospheric CO, concentrations has further, far-reaching consequences:
it acidifies the entire world ocean (Orr et al. 2005). This global-scale change has not
generally received adequate attention from policymakers, negotiators and the public.
However, it is now recognised as one of the most profound and long-lasting changes
that humans are inflicting on the Earth System. This is due to the fact that much of

the emitted CO, remains in the atmosphere for many millennia owing to the buffering
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effect of the ocean water with respect to CO,. Consequences of ocean acidification,
compounded with the world-wide warming, are little known, but they will affect marine
ecosystems on a world-wide scale with growing risks for marine life (Gattuso et al.
2015).

The warming also increases sea levels both directly and indirectly. The thermal
expansion of the warming water, the melting of the glaciers on land, and the loss of
mass from Greenland and Antarctica are all contributing to the rapid increase of sea
level (Church et al. 2013).

Numerous other changes have been detected over the past 50 years in all components of
the Earth System. Among these observations are reductions in the Arctic sea ice cover
in terms of both extent and thickness, melting of the Greenland and Antarctic ice sheets,
shrinking of glaciers worldwide, changes in the global water cycle, and increases in
the occurrence and strength of extreme events such as a doubling in the frequency of
heat waves. The warming and many of the consequent changes are being caused by the
increase in greenhouse gas concentrations and other substances in the atmosphere. This
conclusion arises from the combination of global model simulations and observations,
which permits the attribution of the observed changes to various drivers and causes

(Bindoff et al. 2013). Recognising this robust scientific evidence, IPCC concludes in

ARS that the ‘human influence on the climate system is clear’. This surprisingly blunt
and simple statement is the succinct summary of thousands of scientific studies that
were considered in the latest assessment and represents language that was approved by
the member states of the IPCC.

The importance of these physical changes and their consequent impacts around the
globe becomes prominently evident to negotiators and the public if we understand them
as changes to key resources available to humans. The primary resources for human

subsistence are land, food and water. These are all directly threatened by climate change:

e The availability of land is diminished by the rising level of the sea.

e The availability of food on land is challenged by changes in fundamental ecosystem

conditions such as mean temperature and precipitation and their seasonal expression.

e The availability of food from the ocean is threatened by the compound effect of

warming, acidification and circulation changes.
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e The availability of water is impacted in many regions of the world due to changes
in precipitation and evaporation on a global scale, with a tendency to exacerbate

existing stresses such as drought or flooding.

It is against this backdrop that we must consider Article 2 of the UN Framework
Convention on Climate Change (UNFCCC 1992), which reads:

The ultimate objective of this Convention [...] is to achieve [...] stabilization of
greenhouse gas concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate system. Such a level should
be achieved within a time frame sufficient to allow ecosystems to adapt naturally
to climate change, to ensure that food production is not threatened and to enable

economic development to proceed in a sustainable manner.

The notion of ‘dangerous’ in the context of ‘dangerous anthropogenic interference with

the climate system’ has been notoriously difficult to describe and constrain, for it cannot
be determined or quantified by science. Undisputedly, there is an inherent and evident
danger associated with changes in resources. Social systems have developed and were
optimised over a long period of resource stability, that is, availability within relatively
bounded variability ranges. If the mean supply of resources or its variability leave this
range of tested and experienced resilience, the finely equilibrated network of systems

is at serious risk.

3 Climate change projections and the threat of adaptation
limits

The long-term character of climate change projections over many decades is often
difficult to comprehend for the policymakers and the public. How can scientists estimate
future changes in the Earth System when there is an inherent limit in the predictability
of the weather to about the next ten days? A simple analogy from classical physics
may clarify this constantly recurring question. Consider a container of water that is
put on a heating plate. We know the physical dimensions of the container, the amount

of water, and the power of the heating plate. No one would doubt that we can deliver
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a fairly accurate estimate of the mean temperature of the water after, say, five minutes
of heating at a selected level of power. What we will not be able to tell the cook is at
what moment a water vapour bubble will form at the bottom of the container and rise
to the surface. Fortunately, the cook will likely not be interested in knowing this. Our
inability to provide this information is due to the turbulence of the fluid and the chaotic
processes associated with convection when heat is supplied to the fluid from below
(Lorenz 1963). The existence of internal chaotic processes, however, does not prevent
us from estimating quite accurately the mean temperature of the water using energy
balance, and with some extra effort one may also calculate the statistics of bubble

formation at the bottom of the container as a function of time.

This is an appropriate analogy to the climate change predictability problem. The
example makes evident why we are confident in providing rather robust estimates on
the future state of the Earth System, even though we are unable to quantify the complete
internal dynamics at each point in time. To estimate the future temperature of the water
in the container, the power we select for the heating plate is the key information. To

estimate climate change, it is the greenhouse gas emissions scenario.

Based on a new set of emissions scenarios, comprehensive climate models project the
changes in the climate system during the 21st century and beyond (Edenhofer et al.
2015). The global surface temperature will increase in all scenarios and by the end of
the 21st century will likely exceed 1.5°C relative to 1850-1900 for all but the lowest
emissions scenario (IPCC 2013a,b). This low emissions scenario assumes effective
policy intervention that would result in aggressive emissions reductions of about 50% by
the mid-21st century and complete decarbonisation thereafter. Conversely, a business-
as-usual scenario projects a global mean temperature increase exceeding 4.5°C relative
to 1850-1900, with profound changes in all components of the climate system. The
sea level would rise by between 0.52m and 0.98m by 2100 relative to 1986-2005, at a
rate of 8-16 mm per year, caused by increased ocean warming and loss of mass from
glaciers and ice sheets. In this scenario, a nearly ice-free Arctic Ocean in September
is likely before the middle of the century. Furthermore, the contrast between wet and
dry regions, and between wet and dry seasons, will increase. Climate change will also
affect carbon cycle processes in a way that will exacerbate the increase of CO, in the

atmosphere. Further uptake of carbon by the ocean will increase ocean acidification.
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Figure3  The scale of committed adaptation to sea level rise
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Notes: Compilation of paleo sea level data (purple), tide gauge data (blue, red and green), altimeter data (light blue) and
central estimates and likely ranges for projections of global mean sea level rise from the combination of CMIP5 and process-
based models for RCP2.6 (blue) and RCP8.5 (red) scenarios, all relative to pre-industrial values. During the past 100 years
adaptation to a 19cm rise was required, much less than the additional 70 cm estimated for 2100 under a business-as-usual
scenario.

Source: Modified from Stocker et al. (2013).

Considering these changes, a key question for policymakers and negotiators concerns
the capacity for adaptation. We illustrate this with the projected sea level rise (Figure
3). So far, adaptation to sea level rise of 19cm has taken place since the beginning of
the 20th century, although it should be noted that complete adaptation to this change
was not necessary since many coastal infrastructures were only built over the course
of the 20th century. Comparing this with the committed adaptation required under a
business-as-usual scenario (an additional 70 cm), while also considering the mature
infrastructure and established coastal settlements that are already in place and that must
adapt, indicates the dramatic challenges ahead. The mitigation scenario (RCP2.6) still
requires adaptation to sea level rise, but of about half this amount. Note that successful
adaptation to 21st century conditions will not be sufficient because the sea level will

continue to rise long beyond 2100. Many regions are likely to have already encountered
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the limits to their adaptation capacity in the 21st century (Klein et al. 2014). As with the
sea level, adaptation limits also exist for ecosystems on land and in the ocean (Burrows
etal. 2011).

The limits of adaptation that we may reach in the course of the 21st century will depend
on our choices and actions today. Limits of adaptation form part of the more fundamental
insight that the Earth System offers habitability only within restricted bounds, or
‘planetary boundaries’ (Rockstrom et al. 2009). If these boundaries change through
human activity, or if we push the state of the Earth System beyond these boundaries, the

well functioning of the world as we know it today is seriously threatened.

4 Current options to address the problem

In ARS various emission scenarios have been developed for a hierarchy of climate
and Earth System models to project the changes in the Earth System (IPCC 2013a),
to assess the impacts and risks (IPCC 2014a), and to inform about technological
options and economic and societal requirements (IPCC 2014b). This palette of results,
communicated through the four Representative Concentration Pathways (the RCP
scenarios), suggest that we have a full choice of options. Indeed, there exists today
a choice between a profoundly altered Earth System in which the availability of the
two primary resources for human communities and ecosystems will be different,
or alternatively an Earth System with limited changes and in which adaptation still
appears feasible in many regions. In the case of the former, land area will diminish
through further sea level rise with severe and pervasive impacts on coastal settlements,
and changes in the global water cycle will accentuate the differences between dry and
wet areas with particularly severe effects on regions that are already challenged by

droughts.

These options, however, have an expiration date — with continuous greenhouse gas
emissions, growing at a rate of about 1.8% per year as during the past 40 years, the
options are gradually vanishing. AR5 now equips the negotiators with an instrument
that links the climate change risk assessment with the requirements for climate change
limitation. This is the key result from the Synthesis Report (IPCC 2014c). A key new

element is the near-linear relationship between global mean surface warming by the
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late 21st century and the total cumulative emissions of CO, since industrialisation
(IPCC 2013b). The larger the cumulative emissions, the higher the peak temperature
in the 21st century will be. The important point is that the warming is recognised as a
function of all effected emissions, bringing an important and hitherto missing historical

perspective to the origin of the future warming.

Figure 4 illustrates this highly policy-relevant result. Risks associated with climate
change increase at specific rates with the warming (panel (a)). Therefore, a risk limit that
may be established through the political negotiation process translates into an amount
of allowable cumulative emissions (panel (b)), i.e. a limited carbon budget. The metric
here is temperature, but it is clear from Article 2 of the UNFCCC that temperature alone
does not comprehensively address the declared goal. For example, any risks caused by
ocean acidification would be ignored if temperature were the sole indicator of change.
Likewise, the long-term consequences of sea level rise are not directly proportional to
the warming in the 21st century. The agreement to limit climate change and its impacts
and risks implies not overspending the carbon budget, and hence emissions must be
reduced. These reductions are quantified in panel (c) for the time horizon of 2050. The
carbon budget is also clear about the fact that complete net decarbonisation must be

achieved beyond 2050 if warming is to be kept below an agreed target.

The Working Group I assessment finds that in order to have a fair chance of keeping
global mean warming below 2°C, the maximum total amount of carbon that can be
emitted in the atmosphere since the late 19th century is about 1,000 billion tonnes,' of
which 545 billion tonnes had already been emitted by 2014. To comply with this target,
therefore, only 455 billion tons of carbon can be emitted in the future. If the effects of
additional greenhouse gases — such as methane and nitrous oxide coming from food
production — are taken into account, this amount falls to only 245 billion tonnes of
carbon. This is equivalent to less than 25 years of emissions at 2014 levels. While this
estimate is simplistic, it illustrates the fact that the options have an expiration date that

is imminent.

1 Note that WG I reports emission reductions in gigatonnes of carbon (GtC), while WG III reports emissions in gigatonnes
of carbon dioxide (GtCO,) (1GtC = 3.667 GtCO,). Also note that uncertainty estimates are comprehensively given in the
reports of Working Groups I and III.
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Figure 4  The most policy-relevant finding from the synthesis of the three working
group assessments
a) Risks from climate change... (b) ...depend on cumulative CO, emissions...
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The temperature target agreed by the parties to the UNFCCC (UNFCC 2010) is not a
guarantee to fulfil Article 2 of the convention in a holistic sense. Adaptation and food
production, as well as poverty eradication through sustainable development, all call for
a more encompassing approach. One step towards this is the definition of additional
climate targets, as proposed recently by Steinacher et al. (2013). Using an Earth System

model of reduced complexity (the Bern3D model), various sets of combined climate
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targets were defined and the compatible cumulative carbon emissions were determined
probabilistically. The set of climate targets comprised both physical and carbon cycle-
related quantities, i.e. in addition to the global mean temperature limit, there are also
limits to sea level rise, ocean acidification and loss of primary production on land.
The detailed calculations showed that levels of comparable ambition in the individual
targets result in a smaller overall budget if all targets are to be met — the reduction of the

budget by 30% is substantial (Figure 5).

Figure 5  Effect of multiple climate targets on cumulative emissions
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Notes: Cumulative fossil-fuel emissions, i.e. excluding past and future land use changes, that are compatible with a single
temperature target (upper bar) are significantly larger than those consistent with a set of policy-relevant climate targets

addressing more comprehensively Article 2 of the UNFCCC. The likely range (66%) of the probabilistic estimates is
indicated by the uncertainty bars.

Source: Figure made by M. Steinacher, based on Steinacher et al. (2013).

5 While negotiations continue, climate mitigation and
adaptation options are disappearing at an accelerating
pace

The passing of time caused by the complexity of the negotiations is particularly
detrimental to the ultimate goal of the UNFCCC of stabilising greenhouse gas
concentrations in the atmosphere. That goal was agreed in 1992 and entered into force
in 1994. Only since 1994, over 20% of the budget of cumulative carbon emissions
that is compatible with the 2°C target, or 42% of the then remaining budget, has been
consumed. The start time of the global emissions reduction pathway is crucial. To
illustrate this, we consider idealised carbon emission pathways (Stocker, 2013), which

are so simple that they lend themselves to an analytical evaluation. Three pathways for
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a global mitigation scheme, all compatible with the 2°C target but with different start
times, are shown in Figure 6. It is evident that a delay in starting mitigation increases
the level of ambition of the required mitigation rapidly. If it started now, emissions
would need to drop at a constant rate of 4.4% per year, while if it started 15 years later,
that rate grows to over 25% per year — a decarbonisation rate that is economically
impossible (den Elzen et al. 2007).

Figure 6  Idealised exponential emission pathways compatible with a 2°C target
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rate, and a subsequent sustained reduction starting at various times in the future. The cumulative CO, emissions, i.e. the area
under the three curves, is the same for the three scenarios and is consistent with the 2°C target.

Source: Based on Stocker (2013).

A different way to look at the problem is to ask for the required emissions reduction
rate given an agreed temperature target and a start year for the mitigation. Delaying
mitigation for too long means that an agreed temperature target becomes more and
more difficult to reach. In order to measure the speed of ‘climate target loss’, a new
metric — mitigation delay sensitivity (MDS) — was introduced by Allen and Stocker
(2014). This measure is of central policy relevance as it directly informs about the
urgency of implementing mitigation measures for a target to remain achievable. MDS
can also be determined for other policy-relevant quantities such as sea level rise or

measures of ocean acidification (Pfister and Stocker 2015).
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Model estimates show that in about ten years time, the 2.5°C target will have become as
ambitious as the 2°C target is today (Allen and Stocker 2014). For a constant ambition,
the achievable temperature target therefore increases at a rate that is 2 to 6 times faster
than the observed warming during the past few decades. Due to the slow response of the
sea level to the forcing, sea level mitigation delay sensitivities are 9 to 25 times larger
than current observed rates (Pfister and Stocker 2015). Observed warming and sea level

rise therefore create an overly optimistic impression of the urgency of the problem.

6 Future challenges and conclusions

In order to provide useful information for decision-makers, the information on Earth
System changes must become more regional. The chain from global-scale models to
regional, limited area models and to downscaled information will be the key to much
better exchange of information between science communities concerned with the physical
processes of the Earth System and those investigating impacts, vulnerability and risk.
Quantitative risk maps would be a timely and most desirable product for negotiators,
but would require quantification of vulnerability and exposure to climate change. It
is suggested that the concerned science communities design a long-term strategy, for
example under the stewardship of the Future Earth programme (www.futureearth.org),
to develop, compare, evaluate and apply impact and risk models, very much following
the successful approach of the series of coupled modelling intercomparison projects

under the leadership of the World Climate Research Programme (wcrp-climate.org).

One of the greatest challenges for negotiators is the limited time that is available to
realistically achieve the 2°C target. While solutions (see Part III of this book) are
being sought, agreements formulated, and legal frameworks negotiated, global carbon
emissions continue to grow. With every decade, about 0.4°C of the temperature target
are lost given a constant level of ambition of emissions reductions. Once the carbon
budget for a specific target is consumed, that target is lost permanently (barring global-
scale negative emissions, which will be unavailable in the near future). This implies that
at some stage, climate change targets will need to be corrected upwards. If this happens,

how would we deal with such an evident failure of global stewardship?
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Taking a broader perspective, we should recognise that addressing climate change is
simply a necessity if we want to achieve the Sustainable Development Goals (SDGs)
that countries have committed to. Effective climate change mitigation is a good start on
the pathway towards the SDGs, and will allow many of them to be reached more quickly.
Business-as-usual, on the other hand, will certainly make the SDGs unachievable.
Addressing climate change must therefore be an integral part of a strategy to reach the

Sustainable Development Goals.
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With very high risk of severe, widespread and irreversible impacts globally due to
unabated anthropogenic climate change, we argue in this chapter that the 2°C limit
can be justified by the synthesis of available scientific evidence as an application of
the precautionary principle. In principle, the risks of mitigation differ fundamentally
from the risks of climate change in terms of their nature, timescale, magnitude and
persistence. Humankind has the technological means to solve the problem. However,
the challenges of stringent mitigation action are enormous and have been increasing
over the last decade because of the ongoing renaissance of coal, which does not allow
for a decoupling of economic and population growth from emissions. Keeping a greater
than 66% probability of staying below the 2°C limit, for example, would require current
emission levels to be reduced by 40-70% by 2050, and emission levels of zero and below
by the end of the 21st century. This requires a large-scale transformation in the way we
produce and use energy, as well as how we use land. The most fundamental challenges
are the oversupply of fossil fuels and the risks associated with negative emissions
technologies, or high bioenergy deployment. A further delay in mitigation action
substantially increases the difficulty of, and narrows the options for, this transformation.
Delays are associated with a growing dependence on negative emissions technologies
as well as higher mitigation costs in the long run. In the near term, a fundamental

departure from the business-as-usual development is required. Therefore, triggering
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short-term climate policy action is instrumental for any reasonable long-term climate
goal. While the institutional challenges are tantamount, there are multiple rationales

for pricing carbon and introducing complementary policies.

1 Dangerous climate change - the rationale of the 2°C
limit

Faced with an increasing likelihood of “very high risk of severe, widespread and
irreversible impacts globally” due to unabated anthropogenic climate change (IPCC
2014c), decision makers from all countries will meet at the 21st Conference of Parties
(COP21) in Paris to work on a new international climate treaty. Climate policy is locked
in a race against time, with greenhouse gas (GHG) emissions growing faster in the
first decade of this century than in previous decades, despite a growing number of
mitigation efforts. One of the most important drivers is the ongoing renaissance of coal,
which does not allow for a decoupling of economic and population growth from GHG
emissions (IPCC 2014a, Steckel et al. 2015). The oversupply of fossil fuels is one of
the most fundamental challenges of climate policy. Understanding the technological
and economic implications of limiting the disposal space of GHGs in the atmosphere
(see Section 2) and triggering short-term mitigation action (see Section 3) is key to a

workable and effective climate regime.

As highlighted in the Fifth Assessment Report (ARS) of the Intergovernmental Panel
on Climate Change (IPCC), the global mean temperature increase is an almost linear
function of the cumulative release of CO, emissions to the atmosphere (see Figures
SPM.10 and 12.45 in TPCC 2013; and Figure SPM.10 in IPCC 2014d). As carbon
emissions accumulate in the atmosphere, the long-term temperature increase is
determined in an irreversible way, unless technologies are available that allow for the net
removal of carbon from the atmosphere, so-called ‘negative emissions technologies’.
While these may be necessary and useful within a portfolio of mitigation options, the
required large-scale deployment of such technologies is associated with important risks
(see Section 2) and is not able to prevent climate change within a reasonable time frame
(IPCC 2013). These and other mitigation risks need to be weighed against the risks of

climate impacts when determining a climate goal.
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Economists have frequently tried to estimate the optimal balance between mitigation,
adaptation and residual climate impacts. However, the underlying differences in
methodological approaches and important gaps in knowledge make it challenging to
carry out direct comparisons of these impacts in the form of cost-benefit calculations
(Kunreuther et al. 2013, IPCC 2014e). More fundamentally, the identification of
an optimal climate goal is based on many implicit value judgements and ethical
considerations, which may be contested in pluralistic societies. Such judgements and
considerations are fundamentally important, for example, when the damages from
climate change, which are mainly incurred by future generations, are counted against
the costs of mitigation, which are largely borne by today’s generations (Kolstad et
al. 2014). It therefore seems appropriate to take a risk management perspective that
evaluates the risks of climate change (in terms of impacts and adaptation limits) and the
risks of mitigation action (in terms of mitigation costs and potential adverse side-effects
of mitigation technologies). This ultimately leaves the decision about the most desirable
temperature level to policymakers and the public, who may base their discussions on
the range of different risks, information about which is provided in the AR5 (Edenhofer
and Kowarsch 2015).

Increasing temperatures raise the likelihood of severe, widespread and irreversible
impacts (IPCC 2014c). Without additional mitigation efforts, the global mean
temperature will increase by about 4°C (3.7-4.8°C based on the median climate
response) by the end of the 21st century and will lead to high to very high climate
change risks even with adaptation (Clarke et al. 2014, IPCC 2014a, IPCC 2014e).
These include inter alia the loss of the Arctic ice sheet, substantial species extinctions,
consequential constraints for human activities and global and regional food insecurity
(IPCC 2014c¢). Limiting warming to below 2°C would reduce these risks of climate
change substantially compared to business as usual, particularly in the second half of
the 21st century (IPCC 2014c, IPCC 2014d). The large differences in risk between a 4°C
and a 2°C world were therefore clearly emphasised in the ARS, whilst the difficulties
in understanding the differential climate impacts for small temperature changes — such
as 1.5°C, 2°C, 2.5°C or 3°C — were also acknowledged. Even a temperature increase
of 2°C and below is associated with some risks from climate damages irrespective of
mitigation and adaptation efforts (IPCC 2014d).
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In contrast to climate damages, the risks of mitigation are generally not irreversible
(except, for example, nuclear accidents and biodiversity loss) because they allow for trial
and error and therefore for a social learning process in climate policy implementation.
Mitigation risks are thus seen as differing fundamentally from the risks of unabated
climate change in terms of their “nature, timescale, magnitude and persistence” (IPCC
2014e). Mitigation risks, however, also differ across alternative mitigation pathways.'
These differences mainly depend on the availability and choice of technologies as well
as the stringency and timing of GHG emissions reductions (see Section 3) (Clarke et
al. 2014, IPCC 2014a).

Once a certain temperature level has been exceeded, only two options remain to deal with
climate change: adaptation and solar radiation management (SRM), the latter of which
tries to intentionally modify the earth’s radiative budget. Some environmental impacts of
climate change, such as ocean acidification, cannot be addressed by SRM technologies.
There may also be other adverse side-effects that need careful assessment (IPCC 2013).
Given the inherent uncertainties of the impacts of these options and the future impacts
of climate change, aiming for the 2°C limit can thus be seen as an application of the
precautionary principle, which emerges from the synthesis of scientific evidence and
the value judgements by experts of how to avoid dangerous climate change. Whilst the
global mean temperature cannot be controlled directly, a carbon budget can be defined
which allows the limitation of the global mean temperature with a specific probability
(see Table SPM.1 in IPCC 2014b). However, the window of opportunity to stay below

the 2°C limit is rapidly closing, as the next section shows.

2 Technological and economic implications of the 2°C
limit

Limiting climate risks by keeping global mean temperature increase below 2°C (with a
greater than 66% probability) implies a remaining carbon budget of about 1,000 (750-
1,400) GtCO, (IPCC 2014e). If current trends continue, this budget will be completely

1 Many mitigation technologies also entail co-benefits for non-climate policy objectives (von Stechow et al. 2015). These

often accrue locally and may provide incentives for unilateral mitigation action; they are discussed in Section 3.
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used up within the next 20-30 years. With more than 15,000 GtCO, in fossil fuel reserves
and resources in the ground, it is clear that we will not run out of fossil fuels. Rather,
it is the limited disposal space for waste GHGs of the atmosphere that constitutes the

ultimate scarcity of the 21st century (see Figure 1).

Figure 1  Challenge for climate policy — there are more fossil fuels in the ground than
disposal space for waste greenhouse gases remaining in the atmosphere

for a 2°C limit
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Notes: Columns below the zero line indicate the carbon contained in the estimated global reserves and resources of fossil
fuels. The columns above the zero line are based on the scenario database used in the IPCC WGIII ARS and indicate
cumulative historical and projected emissions. For more details, see Edenhofer et al. (2015a).

Staying within this tight carbon budget implies that annual GHG emissions would need
to be reduced by 40-70% by 2050 and decline towards zero and below thereafter. This
requires rapid improvements in energy efficiency and a 3-4 fold increase in the share
of zero- and low-carbon energy supply from renewables, nuclear energy and carbon
dioxide capture and storage (CCS), or bioenergy with CCS (BECCS) by 2050 (Clarke
et al. 2014). The majority of scenarios with a greater than 66% probability of keeping

average global temperature rise below 2°C can only stay within the carbon budget if
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the carbon debt is repaid through global net negative emissions towards the end of the
21st century. In other words, more CO, would need to be removed from the atmosphere
through large-scale deployment of negative emission technologies, such as BECCS
or afforestation, than is released by all human activities. These challenges can be
alleviated to some extent through reductions in final energy demand in the near term,
decreasing the amount of fossil fuels used and thus reducing the immediate pressure
for decarbonising energy supply. This would also entail co-benefits that outweigh the
few adverse side-effects of mitigation action in the transport, buildings, and industry
sectors. On the energy supply side, the balance depends to a larger extent on the specific

technology and implementation context (Clarke et al. 2014, von Stechow et al. 2015).

In addition to these technological challenges, staying within the remaining carbon
budget would also imply a devaluation of coal, oil and gas assets.? Compared to
business as usual (in the AR5 scenario database), 70% of coal reserves and resources
would need to remain underground as well as 35% of oil and 32% of gas. As Figure 1
shows, this effect can be buffered to some extent by the deployment of BECCS, which
has the potential to remove some of the emissions from the additional combustion of
fossil fuels. If CCS is not available, however, this flexibility would be removed, calling
for immediate GHG emissions reductions. This would have important implications for
the allowed extraction rates and the above numbers would increase to 89%, 63% and
64%, respectively (Bauer et al. 2013, Jakob and Hilaire 2015).

