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Dear EAERE friends and colleagues,

I have succeeded Astrid Dannenberg as editor.
I would like to thank her for steering the maga-
zine from its inauguration through 10 issues to
such excellent effect. I take over the EAERE
Magazine in rude good health, a bouquet that
arrives free every quarter which simultaneously
celebrates the many achievements of our pro-
fession and provides new insights in short arti-
cles that enlighten and excite. I will do my best
to maintain this tradition. It is also clear that in
Katie Johnson we have an excellent Assistant
Editor, and a support team that is dedicated, tal-
ented and professional.

Our magazine has three major advantages over
most traditional peer reviewed journals, namely,
its frequency, the fact that we can address con-
temporary issues in close to ‘real time’, and we
can expand or contract each issue as needs and
supply allow.

To increase the benefits which these characteris-
tics enable, in addition to continuing to celebrate
the achievements of our colleagues and encour-
aging submission of papers, I have decided
to pick a big issue, and use our magazine as a
place to help develop a shared understanding
of its topography over a number of issues that
would help inform the development of policy.

Specifically, I have decided to use a section of each
of our four issues in 2021 to address a single big

Frank J. Convery (frank.convery@envecon.eu) completed forestry degrees at University
College Dublin and PhD (forestry economics) at the State University of New York, followed
by careers at Duke University, Heritage Trust Professor at University College Dublin,
and Chief Economist, Environmental Defense Fund. His professional passions: bringing
academic research down to where things are done; finding ways that work to protect
our shared climate and environmental commons with a focus on mobilizing markets and
(latterly) innovation to these ends; help make Ireland and Europe exemplars thereof.

topic: “Towards a Deep Climate Collaboration
(China, European Union, India, US.) — DCC4”.
This will be in two parts. The first will set the stage
by discussing the rationales for such an approach,
and the second will address the specifics of past
performance and scenarios for the future for all
four. This volume of EAERE will conclude with
essays from three recent EAERE prize winners.

My choice is informed by the following context:
climate policy at global level is struggling to
come anywhere close to achieving the reductions
in greenhouse gas emissions that are required if
we are to manage climate risk responsibly; four
jurisdictions — China, the EU, India and the U.S.
— account for about 60% of total emissions, and
about the same share of global GDP; there has
been some thought leadership by our profession
on the proposition that a relatively small group
of countries or jurisdictions could help break
the cycle of failure'; the European Union can be
regarded as such a club®.

The Particularities of the European Union®

Four characteristics of the Huropean model
stand out. It comprises 27 sovereign states who
have agreed to cede some of their individual au-
tonomy to help deliver a range of bigger and
better collective outcomes, and this includes
more effectively addressing the climate change
challenge. To this end, it mobilises a number of
policy instruments in parallel: at EU level these
include znformation (e.g. energy rating of build-

1 In his Nobel Lecture delivered in Stockholm on December 8, 2018, William Nordhaus proposed a ‘climate club’ as a solution to the free

riding problem.

2 The member states (sadly now 27 instead of 28, with the departure of the UK) agree on the overall ambition as regards reductions to be
achieved; this obligation is then divided between reductions in the cap of the EU-wide emissions trading scheme (EU ETS, covering power

and heavy industry) which covers about 45% of total emissions, and reductions from the non-traded sectors, which are allocated in the form
of individual national caps to member states each have considerable freedom as to how they chose to meet them. A third pillar — Agriculture,

Forestry and Other Land Uses (AFOLU) is emerging.

3 Animportant source on the workings of the EU’s climate policy system is Delbeke, Jos and Peter Vis, 2019. Towards a Climate-Neutral Eurgpe

— curbing the trend, Routledge.
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ings* and appliances), regulation (e.g requiring
shrinkage in the average carbon efficiency of car
fleets selling into the EU market), carbon pricing
[e.g. Buropean Union Emissions Trading Scheme
(EUETS)], subsidies including exemptions from
State aid rules (e.g. subsidies thereby enabled for
renewable energy in the EU amounted to €34
billion in 2012°) innovation (about €10 billion over
2020-2030 funded from auction revenues from
EU ETS, and the Horizon Europe Research
and Innovation prog (~€33 billion for climate
over the 2021-2027 period). It addresses equity
issues by favouring poorer countries with more
allowances under EU ETS and more generous
caps for non-traded emissions, using GDP per
capita as a key determinant of such allocations,
and (at macro level) by making very large trans-
fers to poorer regions’. Finally, there is a lot of
learning by doing; the first phase of policies
can be relatively ineffectual (e.g., the regulation
of average carbon efficiency of car fleets started
out as a voluntary agreement which failed) but
their performance improves incrementally over
time.

There is no presumption that this model is fea-
sible at the global level, but there are elements
thereof that could be relevant as the biggest
players on the global stage try to find a way
forward that works.

Our Ambition

Our ambition is modest: to establish a consistent
baseline for each of the four jurisdictions, so that
there is a shared understanding as to how the
climate policy system in each jurisdiction works,
where each has been and what it aspires to, both
nationally and on the global stage. In this issue,
we frame the challenge, and then address the
specifics as regards the U.S. In successive issues
we will do likewise for China, the European
Union and India, with the intention of having
a complete set published in time for the 26th
UN Climate Change Conference of the Parties
(COP20) in Glasgow on 1 — 12 November 2021.

Our Approach

For this issue, we commissioned papers as
follows:

Section I Framing the Challenge

1. Towards a Deep Climate Collaboration
(China, European Union, India, US.) —
DCCA4. Frank J. Convery (University Col-
lege Dublin) and Thomas Sterner (Uni-
versity of Gothenburg)

2. Carbon Dioxide Emissions by the Four
Largest World Emitters: Past Perfor-
mance and Future Scenarios for China,
US.A., Europe and India. Sylvain Cail
(Enerdata) and Patrick Criqui (Université
Grenoble Alpes-CNRS and Enerdata)

Section 11 The U.S. Module

The Institute for Policy Integrity New York Uni-
versity School of Law uses economics and law
to support smart policies for the environment,
public health, and consumers and has made
many important evidence-based contributions
to climate policy in the US. It is directed by
Richard Revesz. He generously agreed to have
some of his staff provide three of the four
papers in this module addressed to better under-
standing features of domestic U.S. climate policy
(architecture, past, future). The final paper (U.S.
global climate policy, past and prospective) was
contributed by Nathaniel Keohane, Senior Vice
-President, Climate, Environmental Defense
Fund. Specifically:

3. Climate Policy Architecture in the US.
Jack Lienke (New York University) and
Jason A. Schwartz (New York University)

4. US. Domestic Climate Policy - Looking
Back. Max Sarinsky (New York Univer-

sity)

4 We have very recently invested in a relatively deep retrofit of our primary dwelling in Dublin which has increased its energy rating from E to
C1 — our decision to invest was influenced by the fact that our outlays are likely to be fully recovered at time of sale by the increment in its capital

value, and this is enabled by this rating, which is independently verified.
5 Ecofys, 2014. Subsidies and costs of EU energy: Final report

6 Over 2021-27, €352 billion was transferred via the following funds: Regional Development, Cohesion, Social, and Solidarity

7 Institute for Policy Integrity


https://policyintegrity.org/

5. US. Domestic Climate Policy — Looking
Forward. Bethany A. Davis Noll (New
York University)

6. American Climate Diplomacy: Past Per-
formance and New Opportunities. Na-
thaniel O. Keohane (Environmental De-
fense Fund)

Thantk yon

These authors were asked at ridiculously short
notice to contribute. They already had commit-
ments that demanded 150% of their available
time. They each not only took on the assignment,
but did so with grace and to excellent effect, de-
livering on time, and with no recompense except
(I hope) the satisfaction of knowing that they
have done their bit to help push the climate
policy boulder a little further towards where it
needs to be. Thank you.

Section III Celebrating EAERE Doctoral
Awardees

One of the signs of an organization’s vitality
is its willingness to embrace rising talents that
challenge some of its mainstream beliefs and as-
sumptions. If you would like to know more about
three important, related fields that are rapidly
growing in importance, and how they are being
carefully cultivated by rising scholars, do take
the time to read the three papers which are the
products of our 2020 doctoral Award winners

7. The Growing Role of Inequality in Envi-
ronmental Policy, by Lutz Sager

Lutz is Assistant Professor at Georgetown Uni-
versity’s McCourt School of Public Policy. He
holds a2 PhD from the London School of Eco-
nomics and was awarded the 2020 EAERE

Award for Best Doctoral Dissertation in Environmental
and Resonrce Econonrics

For some of us, in the past it was routine to
assume that: the continuation of rising incomes

and education would ensure that future genera-
tions would be much richer, with more technol-
ogy and better information than ours and would
therefore have much more capacities than ours
to deal with current environmental challenges;
our expertise and comparative advantage lay in
efficiency an maximizing the size of the pie, not
in how it was distributed. But facts have begun
to unravel some of our comfortable assump-
tions: In the U.S., annual income of the bottom
90 per cent of families were been essentially flat
over the 1973-2010 period — having risen by only
10 per cent over these 37 years. Over the same
period, the incomes of the top 1 per cent tripled.
In the expansion which started in January 2002
and ended in December 2007, the median U.S.
household income dropped by €2000°. In addi-
tion, those of us whose focus is on converting
economic insights into outcomes have had to
deal with the reality that unless distribution and
inequality are addressed in time and with skill
and sensitivity, the conversion of ambition into
action is impossible. This paper opens windows
to this challenge and how to address it.

8. You Can’t Always Get What You Want:
Research Beyond Carbon Pricing, by
Paul Neetzow and Jasper Meya

Paul is an economist at the German Federal
Ministry of Economic Affairs. He obtained his
doctorate from Humboldt-Universitit zu Betlin
and was awarded the Best Doctoral Dissertation
Award by EAERE in 2020.

A carbon price applied universally at the right
level would come very close to successfully ad-
dressing the climate change challenge, and so it
quite logically has been a primary focus of our
profession. But we note that enthusiasm for
carbon pricing in practise is inversely related to
the extent to which it is needed. It tends to be em-
braced least by those jurisdictions that produce
and use fossil fuels the most, while some of the
relatively ‘carbon light’ economies take it on.
The paper by Lutz gives insights as to how to
traverse this terrain through the lens of equity.
This paper does so by exploring the widening of
the policy instrument mix as a parallel stratagem.

8  “The Dream that Died’ Edward Luce, Financial Times Magazine July 31 August 1, 2010



9. Exploring the Global Economic Conse-
quences of Desertification, by Maurizio
Malpede

Maurizio is a Post-Doctoral Fellow at the
GREEN Center of Bocconi University. He
holds a PhD in Economics jointly awarded by
Cattolica University and Bicocca University,
Milan. His PhD Thesis “Three Essays on Tech-
nological Progress and Economic Growth” has
been awarded the 2020 EAERE Best European
Doctoral Dissertation in Environmental and Resonrce
Economics.

Einstein observed that: “Everything should be
as simple as possible. But not simpler”. Un-
derstanding the economic impacts of climate
change is not for the faint hearted; the eatly
research perforce had to work with aggregate
data (GDP etc) with huge uncertainties as to
the validity of the estimates and their range.
Recent developments in technology and science
are enabling a much more credible and granular
understanding, which is referenced spatially, and
this evolution is epitomized by this work which
in the author’s words provides “a first step at
understanding how human-induced climate arid-
ification greatly impacts the economic develop-
ment of areas which predominantly rely on ag-
riculture” and makes a convincing case for the
“use of the Aridity Index rather than Precipita-
tion only, to have a better understanding of the
economic impacts of climate change”.

Enjoy!

Frank | Convery
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Introduction

When change is necessary, it is necessary to
change. It is a core responsibility of govern-
ments everywhere to manage those risks that
cannot be managed successfully on their own
by their citizens, communities, and enterprises.
Amongst the most challenging of these risks is
climate change, but they all face very daunting
head winds as they seek to manage it.

The key arguments of the series of papers that
follow in this issue of EAERE Magazine are
that: we need to change how we manage climate
change; one change worth serious consideration
is for the four largest greenhouse gas emitters
(China, the European Union, India and the U.S.)
to find ways that work to collaborate; a first step
in this process is to establish a shared under-
standing of the baseline (climate policy architec-
ture, past performance and prospects at domes-
tic level, global performance and prospects) for
each of these four jurisdictions.

A key first step is understanding for all four
their past performance as regards emissions
and economic performance, and to explore
possible future trajectories; this is provided by
Sylvain Cail and Patrick Criqui. This first issue
is devoted to the US. In the chapters that

also been President of EAERE during 2008-20089.

follow (author names in brackets) the follow-
ing baseline information for the US. is provid-
ed: Climate Policy Architecture (Jack Lienke &
Jason A. Schwartz); Domestic Climate Policy
— Looking Back (Max Sarinsky); U.S. Domes-
tic Climate Policy — Looking Forward (Bethany
A. Davis Noll); American Climate Diplomacy:
Past Performance & New Opportunities (Nat
Keohane). The same template will be followed
in successive issues as the baseline is established
for China, the European Union and India. The
series will be completed before the COP 26 in
Glasgow (Nowv. 1-11, 2021) and a compilation
will be available there.

We are not the first to use the word ‘deep’ in the
climate policy context. The Deep Decarboniza-
tion Pathways initiative (DPPI) was a collabora-
tion of leading research teams currently covering
36 countries. Their aim was to help govern-
ments and non-state actors make choices that
put economies and societies on track to reach
a carbon neutral world by the second half of
the century. Their work showing the feasibility
of doing what needs to be done was helpful in
increasing the prospects for the Paris Agreement
in 2015." A recent paper from the US. partner
in DPPI (Williams et al, 2020) argues as follows:
“Modeling the entire U.S. energy and industri-
al system with new analysis tools that capture

1 Many of the country reports produced in early 2015 are available at: Deep Decarbonization Pathways Project | IDDRI and there are also
many activities continuing today at IDDRI which are managed by Henti Waisman.
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synergies not represented in sector-specific or
integrated assessment models, we created mul-
tiple pathways to net zero and net negative CO,
emissions by 2050... Cost is about $1 per person
per day, not counting climate benefits; this is sig-
nificantly less than estimates from a few years
ago because of recent technology progress.”

