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Abstract

In this article we draw upon early lessons from the 2020 Covid-19 crisis and discuss how
these may relate to a future research agenda in environmental economics. In particular,
we describe how the events surrounding the Covid-19 crisis may inform environmental
research related to globalization and cooperation, the green transition, pricing carbon
externalities, as well as the role of uncertainty and timing of policy inventions. We also
discuss the implications for future empirical research in this area.
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1 Introduction

The 2020 Covid-19 crisis has taken many people by surprise, both because few initially
expected such a pandemic, but also because only few could have possibly anticipated that
such drastic policy responses would be required or were even possible. In particular, at
the time of writing, the various lockdowns across the world have already had significant
implications not only for economic growth, but also for global supply chains, international
cooperation, government policy and the environment. In this paper we discuss some of
the lessons that we can already draw from the Covid-19 pandemic, and what they suggest
about how we may want to redirect some of our research in environmental economics. Our
focus here will be on globalization and cooperation, on the green transition with emphasis
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on government debt and stimuli, proposals for New Green Deals and other governmental
interventions, and what lessons Covid-19 has for empirical research in this area.

Many of the issues that we present here are clearly still speculative. However, the points
that we raise are based wherever possible on established results from the literature. In par-
ticular, as the pandemic is still ongoing, and since many of the articles that we cite are, as
of now, currently unpublished and thus have not gone through the usual rigorous process
of peer reviewing, we have decided to focus less on actual data but more on general lessons
and implications.

Making suggestions for a post-pandemic research agenda in environmental economics
based on the lessons learned from the pandemic that we are still in the midst of, is neces-
sarily highly subjective. There are many important issues that we will not touch upon, or if
then only briefly. Fortunately, these issues are covered to some degree by other contribu-
tions. These topics include, among others, potential changes in behavioural responses such
as social norms (van Bergeijk 2020; Howarth et al. 2020; Quaas et al. 2020), issues related
to health economics and disease transmission (Newbold et al. 2020; Brock and Xepapadeas
2020; Albers et al. 2020), food safety and availability (Kecinski et al. 2020), impacts on
the Market Stability Reserve (Gerlagh et al. 2020), animal disease and wildlife meat trade
(Aguirre et al. 2020), the valuation of lives and the economic costs and environmental ben-
efits of the lockdowns, stock price reactions (Ramelli and Wagner 2020) and linkages to
mobility patterns (Sirkeci and Yucesahin 2020).

This article is organized as follows. Section 2 discusses the lessons from the Covid-19
crisis for globalization and cooperation in the light of environmental concerns. Section 3
investigates the impact of Covid-19 on the green transition via the lockdown’s impact on
carbon emissions, on the proposed New Green Deal, on the role of government debt and on
the future pricing of carbon emissions. Sect. 4 discusses some further lessons that we draw
from the Covid-19 crisis so far, in particular implementability and timing of policies. In
Sect. 5 we study the empirical literature and draw lessons on its applicability and potential
pitfalls. Finally, Sect. 6 concludes.

2 Globalization and Cooperation

The World Trade Organization (WTO) issued its annual Trade Outlook in April 2020, not
long after the Covid-19 virus outbreak. The Director-General Azevédo said, the “numbers
are ugly” (WTO 2020). In its updated World Economic Outlook (IMF 2020), the IMF esti-
mates that world GDP may decrease by 4.9% in 2020. Alarming figures on international
trade are also found by Barry (2020). It is estimated that the pandemic will lead to a reduc-
tion in world trade of between 13 and 32%, a decline that surpasses the one caused by the
global financial crisis of 2008—09. Moreover, “[t]rade is likely to fall more steeply in sec-
tors characterized by complex value chain linkages, particularly in electronics and automo-
tive products. Services trade will also be highly impacted due to the imposition of transport
and travel restrictions and the closure of many retail and hospitality establishments” (WTO
2020). The WTO also argues that a rebound may occur if the expectations of businesses, as
well as consumers, are that the shock is only temporary. To achieve a, so-called, V shape
recovery, and against a backdrop of an increasingly fraught trade war between the US and
China, it is important that post-pandemic governments do not revert to further rounds of
protectionist policies but to the creation of an environment that enhances the prospects for
beneficial trade.
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In the political arena, as well as among economists, there is considerable discussion
on how desirable it is to use the present Covid-19 crisis to tackle and reduce the nega-
tive effects of globalization. Globalization has two intertwined aspects that both revolve
around a central idea, namely international cooperation. The two aspects are opening up
economies for trade and collaboration in the fight against global externalities, in particular
climate change, but also to combat such threats as nuclear proliferation and diseases. The
second aspect is relevant for our profession of environmental economics. The first aspect is
also important because it is related to the potential worsening of environmental conditions
due to emissions from the increased transportation of goods and the potential relocation of
pollution intensive firms to countries with less stringent environmental regulations.

We begin with a brief history of globalization to put these issues into perspective. Then
we address the question whether the Covid-19 crisis has had a short-term effect on glo-
balization and what we might expect the effect to be in the long-run. We then ask what
are the consequences for research in environmental economics: First, regarding increased
or decreased trade in goods and services and greater or less mobility of people; and sec-
ond, what is the effect of Covid-19 on attempts to undertake multilateral action to combat
threats such as nuclear proliferation, disease and climate change. So, the first question is
whether the Covid-19 crisis is likely to lead to a potentially long-lasting period of deglo-
balization, and how, or whether, that should change the research agenda of environmental
economists. The next question is whether, if Covid-19 does lead to a reversal of the upward
recent positive trend in globalization, will this make countries more or, to the contrary,
less resilient both economically and in terms of being able to deal with future shocks. The
argument in favor of increased resilience is that supply chains become shorter and certain
goods, for example, PPE and medicine, are then more likely to be locally produced. The
counter-argument is that prices are likely to be higher and that having a geographically
diverse supply chain actually improves an economy’s ability to cope with future shocks
especially those that tend to be geographically specific such as natural disasters.

2.1 ABrief History of Globalization

Globalization has a long history, starting with the Silk Roads (first century B.C.-fifth cen-
tury A.D. and in centuries 13—14)." The first Silk Road marked the introduction of trade
over long distances, when Chinese products first reached Rome. An essential feature was
the protection of these trade routes by strong world powers. After the first Silk Road came
the Spice Routes (7th—15th), thanks to Islamic tradesmen, who went as far as Indonesia.
According to Vanham (2019) global trade (with large volumes of trade) truly started in the
so-called age of “discovery” by Europeans (in the 15th—18th century) when trade become
truly global. Still, this could not rightly be called globalization because trade was mainly
between European empires and their colonies. The first true wave of globalization took
place in the first industrial revolution in the UK, when Britain made products (e.g. iron
and textiles) for which there was global demand. In addition, massive investments were
made in different locations around the world to facilitate trade (e.g. the Suez Canal, and a
massive expansion of the railways). Vanham (2019) argues that the hegemony of the USA
after the second World War led to the second wave of globalization. The world then arrived
at what is called the third wave of globalization after the fall of the Iron Curtain and the

! This section relies heavily on Vanham (2019).
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creation of the WTO. During this period world exports rose to 25% of world GDP. During
this time a majority of global population has benefited from this: “more people than ever
before belong to the global middle class, and hundreds of millions achieved that status by
participating in the global economy” (Vanham 2019).

The current period has been referred to as globalization 4.0, a world dominated by
China and the US. The main features are e-commerce and digital services. However, the
negative aspects of globalization are becoming increasingly recognized, of which, deforest-
ation and pollution are two of the main environmental concerns.” In addition, there is now
greater awareness of rising inequalities both across and within countries and a perception
that mass immigration can have a negative impact on native populations. One may also ask
whether immigration has a positive or negative effect overall, once we take into account
both the ‘sending’ and the ‘receiving’ countries. We have also entered a period where we
are once again seeing trade wars and increased protectionism, driven, in part, by the US
withdrawing more and more from the international arena. Such geo-political posturing may
pose a problem for globalization in view of the fact that the previous waves prevailed by
virtue of the support given to them by the existing world power at the time.