One critical constraint on BECCS deployment is the large-scale availability of various
bioenergy feedstocks (see the Chapter by Tavoni in this book). Deployment levels of
total (modern) bioenergy in 2°C scenarios without delay and limits to technological
availability are in the range of 10-245 EJ/yr by 2050 and 105-325 EJ/yr in 2100,
increasing the share of bioenergy in total primary energy from 35% in 2050 to as much
as 50% in 2100 (Creutzig et al. 2014, Smith et al. 2014). Whether or not these amounts
of bioenergy can be supplied in a sustainable manner is highly contested, with some

experts emphasising the large mitigation potential of bioenergy and others highlighting

2 By reducing the disposal space for waste GHGs in the atmosphere, climate policy not only reduces the resource
rents of the owners of coal, oil and gas assets, but it also creates a ‘climate rent’. These revenues from carbon pricing

overcompensate the loss in resource rents (Bauer et al. 2013); they are discussed in more detail in Section 3.
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the risks associated with such high bioenergy deployment levels (Creutzig et al. 2012a,
2012b). The main adverse side-effects discussed relate to possible reductions of land-
carbon stocks, as well as negative impacts on ecosystems, biodiversity, food security
and livelihoods. The sustainable technical bioenergy potential is estimated to be around
100 EJ/yr in 2050, with high agreement in the literature, and up to 300 EJ/yr with
medium agreement (Creutzig et al. 2014, Smith et al. 2014).

The technological challenges and adverse side-effects of staying below the 2°C limit
increase further as stringent emissions reductions are delayed. This results from the
faster timescales over which the required technologies need to be implemented. Figure
2 highlights that unless GHG emissions are reduced below current levels in 2030, the
technological challenges of the 2°C limit increase substantially — particularly between
2030 and 2050 (Bertram et al. 2015, Riahi et al. 2015). Using a larger share of today’s
tight emissions budget also reduces the flexibility of technology choice, as staying
below the temperature limit increasingly depends on the availability of potentially
risky negative emissions technologies. Overall, the ability to hedge against the risks
of mitigation across a broad technology portfolio becomes more and more constrained

with increasing delays.

Mitigation costs increase with growing mitigation ambition, but are characterised by
large uncertainties. Staying below the 2°C limit with a greater than 66% probability
would imply reducing global consumption levels relative to business as usual by 5%
(3%-11%) by 2100. Staying below a 2.5°C and 3°C limit would imply decreasing
consumption levels by 4% (1%-7%) and 2% (1%-4%), respectively. For comparison,
business-as-usual consumption itself grows between 300% to more than 900% over this
period (IPCC 2014a). While these reductions in consumption levels are by no means
negligible, they seem comparatively moderate. They also hinge on the assumption of

effective global institutions and the establishment of a global, uniform carbon price.
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Figure 2  Increasing technological challenges associated with the energy system
transformation in delayed relative to immediate mitigation scenarios

consistent with staying below the 2°C limit with a roughly 50% probability
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Notes: Technological challenges are represented in terms of the average annual rate of carbon emissions reductions (2030-
2050, middle panel) and low-carbon energy upscaling (2030-2050/2100, right panel). Left panel shows GHG emission
pathways between 2005 and 2030. Compared to immediate mitigation scenarios (grey, GHG emissions <50 Gt CO,-
equivalent in 2030), delayed mitigation scenarios (blue, GHG emissions >55 Gt CO,-equivalent) are characterised by much
faster emissions reductions and much faster upscaling of low-carbon energy technologies between 2030 and 2050. The black
bar shows the uncertainty range of GHG emissions implied by the Canctin Pledges. For more details, see IPCC (2014b).

Limiting the availability of key mitigation technologies such as CCS and bioenergy
might reduce some of the adverse side-effects of these technologies, but would increase
discounted mitigation costs by approximately 140% (30-300%) and 60% (40-80%) by
the end of the century, respectively (Figure 3). Delaying emissions reductions further
increases the costs of reaching specific climate goals. A delay would protect the rents of
fossil fuel owners, today’s cost savings would thus be eclipsed by future cost increases.
For example, delaying stringent mitigation through 2030 could raise the aggregate
costs of mitigation by 30-40% (2-80%) by 2050 and by 15-40% (5-80%) by 2100 (in
scenarios with a roughly 50% probability of staying below the 2°C limit) (Clarke et al.

2014).
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Figure 3  The impacts of a limited mitigation technology portfolio on the relative
increase in mitigation costs compared to a scenario with full availability of
technologies in mitigation scenarios consistent with staying below the 2°C

limit with a roughly 50% probability
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phase out = No addition of nuclear power plants beyond those under construction and existing plants operating until the
end of their lifetime; Limited Solar / Wind = a maximum of 20 % of global annual electricity supply from solar and wind;
Limited Bioenergy = a maximum of 100 EJ/yr modern bioenergy supply globally. For more details, see Clarke et al. (2014).

3 Triggering short-term mitigation action

A fundamental departure from business-as-usual development is required to leave the
window of opportunity open to stay below the 2°C limit. Triggering short-term climate
policy action is instrumental to achieving any reasonable long-term climate goal —
short-term action reduces the risks of increasing future mitigation costs and the risks of

relying on negative emissions technologies with potentially large adverse-side-effects.

As discussed by Sterner and Kohlin and Stavins in their chapters in this volume, the
necessity for introducing a clear price signal through carbon taxes or emissions trading
becomes evident when considering the required changes in the different sectors and
looking at the required reallocation of investment flows. In the energy sector, for
example, new investment strategies away from fossil fuel extraction and use towards
energy efficiency and low-carbon technologies for energy generation are urgently

needed (Figure 4). But despite its necessity, carbon pricing is perceived as extremely
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demanding. The feasibility of an optimal global carbon price is currently limited as
free-rider incentives seem to undermine the willingness of parties to participate in an
ambitious international climate agreement (Carraro 2014, Cramton et al. 2015). It is
therefore even more remarkable that a number of countries — including the majority of
the world’s 20 largest emitters — have started implementing GHG emissions reduction

policies on their own accord.

Figure 4  Change in annual energy sector investment flows towards low-carbon
energy technologies in mitigation scenarios consistent with staying below
the 2°C limit with a roughly 50% probability relative to the average
business-as-usual level (2010-2029)
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Notes: Results are based on a limited number of model studies and model comparisons (numbers in the bottom row)
highlighting that investment needs are an evolving area of research. The extent to which the investment needs in one region
translate into regional mitigation costs depends on the effort-sharing regime, which has important effects on the relative cost
burden (Tavoni et al. 2013, Hohne et al. 2014). For more details, see Gupta et al. (2014).

Several unilateral and often short-term incentives for introducing climate policies
and establishing GHG emissions pricing schemes exist: i) the efficient generation of
additional revenues for government budgets; ii) the use of carbon-pricing revenues for
the provision of public goods or infrastructure investments in welfare-enhancing ways;

iii) the introduction of Pigouvian carbon pricing to internalise national climate impacts;
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and iv) the realisation of co-benefits from GHG emissions reductions (Edenhofer et al.

2015Db). Interestingly, all of these unilateral incentives for domestic carbon prices are

particularly relevant for developing countries.

1.

Carbon pricing helps to broaden the often thin tax base in countries with large
informal sectors (Bento and Jacobsen 2007, Bento et al. 2013, Markandya et
al. 2013). With the possibility to recycle these additional carbon price revenues,
potentially regressive effects may be compensated and/or existing distortionary taxes
(that particularly affect low-income groups) may be reduced. Carbon pricing can
therefore enhance economic growth without adverse distributive effects (Casillas
and Kammen 2010, Goulder 2013, Somanathan et al. 2014). As a recent IMF report
shows, however, one ton of carbon emissions receives, on average, more than 150
USS$ in subsidies. The removal of all such subsidies, accompanied by an appropriate

price on carbon, would benefit especially developing countries (Coady et al. 2015).

Carbon-pricing revenues could reduce the large investment gap in public
infrastructure that provides access to basic needs, such as universal access to water,
sanitation, and clean energy (Edenhofer et al. 2015b). For example, the investment
needs for energy efficiency and low-carbon technologies (see Figure 4), universal
energy and water access and sanitation access in non-OECD countries are well
within expected revenues from climate policy (Hutton 2012, Pachauri et al. 2013,
Jakob et al. 2015a). It is worth noting that the removal of fossil fuel subsidies also
has a remarkable potential to raise revenues. If these subsidies of approximately
US$550 billion were to be redirected to investments in basic infrastructure over the
next 15 years, substantial improvements could be made in reducing poverty. This
includes universal access to clean water in about 70 countries, improved sanitation
in about 60 countries, and access to electricity in about 50 countries (out of roughly
80 countries that do not yet have universal access). Such investments would also
increase the long-term growth prospects of poor economies (Jakob et al. 2015b).
Additionally, the removal of these subsidies would cut global carbon emissions by
more than 20%, and reduce pre-mature deaths related to air pollution by more than
half (Coady et al. 2015).
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3. A substantial share of optimal carbon prices (with maximum values of 10-40%)
could internalise the expected domestic damages from climate change in developing

regions (Figure 3 in Edenhofer et al. 2015b).

4. Co-benefits, for example those related to reducing the health and environmental
externalities from currently high air pollution, further increase the incentives to
trigger short-term mitigation action in developing countries (Nemet et al. 2010,
West et al. 2013).

Most of the aforementioned unilateral incentives to introduce climate policies are also
particularly relevant for industrialised countries. The introduction of a carbon price
provides the flexibility to reduce existing distortionary taxes and thus increase the
overall efficiency of the economy. In addition, a tax on fixed production factors such
as fossil fuels could stimulate the redirection of investments towards producible capital
(Edenhofer et al. 2015b). The revenues from carbon pricing could also provide ample
funds for the investments required in the energy sector (see Figure 4), or for addressing
investments needs in the transport sector and existing market failures in technology
R&D. Finally, revenues may be used for financing adaptation needs resulting from the
unavoidable impacts from climate change (Malik and Smith 2012), which may range
between US$25-100 billion per year by 2015-2030 (Fankhauser 2010).

These unilateral incentives show that finance ministers might be interested in carbon
pricing even though they are not primarily interested in emissions reductions (Franks
et al. 2014). Still, mitigation efforts that are purely motivated by national interests are
not expected to achieve the globally optimal carbon price. They could nonetheless
contribute towards closing the ‘emission price gap’, i.e. the difference between the level
of current GHG prices and a globally optimal carbon price (see Figure 5, Edenhofer
et al. 2015b). The crucial question remaining is to what extent unilateral action by
some countries, regions or industries can promote collective action and can facilitate
cooperation on the international level (Ostrom 2010, Urpelainen 2013, Cramton et al.
2015).

It has been shown above that the prospects of carbon pricing are less bleak when the
investment gap in public infrastructure is financed by carbon-pricing revenues, co-
benefits can be realised, and the removal of distortionary taxes is taken into account.

This will not lead automatically to international cooperation and to a global carbon
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price. However, should domestic carbon pricing no longer be perceived as committing
political suicide, the remaining carbon price gap will be easier to close by international
agreements. Admittedly, the challenge of international cooperation remains and
innovative proposals are needed to solve this globally pressing problem (e.g. Cramton et
al. 2015, Barrett and Dannenberg 2012, and the contributions by Stewart, Keohane and
Victor, and Stavins in this volume). However, the potential for domestic carbon pricing
as a short-term entry point to a longer-term solution has been widely underestimated. It
would open up new perspectives for tackling the climate problem if finance ministers
were to become much closer allies of environmental ministers, working together to

close the emission price gap and thus triggering short-term mitigation action.

Figure 5  Incentives for unilateral introduction of carbon prices and their role in
closing the emission price gap.
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4 The state of climate negotiations

Brian P. Flannery"
Resources for the Future

Today, with little time remaining before the 2 1st meeting of the Conference of Parties to
the UNFCCC in Paris, negotiators confront a disorganised text that is far too long and
replete with conflicting proposals that cross red lines for major players. Nonetheless,
political leaders express confidence that a deal is achievable. Unlike the task of Kyoto
— producing politically feasible mitigation targets for developed nations — the post-
2020 agreement covers (at least) six themes: mitigation for all nations, adaptation,
finance, technology transfer, capacity building and transparency. Residual acrimony
and distrust from Copenhagen hamper the process which must resolve many complex,
contentious issues, such as legal form and compliance, the role (or not) for greenhouse
gas markets and offset projects, intellectual property rights, compensation for loss and
damage, transparency and associated measurement, and reporting and verification and
review procedures. Overshadowing all remains the question of how the principle of
common but differentiated responsibilities will manifest throughout the agreement, e.g.

from mitigation to reporting and review to finance.

Some aspects are solidifying. Mitigation efforts will not be negotiated; rather, they are
being submitted (as Intended Nationally Determined Contributions) and, ultimately,
recorded, perhaps dropping the ‘I’ to become NDCs. Total financial aid appears set by
the Copenhagen pledge of developed nations to mobilise US$100 billion per year by
2020. Also, negotiators appear resolved to create a durable framework based on cycles

of review and renewal over intervals of, perhaps, five or ten years.

1 The views in this chapter are based on personal observations and conversations with colleagues from national delegations,

business, academia, intergovernmental organisations, think tanks and other observers.
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However, the Paris Agreement appears unlikely to fulfil the long-established narrative
to be ‘on track’ to limit warming to less than 2°C (or 1.5°C). Only recently have
political leaders begun to temper expectations. They will need to manage expectations
thoughtfully to avoid a backlash from a range of nations, stakeholders and media, and
to restore the credibility of the United Nations Framework Convention on Climate

Change as an effective process.

1 Introduction

With only months remaining before the 21st meeting of the Conference of Parties
to the UNFCCC in Paris (COP21), negotiators find themselves in a familiar spot: at
loggerheads, with an unstructured, disorganised text that is far too long and replete
with conflicting proposals that cross red lines for various nations. Nonetheless, most

delegations appear confident that political will exists to reach an agreement.

The agreement faces challenges to achieve consensus and public acceptance. Little time
remains to resolve contentious issues, including ambition in mitigation and finance,
legal form, how to reflect the principle of common but differentiated responsibilities
(CBDR), the future of markets and offsets, and treatment of intellectual property rights
(IPR). The clock may simply run out, especially if reluctant factions use procedural
tools to delay progress. Recent COP meetings ended with controversy as disgruntled
nations strenuously objected to declarations of consensus. Some have banded together,
so objections may be more visible and difficult to ignore in Paris. The greatest challenge
will be to restore confidence that the UNFCCC can be a credible and effective vehicle

to manage the global response to climate change.

The feasible deal in Paris looks to be modest, not consistent with the long-established
narrative to avoid climate catastrophe by putting the world ‘on track’ to limit warming
to less than 2°C (or 1.5°C) (Jacoby and Chen 2014). Only recently have political leaders
sought to lower expectations. It may be too late. Forces that created powerful external
pressure that led to the painfully visible, far-reaching failure in Copenhagen only six
years ago are rallying again, calling for a far more ambitious deal. Consequently, the
achievable deal may prove to be unsatisfactory to many nations, advocacy groups, the

media and the public.
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In this chapter, Section 2 provides a scene set on developments since milestone
meetings marking success in Kyoto (1997) and failure in Copenhagen (2009); Section

3 describes major issues in the negotiation; and Section 4 discusses steps after Paris.>

2 Scene set

The dynamic and discussions for the post-2020 agreement bear little resemblance to
those at the time of Kyoto or Copenhagen. Those focused on national mitigation targets;
Paris will not. Mitigation efforts will be set in advance through domestic deliberations,
and submitted before Paris as Intended Nationally Determined Contributions (INDCs)

that contain voluntary, self-defined proposals for mitigation (and other efforts).

Kyoto sought agreement on politically feasible, legally binding mitigation targets for
developed nations and the establishment of market mechanisms based on emissions
trading and credits from offset projects. As with the UNFCCC, Kyoto fully embraced
CBDR. Developed countries (listed in Annex 1) took on mitigation obligations and
those in Annex 2 agreed to provide aid; developing countries (non-Annex 1 Parties)

were promised financial support and exempted from mitigation commitments.

The Bali Mandate (2007) provided a broader remit for two negotiations to be completed
in Copenhagen. Bali set 2009 as the deadline for the Ad Hoc Working Group on Further
Commitments for Annex 1 Parties (AWG-KP) to prepare a second Kyoto commitment
period (KP CP2). Bali also launched negotiations under the Ad Hoc Working Group on
Long term Cooperation (AWG-LCA) for a comprehensive, new agreement involving
all Parties. In an important (potential) breakthrough, Bali signalled the possibility for
the evolution of CBDR: AWG-LCA refers to developed and developing nations and to

all Parties, rather than to nations grouped as Annex 1 and non-Annex 1. However, this

will require contentious change from the writ of the 1992 UNFCCC.

2 For a more detailed discussion of the negotiations, see Flannery (2015).
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2.1 Copenhagen and the demise of the top-down approach

Ahead of Copenhagen, a number of actors — including European nations, the Alliance
of Small Island States (AOSIS), Least Developed Countries (LDCs), the UNFCCC
Secretariat, advocacy groups, foundations and others desiring strong action —encouraged
public pressure and media attention to galvanise political momentum. However, even
before COP1S5, at the Asia Pacific Economic Cooperation summit in Singapore leaders
of many nations (including the US and China) announced that they would agree only
to a political deal based on voluntary national pledges, rather than the legally binding
outcome specified in Bali.> In the resulting Copenhagen Accord, developed nations
also agreed by 2020 to mobilise US$100 billion per year in financial aid to developing

nations.

Outside UNFCCC procedures, Heads of State from a handful of nations created the
Copenhagen Accord. Many nations excluded from those deliberations voiced profound
objections to what they regarded as a betrayal of the UNFCCC process. Distrust
continues not only over unmet expectations for mitigation and financial aid, but also
from concerns over transparency, inclusiveness and commitment to the multilateral

process.

Copenhagen dealt a deathblow to the top-down approach in which nations negotiated
terms for one another’s actions as the basis for agreement. Going forward, national
pledges will be based on voluntary submissions that reflect national circumstances and
priorities — a situation that I describe as a mosaic world (Flannery 2014). In the mosaic
world, this bottom-up approach encourages participation by all nations that will be
essential for long-term effort. However, just as the top-down approach cannot force
effort on unwilling nations, so too voluntary contributions appear unlikely to deliver

aggregate outcomes aligned with ambitious long-term goals.

3 See “APEC leaders drop climate target”, BBC News, 15 November 2009; and “APEC Concedes Copenhagen Climate
Treaty Out of Reach”, Bloomberg News, 16 November 2009.
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2.2 Developments shaping negotiation of the post-2020 agreement

After Copenhagen, Parties spent years seeking to restore confidence in the multilateral
process. As well, the negotiating landscape became more complex as COP 17 established
the Ad Hoc Working Group on the Durban Platform for Enhanced Action (ADP) with
efforts in two workstreams: 1) negotiating by 2015 a comprehensive, global agreement
to take effect in 2020; and 2) enhancing ambition of mitigation (and finance) in the
period before 2020. Finally, in Doha in 2012 COP18 adopted a 2nd Kyoto commitment
period (2013-2020), bringing AWG-KP to a close, and terminated AWG-LCA, leaving

ADP as the sole ongoing negotiation.

Many essential aspects in the Bali Mandate remained unresolved. These orphans found
homes in the permanent Subsidiary Bodies or ADP. Mechanisms for mitigation moved
from LCA to the Subsidiary Body for Scientific and Technological Advice (SBSTA).
Reform and extension of the Clean Development Mechanism (CDM) landed in the

Subsidiary Body for Implementation (SBI).

Several new national groups now play important roles in the negotiations. Before
Copenhagen, positions were characterised largely by the views of the EU, the Umbrella
Group (comprising most of the non-EU developed nations), and the Group of 77 and
China (G77 & China) representing developing nations. At and after Copenhagen, other
groups emerged. In particular, significant differences divide G77 & China. BASIC
nations (Brazil, China, India and South Africa) understand that demands by AOSIS
and LDCs — to limit warming to less than 2°C (or 1.5°C) — would require major efforts
by them, and soon, that could threaten their rapidly growing economies. Important
divisions also exist on matters such as treatment of IPR, deployment of Carbon Capture
and Storage (CCS), markets and efforts to protect and expand forests. The Like Minded
Developing Countries (LMDCs) — including Bolivia, China, Cuba, Egypt, India, Iraq,
Iran, Malaysia, Nicaragua, Philippines, Saudi Arabia, Thailand, Venezuela and others,
but not Brazil or South Africa — strongly oppose the evolution of CBDR; more generally,
they oppose the introduction of new concepts or terms that change or reinterpret the

Convention.

Changes outside the UNFCCC have had even greater impact. These include: the

dramatic shift in emissions growth to major developing nations; the recession and

73



Towards a Workable and Effective Climate Regime

ongoing financial crises; the impact of the Fukushima disaster on Japanese nuclear
policy (followed shortly afterwards by Germany’s reaction); and the technology
revolution in North American production of gas and oil. They have altered the political,

economic and technological landscape and shifted priorities in many nations.

3 Issues under negotiation in the post-2020 agreement

ADP has many consequential, contentious matters to resolve. The agreement will
incorporate six themes: mitigation, adaptation, transparency, finance, technology transfer
and capacity building — the latter three jointly referred to as ‘means of implementation’.
Developing nations are pushing to add a seventh: compensation for loss and damage.
Parties must also address framing issues including: long-term objectives, legal form
and compliance, establishing the framework to update commitments, and how to reflect

crosscutting principles (especially CBDR).

3.1 Mitigation: INDCs, mechanisms, offsets and carbon pricing

Nothing more strongly signals the UNFCCC'’s transition to a bottom-up process than
the decision to convey proposed actions in advance through INDCs. INDCs alter the
dynamic of the negotiation by essentially removing bargaining over mitigation from
the immediate negotiation — though perhaps ongoing discussions, even after Paris, may
affect final proposals. Also, they shift the burden of defining CBDR — for mitigation —
to nations themselves, asking them to self-declare why their INDC is appropriate and

ambitious, according to their national circumstances.

Developed nations contended that INDCs should focus solely on mitigation. Developing
countries insisted that they should detail contributions for all six elements, especially
means of implementation. By late July, 20 nations and the EU (covering 28 member
states) had submitted INDCs. Submissions vary in scope, content and timing, making
comparisons difficult (see the chapter by Aldy and Pizer in this book, and also Aldy and
Pizer 2015b).

Many nations wanted ADP to conduct an ex ante review of INDCs, but others (notably

LMDCs) objected. Nonetheless, many governments, academics and think tanks will
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review and analyse INDCs. These have several purposes, such as to understand each
national proposal, to assess comparability and to evaluate aggregate global outcomes.*
Apparently, intended proposals will become final only when nations submit them with
their instrument of accession. If so, ex ante review could extend for several years before
2020.

Parties (and business) hold a range of views regarding international markets. Developing
nations argued that, with the low levels of mitigation ambition in KP CP2, there is no
need for new approaches at this time. Some developing nations oppose any future role
for markets and some developed nations contend that they need no permission from the
UNFCCC to create and utilise international markets. Neither the US nor the EU called

for international markets at this time.

International carbon, actually GHG, markets have two aspects: emissions trading
and offsets (see the chapters in this book by Stavins and by Wang and Murisic for
perspectives on carbon markets). It remains unclear whether offsets administered under
the UNFCCC will exist post 2020. Activities conducted through bilateral agreements
may be more effective (both less bureaucratic and open to a wider range of projects)
than CDM-like approaches. For example, Japan has proposed a Joint Crediting
Mechanism® conducted through bilateral agreements to facilitate the diffusion of low-

carbon technologies, and has signed agreements with 13 developing nations to do so.

Broadly, the ADP market debate includes three possibilities: 1) no markets; 2) an
expanded role for the UNFCCC with authorized offsets as an extension of the CDM; or
3) nations may create and use markets without any enabling decision by the UNFCCC,

though encouragement would be welcome.

Carbon pricing is not an integral part of ADP discussions. Domestic political institutions
are unlikely to cede pricing authority to an international process. Virtues assigned to
a global carbon price are not relevant to the real world where nations will implement
a variety of policies, including no price at all. Business support (or not) for domestic

programmes will depend on design — e.g. covered emissions, cap and trade or tax,

4 See Aldy and Pizer (2015b) for a discussion of comparability, metrics and review.

5 For more details, see https://www.jcm.go.jp
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exemptions, revenue use, compensation, border adjustments, and so on — as well as

interactions with other nations, many without carbon pricing or markets.

Unequal pricing raises questions regarding carbon leakage, competitiveness and border
adjustments. The G77 & China firmly oppose border adjustments. Many developed
nations support them to protect energy-intensive, trade-exposed industries and labour.
Lately, the use of carbon clubs (Nordhaus 2015) has emerged for countries with pricing
to induce others to join. They encourage participation by penalising free riders. Some
in business welcome such approaches; others fear further complicating international
trade. They prefer to use trade as a carrot, as in the environmental goods negotiations,

rather than a stick (or club).

3.2 Adaptation, and loss and damage

Previous UNFCCC decisions place adaptation on an equal footing with mitigation. They
call for nations to develop adaptation plans and for aid to apply equally to mitigation
and adaptation. However, process and procedures remain unclear both to raise and to

disburse funds.

Compensation for loss and damage has become a major stumbling block, with strong
support from developing nations and resistance from developed nations. COP17 agreed
to address loss and damage as an element of adaptation. Nevertheless, developing
countries have raised compensation an issue in ADP. Discussions have not at all
addressed the thorny issue of ‘attribution’ of specific natural events or incremental

damages to human-induced climate change.

3.3 Transparency, MRV, and ex post review of effort

Transparency requires clear commitments, and methodologies for MRV and review of
actual performance (see the chapter by Wiener in this book). While nations have long
experience with GHG inventories, much work remains to characterise contributions of
developing countries that may apply only to specific sectors of their economy, or be
based on improvements over business as usual (see the chapter by Aldy and Pizer in

this book, and Aldy and Pizer 2015b). Similarly, it may be challenging to design MRV
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for finance based on concepts to mobilize $100 billion per year by 2020 from public
and private sources. Differences exist on how CBDR will apply to MRV and review

processes.

Recently, recessions, financial crises, natural disasters, and unanticipated technology
revolutions have caused national emissions to be lower or higher than anticipated. Ex
post analyses, especially over short periods, will need to account for such unexpected

developments.

3.4 Means of implementation: Finance, technology and building capacity

Negotiations include four areas where developing nations seek assistance. They
request financial aid to support their actions to mitigate and adapt to climate risks, and
compensation both for the impacts on them from mitigation measures in developed
countries and for damages from climate change. Arguments have been made that claims
in each of these areas already amount to hundreds of billions of dollars per year, and

that they will grow in the future.

In general, climate finance poses significant challenges (see the chapter by Buchner and
Wilkinson in this book). Moreover, while the public is aware of the debate surrounding
finance for domestic action, they are largely unaware of the scale of aid under discussion.