Our proposition is that the prospects of these
huge climate dividends being delivered will be
greatly enhanced if the Big Four collaborate.

In this framing paper, we set the stage for what
follows by addressing: why these fourr; the
progress that has been made in recent years; the
logic of deep collaboration by the four largest
emitters.

Why these Four?

They contribute ~60% of total global emis-
sions (Figure 1), account for about the same
percentage of global GDP, and are home to
close to half of the world’s population. Togeth-

er, they have enormous resources, influence,
and talents. If they succeed, we all succeed. But
why not just two? China and the US. together
account for >40% of emissions; they on their
own could also be potentially hugely influential
as a ‘climate club’. There are many reasons for
maintaining the number of key actors to four,
but a key strategic consideration is the gain in
resilience that a larger group could deliver over
time. With four, if one or two jurisdictions opt
out, that would still leave 3 or 2 still willing to
collaborate and sustain the effort. Another im-
portant consideration is that India represents in
some sense inclusion of the interests of many
people of really low income (Camuzeaux et al.,
2020). The collaboration must be extended over
time to others who are committed and can see
mutual advantage in engaging and contribut-
ing. The emissions from the rest of the world
are rising rapidly, and they too must also be a
part of the solution; our case for a deep collab-
oration by the Big Four is a complement, not
a substitute for action at UN and other levels.

CO2 Emissions per country in 2016

Russian Federation5%_—

y
India7%_

Figure 1. CO, by Jurisdiction, 2016

__China 28%

T _USA15%

Source: World Bank (CO2 emissions (k1) | Data (worldbank.org)), which in turn have as their source Carbon Dioxide

Information Analysis Center, Environmental Sciences Division, Oak Ridge National Iaboratory, Tennessee, United States.
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Recent Progress in Practise and Perception

At the political level, in “American Climate Di-
plomacy: Past Performance & New Opportuni-
ties” Keohane recounts how, beginning at Co-
penhagen (COP15) in 2009, the US. and China
agreed on climate ambition, which was further
re-enforced at the Obama-Xi summit in 2013,
and culminated in the joint announcement of
intended nationally determined contributions in
November 2014. This so called “G2” agreement
helped pave the way for success at the Paris COP
in 2015 which brought developed, emerging and
developing countries into the same tent. It also
set an important precedent: bilateral cooperation
by the two largest emitters of greenhouse gasses.

At the technical level, there has been progress in
terms of lowering the costs of reducing emis-
sions, exemplified by the rapid decline in the
costs of solar power, to the point that, under
certain circumstances, it is cheaper than fossil
sources (Nemet, 2019). This is symptomatic of
a wider wave of innovation that is also lowering
the costs of wind power and of battery storage,
which in turn is enabling the electrification of
road transport under certain conditions. In all
countries, this may deliver jobs and econom-
ic activity and act as a sort of counter point to
current or prospective economic decline in the
fossil fuel dependent regions.

There has been a parallel increased awareness of
the costs of inaction and the fact that these costs
may occur sooner than expected; this is exempli-
fied by more intense weather events, more flood-
ing, longer droughts and more extensive and
longer lasting forest and brush fires. And our un-
derstanding grows concerning the links between
climate change and economic and political dys-
function and how this is becoming manifest in mi-
gration patterns, especially from South to North.
At the energy and climate policy level, the Big
Four have their own experiences to draw from,
especially as regards what works to reduce emis-
sions. A few examples: the member states of the
EU have for many decades used very high indi-
rect carbon taxes (in the form of excise duties)
on transport fuels, which has had the effect of
reducing emissions dramatically from the road

transport sector compared to emissions from
those jurisdictions which did not apply such
taxes (Sterner, 2007); at EU level, car companies
selling into the EU have to meet a fleet average
emissions target which shrinks every year. Au-
tomatic fines are payable for non-compliance,’”
and similar policies are already in place or in
prospect in the US. and China. The US. has
had considerable success at reducing emissions
from the power sector as a result of innovation
(fracking) which dramatically increased the com-
petitive advantage of natural gas over fuel, and
in parallel promoting renewables, whose share
of the fuel mix has grown rapidly (Mohlin et al,
2018). Both China and India have similarly dra-
matically increased the supply of renewables.

The Case for Deep Collaboration

The following are arguments for them to
consider.

1. Self-interest.

Climate change is happening, and if not man-
aged successfully, is likely to be a huge disrupt-
er within their respective borders, a destroyer
of their physical and social infrastructure, life
support systems and of the economic and so-
cial wellbeing of their peoples, a destroyer of
prosperity in those countries with which they
trade, a blighter of future prospects, and the
trigger for a ‘blame game”: who refused to act
while there was still time?

2. Psychology

It will be a huge reassurance for farmers in
Burundi and shopkeepers in Brisbane to
know that the Big Four are deadly serious
about meeting the climate change challenge,
and willing to collaborate to this end, thereby
giving them a future.

3. Delivery of practical dividends with a
sectoral focus:

In the case of climate policies upon which
they have already embarked, they can learn
from each other at the sectoral level and take

2 Recent developments are addressed by Joe Miller in: VW posts €10 billion profit in pandemic ravaged year after late recovery,’ Financial

Times, January 22, 2021.
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advantage of experience effects.” In “Carbon
Dioxide Emissions by the Four Largest World
Emitters: Past Performance and Future Sce-
narios for China, US.A., Europe and India”
by Cail and Criqui, inter alia, they show the
time series of CO, emissions from 5 sectors
- power (mainly electricity), transport (mainly
road), industry, buildings, and process (main-
ly steel and cement). In all cases, the power
sector is the largest emitter; transport ranks
second in the US. and the EU, third in India
and fourth in China.

For each sector (which should include agricul-
ture and forestry — because our data focusses
mainly on CO, emissions, we have not includ-
ed this sector in our benchmarking, which is a
weakness) the following sequence could be con-
sidered’, in each jurisdiction:

. A granular assessment of the policies
already tried and those under consideration,
and their performance, their key strengths and
weaknesses, technically and politically

. The current policy ambitions and the
challenges that implementation could pose

. The lessons from each jurisdiction that
might be of relevance for one or more of the
other three

. Potential for policy collaboration and
an assessment of the value they could add in
terms of increasing and/or accelerating cli-
mate ambition

If more than 2 decide that collaboration could
yield substantial gains, they find a way that works
for them to do so.

An example: China, the EU and the US. have
set or will set mandatory standards for the
carbon efficiency of car fleets sold into their
jurisdictions; this policy is already accelerating

the share of electric cars in new car sales, and
it also provides an opportunity for hydrogen
fuelled cars; India is also addressing the air pol-
lution and climate challenges posed by its rapidly
growing road transport sector and how best to
manage the transition to a cleaner future. Ap-
plying the sequence above to this issue could,
at a minimum, help some or all four of them
individually to improve the design and delivery
of this policy and, at a maximum, at least two of
them could decide to act in concert. The result
could be more total ambition, delivered soonet.
The climate impact of electric vehicles depends
fundamentally on the carbon efficiency of the
power sector; finding ways to collaborate to ac-
celerate carbon-reductions thetrein would be a
logical next step.

4. Delivery of practical dividends with a
policy instrument focus’

The instrument menu is familiar, and some
are already being applied, or in prospect,
across sectors: it includes voluntary agree-
ments, market-based instruments (carbon tax-
es and emissions trading), regulation, research
and innovation, removing barriers, subsidies
etc. The process template suggested above for
application to sectoral policy could be simi-
larly employed to the policy instrument mix.
For many good reasons, most economists fa-
vour market based instruments. In Oz Awmer-
ican Taxation, Edmund Burke observed that:
“To tax and to please, no more than to love
and be wise, is not given to men”. This simple
sentence goes far to explain why it has proved
so difficult to convert this proposition into
action.

Thought Leadership

Alot of the thought leadership on policy instru-
ments has been led by economists and political
scientists. Because economists have a logical en-
thusiasm for carbon prices as the key, if not sin-

3 Arrow (1962, p. 156) was the first to formally test the hypothesis that “technical change in general can be ascribed to experience, that it is the
very activity of production which gives rise to problems from which favorable responses are selected over time”.

4 And this could be broken down to sub-sectoral level — e.g, address common understanding of effective sectoral policies and the argument
on learning curves for strategic technological components: wind turbines, PV panels, batteries, fuel cells, electrolysers for H2 etc.

5 Sterner and Coria (2011) provide a comprehensive menu of policy instruments and an assessment of their performance in both developed

and developing countries.
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gular, instrument®, much of the recent discussion
from the profession has focused on carbon taxes
as the instrument of choice. The policy must
however be global but who is to start. Research
shows that climate treaties are hard to sustain
and therefore we may need to start with action
by groups, under the general heading of ‘climate
clubs’ or a ‘climate compact’. If the group is
large and powerful it can overcome the tenden-
cies to free-riding that make treaties crumble.
Nordhaus (winner of the Nobel Prize in 2018)
has been a leading exponent of this analysis;
his prescription is a club whose members “pay
dues” through costly abatement with non-mem-
bers penalized through tariffs. Such a club has
the incentives to overcome free-riding. More
detail on his thinking and supporting references
are in Annex [.

This advocacy provides both a clear logic for
action at this level (which we share) and a pow-
erful single instrument to advance it. As regards
the latter, our approach is more modest and more
incremental, on the grounds that the first steps
are often the hardest but most essential, requir-
ing their own forms of quiet courage and skill
and acorns can grow into trees. In Annex I more
detail is provided on the evolution of thinking
across time on collective action at the interface
between theory, evidence and finding ways that
work in the wotld of now; this includes some
of the references that inform that exciting and
essential frontier. We apologise for the fact that
this is at present exclusively ‘western’ (Hurope
and North America) in focus, an omission we
plan to correct in time.

Conclusion

In human as well as business relationships,
before they become ‘serious’, prospective part-
ners often press the ‘pause’ button, and ask
themselves the following sorts of questions:
do I really know enough about the backsto-
ry and history of this person/company, what
their real qualities and achievements are, how
well they deal with adversity, the constraints
they face, their willingness to make sacrific-
es in the short term to advance a longer term
shared ambition, their ability to convert ideas

into ambitious shared achievement, their will-
ingness to share workload, evidence, and credit
etc.? Our hope is that this series will begin to
bring some clarity on some of these issues.
We recognize that this is the easy bit. Finding
ways that work to deliver outcomes is always
hard, and there are huge competing agendas,
some potentially very contentious and rancorous,
that will make it challenging for all to sufficient-
ly untangle the climate agenda from the others,
and find the time and space to devote to it, and
to take advantage of the considerable advantag-
es that collaboration can provide. The Big Four
are now committed to climate action (Carlsson
et al., 2020) and 2021 in some ways looks like
a new dawn. Leonard Cohen wrote that “There
is a crack, a crack in everything, That’s how the
light gets in”. We hope that this small step will
help them make the most of it.
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Introduction

The purpose of this paper is to clarify the mag-
nitude of the climate challenge we face global-
ly and the role that the four largest greenhouse
gas emitters — China, the US.A., the European
Union' and India — could potentially play, if they
decided on a “deep collaboration”. As stated in
IPCC’s 1.5°C report?, the challenge is indeed to
bring global emissions down to a level where
they could be compensated for by anthropogen-
ic carbon capture from the atmosphere.

In this paper, we focus on the abatement of CO,
emissions as they represent two thirds of total
GHG emissions’. By doing so, we recognise that
confining our data to CO, ignores other import-
ant gases (methane, nitrous oxides, fluorinated
gases) and their emission dynamics. But intro-
ducing the other greenhouse gases would make
our analysis more fragile, by lack of consistent
and reliable time-series. In Annex I we discuss
this incompleteness.

The role that a deep climate collaboration could
play in aiming at net zero emissions by mid-cen-

decarbonization scenarios. He is a research associate at IDDRI and Enerdata.

tury (or shortly after) is twofold: first, as they
today represent nearly 60 % of total CO, emis-
sions, the implementation of carbon neutrality
policies in their own jurisdiction would have a
major global impact; second the implementation
of these policies in the compact will have a sig-
nificant leverage effect on the other countries,
both by the demonstration effect and by the
learning effect for low or zero carbon technolo-

gies that would benefit every country.

The paper proceeds along three stages. In
section 2. “Where we stand, a global view”, we
recall the dynamics of atmospheric concentra-
tions for two major GHGs, CO, and methane.
In section 3. “Looking back”, we analyse in
more detail the trends and bifurcations in the
emissions for each of the four constituencies we
are considering, Finally, in section 4. “Where we
need to go”, we analyse for the same constit-
uencies representative scenarios that will allow
us to contrast current developments with more
constrained trajectories meeting the Paris com-
mitments and, further on, net zero ambitions.

1 In this paper, we define and consider Europe as the European Union plus the United Kingdom (EU27+1 in the Figures). This is by
convenience, for reasons of time-series continuity and while taking into account the fact that UK’s net zero emissions policy of 2020 keeps in line

with the European Union’s perspective.

2 wwwipcc.ch/st15/chapter/spm

3 wwwepa.gov/ghgemissions/global-greenhouse-gas-emissions-data
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In presenting these data and scenarios, there is
no implication of judgment or blame, on who
is responsible and who should do what. The
purpose is to establish a clear vision of the
problem and perhaps engender fruitful discus-
sions about how to make progress at scale.

Where we stand, a global view

Climate change is to a large extent the result of
the increase in the concentration of greenhouse
gasses in the atmosphere, due to human activ-
ity. The continuous stock building of CO, and
methane in the atmosphere are shown below:
between 1984 and 2019, CO, and methane con-
centrations have increased by respectively 19%
and 13% (Figure 1).