2.2 Rethinking Globalization Versus-Deglobalization

Rethinking globalization takes place on many fora nowadays. Although normally econo-
mists do not agree, there is much agreement now. Almost all economists acknowledge that
there are both positive and negative effects of globalization, but also think that the present
era is the right moment to take proper action. One exception is ( Barry 2020) who sees
Covid-19 as the third major blow to globalization after the 2008 crisis and the US-China
trade war and who concludes: “Wave goodbye to the greatest era of globalization- and
worry about what is going to take place”.

There are also suggestions that the current approach to international trade and increasing
urbanization, coupled with significant urban sprawl, has increased the chances of a com-
municable disease such as Covid-19 arriving on the world scene (Gruszczynski 2020). Fur-
thermore, there are estimates that climate change may increase the probability that more of
these communicable diseases will spread around the planet (Shope 1991). If the probability
of a communicable disease increases with climate change, then this is an indirect effect
that needs to be taken into account. This can be modeled via a stochastic process, where an
increase in carbon emissions drives climate change, which then increases the probability of
infectious diseases. This, in turn, has an additional impact on development. Future research
along these lines would thus combine the optimal control of a communicable disease
(Boucekkine et al. 2013), with integrated assessment models (such as Nordhaus 2014). An
additional possibility is to model infectious diseases as a random, endogenous shock. One
could model this in the form of an endogenous discount rate (e.g. Schumacher 2009), or
via a Lévy process (Poisson, Wiener) that affects capital or population (Steger 2005).

In a discussion of the dangers of deglobalization® the participants, including Dani
Rodrik, are generally not in favor of erecting barriers to trade as a remedy in this crisis

2 Tllegal logging in the Brazilian Amazon has accelerated during the covid-19 crisis with accusations that
officials are using the pandemic as “as a smoke screen, a distraction” that allows the deforestation to take
place (Gardiner 2020).

3 See https://www.project-syndicate.org/bigpicture/deglobalization-s-dangers ?barrier=accesspaylog.
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and argue that it would cause a serious welfare loss that would particularly hit the devel-
oping world. At the same time, all participants in the discussion emphasize the necessity
for cooperation and illustrate this by pointing to, among other things, climate change and
sustainability. In an interview with AFP Gopinath argues that “The system is not perfect
Going backwards is not a good strategy for growth and not a good strategy for alleviat-
ing poverty around the world”. Her predecessor at IMF Maurice Obstfeld (on VOA news)
argues that the crisis will not necessarily hamper globalization, because firms may want
to reduce risks of local crises by spreading their activities more evenly over the globe.*
However, there is also broad agreement that it seems inevitable that countries will need to
create redundancy and resilience in some strategic sectors, particularly the health sector.

One of the main drawbacks associated with globalization, and the increasing intercon-
nectedness of economies, is the increase in certain inequalities that have resulted from
the opening up of countries to trade, capital flows and the free movement of labor. We go
briefly into these issues because they are relevant for our field as well.

A characteristic of globalization is the growing interdependence between economies.
For example, firms are able to sell their final products in many markets, with these final
products also consisting of parts and intermediate inputs that may have been produced in
other countries and sourced from many different sectors. In a world where there are no
great shocks or sudden policy changes, the increased interconnectedness poses no prob-
lems. However, the world is not free from such events. Referring to the Covid-19 crisis,
EU president Von der Leyen said in her address to the European Parliament of April 16
2020: “Investing in large scale renovation, renewables, clean transport, sustainable food
and nature restoration will be even more important than before. This is not only good for
our economies, it is not only good for our environment but it reduces dependency by short-
ening and diversifying supply chains”. Similarly, the French president, Emmanuel Macron,
has argued for a strengthening of French and European “economic sovereignty” by invest-
ing at home in the high tech and medical sectors.’

In a paper on rethinking globalized supply chains, Shih (2020) mentions a number of
threats to globalization and supply chains including China’s export quotas for rare earth
elements in 2010, the 2011 tsunami in Japan, and the current US-China trade war. The
question arises as to what the effect of the COVID-19 crisis will be in this respect. As
suggested by the title of his contribution, Shih recommends rethinking supply chains. In
particular, firms may consider embracing a greater degree of regionalization where suppli-
ers to a firm are located in the same geographical region. There may also be more attention
given to the development of, so-called, second sources of additional safety stocks. He also
advocates rethinking the scale of production as well as the mix of products produced. A
first quantitative study of the potential disruption due to the coronavirus is performed by
Sforza and Steininger (2020) who study a large model with 44 countries and 56 sectors and
shows that the Covid-19 shock implies a drastic reduction of income in all countries and in
all sectors. Global linkages play a crucial role here. Miiller-Fiirstenberger and Schumacher
(2017) point to another issue, namely the consequences of capital mobility. Although these
publications do not specifically address environmental issues there are obvious lessons to
learn for environmental economists. The reduction in income and production, and the pos-
sible reallocation of production as a consequence of deglobalization, will have significant

4 See https://menafn.com/1100380753/COVID-crisis-exacerbates-globalization-worries-IMF-economist.
5 https://www.ft.com/content/3ea8d790-7fd1-11ea-8fdb-7ecO6edeef84.
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environmental effects at a global scale that are potentially positive and negative. Hence, an
important research question is how to model and calculate these effects.

We also mention Calmette (2020) who argues that the Covid-19 epidemic should make
us reconsider the principles of globalization in connection with supply chains. She points
at the fact that globalization has been taking place in a world with global monopolies and
without enough regulation leading to the undermining of vital sectors such as the health
sector. She mentions that large numbers of medicines, such as penicillin and paracetamol,
are now only produced in one or two countries.

Returning to globalization induced inequality. Increased international trade necessarily
leads to winners and losers, not only across the countries participating in trade, but also
within countries. Piketty’s publications have made this perfectly clear. Piketty has also put
forward : “Why didn’t democracy reduce inequality? Well, in my view probably because
you have multi-dimensional inequality structures, in particular globalization and migration
on one hand, and educational expansion on the other hand. They have created new multi-
dimensional conflicts about inequality.”® In addition, it is well-known that the poor suffer
more from pollution which implies increasing environmental inequality (Lipfert 2004). The
similarity between the losers from globalization and the likely losers from Covid-19 and
those that will be most negatively impacted by climate change is that those most affected
are likely to be the poor and vulnerable (Wu et al. 2020). In both cases, international coop-
eration is needed but in the case of climate change, appears further away than ever.

2.3 A Research Agenda for Environmental Economics

There are lessons to learn from Covid-19 for environmental economists, some of which
have been alluded to above. The drop in income and production and the possible wide-
spread relocation of production will have significant environmental effects. Hence, an
important research question is how to model and calculate these effects. What do we have
to say as environmental economists?

Economists have been aware of these potential environmental problems associated
with trade. The well-known book by Copeland and Taylor (2003) on trade and the envi-
ronment gives a nice account of the worries that have existed since the early 1990s. The
key questions they address are: (1) How does the increase in economic activity induced by
international trade affect the environment; and (2) How does environmental policy affect
a nation’s trade pattern? They discuss the pollution haven versus the factor endowment
hypothesis. Since then, numerous studies have investigated these issues. As usual in eco-
nomics, the answer is that opening up to trade in the absence of externalities tends to be
beneficial, but that the ‘right’ economic policy is required to get positive welfare gains in
the case of externalities. If the externalities are purely local then the country experiencing
the externalities can remedy it on its own. If the externalities are (partly) global, then coor-
dinated policies are required.

However, to account for the effects of Covid-19 we need models where the interconnect-
edness of production chains is prominently present. Moreover, the current Covid-19 crisis
is also characterized by the reduced mobility of people, with consequences for the tourism
and transportation sectors. Fewer tourists may lead to less damage to global biodiversity,
but it might also be the case that less eco-tourism will mean that it is no longer “profitable”

® https://www.rug.nl/feb/blog/thomas-piketty-on-inequality-and-globalisation-17-07-2018.
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to continue to protect previously protected areas that are important for biodiversity. One
clear benefit from less tourism is that there will be fewer CO2 emissions as a result of
reduced air travel. Likewise, reductions in trade means less road, ship and air travel is
needed for the transportation of goods and services. A crucial question is whether these
specific effects will be long-lasting, or only temporary. A related issue is the huge subsidies
that go to the aviation sector. Should these subsidies be coupled with greening the business
and, as France is demanding from AirFrance/KLM, that domestic flights are reduced in
favor of fast trains? Research is badly needed to estimate the costs and benefits of such a
policy. Relatedly, shortened supply chains and reduced trade may also reduce the need for
face to face meetings between affiliated companies and arms-length suppliers. This reduced
travel may be exacerbated by the acceleration of new video conferencing that, now learned
by millions, may permanently reduce the need for business travel.