The pledge of $100 billion per year seems both difficult to meet and far too little.

IPR has become a matter of great controversy. Developed nations stress their position
that the UNFCCC should not address IPR — competent bodies (the WIPO and the
WTO) already exist for such discussions. Private-sector representatives (at least those
from developed nations) argue that IPR is essential to motivate R&D and to enable
technology dissemination. Developing countries, led by India, argue that climate-

friendly technologies should be a public good.

6 For mitigation alone, Jacoby et al. (2010) found that achieving the G8 goal of halving emissions by 2050 could require
wealth transfers to developing nations of over $400 billion per year by 2020, rising to $3,000 billion per year by 2050.
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3.5 Legal form and compliance

ADP is working to develop a protocol, another legal instrument or an agreed outcome

with legal force under the Convention applicable to all Parties. Parties hold very
different views on legal form. Many, perhaps most, call for an agreement that is legally
binding in all aspects and with strong compliance provisions. For others, notably the
US, legal form and obligations could pose an insurmountable barrier to participation.
In the US view, nations have an obligation to submit proposals and report progress, but
not to achieve outcomes. Starkly, the critical choice is between: commit and comply, or
pledge and report. In either case, layering on of durable cycles (see Section 3.7) adds

components to review and renew.

3.6 Obijectives and long-term goals

The UNFCCC contains the well-known objective of stabilising GHG concentrations at
levels that prevent dangerous human interference with the climate system. Additional
mitigation proposals include: limiting warming to 2°C (or 1.5°C), a year for global
emissions to peak, a reduction in annual emissions by a given year, and net zero
emissions by 2100. It is unclear what status a goal would have — would it be aspirational,

or would it have implications for action if the goal were not met?

3.7 A durable framework based on periodic cycles

Negotiators are discussing a durable framework for future commitments based on
periodic cycles, perhaps at intervals of five or ten years. A tension exists between
providing credibility to plan and implement investments and other actions, favouring
a longer cycle, or creating flexibility to ratchet up commitments more rapidly, which
may favour shorter periods. Cycles will pose challenges for institutional linkages and
timely availability of information (Flannery 2015), for example, several nations call
for the Intergovernmental Panel on Climate Change (IPCC) to provide assessments to

inform periodic updates.
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3.8 Workstream 2: Enhancing pre-2020 ambition

Workstream 2 has a prominent place, especially for developing nations. As a
demonstration of good faith, they sought tangible evidence that developed countries
would increase ambition in mitigation and finance before 2020. Developed countries
have not done so. Instead, consideration has shifted to technical expert meetings
(TEMs) that focus on opportunities in areas such as CCS, renewable energy and energy
efficiency, rather than establishing new commitments that actually increase pre-2020

ambition.7

4 COP 21, Paris and next steps

In the few remaining days of formal negotiations, the ADP must complete the text of

the agreement and produce mandates for follow on work.

4.1 Expectations for COP21

In June, current and future COP Presidents Manuel Pulgar-Vidal and Laurent Fabius
provided their perspectives on COP21. They requested negotiators by October to
develop a concise text with clear options for ministerial decisions in Paris. Minister
Fabius proposed that Heads of State might attend at the start to lend political support,
with ministers taking decisions in week two. They portrayed an outcome based on four
pillars: 1) adopting the universal, legally binding, durable agreement; 2) incorporating
INDCs for the first period; 3) delivering on support to developing nations through
finance, technology and capacity building, including mobilising $100 billion per
year by 2020; and 4) recognising actions by non-state actors, notably cities and local

authorities and business.

7  For reviews of these areas, see the chapters by Biogo, Bosetti and Tavoni in this book.
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4.2 Preparation of text

To date, Parties have basically assembled proposed input; they have not begun to
negotiate text. The “Geneva negotiating text” (GNT) 8 — 90 pages with 224 paragraphs
in 11 sections agreed in February this year — satisfied the obligation to circulate any
proposed agreement to all Parties at least six months before the COP. Until now the
process of developing and refining text has respected Parties’ deep concerns that the
negotiation must be Party-driven and based on text submitted by Parties. This insistence
flows from experience and suspicion in the aftermath of Copenhagen. Unfortunately,

progress has been far too slow.

In June, Parties requested the co-chairs to produce a streamlined text. This was

released on 24 July as a fool to aid discussions. At 76 pages,9 it is only marginally
shorter than the GNT. It is reorganised into language to be part of the agreement (19
pages, 59 paragraphs), accompanying decisions (21 pages, 98 paragraphs), or still to
be determined (36 pages, 102 paragraphs). Parties face significant substantive and

procedural challenges to commence negotiation of text.

4.3 Next steps and long-term goals

The path forward appears to provide a process to examine progress and increase ambition
periodically. An academic and political debate has continued for years concerning the
credibility and desirability of the 2°C goal (Victor and Kennel 2014). Note that the
concentration of well-mixed GHGs today already exceeds the level conventionally
associated that goal.10 This raises a central question going forward concerning how

to motivate credible public policy over many decades: is it better to have ambitious

8 Available at http://unfccc.int/resource/docs/2015/adp2/eng/01.pdf

9 Available at http://unfccc.int/meetings/session/9056.php

10 Expressed as CO, equivalent concentrations; the conventional estimate for the 2°C goal requires stabilisation at 450
parts per million (ppm). In 2014 well-mixed GHG concentrations were 485 ppm and rising (MIT Joint Program on
the Science and Policy of Global Change 2014). Also, see Huang et al. (2009) for methods and trends relevant to CO2

equivalence.
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aspirational goals (that will be questioned because they appear not to be credible) or to

pursue strong but feasible policies?

The package of results in Paris will set the stage for future steps. It will provide a new
beginning for efforts before and after 2020. Hopefully, the Paris agreement will make

the UNFCCC a more respected and effective institution for action on climate change.
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Compared with other continents, Africa has contributed the least to climate change,
while its impacts on the continent have been and will continue to be the greatest in the
future. Africa generally has the least capacity to adapt. Thus, it should be the continent
with the most interest in addressing the climate change problem and would benefit the
most if the problem were to be addressed successfully through global cooperation. As
Africa is growing fast, starting from a low base, this is also an opportunity to develop
a climate-friendly infrastructure. Achieving the required mitigation and adaptation
objectives will require external financial support. Given the difficulty of achieving an
efficient and equitable solution to this global problem, African countries need to work
towards the conclusion of a feasible, inclusive, effective and equitable climate agreement
that considers Africa’s situation in the identification of mitigation and adaptation
options. Addressing climate fund governance issues and increasing the availability
of climate funds will be key to success. Africa should also be supported in capacity
building, technology development and transfer, and institutional reform. Meeting these

objectives will require efforts at the global, national and local government levels.

In this chapter, I present a view from Africa of how I see the climate change problem and
the role that African countries should play in addressing it. Section 1 compares Africa
with other continents in terms of contributions to climate change, of vulnerability to
extreme temperature rise and of expected damages in the coming decades. Section 2
deals with the role Africa can be expected to play in mitigation and the steps to be taken
for adaptation. Section 3 deals with the required financing and criteria for its allocation.

Section 4 concludes.

1 I thank the editors for helpful input and Adrien Corneille and Vincent Nossek for research assistance.
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1 Africa and climate change

Evidence concurs that, compared with other continents, the impact of climate change
on Africa (as a share of GDP) is generally the greatest and the continent generally
has the least capacity to adapt (AfDB 2011, IPCC 2014, Mekonnen 2014). In spite of
shortcomings in the estimates of impacts for various reasons including data limitations,
areview of estimates suggests that “Africa stands to lose between 2-4% of its GDP due
to climate change over the coming ten to fifty years” (Mekonnen 2014, citing Nordhaus
and Boyer 2000, Tol 2002a and 2002b, Watkiss et al. 2010). Deeper consideration of
the effects of climate change on poverty and income distribution also reveals that the
poorer people in Africa would suffer even more (Hallegatte et al. 2015). For example,
citing Winsemius (2015), Hallegatte et al. (2015) note that when large-scale floods
hit the Shire River Basin in Malawi in January 2015, the poorest areas were the most
exposed. In spite of progress over the last 15 years, with a poverty headcount (below
USS$1.25 per capita per day in 2011 at 2005 prices) of 41%, Africa’s poverty rate is
more than 20 percentage points higher than that of South Asia, and East Asia and the
Pacific (Corneille et al. 2015).

On the other hand, relative to other continents and to the developed world in particular,
Africa has contributed very little to climate change. Supposing that convergence
towards equal CO2 emission shares per capita is a relevant indicator, Figure 1 shows
that Africa makes the lowest absolute contribution and, with 0.84t/capita, has the lowest
per capita emissions. Also Africa is furthest below the 45° line, an indication of its
low contribution in relative terms. The continent’s low emissions share also indicates
that, even if the costs of abatement are low relative to other regions, its contribution
will necessarily be marginal relative to the mitigation task especially if, as in Figure 1,

emissions related to land use and livestock are not included.
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Figure1  CO, emissions from fossil fuels and manufacture of cement by regions,
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Because of its geography, Africa is also likely to be the region most strongly affected
by climate change. About 43% of Africa’s land area, 70% of its cropland, 80% of
its livestock holdings and 50% of its population are already in drylands (including
arid, semi-arid and dry-humid areas) (Cervigni and Morris 2015). African countries’
projected reduction in agricultural yields due to climate change could be as high as 50%
by 2020 (Boko et al. 2007, p. 435). As discussed below, the temperature is already high
in most of Africa; projected above average increases in temperature for the continent
due to climate change, combined with limited capacity to adjust, imply that adaptation

is a huge challenge for Africa.

Using panel data over a 50-year period, Dell et al. (2012) estimate that a temperature of
1°C higher relative to trend in a given year reduces per capita income by 1.4%, but this
holds only for poor countries. When the model is estimated with lags, this large effect is
not reversed when the temperature shock is over, suggesting a negative effect on growth

from the lower resilience in poor countries.

Predicted temperature changes can be used to estimate potential damage across

continents. Drawing on Sauter et al. (2015), Figure 2 gives a very rough estimate of
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the potential geographical damage from excessive heat towards mid-century using
the A2 scenario from Randall et al. (2007). The estimate draws on projected extreme
temperatures, viewing the planet as grid with 1° degree latitude and longitude intervals,
where extreme temperatures are defined as the number of days when temperatures are
above the 90th percentile of the temperature distribution, and the distribution of damage
costs is simply the projected population share times the above measure of extreme
temperature. While the estimate is rough because the population shares on the grid are
for 2008, it is clear that damage costs are projected to be highest in Africa, South Asia,
and East Asia and the Pacific, and above the respective population shares for South Asia
and sub-Saharan Africa.

Figure 2  Potential damage share and population projections in 2050, by region
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Summarising Africa’s predicament, the latest report by the Africa Progress Panel
(2015) states that “[n]o region has done less to contribute to the climate crisis, but no
region will pay a higher price for failure to tackle it.” The report also notes that “Africa
is already experiencing earlier, more severe and more damaging impacts of climate

change than other parts of the world”.
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2 Africa’s role in adaptation and mitigation

African countries are starting to address climate change in their domestic policies
(Federal Democratic Republic of Ethiopia 2011, Republic of Rwanda2011). The
removal of subsidies on fossil fuels is a prime example of a policy with multiple gains.
Though this is politically sensitive, research in developing countries has shown that
such an action may not hurt the poor (Sterner 2011, Mekonnen et al. 2013). Ex ante
measures, such as strengthening early warning systems and weather-indexed insurance
in agriculture, are also important domestic policy measures to consider (see the chapter

by Hallegate et al. in this book).

Africa’s recent fast growth is an opportunity to avoid a development path relying on
old, high-carbon technologies. This will contribute both to mitigation and adaptation.
Starting from a low infrastructure base is also a late-comer advantage. This is particularly
important for Africa, where the urban population is expected to triple by mid-century.
In his chapter in this book, Bigio notes that emerging cities and small urban areas in
developing countries — of which there are many in Africa — that are starting from a
primitive infrastructure base have the greatest potential for avoiding lock-in to long-
lived, high-carbon urban infrastructure. As Africa is expected to continue growing

rapidly, the opportunity is there to invest in activities that are climate friendly.

Such a development path requires leapfrogging into modern technologies including
reliance on clean renewable energy technologies such as hydropower, solar and wind,
for which there is a huge potential in Africa. The costs of technologies to enable the
use of renewable energy sources such as solar and wind are going down. If assisted
by measures that keep a significant amount of fossil fuels unextracted, as suggested
by Collier (2015) in his chapter in this book, the shift to clean renewable energy
technologies would be faster, although, as noted below, this poses a problem of burden
sharing. There are also opportunities for Africa in other areas — such as forestry and

agriculture — where development, mitigation and adaptation could be combined.

Such a strategy will provide several climate-related benefits. First, the construction
of infrastructure will be less carbon-intensive (e.g. cook stoves with higher thermal
efficiency; see the chapter by Kaudia in this book). Second, the operation of that

infrastructure will also be less carbon-intensive. Third, the infrastructure will be better
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adapted for temperature rise. Fourth, there will be co-benefits in terms of improved

health and livelihoods in general.

Mitigation being a global rather than national public good, it is globally beneficial
if mitigation takes place where it is least costly. As discussed by McKinsey (2009),
GRICCE (2009) and the World Bank (2010), Africa has negative or only small abatement
costs for a number of mitigation options. The most important area for mitigation for
Africa is forestry, but it has been excluded from the Kyoto Protocol and hence from
the Clean Development Mechanism (CDM), the main instrument for increasing the

efficiency of mitigation activities.

Africa has not participated much in mitigation activities under the Kyoto Protocol as the
Clean Development Mechanism was not adapted to Africa’s situation, not only because
activities avoiding deforestation were not allowed, but also because the requirements
for qualification were too stringent for African countries. Of the 8,592 CDM projects
submitted and registered over the period 2004-2015, the bulk (6,343, or 74%) went
to China, India, Mexico and Malaysia, and only 238 (2.8%) to Africa. An analysis of
the determinants of qualifying projects shows that high tariffs on environmental goods
imports and burdensome procedures to start a business were negatively associated with
the likelihood of a technology transfer (Schmid 2012). Proposed reforms to increase
participation in CDM projects by African countries would include mitigation in forestry,
agriculture, and other land use projects (ACPC 2011, Haites 2011, Gebreegziabher et
al. 2012).

Regarding GHGs, by 2030, Africa’s comparatively low-cost mitigation potential is
estimated to be close to two-thirds, or 2.8 GtCO,e, of its projected GHG emissions under
a business-as-usual scenario (4.2 GtCO,e) (McKinsey 2009, exhibit 3.2.1). GRICCE
also suggests that mitigation in Africa could focus on forestry (including REDD+,
afforestation/reforestation and forest management), agriculture (including restoration
of degraded land and reduced tillage) and energy (including hydropower, solar power,
and energy efficiency programs), as well as transport. As shown in Figure 3, during
the 1990s Europe reforested, and South Asia experienced an average per capita growth
of 2.9%while avoiding deforestation. On the other hand, Africa experienced negative
growth and the highest rate of deforestation. In the next decade, Africa’s growth picked

up, but deforestation continued at a similar rate to the previous decade.
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Figure 3  GDP per capita and deforestation (decadal averages)
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Note: Negative values correspond to reforestation rates.

Source: Author’s calculation using deforestation rates from Food and Agriculture Organization, Global Forest Resources
Assessment and GDP per capita (constant 2005 US dollars) from the World Bank.

As discussed by Angelsen in his chapter in this book, there are local benefits from good
management of forests, but given the multiple values of land-use conversion for local
communities, financial incentives should be provided to compensate for the global
benefits resulting from successful implementation of REDD+, as urged by the ‘Lima
Challenge’ signed by 14 tropical forest countries, including the Democratic Republic

of Congo, Ethiopia and Liberia.

As of August 2015, three African countries, Gabon, Kenya and Ethiopia had submitted
their INDCs. Ethiopia’s INDC includes reducing GHG emissions in 2030 by 64%
compared with a BAU scenario, assuming sustained double digit growth in the economy
up to 2030. If the assumption of growth at or above 10% for such a long period is
realistic, this would be an example of very significant intended action by an African
Least Developed Country (LDC), as the required investment is projected to be over
US$150 billion by 2030.
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3 Financing requirements in response to climate change

Of the 48 LDCs, 34 are in Africa. This category is highly vulnerable to natural and
external economic shocks. As forcefully argued by Guillaumont in his chapter in this
book, concessional funding should be formula-based and the allocation of funds should
take into account a country’s vulnerability. This implies that Africa should be receiving a
sizable share of concessional financing for the Sustainable Development Goals (SDGs)
recently agreed by the UN. Such a formula-based approach towards allocating funds
should also be applied to climate funds, taking into account vulnerability to climate
change. This would lend transparency and address the issue of equity in the allocation
of funds.

Though insufficient, recent efforts to increase the relative importance of adaptation
funding are to be commended. These include the Green Climate Fund’s decision
to allocate 50% of funds for adaptation and 50% for mitigation, which should be
maintained. Unlike mitigation, the benefits of adaptation go to those who are adapting
and are specific to a country, or even to a locality within a country. Using such criteria for
the allocation of funds to adaptation would serve several purposes, including reducing
transaction costs, supporting a results-based agenda based on measurable yardsticks,
and supporting mutual accountability through transparency in allocations (Barr et al.
2010, World Bank 2010, Mekonnen 2014).

As has been learned from the aid evaluation experience, where multiple sources of
financing and competition among donors hindered evaluation, facing the problems of
fragmentation in climate funding will require commitment by donors and recipients
alike to incorporate the key tenets of ownership, alignment, harmonisation, results
orientation, and mutual accountability into their development activities (World Bank
2010). Recent developments in this regard, with the establishment of the Green Climate
Fund (GCF), should be strengthened (Bird et al. 2011). For example, this could help
address issues of fragmentation. At the regional and country levels, this requires strong

leadership, capacity building/strengthening, good governance and institutional reforms.

In a new global deal on climate change, more attention also needs to be paid to issues of
power, responsibility and accountability between recipient and traditional contributor

countries (Ballesteros et al. 2010). This would involve introducing a power balance

92



A view from Africa

Alemu Mekonnen

while also ensuring that developing countries take responsibility and are accountable. A
complementary source of transfer, proposed by Collier in his chapter in this book, could
be to proceed with staggered closing of coal mines, starting with developed countries
(i.e. the US, Germany and Australia) while not freezing new carbon discovery in low-
income countries (about 80% of known coal reserves should stay stranded to reach the
20 target). Not only is controlling carbon emissions easier at the point of extraction
than at the point of consumption, and developed countries would move first, but oil
producers in developed countries would also have to buy rights for increasing emissions
in coal mines in middle-income countries that would be scheduled to close. At the same
time, low-income producers would have more time to close and capture some rents, and
low-income users could exploit alternative sources of energy. Bottlenecks and power
shortages are estimated to cost Africa 2-4% of GDP annually (Africa Progress Report
2015).

4 Concluding remarks

Africa is still the poorest continent, with a poverty rate double that of the next poorest
regions in the world (South Asia, and East Asian and the Pacific). Since the poor
are generally the most vulnerable to climate change, as they have limited capacity
to adapt, Africa has the greatest need to carry out adaptation activities, which will
require financing beyond that available domestically. Africa is also the continent that
has contributed the least to climate change, while it is the continent that will be the
most severely affected by global warming. External funding will be needed to carry
out adaptation and mitigation activities. Because Africa is also characterised by a great
degree of heterogeneity across geographical, economic and institutional dimensions,

indicators of vulnerability to climate change should be used to allocate external funds.

Beyond these general observations, for a start, actions such as REDD+ should be
supported financially by the international community. This is a clear potential ‘win-win’
situation because, if properly designed, these actions provide global benefits including
to the countries participating if the financial compensation is adequate, as suggested
by Angelsen in his chapter in this book. In this regard, while Ethiopia, Liberia and the
Republic of Congo are signatories to the Lima Challenge involving 14 tropical-forest

countries, greater participation by other African countries should be encouraged.
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In general, African countries should work more closely towards ensuring commitment
to financial and technical support for low-income countries. As indicated in other
contributions to this book, together African countries need to exert pressure on the
global community to commit to reducing emissions by a ‘sufficient amount’ (keeping
global warming within the 2°C threshold) with compliance mechanisms that should be
enforced (see the chapters by Flannery and Wiener in this book). Individually, African
countries should work towards addressing the climate change problem by designing
appropriate policies, strategies and policy instruments, and implementing them. This
should include paying attention to institutional reforms, policy reform, capacity
building, research and good governance. Examples of measures that could be taken in
the near future and that are beneficial in addressing climate change include the removal

of fossil fuel subsidies, land use policies, and increasing the share of renewable energy.
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6 A view from China

Teng Fei

Tsinghua University

The Paris climate conference is approaching. The concept of Intended Nationally
Determined Contributions (INDCs) not only shifts the Paris agreement to a bottom-up
approach built on national pledges, but also links international climate pledges with
the domestic interests of Parties. Seeing a country’s INDC submission as being rooted
in its domestic interests provides the means for understanding ways in which it can be
enhanced in the future. In this chapter, we provide a view from China on the factors that
shape its climate pledges and policies. The three major pillars of China’s climate policy
are economic development, air quality, and energy security. Mitigation actions were
traditionally framed as necessitating a sacrifice in China’s economic development. The
changing narrative is more positive, focusing on the benefit that China obtains from
its own climate actions. China is not only adjusting its pledges but also its policies
and measures in response to its changing economic and political circumstances. In

particular, market-based policies will replace command and control regulation.

1 Introduction

China was the first emerging economy to submit its Intended Nationally Determined
Contribution (INDC) — it did so on the last day of June 2015 (Government of China
2015). China’s submission includes four key points: first, China’s emissions level is
to peak by around 2030, which is consistent with the joint announcement China made
with the US in November 2014 (White House 2014); second, China’s carbon intensity
(emissions per unit of GDP) is to fall by 60-65% from the 2005 level by 2030; third,
China’s share of non-fossil fuel primary energy (including nuclear, renewables and
hydro) is to rise to around 20% by 2030; and, finally, China’s stock of forests is to

increase by around 4.5 billion cubic metres by 2030.
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China’s position in the climate negotiations is unique. It is the biggest emitter,
accounting for 26% of world emissions in 2014. However, China’s per capita emissions
and per capita cumulative emissions are still lower than the OECD average. China’s
income per capita has increased in recent decades, but even in eastern China, where the
level of development is much higher than the national average, income per capita is still
well below that of developed countries. According to most indicators, China remains a

developing country, but because of its scale, China’s emissions exceed those of every

developed country. The world will not be able to limit climate change without China‘s
active engagement, so it is important for other countries to understand the context in

which China is developing its own climate policies.

2 Key policy context to understand China’s climate policy

2.1 Growing China’s economy is still at the top of political agenda

The government of China continues to maintain a growth-first economic model. This
is due to several pragmatic reasons. First, China still needs rapid growth to alleviate
poverty, despite three decades of miraculous development. As of 2011, nearly 6.3% of
the total population — approximately 85 million people — was still living on less than
US$1.25 (2005 PPP) a day, i.e. below the poverty line drawn by the World Bank (World
Bank 2015). Second, local governments in China, especially in the western provinces,
need to maintain high growth in order to generate sufficient revenue to cover the costs
of various responsibilities required by upper level governments. These responsibilities
include, but are not limited to, social security, education, medical care, public security,
environmental protection, and rural and urban infrastructure. The current taxation
system is very effective at concentrating the majority of tax revenue in the budgets of
the central government, but the existing system of transfer payments is not particularly
effective or efficient at distributing financial resources to where they are needed. It
has been an open secret that local governments have to generate their own revenue by
encouraging business growth and investment as well as infrastructure development.
Finally, local government officials are highly motivated to expand the economy
rapidly because their promotions are closely linked to the growth rate. However, there

is increasing recognition that the goal of economic growth may conflict with that
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of environment protection, including climate mitigation, suggesting that the current

economic model must somehow be changed.

2.2 Ongoing urbanisation and industrialisation processes will have long-term
implications for China’s emissions trajectory and energy consumption

Industrial production coupled with economic growth has boosted China’s massive
urbanisation to a rate and scale unprecedented in the world. Each year, millions of rural
workers move into cities, motivated by the prospects of higher wages. In 2011, China’s
urban population exceeded its rural population for the first time; by 2030, close to
another 330 million people are expected to move into cities. These new urban residents
will increase the demand for infrastructure, building materials and consumer goods.
Consequently, more energy will be consumed and more carbon will be emitted. On
average, an urban resident consumes more than three times the energy of a rural resident
in China (see the chapter by Bigio in this book). There are long-term implications
for climate policy from these trends in urbanisation. The investments in capacity
necessitated by rising urban demand may lock in energy-intensive infrastructure and
industrial arrangements that will be difficult to alter in the near future. In parts of
western and central China, where the growth has been particularly strong in recent

years, this ossification of energy and emissions standards is already taking place.

2.3 How to balance energy security and environmental protection is a
significant challenge for China’s energy system

China’s energy system faces many problems, among which three are particularly
prominent: (1) difficulties in the adjustment of the energy structure; (2) the dilemma of

fossil energy’s growth; and (3) increasing dependence on foreign energy.

China’s total energy demand continues to grow. Although investment in renewable
energy and energy conservation has developed rapidly in recent years, overall energy
demand has increased even faster, leading to increases in the consumption of coal, oil
and other fossil fuels. Growth in fossil energy has caused serious problems for the
environment, which has attracted more and more attention. The thick fog and haze

that fills the air of Beijing, Tianjin and Hebei Province contains dangerous levels of
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particulate matter (PM2.5) and is caused by both coal combustion and vehicle exhaust
emissions. China’s growing energy demand has also caused the country to rely more
and more on foreign sources of energy. By 2020, the share of imported oil is expected
to reach 70% and the share of imported natural gas 50%, creating problems for China’s
energy security (New Climate Economy 2014). Conflicts and geopolitical tensions
in energy-supplying countries could cause a temporary shortage in supply and price
rises, thus posing a risk to the stability of China’s economy. China could reduce its
dependence on foreign energy by producing more coal domestically, but this would be

detrimental to health and to the environment.

2.4 Air quality has become the number one cause of social instability in China,
and the way in which China controls its air pollution will have significant
impacts on efforts to address global climate change

China’s poor air quality has been become the number one cause of social unrest and a
threat to political stability. It is also causing millions of premature deaths every year
and billions of dollars in environmental damages. Fine particles — including soot,
organics and sulphates — have a severe effect on human health and are implicated in
climate change. They are emitted by combustion and industrial processes, and formed
from the reactions of gaseous pollutants. If China’s proposed air quality standard were
achieved everywhere in the country, there would be far-reaching benefits: in addition to
protecting human health, air and mercury pollution in the Northern Hemisphere would

fall and global warming would slow.

