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Abstract: Since the onset of the COVID-19 pandemic, many studies have appeared
on how it will affect climate change and policy, and vice versa. In this study, we
systematically review the literature about this relationship. We obtained a sample of
204 articles published in the period from February 2020 to March 2022. Using topic
modelling and qualitative analysis, we identify seven main topics on the nexus of
COVID-19 and climate change: (1) impacts of COVID-19 on climate change and policy;
(2) sustainable recovery after COVID-19; (3) public concern about climate change and
COVID-19; (4) lessons from COVID-19 for climate change action; (5) effects of COVID-19
and climate change on the economy, food security and poverty; (6) collective
responses to crises and (7) similarities and differences between COVID-19 and climate
change. We discuss lessons derived from each of these topics and identify key policies
and strategies for a sustainable recovery from COVID-19. Investments in low-carbon
technologies and carbon taxation are the most commonly suggested policy solutions.
If climate targets are to be met, climate action needs to be the focus of COVID-19
recovery.
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1 Introduction

In 2020, the entire world came to a halt due to the COVID-19 pandemic. As of July 2022,
more than 566 million cases and over six million deaths have been reported
(Worldometer 2020). In her State of the Union speech in September 2020, president of
the European Commission Ursula von der Leyen addressed the effects of the
COVID-19 pandemic and stated that the virus “laid bare the strains on our health
systems and the limits of a model that values wealth above well-being. It brought into
sharper focus the planetary fragility that we see every day through melting glaciers,
burning forests and now through global pandemics” (von der Leyen 2020).

The virus originated in Wuhan, China, and then spread across the world over the
course of two years, producing different variants and threatening individuals as
well as health systems (Markard and Rosenbloom 2020). In response to the pandemic,
governments imposed strict lockdown measures that reduced human activity,
simultaneously limiting economic activity too. This, in turn, resulted in a decrease of
greenhouse gas (GHG) emissions and air pollution (Forster et al. 2020).

The multiple changes have raised questions about the relationship between
the two global crises of climate change and COVID-19. Some have argued that the
destruction of natural habitats has moved humans closer to animal locations, thus
increasing the risks of pandemics caused by zoonotic diseases, such as COVID-19
(McNeeley 2021; Yan Yam 2020). In addition, some suggest that the two crises require
coordinated responses by policymakers, experts and society as a whole (Markard
and Rosenbloom 2020). However, they also have clear differences: while COVID-19
showed an almost immediate direct impact on individuals and global health, climate
change is slower and more subtle in the way it affects ecological and human systems
(ibid).

This paper attempts to analyse the main questions posed by the recent literature
on the nexus of COVID-19 and climate change. The high uncertainty and urgency
about handling the pandemic encouraged many studies in a variety of disciplines.
Some of these examine the interconnection between climate action and policy on the
one hand, and COVID-19 experiences and opinions on the other. For instance, Drews
et al. (2022) investigate the way in which COVID-19 changed public perceptions of
climate change, action and policy. The authors find that people who believe that
climate change contributed to the COVID-19 outbreak have increased their support
for climate policies. However, on average, climate concern decreased during the
first wave of the COVID-19 pandemic (ibid). In addition, people are found to be
rather pessimistic regarding future climate actions by citizens and the government.
Some tend to be concerned about scarce financial resources for climate action and
government mismanagement of the COVID-19 pandemic (Savin et al. 2022a).
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Prior reviews of this recent literature are not systemic but selective (Fuentes
et al. 2020) or mini-reviews (Amnuaylojaroen and Parasin 2021). Some of these
reviews focus on the similarities and differences between COVID-19 and climate
change (Amnuaylojaroen and Parasin 2021; Fuentes et al. 2020; Gupta, Rouse and
Sarangi 2021; Joshi et al. 2021). Other reviews examine the impacts of COVID-19 on
climate change (Rieder 2020; Tan et al. 2021). Due to the short time span between the
start of the pandemic and their publication, these cover a limited literature (between
a few dozen and hundred). Through the present systematic review, we are able to
synthesise a larger set of studies and broader range of themes on the nexus of
COVID-19 and climate change. This covers the period February 2020 until March 2022.
We analyse the studies both qualitatively and quantitatively — employing statistics
and methods from computational linguistics. The research questions for this work
are what are the main topics discussed on the relationship between COVID-19 and
climate change? What are the main policy implications of the studies?

To sample relevant studies, we followed an eligibility process according to the
Preferred Reporting Items of Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Moher et al. 2009). Sampled articles were categorised into topics, methods
used, world region and specific application (e.g. focus on policy or the economy). We
generate descriptive statistics for publication time, country focus, methods used and
journal publication rates. Next, through a combination of qualitative analysis and
computational linguistics, we derive seven topics that are recurring in the literature
concerning climate change and COVID-19. We use these topics to assess insights of the
most cited articles and the journals with the highest publication rates. In addition, we
enter more deeply into the topics and discuss the main conclusions of each topic
identified. Finally, we derive main policy insights addressed in the literature,
assessing most recommended policy instruments for climate change mitigation and
a sustainable economic recovery from COVID-19. A final section concludes.