Based on what we have seen, there is good reason to believe that in spite of isolation-
ism emerging here and there, the gains from trade will be sufficiently high to keep that part
of globalization intact, but that too greater a degree of interdependence will be prevented
by building more resilient supply chains and introducing measures against too damaging
monopolistic behavior. On the second pillar of globalization, collaboration to fight global
externalities such as climate change, we are less optimistic. For example, with an eye to the
green paradox, low oil prices are not necessarily desirable if we are to encourage greater
renewable energy adoption although the United States’ plea for higher oil prices, in order
to make US shale oil competitive (again), is not reassuring either.

The same holds for the fact that some countries are not willing to commit to CO2 reduc-
tions. It is also to be feared that the financial crises will prevent many governments from
imposing an appropriate level of carbon taxes or to take other effective measures. In addi-
tion, if a uniform carbon tax were to be implemented, some developing countries would
need to be compensated for potential losses. The present tendency exacerbated by the
upcoming economic crisis will be a potentially serious obstacle to overcome. It can now
only be hoped that the EU and other blocks keep their promise to considerably reduce CO2
in the future.

Another reason for not being too optimistic is that a system of border carbon adjust-
ment, that would remedy the absence of international agreements, encounters serious dif-
ficulties as clearly demonstrated by Cosbey et al. (2019) and Zachmann et al. (2020). For
the present purpose of suggesting a future research agenda, we cannot but support the con-
clusions by Cosbey et al. (2019) that “important research gaps remain regarding the many
of the practical and legal issues associated with the border carbon tax”. Another threat, in
terms of efficiency as well as global equity, is the possibility that individual countries (or
blocks) may concentrate on adaptation instead of mitigation, if there is not enough support
for a global agreement. Also here lies an important question for the environmental econo-
mist. When does this fear become real?

What makes the picture a little less gloomy is (perhaps even literally) that Covid-19
has given several countries clearer skies, as demonstrated by Cole et al. (2020a), Isaifan
(2020) and Teale (2020). Reduced CO2 emissions are not directly responsible for this ame-
lioration, but it is linked to reduced use of fossil fuels, so that an indirect link with cli-
mate change exists. People have now come to appreciate less exposure to pollution and
the authorities may need to rethink the use of coal and other fossils to generate energy if
the public begin to demand cleaner skies moving forward. Reduced traffic in cities is also
a major benefit in terms of reducing pollution in NO2 and other local pollutants. Hepburn
et al. (2020) consider the possible positive and negative effects of Covid-19 on climate
change and tend to be very optimistic. They argue along several lines. In the short-run
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they argue that momentum in favor of tackling climate change will diminish as economies
start up again. However, the crisis has also shown that it is possible for governments can
take measures that have a great impact that also have the support of the people. This is
important: The people are the ones who experience the benefits from clean air and the dis-
appearance of congestion. Moreover, they realize that they, as individuals, are vulnerable
and therefore not “omnipotent”. The authors then conduct a survey among policy makers
to see what future measures can both benefit the economy and the climate. Such measures
include clean R&D investment and investments in ecosystem resilience which they argue
justifies their optimism.

However, in many regions, especially the very poor ones, there is not only an inherent
lack of finance to implement a green transition, but there are also more urgent problems
such as malnutrition or the wish of countries to first develop out of poverty traps. Some-
one who is more concerned with imminent survival is understandably less concerned with
what happens in the more distant future (Schumacher 2009). While the climate negotiators
initially understood this and split the world into Annex 1 and Annex 2 countries, today’s
climate negotiators have moved away from this approach to one akin to a non-cooperative
approach and argue that all countries have a responsibility but that it is up to each country
to decide about its desired efforts (the so-called NAMASs). However, it is well-known that
the poor countries that bare the least responsibility for climate change are also those that
will be hit the hardest (Mendelsohn et al. 2006), but that also require finances to help them
achieve a transition towards a sustainable economy. This needs a degree of cooperation that
the countries in the world appear reluctant to provide. For example, in the Covid-19 crisis,
we have seen that the poor have been hit the hardest (Wu et al. 2020). Furthermore, inter-
national cooperation, at various times during the Covid-19 crisis, broke down to a signifi-
cant degree, not least over the supply of PPE equipment for healthcare workers.

One important question then, is whether this reduction in cooperation, and also the
apparent move away from a path of greater globalization, harms both developing countries
in their economic growth and also their environmental development. For example, how
does the Covid-19 pandemic impact the passage of green technology transfer from rich to
poor countries? Any energy infrastructure that developing countries build now will stay in
place for several decades. Thus, an important research question is whether and how this
crisis can be used to increase international cooperation between rich and poor countries
on topics such as adaptation strategies, green energy transfers, and international carbon
pricing.

3 The Green Transition

Any pandemic that leads to a lockdown, such as in the case of the 2020 Covid-19 pan-
demic, naturally gives rise to questions about what this means for economic growth, and
by extension, and of primary interest for this paper, the environment. We are, at the time of
writing, still unsure as to how long the recovery from Covid-19 will take. The question is
whether there are lessons from Covid-19 that provide us with a blueprint or way forward
that will make the green transition, meaning a transition to a sustainable, low carbon econ-
omy, easier compared with the situation prior to the current crisis.
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3.1 Lessons from Lockdown for Carbon Emissions

Perhaps one of the biggest lessons we have learnt from the comprehensive lockdown and
the ceasing of vast swathes of economic activity is just how small the reduction of green-
house gases has been. The International Energy Agency expects a drop of 6% in the world
carbon emissions in 2020.” This is equivalent to the annual carbon budget of countries
such as India. However, while this drop is unprecedented as such, in order to keep climate
change to 1.5 °C of warming by the end of the century, we would need at least an equiva-
lent drop in carbon emissions every year from now on until 2050 (UNEP 2019). Despite
this need for further reductions, the current evidence suggests that pollution levels bounce
back quickly once economies reopen for business as usual. Gardiner (2020) in the National
Geographic explains “why covid-19 will end up harming the environment” arguing that
post-pandemic carbon emissions may “surge past pre-pandemic levels” as the world
engages in a “dirty recovery”. While a lack of herd immunity or a working vaccine implies
that some sectors, such as aviation and the hospitality industry, will see a lower demand for
some time, many other sectors are quickly restarting after a lockdown hiatus. The overall
effect is still unknown and depends on the shape of the recovery. A global depression with
high levels of unemployment and diminished investment may suppress emissions for some
time to come.

The Covid-19 crisis has put into stark relief that even with huge sacrifices in terms of
how people go about their daily lives, this has not brought us much closer to the emission
reduction levels needed to meet the Paris agreement’s goal of limiting warming to 1.5 °C.
From this we can draw some implications for the degrowth debate. This literature (see e.g.
Weiss and Cattaneo 2017) starts with the premise that endless growth on a finite planet is
impossible. As a consequence, we need to find ways to either stop our desires for growth
and to catch up with the Joneses, or we need to find ways to decouple our growth from
nature’s constraints. The question is whether this can happen through policy and social
change before this, or the next, crisis induces forced degrowth (Research & Degrowth
2010), or whether it is only the actualization of a crisis that is enough to generates
degrowth (Sorman et al. 2013). The recovery from the 2008 financial crisis took around
six years. Given the current impacts of the Covid-19 crisis, and given the uncertainty about
how long this situation will continue, we are as of now, still unsure how long the economy
will require to recover. What is clear, however, is that the emission reductions from locking
down an economy are by no means enough to sufficiently limit climate change. Instead,
what we need in the longer run is a decoupling of emissions from the economy.

3.2 Degrowth Refers to Reduced Emissions or to Lower GDP?

Most government policies so far during the pandemic crisis have been directed towards
reducing the extent of an economic recession.® Furthermore, while consumption expendi-
ture significantly decreased during the various lockdowns around the world, there are
signs that spending is once again picking up.” The Covid-19 crisis has thus, despite initial

7 https://www.bbc.com/news/amp/science-environment-52485712.