The concentration of anthropogenic CO, in
the atmosphere is the result of a process that
goes back to the industrial revolution, from the
beginning of the 19" century. At this moment
of history, fossil fuels — initially coal — start to

be used as a source of energy. Their rapidly
growing importance and supremacy will be
confirmed all along the 20" century and eatly
21% century (Smil, 2019 and Grubler, 2012).
However, the take-off in wotld emissions from
fossil energy really takes place after WWIL As
shown in Figure 2, the increase is initially mod-
erate and total CO, emissions amount to only 5
Gt CO, in 1945. They multiplied by a factor of
morte than 3.5 by 1979, year of the second oil
shock, and then again by a factor of 1.9 by 2019.

This perspective reveals the fact that the causes
of the build-up of the climate problem pertain to
relatively recent economic history. The problem
is that the accumulated GHG stock (especially
CO,) is here to stay... for long.

Looking back at the “big four”

Over the past sixty years, world total CO,
emissions have grown in an almost linear way,
which means that the growth rate progressively

Atmospheric GHG concentrations (1984-2019)
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Figure 1. Trends in Atmospheric Concentrations of Carbon Dioxide (CO,) and Methane (CH4)
Source: NOAA atmospheric GHG statistics (wwim.esrlnoaa.gov/ gpd/ ccog/ trends ch4)
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decelerates. But what is more striking, is the very
uneven growth patterns of the four jurisdictions
we are considering (Figure 3).

From 1960 to 1986, the emission trajecto-
ries in the US. and in Europe are almost
identical, both in their level and dynamics.

These paths diverge however after the second
oil shock, when FEuropes emissions start a
decline, which accelerates after the financial
crisis of 2008. By 2019, Europe’s emissions
are back to their 1965 level. US. emissions
plateau only between 2000 and 2008 and begin
their downside trajectory only after that date.

Territorial emissions (Gtco2)

40
35
30
25
20
15 ”
0 "||||||"
: |ii||||||IIII||
0
D = m n ~ ()] — m
[¥p] (e} {te) (e} [{e] (Vo] ~ ~
2228333 3

n ~ O o N NG NN d
I~ IS IS 00 00 00 60 00 O O O O O
a0 OO 0O O 0O OO OO O O O O O
D B B B B D o e B B B e B B |

n ~ o9
o o O
o O O
NN N

2001 =——
2003 ——

2011
2013
2015
2017
2019

BWUSA EEU27+1 MChina India ™ RoW

Figure 3. Total fossil CO, emissions, a sixty years’ perspective (in billion tons of CO,)

Source: Global Carbon Project, 2020 (www.globalcarbonproject.org)
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Territorial emissions (GtC02)
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Figure 4. Total CO, emissions in the four regions (in billion tons of CO,)

Source: Global Carbon Project, 2020

The story is different in China, where emissions
increase at an annual average rate of 3-4% until
2001, the year of the accession of China to the
World Trade Organization (WTO). After this
date, economic growth accelerates as do total
emissions: from 2001 to 2014, they increase
from 3.5 to 9.8 Gt CO,, i.e., an annual average
growth rate of 8.4%. By 2004, China’s total
emissions overtake those of Europe’s and in
2007 those of the U.S. India’s emission trajecto-
ry shows a more regular profile, with an annual
average growth rate of 5-6%. By the end of the
period under review, India’s total emissions ap-
proach those of Europe, while it only represent-
ed 4% of it in 1960. A new balance is in place.

1990: 22.7 GtCO,

B China

I m USA
mEU27+1

India
B RoW

This evolution is highlighted by the changes in
the share of world emissions in the four juris-
dictions from 1990 (the benchmark year for the
Kyoto Protocol) to 2019 (Figure 5). Between
these two dates the four regions have increased
their joint share of the total, from 56% to 59%.
This is due to the increase in China’s share of
wortld emissions, from 11 to 28%, and to a lesser
extent to the increase of India’s share, from 2 to
7%. Conversely, the U.S. and EU shares decrease
over the same period, respectively from 23% to
15% and from 20% to 9%.

This new balance in world emissions reflects the
major structural changes in the world economy
during the past thirty years of globalization.

2019: 36.5 GtCO,

Figure 5. Share of total emissions for the different regions (in billions t CO,)

Source: Global Carbon Project, 2020
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A per capita analysis

Per capita GDP (Figure 6a) increased in every
region but at very different rates, according to
the country’s category, “mature” or “emerging’:
the US. and Europe both see their per capita
GDP increase at an annual average growth
rate of 1.4% during the 1990 to 2019 period.
The equivalent rate is respectively of 8.4%
and 4.5% for China and India. China’s per
capita GDP, which was 4% of the US. level
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Figure 7. CO, emissions, by sector
Sonrce: Enerdata, Global Energy and CO,, Database, 2020

in 1990 had risen to 27% thereof in 2019; for
India the equivalent shares were 5% and 11%.
Per capita emissions (Figure 6b) follow consis-
tent — although not similar — patterns. While they
decrease by 25 and 30 % respectively in the U.S.
and the EU between 1990 and 2019, they signifi-
cantly increase in China and India where they are
respectively multiplied by a factor of 3.8% and
2.9%. By the end of the period, per capita emis-
sions of China are higher than those of Europe.
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Note: “Process” stands for CO, emissions in the production process of materials (mostly steel and cement); “Energy” stands for emissions in

the energy sector, mostly for electricity generation.
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A sectoral analysis

The analysis of emissions by sector shows
interesting similarities across the two pairs
of jurisdictions: “mature” and “emerging”.
In Burope and in the US. the energy and trans-
port sectors dominate the others, with similar
profiles: the energy sector (mostly electricity
generation) ranks first but has decreased strong-
ly since the mid-2000s, while transport ranks
second but is stable and even slightly increas-
ing in recent years. The building and industry
sectors are comparable, in level and trend, in
both jurisdictions. However, the gap between
transport and building is much larger in the U.S.
than in Hurope, which reflects the relative im-
portance and carbon intensity of the transport
activity in the U.S.

In the emerging countries, energy is also the
leading emitting sector and has increased rapidly.
But contrary to the economically mature ju-
risdictions, industry, and not transport, is the
second highest source of emissions. In China as
in India, transport and building are of similar
relative importance, rising steadily, but well
below industry.

Where we need to go

Together, China, the US.A., Europe, and India
have been responsible for the emission of
22.6 GtCO, in 2019. The following section pro-
vides an overview of the possible evolution of
CO, emissions (including industrial processes)
in these jurisdictions. Scenarios are based on
Enerdata’s EnerFuture' prospective scenatios,
which are performed with the POLES-Enerda-
ta’> model.

The scenarios presented here are EnerBlue and
EnerGreen. EnerBlue is a scenario in which the
Nationally Determined Contributions (NDCs)
of the four jurisdictions are achieved in the next
10 years, and they continue on this reduction
trajectory up to 2050. This scenario is compared
to EnerGreen, a more ambitious 2°C-compati-
ble scenario, which would require that a collec-
tive additional reduction in the order of 14.5Gt

4  wwwenerdata.net/research/forecast-enerfuture.html

be achieved by 2050. In this scenario, the global
carbon budget, in line with the IPCC scenarios
(Rogelj et al., 2019), is apportioned to countries
according to a “soft-landing” profile, based on
capacity and responsibility criteria as developed
by (Criqui et. al, 2014). These trajectories are
only illustrative, as many other combinations of
effort across the four jurisdictions could deliver
the same aggregate outcome.

Taken together, CO, emissions of the four ju-
risdictions follow a slightly decreasing trend
over the next 30 years in the NDC scenario
(EnerBlue), reaching 22.3 GtCO, in 2030 and
20.7 GtCO, in 2050 (9% compared to 2019). At
the global level, the EnerBlue scenario is likely
to result in a temperature increase between 3
and 4°C by the end of the century, compared to
pre-industrial levels. In the EnerGreen scenario,
which is compatible with a 2°C temperature rise,
CO, emissions of the four jurisdictions in aggre-
gate are reduced by 72% over the period 2019-
2050, which leaves approximately 6.2 GtCO, in
2050. The 14.5 GtCO, emissions gap observed
in 2050 between the two scenarios reflects the
significant effort required globally, and hence at
the country level, to achieve the 2°C objective
of the Paris Agreement.

This level of effort is illustrated for of each ju-
risdiction in the following four charts. While the
EnerBlue scenario assumes a decreasing emis-
sion profile in developed economies (Europe,
U.S.A.), the next 30 years look different in China
(stable, then slightly decreasing) and India (steady
increase of emissions). The additional emission
reductions that would need to be delivered to
achieve a 2°C future are significant in all juris-
dictions, ranging between 61% (India) and 74%
(US.A)) in terms of 2050 emissions gap. The
total 14.5 GtCO, emission gap discussed above
is in the hands of all four countries, whereby
China, given its very high current level of CO,
emissions, has a potential to reduce for half of it.

5 POLES-Enerdata is the version of the POLES model run, developed and maintained by Enerdata. The POLES model has been initially
developed by IEPE (Institute for Economics and Energy Policy), now GAEL lab (Grenoble Applied Economics Lab).

www.enerdata.net/solutions /poles-model.html
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Figure 8. Projected CO, emissions in EU27+1, US.A., China and India (in Mt CO2)

Source: Enerdata, EnerFuture long-term scenarios, 2020
Limiting the temperature rise to 1.5°C: the case of Eurgpe

The Paris Agreement sets out the global frame-
work to pursue efforts to further limit the tem-
perature increase to 1.5°C. The recent wave of
net-zero emission targets’ announcements may
bring a significant contribution to this objective,
if implemented. The following assessment pro-
vides a specific focus on Europe carbon neu-
trality objective by the middle of the century,
how it compares to an NDC and a 2°C-scenar-
io, and what sectoral implications are expected.
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A 1.5°C-aligned policy commitment in Europe,
more precisely a net-zero emission pathway unto
2050, is illustrated in Figure 9. Two main differ-
ences appear in comparison with the EnerBlue
and EnerGreen scenarios discussed above: on
the one hand the very early start of the emis-
sions decrease, as of 2021, and the overall more
significant effort over the time horizon. In 2050,
the Enerdata-1.5°C scenatio reaches 135 MtCO,
of residual gross emissions (including emissions
captured by CCS). Where the emission reduction
between the NDC and the 2°C pathway is 69%
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Figure 9. Projected CO, emissions in EU27+1(in MtCO,)
Sonrce: Enerdata, EnerFuture long-term scenarios, 2020
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in Europe in 2050, the 1.5°C pathway involves a
further 24% reduction, necessary to achieve the
target. In this scenario, reductions of non-CO,
gases are also included, amounting to roughly
240 MtCOeq, mostly CH, and N,O from agti-
culture. The total residual greenhouse gas emis-
sions in 2050 are expected to be offset by the
expected carbon sink provided by the LULUCF
(land-use, land-use change and forestry) sector,
which is expected to increase slightly in the next
30 years.

From a sectoral perspective, structural inertia
and the speed of innovation and technology
deployment may lead to significant discrep-
ancies in the contribution to a net-zero emis-
sions objective (Figure 10). At European level,
while currently the industry and energy supply
sectors today account together for half of CO,
emissions, these two sectors are expected to be
fully decarbonised by 2050, and even to provide
net negative emissions. These negative emis-
sions correspond to the contribution of carbon
capture and storage by this time horizon, both
in the industry and in the electricity genera-
tion sectot. In such a 1.5°C scenatio, the Eu-
ropean building sector, both residential house-
holds and commercial offices, is also subject
to a deep decarbonisation through a range of
drivers, including behavioural changes (towards
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so-called energy ‘sufficiency’), stringent policies
and incentives in the existing buildings stock
and in the regulation for new constructions.

In this net-zero emissions landscape, two sectors
appear more difficult to decarbonise, though
with a key-role to play. The transport sector
would reduce its CO, emissions by around 85%,
with roughly 140 MtCO, remaining in 2050,
despite the removal of private internal combus-
tion engines from the new vehicle sales shortly
after 2040. The agriculture sector would account
for a residual 18 MtCO,, (i.e. a 67% reduction
compared to 2020), half of it due to energy
combustion and the other half from soil amend-
ments and fertilisers. In 2050 however, the bulk
of remaining GHG emissions from the agricul-
ture sector are likely to be attributable to CH,
from cattle and N,O from soils emissions.

Conclusion: A long way... in a very limited
time frame

This quick overview of observed past emissions
and required future decarbonisation pathways
clearly demonstrates the necessity of adopting a
new course in emissions for each of the four
major world emitters. In the mature regions,
the US. and Europe, decarbonisation is already
on-going but at a pace that is much too slow.

Buildings Agriculture

2020 m2050
Figure 10. Sectoral CO, emission reductions 2020-2050 for a 1.5 °C-compatible EU27+1 (Mt CO,)

Source: Enerdata, EnerFuture long-term scenarios, 2020
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For the largest world emitter, China, the time is
decisive: while emissions have been levelling off
in the very recent years, it is now time to engage
in a rapid decline trajectory and this is clearly
required by the new policy of carbon neutrality
for China in 2060. As for India, the emissions
plateau is still to come but it should take place
between now and 2035. Thereafter emissions
should also engage in a decreasing trajectory.

Historical experience show that past energy
transitions have taken many decades for their
full deployment. But on the other hand, IPCC
scenarios demonstrate that the game will be over
shortly after the mid of this century, that is in
thirty years from now. “Accelerated transitions”
is thus now a key concept in strategic terms (So-
vacool, 2015). And addressing the societal chal-
lenge of climate change and energy transitions
should become the main research perspective of
many scientific and technological endeavours, in
a transdisciplinary perspective (OECD, 2020).
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Introduction

The central, “federal” government’s power is
divided among three separate-but-equal branch-
es, each with a distinct role: the legislature (the
bicameral Congress) makes law; the executive
(the president and the large network of admin-
istrative agencies that the president staffs and
supervises) implements it; and the judiciary (the
district, circuit, and supreme courts) interprets
it. In addition to the federal centers of power,
state and local governments play major roles in
shaping U.S. climate policy, as do business inter-
ests and other stakeholders, including communi-
ty and non-governmental organizations.