To improve air quality, coal consumption must fall. Coal currently accounts for about
60-70% of PM, 5 (primary and secondary particular matters) emissions in China,
leading to 700,000 premature deaths every year (Teng et al. 2015). Coal also accounts
for 83% of China’s carbon emissions due to the combustion of fossil fuels. Efforts to
improve air quality by reducing coal consumption will therefore also deliver significant
climate benefits. For China’s emissions to peak by around 2030, coal consumption will
need to be stabilised before 2020 and then to decline after 2020 (He 2014). The external
environmental cost of coal consumption is about $40/tonne, but only a small share of
this external cost is reflected in current prices (Teng et al. 2015). To reduce air pollution

in China, the external environment cost of coal must be internalised further.
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Many local governments in coal-rich provinces view coal-to-gas technology as an
option for reducing air pollution, but the heavy water demands of this technology make
the central government cautious. Although only few coal gasification plants currently
operate in China, around 50 projects are being planned and some of these are under
construction. If all of the planned coal gasification plants are built and in operation, they
will emit another 1 billion tonnes of CO, every year. Thus, the way in which air quality
is controlled in China will affect global climate change, but in complicated ways. On
the one hand, reducing soot emissions by cutting coal use or using cleaner stoves will
lessen radiative forcing and thus limit warming, benefiting both the climate and public
health. Stricter emissions standards for diesel vehicles, which emit soot, is another win—
win solution. On the other hand, reductions in SO, emissions from power plants would
reduce atmospheric sulphate concentrations, thereby increasing radiative forcing, which
has a short-term detrimental effect on the climate. Consideration is therefore needed of
how the various pollutants and their sources should be best controlled. Clearly, a multi-

pollutant abatement strategy must be developed (IPCC 2014).

2.5 International and domestic drivers for further action

Emissions of atmospheric pollutants pose a serious challenge to China’s economic and
social sustainable development. Besides the domestic drivers, international drivers are
also impacting China’s climate change policies. The relationship with the US is the most
important bilateral relationship for China. The BASIC (Brazil, South Africa, India and
China) ministerial meeting and the Like-Minded Developing Countries (LMDC) are
the two most important plurilateral processes influencing the country’s position in the
climate negotiations. China faces two sources of pressure: on the one hand its volume of
emissions requires it to take more ambitious action to shoulder its responsibility; on the
other hand, China also has to stand with its developing country friends to safeguard their
common interests (such as common but differentiated responsibilities, or CBDRs). The
[PCC and UNFCCC are the two multilateral processes that have a notable scientific and
political influence on China’s decision-making process. But compared with other goals,
climate change is not a high priority for Chinese political leaders. China’s mitigation

actions are largely driven by domestic drivers, not international pressures. Thus the best
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way to strengthen China’s mitigation ambition is to align this goal with China’s top

domestic priorities, that is, growth, energy security, and environment quality.

3 The way forward

3.1 Change of narratives: Not only cost, but also benefit

Traditionally, the climate issue has been closely linked with development in China.
The ‘carbon space’ has been interpreted as a development space, which may limit
the development of China’s economy. The costs associated with carbon emissions
reductions have gained more attention from both researchers and decision makers.
However such old thinking is now changing in China due to combined pressure from a
slowing down of economic development, more serious energy security concerns, and
the challenge of improving air quality (Li 2015). The slowing down of growth makes
China interested in new driving forces for its economy. The new energy industry and
low-carbon infrastructure has been considered an emerging industry that can drive
future growth. Reflecting these new priorities, China has become the world’s top
investor in wind turbines, solar PV, nuclear energy and high-speed rail systems. Those
technologies are all linked with a low-carbon transition that may bring more business
opportunities for Chinese enterprises. The promotion of a low-carbon transition is no
longer regarded as a costly effort, driven mainly by international pressure. Instead, it is
considered as an opportunity — a means for propelling China’s growth and for avoiding
the middle-income trap. The increasing preoccupations with air quality and energy
security are also causing decision makers to hedge those risks by improving energy

efficiency and reducing dependence on fossil fuel.

3.2 Responding to changing policy circumstances

The thinking about climate action has changed in China. Addressing climate change is
no longer seen as a threat to development, but rather as an opportunity for better growth.
However, it is unclear how China can achieve the required transition towards a low-
carbon growth. China has been transitioning to a market economy, but still has many

regulations. The challenge faced by the Chinese government in the future will be how
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to make the market play a constructive role in bringing about a low-carbon transition,

reducing the need for command and control regulation.

With a powerful central government, the Chinese government favours the command
and control regulation and allocates different targets to local government, then to
companies and enterprises. Such policies and measures perform well because the
government controls project approval and state-owned companies dominate the energy-
intensive industries. But in recent years, the government has started to streamline
administration and to delegate power to lower administrative levels. At the same
time, the liberalisation of the energy market is attracting more private companies into
energy-intensive industries. Those private companies are driven more by economic than
political considerations. The effectiveness of command and control policies in China
is decreasing, but the economic and political costs of such measures are significant. To
respond to China’s new circumstances, market-based policies (taxation and cap and

trade) and measures should replace the traditional command and control regulation.
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7 A view from India

E. Somanathan
Indian Statistical Institute

India’s primary concern in the climate negotiations is to avoid having to make
commitments it may come to regret. While this is a concern for all countries to some
degree, it is much greater in a low-income country because the human and political cost

of slowing economic growth is enormous at low income levels.

Fortunately, the need for secure energy access, and to a lesser extent, local environmental
concerns, are driving Indian policy in the direction of a massive expansion of renewable
energy. While continuing to exhort richer countries to own up to their responsibilities to
finance mitigation and adaptation, India can be expected to propose mitigation actions
that are consistent with domestic policy priorities. These include ambitious near-term

renewable energy targets that have already been announced.

India should also announce gradually rising taxes on coal and oil. These would be
an extension of existing programmes such as the coal tax and of policies aimed at
fiscal rationalisation such as the recent elimination of the subsidy to diesel and its
replacement by a net tax. Revenue from the coal tax should be used to create a flagship
programme to replace power subsidies to farmers with capital subsidies for solar-
powered pumps. Rich countries should be asked to meet their financial obligations for
mitigation assistance by contributing via offsets from their carbon trading programmes.
The creation of a credible mitigation programme to which funds can flow makes it much
more likely that developed countries will be motivated to make good on their promises

of financial assistance.
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1 India and the ‘like-minded’ countries

India’s policy towards an international climate agreement has historically been largely
defensive. Climate change has not been an issue that has arisen from domestic concerns.
It is one that India has reluctantly engaged with in response to demands made upon
it in international fora. India’s stance was that it would be iniquitous to expect poor
countries to slow their development by restricting emissions when the rich countries
were responsible for most of the excess stock of carbon dioxide, and could much
more easily afford to pay for mitigation. This position was acknowledged in the UN
Framework Convention on Climate Change in 1992 when it referred to “common but

differentiated responsibilities”, and further enshrined in the Kyoto Protocol.

India’s approach was developed in the 1990s when the cost of mitigation actions was
thought to be very high. This was never entirely true, of course. In fact, some mitigation
at negative economic cost via elimination of subsidies to fossil fuels was always
available. This was not taken up because it would require political energy to implement
reforms, and because there was no significant action by the developed countries and,
therefore, little pressure to act. Instead, India allied with a group of ‘Like-Minded
Countries’ including many developing countries, China, and several fossil fuel exporters

in resisting any mitigation actions at all by developing countries.

This approach has gradually become untenable with changing circumstances. The rich
countries, with their vastly greater influence over the news media, successfully framed
the debate in terms of their positive promised percentage emissions cuts against the
developing countries’ unwillingness to act, while downplaying their vastly higher per
capita contributions to the stock of greenhouse gases. The fact that the Like-Minded
Countries included some very wealthy oil exporters helped to take India down from
the moral high ground. Gradually, developed country rhetoric began to be translated
into action, for example, with the starting of the EU Emissions Trading System in the
mid-2000s. The recent pledge by China that its carbon emissions will peak by 2030
and possibly earlier has increased the international expectations from India. Finally,
awareness of climate change and its adverse consequences has grown in India and this

has contributed to the sense that some action is needed.
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2 India’s ambitious pledge to reduce carbon intensity

Anxious to escape the obstructionist label pinned on it by the northern news media,
India developed a National Action Plan on Climate Change in 2008 that included eight
National Missions. None of them has amounted to much except for the National Solar
Mission, which has been a dramatic success. The Government of India and some state
governments auctioned long-term contracts for the purchase of electricity from private
developers of large-scale solar PV plants. Prices in the auctions have fallen rapidly
over the last four years as investment in the sector has grown rapidly. By the time of
the most recent auctions (in July and August 2015), solar electricity prices had fallen
considerably. They are now only 10-25% higher than the price of power from new coal-
fired plants. India has reached 3.5 GW of capacity in solar PV from a starting point of
virtually zero in 2010.

At the Copenhagen meeting in 2009, India pledged to reduce the carbon intensity of
GDP by 20-25% from the 2005 level by 2020. A carbon-intensity target rather than
a target for total emissions is appropriate for India because GDP growth is expected
to be high and uncertain. Most recently, at the December 2014 meeting in Lima, the
government confirmed the domestic policy announcement of a target for installed
capacity of renewable energy of 175 GW by 2022, of which 100 GW is to be solar and
60 GW wind.

How ambitious are these targets? Are they likely to be met? Should India go further in

this direction, or has it promised too much already? Should it take a different approach?

These are ambitious targets. Emission intensity tends to rise rapidly with per capita
income at low levels of income, and then more slowly at higher levels.! By way of
example, in 2013 India’s carbon intensity was 139 kg CO,/US$1000 while PPP GDP
per capita was $5,200. China was approximately twice as rich with a per capita GDP of
$11,500 and a carbon intensity of 229 kg CO,/$1,000. The US was ten times as rich with
a per capita GDP of $51,300 and a carbon intensity of 334. Thus, India has promised to

1 This can be seen from the EDGAR database from which the following numbers are taken. GDP numbers are in 2011 PPP
US dollars from the World Bank.
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deviate from this pattern. It has had some success so far, with carbon intensity falling
by 10% between 2005 and 2013.% It is, however, far from clear that this will continue

without strong policy measures.

Turning to the renewables targets, there is no doubt that they are ambitious. Global
installed capacity of solar PV is now 180 GW, of which India’s share is only 3.5 GW.
Moreover, India’s entire electric power-generating capacity (mostly coal-based) is
currently only 280 GW. To add 100 GW of solar PV in seven years, when PV is still not
fully competitive with coal, will require strong policy action. Although wind power is

competitive, 60 GW is still a very large capacity addition, given the time frame.

We can already see that these targets may not be met if circumstances are adverse or
policy is not strong enough. It would, therefore, be a mistake for India to make further
quantitative commitments by following the developed countries’ announcements in
terms of absolute emissions. It would also not be realistic to promise a peak year for
aggregate emissions as China has done. It is safer to make promises about the more
distant future, of course. But such promises would not be very meaningful or credible,
because the capability to take action will depend to an enormous degree on how much

India’s per capita income rises in the next decade.

3 From targets to action: Towards carbon pricing...

Should India then stop at what it has so far laid out? I believe we should not. There is
more that can and should be done. Most importantly, it is becoming clearer than ever
that climate change has hurt the Indian economy and can become extremely dangerous
in the next few decades. Global warming has already lowered the yields of the two most
important Indian crops, rice and wheat, by a few percentage points each (Auffhammer
et al. 2006, Gupta et al. 2014) and lowered labour productivity in manufacturing by 3%
(Somanathan et al. 2014). India, therefore, has a strong stake in a meaningful climate

agreement.

2 By way of comparison, China’s carbon intensity fell by 29% while that of the US fell by 2.6% over the same period.
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Rather than announcing fargets, it would be much more helpful and credible for India

to announce actions. First, India should announce a move towards carbon pricing
that builds on recent domestic energy policy. Second, rather than only calling for
more transfers from developed countries, India should call for transfers for specific
programmes that credibly demonstrate mitigation and that can be scaled up with

external finance. Some possibilities are spelled out below.

The Indian government has initiated carbon pricing in the oil and coal sectors in the last
few years. Starting in 2013, the government decided to eliminate the implicit subsidy
to diesel gradually by allowing state-owned oil companies to raise the price by a small
amount every month.? This has been followed by increasing excise taxes on diesel and
petrol over the last year as world oil prices fell. The result has been a move from a net
subsidy for diesel of Rs 9/litre to a net tax of Rs 10/litre.* The resulting carbon tax is
$64/tCO,e (Ministry of Finance 2015). This tax is still well below European transport
fuel taxes, while being well above that of the US. The gap between Europe and the US
in fuel taxes has resulted in European transport sector CO, emissions being 50% lower
than what they would have been if Europe had US tax rates (Sterner 2007, Sterner and

Kohlin 2015), thus demonstrating the importance of fuel taxes for climate policy.

India’s road and rail networks are highly congested due to chronic under-investment and
policymakers recognise that there will be a substantial economic boost from improving
them (Ministry of Finance 2015). In fact, it is impossible to imagine a scenario in which
India doubles its per capita income in a decade without an enormous expansion in rail

and road capacity and a reduction in congestion.

It makes sense, therefore, for India to couple the two objectives of raising revenue
for transport infrastructure and reducing carbon emissions by announcing a continued
steady hike in liquid fuel taxation until the resulting revenue can entirely finance the
building and maintenance of roads as well as some local public transport and at least a

part of the capital investment needed to expand the rail network. The experience so far

3 http://timesofindia.indiatimes.com/business/india-business/Diesel-prices-to-be-hiked-40-50-paise-every-month-
Veerappa-Moily-says/articleshow/18287874.cms
4 1 US dollar is about 65 rupees.
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shows the political feasibility of gradual price increases. Announcing this in the climate

venue will help commit the government to the policy.

The government has put in place a tax on coal and raised it twice over the last two years
to the current rate of Rs 200/tonne, about 8% of the current price of coal and equivalent

to about 1.15 $/tCO,e. Revenues have been earmarked for a fund for ‘green projects’.

This policy should now be extended by announcing an annual increase in the tax by, say,
50-100 rupees per tonne, to be continued indefinitely. Part of the proceeds should be
earmarked for removing one of the most intractable problems for the Indian electricity
sector — free (but rationed) electricity for farmers for irrigation pumpsets. Agriculture
accounts for 18% of electricity consumption in India (Central Statistical Organisation
2015) and very little of it is paid for. Removing the subsidy without compensation
would be political suicide for any government. However, the proceeds of the coal
tax can used to subsidise solar PV powered pumps for farmers in return for getting
their electricity connections metered at the commercial rate.’> Farmers could also sell
electricity back to the grid at a slightly lower rate to cover utility costs. The programme

should be voluntary. This will help build political support for it.

From the point of view of domestic policy priorities, removing the un-metered and
subsidised electricity for agriculture is a crucial step for putting an end to the chronic
blackouts and under-investment that characterise India’s electricity sector. This summer
has been characterised by a shut-down of many power plants due to lack of demand even
as the country reels under power blackouts. The parlous state of the public distribution
companies’ finances are the reason for this — they have no reason to buy power when

they would have to give away substantial portions of it.®

5 Irrigation pumpsets are a natural source of demand for solar power because they do not require a 24-hour supply.

6 http://gulzar05.blogspot.in/2015/06/more-on-indias-power-sector-woes.html
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4 ...with mitigation financing via offsets from carbon
trading programmes

It would take decades for such a coal tax to raise enough revenue to buy out all the
18 million farmers with electric pumpsets.” However, India can ask the developed
countries to make good on their promises to finance mitigation in developing countries
by contributing to the solar subsidies. Emission reductions from the programme can be
easily measured and so they can be priced. This will enable financing via offsets from
carbon trading programmes, an option that developed countries are likely to find far
more politically attractive than government-to-government transfers. By transparently
laying out the domestic outlays for the scheme from projected coal tax revenues,
disputes over baseline emissions can be avoided. This may actually engender some
real international cooperation in an arena that has so far been characterised mostly by

conflictual rhetoric.

The incentive effect of a gradually rising tax on coal will be very important in helping
India make the transition away from (locally and globally) polluting coal to renewables.
By lowering the prospective returns from investment in new coal plants, more investment
will be forthcoming in renewable alternatives. By anchoring expectations without any
abrupt shifts, it will make for an economically painless transition. In fact, it is clear
that in order to increase renewable capacity by two orders of magnitude in less than
a decade, the existing procurement policies will not do. The only viable route is by
making investment in coal less attractive. So the renewable capacity target to which the
government is already committed makes some policy of the sort proposed here almost

inevitable if the target is to be met.

7 Not to speak of the 8 million farmers with diesel-powered pumpsets (http://mnre.gov.in/file-manager/UserFiles/
Scheme-for-Solar-Pumping-Programme-for-Irrigation-and-Drinking-Water-under-Offgrid-and-Decentralised-Solar-

applications.pdf).
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8 The view from different parts of
the world: A view from Japan

Mitsutsune Yamaguchi and Keigo Akimoto
Research Institute of Innovative Technology for the Earth

In this chapter, we first review Japan’s perspective on the Kyoto Protocol, focusing on the
agreement’s implications for flexibility, competitiveness, and the design and operation
of the Clean Development Mechanism. We then analyse Japan’s Intended Nationally
Determined Contributions, taking into consideration the Fukushima nuclear accident.
We also discuss the importance of accepting diversified views in implementing policy
objectives, with restrictions on the financing of new coal-fired plants and voluntary
initiatives given as examples. After this, we discuss the importance of technology
innovations and diffusions, including the example of a sectoral approach, followed by
a proposal asserted by Japanese experts on revisiting climate sensitivity, in order to
make the Paris conference workable and effective. Japan recognises that its major role
in effective global emission reductions is to deploy high energy-efficiency technologies

in the world and to develop innovative technologies.

1 The Kyoto Protocol: Japan's perspective

Though the top-down style Kyoto Protocol was the first step to cope with climate
change globally, it was not as effective as expected (IPCC 2014). In this chapter, we
would like to discuss in particular Japan’s view on the Protocol. There are three points:
lack of flexibility, lack of competitiveness concern among developed countries, and

bitter experience with the Clean Development Mechanism (CDM).

Several months after the Fukushima disaster caused by the tsunami on 11 March 2011,
all 54 nuclear power plants including those in Fukushima were forced to stop operations.

As of June 2015, the situation remains unchanged. As a result, Japan’s energy-related
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CO, emissions in 2013 were 1235 MtCO,, an increase of about 100 MtCO, compared
to 2010. Annual average emissions for the first commitment period of the Protocol have
slightly exceeded those of 1990. Because of the lack of flexible provisions to cope with
such an unforeseeable situation in the Protocol, however, Japan had to comply with its
commitment by purchasing 74 MtCO,eq. credits. It is our view that for the coming new
accord in Paris, clausula rebus sic stantibus (the principle of changed circumstances)

should be applied to all countries’ pledges.

Only industrialised countries assumed emissions caps under the Protocol, though
the US did not ratify it. There were several concerns among participating countries.
These included, but were not limited to, equity with respect to their commitments and
competitiveness issues among developed and developing countries. Throughout the
first commitment period of the Protocol, Japanese energy-intensive sectors felt that they
were disadvantaged. Take the global merchandise trade in 2013, for example. Japan
competes fiercely with China and Korea in exporting to the US and the EU, and among
the top five countries for Japan’s exports, three (China, Korea and Chinese Taipei,
representing 31.8% of Japan’s exports) assume no emissions cap. In contrast, around
60% of Germany’s exports go to European countries that assume a cap and the portion
to China is only 6.1%. For the US, although China is its 4th largest export market, the
share of US exports going to China is still rather small at 7.7% (WTO 2015)."!

It is our view that, in evaluating each country’s Intended Nationally Determined
Contribution (INDC), the issue of competitiveness should definitely be taken into

account.

The environmental and cost effectiveness of the CDM were not as high as expected
due to controversy over additionality (baseline setting), leakage, transaction costs, and
so on (Okazaki and Yamaguchi 2011, IPCC 2014). Here we focus on how Japanese
industrial sectors were discouraged by this mechanism. Most of them are willing to
contribute to reducing global emissions by providing state-of-the-art technologies to

developing countries. What happened in reality, however, was quite different. Most

1 Another example is that most models calculated that Japan’s carbon price to implement the target under the Kyoto

Protocol was higher than those of the US and the EU, as shown in IPCC Third Assessment Report.
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projects were concentrated in one country and Japanese manufacturers were forced
to compete with other developed countries’ manufacturers to obtain credits. If they
had been asked to transfer their technologies at reasonable cost, they would have been
happy and very proud to do so. They never intended to develop and diffuse technologies
to obtain credits (i.e. for short-term gain); rather, the intention was to strengthen their

competitive edge and, by doing so, long-term profitability.

2 The Fukushima accident and its impact on Japan’s
energy and climate policy: Background and analysis of
Japan’s INDC

The Fukushima nuclear power accident in March 2011 forced revisions to Japanese
energy and climate policies, which had previously relied upon the expansion of nuclear
power generation. As a result of much discussion after the Fukushima accident, the
Japanese government formally decided on a new strategic energy plan in April 2014.
This new plan seeks a balanced ‘3E+S’ (economy, energy security, environment,
and safety) approach. However, the plan did not specify an energy mix due to large
uncertainties over perspectives on nuclear power plants, particularly regulatory and

public acceptance issues.

The Japanese people fear that a return to nuclear power could invite another nuclear
accident. However, it remains important for policy to evaluate different kinds of risks
— not only the risk of a nuclear accident, but also the risks associated with increases in
electricity costs (which can weaken industry’s international competitiveness), energy
security, and climate change — all at the same time. Very often, these risks conflict
with each other. The government should clearly explain such risk-risk trade-offs to the

people.

There are no operating nuclear power reactors in Japan as of June 2015, and as a result
Japan’s GHG emissions hit their worst record in 2013. Furthermore, additional costs for
purchasing fossil fuels from overseas to substitute for nuclear power were 3.7 trillion
yen in FY2013. Consequently, electricity prices are increasing. Renewable energy may
be preferable for reducing CO2 emissions as well as to ensure energy security, but

it is still very costly. In order to deploy renewable energies widely, the government
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introduced the Feed-in Tariff (FiT) in 2012. The tariffs for solar photovoltaics have
been reduced gradually, but in FY2014 they were still as high as 37 and 32 yen/kWh
for residential and non-residential photovoltaics, respectively. The total capacities of
photovoltaics applied for and approved by the government reached 70.2 GW by the
end of November 2014 (total power capacity in Japan was about 290 GW in 2012),
and the additional cost burden due to the FiT is expected to be 1.3 trillion yen annually
from 2015 and to accumulate yearly. In addition, large installations of intermittent wind
power and photovoltaics entail large additional costs to stabilise grids, particularly in
Japan where the electricity grid is not connected to any of those in other countries due
to its geography. In this situation, nuclear power, still competitive in Japan, is deemed to

contribute to Japan’s energy independence and is indispensable to emissions reductions.

In order to prepare Japan’s INDC for submission to the Paris conference, the INDCs
were discussed in the Joint Expert’s Meeting of the Central Environment Council and
the Industrial Structure Council (discussions were open to the public). The government
proposed a detailed energy mix plan and a draft INDC for 2030 at the meeting at the end
of April 2015, and decided them at the beginning of July 2015 (Table 1). The proposed
GHG emission target in 2030 is a 26% reduction relative to 2013 (a 25% reduction
relative to 2005). The emissions reduction target for the INDC was submitted to the
UNFCCC in July 2015. According to our analysis using the RITE DNE21+ model,?
the marginal abatement cost for the proposed 26% emissions reduction is about $380
per tCO,, while those for reductions in the EU by 2030 and the US by 2025 are about
$166 per tCO, and $60-69 per tCO,, respectively. It is considered that the estimated
high abatement cost for Japan results from the large amount of energy saving required
to achieve the target in a situation where high energy efficiency already widely prevails
(Odaet al. 2012). Japan’s emissions reduction target is very ambitious and one that will
be extremely challenging to achieve (for discussions on the comparability of emissions

reduction efforts across countries, see Aldy and Pizer 2015).

2 The DNE21+ model is a climate change mitigation assessment model that covers the whole world, divided into 54

regions, and treats over 300 kinds of technologies by bottom-up manner (Akimoto et al. 2010).
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Table 1 Japan’s energy mix and pledged target greenhouse gas emissions reduction
for 2030

Primary energy  |Electricity generation Greenhouse gas emissions

Share by source Share by source Relative to 2013 MtCO, (relative to 2013)

Total energy-related CO,:

Oil: 32% Oil: 3% Total GHG: -26.0% 927 (-308)

Coal: 25% Coal: 26% Energy-related CO,: -21.9% Industry: 401 (-29)
Natural gas: 18% Natural gas: 27% Other GHGs: -1.5% Commercial: 168 (-111)
Nuclear: 11-10% Nuclear: 22-20% Sink: -2.6% Residential: 122 (-79)
Renewables: 13- Renewables: 22- .

14% 249 Transport: 163 (-62)

Conversion: 73 (-28)

Notes: Among industry and energy conversion sectors, major sub-sectors have individual commitments not formally included
here. For example, emissions reduction targets by sub-sector are: iron & steel —9 MtCO, from baseline; chemicals —2 MtCO,
from baseline; paper & pulp —2.86 MtCO, from baseline; cement — energy-intensity improvement of 49 MJ/t-cement relative
to 2010. These are voluntary commitments under the Japan Business Federation’s (Keidanren’s) ‘Commitment to a Low
Carbon Society’.

Source: Document submitted to the Government Committee on Japan’s INDC, 30 April 2015.

3 The importance of accepting diversified views: The ideal
versus the reality

Here we argue that for any policy to be effective and feasible, it is necessary to pay full
attention to the diversity of each country’s situation, values, and culture. Pursuing the
idealistic situation may not necessarily lead to the expected outcome. We also stress the
importance of balanced views between combatting climate change and satisfying basic

human needs.

3.1 Analysis of the restrictions of financing for new coal-fired power plants

In June 2013, President Obama called for an end to US public financing of new coal
power plants overseas that emit more than 500 gCO,/kWh (White House 2013).
This was a de facto ban on public financing for any new non-CCS coal power plant,
excluding in the least developed countries. Several European countries and international
institutions, including the World Bank, followed suit. The US, jointly with the UK and

the Netherlands, proposed almost the same kind of restrictions on public financing of
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new coal plants to the OECD (White House 2014). The purpose of this is to reduce
global CO, emissions. The policy will be very effective in achieving the objective if it
works well and if the reduction of emissions in developing countries is prioritised over
keeping the lights on. This will not be the case in developing countries, so we need to

look for the second-best scenario.