8 https://www.imf.org/en/Topics/imf-and-covid19/Policy-Responses-to-COVID-19.

® https://www.mckinsey.com/business-functions/marketing-and-sales/our-insights/a-global-view-of-how-
consumer-behavior-is-changing-amid-covid-19.
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beliefs, not led to a widespread social momentum for individuals and families to change
their pre-crisis consumption habits. This suggests that, as of now, there is little support for
the hypothesis that humankind’s demand for further economic growth will diminish any-
time soon.

However, while a quick return to old habits after the end of lockdowns is evidence that
points towards a preference for current lifestyles, coupled with current consumption lev-
els, there are some that are pushing for social change (Holmberg and Alvinius 2020). For
example, the lockdowns have required a significant number of employees to work from
home. This led to improvements in local air quality as a result of less road traffic (Cole
et al. 2020a), but reduced commuting time also has implications for worker health and fam-
ily life, some of which has been positive but also a lot that has been negative (Dockery
and Bawa 2020).'° An important question is who wants this lifestyle? Do employees want
to work from home, or do companies prefer them in the office?'! Do consumers want to
reduce their consumption spending, despite advertising driving them onto ever and ever
higher consumption levels? This suggests a need for an even larger cultural, social and
political change in order to reform institutions and cultural practises if we are to speed
up a green transition (Kallis 2011; Hepburn et al. 2020). While the movement Fridays
for Future'? (Kiihne 2019) is an example that suggests there is the possibility to change
attitudes, there is still a large gap between attitudes and actual social change. Important
research questions should address which sectors would become (partly) obsolete if there
was to be a change in lifestyle towards one that is less travel-based or more sustainable?
What would be the socioeconomics costs of such a transition? How could one design an
appropriate transition that would minimize the costs? How can we get positive pro-envi-
ronmental attitudes to turn into actual social change?

3.3 The New Green Deal

So far, the stimulus plans of developed countries have been large in scope and cost but have
mainly been aimed at shoring up local economies and have only very limited global ambi-
tion when it comes to issues such as climate change or support for the international com-
munity. It obviously does make some sense to use Keynesian policies to counter the drop in
demand induced by a lockdown. However, there seems to be a growing concern that trying
to simply increase consumption as part of any stimulus plan is likely to worsen existing
environmental problems. The relationship between GDP and emissions is as strong as ever
so any increase in growth will result in increased emissions. The emission gap to minimize
warming to 1.5 °C will not be closed without stimulus packages that are more specifically
targeted towards the green transition. Two thirds of the world citizens feel that the climate
crisis is as serious as the Covid-19 crisis, which shows that there is strong public support

10 For example, due to Covid-19, public transport has seen a significant reduction all over Europe, and
demand for cars has increased.

1 One recent article (Papanikolaou and Schmidt 2020) finds that companies that are more flexible in terms
of remote work have fared better during the Covid-19 crisis (in terms of employment, revenue growth, stock
market performance, default) than companies that cannot easily make their employees work from home.

12 Fridays for Future is a recent international social movement that relies, among others, on student protests
to increase social awareness and policy directed towards climate change, see https://fridaysforfuture.org/.
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for integrating environmental objectives into any post-pandemic recovery strategy.'®> Some
countries are thus in the process of directing their post-pandemic stimulus programme
towards a green transition and focusing their spending more strongly on investments with
lasting value. These proposed stimulus packages have been dubbed the New Green Deal
(Elkerbout et al. 2020)."*

While there are already budget proposals for the New Green Deal stimulus packages
(at least at the EU level), an important question is whether it makes sense to focus these
stimuli on green investments. A big question is whether the money spent on green invest-
ments provides enough widespread economic benefits to act as a general Keynesian stimu-
lus while at the same time helping to further decouple economic growth from the environ-
ment. With reference to the EU Green Deal, there are a number of arguments suggesting
that, indeed, green investment will lead to better growth returns that brown investments.
Aberdeen Standard ' states that “[a] growing body of evidence suggests that fiscal stimulus
directed towards clean-energy products will have higher economic and job multipliers than
other spending actions”. They go on to say that “[t]here are already signs that governments
in European and Asian countries are seizing the initiative by strengthening their climate
goals and policies.” Examples of green investment include tree planting, low carbon trans-
port infrastructure, building retrofits (insulation or solar panels). These have short-term and
longer-term benefits for an economy. Other examples are the greening of cities with the
aim of achieving carbon neutrality coupled with investments in new green technologies;
that bailouts should include environmental targets attached so that airlines or cars become
cleaner as a condition of financial help; and greening the electricity grid.

While the benefits of these investments have been well elaborated, there is still the ques-
tion of whether there are important costs that arise simply because of sudden changes in
government investment strategies. One question is whether investments in so-called green
sectors disrupts existing supply chains. Very often, even the companies themselves are not
aware of all their supply chains, and thus it would be useful to pursue research that helps to
determine whether and how disruptive green stimuli might be to existing sources of inter-
mediate goods. There is also a danger associated with brown investments (e.g. gas or coal
fired power stations) that such investments will turn out to be stranded assets as green tech-
nologies become increasingly competitive and no longer need state subsidies to survive.
The currently low oil prices also make it harder for fossil fuel free technologies to compete
on the basis of leveraged costs, which could require further government interventions.

Such interventions are likely to significantly change the competitiveness of certain
industries or sectors, both horizontally and vertically, but also internationally. Research
needs to address this issue in order to understand whether there is a race-to-the bottom, or
whether this will lead to a significant flight of firms from currently dirty industries to coun-
tries with low levels of regulation and thus create new pollution havens. The likely impacts
on regional competition would thus benefit from a significant degree of cross governmental

13 See e.g. https://www.ipsos.com/en/two-thirds-citizens-around-world-agree-climate-change-serious-crisi
s-coronavirus.

14 For a complementary discussion that investigates how the green stimuli should look like, see Barbier
(2020). See Stern et al. 2020 who outline plans for an investment strategy for a strong and sustainable
Covid-19 recovery for the UK and Allan et al, (2020) for proposals for a “net-zero emissions economic
recovery from Covid-19” arguing for a new National Investment Bank with a focus on green financial
instruments.

15 https://www.aberdeenstandard.com/en-us/us/investor/insights-thinking-aloud/article-page/covid 19-and-
the-environment--a-ray-of-light.
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cooperation. Research would need to address the costs and benefits of these changes to
sectoral and international competition in order to advise policy on the best means for
cooperation.

Empirically, there are several important challenges. For example, measuring the benefits
of green stimulus will be difficult. Firstly, it is often not straight forward to distinguish
between green and brown companies. Secondly, the returns to natural capital have charac-
teristics of public goods where the benefits are outside of formal markets. This means there
may need to be improvements in how natural capital is included in national accounts. The
new interim report of The Dasgupta Review (Treasury 2020) provides novel insights into
how nature should be valued and how this valuation should be integrated in our growth
assessments.

While measuring the impact of any green stimulus program is important, we also need
to consider an alternative reaction of governments to the pandemic. A natural response to
Covid-19, that has already cost millions of jobs, is to roll back environmental regulations
so that traditional dirty sectors are not only able to survive, but in some cases, expand
production and employment. Hence, far from a green transition it is possible that in the
short-term we may even have what could be called a brown transition. This is no more
clearly demonstrated than by the actions of the Trump administration to roll back a series
of environmental regulations prior to the start of the Covid-19 crisis, a trend which has
continued, and if anything, increased during the crisis. For example, the current lockdown
period has seen fuel efficiency standards reduced for new cars and a freeze placed on new
soot air pollution. Reporting rules for polluters have also been reduced. The argument that
the United States (US) government puts forward is that the changes are merely correct-
ing for regulation over-reach and that this is simply a simplification of regulations and a
time to fix problems with existing regulations.'® Without a strong research-based analysis,
something that the US government has not provided, it is difficult to know whether these
decisions are warranted or not.