To date, Congress has passed little climate-spe-
cific law. Consequently, most federal policies
that directly or indirectly limit greenhouse gas
emissions have originated from executive-branch
agencies, operating under broad grants of au-
thority included in bedrock environment- and
energy-focused statutes from the 1970s. The
judiciary, meanwhile, has played a significant
but inconsistent role in shaping these poli-
cies—initially interpreting old laws to allow
or even require agencies to regulate green-
house gases, but later issuing decisions that
somewhat constrained agencies’ ambitions.
This paper provides more detail on the work-
ings of the three federal centers of power with
respect to climate policy, followed by short

Jack Lienke (jack.lienke@nyu.edu) is the Regulatory Policy Director of the Institute for
Policy Integrity at New York University School of Law, where he also serves as an adjunct
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discussions of influence wielded by states and
other stakeholders.

The Legislature

The US. Congress has two chambers: the
Senate, which comprises 100 Senators (two for
each of the fifty states, elected on staggered
six-year cycles), and the House of Represen-
tatives, which has 435 members (apportioned
among the states based on population, elected
every two years). Most of those elected affiliate
with either the Democratic or Republican party.
Whichever party wins a majority leads the rel-
evant chamber, chairs the key committees, and
decides what legislation will be considered by
the chamber as a whole. Legislation must be
approved by both chambers and signed by the
President to be enacted, and as will be discussed
further below, the Senate typically has required
the support of 60 Senators to advance legisla-
tion. Overriding a presidential veto of legislation
requires a two-thirds majority in both chambers.
These features together erect a high bar for en-
acting any significant legislation

Congress Is Unlikely to Play a Significant Direct Role in
Near-Term Policymarking

Even though the Democratic Party—the only
major US. political party that is at present
committed to mitigating climate change—won
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control of the presidency and both chambers
of Congress in the 2020 election, major legis-
lation aimed directly at reducing greenhouse
gas emissions faces significant hurdles at least
through 2022 (after which another election
could give Democrats increased legislative ma-
jorities). One major hurdle is the filibuster, a
longstanding procedural practice through which
a single Senator can block legislation from ad-
vancing unless a 60-Senator supermajority
votes to end debate. It is unlikely that Demo-
crats, who currently hold only 50 of 100 Senate
seats,! could persuade 10 Republican colleagues
to vote for any significant climate legislation.
And while Democrats could use their bare
majority to eliminate the filibuster altogether,
some in their own caucus oppose that move.

The Senate is similarly unlikely to muster the
two-thirds majority needed to formally ratify
any new international treaties on climate change,
though the executive branch has tools to imple-
ment certain international agreements without
formal Senate ratification.

A few procedural stratagems may allow a simple
majority in the House and Senate to advance
certain climate policies. For example, once each
fiscal year, Congress can pass special budget
resolutions with policies aimed at taxation and
spending,> which are not subject to filibuster
and which could include climate-oriented infra-
structure spending or perhaps even a carbon tax.
Similarly, some smaller-scale climate policies, es-
pecially spending on infrastructure and research,
may be achievable if attached to “must-pass”
legislation like end-of-the-year spending bills,
which are less likely to be filibustered.

Notwithstanding these limited opportunities
for Congressional action, federal climate policy
over at least the next two years is likely to
derive primarily from authorities granted to ex-
ecutive-branch agencies by previous legislation.

The Executive

This branch has many policy levers available.
Existing legislation grants multiple federal agen-
cies a wide variety of powers that, while not ex-
pressly aimed at greenhouse gas emissions, can
nevertheless be used to reduce them. A com-
prehensive survey of all authorities is not pos-
sible here, but some of the most significant are
flagged below.

Enission-Control Authorities

Under the Clean Air Act;’ the Environmen-
tal Protection Agency (EPA) can directly limit
greenhouse gas emissions from new mobile
sources and new-and-existing stationary sources.
EPA has already established some limits for
new cars and trucks, new and existing power
plants, and new oil-and-gas wells (and related
infrastructure). The design of these regulations,
however, remains subject to heated debates both
in and out of court, and any efforts to increase
their stringency or expand coverage to addition-
al sectors, like petroleum refineries, will spark
similar controversy (Lienke, 2020).

Energy-Efficiency Anthorities

The Energy Policy and Conservation Act
(EPCA) grants the Department of Transpot-
tation (DOT) authority to set fuel-economy
standards for certain motor vehicles. Because in-
creased fuel economy is also auto manufacturers’
primary tool to comply with EPA’s greenhouse
gas limits, DOT and EPA have traditionally co-
ordinated their standards’ design and stringency,
though the agencies are not legally obligated to
do so.

EPCA also authorizes the Department of
Energy (DOE) to set energy-efficiency standards
for certain residential, commercial, and industri-
al appliances (like furnaces and walk-in freezers).

1 With a 50-50 split in the U.S. Senate, the Vice President casts tie-breaking vote. Starting on January 20, 2021, Democratic Vice President
Kamala Harris will cast tie-breaking votes, giving slim majority control to the Democrats.

2 This procedural technique is called budget reconciliation. It has been used in the past to open oil drilling in the Arctic National Wildlife
Refuge and to pass part of the legislation connected to the health program known as Obamacare.

3 Ironically, much of the legislation on which today’s federal climate action is based was originally passed decades ago on a bipartisan basis,

often with Republican leadership.
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Electricity-Market Authorities

The Federal Energy Regulatory Commis-
sion (FERC) has broad authority under the
Federal Power Act to ensure that whole-
sale electricity rates are “just and reason-
able” FERC recently signaled openness to
the integration of carbon-pricing into region-
al wholesale markets under its supervision.
Together with DOE, FERC also enjoys some
authority related to the siting and financing of
interstate transmission lines. Because many of
the areas most conducive to renewable-electric-
ity generation in the U.S. are far from the coun-
try’s population centers, developing substantial
new transmission infrastructure is a necessary
component of power-sector-decarbonization
efforts (Zevin et al., 2020).

Resonrce-Managenment Authorities

The US. federal government owns hundreds
of millions of acres of surface and subsurface
deposits of coal, oil, and natural gas, as well as
offshore deposits in the outer continental shelf.
Offices within the Interior Department are
tasked, by various statutes, with leasing access to
those deposits, and such leases currently account
for almost 30 percent of annual U.S. energy pro-
duction. By curtailing future leases and better
managing existing leases, agencies could reduce
fossil-fuel production from federal lands (Hein,
2020).

Federal agencies can also affect the supply of
coal, oil, and gas through control of transpor-
tation and distribution infrastructure. Notably,
FERC has authority to review and approve
(or not approve) interstate gas pipelines (Unel,
2020). Other federal agencies have responsibili-
ties over international pipelines, export facilities
for liquified natural gas, coal railroad routes, and
other fossil-fuel supply channels. The Nation-
al Environmental Policy Act (NEPA) requires
agencies to assess the environmental impacts

(including climate impacts) of such projects,
and agencies may be able to cite their findings
to justify denying necessary approvals (Hein &
Jacewicz, 2020).°

Coordinating Authorities

Several White House offices exercise cross-cut-
ting review and coordination roles across the
executive branch. The Biden Administration has
appointed a National Climate Advisor (some-
times referred to as the “domestic climate czar”)
to ensure that key agencies’ actions and prior-
ities reinforce each other, and that even agen-
cies not traditionally focused on climate, like
the Treasury and the Department of Health
and Human Services, consider their programs’
climate impacts.

The Office of Information and Regulatory
Affairs (OIRA) is responsible for reviewing
major regulations, to check that regulatory ben-
efits justify the costs and to ensure that regula-
tions consistently advance presidential priorities.
OIRA also helps harmonize agencies’ mone-
tary estimates of costs and benefits, including
estimates of the Social Cost of Greenhouse
Gases—a metric that captures the marginal eco-
nomic costs stemming from the physical climate
damages caused by each additional ton of green-
house gases. The stringency of climate regula-
tions may depend partly on the estimated mag-
nitude of the Social Cost of Greenhouse Gases
(Schwartz, 2020).

The Council on Environmental Quality (CEQ)
provides guidance on the preparation of en-
vironmental impact statements for major
federal actions under NEPA—explaining what
kinds of effects should be considered and in
what manner—and also helps lead the federal
government’s internal sustainability efforts.®

4 Following reduced production of coal, oil, and gas from federal lands, private and state-controlled lands in the United States, as well as
international sources, could increase their production in response. But it is unlikely such alternate sources could perfectly substitute for federal
sources by producing the same quantities at the same prices; consequently, the price for coal, oil, and gas will rise, overall supply and demand will

fall, and ultimately fewer greenhouse gas emissions will be released.

5 Any such actions must be consistent with agencies’ statutory mandates, but various statutes may provide additional authorities not to approve
new supply channels. For example, under the Natural Gas Act, FERC could determine that—given the climate impacts—a new gas pipeline

would not advance “public convenience and necessity.”

6 The federal government is the country’s largest single consumer of energy and other goods, and so can help create markets and norms

favoring alternative-energy vehicles and other climate-friendly products.
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The Judiciary

Lawsuits can be brought—and, in today’s polit-
ical climate, typically will be brought—against
most major federal regulations and other agency
actions bearing on climate change. Federal courts
can temporarily or permanently block actions
that fail to comply with relevant procedural re-
quirements, are not supported by sufficient and
rational analysis, or exceed the authority Con-
gress delegated to the agency.

Judicial review slowed or stopped many of
the Trump administration’s efforts to elimi-
nate the Obama administration’s climate poli-
cies. But courts may do the same to some of
the Biden Administration’s efforts to go beyond
Obama-era policies. The Supreme Court—
where conservative-minded justices now hold
a two-thirds supermajority—in particular may
be hostile to agency policies that rely on novel
interpretations of older statutory provisions.
Anticipation of this skeptical review will likely
preemptively constrain the ambition of the
Biden administration’s executive-branch policies.

That same skeptical review, together with a host
of procedural and substantive complexities,
may also dim the prospects of various nuisance
suits and other common law-based attempts to
seek direct remedies from the courts on climate
change.

States

In most sectors, federal regulation serves as the
floor, not the ceiling, for climate policy. Thus,
state and local governments are typically free
to exceed the scope or stringency of federal re-
quirements, and many have already done so in
the electricity and home-heating sectors. One
notable exception to states and localities” policy-
making freedom is vehicle regulation. The Clean
Air Act generally precludes states from setting
their own auto emission standards, though Cal-
ifornia can request a waiver to do so (and the
statute makes it difficult for EPA to deny that
request). States can also be very influential by
‘showing the way’ for other states, the federal
government, and even for countries abroad. For

example, Colorado established the nation’s first
methane standards for oil and gas operations in
2014, which informed EPA’s issuance of nation-
wide standards two years later.

Non-Governmental Stakeholders

The policy arenas described above—federal and
state, legislative, administrative, and judicial—
provide formal and informal opportunities for
participation by non-governmental stakehold-
ers, including business. Fossil-fuel enterpris-
es (especially coal) have historically opposed
climate action on the grounds that it will result
in large-scale economic and associated losses
(Lienke & Revesz, 2016) and have sought to
cast doubt doubt on the wvalidity of climate
science (Oreskes and Conway, 2010). Recently,
however, two of the nation’s most prominent
trade associations, the Business Roundtable
and the US. Chamber of Commerce (both of
which have fossil-fuel companies among their
members), announced support for a nation-
wide, market-based climate policy. Whether
this endorsement of a hypothetical policy will
translate to support for any specific legislative
or regulatory proposals remains to be seen.

Non-governmental organizations, from environ-
mental advocates to conservative think tanks,
also play a significant role in both public and
courtroom debates over climate policy. The
shape and success of US. climate actions thus
depends partly on how well politicians and
bureaucrats navigate competing stakeholder
interests.
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Introduction

The US. climate policy story has four import-
ant, interrelated dimensions: action at the federal
level, action at the state level, policy innovation,
and technical innovation. The federal story is
one of legislative failure but some executive
and innovation success, while the state story is
one of variegated progress. The country’s policy
innovations include the use of cap-and-trade
programs, while its technical innovation is a
product in part of an innovation ecosystem that
can deliver disruptive outcomes at scale comple-
mented by certain policies that encourage and
enable this.

Federal Level (Policy)

In 2009, with support from newly elected Pres-
ident Barack Obama, the House of Representa-
tives (the lower half of the bicameral legislature)
passed a sweeping cap-and-trade bill that would
require economy-wide greenhouse gas emis-
sions to decline 17 percent below 2005 levels
by 2020 and 83 percent by 2050 (Broder, 2009).
To become law, the bill would need to pass the
upper legislative house, the Senate, where for
the first time in thirty years, the left-leaning
Democratic Party held the supermajority power
needed to pass legislation against opposition
from across the aisle (Hulse, 2009).

But the bill died in the Senate without so much
as an up-or-down vote. Post-mortems written
about the failure have identified a few key
factors in its demise: Opposition from powet-
ful fossil fuel and agriculture lobbies. Skepti-
cism from energy-rich regions and their elected
representatives. Near-uniform obstruction from
the right-of-center Republican Party and the in-
fluential conservative media. A general lack of

Max Sarinsky (max.sarinsky@nyu.edu) is an attorney at the Institute for Policy Integrity
at New York University School of Law, where he advocates for rational environmental and
economic regulations in U.S. policy.

passionate public or political support following
a severe economic recession (Lizza, 2010).

The result has been a decade of legislative in-
action. In the fall of 2010—just months after
the climate bill’s failure—the Republican Party,
which is widely hostile to the science behind
climate change (Brenan & Saad, 2018), won
control of the House of Representatives on a
platform of reducing taxes, spending, and gov-
ernment control over free enterprise, effectively
dashing the prospects of ambitious climate leg-
islation (Zeleny, 2010). The Democratic Party
would not again hold full legislative control for
another ten years.