Nagashima et al. (2015), using the DNE21+ model (Akimoto et al. 2010), shed light
on the efficacy and efficiency of this policy. The authors compared four different cases
focusing on GHG emissions and average reduction cost (see the definition of scenarios
in Figure 1). Under case A, no ban is imposed (all new coal plants are eligible for public
financing). Under case B, only new, high-efficiency coal power plants such as ultra
supercritical (USC) and integrated coal gasification combined cycle (IGCC) plants are
eligible for public financing. Case C corresponds to the imposition of the proposed ban
(all new non-CCS coal power plants are excluded from public financing). Under case
D, it is assumed that the ban by developed countries will have no effect in developing
countries, as upper-middle-income countries (e.g. China) and some lower-middle-
income countries (e.g. India) can finance building new coal power plants for themselves

as well as for lower-middle-income and lower-income countries.

Figure 1 shows the global GHG emissions in 2030 under the different scenarios ranked
by descending order of total GHG emissions in 2030 by income group, along with
the corresponding average reduction cost relative to the BAU scenario (case A). It is
clear that global emissions in case C are the lowest, followed by cases B, D and then
A. In this sense, the de facto ban on public financing by developed countries should be
the most idealistic policy to reduce global emissions among the cases discussed here.
Emissions for case C in 2030 are 4.8 GtCO,eq (a figure 3.2 times Japan’s emissions

in 2013) below those in case A. When it comes to cost, however, case C is the highest.
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Figure1 = GHG emissions and average reduction cost in 2030 for coal-fired plants

under different scenarios
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Notes: Country classification follows the World Bank classification, in which China is a UMIC whereas India is an LMIC.
Scenarios are ranked by descending order of GHGs emissions. Case A: All new coal plants are eligible for public finance
(BAU) Case B: Only new, high-efficiency coal power plants are eligible for public financing; Case C: Only new coal power
plants with CCS are eligible for public financing; Case D: de facto ban by developed countries (i,e. case C) has no effect
on new coal power plants in developing countries. In case D, it is assumed that developed countries will only build new
coal power plants with CCS. Hence the emissions reduction of 1.7 GtCO,eq. in case D relative to case A (BAU) is solely
realised by HICs.

Source: Nagashima et al. (2015).

What matters here is whether case C is realistic or not; in other words, will it be
implemented as is? We have to note that maintaining economic growth and keeping
the lights on are crucial needs, especially in developing countries. Yang and Cui (2012)
found that three-quarters of new coal plants are expected to be built in China and India.
They may be able to finance these by themselves if they wish, and China in particular
may also be able to finance other coal power plants in other developing countries.
In that case, it may be plausible to build less expensive, low-to-medium efficiency
coal power plants to secure a stable supply of electricity, unless the China-led Asian
Infrastructure Investment Bank (AIIB) follows the policy of developed countries on
public funding, which is rather unlikely. Hence enforcing the de facto ban policy may
result in case D above. In this case, from the viewpoints of both emissions reductions
and average reduction cost, case B, which allows public financing for high-efficiency

coal power plants, is better than case D.
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The analysis shows that each country or region has its priorities, and enforcing an
idealistic policy based on the views of developed countries may not be the best way to
achieve the initial objective, let alone to confront the issue of equity as emphasised by
Collier (2015) in his contribution to this eBook.

3.2 Japan’s experience with the voluntary initiative as a measure to respond to
climate change

Japan, unlike other major economies, relied upon the voluntary initiative to implement
its commitment under the Kyoto Protocol as far as emissions from energy and industry
sectors are concerned. The initiative (called the Keidanren Voluntary Action Plan), in
which 61 sectors participated, not only had no provisions for penalties but was also
not a voluntary ‘agreement’ between the government and industry sectors. It was
a unilateral commitment that industry as a whole committed to as an endeavour to
stabilise its annual average emissions for 2008-2012 at the 1990 level, with each sector
assuming its own target. This initiative was incorporated as one of the central measures
into Japan’s Kyoto Target Implementing Plan. In total, average emissions for the period
were 12.1% (9.5% without credits) below 1990 levels. This does not necessarily mean
that the initiative was environmentally effective, as various other factors affect emissions

and we do not know what BAU emissions would have been without this policy.

Tokushige et al. (2015) analysed the emissions of major sectors and found that each
sector had tried hard to implement its own target. While the energy intensity of many
sectors was improved, there were a few sectors where emissions increased or energy
intensity worsened. However, even in the latter case, the authors found that this was due
to the impact of fluctuations of economic activity surpassing their efforts. In this sense,
the voluntary initiative was environmentally effective, if not cost-effective, in Japan
(see also IPCC 2014 and Purvis 2009). No other major country used the voluntary
agreement as the central measure for industry in coping with climate change. As a
matter of fact, voluntary agreements on climate change in the early days in Europe

(e.g. German industry’s voluntary agreement in 1995 and the UK’s Climate Change
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Agreement in 2000) did not work as expected, mainly due to lack of communication

between industry and government (Yamaguchi 2012).2

Why, then, did the voluntary initiative without any legal penalty work in Japan? There
are several reasons: information sharing between industry and the government (the
key factor for evaluating whether levels of targets are challenging or not); regular
reviews of compliance status by government committees; high efficacy of ‘name-and-
shame’ in Japanese society; high willingness to avoid governmental intervention; and
industry’s dislike of economic incentives (Yamaguchi 2012, IPCC 2014).* As a matter
of fact, industry’s voluntary commitment will again be one of the major instruments for

implementing Japan’s INDC.

The above experience shows that policymakers, in planning their domestic response
strategies, should take into careful consideration their countries’ political, economic,
cultural and traditional situations in order that they may work well. Likewise, they
should also accept diverse values when evaluating other countries’ policies. The best

policy in theory does not necessarily end up with the best outcome.

4 Japan’s contribution to tackling climate change:
The ‘Action for Cool Earth’ initiative for technology
development and diffusion

In order to stabilise the temperature at any level, we have to achieve near-zero emissions
in the long run. According to the IPCC Fifth Assessment Report (ARS5), in order to limit
the GHG concentration at 430-530 ppm CO,eq., which almost corresponds to a 2°C

3 Take the UK’s Climate Change Agreement that started in 2000. A total of 44 sectors entered into agreement with the
government with ‘challenging’ targets for 2010. In 2002, only two years since the scheme started, 13 sectors had already
achieved their 2010 target. If the government knew each sector’s real emissions figures, this may have never happened.
Also note the steep decline of the price of carbon in the EU Emissions Trading Scheme (EU ETS) when actual emissions
figures were disclosed.

4 Most industry leaders feel that promoting R&D and long-term investment is the key to coping with climate change, and
complying with their obligations by purchasing permits or paying tax would work as a disincentive for this purpose. As
this may be the cheap way to satisfy their obligation, this may impede R&D and long-term investment. This is a matter of
comparison, but generally speaking Japanese industry leaders put more value on the long-term view than the short-term

one.
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rise by 2100, marginal abatement costs will be about $1,000-3,000 per tCO, in 2100
(IPCC 2014, Figure 6.21). The high costs may be interpreted as meaning that the target
will be extremely costly unless new innovative technologies, unknown at this moment,

emerge and revolutionary change occurs within society.

Recognising the above, the Japanese government has already launched the Action for
Cool Earth initiative that focuses on, but is not limited to, innovations and diffusions
of climate friendly technologies. In line with the emphasis on technology innovations,
Prime Minister Shinzo Abe initiated in 2014 the Innovation for Cool Earth Forum
(ICEF). The Forum hosted the first international conference in Tokyo in 2014 and is

scheduled to host one every year in Tokyo.’

As to diffusion of state-of-the-art energy-efficient technologies, Japan has advocated
a so-called sectoral approach, one of the bottom-up approaches, for several years.
High energy efficiency has been achieved in many sectors among energy conversion
and energy-intensive industries in Japan (Oda et al. 2012), and these experiences will
contribute to global energy efficiency improvements in various sectors through global
and regional sectoral cooperation for this purpose. For example, the expected global
emissions reduction potentials are about 2.1, 0.43, and 0.18 GtCO, in the power,
iron and steel, and cement sectors, respectively, through the broad diffusion of high
energy-efficient technologies throughout the world (Akimoto 2012). Large differences
in marginal abatement costs across countries may act as an impediment to realising
such emission reductions, as the situation will induce industrial relocation from Japan
to other countries, which will result in increased global emissions. Fair and equitable
emissions reduction efforts among participants are important also from this viewpoint
(see Aldy and Pizer 2015). The sectoral approach focuses on the real energy-saving and
emissions reduction activities of each sector, and this way of thinking is also essential
for setting each country’s INDC. Note that this is quite different from the sectoral
crediting mechanism, in that credit acquisition is not the purpose of the activities. One
of the early platforms to advance public/private sector-based partnership was the Asian

Pacific Partnership (APP), which aimed to share best practices in targeted energy-

5 See www.icef-forum.org/.
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intensive sectors — such as iron and steel and cement — among seven countries, including
the US, China, India, and Japan (Okazaki and Yamaguchi 2011). The Global Superior
Energy Performance Partnership (GSEP) is now following many of the activities of
APP. GSEP is working to accelerate energy-efficiency improvements in industrial and
large building sectors. Other examples of the global sectoral approach can be seen in
the marine and air transport sectors, i.e. in the International Maritime Organization and
International Civil Aviation Organization (Yamaguchi 2012). The UNFCCC framework
is important because it covers almost all countries, but multiple frameworks including
the bottom-up approach for specific sectors will also contribute to effective emissions

reductions.

6 The proposal of Japanese experts: Revisiting climate
sensitivity

As described in Section 1, the challenges to achieving the 2°C target are enormous, if
not impossible, and imply that current emissions levels need to be reduced by 40-70%
by 2050 (IPCC 2014). The Paris agreement, based on each country’s pledge — including
that of the US, China, EU, Japan, and so on — will never be enough for this purpose.

It is noteworthy, however, that there is implicit evidence (Rogelj et al. 2012, [PCC
2014, Schaeffer et al. 2015) that the 40-70% reduction suggested in ARS was based on
the assumption that a best estimate or median value of climate sensitivity was 3°C (the
same value as AR4), even though the likely range of climate sensitivity was lowered to
1.5-4.5°C in ARS (from 2-4.5°C in AR4) and experts could not agree on any value of
best estimate in AR5 (it was 3°C in AR4). Recent observation-based studies on climate
change, however, tend to show lower climate sensitivity and best estimates (IPCC 2013,
Otto et al. 2013, Lewis and Curry 2014).
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Figure 2  Consistency of individual country’s INDCs and the path to the 2°C target
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Notes: The figure shows estimated emission pathways toward 2050 by the DNE21+ model (a global model with 54
disaggregated regions and countries that seeks cost-effective measures on emission reductions) couple with the MAGICC
climate model. The grey dotted line shows the emissions pathway under current policies, the light blue line shows the
emissions pathway that limits the temperature increase below 2°C over the 21st century under a climate sensitivity of 2.5°C,
which corresponds to the scenario of a slight temporal overshoot of 580ppm CO,eq. concentration. Temperature is expected
to stabilise below 2°C in the long run. The dark blue line shows the emissions pathway that limits the temperature increase
to below 2°C over the 21st century under a climate sensitivity of 3°C, which corresponds to the scenario under which
the concentration stays below 500ppmCO,eq. up to 2100. Temperature is expected to stabilise below 2°C even under a
climate sensitivity of 3°C. The red line shows emissions until 2030 based on the assumption that individual country’s INDCs
(Canada, China, EU, Japan, Mexico, Norway, Russia, South Korea, Switzerland and US) known at the end of June will be
implemented. In all scenarios, we assumed China’s emissions in 2030 to be 16.7 GtCO eq. based on CO,/GDP improvement
ratio of 65% and annual GDP growth ratio of 6.2%. The US pledge covers only until 2025 and comprises two targets, i.e.
26% and 28% emissions reduction relative to 2005. We assumed here that the 28% emissions reduction will be implemented
by 2025, thereafter with a linear interpolation to 80% reduction in 2050.

Source: Research Institute of Innovative Technology for the Earth.

What will happen if the best estimate is less than 3°C? What we found with the RITE
DNE21+ and the simple climate change model, called Model for the Assessment of
Greenhouse Gas Induced Climate Change (MAGICC), is that once the best estimate is
selected (for example, 2.5°C), the 2°C target will be within reach with the pledge-based
Paris agreement (see Figure 2), so the agreement will become workable and feasible.
Under this situation, we propose revisiting climate sensitivity and its best estimate to
reduce uncertainty in decision-making by global leaders. We also argue that we should
decouple the 2°C target and the 40—70% reduction. Sticking to the 2°C target and the
40-70% global emissions reduction by 2050 based on 3°C climate sensitivity without
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reviewing them would lead to a weak strong target that might collapse. We need a
strong weak target that may be implemented as a second best policy to a strong strong
target. And for this purpose, the promotion of technology innovations and diffusion will

be the ultimate solution. This is the background to the initiation of ICEF.
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9 A view from Europe

Roger Guesnerie
Collége de France and Paris School of Economics

This chapter starts with an overview of the climate actions implemented in Europe as
a response to the Kyoto Protocol, organised around the creation of the EU Emissions
Trading Scheme. The discussion stresses the problems faced by the newly created carbon
market and explains its disappointing outcome. The chapter then recalls the political
and legal background of the initial European choice for an industry-limited market
and briefly presents the intellectual debate on the relative merits of a ‘carbon market’
and a ‘carbon tax’ as a regional climate policy. The European story illustrates some
of the general difficulties behind the implementation of an ideal global climate treaty.
The discussion then evokes the solution by economic considerations alone, a kind of
‘super-Kyoto’ whose implementation would require the action of a powerful benevolent
world planner. With utilitarian objectives, such a solution would go together with a
strongly redistributive allocation of national quotas. This ‘grande riviere’ (‘big river’)
is unfortunately utopian. What are the ‘petits ruisseaux’ (‘small streams’) that can be
launched as partial substitutes? In between, can we expect ‘petites rivieres’ in the form
of climate clubs to emerge? The chapter concludes with a discussion emphasising
the underlying difficulties, in particular (i) providing compensation and incentives
to developing countries; (ii) making trade and environment policies compatible; and
(iii) facing the possible occurrence of the ‘green paradox’, a reflection of the complex

interactions between the markets for fossil fuels and climate policies.
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The European Union’s climate policy: Some key
aspects explained

Under the provisions of the Kyoto Protocol, the European Union as a whole was
committed to reducing its emissions by 8% by 2012, compared with 1990. Following a
redefinition of member states’ objectives, negotiated to be legally binding, a common

policy was introduced.

This policy has several strands. On the one hand, the directives focused on 2020 and
proposed targets relating to the role of renewable energy sources in the energy mix —
20% to be specific — and to improving energy efficiency. On the other hand, and this
was the most dramatic innovation, a market for emissions allowances was established:
the European Union Emissions Trading System, commonly known by its abbreviation,
EU ETS. This trading system encompasses 11,000 industrial plants and power stations
across 27 countries. It covers around 50% of the EU’s CO, emissions' and is the world’s

largest carbon credits mechanism.

EU ETS: Past and future

Following a pilot phase (Phase 1) launched in 2005, the mechanism entered into force.
This was Phase 2, which coincided with the 2008-2012 commitment period of the
Kyoto Protocol. A total allowance is divided between member states, who allocate their
national allowances according to common criteria based on previous emissions and

sector-specific facilities.

In Phase 2, allowances were, for the most part, allocated for free; a small proportion
(5% in 2012) was sold via auction. Last but not least, the companies involved can also
seek carbon credits from the Kyoto Protocol project mechanisms (such as, for example,

the Clean Development Mechanisms, or CDMs).

Phase 3,> which will run from 2013 to 2020, introduces or will introduce a series of

modifications, the main elements of which are outlined here. First, the process of

1 And 40% of its greenhouse gas emissions.
2 This is part of the approach to reduce emissions by 20% by the end of the period.

132



A view from Europe

Roger Guesnerie

auctioning off allowances will be significantly expanded, but in principle adjusted for
different sectors depending on their exposure to the risk of ‘carbon leakage’. Then, the
total allowance at the European level is set to be linearly reduced each year. Finally,
allowances may be placed in reserve or withdrawn, depending on the trends observed,

particularly with regard to the economic situation.

This is a brief overview of the mechanism and planned developments, which take
account of an experience which has been, to say the least, disappointing. Price trends
on the market are, in this regard, illuminating. After reaching €30 per tonne of CO, at
the beginning of the preliminary phase, prices inevitably fell to zero by the end of the
phase. More significant changes were seen in Phase 2. Starting at €15 per tonne of CO,
at the beginning of Phase 2, the price began to collapse from March 2011, often falling
below €5 per tonne. This is not at all surprising if we consider the huge number of
allowances, in millions of tonnes, held by companies in 2012: 2,049 million tonnes in
free allocations and around 100 million tonnes auctioned off, to which must be added
the Kyoto credits (almost 500 million tonnes), which greatly exceed verified emissions
(1,867 million tonnes) (Gloagen and Alberola 2013).2 It is therefore primarily the
option of transferring allowances between periods that supports a positive price. Of
course, what can be seen here must be termed a serious failure of the trading system —
the incentive effect of a CO, price of €4 per tonne in terms of implementing significant
‘decarbonisation’ measures is close to zero. Indeed, existing studies suggest that the
reduction in CO, emissions within the EU ETS area (which were down 12% during the
period 2008-2012) could be explained firstly (up to 30%) by the post-crisis economic
context (Gloagen and Alberola 2013), and secondly (50-60%) by the positive effects of

the increased use of renewables and progress in energy efficiency.

How can this poor performance be explained? First of all, it is worth looking at certain
aspects of the design of the trading system; here, the link established with the Kyoto
Protocol project mechanisms. The link, no doubt already problematic in the initial
Kyoto mechanism (which saw the establishment of a trading system between states),
is even more questionable in the system that actually resulted. Control over the total

number of allowances in circulation, a key element of the rationale behind the trading

3 Moreover, the gap has grown since 2008, and is likely to be 1,742 million tonnes over the period.
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system if the manuals are to be believed, is becoming more uncertain. This is only
part of the story; we must, of course, add the fact that allowances were allocated too
generously and without taking account of the economic climate. And this is before we
consider the unknowns surrounding the future of the quantities allocated on a longer-

term basis, bringing even greater uncertainties with regard to prices.

The changes introduced in Phase 3, which have been briefly presented, seek to respond
to these challenges, but without necessarily inspiring optimism. The issue is that in a
market which is complex but limited to a subset of emitters, the problems of governance
are more difficult to manage than it might seem, and this despite the introduction of an
extremely unwieldy administrative structure which is also — there is no point trying to

hide it — particularly opaque from the point of view of external observers.*

Why does the trading system exist? A look back at the
beginning

Given this experience, it is worth revisiting the choice that was made to establish a

trading system.

Why a trading system rather than a carbon tax? The issue is considered here at the
country level, or at the level of a group of associated countries. The analysis does not
prejudge the relative merits of a trading system and a tax at the global level, a largely

independent issue to which I will return shortly.

A carbon tax has and would have had, at the European level, obvious advantages. First
of all, it encompasses all stakeholders, households and companies. The amount of the
tax and its evolution over time can be made public, with a credibility which reflects
the credibility, assumed to be good, of the authority which is implementing it. Last but
not least, this option would guarantee a form of equalisation between countries of the
efforts made, somewhat of a blind spot in the current policy,” which lacks clarity on
both the procedures for the national allocation of allowances and the variations between

the national policies which complement that allocation.

4 One example of this opaqueness is the allocation of allowances between sites and between countries.
5 Also the subject of a communications effort which has, to put it mildly, been poor.
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Given the fact that all or the majority of allowances were allocated for free, the system
is and has been popular with companies, and it is true that a system of differentiated
exemption thresholds within the framework of a carbon tax, which would be able
to mimic the effects on corporate profits of partly or completely free allowances, is
difficult to implement. One point for the trading system, even if the completely free
nature of allowances initially goes far beyond what economic expertise would advocate

(see Guesnerie et al. 2012).

It is also worth noting that all else being equal, and in particular when the carbon
tax and the trading system price are equal, the effects on the relative competitiveness
of industries are identical. In both cases, the argument for putting in place border
adjustment measures has the same force and raises problems which, while not identical,

are not materially different.

To sum up, by its universal nature and apparently superior capacity to establish and
better coordinate the price expectations of agents, a carbon tax could appear to be the
solution, despite the probable preference of companies. I am one of those who believe
this to be the case: at both the national and the regional level, a carbon tax solution is
better than a market solution, even if it may be part of the broader framework of the

Kyoto trading system (see also Cooper 2008, Gollier and Tirole 2015).

The reason why Europe adopted the trading system had nothing to do with an analysis
of the relative merits of the two solutions, however. It reflects a legal provision (which
ignores the close relationship that economic analysis ascribes to the trading system
and the tax) whereby creating an EU-wide tax requires unanimity, while setting up a
trading system can be done by majority. The choice was dictated by legal feasibility,
but also indirectly reflects political feasibility. As we have noted, since the allowances
are partly free, the trading system is strongly preferred by companies — and therefore by
industrial lobby groups. And a carbon tax which affects consumers incites a great deal
more hostility from the public than a trading system whose effect on prices is less direct
and probably less noticeable in terms of redistribution. The fate of the French carbon
tax is illuminating in this regard, and it can be assumed that there was fairly widespread

resistance to a carbon tax approach in the various EU member states.
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If we follow my argument, then, the creation of the EU ETS can be seen as the
implementation of a second-best or even third-best solution, if we highlight the fact that
it has been much more difficult than expected to get the system to operate effectively.
This implementation reflects the favourable political context at the time that it was
introduced, and the resilience of the system — when it is clear that many countries have

only limited enthusiasm for implementing a climate policy — is worth noting.

Climate policy around the world

A great river — a utopian ideal?

The EU ETS is what one might call a ‘small stream’ contributing to the fight against
climate change. Will the existing small streams, along with those which will be
developed in the future, feed into a ‘great river’ able to support a climate policy which

can meet the challenges we are facing?

At this point, it is worth revisiting the idea of what an ideal ‘great river’ would look
like, including the requirements for economic effectiveness as well as for a degree of

distributive justice between participating nations.

The objective here is to control emissions, i.e. quantities, and economic expertise
advocates charting a path for global emissions levels over the long term, say 30 years,
which are compatible with the [IPCC analysis on limiting the temperature increase to
2°C.” To achieve this, economic expertise strongly suggests implementing a ‘cap and
trade’ system: the global target for year n takes the form of a global allowance, broken
down into allowances for each participant. The approach is therefore in line with that
of the Kyoto Protocol, but with full participation (see also the chapters by Stavins and

Sterner and Gunnar in this book).

All that remains is to define the procedures for this super Kyoto by allocating allowances

to all countries. Let us allocate them from the point of view of a benevolent planner

6 Itis probably worth examining the reasons for this resilience and the part played by the interpersonal skills and activism
of the Commission — and perhaps also the opaqueness of the system!
7 A path which may be contingent on the gradual emergence of information.
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who is sufficiently powerful to be able to impose these national allowances. It would
make sense, in utilitarian logic, to set identical per capita allowances for all countries;®
countries whose per capita emissions were less than the global average would be the
sellers within the trading system and therefore overall beneficiaries, while countries
with emissions above the global average would be the buyers. Everyone would see their
efforts governed each period by the same global carbon price. Of course, this particular
approach of equalising per capita allowances is up for discussion, but it is clearly a

logical way of spreading the costs of climate change from a utilitarian standpoint.

Although I have previously advocated for a carbon tax, the solution recommended
here is a global market rather than a global carbon tax, which could result in very
unpredictable regulation of quantities, if only because of the uncertainties associated
with the ‘green paradox’. There is no contradiction; again, this ‘super-Kyoto’ market
would establish a carbon price through the trading between states. And this price would
serve as a reference for a regional or national carbon tax, which, if one accepts the
argument made previously, could — indeed should — be laid on top of a global trading

system to take over and support it at the regional or national level.

Note that such a system would not be the answer to all problems, far from it, and
the voluntary nature of quantities leaves it open to uncertainty regarding the carbon
price. The equalisation of spot prices does not establish the desired coordination of
expectations regarding the future scenario. The reason for this, of course, is that the
scenario is contingent on how quickly new technologies emerge, but also remains
subject to the vagaries of the ‘green paradox’, created by the uncertainties of the
policy’s effects on the fossil fuel market, and particularly on the development of the

income they generate.

Small streams...
So, having taken every possible care in my choice of words, this is what a very successful

‘great river’ might look like. While everything points to the fact that this would be

8 This would apply all the way along the path. It should be noted that the proposal that Sterner and I made (Guesnerie and
Sterner 2009a,b), regarding endorsing an ambitious objective for 2050 today by including a reference to equal per capita
emissions rights in 2050, did not receive an encouraging response.

137



Towards a Workable and Effective Climate Regime

desirable, it is clearly entirely utopian, since the allocation of equal allowances for all

countries would be rejected by the most powerful nations. Having described this river,

can we say more about the ‘small streams’ that currently exist and will emerge in the

future?

First of all, why not link the existing small streams (see the chapter by Stavins
in this book), specifically the EU ETS, with the Chinese market currently being
created and a modest North American market which has been set up between some
American states and Canada, and thus make not a great river, but certainly a bigger
stream? However, even if we forget some of the shifts in the European market,
objections immediately come to mind: the complexities arising from specific’ and
potentially contradictory considerations cannot easily be superimposed, and how

can the risk of a race to the bottom among the member systems be avoided?

Another idea: Why not use the global reference of per capita emissions not to
allocate allowances, but to calculate the contributions of each country with above-
average emissions to a green fund of one kind or another, which would provide aid
to poor countries? This is the option preferred by the Climate Economics Chair at
Paris Dauphine University (Perthuis and Jouvet 2015), and if it were accepted, it
would amount to the implementation of a sort of global carbon tax at a low rate. The
low rates are evidently a factor in making the concept acceptable, and if accepted,
could be the beginning of a virtuous circle — a sort of prelude to a global carbon tax

(see also the chapter by Hourcade in this book).

Why not also come to an agreement today on the targets for 2050, and the allocation
procedures?'® Such an agreement would not be terribly binding in one sense, but it
would be likely to anchor current discussions on what a desirable long-term future

would look like.