The Brookings community lists 24 notable changes to EPA regulations that are already
in effect, repealed or in rulemaking. Eight of these have been implemented in 2020 includ-
ing Mercury and air toxic standards, suspension of EPA enforcement and the changes to
the Clean Air Act. What is needed is research that examines each of the different policy
rollbacks to estimate the environmental costs in terms of health and damage to the broader
economy and how these compare with any possible environmental benefits that may arise
from reduced costs or increased global competitiveness. The first study to examine the
impact of the the EPA rollback on Covid-19 related deaths and cases is Persico and John-
son (2020) who show that policy-induced increaes in pollution are associted with a 38.8%
increase in cases and a 19.1% increase in deaths from Covid-19. Gardiner (2020) quotes
Lukas Ross of the Friends of the Earth who argues that “[T]here’s a serious risk that pol-
luters could emerge from the crisis bolder and potentially more profitable than ever”.

This, then, leaves questions about the future of the green transition. In particular, we
need research to understand how different kinds of crises lead to changes in the compo-
sition of government funding that in turn affects funding for the green transition. As an
example, the European Union (EU) is attempting to use the Covid-19 crisis to speed up the
green transition via its New Green Deal, whereas the US cuts funding for projects directed
towards the green transition and invests proportionately more in traditional, dirty energy

16 Details of the regulatory roll backs can be found here: https:/www.brookings.edu/interactives/tracking-
deregulation-in-the-trump-era/.
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resources. This move away from a green transition is particularly profound in the US, and
goes along with a shift from policy-based research to a reliance on beliefs that are influ-
enced by different lobby groups (Samet et al. 2020). For example, due to the low price,
many oil producing and exporting countries are finding it hard to balance their government
budgets. This may lead to collusion or changes in the structures on the oil and gas mar-
kets which again has an impact on their lobbying potential. Research is needed to address
whether there is an imbalance in the influence of some lobby groups when it comes to pol-
icy making, and it would be useful to study more deeply how institutions can be designed
to make lobbying efficient (in the sense of reducing dead-weight losses).

3.4 Government-Financed Stimuli

Expected global economic growth in 2020 would be considerably lower if governments
around the world had not increased their debt levels substantially as a means of financing
supportive social security measures. As a result, in advanced economies, general govern-
ment borrowing minus lending has increased to 10.6% of GDP. According to the Spring
2020 version of the EU Economic Forecast, the aggregate government deficit of the EU is
expected to increase from 0.6 of GDP in 2019 to 8.5% in 2020, with similar numbers for
the rest of the world.

Increasing debt levels will have significant implications for the ability of governments
to debt-finance green R&D and the green transition more broadly. As previously dis-
cussed, there are already numerous examples suggesting that governments, to enable them
to finance a country-wide stimulus, have started to roll back environmental regulations,
or have halted spending on a green transition (Schumacher et al. 2020). During, or in the
aftermath of crises, even leading policy makers tend to slow down previously ambitious
environmental policy targets (Burns et al. 2020).

Money that is borrowed, at some point, needs to be paid back. Indeed, it may also be
possible that those borrowing the money will not be the ones paying it back. The larger
macroeconomic debate is whether stimulus of any colour, green or brown, is inflationary
or whether the crisis will cause a period of deflationary pressure when governments are
able to continue with the process of monetarising debt with little consequence. One would
imagine that the fiscal multiplier, with interest rates at historic lows, is positive such that
additional spending will lead to additional growth. The question is which kind of technolo-
gies are favoured by these low interest rates, traditional, dirty technologies, or green and
clean ones? Many green technologies are still considered to be emerging, which means
they may lack the infrastructure or the market depths for large scale, quick deployment.
However, without sufficient government funding, these technologies may not make it on
the market. A potentially useful avenue for future research would be to examine the impact
of debt and post-pandemic recovery policies on the development and deployment of envi-
ronmental technologies.

A further consequence of the stimulus spending, especially in developing countries, is
that it has exacerbated existing inequalities that may worsen further as economies begin
to recover unless the spending is carefully targeted at vulnerable groups (De Beer 2012).
While the additional debt taken on to deal with the Covid-19 crisis has been used in coun-
tries with a social security system to, among other things, minimize the increase in unem-
ployment, countries with a more market-based approach such as the US have seen a surge
in unemployment to an all-time high of 14.7% in April 2020. This again raises questions
about the distributional aspects of a New Green Deal stimulus policy, such as the one
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proposed by the EU. An analysis of how the New Green Deal will impact employment and
various aspects of the distribution of these new jobs between skilled and unskilled, high
wage and low wage and clean or dirty, would be useful. Overall, we argue that this requires
strategic rather than reactive aid packages. Thus, research has to address several jointly
determined issues: (1) the problem of how governments can direct stimuli towards support-
ing the green transition; and (2) the problem of how to do this not only in an efficient but
also equitable way.

In addition, higher debt levels due to crises (like the 2007 financial crisis or the 2020
Covid-19 crisis) may force governments to cut environmental subsidies for two reasons.
First, as government revenues shrink, it implies an overall smaller budget; and, second,
there is a need to increase social security expenditures to support counter-cyclical policies.
This has both important implications for a green transition and for distributional aspects in
general. Subsidies that impact a green transition can be cut on two fronts: direct subsidies,
which tend to come in the form of price subsidies and thus change relative prices; or indi-
rect subsidies, that come in the form of R&D support and thereby change innovation and
deployment of potentially new technologies. Furthermore, subsidies can be cut to different
degrees when they are directed towards renewable resources or towards non-renewables.
As a result, a change in government subsidies is likely to change the direction of technical
change, and consequently the profitability of both green and traditional producers. While
there are many articles that address the optimal direction of technical change (Greaker
et al. 2018), we still have very little knowledge about how much money should be opti-
mally spent on changing relative prices or on investing in indirect measures such as R&D
investments. Furthermore, we lack a good understanding of how changes in the composi-
tion of government subsidies or investments affect the green transition, or what would be
an optimal response of governments during or after a crisis. A crisis like the Covid-19
has significant potential to change the way government budgets are used (for example, the
EU New Green Deal), but without a deep assessment of how these changes impact the
economy we are never sure whether or not this is necessarily a welfare-improving policy.

There is also a more international dimension to this debt problem. Many poor countries
have had to substantially increase their levels of debt, thus requiring them to also reduce
subsidies originally intended for the green transition (IEA 2020). However, at the same
time, any investments in infrastructure that are done now in developing countries will
remain in place for many decades to come (e.g. investment in coal-fired power stations).
This will mean that a series of crises, such as the 2007 financial crisis closely followed by
the Covid-19 crisis, may significantly slow down green development, or may even tilt their
choices towards the established, sometimes still cheaper, traditional but dirty technologies.
Future research on the impact of debt forgiveness and green investment would be useful,
and more specifically, whether debt forgiveness conditional on requirements tied to invest-
ments in green infrastructure is welfare improving.

3.5 Pricing the Carbon Externality

An obvious option for governments who need to fill a gap in the budget bought on by a
crisis the size of Covid-19 is to increase taxes. Such an argument is made by Burke et al.
(2020) who argue that carbon pricing with a reduction in fuel subsidies should be part of
any economic recovery plan. Although a seemingly simple option, once again, we need to
understand the distributional aspects of any tax rise as these will play a significant role in
garnering public support for any tax raising policy. Research needs to clearly assess when
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a tax is progressive, and when it is regressive. This distinction depends on the market, the
substitutes available, and the tax itself (Sterner 2012). Thus, any increase in taxes may
require an additional redistributive policy, which again needs a detailed assessment as this
may further distort the market.

In terms of clear policy suggestions, post-crisis, a carbon tax remains the policy that
appears to be the one that is most popular with economists although less so with the gen-
eral public. As with all environmental taxes, how it is implemented will go a long way
to determining its success. One solution that is likely to be popular with the public is to
introduce a policy that aims to return some of the tax raised back to low income house-
holds. Given the rapidly falling price of renewables, from wind to solar, a relatively small
carbon tax may be sufficient to turn a trickle of renewable investment into a flood. Predic-
tions are that the gains from a carbon-pricing scheme would be considerable and that any
competitive effect could be offset with a carbon border tax adjustment, although that has its
own political hurdles to overcome as we have previously discussed. Here conclusions are
still not definitive. Some suggest that a carbon border tax would be useful (Cosbey et al.
(2019)), while others argue that it would not welfare improving (Zachmann et al. 2020).
More research is thus necessary to complete the picture.