Executive Action

With ambitious climate legislation off the table,
the Obama administration turned to its exec-
utive-branch agencies to promulgate climate
policy, issuing a broad suite of regulations over
the ensuing years aimed at curbing greenhouse
gas emissions from key sectors. These regula-
tions typically expanded existing regulatory pro-
grams or envisioned statutory authority in new
ways to tackle climate change, focusing on ma-
jor-emitting sectors that were already closely reg-
ulated by administrative agencies. For instance:

1. The Department of Transportation,
which administers a vehicle fuel-econo-
my program that had laid dormant since
the energy crises of the 1970s, and the
Environmental Protection Agency, which
regulates pollution from motor vehicles,
jointly issued ambitious new standards re-
quiring declines in vehicle carbon dioxide
of approximately five percent annually.
(Union of Concerned Scientists, 2017).
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2. The Department of the Interior, which
manages 500 million acres of federal
land, paused its coal-leasing program and
issued rules to limit methane leaking and
flaring from oil-and-gas lessees’ drilling
operations (US. DOI, 2016).

3. The Environmental Protection Agency
issued the Clean Power Plan, its program
to reduce carbon pollution from the pow-
er sector to 32 percent below 2005 levels
by 2030 (U.S. EPA, 2010).

But while these Obama-era regulations made
some progress toward reducing the nation’s
carbon footprint, most did not last. A federal
judiciary that is becoming increasingly hostile to
regulatory delegation sometimes took issue with
these new exercises of agency authority, crippling
some key programs following fierce litigation
campaigns by opponents. For instance, while the
Clean Power Plan was hailed by supporters as a
momentous achievement, it was derided by op-
ponents—including Republican Party politicians
and powerful business interests—for threatening
the coal industry and the communities that rely
on it (Davenport & Davis, 2015). Those oppo-
nents challenged the Clean Power Plan in court,
ultimately persuading the nation’s highest court
to halt the program before it took effect (Liptak
& Davenport, 2016).

Reversal

While judicial review limited the impact of
climate regulations during President Obama’s
tenure, the election of Republican Donald
Trump as president in 2016 has been their death
knell. Because regulations are promulgated by
executive agencies whose leaders are selected by
the president, they are subject to rollback when
a new presidential administration takes office.
And once President Trump took office in early
2017, with the assistance of a Republican-con-
trolled Senate, he placed opponents of climate
regulation in key government positions. For
instance, a state official who had led many of
the legal challenges to Obama-era climate reg-
ulations was tapped to serve as the nation’s top
environmental regulator (Davenport, 2017). The
chief executive of ExxonMobil became secre-

tary of state (Harris, 2017).

With a cabinet in place that opposed binding
emissions limits—and an explicit directive from
the new president to expand domestic energy
production  (Executive Office, 2017)—the
Trump administration launched an anti-regulato-
ry assault on the Obama administration’s climate
programs. Virtually all of the major Obama-era
climate regulations were rolled back during Pres-
ident Trump’s four-year term as part of his ad-
ministration’s broader attack on environmental
protections (Popovich et al., 2020).

For instance, the Trump administration substan-
tially rolled back the vehicle emission standards
that the Obama administration put in place in
2012, requiring just 1.5 percent rather than 5
percent in annual tailpipe emission reductions.
It ended the Obama administrations coal mot-
atorium (Frazin, 2020) and opened new swaths
of public land for oil-and-gas drilling (Lipton &
Tabuchi, 2018). It reversed Obama-era regula-
tions to prevent methane leakage from new and
existing wells (Davenport, 2020). And it formal-
ly withdrew the Clean Power Plan and replaced
it with a toothless alternative that barely limits
carbon pollution from power plants (Friedman,
2019).

All in all, the Trump administration’s rollbacks
have forgone at least two gigatons of green-
house gas emission reductions that were called
for under those Obama-era rules, dealing a dra-
matic blow to years-long regulatory efforts to
reduce carbon pollution (Pitt et al., 2020). While
some of these rollbacks are likely to be undone
eventually by either the federal courts or the
Biden administration (on the final day of the
Trump administration, in fact, a federal court
vacated the withdrawal of the Clean Power Plan,
creating even more uncertainty for the future of
that program), the excess emissions occurring
while they remain in effect cannot be reversed.

More than a decade after the federal government
was on the verge of passing sweeping climate
legislation, few ambitious emission standards are
now on the books at this level.
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State Level

The story at the state level is somewhat more
positive. A number of states enacted climate
mandates that are far more ambitious and ag-
gressive than federal policies. Twenty-three
states (nearly half the 50 total) have adopted
greenhouse gas emission targets, which vary in
terms of timing, stringency, and enforceability
(CCESa). California, home to neatly one-eighth
of the US. population, has been amongst the
most progressive states on climate policy, en-
acting an economy-wide cap-and-trade program
in 2013 (linked to Quebec’s program) that is on
track to reduce the state’s carbon emissions to
80 percent below 1990 levels by 2050 (CCESD).
Another eleven states (including populous states
such as New York, New Jersey, and Virgin-
ia) jointly administer a cap-and-trade program
for the power sector known as the Regional
Greenhouse Gas Initiative!, which has reduced
carbon emissions from regulated power plants
by 47 percent since the program’s 2009 launch
(RGGI). And 29 states have implemented re-
newable portfolio standards, which require a
set percentage of the states’ electricity to derive
from renewable sources (CCESa).

While these state-level policies have made an
important impact—and will have a greater
effect over time as emission targets become
more ambitious—there are legal limits to what
states can accomplish without federal regulation
(Coglianese & Starobin, 2018). While states
can reduce emissions within their jurisdictions,
their control over national and global energy
supply is limited, since the federal government
controls foreign policy, interstate and interna-
tional transmission pipelines, and vast energy re-
serves. The federal government has also closed
off some critical areas of climate regulation to
local control. And states controlled by more
conservative governments—including many in
energy-rich regions—have mostly declined to
impose stringent emission controls.

1 Regional Greenhouse Gas Initiative. Elements of RGGI. https:

Policy Innovation

In addition to state and federal controls, the
U.S. climate story is also one of policy innova-
tions. Policy instruments that have originated or
developed in the United States include market
instruments (carbon taxes, emissions trading);
regulation (dictating carbon reducing technolo-
gles and processes); subsidies (grants, tax expen-
ditures that reward reduction), technology and
R&D (finding better and cheaper solutions); and
voluntary agreements (companies commit to
meeting emission reduction targets).

An important early U.S. policy innovation that
has been particularly important worldwide in re-
ducing greenhouse gas emissions was the design
and implementation of cap-and-trade programs.
Specifically, in the early 1990s, federal law created
a market-based instrument (emission trading) to
reduce sulfur-dioxide emissions from the power
sector.”>  Although this initial cap-and-trade
program was not for greenhouse gases, it has
become the template for trading schemes that
were designed to deliver, or guarantee, green-
house gas emissions’ reduction at state level in
the US. (see above) and abroad, beginning with
the European Union Emissions Trading System
in 2005.

The US. is also a leader in the use of private
action to reduce greenhouse gas emissions. In
January 2021, for instance, General Motors an-
nounced its intention to phase out the internal
combustion engine by 2035. Many prominent
U.S. institutional investors—such as government
pension funds and institutions of higher edu-
cation—have also divested from the fossil-fuel
industry. While many question the sufficiency of
these voluntary actions, they do provide a signal
that may help facilitate government action over
time.

Technical Innovation
The innovation ecosystem in the United States

is unusual in that private investors are willing to
invest billions of dollars, over a long period, in

2 This fixed a shrinking absolute cap on emissions, permits were allocated to installations, and these could be traded, with the requirement
that emitters hold sufficient permits at the end of the reporting petiod to cover their emissions. The result was reduction in emissions that far
exceeded what the cap required, delivered at much lower costs than anticipated (Ellerman et al, 2000)


https://www.rggi.org/program-overview-and-design/elements
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companies that have inspirational leadership and
are likely to be major disruptors of incumbent
businesses. Tesla, which has the ambition of
disrupting the auto industry with electric cars,
is valued in excess of $600 billion. The federal
government also provides tax breaks and funds
research and development at scale.

Technical innovation was also key to important
reductions in emission by the nation’s power
sector. For instance, Mohlin et al. (2018) show
how important such innovation (and supporting
policies) were in explaining how renewables and
fracking achieved reductions (4.8-6.9 percent) in
greenhouse gas emissions from the power sector

(Table 1).

Activity Decline achieved
(%o of total)

Renewables (revolution 2.3-33

in cost reduction)

Switch from coal to
natural gas (key to the 2.5-3.6
decline of coal in the
US power sector)

Total 4.8-6.9

Table 1. Explaining Emissions Reduction in the US Power
Sector, 2007-2013
Source: Moblin et al. (2018).

This innovation has largely been spurred by
federal policy. While Congress has not been
able to agree on much regarding federal climate
policy, it has allocated tens of billions of dollars
in renewable energy research and development
tax credits as part of bipartisan spending bills to
stimulate the economy in both 2009 and 2020,
and extended tax credits for solar and wind
in 2015 (White House, 2016; Kaplan & Gran-
doni, 2010; Lacy, 2015). Largely as a result of
these incentives, renewable energy funding has
soared: Led by wind and solar, nationwide in-
vestment in renewable energy reached a record
$55 billion in 2019, approximately doubling
annual totals from a decade eatlier (Rathi &
Hodges, 2020). Renewable energy produc-
tion and consumption also increased neatly 50
percent during the same ten-year period (EIAa).

But the biggest shift in the US. energy market
has been the rise of natural gas in place of coal
(EIADb), as natural gas has gotten cheaper as a
result of a boom in shale development through
hydraulic  fracturing  (Gruenspecht, 2019).
Because natural gas-fired power plants emit
about half as much carbon per kilowatt hour
as coal plants, the boom in gas production has
produced a substantial decline in power-sector
emissions (EIAc), though the extent to which
that decline has been offset by corresponding
increases in methane emissions from gas wells is
hotly debated (Borunda, 2020).

All told, total U.S. emissions declined neatly 10
percent between 2005 and 2018, achieving more
than half of the decline called for under the
sweeping 2010 cap-and-trade legislation that did
not pass (EPA, 2020). Imagine how much better
we could have done with a coherent federal

policy.
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Introduction

On January 6, 2021, Joseph R Biden was inaugu-
rated as President of the United States, to serve
until January 2025. In addition to securing the
presidency, his party (Democrats) won control
of both chambers of Congress after a runoff
election in the state of Georgia, and action on
climate is one of the Biden administration’s
four priorities. However, as Lienke and Schwarz
already pointed out in “Climate Policy Archi-
tecture in the U.S.”’, this does not mean that
the new administration has a legislative path to
climate action at scale. There is a major hurdle
facing the new administration, namely the fili-
buster, a procedural device that can be used
to block legislation and can only be overcome
if 60 Senators vote to advance the legislation.
They also go on to conclude that the razor-thin
margin between Democrats and Republicans in
the Senate makes it unlikely that legislation will
come out of Congress or that Congress would
even vote to eliminate the filibuster.

There is certainly the possibility of significant
legislative progress directed at climate change,
perhaps through a broader package addressed
at infrastructure or energy for example, as high-
lighted by the Biden team in its plans. But, as has
been the case for many prior presidents (Kagan,
2001), the Biden administration will also need to
focus on making policy at the agency level by
taking actions within existing statutes.

Within that environment, the Biden admin-
istration is taking steps to flex its muscles
through its agencies, laying out many
of its priorities in two key documents:

1 https://perma.cc/6A34-K5TN

2 https://perma.cc/JV88-L7TKIK
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c The Biden Plan for a Clean Energy Rev-
olution and Environmental Justice'

c Build Back Better: Joe Biden’s Jobs and
Economic Recovery Plan for Working Fami-
lies®.

To accomplish those priorities, there are two
broad categories of actions that his adminis-
tration can and seems likely will take to address
climate change aggressively, namely, using its
authority to make changes that cut across many
different administrative agencies and also using
its authority to address specific sources of emis-
sions through specific agency actions.

Cross-Cutting Actions

In the first category of actions, the Biden admin-
istration can take steps that will have cross-cut-
ting impact across different regulatory regimes,
starting with elevating the importance of science
within the cabinet (Zimmer, 2021). The cabinet
is staffed primarily with Senate-confirmed heads
of all of the major agencies and serves as the
president’s closest advisory committee. Elevat-
ing accountability for science-based policy and
actions that address climate change, in particular,
to the cabinet level thus sends a strong signal of
the issue’s importance.

The non-governmental Climate 21 Project rec-
ommended numerous “cross-agency initiatives”
including requiring agencies to “account for
climate in their procurement decisions, strategic
planning and performance management” and
focusing on building back the budgets for agen-
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cies that have endured cuts as well as significant
staff retirements for years (Biden for President,
2020). In addition, President Biden’s focus on
equity and environmental racism will ensure
that all agency actions pay attention to pollution
that “disproportionately harm(s|] communities
of color and low-income communities” and
that they use an “inclusive, community-driven
process” (Biden for President, 2021b).

Another cross-cutting action is the adminis-
tration decision to rejoin the Paris agreement’,
committing the federal government to across-
the-board cuts in greenhouse gas emissions (Ac-
ceptance, 2021). One key issue in this area will
be that the electricity market has moved away
from coal and towards natural gas, helping bring
about significant reductions in carbon emissions
(US. Energy Information Administration, 2020).
But with the Biden’s administration’s net-zero
goal, the agencies will all need to look for ways
to move away from gas as well—and should
be particularly cognizant of the need to avoid
entrenching gas (Carter & McEnaney, 2019).
Working with states and State Attorneys General
will be crucial to this effort.

And yet another important cross-cutting priotity
will be to roll back Trump-era regulations that
sought to restrict how agencies use science, such
as EPA’s Trump-era rule governing cost-bene-
fit analysis (Hijazi, 2020) and another new rule

governing use of scientific studies (Lee & Hijazi,
2021).