9 As is happening with the assessment of the risk of leakage in Europe (see the chapter by Fischer in this book).
10 See note at the bottom of page 11, which refers to the Guesnerie-Stener proposal, which is along these lines.
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What about small rivers?

To conclude, it is important to highlight the limits of an ever-increasing number of
small streams. There are certainly some useful initiatives here, but in all likelihood, they
leave us quite a long way from the approach strongly advocated by economic expertise:

the progressive promotion of a single global carbon price.

Going beyond coordinated small streams, some small rivers could of course begin
to emerge. The creation of climate coalitions involving several countries or regions
adopting some kind of shared climate policy would fit into this category. So let us
finish by talking about climate coalitions, their potential weaknesses, and the probable

inevitability of a link between trade and the environment.

Both the cost and the effectiveness of a climate policy that is unilateral or still limited
to one or more virtuous coalitions are open to debate. In the case of cost, this is due to
the risks of carbon leakage: minor risks to the competitiveness of the economy when
the carbon price within the virtuous coalition remains within the ranges reached by the
EU ETS, and probably significant risks outside these ranges. Effectiveness is affected
if, as a result of the green paradox and the difficulties of market regulation, results do

not match expectations.

Seeking to link trade and the environment is not in itself a protectionist step, even
though it may support such temptations (Guesnerie and Stern 2012, de Melo 2013).""
Thus, border adjustment mechanisms, which are difficult to set up properly, constitute
either a legitimate response or a legitimate and credible threat from a virtuous coalition
establishing a meaningful price for carbon among its members. Specifically, this
means the coalition restoring a certain accuracy to prices within its economic area.
That Europe has not explored and raised this option in international negotiations is no
doubt explained by the failure of the EU ETS to establish meaningful prices, but also
illustrates the weakness of the EU in moving beyond its prejudices and realising its

potential for diplomatic influence.

11 See Guesnerie and Stern (2012) and Melo (2013).
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Environmental protection through trade is good for the coalition in the sense that,
in principle, it increases its stability. But it in no way increases the appeal of the
coalition in question. To increase the appeal of the coalition to nations outside it, it is
necessary to introduce a punitive dimension, but not border adjustment! In any case,
this is the argument recently put forward by Nordhaus (2015),'> which shows that
the implementation of a measure that is much tougher than border adjustment — in
other words, an undifferentiated tax on imports from members outside the coalition
— would create, if this tax were high enough, the stable conditions for a system of
climate coalitions. The argument and numerical simulations underlying the study are
complex. But the sanction for the ‘stowaway’ escaping the virtuous coalition is clear:
a loss of external revenue that can only be avoided by joining the coalition. This is
not about restoring accurate prices within the coalition, as a border adjustment would
do, but about sanctioning, through restrictions on trade not linked to the carbon
content of the products traded, those who do not join the coalition. This study merits
consideration. In the absence of the benevolent dictator sought above, adherence to a
climate policy would involve retaliatory measures with an impact beyond the scope of
the climate policy. There is a certain naivety in being surprised by this, even if there are
questions regarding the plausibility of the emergence, should it be necessary, of such a
confrontational policy, the benefits of which would be long term. And I will conclude
on this point, which is moving from economic analysis to ‘realpolitik’, a subject which

clearly deserves another contribution!
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The US plays an important role in international negotiations on climate change.
Fortunately, the role of the US has evolved from that of laggard to leader. Having
reduced emissions significantly in recent years, the US is promising substantially
more and encouraging other countries to do the same as part of the next international
agreement. In this chapter, I provide a high-level view on the state of climate-change
affairs from the US perspective. My aim is to briefly cover selected topics that help
explain progress, opportunities, and challenges for the US. The topics include public
opinion and domestic politics; trends in domestic emissions and policy; the US’s
Intended Nationally Determined Contribution (INDC) and the importance of matching

ambition; climate finance; and expectations for success in Paris.

The US plays an important role in international negotiations within the United
Nations Framework Convention on Climate Change (UNFCCC). Representing the
world’s largest economy as measured in unadjusted GDP, and the largest historical
emitter of greenhouse gases, buy-in from US is critical for a workable and effective
climate regime. Fortunately, the role of the US has evolved from that of laggard to
leader. Having reduced emissions significantly in recent years, the US is promising
substantially more and encouraging other countries to do the same as part of the next

international agreement.

In this chapter, I provide a high-level view on the state of climate-change affairs from
the US perspective. While other chapters in this eBook cover specific topics in detail,
my aim here is to briefly cover selected topics that help explain progress made by
the US as well as opportunities and challenges facing the country. The topics include

public opinion and domestic politics; trends in domestic emissions and policy; the US’s
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Intended Nationally Determined Contribution (INDC) and the importance of matching

ambition; climate finance; and expectations for success in Paris.

1 Public opinion and domestic politics

A view from the US must begin with observations about American public opinion.
This is important not only because the US is a representative democracy, but also
because of sharp differences between the two major political parties, the Democrats
and Republicans. The differences shape the current dynamic between the executive and
legislative branches of the US government, as well as the approaches being undertaken

to address climate change both domestically and internationally.

A recent poll found that about two-thirds of American registered voters think that
global warming is happening, support laws to increase renewable energy and energy
efficiency, support setting emission limits on coal-fired power plants, and think the
US should reduce greenhouse gas emissions regardless of what other countries do
(Leiserowitz et al. 2014). Although climate ‘sceptics’ or ‘deniers’ often capture media
attention, the majority of Americans believe that climate change is real and warrants

political action.

Beneath the majority view, however, is political polarisation. According to the same
poll, 81% of Democrats are ‘worried’ about global warming, compared to only 30%
of Republicans. Some 69% of Democrats think global warming is caused by human
activities, whereas only 31% of Republicans think the same. When it comes to support
for political action, 60% of Democrats say the federal government should be doing
more to protect people from global warming, while the comparable number is 21% for
Republicans. Among self-identified conservative Republicans, the view is even quite

different: 42% think the federal government should be doing even less than it is now.

President Obama has identified climate change as a top priority for the remainder of
his term in office, and his Democratic administration is taking the lead on a range
of domestic and international initiatives. At the same time, the Republican-controlled
Congress, including both the Senate and the House of Representatives, does not

support the initiatives and, in many cases, is aggressively seeking to prevent the agenda
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from advancing. This dynamic has shaped the particular ways that climate policy has
progressed in the US, and the political landscape appears unlikely to change in the
near future. Current electoral forecasts are for the Democrats and the Republicans to

maintain control of the White House and Congress, respectively.

2 US emission trends and domestic policy

As part of the 2009 Conference of the Parties to the UNFCCC in Copenhagen, the US
pledged to cut its CO, and other GHG emissions to 17% below 2005 levels by 2020.

How are things progressing towards that goal?

2.1 Emission trends

Energy-related CO, emissions, which comprise the vast majority of all emissions in
the US, are the lowest they have been for 20 years. Actual emissions in 2013 were
10% below 2005 levels (EIA 2015a). This reduction is more than half way towards the
2020 commitment and, importantly, it occurred over a period when energy-related CO,
emissions worldwide have increased by 20% (EIA 2015b).

One reason for the significant reduction in US emissions since 2005 is the Great
Recession that began to take hold in 2008. This was the most significant economic
downturn since the 1930s, and forecasts predict the US economy will not return to
potential levels for years to come. A clear consequence has been lower emissions. One
estimate attributes about half of the emissions reduction through 2012 to the recession
(CEA 2013). Unfortunately, while helping to achieve emission goals in the short term,

lower economic activity is not a strategy for lower emissions in the future.

Another important factor has been a lowering of the carbon content of energy, primarily
due to the increased supply of domestic natural gas. The technological combination of
horizontal drilling and high-volume hydraulic fracturing has significantly increased the
amount of economically recoverable natural gas in the US. Most of the gas has been
used for electricity production, crowding out production from more carbon-intensive
coal-fired power plants. This shift is responsible for about 28% of the US emission

reductions since 2005 (CEA 2013). Also playing an increasingly important role are
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non-hydro renewable sources of energy for power generation. The US now produces
7% of its electricity from non-hydro renewables, compared to just 2% in 2005 (CEA
2015).

A third factor contributing to lower CO, emissions in the US is economy-wide energy
efficiency. One measure of efficiency is energy intensity, which captures the amount
of energy used to produce a dollar’s worth of GDP. For decades, US energy intensity
has decreased by more the 1.5% per year, and this alone accounts for an estimated 8%
of the emissions reductions between 2005 and 2012 (CEA 2013). While market forces
are a critical factor affecting energy efficiency, as well as the carbon content of energy,

government programmes also play an important role.

2.2 Major domestic policy

In June 2013, President Obama announced his Climate Action Plan. Among the Plan’s
broad range of initiatives, two major policies are designed to reduce emissions in
the transportation and electricity sectors. The federal government finalised national
standards to double the fuel economy of light duty cars and trucks by 2025, and the
rules are expected to reduce total CO, emissions over this period by the equivalent
of one full year of current US emissions. The just realised final version of the Clean
Power Plan calls for a reduction in emissions of 32% below 2005 levels by 2030 (see
also Burtraw 2015). This target would imply a further reduction of 20% beyond what

has already occurred since 2005.

Most aspects of the Climate Action Plan are taking place under the executive authority
of the president and therefore do not require Congressional authorisation. While this
has been — and will continue to be — politically controversial, it means that climate
policy in the US is being pushed along further than the Republican-led Congress would
itself support. Unfortunately, it also raises questions about whether the policies will
withstand legal challenges, changes in political leadership, or both. Not only does the
uncertainty make planning for future compliance more difficult, it also undermines the

confidence that other countries have in US climate commitments.

Not all significant climate policy in the US takes place at the federal level; there is a

wide range of policies taking place at the state, regional, and local levels. The most
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prominent example is California’s state-wide goal of reducing emissions to 1990 levels
by 2020. At the regional level, nine northeastern states participate in a cap-and-trade
programme to reduce emissions known at the Regional Greenhouse Gas Initiative
(RGGI). Together, California and the RGGI states account for more than half of the
US economy. Additionally, many other states and municipalities have policies and
programmes in place that are achieving real emission reductions and serving as policy

‘laboratories’ for future expansion and refinement.

3 The US’s INDC and matching ambition

Most countries are in the process of submitting and refining their climate action
commitments to cover the post-2020 period. These plans are the official INDCs that
will form the basis of the UNFCCC agreement in Paris. The US made its submission
on 31 March 2015.

The overarching US commitment is to reduce economy-wide GHG emissions to 26-28%
below 2005 levels by 2025. Meeting this commitment will require a 9-11 percentage
point reduction beyond the Copenhagen commitment to 2020 (see also Aldy and Pizer
2015). It also represents a significant reduction from business as usual (BAU), which
accounts for what would otherwise be increasing emissions until 2025. From one BAU
forecast, the US commitment is to reduce emissions by between 18% and 25% from
2014 levels by 2025 (C2ES 2015). At this stage of the process, the US commitment is

generally perceived as representing a reasonably high level of ambition.

It remains to be seen how the US commitment compares to those of other key countries.
Many of the most important submissions are still outstanding and reliable comparisons
will require careful analysis, which takes time. Yet the outcome of this analysis will
be critical to ensure a meaningful agreement in Paris — one with broad participation,
substantive commitments, and sufficient matching ambition for all countries to follow

through.

Indeed, the best way for other countries to allay concerns about whether US climate
commitments will withstand domestic political pressures is to submit and maintain

equally ambitious INDCs. Over time, the greatest challenge to advancing an ambitious
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climate agenda in the US will not be domestic politics, for this is changing along with
the majority of public opinion. Instead, as the realities of climate change become ever
more certain, the greater concern in the US will be that other countries — especially the
large and growing developing countries — will not seek to reduce their own emissions.
Without commitments from these countries, it will be difficult to defend a climate
agenda in the US that does little to bend the curve of worldwide emissions, yet has

adverse consequences for US jobs and competitiveness in a global economy.

4 Climate finance

Climate finance is as an increasingly important aspect of UNFCCC negotiations.
Developed countries have made ambitious commitments, and there is a significant need
for resources to help developing countries implement mitigation strategies and adapt to
inevitable climate changes. One channel of finance that has become a focal point is the
Green Climate Fund (GCF). Established in 2009 as part of the Copenhagen Accord, the

GCF is open for business with initial pledges totalling more than $10 billion.

President Obama pledged $3 billion from the US. As the first instalment, his
administration has requested $500 million for the GCF in this year’s budget cycle,
but the appropriation requires Congressional authorisation. Many countries are looking
closely to see if the US will deliver on this commitment. Developing countries in
particular are focused on the GCF, viewing robust contributions as somewhat of a quid

pro quo for submitting plans to cut their own emissions.

At the time of this writing, the Obama administration is pushing hard to obtain GCF
funding, and Congress is threatening to not provide it. While the near-term prospects
are uncertain, and could quite possibly fall short this year, it would be unfortunate if
the Paris agreement were to falter as a result. The US budget process is notoriously
unpredictable year-to-year, and the world’s emission targets in the post-2020 period

should not hinge on this outcome.

Other countries should nonetheless have reasonably high confidence in US contributions
to the GCF over time. Beyond short-term political flashpoints, both Republicans and

Democrats have long recognised the value and impact of climate-related assistance

148



A view from the United States
Matthew J. Kotchen

to poor countries. It was under two Republican presidents — George H.W. Bush and
George W. Bush — that the US helped create the Global Environmental Facility (GEF)
and the Climate Investment Funds (CIFs). The GCF is the intended extension, and
followers of the process may recall that it took a couple years for US appropriations to
begin for the CIFs.

Although not taking centre stage in UNFCCC negotiations, other areas of climate-
related finance in need of reform and international coordination are the phasing out of
fossil-fuel subsidies and of public financing for coal projects overseas. The International
Monetary Fund estimates perverse fossil fuel subsidies to equal 6.5% of global GDP
(Coady et al. 2015), and global public assistance for coal has averaged about $9 billion
per year since 2007 (Bast et al. 2015). While US-led efforts in these areas have focused
on the G20 and across multilateral and bilateral assistance channels, greater integration

into the UNFCCC process would be a positive development.

5 Success in Paris

The Paris agreement will not provide a great fix to the world’s growing problem of
climate change — not even close. The bottom-up approach of basing the agreement
on INDCs is certain to fall short of setting sufficiently high global ambition. This
is a straightforward and predictable implication of economic incentives on the part
of countries voluntarily providing a global public good. So how should we define a

successful outcome in Paris?

From the US perspective, there are two key elements. The first is that all major emitting
countries, regardless of whether they are developed or developing, submit reasonably
ambitious INDCs. The ‘common but differentiated responsibility’ distinction between
developed and developing countries that has defined the UNFCCC process for decades
must give way to a more inclusive approach whereby all countries — not just developed
countries — seek to reduce emissions. An agreement that does not include emission
reductions from the large and fast-growing developing countries simply does not match
the future reality of the problem. The recent bilateral announcement between the US
and China represents significant progress, and a successful outcome in Paris would be

to have other developing countries set similar goals.
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The second key element for broad success in Paris is to explicitly recognise the
agreement as the beginning of a process, rather than something to be completed so that
climate change can fall off the international agenda. The agreement must establish clear
pathways towards transparency and regular reporting of emissions, because accurate
information is critical to evaluate progress and fairness. And in addition to post-2020
goals, the agreement must also find ways to keep up pre-2020 ambition — the next four

years are an important window in which significant progress should be made.
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legally binding instruments
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Arizona State University

Although it now appears settled that the Paris agreement will be a treaty within the
definition of the Vienna Convention on the Law of Treaties, debate continues over which
provisions of the agreement should be legally binding. The legal character of the Paris
agreement and its constituent parts may matter for several reasons, even in the absence
of any enforcement mechanisms. Formulating an agreement in legally binding terms
signals stronger commitment, both by the executive that accepts the agreement and by
the wider body politic, particularly if domestic acceptance requires legislative approval.
It can have domestic legal ramifications, to the extent that treaties prompt legislative
implementation or can be applied by national courts. And it can serve as a stronger
basis for domestic and international mobilisation. But, despite much empirical work
over the past two decades, it has proved difficult to assess the strength of these factors
in promoting effectiveness, both absolutely and relative to other elements of treaty
design, such as an agreement’s precision and its mechanisms for transparency and
accountability. On the one hand, states exhibit a strong belief that the legal character
of an agreement matters. On the other hand, some political agreements, such as the
1975 Helsinki Accords, arguably have had a greater influence on state behaviour than
their legal counterparts. As a result, confident assertions, one way or the other, on
the degree to which the legally binding nature of the Paris agreement does or does not

matter seem unwarranted.
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Discussions of the legally binding character of the Paris outcome often mix together
five related but distinct issues: (1) the legal form of the Paris agreement; (2) the legally
obligatory character of its particular elements; (3) whether its provisions are sufficiently
precise as to constrain states; (4) whether it can be applied judicially; and (5) whether
it can be enforced. It now appears likely that the Paris agreement will take the form of
a treaty. But it remains uncertain which provisions of the agreement will create legal
obligations, how precise the agreement will be, and what mechanisms it will establish

to promote accountability and compliance.

The 2013 Warsaw decision suggests that states’ nationally determined contributions
(NDCs) on mitigation will be a central element of the Paris outcome, but was expressly
without prejudice to the legal character of these contributions. Will states have a legal
obligation to implement and/or achieve their NDCs, or will NDCs represent non-legally
binding aims or intentions, rather than obligations? Similarly, will the Paris agreement
establish new financial obligations? And how much does the legally binding character

of these provisions matter? These are among the central issues in the Paris negotiations.

1 Legal form of the Paris agreement

The 2011 Durban Platform for Enhanced Action calls for the development of ‘a
protocol, another legal instrument, or an agreed outcome with legal force under the
Convention applicable to all parties’. Although this formulation was deliberately
vague, the negotiations reflect growing agreement that ‘an agreed outcome with legal

force’ means a legally binding instrument under international law — that is, a treaty.

The Vienna Convention on the Law of Treaties (VCLT) defines a treaty as ‘aninternational

agreement concluded between states in written form and governed by international law’
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(VCLT article 2(a)).! Treaties can be referred to by many terms, including ‘agreements’,
‘conventions’, ‘protocols’, ‘charters’, ‘accords’, and ‘amendments’. According to
the VCLT, whether an agreement constitutes a treaty does not depend on its title, but
on whether the parties intended the instrument to be governed by international law
(Aust 2007). Although in some cases this may be ambiguous, treaties can usually be
distinguished from non-legally binding instruments by the inclusion of ‘final clauses’,
addressing issues such as how states express their consent to be bound (for example,
through ratification or accession) and the requirements for entry into force — provisions

that would not make sense in an instrument not intended to be legal in character.?

Could a decision by the Conference of the Parties (COP) satisfy the Durban Mandate?
Arguably not. In general, decisions by international institutions such as the COP are
not legally binding unless their governing instrument so provides.> The UN Charter
provides a simple example. Article 25 of the Charter provides that member states shall
carry out decisions of the Security Council, so this provision makes Security Council
decisions legally binding. But otherwise, decisions by UN organs are not binding on the
member states. Similarly, a COP decision could be legally binding if there is a ‘hook’
in the UNFCCC that gives it legal force. For example, Article 4.1 of the UNFCCC
requires parties to use for their greenhouse gas inventories ‘comparable methodologies
to be agreed upon by the COP’. But, otherwise, COP decisions are not legally binding,
so a COP decision, by itself, would not satisfy the Durban Platform’s mandate that the

Paris outcome have legal force (Bodansky and Rajamani 2015), and any element of the

1 In contrast, ‘treaty’ has a narrower meaning in US domestic law, referring to international agreements adopted with the
advice and consent of the Senate, pursuant to Article II of the Constitution. As a result, only a subset of ‘treaties’ in the
international sense are ‘treaties’ within the meaning of the US Constitution. Whether the Paris agreement would require
advice and consent by the US Senate in order for the US to participate is uncertain and will depend, in part, on what the
agreement provides. To the extent that it is procedural in character, could be implemented on the basis of existing US
law, and is aimed at implementing or elaborating the provisions of the UN Framework Convention on Climate Change,
then arguably the president could join the Paris agreement based on his existing legal authority (see generally Bodansky
2015).

2 For non-legally binding agreements, the functional equivalent of an entry-into-force provision is a provision specifying
when the agreement ‘comes into effect’.

3 Brunnée reaches a different conclusion, namely, that a larger set of COP decisions should be considered binding, because

she adopts a broader definition of ‘bindingness’ than suggested here (Brunnée 2002).
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Paris outcome that is intended to be legally binding would need to be either contained

in, or provided for by, the Paris agreement.

2 Mandatory character of particular provisions

Under the principle of pacta sunt servanda (‘agreements must be kept’), treaties are
binding on the parties and must be performed by them in good faith (VCLT article
26). But this does not mean that every provision of a treaty creates a legal obligation,
the breach of which entails non-compliance. Although they are sometimes confused,
the issue of an instrument’s legal form is distinct from the issue of whether particular
provisions create legal obligations. The former requires examining the instrument as
a whole, and depends on whether the instrument is in writing and is intended to be
governed by international law, while the latter depends on the language of the particular

provision in question — for example, whether it is phrased as a ‘shall’ or a ‘should’.

Treaties often contain a mix of mandatory and non-mandatory elements. For example,
Article 4.1 of the UNFCCC establishes legal obligations, because it specifies what
parties ‘shall’ do to address climate change. By contrast, Article 4.2 formulates the
target for Annex I parties to return emissions to 1990 levels by the year 2000 as a non-

binding ‘aim’, rather than as a legal commitment.

Similarly, the Paris agreement might contain a mix of mandatory and hortatory
provisions relating to parties’ nationally determined contributions and other issues. For
example, it might include commitments that parties maintain, report on, and update their
NDCs throughout the lifetime of the agreement, but make the achievement of NDCs
only hortatory. The choice regarding NDC-related obligations is therefore not simply
whether to have legally binding NDCs or not. Rather, the question is what specific
obligations, if any, parties will have with respect to their NDCs — and, in particular,

whether these obligations will be purely procedural or also substantive in character.

158



Legally binding versus non-legally binding instruments

Daniel Bodansky

3 Distinguishing the concept of legally binding from
other dimensions of bindingness

What is the import of saying that the Paris agreement is a legal instrument or that one
of its provisions is legally binding? It is difficult, if not impossible, to answer this
question in a non-circular way. Ultimately, legal bindingness reflects a state of mind —
most importantly of officials who apply and interpret the law (judges, executive branch
officials, and so forth), but also to some degree of the larger community that the law
purports to govern. It depends on what the British philosopher HLA Hart referred to as
their ‘internal point of view’, a sense that a rule constitutes a legal obligation and that

compliance is therefore required rather than merely optional (Hart 1994).

The concept of ‘legally binding’ is distinct from several other dimensions of
‘bindingness’ (Goldstein et al. 2001, Bodansky 2009, Stavins et al. 2014). First, it
differs from whether an instrument is justiciable — that is, whether the instrument can be
applied by courts or other tribunals. In general, courts can apply only legal instruments,
so justiciability depends on legal form. But the converse is not the case — the legally
binding character of an instrument does not depend on whether there is any court or

tribunal with jurisdiction to apply it.

Second, the concept of ‘legally binding’ is distinct from that of enforcement.
Enforcement typically involves the application of sanctions to induce compliance. As
with justiciability, enforcement is not a necessary condition for an instrument to be
legally binding. If an instrument is created through a recognised lawmaking process,
then it is legally binding, whether or not there are any specific sanctions for violations.
Conversely, enforcement does not depend on legal form, since non-legal norms can also

be enforced through the application of sanctions.*

Third, the legal form of an agreement is distinct from its precision. Of course, the more

precise a norm, the more it constrains behaviour. But legally binding instruments can be

4 For example, US law provides for the imposition of trade sanctions against states that ‘diminish the effectiveness’ of an
international conservation program, whether or not a state has committed any legal violation (Pelly Amendment, 22 USC

1978).
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very vague, while non-legal instruments can be quite precise. So the constraining force

of precision is different from that of law.

In domestic legal systems, the elements of legal form, judicial application, and
enforcement often go together. But this is much less common internationally. Many, if
not most, international legal agreements provide no mechanisms for judicial application
and little enforcement. So it is important to distinguish the different dimensions of

bindingness.

Although the issue of legal form is binary — the Paris agreement either will or will not
be a legal instrument, and its particular provisions either will or will not be legally
binding (Raustiala 2005) — the Paris agreement could be more or less binding along
other dimensions. For example, it could be more or less precise, and establish weaker

or stronger mechanisms to promote accountability and compliance.

4 Does the legally binding character of a rule matter and,
if so, how?

Will the Paris agreement be more effective in addressing climate change if it is a legal
rather than a political instrument, and if parties’ NDCs are legally binding obligations
rather than non-binding aims? How much does the legal form of the Paris outcome

matter? Opinions on these questions differ widely.’

The effectiveness of an international regime is a function of three factors: (1) the
ambition of its provisions; (2) the level of participation by states; and (3) the degree to
which states comply (Barrett 2003). Those who argue for the importance of a legally
binding outcome in Paris focus primarily on compliance. But the legally binding
character of the Paris agreement and its constituent elements could also affect ambition
and participation, potentially in negative ways. So even if legal bindingness promotes
compliance, as proponents argue, it may not increase effectiveness if its positive effects

on compliance are outweighed by negative effects on participation and/or ambition.

5 On the effectiveness of international law, compare Downs et al. (1996) with Simmons (2009).
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In theory, the legal character of a norm might promote compliance in a number of
ways, even in the absence of judicial application or enforcement (Abbott and Snidal
2002). First, treaties must be formally ratified by states, usually with the approval of
the legislature. So acceptance of a treaty generally signals greater domestic buy-in and
commitment than acceptance of a political agreement, which typically can be done by

the executive acting alone.

Second, the internal sense of legal obligation discussed earlier, if sincerely felt, means
that legal commitments exert a greater ‘compliance pull’ than political commitments,

independent of any enforcement.

Third, to the extent that states take legal commitments more seriously than political
commitments, this not only makes them more likely to self-comply; it causes them
to judge non-compliance by other states more harshly. As a result, states risk greater
costs to their reputation and to their relations with other states if they violate a treaty

commitment than a political commitment, making non-compliance less attractive.

Fourth, legally binding agreements tend to have greater effects on domestic politics than
political agreements, through their influence on bureaucratic routines and by helping to

mobilize and empower domestic advocates.

Finally, legal obligations are at least capable of being applied by courts. So if legalised
dispute settlement is available, either in an international tribunal or a state’s domestic
courts, then the legal character of a norm would be a necessary condition of using these

procedures.