A recent article by Martin et al. (2020) takes the argument for a carbon tax a step fur-
ther and proposes a strategy by which a government announces today that a carbon tax of
around 56 Euros a tonne will be introduced at some point in the future (they suggest 2025).
This is predicted to solve two distinct problems. First, it will boost future public finances
that could retrospectively fund the current Covid-19 spending (although the amount raised
will be impacted by policy induced technological change), and second, it will postpone
any negative competition effect (from higher taxes) and therefore reduce the potential for
carbon leakage which would result from firms relocating to less stringently regulated coun-
tries to avoid paying an immediately introduced carbon tax. Indeed, part of the argument
for a Covid-19 carbon tax to be announced now but not imposed until a later date is that
this implied threat of increased future costs may be enough to persuade firms and house-
holds to invest now in carbon saving technologies and behaviours. The pre-announcement
also has the benefit of being costless to firms in the short-term so as to not financially
impede a general recovery from the pandemic.

Martin et al. (2020) are aware that suggestions such as theirs require careful assess-
ment. For example, the announcement of a delayed implementation carbon tax may lead
to a green paradox effect, such that owners of non-renewable resources sell their pollut-
ing resources quickly and cheaply because they would become increasingly worthless later.
Research needs to address this complication and help to understand whether this is an over-
all welfare-improving suggestion. Such a policy also needs to be considered in the context
of current and future energy prices. Today’s relatively low oil prices may make it politi-
cally easier to cut fuel subsidies that keep the price of gasoline low while at the same time
making it simpler for a carbon tax to be introduced. A delayed implementation would also
take off the immediate pressure as the fossil fuel sector is already undergoing substantial
change making this policy more palatable for business leaders.

Economists tend to argue that one externality only requires one instrument. Hence the
push for one carbon tax, or one cap-and-trade system. In reality there already exists a sub-
stantial number of regulations, subsidies, taxes and environmental standards. How do we
know whether an additional tax on carbon will necessarily lead to a first best solution?
This issue arises as we tend to build models based on the premise as to what ought to be,
rather than start with what is. The reason why there are so many instruments already in use
is because the political process leading to the implementation of policies requires trading
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off the interests of different competing groups. While economists tend to ignore this con-
straint, it is not so easy for politicians. It is, therefore, important to understand further how
the various instruments that are at a politician’s disposal fit together. Are they substitutes
or complements? Are they necessarily welfare improving or is their combination harm-
ing other developments? When does the combination of the currently used instruments, or
those proposed in the New Green Deals, lead us closer to an optimal outcome? It is likely
that the Covid-19 crisis will favour one policy over another and the question of who are the
likely winners or losers remains the subject of important future research.

4 The Role of Uncertainty and Timing

There are other aspects that deserve a separate look. Here we look at the role of uncer-
tainty for policy making. In addition, we discuss the timing of policy interventions, and the
related issue of implementability.

4.1 The Role of Uncertainty

As previously discussed, lockdowns across the world have led to a significant reduction
in economic activity. The January 2020 version of the IMF World Economic Outlook
predicted that the global economy would grow by 3.3% in 2020. Instead, on the back of
the Covid-19 pandemic, the April 2020 version of the IMF World Economic Outlook has
updated its previous forecast and now expects that global real economic growth may turn
out to be minus 3%, with a potential U-shaped recovery of 5.8% growth in 2021. This sug-
gests a tendency to significantly underestimate the probability of extremes if one has little
prior knowledge of the potential states of the world. This is also a recurrent theme in the
climate change debate, where, for example, the IPCC report from 2007 concluded that 2 °C
of warming would be a somewhat safe upper bound for climate change, whereas the latest
reports suggest that even exceeding warming of 1.5 °C would result in large and potentially
catastrophic costs (IPCC 2018).

While it is well-known that the expected costs of low probability, high impact incidents
(such as airplane crashes or nuclear plant disasters) tend to be overestimated (Barberis
2013), there is still significant uncertainty around those impacts that are not directly vis-
ible, or have not yet materialized, leading to an underestimation of these costs. Climate
change is a good example of an event that is known about but the costs of which are not
yet directly visible to the average person in a developed country. Other examples include
the case for PTFE (Teflon), plastic pollution, noise pollution or potentially carcinogenic
substances such as herbicides, fungicides, and pesticides. Faced with uncertainty, it is an
open question as to why this uncertainty does not lead to an equally likely overestimation
of these costs? Only learning about the impact seems to then tilt expectations towards a
more balanced view of the expected costs (Bistline 2015). Hence, it is possible that the
experience of both governments and the public of the Covid-19 pandemic may open their
eyes to the potential costs from continued inaction over climate change. Hence, the expe-
rience of going through such a negative lifestyle shock may promote pro-climate behav-
ioural change. It is, therefore, important to carefully study and be informed about the costs
and benefits from climate change taking into account different degrees of uncertainty. This
becomes even more important when we consider issues such as fat tails (Weitzman 2009).
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While there have been some contributions along these lines (Jensen and Traeger 2014),
there are still many open questions.

A related issue is the ability of individuals, once a certain benchmark belief has been
established, to lock-in of this belief (Jones and Sugden 2001). If new information arises,
as in, for example, the case of climate change damage, then it is often difficult to convey to
the general public or policy makers that they now have to revise their beliefs. This is very
much visible when we look at what carbon price policy makers currently view as reason-
able. Their opinion tends to be strongly driven by past carbon prices that are a legacy of
the first generation of models such as the DICE model (Nordhaus 2014), and not so much
by models that include many other aspects such as uncertainty or abrupt threshold dam-
ages (Dietz and Venmans 2019). Future research should therefore not only have to present
baseline results, but also suggest more strongly how these would need to be adjusted if one
were to take some more realistic generalizations into account, that include issues such as
uncertainty, interdependent preferences and political constraints.

4.2 Timing of Policy Interventions

An important lesson from the Covid-19 crisis so far is that the timing of policy interven-
tions is decisive. Countries such as Taiwan, that reacted quickly, have had, up to now, far
fewer cases and deaths than countries that delayed their lockdowns. There were several
countries, such as the US and the UK, that underestimated the potential impact of Covid-
19 and thus failed to respond quickly enough (based on the number of fatalities per capita).
Here the question is whether the speed and magnitude of any government action is due to
some general social attitude that then drives policy making, or whether this is a general
attitude that extends to policy making in other domains, such as climate change or pollu-
tion. Future research could thus usefully address the question of what determines a coun-
try’s responses to a crisis, and what determines early responses (such as in Taiwan).

Giovanniello and Perroni (2020) study the differences between social and private opti-
mum in optimal timing of investment decisions under external effects. They show, for
example, that positive external effects induce overly-cautious decisions, while negative
externalities lead to the opposite effect. This result naturally has important implications
for international cooperation. Models like these could then be extended to study coalition
formation or the weakest link public good (Caparrés and Finus 2020).

Furthermore, while timing is important, the choice of the policies and the circum-
stances that lead to these choices are also crucial. For example, it was possible to impose
country-wide lockdowns on the public because they were viewed as a necessity simply
due to the fact that there was a huge uncertainty around the number of people that were
infected. This shows that, when faced with uncertainty, it may be wise to err on the side
of caution, although such caution may come at a significant perceived or real economic
cost. While there is a literature on the precaution principle (Aldred 2012), we still lack
a good understanding of many different aspects that flow into cost benefit analyses. For
example, we have very limited knowledge of the actual shape of damage functions (Diaz
and Moore 2017). While the IPCC shows that impacts on a variety of ecosystems are very
severe already for a 2 °C warming (IPCC 2018), our integrated assessment modelling often
suggests that we will face only small costs at that level (Tol 2009). It is thus an important
urgency to understand where exactly this discrepancy comes from.

The UK was also a special case where the first objective of the government, based on
what they said was sound scientific advice, was to go for herd immunity, until the moment
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it understood that this would not only lead to a very large number of deaths, but also that
the constraints on the health system would lead to a cascade of additional deaths and com-
plications. In environmental economics, these thresholds are seldom taken into account.
There is a significant though highly abstract theoretical literature on the optimal control
of thresholds (e.g. Miler et al. 2003), but this still finds limited applicability in the policy
debate and in the overall calculations of carbon prices.