One way to support regulatory regimes addressed
at cutting greenhouse-gas emissions across agen-
cies is to provide a tool to value the benefits of
reducing the emissions. With that tool, agencies
can provide strong economic justifications for
their climate-related rules, which scholars have
found aids them in court (Cecot, 2019). In 2009,
the Obama administration assembled experts
from a dozen federal agencies and White House
offices to “estimate the monetized damages as-
sociated with an incremental increase in [green-
house gas| emissions in a given yeat” based on
“a defensible set of input assumptions that are
grounded in the existing scientific and economic

literature.” (Interagency Working Group, 2010).
The interagency group produced estimates that
agencies could use to value the damages from an
additional ton of carbon emissions (Interagency
Working Group, 2016). The Obama administra-
tion’s estimates were repeatedly endorsed by re-
viewers as based on the best available evidence
(Revesz, 2017; Nat’l Acad. Sci., 2017; Nat’l
Acad. Sci., 2016; Gov’t Accountability Office,
2014) and their use was upheld as in 2016 court
case (Zero Zone, 2010).

The Trump administration disbanded the inter-
agency group and adopted an “interim” number
that purported to estimate domestic-only climate
damages (Exec. Order, 2017). But a court has
since held that reliance on that “interim” number
was unreasonable (California, 2020). Now the
Biden administration can endorse the best avail-
able science and update the numbers to reflect
the latest and best data.

In sum, the Biden administration’s climate focus
will be felt across agencies. And while the Biden
climate plan is not a full endorsement of the
economy-wide plans in the Green New Deal (a
congressional package announced by Represen-
tative Alexandria Ocasio-Cortez of New York
and Senator Edward J. Markey of Massachusetts
in 2019) (Friedman, 2019), it nonetheless em-
braces the Green New Deal as a “crucial frame-
work.” In addition, it contains many similar el-
ements, including embracing the jobs benefits
and pushing for net-zero emissions, though on
a longer timeline than the Green New Deal (Be-
rardelli, 2020).

Addressing Specific Emission Sources
Through Agency-Specific Actions

A second focus of the new administration will
be to address specific emissions sources through
actions at specific agencies. Despite congres-
sional gridlock, much is possible under existing
statutes.

Starting with the Environmental Protection
Agency, a priority will be improving the green-
house-gas emission standards that apply to ve-

3 This is addressed more fully by Keohane in “American Climate Diplomacy: Past Performance and New Opportunities”.
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hicles. In the United States, the transportation
sector is the largest source of carbon emissions
(US. Energy Information Administration, 2020)
and the agency has well-recognized authority to
impose emissions standards restricting carbon
pollution (Massachusetts, 2007).

The agency also has authority under section
111(d) of the Clean Air Act to address green-
house-gas emissions at existing power plants
and other sources (42 US.C. § 7411.) Though
Obama-era restrictions on greenhouse gas emis-
sions were paused by the Supreme Court, there
are many routes available to EPA for designing
regulations that fall comfortably within the agen-
cy’s authority to regulate sources of a pollutant
that the agency has already found endangers
human health and welfare (EPA, 2009). And
as a result of the recent vacatur of the Trump
administration’s rollback of the Obama regula-
tions, the new administration has an opportunity
to begin anew.

The Department of Interior can also make
changes in policies regarding mineral extraction
and drilling (Hein, 2020). For example, it can
rely on discretion to reinstate a pause on new
coal and oil and gas leasing while it conducts a
long-delayed programmatic review of both the
royalty and environmental impacts of new coal
leases (Department of Interior, 2016). And it
can pause permit decisions, keeping any drilling
from occurring (Dlouhy, 2021).

Other agencies have a role to play as well. For
example, the agriculture industry contributes
significantly to total greenhouse gas emissions
(EPA, 2018). The Department of Agriculture,
the primary regulator for significant aspects of
food and agriculture, has significant steps it
could take to address climate change, including
helping rural communities become more resil-
ient (Clarke, 2021). The White House Council
on Environmental Quality will likely update its
guidance on the building sector (Clarke, 2020)
and on environmental reviews (Brugger, 2020)
to address climate change. The Department of
Transportation has infrastructure work it is likely
to prioritize (Joselow, 2021). The Security and
Exchange Commission is likely to push private
companies to disclose climate-related risks (Ho,
2020). And the Federal Energy Regulatory Com-

mission has options for more affirmatively ad-
dressing climate (Unel, 2020), through pipeline
permitting (Bell, 2020), carbon pricing (FERC,
2020), and pulling back on federal policies that
harmed states seeking to promote clean energy
(Frosh, Jennings, & Grewal, 2020), among other
policies.

Across agencies, the Biden administration will
need to move fast and will need to ensure that
it complies with procedural rules governing ad-
ministrative changes (Davis Noll & Jacewicz,
2020). But by following these rules, the admin-
istration is well-placed to make significant prog-
ress on climate in the coming months and years.
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Introduction

Joseph R. Biden is the first US. President to
have campaigned on a climate agenda — making
climate one of his top four priorities, releasing
an ambitious and comprehensive plan, and high-
lighting climate in his campaign ads. At the same
time, the new administration must overcome a
deep credibility deficit abroad. The actions of
the Trump Administration — withdrawing the
United States from the Paris Agreement on
climate change and seeking to roll back emis-
sions standards put in place by the Obama Ad-
ministration — have not only stalled progress
in reducing emissions, but have also under-
mined America’s standing abroad, and fueled
heightened skepticism about the staying power
of America’s commitment to multilateralism.
Meanwhile, other major emitters have assert-
ed greater leadership, including the European
Union (long at the forefront of climate action)
as well as China.

While recent years have shown that the United
States is not indispensable to global climate
action, it remains well-positioned to play a
leadership role. The US. is the second-largest
greenhouse gas emitter (accounting for 13%
of global greenhouse gas emissions in 2017)
and still the largest historical emitter (respon-
sible for roughly one-quarter of cumulative
greenhouse gas emissions).! As the world’s
largest economy, the U.S. wields significant “soft
power” through trade, finance, and development
policies. And the US. has a history of interna-
tional leadership as well as strong foreign policy
institutions accustomed to playing this role.

1  See emissions data at www.c2es.org/content/international-emissions
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Past performance: America’s contributions to
international climate action

Although United States climate policy has been
inconsistent, its leadership has often proven crit-
ical, particularly in three areas: (1) innovation
on incentive-based environmental policies; (2)
the Paris Agreement on climate change; and (3)
the development of a range of pluri- and mul-
tilateral approaches to climate action during the
Obama Administration.

Incentive-based environmental policies

In the 1990s, the United States played a key
role in pioneering environmental policies that
harness economic incentives to cut pollution at
lower cost while spurring technological inno-
vation. The 1990 Clean Air Act Amendments
created the worlds first large-scale emissions
market, the Acid Rain Program. The program
(and its market-based successor the Cross-State
Air Pollution Rule, promulgated in 2011) cut
US. sulfur pollution from electric power plants
by 86%, dramatically reducing acid deposition
and contributing to a dramatic fall in fine pat-
ticulate pollution (known as PM2.5) across the
eastern United States, saving hundreds of thou-
sands of lives over two decades.” The success of
this program provided a model for greenhouse
gas emissions trading systems elsewhere, includ-
ing in the European Union, California, and most
recently China.

The United States government also advocated
for market-based measures in the international
arena. The George H.W. Bush administration

2 Data on emissions and acid deposition are available at epa.gov/acidrain/acid-rain-program-results. The 86% figure compares SO2 emissions
from electric power plants in 1990 to levels in 2015, the year that the Environmental Protection Agency’s Metcury and Air Toxics Standards took
effect and required essentially all remaining coal-fired generating units to install pollution abatement equipment that also cut SO2 emissions. Lives
saved based on the estimate of 17,000 premature deaths avoided annually in 2010, in Chestnut and Mills (2005).
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pressed successfully to include such approaches
in the first assessment report of the Internation-
al Panel on Climate Change (IPCC) in 1990 and
in Article 4.2(a) of the United Nations Frame-
work Convention on Climate Change, which
the Senate ratified in 1992.° Under President
Bill Clinton and Vice President Al Gore, the
US. secured the inclusion of emission trading
in Article 17 of the 1997 Kyoto Protocol. The
Protocol’s exclusion of rapidly-growing devel-
oping countries from emissions reduction obli-
gations, pursuant to the 1995 Berlin Mandate,
led to the US. refusal to ratify Kyoto." Never-
theless, the emission trading provisions played a
key role in the European Union’s development
of its Emissions Trading System (EU-ETS) and
laid the foundation for subsequent multilateral
market-based mechanisms, including the Carbon
Offsetting and Reduction Scheme for Interna-
tional Aviation (CORSIA) of the International
Civil Aviation Organization, and Article 6 of
the Paris Agreement, which creates a framework
for voluntary international cooperation through
carbon markets.

From Copenbagen to Paris

Barack Obama came into the White House
in 2009 having campaigned on an ambitious
climate target of cutting emissions 80% below
1990 levels by 2050. Although Congtess failed
to enact cap-and-trade legislation, the Obama
Administration played a key role in the develop-
ment, design, and negotiation of the landmark
Paris Agreement.

The first crucial step was at COP15 in Copen-
hagen. Although the conference itself ended in
failure, President Obama’s personal intervention
helped to salvage the Copenhagen Accord, which
— despite initially lacking formal legal status — set
the stage for subsequent progress (Harvey et al.,
2009). By securing emission reduction pledges
from China and other emerging economies, Co-
penhagen in effect revoked the Berlin Mandate.

3 See Chapter 7.3, “Economic mechanisms’

Two years later, at COP17, the Durban Platform
established a mandate to negotiate a new “pro-
tocol, another legal instrument, or an agreed
outcome with legal force” that would be “ap-
plicable to all Parties” — a key phrase that owed
a crucial debt to Copenhagen and represented a
triumph of US. climate diplomacy.” By moving
past the developed-vs-developing country divide
that had crippled Kyoto, Durban set the stage
for a much more ambitious, effective, and com-
prehensive accord in Paris.

The Obama administration then played a key role
in the negotiations leading up to COP21 in Patis.
The relationship with China was particularly im-
portant, starting with the Obama-Xi summit in
2013 and culminating in the joint announcement
of intended nationally determined contributions
in November 2014.° The alignment of the so-
called “G2” (which also included agreement on
key language referring to “common but differ-
entiated responsibilities and respective capabili-
ties, /1 the light of different national circumstances”;
emphasis added) played a crucial role in paving
the way for agreement in Paris.

The US. leaned in on climate diplomacy in
myriad other ways as well, establishing the
Major Economies Forum and helping to form
the High Ambition Coalition. President Obama
himself engaged in direct and targeted diploma-
cy to world leaders (Goldberg, 2015). Of course,
many others made critical contributions to the
Paris outcome — foremost among them the
French COP Presidency, whose combination of
gracious hospitality and skillful diplomacy was
instrumental in securing the agreement. None-
theless, American leadership was a critical ingre-
dient of the success in Paris.

Finally, the US. shaped the fundamental design
of the Paris Agreement’s mitigation provisions.
The use of “nationally determined contribu-
tions” — targets that are determined by countries
themselves from the bottom up, rather than

’, in Intergovernmental Panel on Climate Change, Climate Change: The IPCC 1990 and 1992

Assessments (Wotld Meterological Organization & United Nations Environment Programme, 1992), p. 139ff; and United Nations Framework
Convention on Climate Change, May 9, 1992, S. Treaty Doc No. 102-38, 1771 UN.T.S. 107.

4 Berlin Mandate, UNFCCC Decision 1/CP.1, Betlin, April 7, 1995. The Byrd-Hagel Resolution (S. Res. 98, 105th Congtess, 1st Session),
passed by a vote of 95-0 on July 25, 1997, declared the sense of the Senate that the US. not sign the Kyoto Protocol unless it also mandated

emission reduction commitments for developing countries.

5 Durban Platform, UNFCCC Decision 17/CP.1, Durban, December 11, 2011.

6 “US China Joint Announcement on Climate Chanoe Beijing, 12 November 2014, https:
ffi

obamawhitehouse.archives.gov/the-press-
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through top-down negotiations — can be traced
to US. thinking. An equally significant U.S. con-
tribution to the accord is its emphasis on rigor-
ous and transparent monitoring, reporting, and
verification (MRV) — known as the “transparen-
cy framework.”

Mobilizing action in other forums

The Obama Administration helped secure the
Kigali Amendment to the Montreal Protocol in
2016, which leveraged the structure of one of
the world’s most successful multilateral environ-
mental agreements to secure a global phaseout
of hydrofluorocarbons (HFCs), powerful green-
house gases used in cooling, refrigeration, and
a range of industrial applications. The U.S. also
played key roles in the adoption of the CORSIA
program international aviation; the Climate and
Clean Air Coalition, which mobilizes public and
private sector action on short-lived climate pol-
lutants; and regional initiatives on climate, in-
cluding the North American Leaders Summit in
June 20106, where the leaders of Canada, Mexico
and the US committed to reduce methane emis-
sions from oil and gas production by 40-45%.”

Prospects for the future: International climate
policy in the Biden Administration

The Biden Administration enters office having
run on a strong climate platform, anchored by
a pledge to achieve net zero emissions across
the U.S. economy by 2050 and buoyed by signif-
icant and growing popular support for climate
action. Although most of the public focus of
the campaign was on domestic climate action,
the contours of possible international action are
beginning to come into focus.

The first contour line is defined by appoint-
ments. A Washington adage popularized in the
Reagan Administration is that “Personnel is
policy.” That phrase aptly describes the Biden
Administration’s whole-of-government approach
to climate change: In addition to creating a ded-
icated White House team, headed by National
Climate Advisor Gina McCarthy, to lead do-
mestic climate policy, the Biden-Harris team has
filled “traditional” roles with climate champions

— including Michael Regan as Environmental
Protection Agency Administrator, Janet Yellen
as Treasury Secretary, Pete Buttigieg as Secretary
of Transportation, Brian Deese as the Director
of the National Economic Council, and John
Finer as Deputy National Security Adviser.

Perhaps most importantly for internation-
al climate action, Biden has also named John
Kerry as Special Presidential Envoy for Climate
Change. As a former Secretary of State, Kerry
has the stature to represent the United States at
the leader level around the world — giving the
US. a full-time voice on climate at the highest
level.

The second contour line is given by Biden’s
Executive Order on his first day in office to
rejoin the Paris Agreement. Because the United
States can meet the legal obligations of the Paris
Agreement under existing authorities already
granted to the executive branch, it can accede to
the Agreement as an executive agreement rather
than a formal treaty requiring the advice and
consent of the Senate.