Perhaps the best evidence that states take legal commitments more seriously than
political commitments is that they are more careful in negotiating and accepting
them — and, in many states, acceptance of treaties requires special procedures, such
as legislative approval. This caution would be irrational if legal bindingness didn’t
matter. The fact that treaties are more difficult to negotiate and to approve than non-
legal instruments suggests that states view them as imposing a greater constraint on

their behaviour.

But while there are good reasons to believe that legal form enhances compliance,

other factors are also important. As elaborated by Wiener (2015) in his contribution
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to this eBook, transparency and accountability mechanisms make it more likely that
poor performance will be detected and criticised, thereby raising the reputational costs
for the state concerned, regardless of whether a norm is legally binding. Like legal
commitment, transparency and accountability mechanisms can also help mobilise
and empower domestic supporters of an agreement. In addition, the precision of
an instrument can enhance effectiveness, both because precise norms exert greater

normative guidance and because violations are more apparent.

As a result of these factors, non-legal instruments can significantly affect behavior
(Victor et al. 1998, Shelton 2000). Indeed, the 1975 Helsinki Declaration® has been
one of the most successful human rights instruments, despite its explicitly non-legal
nature, because of its regular review conferences, which provided domestic advocates
with a basis for mobilisation and which focused international scrutiny on the Soviet

bloc’s human rights performance.

Similarly, with respect to ambition, the legal character of an agreement can cut
both ways. On the one hand, it may make states willing to assume more ambitious
commitments, by giving them greater confidence that their actions will be reciprocated
by others. On the other hand, it may also have a negative effect on ambition, if states
are more concerned about locking themselves into potentially costly commitments than

about non-compliance by other states.

Finally, since states are cautious about entering into legal agreements (or have special
requirements for ratification that raise additional hurdles), making an instrument
legally binding may reduce participation. The US declined to participate in the Kyoto
Protocol, in part, because of the legally binding nature of Kyoto’s emission targets
and the impossibility of getting Senate consent to ratification. Similarly, far fewer
countries, arguably, would have participated in the Copenhagen Accord, by putting
forward emissions pledges, if the Accord had been a legally binding instrument that

made countries’ pledges legally binding.

6 Conference on Security and Cooperation in Europe, Final Act (I August 1975), Article 10 in International Legal
Materials 14: 1292.
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How do these countervailing factors play out? Thus far, it has been next to impossible
to answer this question empirically. To do so, one would need to hold all other factors
constant, and vary only the legal form of an agreement. Despite significant efforts over
the last two decades to determine the significance of legal bindingness internationally,

we still do not have any definitive answers (Stavins et al. 2014).

5 Conclusion

To satisfy the Durban Platform’s requirement that the Paris outcome have legal force, the
Paris agreement must constitute a treaty within the definition of the Vienna Convention
on the Law of Treaties; a COP decision would not suffice. But this does not mean that
every provision of the Paris agreement must create a legal obligation or that parties’
NDCs in particular must be legally binding. The Paris agreement could contain a mix of
mandatory and non-mandatory provisions relating to parties’ mitigation contributions,
as well as to the other elements of the Durban Platform, including adaptation and

finance.

One cannot definitively say how much the legally binding character of the Paris
agreement matters. Making the agreement legally binding may provide a greater signal
of commitment and greater assurance of compliance. But transparency, accountability,
and precision can also make a significant difference, and legal bindingness can be
a double-edged sword if it leads states not to participate or to make less ambitious
commitments. Thus, the issue of legal form, though important, should not be fetishised

as a goal of the Paris conference.
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A key element in the emerging international architecture will be practical mechanisms
to compare domestic efforts to mitigate global climate change. How do countries
decide whether and to what degree pledges by their peers — often expressed in different
forms that stymie obvious apples-to-apples comparison — are sufficient to justify their
own actions now and more ambitious actions in the future? We describe a number of
desirable features of metrics that might be used for ex ante comparisons of proposed
pledges and ex post assessments of subsequent actions delivering on those pledges. Such
metrics should be comprehensive, measurable, and universal. In practice, however,
no single metric has all these features. We suggest using a collection of metrics to
characterise and compare mitigation efforts, akin to employing a suite of economic
statistics to illustrate the health of the macroeconomy. We illustrate the application of
a suite of metrics to several countries’ mitigation pledges (their intended nationally
determined contributions in the UN climate talks). In the pledge and review model
emerging in the climate change negotiations, participation, compliance, and ambition
can be enhanced if this collection of metrics can illustrate comparable actions among
peers, both prospectively and retrospectively. The latter, in particular, highlights the

need for a well-functioning policy surveillance regime.

1 Introduction

Countries will pledge to mitigate their greenhouse gas emissions as part of the
negotiations leading up to the Paris climate change talks in December 2015. These
pledges will take on many different forms: targets versus 1990 or 2005 base year

emissions, percentage improvements in the ratio of carbon dioxide to GDP, percentage
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abatement versus a ‘no-policy’ reference (or ‘business-as-usual’) case, renewable
power goals, energy efficiency goals, afforestation goals, and more. Understanding the
comparability of the pledged mitigation efforts will play a critical role in the negotiating

process.

Why? To build confidence among countries, there will need to be a common
understanding of how pledges expressed in different forms stack up against one
another. Similar efforts among similar countries would likely be seen as a ‘fair’ deal,
likely a necessary condition for countries both to live up to their pledges now and to
increase ambition in the future (Ostrom 1998, Barrett 2003, Cazorla and Toman 2003).
Comparable mitigation effort costs across countries also could represent a relatively
cost-effective agreement and help level the playing field internationally for energy-
intensive industries (e.g. Aldy et al. 2010). This interest in comparability of effort is
emerging in domestic politics, both from environmental advocates who believe that
such assessments can enable a ratcheting up of ambition as well as business leaders
concerned about the potential adverse competitiveness impacts of climate change

policy.

Comparing efforts requires metrics. Yet official agreement on specific metrics and a
comprehensive policy surveillance mechanism is a tall order. To help inform the difficult
task ahead, we have developed a set of three basic design principles and illustrate
how an array of metrics might satisfy them. Because no single metric does well in
meeting all the principles, we recommend a portfolio approach that assesses countries’
estimated emission levels, emission abatement, carbon and energy price effects, and

costs of implementation.

It is worth noting that we emphasise the role of metrics as a facilitative mechanism.
Metrics are presented without any attempt to emphasise what countries should do. A
clean, non-judgemental presentation of information, we believe, will encourage and
facilitate reciprocity and stronger action. In contrast, a long literature across an array
of disciplines has attempted to prescribe what countries should do based on ethical
principles and a long-term objective (e.g. Groenenberg et al. 2004, Michaelowa et al.
2005, den Elzen et al. 2006, Hohne et al. 2006, Gupta 2007, Hof and den Elzen 2010,
Bosetti and Frankel 2012).
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2 History of comparability in international climate
negotiations

The concept of comparable effort has evolved over the past several decades in
international climate change negotiations. The 1992 UN Framework Convention
on Climate Change and the 1997 Kyoto Protocol set emission targets for developed
countries and established the first and most enduring notion of comparability:
emissions levels relative to a 1990 base year. By defining quantitative emissions limits
this way, particularly in the Kyoto Protocol, negotiators effectively defined effort as the
percentage reductions in emissions relative to 1990. This turned out to be a simplistic and
potentially misleading approach that fails to distinguish between purposeful reductions
and those achieved by chance. For example, Russia’s emissions have remained well
below 1990 levels since the Kyoto Conference due to the state of its economy, not a

broad and effective emission mitigation programme.

The term ‘comparability of effort’ first emerged explicitly in the text of the 2007 Bali
Action Plan, which noted that the concept should guide consideration of developed
countries’ emission mitigation efforts. At the 2009 Copenhagen Conference, the EU
and Japan each announced domestic emission targets that included an unconditional
pledge plus a further, more ambitious component conditioned on whether other
developed countries committed to ‘comparable’ reductions. At the same time, there
was no concrete definition of what ‘comparable’ meant to the EU and Japan. Moreover,
different countries undoubtedly held different perspectives on how to measure and
compare effort — and whether to also include the pledges by the fast-growing emerging
economies, such as China and India. To promote the transparency of these mitigation
pledges and facilitate a better understanding of effort, the Copenhagen Accord and
the 2010 Cancun Agreements called for ‘international consultations and analysis’
and ‘measurement, reporting, and verification’ — review mechanisms comprised of
reporting, technical analysis, and a period of consultation with other parties (see Wiener

2015 for further discussion of measurement, reporting, and verification).

The emerging international climate architecture reflected in decisions at the 2014
Lima climate talks further advanced the concept of pledge and review, building on the
Copenhagen model. A number of countries — including the US, the EU, and Russia

— tabled their mitigation pledges, referred to as ‘Intended Nationally Determined
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Contributions’ (INDCs) in the negotiations, by the initial 31 March 2015 deadline, and
more are expected to do so over the course of 2015. Through this pledge process, the
Lima Call for Climate Action notes that countries may submit additional information,
including data, analysis, methods, and descriptions of implementation policies that may

promote the transparency and credibility of countries’ INDCs.

This evolution illustrates how economics can inform the implementation of the
comparability of mitigation efforts concept. In the 2009 Copenhagen Accord and in
what is expected for Paris, countries’ emission mitigation pledges take on different
forms. A negotiator can no longer do a simple accounting like the one required in the
1997 Kyoto talks. Instead, economic data and analysis will be necessary to determine

the credibility of countries’ pledges.

3 Principles for choosing comparability metrics

We identify three principles to help inform the selection of metrics to use in comparing

nations’ mitigation efforts (see also Aldy and Pizer 2015).

e Comprehensiveness. An ideal metric should be comprehensive, characterising the
entire effort actively undertaken by a country to achieve its mitigation commitment.
Such a metric would clearly reflect all climate-related policies and measures — and
exclude non-policy drivers of climate outcomes. It should take on similar values for

countries undertaking similar mitigation efforts.

* Measurability and replicability. A metric should be measurable and replicable.
The ability to replicate a given metric without subjective assumptions, using
available public information, enhances the credibility of review. An emphasis on
observable characteristics of effort, such as emissions, energy and carbon prices,
and/or use of particular zero-carbon technologies, also creates an incentive for
countries to undertake actions that can be measured this way. This further facilitates

transparency.

* Universality. Metrics should be universal. Given the global nature of the climate
change challenge, metrics should be constructed for and applicable to as broad a set

of countries as possible.
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In practice, there will be tradeoffs among principles in identifying and constructing
the metrics. For example, changes in emission levels over time may be measurable
and universally available in all countries, but this measure may not comprehensively
represent mitigation effort. Mitigation cost may be a more comprehensive measure of

effort, but is not easily measured.

4 Comparability metrics: Emissions, prices, and costs

Mitigation efforts can be measured many different ways, and the nations of the world
are far from agreeing on a single way to do so. But the strengths and weaknesses of
popular metrics begin to emerge when we examine how they stack up against our
basic principles. These metrics fall into three general categories: those that focus on
emissions, prices, and costs. Emissions (and other physical measures) are typically the
outcomes that matter for the environment. Prices on carbon and energy taxes reflect the
economic incentives created by government policies to reduce emissions and energy
use. Cost metrics measure useful economic resources diverted away from current

consumption and non-climate investment and toward abatement.

4.1 Emissions and related metrics

We noted that an early comparability metric was emissions relative to 1990 levels, as
specified in the Kyoto Protocol. More recently, countries including the US and Japan
have focused on emissions relative to 2005 levels. Ultimately, choices like this come
down to each country’s interest in achieving a more favourable baseline. And, as we
saw in the Russian example, changes in emissions over time may have nothing to do
with effort. One popular approach to dealing with the particular influence of economic
activity is to focus on emission intensity, or tonnes of CO, per GDP. Prior to the
2009 Copenhagen talks, China and India each proposed emission goals structured as
percentage reductions in the ratio of emissions to GDP (as did the Bush administration
in 2001). Such metrics can ensure that a country is not penalised as a climate laggard
simply because of faster economic growth, nor is it rewarded simply because of

economic decline.
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Unfortunately, emissions intensity as a measure of mitigation effort is confounded by
several issues. Growing countries tend to experience a decline in emission intensity
owing to technology improvements and changing economic structures rather than
purposeful mitigation effort. It is difficult to know what level of intensity improvement
represents effort versus growth effects. Also, faster growing countries typically
experience a faster decline (Aldy 2004, Newell and Pizer 2008). This makes it difficult
to compare countries growing at different rates. It also means that countries growing
faster or slower than expected will find it easier or harder, respectively, to meet a target.
One could instead compare levels of emission intensity rather than trends, but this

involves the problematic conversion of local currencies into a single currency.

In recent years, regulators in some developing countries have become more interested
in emission goals specified as percentage reductions from a forecast level in a future
year. While more comprehensive than other emission metrics in theory, in practice,
calculating the emission forecasts requires subjective judgements. If the forecast comes
from the government setting the goal, there is an obvious incentive to make the forecast
high in order to make the target seem more ambitious than it truly is. Even if the forecast

is unbiased, comparing a goal to forecast emissions is only more comprehensive in a

prospective analysis. Retrospectively, comparing observed emissions to a forecast can
still confuse mitigation effort with other non-mitigation events that affect emissions.
A comprehensive retrospective metric would compare observed emissions to an
analysis of what emissions would have been absent mitigation policies; in essence, a

retrospective forecast.

4.2 Carbon and energy prices

An observed carbon price bears a direct connection to effort, as it measures the economic
incentive to reduce emissions created by a country’s mitigation policies; it also reflects
marginal cost. Comparing carbon prices across countries measures the degree to which
a country is undertaking more or less expensive per-tonne mitigation efforts. Since
countries implement domestic carbon taxes and tradable permit markets in their local
currencies, comparisons will require the use of (and raise questions of the appropriate)

currency exchange rates (similar to comparisons of emissions intensity). Moreover,
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carbon prices will not reflect mitigation efforts associated with non-price policies —
such as efficiency standards and renewable mandates — and most carbon prices are not
applied to all of a country’s emissions. A country also may undermine the effectiveness
of the carbon price by adjusting taxes downwards for firms covered by the carbon price,

through so-called fiscal cushioning.

Alternatively, one could consider implicit (or ‘effective’) carbon prices that estimate
the average cost of abatement associated with a specific climate policy or collection
of policies. Such implicit prices have the advantage of potentially being applied to a
broader set of policies, but the disadvantage of not being directly observed. Instead,
they are produced by model simulations. Implicit prices also do not reflect actual
impacts on energy prices, which is often the focus of those concerned about economic
competitiveness as well as a necessary incentive for improving end-use energy

efficiency.

This leads us to consider energy prices directly. Energy prices are transparent and
measurable with high frequency. Energy prices permit a net assessment of all price-
based policies (including carbon pricing) and thus can mitigate concerns that a country
is engaging in fiscal cushioning and speak directly to competitiveness concerns and
incentives for end-use efficiency. This would again fail to capture effects from non-
price regulations and be a poor measure of effort for countries with significant non-price
policies, including the US (see Burtraw 2015 for further discussion of US greenhouse

gas regulations).

4.3 Economic costs

Ultimately, concern about the costs of combating climate change represents one of the
most, if not the most, significant impediments to serious action by countries around
the world. Costs are also closely aligned with most economists’ notions of effort. A
metric to compare effort based on costs — expressed as a share of national income or
per capita — could examine whether comparable countries bear comparable costs from
their actions. A metric based on the cost of actual policies would have the potential
disadvantage of rewarding costly but ineffective policies. A complementary metric

could examine the cost of achieving the same emission outcome but using the least
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costly policy (see McKibbin et al. 2011 for an illustration of this approach). This would
highlight the potential advantages of some policies (that reduce more emissions with
lower mitigation costs) over others. Estimating costs, however, requires economic
assumptions and detailed modelling frameworks for evaluating economic changes in

specific sectors and national economies.

4.4 Synthesis of metrics

No single metric scores well against all the principles. Table 1 illustrates the challenges
for each type of metric in satisfying our three design principles. Those easily measured —
emissions levels and intensity compared to historic levels — do not discriminate between
effort and happenstance. Prices provide an observable snapshot for certain policies but
not others. Emission abatement and abatement costs probably best represent effort
but require subjective assumptions and modelling to estimate. Credible differences in
opinion over assumptions will produce different results, complicating any comparison
and potentially undermining confidence in the transparency and review regime. The
necessary modelling tools are also quite limited outside of the largest developed and

developing countries.

With these considerations in mind, it is easy to see why we recommend a portfolio
of metrics, and why considerable work remains to construct the more comprehensive
measures of abatement and cost. Such an approach would mirror how analysts describe
the health of the macroeconomy with a suite of economic statistics that includes GDP,

the unemployment rate, the inflation rate, and interest rates.
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5 The review of pledges on the road to Paris and beyond

Analyses that compare climate change pledges and actions across countries are
increasingly relevant as we transition to unilateral pledges of domestic action and policy
within international negotiations. The emerging architecture calls for countries to state
what they intend to do, form views about the adequacy of each other’s efforts, and react

accordingly as they implement policies and make further pledges in the future.

No single metric comprehensively measures effort, is easily measured, and is universally
available for all countries. Moreover, each country will prefer to emphasise measures
that improve their own appearance. This makes it unlikely that an official metric will
emerge. Instead, countries will advertise and utilise the metrics they prefer. Analysis is

necessary to translate among metrics, particularly harder to measure metrics.

Compiling data and conducting this analysis of metrics will require a serious, transparent,
and legitimate process (Aldy and Stavins 2012, Aldy 2014). In his contribution to
this eBook, Wiener (2015) emphasises how provisions for such a process could be
addressed in the UNFCCC negotiations. Whether or not such an official surveillance
process emerges in Paris or thereafter, independent researchers can fill the gap in the
meantime. An array of easily available metrics could be developed and data collected

by existing international organisations to facilitate comparisons.

For example, we have drawn from the data the US (US Department of State 2014a,b)
and the EU (European Union 2014a,b) recently published in their initial biennial reports
to illustrate a set of metrics for their respective nationally determined contributions
(Table 2). An initial assessment of comparability of effort could draw from these
biennial reports, with a few caveats. First, independent assessments of the ‘business as
usual’ (BAU) forecasts in the biennial reports would enhance the credibility of claims
of emission reductions relative to BAU. Second, modelling is also required to estimate
future prices and costs (for an example, see Aldy et al. 2015). Third, only a small set of
developing countries have submitted biennial reports to date, requiring the use of other
data sources and analyses for assessing and comparing the mitigation effort represented
by their INDCs. A rigorous comparability of effort exercise would draw from multiple
data sources and analyses conducted by a set of independent experts (Aldy 2014, Aldy
and Pizer 2015).
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Table 2 Metrics for the EU and US Intended Nationally Determined Contributions

Announced target . AL _28% . ~40% .
relative to 2005 in 2025 relative to 1990 in 2030

GHG emissions

Target in tonnes (MMTCO,e) 5252 3364

Relative to 1990 (%) -17 -40

Relative to 2005 (%) =27 -35

Relative to 2025 BAU (%) -25 -9

Relative to 2030 BAU (%) -25 -25
GHG/GDP?

2015 kgCO,e/US$ (2005) 0.45 0.35

Target 2025 0.28 0.25

Target 2030 0.25 0.20
A(GHG/GDP)
2015-2025 (%/year) -4.9 -3.4
2015-2030 (%/year) -4.1 -3.7
Electricity price 2025 (requires modelling) (requires modelling)
Gasoline/diesel fuel price 2025 (requires modelling) (requires modelling)
Natural gas price 2025 (requires modelling) (requires modelling)
?{Ijasri/i?gloizf tement costs (requires modelling) (requires modelling)
Mitigation costs per GDP (%) (requires modelling) (requires modelling)

Notes: To simplify presentation, we assume a -27% target in calculating US measures. The EU 2025 measures are based on
a linear interpolation between the EU’s 2020 target (-20%) and its 2030 target. EU GDP estimates are converted from 2005
euros to 2005 US dollars using the OECD’s 2005 purchasing power at parity exchange rate of 0.857 euros/dollar (http://stats.
oecd.org/Index.aspx ?DataSetCode=PPPGDP). All other data used to construct the metrics are drawn from the first biennial
reports by the EU and US to the UNFCCC (EU 2014a, 2014b; US 2014a, 2014b). Note reductions relative to forecasts use
‘with existing measures’ forecasts for both countries (Table 6(a) in the Common Tabular Format of the biennial reports).

Unofficial but independent expert analysis could further synthesise these data to
estimate metrics that require forecasts and modelling. In turn, stakeholders and other
users could provide feedback on the feasibility, integrity, and precision of available
metrics and estimates. This enables further refinement and improved estimates going

forward. In addition, the work on developing metrics for ex ante comparisons of effort
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can inform the data collection and analysis needs for ex post reviews. The retrospective
review of pledges will be more informative and more effective if countries plan in
advance for such reviews by implementing data collection and dissemination protocols.
Given that Paris is just the beginning of an ongoing process of policy commitments,
these refinements and improvements can ultimately feed into greater confidence and

stronger ambition among all countries.
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13 Towards an effective system
of monitoring, reporting, and
verification

Jonathan B. Wiener'
Duke University

Information is essential to assessing policies, but information may also be costly. This
chapter discusses information systems for monitoring, reporting and verification (MRV)
of climate change policy. It enumerates six essential roles for MRV: (1) assessing the
performance of national policies, (2) comparing across national efforts (and thereby
bolstering credibility and mutual confidence to reduce free riding), (3) assessing
aggregate international action towards global goals, (4) evaluating alternative policy
instrument designs, (5) facilitating cross-national linking, and (6) enabling adaptive
learning. The diversity of national pledges now emerging in the international climate
regime only heightens the need for MRV. The chapter argues that even if national
policies are diverse and targeted, MRV should cover a broad scope of policies and
outcomes to ensure comprehensive impact assessment, while keeping costs low to

ensure net benefits, to attract participation, and to avoid discouraging ambition.

1 Introduction

Information is essential to good policy (Mackaay 1982). We need to know whether
policies are making a difference, how much, and in what ways compared to relevant
alternatives. Successful environmental policy, in particular, depends on good

information about the extent of problems and about the relative performance of

1 I am grateful for discussions with Joe Aldy, Valentin Bellassen, Scott Barrett, Dan Bodansky, Jim de Melo, Billy Pizer,

Igor Shishlov, and others; and for research assistance by Stephen Youngblood.
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alternative policy measures (Esty 2004). Information can enhance policy performance
and public accountability. Around the world, countries are increasingly adopting
systems to monitor and evaluate information for both prospective policy assessment

and retrospective policy evaluation (Wiener 2013).

Information can itself be used as a policy instrument, when rules mandate information
disclosure by governments or businesses in order to foster accountability through public
awareness of actions and outcomes, and to motivate actors to ensure their compliance
and enhance their ambition. As Jeremy Bentham posited, ‘the more strictly we are
watched, the better we behave’ (Bentham 1796). Careful empirical studies show that
well-designed information disclosure policies can spur actors facing disclosure (and
concerned about their reputations) to make even greater reductions in pollution than

required by direct regulation (Bennear and Olmstead 2008).

At the same time, however, information can be costly, both in the direct expenses for its
production (hence the calls to relieve administrative burden, reduce paperwork, and cut
red tape), and in the inhibitions that disclosure may impinge on autonomy and decision
making (hence the calls to shield privacy and deliberation) (Schauer 2011). There can
be tradeoffs among the benefits and costs of expanded information requirements. The
cost of information can distort choices when some actors have more information than
others (Stiglitz 2000), and too little information can impede choices and the evaluation
of policy measures. But excessive information disclosure can also be undesirable,

overwhelming and confusing decision makers (Ben-Shahar and Schneider 2014).

Optimal information policy seeks to reconcile these tradeoffs (Mackaay 1982: 110,
Ogus 1992: 116). It does so by designing reporting protocols and selecting metrics
that are accurate and comprehensive, by generating useful indicators, and by targeting
audiences who can use them well, yet without imposing excessive costs, encouraging
evasion, or overloading recipients with too much information (Weil et al. 2006, Ben-
Shahar and Schneider 2014).

Further, if the costs of information are borne by private actors or by countries while
the benefits of information are widely shared, then information itself — like climate
protection — will have the character of a public good, with incentives for actors (firms

or national governments) to underinvest in providing such goods while free riding on
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others’ provision (Barrett 2003). If this is significant, then information can require
some form of collective action, such as an international agreement to collect, share and

check —i.e. to monitor, report and verify.

2 Challenges facing information for climate change policy

For climate change policy, good information policy is more crucial than ever. A well-
designed system of monitoring, reporting and verification (MRV) will be essential to
the success of the evolving international climate regime (Aldy 2014, Bellassen and
Stephan 2015). To succeed, a system of MRV will need to be designed in a way that

enhances the benefits and reduces the costs of this information.

After two decades, the 1992 United Nations Framework Convention on Climate
Change (UNFCCC) is entering a new phase. The 1997 Kyoto Protocol to the UNFCCC
had sought agreement on quantitative emissions limitation targets, applicable to
‘Annex I countries’ (generally, although not all, wealthier countries), leaving to each
country the choice of measures to achieve its national target; but Kyoto provided no
quantitative targets for ‘Non-Annex I countries’ (generally, although not all, lower-
income countries). Some key Annex I countries did not join Kyoto’s targets (e.g. the
US, at the time the world’s largest national emitter and now the second largest), and
some key Non-Annex I countries soon became much larger emitters (e.g. China, now

the world’s largest national emitter).

The IPCC reports that Annex I countries, as a group, actually met their aggregate
targets in both the UNFCCC (reducing their aggregate emissions below 1990 levels
by 2000 — partly due to the economic downturn in former Soviet countries) and in
the Kyoto Protocol (reducing their aggregate emissions more than 5.2% below 1990
levels by 2012) (Stavins et al. 2014, Section 13.13.1.1, pp. 59-60). But these emissions
reductions by the group of Annex I countries under the UNFCCC and Kyoto Protocol
did not succeed in reducing global emissions, because rapid increases in emissions
from Non-Annex I countries (major developing countries) drove overall growth in

global emissions over the past two decades (Stavins et al. 2014, Section 13.13.1.1, p.
60).
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After important talks since 2009 in Copenhagen, Cancun, Durban, and Lima,
negotiations in Paris in December 2015 will seek to launch a new phase of the UNFCCC
for the year 2020 and beyond. This new regime is calling on each country to propose its
own ‘Intended Nationally Determined Contribution” (INDC), to be melded into a global
effort and reviewed (and updated) over time. As under Kyoto, countries may choose
their own sets of measures to reduce their emissions of various greenhouse gases
(GHGsS) in various economic sectors — such as energy and electricity, transportation,
agriculture, and forests — and using various policy instruments — such as technical
standards, performance standards, taxes, allowance trading markets (both within and
across countries), reducing subsidies, and adaptation measures, among others. But
unlike Kyoto, the INDC approach now enables countries to aim their actions at, and
report their results against, differing baselines, differing targets, and differing time
periods. Also unlike the targets under Kyoto, the call to adopt INDCs now applies to
all countries. The regime of INDCs is expected to enable each country to choose its
own level of ambition according to its national circumstances, and to offer financial

assistance from wealthier to poorer countries.