The heterogenous response of countries and even regions within countries can provide
valuable insights for a number of areas of environmental research particularly on the issues
of implementability and timing. When it comes to policy suggestions, economists tend
to focus on the first best. This first best is derived from theoretical models that rely on
Occam’s razor to pick out only the essential parts. Doing so allows economists to neglect
the many smaller issues that may have a positive, but not crucial, effect. What economists,
however, mostly neglect is the strategic interaction part of political economy. For example,
in climate change economics, nearly all IAMs either only consider a global, benevolent pol-
icy maker, or look at a non-cooperative, region-based solutions, and how to implement the
first best global solution despite a non-cooperative setting. This neglects the very important
issue of implementability, which may require a solution that is neither first best, nor even
second or third best. While we should obviously aim, at least in the long run, to implement
the first best solution, it would be also important to understand whether approaches that are
not first best, but implementable now, may be welfare-improving to policies (such as car-
bon prices) which may only be implementable with a long delay. This issue was discussed
above. As the many rounds of international negotiations (the COP meetings) have shown,
the agendas of politicians are shaped by many interest groups. While first-best should be
the ultimate goal, the long delay in implementation of carbon pricing shows that any delays
are extremely costly and ultimately require more and more stringent policy intervention, up
to a point where individuals are not willing to pay the price any longer.

5 Empirical Challenges

In this section we turn to the empirical questions that environmental economists have so
far addressed arising from the Covid-19 pandemic and what lessons we can learn. What
we do know is that the pandemic has resulted in a large number of empirical Covid-19
related papers. These papers have been written despite three main challenges: (1) the pan-
demic is still ongoing; (2) data quality is questionable (due to data reporting that may be
under-reporting the number of deaths and cases, and in some cases over-reporting the same
numbers), and (3) that after the news broke of the new disease in Wuhan that could be
spread from human to human there will always be some degree of anticipation effect in
other populations. A fourth related challenge is that getting out papers quickly often comes
at the cost of intensive peer review. This was demonstrated recently by the withdrawal of
papers from the Lancet that promoted the use of hydroxychloroquine or chloroquine with
or without a macrolide to treat Covid-19 (Mehra et al. 2020).

One of the first empirical applications were attempts to estimate the impact of non-
pharmaceutical polices introduced to fight the spread of Covid-19. As Goodman-Bacon
and Marcus (2020) point out, given the differences in timings and locations of different
policies, a difference-in-differences (DD) approach would appear to be the most appro-
priate research design to estimate the causal effects of interventions (such as lockdowns
and social distancing). The same argument applies to studies that want to estimate the
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potential environmental impact of Covid-19. For example, if one wanted to understand
the impact of lockdowns on local air pollution one could examine differences in air pol-
lution that result from lockdowns in one region compared to other regions in in the same
or different countries.

However, as Goodman-Bacon and Marcus (2020) argue, a DD approach in a Covid-
19 setting, is susceptible to a number of validity concerns that may bias the results that
are worth repeating in this paper. Despite these methodological challenges, Goodman-
Bacon and Marcus point out that a number of papers using a DD design have already
being published in one form or another. For example, Fang et al. (2020) examine how
mobility restrictions helped reduce the spread of Covid-19 in China while (Friedson
et al. 2020) examine the effectiveness of shelter-in-place policies in California. Similar
but broader studies also using a DD approach include(Dave et al. (2020); Hsiang et al.
(2020); Gupta et al. 2020).

The other popular use of a DD design has been to examine the impact of Covid-
19 lockdowns on local air pollution. One reason for undertaking such an analysis is
to be able to understand the health impacts of reduced pollution levels and Covid-19
presents a unique experimental setting due to the abrupt nature of the intervention.
Although a lockdown is an extreme case studies in this area can provide information
on the possible health benefits from a range of environmental policies including con-
gestion charging, more cycle lanes, or the permanent or temporary closure of polluting
businesses. Research that has examined the impact of Covid-19 on air pollution include
(Dutheil et al. 2020; Alomnd et al. 2020; Cole et al. (2020a)). Despite using different
(but related) methods, both Alomnd et al. (2020) and Cole et al. (2020a) find significant
reductions in NO2 in the areas around Wuhan but surprisingly little effect on a range of
other pollutants. The former study uses a DD approach to estimate a model that takes
into account annual differences in air quality and the expected drop in pollution due to
the Lunar New Year in China that happened just before lockdowns started. They also
recast their data to undertake an “event study”.

However, researchers should be aware that the validity of a DD design is heavily reliant
on how the treatment and control groups are derived. This poses a number of challenges for
researchers to overcome when using Covid-19 as a treatment in an environmental setting.
Goodman-Bacon and Marcus (2020) provide a list of seven challenges that need to be con-
sidered and although these are general, they generally hold in an environmental context.
For example, it one was to examine the impact on air pollution between two cities that
implemented a lockdown at different times, one would need to be cognisant of a number of
different factors that are excellently described by Goodman-Bacon and Marcus (2020). The
Goodman-Bacon and Marcus (2020) factors and summarised briefly here:

(1) Packaged policies - when other policies are introduced at the same time or during a
lockdown, such as decreasing environmental enforcement activities, even if lockdowns
where instigated at different times;

(2) Reverse causality - the timing of any lockdown may be dependent on previous per
capita infection rates. This should be less of an issue for most environmental research
questions;

(3) Voluntary precautions - people see what happened in other cities of countries and
pre-emptively changed their behaviour. For example, people may drive less ahead of a
lockdown because they are self-isolating or being generally cautious and hence reduc-
ing emissions below usual levels before a lockdown is introduced;
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(4) Anticipation - when governments announce that a lockdown will happen ahead of the
actual date. In the context of an air pollution story, and in contrast with the voluntary
precautions concern, it is possible that people increased how often they went driving
ahead of lockdown as a way of stocking up with supplies or paying final visits to rela-
tives, thus worsening pre-lockdown emission levels so a lockdown then appears to have
a stronger emissions reduction effect;

(5) Spillovers - neither the virus nor emissions respect national and state borders. As such,
pollution from one city may be blown to neighbouring cities, irrespective of their lock-
down status. This means a lockdown in one city may affect pollution levels in other
cities not in lockdown;

(6) Variation in policy timing - using unit and time effects and a dummy for when that
city had a lockdown would be usual approach in DD studies but, as Goodman-Bacon
and Marcus (2020) explain, when treatments are staggered over time and the treatment
effects also vary over time, then two-way fixed effects will be biased away from the sign
of the true treatment effect. In the case of air pollution this may be less of a concern
but it is still possible that pollution levels fell dramatically after the initial lockdown
and then slowly increased as lockdown conditions were gradually relaxed. However,
these trends may still differ between cities;

(7) Measurement and scaling of the dependent variable - should one use logs, rates, or
counts. The choice depends on how the common trend assumption is examined. When
measuring infection rates this is also complicated by measurement error. This should be
less of an issue with measures of pollution but still relies on the data being accurately
collected and recorded in times of lockdown. Such a problem plagues other studies of
the impact of disasters on local areas.

Goodman-Bacon and Marcus (2020) go on to present a number of DD specific recommen-
dations. One solution suggested by Cole et al. (2020a) in a study of the impact of Covid-
19 lockdown in Wuhan on air pollution, is to use an augmented synthetic control model
(ASCM) first developed by Abadie and Gardeazabal (2003). Such a methods addresses a
number of the Goodman-Bacon and Marcus concerns and is most often used in labour,
development and health economics. Synthetic control is similar to traditional DD but uses
a data driven process to that uses a weighted-average of a group of controls to reproduce
the trajectory of the treatment unit to construct a “artificial” treatment unit. The augmenta-
tion of the SCM ( Ben-Michael et al. 2019) allows the researcher to deal with those cases
where a good pre-intervention match cannot be found between the treatment and control
groups.