While formally rejoining the agreement is
straightforward, the U.S. must prepare and com-
municate a revised NDC. The Obama Adminis-
tration’s commitment to cut total U.S. net green-
house gas emissions 26-28% below 2005 levels
by 2025 became moot when the U.S. withdrew,
and is likely out of reach now given the recalci-
trance of the Trump administration. (Emissions
in 2019 were only 12% below 2005 levels.) De-
termining the new target will be the task for an
interagency policy process involving the White
House, State Department, EPA, the Depart-
ments of Energy, Transportation, Agriculture,
and Interior, and other departments and agen-
cies across the federal government.

As with the Obama Administration, the watch-
words are likely to be “ambitious and credible.”
Ambition must be evaluated in light of Presi-
dent Biden’s net-zero-by-2050 pledge as well as
the recent commitments by the EU to cut emis-
sions 55% below 1990 levels by 2030, by Japan
and Korea to reach net-zero by 2050, and by
China to achieve carbon neutrality by 2060. A

7 Full statement at: https://obamawhitehouse.archives.gov/the-press-office /2016/06/29 /leaders-statement-north-american-climate-clean-

cncr;r\unndfcnvimnmcm.
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straight-line trajectory from 2019 emissions to
net zero in 2050 would imply, at a minimum, a
43% reduction below 2005 levels in 2030. Envi-
ronmental advocates are likely to press for even
greater ambition given the need to demonstrate
leadership, the immediate emissions reduction
opportunities available in the power sector, and
recent advances in electric vehicles and other
low-carbon technologies. The administration has
said it intends to announce its NDC by April
22, when President Biden will host a (virtual)
Climate Summit from the White House.

The third and final contour line of likely U.S.
international climate policy is mobilizing action
in other forums beyond the Paris agreement.
Likely areas of focus include protecting tropical
forests; phasing out coal around the world; co-
ordinating efforts to achieve deep reductions in
emissions of methane; and raising the ambition
of international aviation and maritime sectors.
In all these areas, the Biden Administration is
certain to anchor its approach in the core prior-
ities of economic recovery and social and racial
justice that were central to its campaign.

Conclusion

As America reengages in the world and recom-
mits to multilateralism, including on climate
policy, the Biden Administration will inherit
a mixed record that combines significant past
successes with a history of inconstancy. The
new administration will need to act on multi-
ple fronts to build confidence among America’s
allies and other countries around the world that
the nation’s newfound recommitment to climate
action will last beyond the next four years.

Administrative actions under existing authori-
ties such as the Clean Air Act will provide the
start. Such actions are more durable than typi-
cally imagined: most of the regulatory achieve-
ments of Obama’s first term, such as the 2012
Mercury and Air Toxics Standards, had taken
full effect before Trump took office, and the
efforts of the Trump Administration to over-
turn Obama-era actions were largely unsuc-
cessful, as demonstrated most spectaculatly
by the decision of the D.C. Court of Appeals
to strike down the Trump EPAs power plant
standards on Trump’ final full day in office.

Legislation that establishes enforceable limits
on carbon pollution, supported by investments
in low-carbon infrastructure, can drive deploy-
ment of wind and solar power, electric vehicle
charging stations, and other technologies —
changing the “facts on the ground” and locking
in the transition to a clean economy. Investment
in electric vehicle manufacturing, low-carbon
industry, and climate-resilient agriculture can re-
position key sectors of the economy toward a
net-zero future. And continued leadership from
states and cities — which maintained momentum
on climate action during the Trump Administra-
tion — can demonstrate that U.S. climate prog-
ress does not depend solely on Washington.

With strong and concerted action, the Biden
Administration can put the country firmly on a
trajectory to net zero by midcentury — building
on and extending America’s legacy of accom-
plishment, while ensuring durable and lasting
change.

Note

The author thanks Frank Convery, Jill Duggan, Robert Keohane,
Suzi Kerr, Kelley Kizzier, and Annie Petsonk for helpful comments,
without implicating them in remaining errors.
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Inequality is back on the public agenda

Since the financial crisis of 2007-2008, there has
been a renewed interest in the high, and often
rising levels of income and wealth inequality
around the world, and the harm such inequality
may do to welfare and social cohesion (Stiglitz,
2012).

Distributional concerns are crucial for success-
ful environmental policy

If a policy, say for a carbon tax, has regressive
effects—imposing a larger burden on those with
less economic resources—that may not only be
undesirable. It can also pose a major obstacle to
public acceptance of said policy. In France, the

0.6

yellow vest protests of 2018-2019 were motivat-
ed in part by concerns about the unfair burden
of fuel taxes. During Germany’s most recent
catbon tax deliberations, concern for lower
income households, but also for groups such
as car commuters, was again a central element
(Edenhofer et al., 2019). The perceived fairness
of an environmental intervention has a measur-
able impact on how it is evaluated (Dietz & At-
kinson, 2010; Douenne & Fabre, forthcoming).

And so it is welcome that economists are
paying more attention to inequality

Economists, including many EAERE members,
have been studying inequality for decades. But
the topic has drawn particular interest of recent,

m AllEconomics = ERE / REEP / JEEM / JAERE
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Figure 1. Number of articles on inequality divided by number of articles on efficiency.
Source: Web of Science topic search for “inequality”/ “distributional” and “efficiency”/ "efficient”. ERE: Environmental and Resonrce

Economics, REEP: Review of Environmental Economics and Policy, JEEM: Journal of Envir tal E¢

jes and Management,
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which we see in our academic journals. Figure 1
shows the average number of economics papers
mentioning inequality divided by the number
of papers mentioning efficiency. We witness a
strong increase in the relative weight of inequal-
ity. Between 1991-2000, the ratio was around
0.3—there were on average three papers on in-
equality for every ten papers on efficiency. This
has risen to five in the past decade. We see a
similar trend in four journals specialised in envi-
ronmental and resource economics. Whereas in
the 1990s, there was less than one paper on in-
equality for every ten papers on efficiency, there
are now more than two.

The role of inequality in environmental and
resource economics is complex

Our current understanding of the inequality-en-
vironment nexus may be grouped into four
channels. First, the distribution of environmen-
tal amenities, natural resources and pollution
is often correlated with income and wealth.
Second, the degree of economic inequality can
itself have effects on environmental outcomes.
Third, the costs and benefits of environmental
policy are often borne unequally. And finally,
fourth, both the distribution of environmen-
tal quality and economic inequality change the
welfare considerations underlying policy apprais-
al. There is a substantial literature on each of
these four channels. We attempt a systematic
overview in a recent review article (Drupp et al.,
2021). In what follows, I offer some selective
considerations.

Better data continues to improve our under-
standing of location and scale

Take local air pollution as an example. We know
that air quality tends to be worse in low-income
and otherwise disadvantaged neighbourhoods
(Banzhaf et al., 2019). We also know that this
association varies with scale (Hsiang et al.,
2019). Across neighbourhoods in a given city,
the association between income and pollution
is often negative. But compare cities to rural
areas, which have both less pollution and lower
incomes, and the sign flips. The scale of analysis
changes the result and quite possibly the policy
implications. Location matters, too. The pattern
may look different in Italy from what we find in

France ot the United States. Much work remains
to be done, making use of ever more granular
data and exploring new locations.

Distributional effects involve multiple
mechanisms

Take carbon pricing as an example. We know
that, at least within rich countries, the initial inci-
dence from higher prices may affect consumers
with lower incomes more. They spend a higher
share of their incomes on energy-intensive ne-
cessities such as heating and electricity, result-
ing in this regressive use-side effect (Grainger
& Kolstad, 2010). We also know that revenue
recycling, for example through a carbon divi-
dend, can overturn that result (West & Williams,
2004; Klenert et al., 2016). More recently we
have learned more about so-called source-side
effects—changes to factor incomes and espe-
cially jobs. They may well be progressive, falling
harder on capital- and emissions-intensive indus-
tries (Rausch et al., 2011; Goulder et al., 2019).

Feedback effects matter

Consider again air pollution. We might be
tempted to see better air quality in richer neigh-
bourhoods as merely a symptom of economic
inequality—richer households pay a premium to
breathe better air. But what if pollution expo-
sure leads to lower productivity (He et al., 2019),
in turn exacerbating economic inequality? Or
what if the rich lobby to preserve the air in their
neighbourhoods (Hamilton, 1995)? Similar feed-
backs exist in pricing carbon. Carbon dividends
may well render the policy progressive. But re-
distributing income in turn affects consumption.
If consumers with lower incomes use the addi-
tional income to buy more emissions-intensive
goods, think again electricity or heating fuel,
redistribution may inadvertently raise emissions,
as I find in my thesis (Sager, 2019a). With such
feedback effects, focussing on just one direction
of the inequality-environment relationship will
not suffice.

Context matters
Much of the work on the distributional effects

of climate policy has focused on the distribu-
tion across income groups within a single, rich
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country (Grainger & Kolstad, 2010; Rausch et
al., 2011). But we know that there are important
differences in distributional dynamics between
countries. Energy taxes may be regressive in rich
countries, but progressive in some developing
ones (Sterner, 2012; Dorband et al., 2019). It is
important to evaluate each proposed policy in its’
context. We still lack evidence on distributional
effects of climate policy in many countties.

There is value to taking a global perspective

Many climate policy efforts are regional, such
as the EU Emissions Trading Scheme, or even
global, such as the Paris accord. Yet we know
that multinational coordination can be hindered
if some parties perceive the burden as unfair, or
claim so for strategic reasons (Lange et al., 2010;
Tavoni et al., 2011; Bretschger, 2013). It can be
helpful to take a global perspective. In my thesis,
I asked how the cost of carbon pricing is dis-
tributed globally—both between countries and
across income groups within them. Some of
the findings at the national level are reversed at
the global scale (Sager, 2019b). Where you live
tends to be more important than your position
in the income distribution, at least for the initial
use-side incidence of carbon pricing. Chinese
consumers purchase mainly Chinese goods. And
these are produced in more emissions-inten-
sive value chains than the goods putrchased by a
Swedish consumer. But I also confirm the pos-
itive role of carbon dividends at a global scale.
The costs net of carbon dividends ate strongly
pro-poor across the world income distribution,
even without international transfers.

We cannot escape normative deliberation

Even when we understand all inequality-envi-
ronment linkages, we usually need to take nor-
mative positions when choosing among policy
options. We often do so implicitly, such as when
deeming it desirable that one policy has pro-
gressive effects and undesirable that another is
regressive. But explicit welfare economic analy-
sis is important. In many cases, the initial distri-
bution of environmental quality will matter for
the evaluation of marginal damages (Hsiang et
al., 2019). And economic inequality may in turn
affect the aggregate willingness to pay for en-

vironmental quality (Baumgirtner et al., 2017).
Considering again climate change, income in-
equality within countries may even alter the
social cost of carbon (Kornek et al., 2019).

While we already know a lot, there is still
much to learn

It is heartening to see the growing interest in the
interplay between economic inequality and envi-
ronmental policy shown in Figure 1. But there is
another reading of Figure 1, namely that there is
still a significantly larger share of papers on in-
equality in the Economics discipline as a whole
than there is in our community of environmen-
tal and resource economists. There certainly is
room for more work in this domain.
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virtual EAERE conference.

Environmental Economics: A science in the
climate crisis

Environmental economics has achieved a lot
since Pigou published “The economics of
welfare” about 100 years ago. Powerful concepts
and tools were created and often implement-
ed. In stylized economic models the solution
to environmental problems is straightforward:
price the externality, cooperate, pay transfers if
you mind distribution. Nevertheless, the human
pressure on natural systems has continuously in-
creased such that geologists now proclaim the
epoch of the Anthropocene. Today, humanity
is causing and facing aggravating environmental
destruction of previously unknown extent. The
approaching climate catastrophe, accelerating
biodiversity loss and aggravating pollution from
plastic or other waste directly come to mind but
by far do not depict a complete list.

Particularly the imminent climate catastrophe
calls for immediate and extensive policy inter-
vention. Surely, the merits of a global price on
carbon emissions are undisputed among econo-
mists. The 2019 EAERE statement on carbon
pricing counts more than 1750 signatories, in-
cluding the authors. Unfortunately, in reality,
a global carbon price is still far out of scope
despite being strongly advocated for more than
two decades. Today, only about a quarter of
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Ministry of Economic Affairs and Energy where he contributes to the conceptualization
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global emissions are covered by carbon pricing
(World Bank 2020); only a handful of countries
have implemented carbon prices exceeding 40
USD, which is the lower bound of the necessary
carbon prices in 2020 to likely keep warming
below two degrees according to the IPCC
(2014). Additionally, not only the implementa-
tion but also its continuation has some pitfalls.
The 2018 Yellow Vests protests in France and
Australia, which repealed its carbon tax after just
two years are warning examples.

Beyond the “first-best”

Insisting on a global carbon price might be
not very helpful or even counterproductive
for policy advice if it is politically infeasible. A
global carbon price faces implementation barri-
ers due to the inherent and well-studied collec-
tive action problems and is particularly hard to
achieve where the trust in the political system
is low (Klenert et al. 2018) or where there is a
general objection to market-based instruments.
Empirically, we observe that the most successful
pollution reductions have often been achieved
with alternative policies rather than the praised
tax or cap and trade instruments. The Montreal
Protocol that bans ozone layer depleting sub-
stances is the prime example of successful co-
operation and effective policy. Furthermore, the
public funding of research and development is
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often fundamental to technological and societal
transitions. Last but not least, a great contribu-
tion to decarbonization was achieved by govern-
ments’ financial support of renewable energy
technologies like wind and solar photovoltaics.
It is at least questionable whether a carbon price
could have achieved a similar renewable energy
deployment dynamic. If well-designed, such re-
newable energy subsidies may be almost as effi-
cient as carbon pricing (e.g. Abrell et al., 2019),
offering a way forward if the latter is politically
out of reach.