The flexibility for each country to design its own INDC may attract wider participation,
which is important to address global emissions and global impacts effectively.
(Incomplete participation would leave key sources of emissions unaddressed and
may also lead to cross-country leakage of emitting activities, thus undermining the
environmental effectiveness of the incomplete regime.) But the INDC approach may
also invite free riding if countries pledge to do little more than they would have done
anyway (Barrett 2003). Assessing and comparing efforts across these differing INDCs
will be challenging (see the chapter by Aldy and Pizer in this book). Countries may
formulate INDCs with differing scopes (e.g. gases, sectors), differing timing (e.g. base
year, target year), differing targets (e.g. reductions below emissions in a past base year,
reductions below a projection of future business as usual (BAU) emissions, or peak
emissions to occur in a future year), and differing units of measurement (e.g. total
emissions or emissions per unit of economic activity), all of which will complicate efforts
to ascertain what these policies are pledging to achieve, what they actually achieve,
how they compare with each other, and how they add up to yield global outcomes.
Countries could potentially choose INDC metrics that are difficult to verify (such as

reductions below BAU, which is a model projection), or that mask low ambition and

186



Towards an effective system of monitoring, reporting, and verification

Jonathan B. Wiener

free riding. Countries might adopt measures to limit emissions but also simultaneously
adopt other domestic policies to subsidise their industries or otherwise ‘cushion’ the
economic burden of the emissions limitation measures, thus undermining their actual
emissions reductions in ways that may be difficult for outsiders to monitor and verify

(Wiener 1999, coining the term ‘fiscal cushioning’, Rohling and Ohndorf 2012).

Many countries already have their own domestic MRV systems. Examples include the
US GHG Reporting Rule and the reporting under the EU Emissions Trading System
(Smith 2012). Countries might also act together in ‘plurilateral’ groups (Stewart,
Wiener and Sands 1996, Stewart and Wiener 2003) or ‘clubs’ (Stewart et al. 2013,
2015, Nordhaus 2015, Keohane et al. 2015), requiring some form of MRV to document

the collective actions of the group.

3 Key roles of MRV in climate policy

Any climate policy will need MRV to assess its effectiveness and impacts. The
flexibility of the INDC process, and the diversity of the terms of potential INDCs and
club initiatives, increase the need for, but also the challenges to, a well-designed system
of MRV (Stewart et al. 2013: 384-391).

MRV of climate policies will be crucial for at least six roles, including:

a. Measuring the actual performance of countries’ implementation of their INDCs
towards their own stated goals over time. If a country or a club pledges to
achieve something by a certain date, how will others know if that pledge has been
accomplished? How will the country or club itself know what it has accomplished?
What will the ‘review’ stage of ‘pledge and review’ actually examine? MRV is

essential to tracking these results and ensuring policy accountability.

b. Comparing efforts and results across countries. Actors will want to know how well
different jurisdictions are achieving their pledges compared to other jurisdictions.
As Aldy (2014) and Aldy and Pizer (2014, 2015) detail, MRV is needed to produce
and check the information from ‘policy surveillance’ to compare national or club
efforts. This comparison may also encourage the level of ambition of each country

or club — knowing what others are doing may build the confidence of each actor in
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the credibility of others’ efforts, and thereby attract participation, compliance, and

ambition (Barrett 2003).

Comparing the performance of different policy designs and instruments. Policies
should be compared in terms of their efficacy (such as reducing GHG emissions),
costs (direct industry compliance costs and broader social opportunity costs), and
ancillary impacts (both co-benefits and countervailing harms in other environmental,
social and economic outcomes) (Wiener 1995, Shindell 2015). For example,
reducing emissions from deforestation may also affect biodiversity and local human
populations; switching from coal to gas or nuclear may reduce CO2 emissions and
also reduce other conventional air pollutants, yet also increase other risks; solar and
wind energy may affect biodiversity; biofuel production may affect deforestation
and food prices; and so on. This comparison of policy design and performance goes
beyond comparing overall national efforts to examining at a more detailed scale the
cost-effectiveness or cost-benefit evaluation of different policy options deployed
within countries. Evaluating a comprehensive set of policy impacts follows from
UNFCCC Article 4(1)(f), which calls for impact assessment of mitigation policies.
Sharing this learning across countries can foster international diffusion of improved
policy designs (Wiener 2013). Still, as Aldy and Pizer (2014, 2015) discuss,
different methods for comparing differing national measures will involve different
criteria, and no single comparison method will fully satisfy all criteria. Aldy (2014:
282) notes that there can be a choice between comparing efforts and comparing
outcomes, each of which has its pros and cons. Ideally, MRV would cover both
efforts and outcomes, in order to test the relationship of policy design to outcomes
and thereby help states select the best policy designs for future use. Testing actual
policy performance requires broad MRV covering both the specific policy and
associated data on other variables that might also be influencing the outcomes that

seemed to be due to the policy, such as other social trends and other public policies.

d. Aggregating the sum of countries’ progress towards global climate protection
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needed to collect and check data for each jurisdiction and combine these data on a

common metric.

e. Facilitating cross-country connections. For example:

Linking of emissions trading markets across countries or clubs could employ
MRV (using common metrics) to track trades and ensure that allowance
transfers represent real emissions reductions that satisfy emissions limits in
the buyer’s jurisdiction (Stewart et al. 1996, Wiener 1999, Stewart et al. 2013,
Bodansky et al. 2014, Keohane et al. 2015; see also the chapter by Stavins in this
book). In the same way, common MRYV can facilitate trading across the member
states of a multi-state union — such as the EU or the US — or a plurilateral club.
Common MRV coupled with recognition of allowances or credits from other
states adhering to such common MRYV can enable states to opt in to multi-state
trading without formally agreeing to link their markets (as proposed by Monast
et al. 2015, and facilitated by US EPA in its Clean Power Plan final rule issued
in August 2015).

An international carbon tax (or coordinated national carbon taxes) (see the
chapter by Wang and Murisic in this book) would need MRV of emissions to
ensure compliance with the tax, and to test its efficacy in reducing emissions.
An emissions tax may be more susceptible than a quantity-based approach to
fiscal cushioning in ways that are difficult to monitor and verify (Wiener 1999,
Rohling and Ohndorf 2012). But the general point is that, whichever instrument
is employed to limit emissions, MRV will need to include attention to other
policies as well in order to assess the overall impact. Here, climate MRV may
draw lessons from other efforts to assess overall fiscal policies, such as IMF

assessments of macroeconomic stability.

Matching international financial and technical assistance to where it is most
needed or most effective will require MRV to measure the results of such
assistance (Carraro and Massetti 2012).

If countries adopt border trade adjustments that seek to treat the emissions
embedded in imports in a way that is similar (non-discriminatory) to emissions
from domestic production (such as a border carbon tax, or a border allowance

requirement, on imports) (Nordhaus 2015, see also the chapter by Fischer in
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this book), then MRV will be required to assess the emissions policies adopted
by the source country of the imports (i.e. the exporting country) to calibrate the

magnitude of the border trade adjustment in the importing country.

f. Fostering adaptive updating of policies and MRV methods over time. By measuring
the actual performance of climate policies, MRV can enable retrospective and
repeated performance evaluation, that is, evidence-based decision making that
supports planned adaptive policy revision over time (McCray et al. 2010). Further,
MRV methods are not static or exogenous; designing policies to reward dynamic
advances in approaches to MRV (such as by setting default emissions factors but
inviting sources to seek more abatement credit if they demonstrate more accurate
MRV) can promote adaptive improvement over time in the MRV methods themselves
(Wiener 1994, Aldy 2014: 281, 283, 289).

4 Improving MRV for climate policy

MRV has been addressed in past climate agreements, such as the national
communications and emissions inventories under the UNFCCC. But this MRV system
remains incomplete, with still patchy monitoring of different sources, sectors and
gases, sporadic reporting by different sets of countries, and inconsistent verification by
different types of auditors at different scales (national, firm, project site) with different
payment contracts (Aldy 2014: 285-288, Bellassen and Stephan 2015). Data remain
uncertain for some types of sources or countries, and marginal investment in MRV
does not always correspond to the marginal value of information (or ‘materiality’, see
Bellassen et al. 2015). At the same time, in some MRV protocols, the cost per tonne
of emissions is already quite low, offering grounds for optimism that improved MRV
can be implemented without undue cost (Bellassen and Stephan 2015, Bellassen et al.
2015).

Some past international agreements have developed effective MRV, such as for arms
control and nuclear non-proliferation (Ausubel and Victor 1992). These regimes offer
some lessons for climate policy. Arms control agreements call on states to regulate
themselves (or their military forces), whereas international climate agreements call on
states to regulate private subnational and transnational actors, which may make MRV

more complicated for climate (Ausubel and Victor 1992). Further, the perceived high
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national benefits of arms control and non-proliferation have justified major investments
in MRV, whereas the incentive to invest in MRV for shared global climate benefits
may be weaker. On the other hand, climate MRV could be easier to the extent that
emissions limitations policies can be monitored over years whereas arms control and
non-proliferation accords require immediate or very rapid detection of non-compliance.
To be sure, arms control and non-proliferation accords have not always succeeded,
and indeed some such agreements have been rejected when their MRV systems failed
to satisfy critics. For example, the Comprehensive Test Ban Treaty (CTBT) faced
objections that underground testing might be difficult to monitor, and the 2015 nuclear
non-proliferation accord with Iran faces acute debate over the likely efficacy of its
MRYV provisions, including limits on immediate inspections by the International Atomic
Energy Agency (IAEA) (on this debate over MRV, see Welsh 2015).

Successful arms control and non-proliferation agreements have often relied on a
combination of MRV strategies, including not only national reporting (which other parties
may not find credible) but also on-site inspections (including unannounced in-country
inspections by expert teams), visible indicators of non-compliance, and verification
via remote sensing with ‘national technical means’ such as satellites (Ausubel and
Victor 1992). Remote sensing by satellites (sometimes supplemented by telescopes or
in situ sensors) can monitor changes in land use and forest cover (GFOI 2014). Remote
sensing could also detect the status of key facilities and technologies, such as carbon
capture and storage (CCS) projects, adaptation infrastructure, and geoengineering
projects. But such remote sensing will still require on-site observers to verify actual
changes, and even reporting the installation of specific technologies will still require
corroboration to verify that the technology is operating and actually reducing emissions
or damages (as illustrated in the recent scandal of VW diesel engines that were designed
to limit emissions in the laboratory but then increase emissions on the road). Satellites
will soon monitor GHG emissions fluxes from countries — NASA’s Orbiting Carbon
Observatory 2 (OCO-2), launched in July 2014, ‘will be collecting space-based global
measurements of atmospheric CO, with the precision, resolution, and coverage needed

to characterize sources and sinks on regional scales’ (NASA 2015), and its OCO-3
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will be launched in late 2016.> Fisheries management agreements have also employed
satellite and on-board ‘vessel monitoring systems’, both to track vessel movements
and to monitor fish catches. Similarly, climate MRV can employ both satellite sensing
and on-site inspections, with audits by neutral third parties (such as auditing firms,

environmental non-profit organisations or intergovernmental organisations).

As discussed above, information has both benefits and costs. Seeking more accurate
and comprehensive MRV may foster transparency, accountability and comparability. It
may improve credibility and mutual confidence and thereby attract participation. It may
enable assessment, aggregation, comparison, policy design evaluation, cross-country
connections, and adaptive learning. But making MRV more accurate or comprehensive
may also raise its cost. In some cases, broadening the scope is net beneficial — through
expanding target benefits in reduced GHG emissions, promoting co-benefits in air quality,
and avoiding perverse countervailing risks from other gases or substitute technologies
(Wiener 1995, Shindell et al. 2012, Shindell 2015), as well as by achieving economies
of scale in broader applications of the same MRV methods across more sources and
transactions (Bellassen et al. 2015). But in other cases a broader scope may yield only
minor gains in coverage at high cost — such as lowering the reporting threshold to cover
small facilities (Bellassen et al. 2015: 324-325). Estimating emissions factors may be
a lower-cost approach to small emitters (McAllister 2010). Costly MRV may not only
yield smaller net benefits, but may also lead countries to evade reporting or to reduce

the ambition of their pledges in anticipation of costly accountability.

The new climate regime can make progress by designing MRV provisions that collect
needed and accurate data in ways that countries find acceptable and even attractive.
Burdensome MRV may deter participation and ambition; low-cost but effective MRV
may encourage participation and ambition. Design elements for low-cost but effective
MRYV might include, among others, international financial assistance for monitoring and
reporting (Aldy 2014: 284, 290); regular national reporting using shared international
MRV guidelines and reporting protocols; standardised BAU projections from joint

expert modelling exercises; on-site inspections by joint expert teams; remote sensing of

2 See https://en.wikipedia.org/wiki/Orbiting_Carbon_Observatory.
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sources, sinks and emissions fluxes (e.g. from energy emissions, transport emissions,
process emissions, and land use change and forests/REDD+) (Esty 2004: 156, 177);
and independent verification auditors, paid by neutral funds such as the UNFCCC,
another UN body, the GEF, World Bank, or other MRV fund (not paid by the countries
or actors being audited, because that may create a conflict of interest leading auditors
to overstate achievements, as seen in securities market ratings agencies). Data about
emissions and policy impacts should be translated even-handedly into comparable
metrics of performance to facilitate comparison, aggregation, policy design evaluation,
and adaptive updating. Learning about methods of MRV should be shared across
countries, perhaps through neutral clearinghouses. Lower-income countries may need
financial assistance to implement effective MRV, and higher-income countries may see
such financing as mutually beneficial because better MRV can help reduce emissions
globally, bolster confidence and reduce free riding, detect and avoid leakage, and

facilitate linking.

The scope of MRV — what it measures and hence what data must be tracked — should
be calibrated to maximise its net benefits. A more comprehensive scope gives a more
complete impact assessment, but also requires more information and analysis; a more
narrow scope reduces the information and analysis costs, but may also neglect or even
encourage unintended consequences that undermine larger objectives (Wiener 1995).
To be fully comprehensive (a criterion highlighted in UNFCCC Art. 3(3)), the scope of
MRYV should cover all relevant climate policies —not only the mitigation options selected
in each INDC, but all GHGs in all sectors (including those targeted by the INDC as
well as others not yet targeted but potentially still affecting the climate), sinks (such
as forests/REDD+), co-benefits (such as air quality and public health, because they
may motivate participation and ambition by all countries and notably by developing
countries) (Shindell et al. 2012, Shindell 2015), countervailing risks (to avoid adverse
side effects, see Wiener 1995, as indicated in UNFCCC Art. 4(1)(f)), and costs (to
enable policy design comparisons). And it should cover all countries — even those not
adopting (ambitious) INDCs — in order to monitor and prevent leakage of emissions

from regulated to less regulated countries.

Fully comprehensive MRV should also cover other climate policies being undertaken

beyond emissions limits, such as technology R&D, financing, adaptation, and
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geoengineering (solar radiation management, or SRM). Adaptation may be largely
motivated by its local benefits, but international reporting on adaptation can share
learning on best practices across jurisdictions, and can help match international
adaptation funding to demonstrated results. Reporting on SRM research projects could
be crucial to enabling international learning about the pros and cons of SRM options
(Keith et al. 2010) and to preventing unwise deployment of risky SRM projects (Stavins
et al. 2014, Section 13.4.4). Unlike emissions limits which confront incentives to free
ride and avoid effort, SRM may conversely confront incentives to be a unilateral first
mover; as a result, international cooperation may seek to restrain hasty SRM, and MRV
of SRM may thus be more akin to MRV for arms control and non-proliferation (Stavins
et al. 2014, Section 13.4.4; see also the chapter by Barrett and Moreno-Cruz in this
book). Compared to MRV of emissions reductions, MRV of SRM geoengineering
efforts may require greater emphasis on rapid real-time warnings through remote

sensing, and verification through on-site inspections.

Where measurement is currently uncertain (as for some sectors, see Bellassen et
al. 2015), that is not itself a reason to ignore or deny credit to emissions reduction
efforts in those sectors. Rather, measurement uncertainty calls for adaptive policies
that reward dynamic advances in MRV methods, such as by calibrating the degree of
credit to the demonstrated accuracy of MRV, thereby creating an incentive for actors to
improve MRV methods and reduce measurement uncertainties (Wiener 1994). In this
sense, MRV is not static or exogenous, but rather endogenous: improvements in MRV

methods depend on the incentives provided in climate policies.

5 Conclusion

The new climate regime is not a single treaty, but a complex of multiple agreements,
INDCs, clubs, and transnational networks (Keohane and Victor 2011, Stewart et al.
2013, Stavins et al. 2014, Sections 13.3-13.4; see also the chapters by Keohane and
Victor, and Stewart et al. in this book). Hence, comprehensive MRV should cover
climate measures under not only the UNFCCC, but also other international agreements
that bear on climate, such as GHG limits under the Montreal Protocol, the international
aviation agreement (ICAO), and the network of low-carbon cities, among others
(Stewart et al. 2013).
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What we measure strongly shapes what we manage. The prospect of MRV (including
its scope and cost) will have an important role in shaping the climate policies that
countries adopt and implement. In turn, the system for MRV will be shaped by its
benefits and costs, and by its ability to attract participation of key countries — for
example, by keeping costs low, and by highlighting local co-benefits such as air quality

and adaptation.

After COP21 in Paris, even if the climate policy regime is a complex of diverse and
fragmented national commitments and institutions, it will be desirable to construct
a comprehensive MRV system that embraces the multiple components and actors of
the regime complex for climate. MRV itself is likely to be less costly than measures
to limit emissions (especially if broadly applied to achieve economies of scale), and
indeed can increase the net benefits of such measures. Investing in well-designed
comprehensive MRV will likely be worth the costs, especially compared to adopting
policy measures to limit emissions and realising only later that weak or absent MRV
means that we know little about what those (costly) measures actually accomplished.
A comprehensive MRV system would broadly cover all the gases, sectors and impacts
noted above. Comprehensive MRV would promote the key functions of assessing and
comparing national policies, aggregating global efforts, evaluating policy designs,
facilitating linking, and promoting adaptive learning. To keep costs low and engage
innovative public-private partnerships, components of this broad MRV system could
be undertaken by different actors, such as intergovernmental organisations, national
governments, auditing firms, university researchers, non-profit organisations, and
private businesses. Designing MRV to cover co-benefits, countervailing risks, and
adaptation, and to foster financing and allowance trading links, as noted above, could
help shape socially desirable policies and offer added incentives for participation by
low-income as well as wealthy countries. MRV of SRM geoengineering projects will
be important for learning, and for restraining hasty deployment posing adverse side
effects. Altogether, a comprehensive MRV system would provide the information

essential to assessing and enhancing the success of the climate regime.

195



Towards a Workable and Effective Climate Regime

References

Aldy, J. E. (2014), “The crucial role of policy surveillance in international climate

policy”, Climatic Change 126: 279-292.

Aldy, J. E. and W. A. Pizer (2014), “Comparability of effort in international climate
policy architecture”, draft (December 31) (available at http://belfercenter.ksg.harvard.
edu/files/dp62_aldy-pizer.pdf).

Aldy, J. E. and W. A. Pizer (2015) “Comparing emission mitigation pledges: Metrics
and institutions”, Chapter 12 in this book.

Ausubel, J. H. and D. G. Victor (1992), “Verification of international environmental

agreements”’, Annual Review of Energy and Environment 17: 1-43.

Barrett, S. (2003), Environment and Statecraft: The Strategy of Environmental Treaty-

Making, Oxford: Oxford University Press.
Barrett, S. and J. Moreno-Cruz (2015) “Geo-engineering”, Chapter 25 in this book.

Bellassen, V. et al. (2015), “Monitoring, reporting and verifying emissions in the

climate economy”, Nature Climate Change 5: 319-328 (April).

Bellassen, V. and N. Stephan (eds) (2015), Accounting for Carbon: Monitoring,

Reporting and Verifying Emissions in the Climate Economy, Cambridge: Cambridge

University Press.

Bennear, L. S. and S. M. Olmstead (2008) “The impacts of the “right to know”:
information disclosure and the violation of drinking water standards”, Journal of

Environmental Economics and Management 56: 117-130.

Ben-Shahar, O. and C. E. Schneider (2014), More Than You Wanted to Know: The

Failure of Mandated Disclosure, Princeton: Princeton University Press.

Bentham, J. (1796), “Farming defended”, in M. Quinn (ed.), Writings On The Poor
Laws, Vol. 1, Oxford: Oxford University Press (2001): 276, 277

196


http://belfercenter.ksg.harvard.edu/files/dp62_aldy-pizer.pdf
http://belfercenter.ksg.harvard.edu/files/dp62_aldy-pizer.pdf

Towards an effective system of monitoring, reporting, and verification

Jonathan B. Wiener

Bodansky, D., S. Hoedl, G. Metcalf and R. Stavins (2014), “Facilitating Linkage of
Heterogeneous Regional, National, and Sub-National Climate Policies through a Future

International Agreement”, Harvard Project on Climate Agreements (November).

Carraro, C. and E. Massetti (2012), “Beyond Copenhagen: A realistic climate policy in
a fragmented world”, Climatic Change 110: 523-542.

Esty, D. (2004), “Environmental protection in the information age”, NYU Law Review
79: 115-211.

Fischer, C. (2015) “Options for avoiding carbon leakage”, Chapter 21 in this book.

GFOI (2014), “Integrating remote-sensing and ground-based observations for estimation
of emissions and removals of greenhouse gases in forests: Methods and Guidance from

the Global Forest Observations Initiative”, Geneva: Group on Earth Observations.

Keith, D. W., E. Parson and M. G. Morgan (2010), “Research on global sun block
needed now”, Nature 463: 426-427.

Keohane, N., A. Petsonk and A. Hanafi (2015), “Toward a Club of Carbon Markets”,

Environmental Defense Fund, 20 April.

Keohane, R.O. and D.G. Victor (2011), “The regime complex for climate change”,

Perspectives on Politics 9: 7-23.

Keohane, R.O. and D.G. Victor (2015), “After the failure of top-down mandates: The

role of experimental governance in climate change policy”, Chapter 14 in this book.

Mackaay, E. (1982), Economics of Information and Law, Dordrecht: Springer.

McAllister, L. K. (2010), “The Enforcement Challenge of Cap-and-Trade Regulation”,
Environmental Law 40: 1195-2010.

McCray, L. E., K. A. Oye and A. C. Petersen (2010), “Planned adaptation in risk
regulation”, Technological Forecasting & Social Change 77: 951-959.

Monast, J., T. Profeta, J. Tarr and B. Murray (2015), “Enhancing Compliance Flexibility

under the Clean Power Plan: A Common Elements Approach to Capturing Low-Cost

197


http://www.wmo.int/pages/prog/gcos/documents/Mitigation_GFOI_methodology_guidance.pdf
http://www.wmo.int/pages/prog/gcos/documents/Mitigation_GFOI_methodology_guidance.pdf
http://www.wmo.int/pages/prog/gcos/documents/Mitigation_GFOI_methodology_guidance.pdf

Towards a Workable and Effective Climate Regime

Emissions Reductions”, Policy Brief 15-01, Nicholas Institute for Environmental

Policy Solutions, Duke University.

NASA (2015), “Orbiting Carbon Observatory 2: Mission Overview”, 30 July (available

at http://www.nasa.gov/mission_pages/oco2/overview).

Nordhaus, W. (2015), “Climate Clubs: Overcoming Free-Riding in International

Climate Policy”, American Economic Review 105: 1339-70.

Ogus, A. L. (1992), “Information, Error Costs and Regulation”, International Review of

Law & Economics 12: 411-421.

Rohling, M. and M. Ohndorf (2012), “Prices versus Quantities with Fiscal Cushioning”,

Resource & Energy Economics 34: 169—187.

Schauer, F. (2011), “Transparency in three dimensions”, University of Illinois Law

Review 2011: 1339-1357.

Shindell, D. T. (2015), “The social cost of atmospheric release”, Climatic Change 130:
313-326.

Shindell, D. T. et al. (2012), “Simultaneously mitigating near-term climate change and

improving human health and food security”, Science 335: 183—189.

Smith, B. (2012), “Transnational Carbon Trading Standards: Improving the Transparency
and Coordination of Post-Kyoto Carbon Trading Markets”, Pace Environmental Law

Review 30(1): 325.

Stavins, R. N. (2015) “Linkage of regional, national, and sub-national policies in a

future international climate agreement”, Chapter 20 in this book.

Stavins, R., J. Zou et al. (2014), “International Cooperation: Agreements and

Instruments”, in Climate Change 2014: Mitigation of Climate Change (see IPCC
(2014b) in the introduction to this book for the report’s full reference).

Stewart, R. B., M. Oppenheimer and B. Rudyk (2013), “Building Blocks for Global

Climate Protection”, Stanford Environmental Law Review 32: 341-392.

198


http://www.nasa.gov/mission_pages/oco2/overview

Towards an effective system of monitoring, reporting, and verification

Jonathan B. Wiener

Stewart, R. B., M. Oppenheimer and B. Rudyk (2015), “A building blocks strategy for
global climate change”, Chapter 15 in this book.

Stewart, R. B. and J. B. Wiener (2003), Reconstructing Climate Policy: Beyond Kyoto,

Washington, DC: American Enterprise Institute Press.

Stewart, R. B., J. B. Wiener and P. Sands (1996), “Legal Issues Presented by a Pilot

International Greenhouse Gas (GHG) Trading System”, Geneva: United Nations

Conference on Trade and Development.

Stiglitz, J. E. (2000), “The contributions of the economics of information to twentieth

century economics”, Quarterly Journal of Economics 115: 1441-1478.

Wang, X. and M. Murisic (2015) “Putting a price on carbon with a tax: Current state of
play and prospects for future developments”, Chapter 19 in this book.

Weil, D., A. Fung, M. Graham and E. Fagotto (2006), “The effectiveness of regulatory

disclosure policies”, Journal o