A second empirical approach is to use more traditional time series and panel data meth-
ods. For example, Dergiades et al. (2020) assess the quantitative impact of government
interventions on daily Covid-19 related deaths across 32 countries using a dynamic panel
estimation. Likewise, Chen and Qiu (2020) estimate an epistemological dynamic panel
model across nine countries to show how economic damage can be limited if citizens wear
masks are obey certain quarantine rule. More specifically, the Dergiades et al. (2020) use
a Perron and Yabu (2009a) test to endogenously determine when there is a break in a lin-
ear trend of the log of deaths per country and then estimate the slope of this trend fol-
lowing Perron and Yabu (2009b). By looking at how government intervention impacts the
trend slope shaped by daily deaths they find that an increase in the strength of government
intervention at an early stage is the way to achieve an insignificant trend in daily deaths.
Such methods could, for example, be applied to high frequency air pollution or other
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environmental data to look for, for example, mortality and morbidity rates due to variation
in daily emissions (see Peng et al. 2006 for an early review).

Another way that infection rates have been modelled is through the use of spatial econo-
metrics. For example, Krisztin et al. (2020) use Bayesian spatial econometric techniques to
examine the impact of spatial spillovers on infection rates (number of flight connections,
trade patterns, common borders etc.). Their main finding was that international flight link-
ages were the main transmission channel. The spatial approach is also able to show how
national travel bans very able to reduce county to country spillovers. In future environmen-
tal related research, such an approach could be applied to measuring the impact of lock-
downs on air pollution as previously highly connected economies slow down together as a
result of both supply and demand shocks.

A related strand of research is whether living in a polluted city increases the fatality rate
among residents following exposure to the Covid-19 virus. Early evidence suggests that
long-term exposure to air pollution could be an important contributor to high fatality rates
(see e.g. Conticini et al. 2020, Ogen 2020, Setti et al. 2020, Travaglio et al. 2020, Wu et al.
2020). For example, Cole et al. (2020b) find, in a study of municipalities in the Nether-
lands, that those regions with higher levels of PM2.5 emissions experience more Covid-19
cases, more hospital admissions and a higher number of fatalities. Similarly, as noted pre-
viously, Persico and Johnson (2020) use a differences in differences design to show that the
EPA regulation rollback not only led to an increase in pollution but that cases and deaths
increased in rollback areas by 38.8 and 19.1% respectively. What is important in such stud-
ies is to be able to rule out other confounders and any cross-sectional interdependence. For
example, more polluted cities tend to have higher pollution densities increasing the likeli-
hood of getting the virus but also the likelihood of receiving a high viral load. Ideally, one
should really take into account individual characteristics such as age and ethnicity to be
able to estimate the true effect of different air pollutants on health outcomes. This is a fruit-
ful area of future research.!’

Finally, an area of research that directly links Covid-19 and the environment more
broadly is to examine how the spread of Covid-19 is influenced by the climate. The World
Health Organisation (2020)'® published advice in March 2020 that the virus can be trans-
mitted in areas with hot and humid climates. Any study of this type faces the challenge
of overcoming the issue of alternative confounders that may be correlated with tempera-
ture. For example, Chen et al. (2020) run a simple regression of Covid-19 cases against
distance from the equator and a number of other country level controls such as income,
testing intensity, distance to Wuhan, urbanization among others. Results suggest that one-
degree increase in absolute latitude is associated with an increase in the number of cases
per million people of around 2.6 %. The implication is that the Northern hemisphere might
be lulled into a false sense of security by falling case numbers in the summer only to see
a resurgence of cases once winter returns. However, Yao et al. (2020) find no association
between temperature or UV radiation and transmission rates across China. Similarly, Prata
et al. (2020), using a polynomial (cubic) regression find no evidence that increases in tem-
perature above 25.80C reduce the number of Covid-19 cases for sub-tropical Brazil. In

17 1t is interesting that neither Cole et al. (2020b) for the Netherlands or Carozzi et al. (2020) for the US
find no link is made between urban density and COVID-19 cases and deaths although in the latter case den-
sity did influence the timing of the outbreak.

18 https://www.who.int/emergencies/diseases/novelcoronavirus-2019/advice-for-public/myth-busters.
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contrast, Farhan et al. (2020) do find a correlation between average temperature, minimum
temperature and air quality when they look only at New York.

What is clear from the rapid growth in the literature is that more research is needed
to disentangle biological factors from behavioural factors. For example, in hotter coun-
tries people may go out less so there is a lower transmission rate. Other climatic factors
may also play a role such as humidity, heat, altitude, sunlight intensity and rain. As previ-
ously discussed, Chen et al. (2020) also point to other factors such as air pollution might
play a role in how many Covid-19 cases are recorded. There is clearly room for a carefully
designed study of the various inter-relationships between environmental factors and the
impact of Covid-19 on different countries and populations.

6 Conclusions

In this article we have discussed some of the lessons from the, currently still ongoing,
Covid-19 crisis for research in environmental economics. We decided to emphasize three
major areas, namely globalization and cooperation, the green transition and pricing carbon
externalities, issues related to uncertainty and timing and, finally, what lessons we would
inform future empirical research. We feel that quite a few of the lessons from the Covid-19
crisis are relevant for our future research agenda. Hence, we take the opportunity to very
briefly revisit our main lessons from the Covid-19 crisis and link these to our research
suggestions.

First, the Covid-19 crisis has shown us that international cooperation easily breaks down
during a crisis, and that without global cooperation the costs for the poorer or less able
countries may be very high. A fundamental question for future research is, thus, whether
we can improve our understanding of the political economy issues that go into cooperation
during crisis times. In addition, how can we address the increasing inequalities and how do
they impact environmental quality or the ability to address environmental problems?

Second, we have seen that a global crisis easily disrupts international supply chains
which, among other effects, has already led to reductions in both the flows of trade as well
as people around the world. What is the implication of this both for economic develop-
ment, but also for environmental quality? In particular, will we see an increase in pollu-
tion havens, or a return of the dirty industry to the developed countries? Will we see an
increased migration to developed countries that are more able to cope with many types of
crises? Will this increased migration increase environmental pressures in the developed
world?

Third, the emission reductions from the lockdowns so far appear to be rather small. This
suggests that even a large-scale reduction in our economic activities are not able to bring
us much closer to minimizing climate change to 1.5°C warming. This suggests a need for a
much deeper social change coupled with a green transformation that decouples economic
activity and carbon emissions. We still lack a clear understanding of how such an economy
could look like.

Fourth, there is willingness to finance a post-crisis green stimulus, but there are issues
with elevated levels of government debt and determining what really is a greener or
browner investment that deserves to be part of the stimulus. Furthermore, is it not clear
whether it is possible to design the stimuli in such a way as to reduce inequality, something
that was not taken into account in the aftermath of the 2008 financial crisis.
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Fifth, the timing and preparedness of policy interventions is decisive. We have seen that
countries that started their lockdowns relatively late (e.g. Italy, UK) have seen more casu-
alties than other countries that were prepared for a potential pandemic (e.g. Taiwan). As
researchers we should, therefore, pay more attention to the possible costs of delays, such
as in the case of climate action, and understand better how it is possible to fit international
interests within national decision taking.

Lastly, the lockdowns everywhere across the world have shown that uncertainty is a big
problem for policy making. Thus, information provision is a key and learning decisive.
While misinformation, disinformation and malinformation are abundant (Baines and Elliott
2020), expectations still drive policy (e.g. lifting lockdowns despite relatively high death
rates). Lobbying, from any side, is thus a serious problem especially if there is one domi-
nant lobby group pursuing mostly own interests. Especially in light of the recent rollbacks
of environmental regulations in the US, we need to further our understanding as to how
lobbying impacts environmental policy across the world. We also need to put much more
effort into investigating the costs and benefits of regulations and potential regulatory roll-
back in order to help guide informed policy making.

As a final, more personal note, we feel that one of the main lessons from the Covid-19
crisis is that it offers the opportunity for society to push forward a green transition more
quickly than might otherwise have happened due to the temporary undermining of incum-
bent interests and with a general public that remains inherently in favour of policies that
reduce pollution and mitigate climate change. However, experience has shown that, once
disasters have been overcome, individuals are very keen to return to their profligate ways.
The pandemic offers a chance for action, but that opportunity may be fleeting. As our sug-
gestive research agenda has shown, we do not yet have all the answers to provide the best
policy advise for every possible question or problem. Nevertheless, we have the tools and
methods to do so, and we should become much more active to promote policies that help
inform optimal decision taking.
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