Even if it is implemented, a carbon price does
not do the entire job. The efficiency of carbon
pricing might be compromised by the well-stud-
ied challenges of transaction costs, uncertainty
or path-dependence. In particular, economic
approaches for (dis)incentives rely on well-in-
formed, rational actors. While the assumption
of rationality is surely reasonable for (large)
firms, the manifold situations where private in-
dividuals do not base their decisions on return
on investment calculations cannot be overcome
with monetary incentives only. Furthermore, in
multi-level governance systems, governments
could dilute the effects of a global carbon tax
by introducing counteracting policies on a (sub-)
national level. Where today lower-level govern-
ments have incentives to abstain from joining
a multinational pricing scheme, under a global
price it could be rational to offset the price by
redistributing its revenues as subsidies. As a con-
sequence, a global, unified carbon price would
not be sufficient to drive the needed ecological
transition but needs to be complemented by ad-
ditional measures.

We, therefore, argue that our community of (en-
vironmental and tresoutce) economists should
pursue a twofold strategy:

() Explaining the first-best and building support. This
includes researching how the various design
options of pollution pricing can contribute to its
public acceptability as well as informing policy-
makers and the general public on the functional-
ity and merits of price instruments to contribute
to its political feasibility.

(i) Researching non-first-best instruments. This means
to simultaneously foster research on alternative

instruments for an imperfect world, with its cur-
rently prevailing institutions, actors and political
or societal preferences. Research in this direction
could equip and guide those actors who want
to move forward on climate change mitigation
now.

Example: Renewable energy policies in federal
government systems

Let us illustrate the second point by a research
example on renewable energy (RE) policies
in multi-level government systems (Meya and
Neetzow, 2019), although many others could
have been chosen. In most world regions, there
are several nested levels of governance, whose
RE targets and support instruments may differ.
In setting targets, lower-level governments might
be interested in co-benefits and economic de-
velopment within their jurisdiction while up-
pet-level governments focus on overall national
welfare. In fact, all countries of the European
Union use between two and six RE support in-
struments and are characterized by overlapping
national and lower-level RE policies (Del Rio &
Mir-Artigues, 2014).

In Meya and Neetzow (2019) we ask: (i) How
are incentives for lower-level governments to
support RE affected by the upper-level policy
instrument(s) in place? (ii) In which circum-
stances can the overlapping provision of RE
support by “upper” and “lower” governance
levels be efficient? The research contributes to
the understanding of overlapping policies in
multi-level government systems for pollution
control (Williams III 2012, Ambec and Cotia
2018, Coria et al. 2018) or renewable support
(Meier & Lehmann, 2020) and thus provides in-
sights on instruments beyond a carbon price.

In our analytical model of optimal RE policy
design, an uppet-level federal government and
multiple lower-level state governments simulta-
neously choose their level of RE support. On
the federal level, we analyze the two most prom-
inent RE policies: a nationwide price instrument
(feed-in tariff, FIT) and a nationwide quantity
instrument (capacity auction). On the state level,
we consider a multitude of implicit RE support
measures, equivalent to and expressed by a
single yet state-specific financial subsidy per unit
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of capacity. The costs of the federal RE policy
are exogenously distributed among all states. For
given federal and state-level policies, competitive
suppliers decide on the deployment of RE ca-
pacity (Figure 1). RE deployment in one state
can cause positive externalities for other states
(spillover benefits); as well as negative (cost) ex-
ternalities, by increasing their burden of financ-
ing federal RE policy.

We find that whether the federal government
chooses either a price or a quantity instrument
changes the incentives for states to implement
their own RE support measures, as well as the
circumstances under which overlapping RE poli-
cies are efficient. While price and quantity instru-
ments are equivalent if the upper-level govern-
ment implements a single nationwide policy, this
does not hold if lower-level governments im-
plement additional RE support. Our key results
are: () With a federal FIT, a state’s subsidy is

o g burden
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Figure 1. Modelling set-up for two-level government support for RE deployment.

inefficiently high (low) if its share in the mar-
ginal benefits from nationwide RE deployment
is larger (smaller) than the state’s relative burden
share. (ii) With a federal auction, a state’s subsidy
is inefficiently high (low) if its RE capacity share
is smaller (larger) than its relative burden share.

These results are directly relevant to the efficient
design of RE support schemes in multi-level
governance systems. The efficiency of a price or
quantity instrument and the incentives for state
RE policies will depend on how the burden is
distributed among states. States can have incen-
tives to offer subsidies that are too high or too
low, leading to surplus or deficit RE capacity,
respectively. Under FIT, a state can reduce its
burden share by reducing its subsidies, as this
will cause a reduction in nationwide RE capacity.
This strategy does not work under an auction
system as capacity is fixed. Here, however, a
state can reduce its burden share by increasing
state subsidies, thereby reducing the national
quota price. As a consequence, federal FIT or

auction-based policies give rise to opposing pol-
icy-setting incentives at the state level.

Making climate policy work

Despite some encouraging national carbon
pricing initiatives, it is highly unlikely that a global
carbon price will turn the tides for climate mit-
igation efforts in the 2020ies. While its general
idea should not be abandoned, we need increas-
ing openness and research focus towards alter-
native instruments and various design options.
As Klenert et al. (2018, p. 670) aptly coin it “[|]
essons about equity and efficiency from tradi-
tional economic analyses are of little value if
carbon pricing cannot be implemented”. Since a
strong policy response is needed in this decade
to get on track for the Paris climate goals, re-
search on implementable second or third-best
policies will find more resonance than studies
on an optimum that remains hypothetical. e
can’t abways get what we want. But if we try sometines
and offer scientific advice on the efficiency and
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equity of such second-best policies, we just might
find that in times of accelerating environmen-
tal change these will regularly be less expensive
than the cost of inaction. And thus, researching
the imperfect can make us hopeful that we get
what we need.

Note

This article reflects only the personal opinions of the authors. It was
written, in part, by Paul Neetzow in leisure time as part of his ongoing
hobby to do research.
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To this day, approximately 52 million square km
of earth land surface is drylands. Drylands are
defined as zones where the total amount of pre-
cipitation is balanced by the evaporation from
the surface and by the natural transpiration of
the plants. This “right” balance between precip-
itation and water evaporation is pivotal for the
biological productivity of the land.

The economics effects of global warming on
different areas of the world have been a central
question in the recent economic literature. To
the best of my knowledge, there is an exten-
sive number of studies dealing with the eco-
nomic and social impacts of reduced rainfalls
and higher temperature both at a macroeco-
nomic and at a micro perspective. For instance,
Maccini and Yang (2009) study the long-term
effects of variations in rainfalls in Indonesia
and find a positive impact of precipitation on
the heath and wealth of individuals who have
grown up during years with higher precipita-
tions. A recent study by Peri (2019) find that
rising temperatures reduce rural-urban mi-
gration in poor countries while the opposite
effect is shown for middle-income countries.
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However, taken alone, total precipitation is a
poor measure of the dryness of a given loca-
tion. This because if a particular zone is charac-
terized by high but variable amount of precipi-
tation throughout the year, as well as, excessive
heat and high humidity levels, then this zone
might be more arid compared to a zone with
lower levels of precipitation but characterized by
lower temperature and humidity.

Figure 1 below shows that, while the recent
trend in total precipitation (Panel A) has de-
creased in most areas of the word, in particu-
lar in Africa and countries of the Middle East;
large parts of Latin America and South-East
Asia have experienced an increase in precip-
itation compared to their historical average.
On the other hand, Panel B shows that the
increase in precipitation levels experienced in
Latin America and South East Asia was accom-
panied by higher potential evapotranspiration.

If the increase in precipitation in those areas is
accompanied by a higher increase in the evapo-
transpiration of the soil, then based on the
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Figure 1. Global distributions of percentage changes (%) in (a) Precipitation, and (b) PET, taken as the difference between
the present day (2000—2015) and the historical average (1900—1980).
Notes: Secular data for precipitation and PET are retrieved from Fu et al. (2016)
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results achieved by the economic literature we
might be tempted to conclude a positive eco-
nomic impact. Nevertheless, the zone might
have become more arid.

Therefore, to have a better measure of the
dryness of a particular area, total amount of
precipitation needs to be divided by the poten-
tial evapotranspiration of the soil. This ratio is
defined as the Aridity Index (AI). The Al is a
simple but convenient measure of the actual
water availability of the soil. Higher levels of
evapotranspiration of the soil lead to more arid
land (at a given level of precipitation). In par-
ticular, Potential Evapotranspiration (PET) is
defined in Kirkham (2014) as a measure of the
“drying power” of the atmosphere to remove
water from land surfaces by evaporation (e.g,
from the soil and plant canopy) and via plant
transpiration. PET is calculated by method of
Penman, and considers different variables such
as atmospheric humidity, solar radiation, and
wind. All of them are affected by climate change
(Salem et al., 1989). More recently, Cowley et al.
(2017) highlight the different impacts or rainfall
and potential evapotranspiration soil moisture
on different regions of the world. Consequently,
the major difference between Precipitation and
Aridity is that if PET is greater than P, then the
climate is arid. Of course, anomaly water deficits
may also occur over shorter time periods, e.g.,
seasonally, or monthly, which are called droughts
depending on their intensity and duration.

A decreasing aridity (i.e., the land becomes drier
which is largely predicted for future decades) may
lead to a loss in agricultural output and produc-
tivity. Less developed countries might, as a result,
suffer the most (Dell, 2012). While the direct
effects of global warming are likely to be only
marginal for more advanced economies which
mainly rely on the tertiary sector, the effects
of higher temperature, higher precipitation and
evaporation will substantially affect low and
lower-middle income countries which predom-
inantly rely on agricultural output and livestock.

The World Atlas of Desertification (WAD) uses
the Aridity Index to classify five subtypes of
arid lands or drylands, namely:

. Hyper-arid, or desert (Al < 0.05)

©  Arid (0.05 < AI < 0.2)
Semi-arid (0.2 < AI < 0.5)

«  Dry subhumid (0.5 < AI < 0.65)
+  Humid (AI > 0.65)

The process in which the biological activity of
drylands decreases is called “desertification” or
“soil aridification” and corresponds to lower
levels of Al During the last forty years the
process of desertification has accelerated by
more than 30 times his historical rates (United
Nations Convention to Combat Desertification,
2020). The principal factors of soil aridification
are farming and human activities which clear
away trees and other vegetation.

Huang et al., (2016) show how by the end of
the present century dryland areas will increase
between 11% and 23%, based on different
future carbon emissions scenarios, relative to
1961-1990 baseline. Such an expansion of dry-
lands would lead to reduced carbon sequestra-
tion and enhanced regional warming, resulting
in warming trends over the present drylands
that are double those over humid regions. The
increasing aridity, enhanced warming and rapidly
growing human population will exacerbate the
risk of land degradation and desertification in the
near future in the drylands of developing coun-
tries. A more recent study by Park (2018) also
shows that aridity is projected to decrease (that
is, areas will become drier) as a consequence of
anthropogenic climate change. However, Park
(2018) points out that accomplishing the 1.5°C
temperature goal will substantially reduce the
likelihood that large regions will face substantial
aridification and related impacts. Moreover, Fu
et al. (2016) also show the differences between
precipitation and potential evapotranspiration
using grid cell data for the whole world.

For this reason, recently there has been a growing
literature focusing on the differences between
rainfall and aridity. To this regard, one of the
first studies is Sherwood et al. (2014) in which
they distinguish between droughts, which are
transient regional extreme phenomena typically
defined as departures from a local climatologi-
cal norm that is presumed known, from the so-
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Figure 2. Global distributions of percentage changes (%) in the Aridity Index, taken as the difference between the present

day (2000-2015) and the historical average (1900—1980).

Notes: Secular data for precipitation and PET are retrieved from Fu et al. (2016)

called “background” dryness. The latter beside
being a function of the amount of precipitation,
also depends on how fast water would evaporate.
The example is that one main consequence as
the planet warms is that global average rainfall is
predicted to increases. On the other hand, evap-
oration will increase as well. As a result, the net
impact of the two forces on average aridity is
uncertain.

The effects of soil aridification caused by human
induced climate change on different economies
are a novel question for economists and social
scientists and, to the best of my knowledge,
the economic literature focusing on this topic is
still young and growing. One of the first papers
is Harari and La Ferrara (2018), in which they
assess the incidence of the potential evapotrans-
piration (called SPEI, which stands for Spatial
Potential Evapotranspiration Index) on the onset
of conflicts in Africa. However, no studies have
exploited the relationship between aridification
and development, as well as, on crop production.

To cleatly assess the effects of soil aridification
on economic growth, I exploit a 56km-by-56km
grid cell level dataset covering the whole world at
annual frequency during the period 1990-2015.

The mechanisms behind the economic effects
of desetrtification

I analyze the channels through which desert-
ification impacts the economic development
by using spatial time series data on total yields
available for four major water-intensive crops,
namely maize, rice, soybean, and wheat. Specifi-
cally, I use worldwide data on harvested area and
yield for four the major crops from three time
periods between 1995 and 2005. Time series
spatial data on crops are from Ramankutty et al.
(2002). The reasoning behind is that if a partic-
ular area experiences substantially less precipita-
tion in a given year (or changes in humidity or
temperature, wind speed or even UV radiations,
which determine an increase in PET) then, the
yield of certain crops could be negatively af-
fected. This in turn, will translate to economic
losses. A number of theoretical and empirical
economic contributions provide relevant in-
sights for this interpretation (Parry, 2019; Burke
et al., 2015; Dell et al., 2014; Tol, 2009).

I show that areas that have become more arid
(i.e., the Al has decreased) are associated to a
reduction in GDP per capita and in net migra-
tion flows. The effects of desertification are
more pronounced in poor African countries
relying predominantly on agriculture. Finally, I
show that variations of the Aridity Index are
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significant predictors of crops yield at grid level,
as well. Overall, I provide a first step at under-
standing how human-induced climate aridifica-
tion greatly impacts the economic development
of areas which predominantly rely on agricul-
ture. Moreover, this example motivates the use
of the Aridity Index rather than Precipitation
only, to have a better understanding of the eco-
nomic impacts of climate change.
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