2 Search and Selection of Studies

The data for this study were obtained from the peer-reviewed literature, using
the Scopus database. On the 1st of April 2022, we searched for articles that had the
words ‘covid’ or ‘coronavirus’ and ‘climate’ in the title. This generated 452 articles.
Additionally, a snowball search strategy was undertaken by checking journal special
issues and references cited in review articles, which resulted in an additional 36
articles, that is, 488 articles in total.

These publications were screened and assessed for eligibility according to
PRISMA. Figure 1 summarises the sampling process. The first step — the screening
process — was based on the structure and basic information of the studies. Here,
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articles were analysed exclusively based on title, abstract and keywords. Articles that
had no abstract (n = 99),! corrections (n = 6), duplicates (n =5) and articles for which a
full paper was not accessible (n =5) were excluded. In total, 115 articles were excluded
in this step. Next, we assessed the remaining 373 articles for eligibility based on the
content of the studies —i.e. the issues investigated. This involved reading the abstract
and, if insufficiently clear, reading the article texts as well. The exclusion criteria
were as follows:

1. Review (n =12). As we focus on primary studies of any type, whether theoretical,
empirical, opinionated, etc. (Cf. Capstick et al. 2015).”

2. Other context (n = 131). These concern publications in which the word ‘climate’ is
utilised in another context, unrelated to climate change. Examples are air quality
in the workplace, climate conditions affecting crop growth and the potential
influence of climate conditions on the outbreak of COVID-19.

3. Very superficial treatment of the relationship between climate change and
COVID-19 (n = 18). This includes studies that have both keywords in the title, but
at least one of the notions is addressed only very superficially so that the
relationship between climate and COVID-19 is not the focus of the study
(e.g. “effects of climate and environmental variance on the performance of a
novel peatland-based integrated multi-trophic aquaculture (IMTA) system:
implications and opportunities for advancing research and disruptive innova-
tion post COVID-19 era”).

4. The link between climate change and COVID-19 is not addressed at all (n = 8).
While both notions are studied in the articles, they are discussed independently.

This procedure resulted in the exclusion of 169 studies, giving a final sample of 204
studies.

3 Results
3.1 General Study Characteristics

Following the selection process for the review, a combination of statistical and
qualitative analyses was conducted to identify the main topics of research on the

1 Over 90 % of these studies are editorials, notes, letters, errata, conference proceedings and book
chapters. As without abstract we cannot later do quantitative (topic modelling) analysis of the
sample, we had to remove these papers.

2 This step is common for systemic literature reviews as it means focusing on original primary
studies. This involves excluding comments and commentaries, which devoted a major part of their
text on reviewing literature. Note that the introduction section mentions the reviews and summa-
rises their main insights and findings.
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Figure 1: Systematic review process following PRISMA guidelines.

interface of COVID-19 and climate change. To this end, the data were grouped into
different categories (see the Supplementary Information for a table with a full list of
204 reviewed studies and their categorization):

—  Method,

— world area that the study application focuses on,

- main topic addressed,

—  whether the study focused on policy or not and

— whether it involves analysis of economic processes or impacts.

Of the 204 articles selected, 62 were published in 2020, 118 in 2021 and 24 in the first
three months of 2022. If the rate of publications were to be maintained for the entire
year, 96 articles would be published by the end of 2022, leaving the year 2021 as
having most publications.> This might be due to the urgency for new information
and research concerning policy-making and economic recovery immediately af-
ter the pandemic. In fact, out of the 14 articles that mention the word ‘recovery’ in

3 Some journals publish more issues towards the end of the year, which suggests a higher estimate.
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the title, the majority (n = 9) were published in 2021, and of the 13 articles that have
the word ‘policy’ in their title, also the majority (n = 9) were published in 2021.

We identified four main methods: opinions and commentaries (n = 111),
empirical surveys focusing on the analysis of primary (original) empirical data®*
(n = 41), other empirical methods, involving statistical analysis of secondary
empirical data (n = 32) or applied models (n = 20). Concerning the method of data
collection, the relevant distinction for our dataset is primary (empirical surveys)
versus secondary data. Figure 2 shows the frequency of the approaches employed by
the studies.

In terms of application, 109 studies are focused on particular countries or re-
gions. A total of 31 studies are categorised as ‘global’, addressing issues such as global
reduction in emissions due to COVID-19 (Gettelman, Chen and Bardeen 2021; Smith,
Tarui and Yamagata 2021) or general lessons from the pandemic for policymakers
(Perkins et al. 2021). The remaining 19 studies that analysed several specific countries
were classified under ‘other’, meaning that they focused on more than one world
areas (including continents). For instance, Samani et al. (2021) investigated the
impact that changes in energy production during the pandemic had on greenhouse
gas (GHG) emissions in Colombia, France, the Netherlands and Portugal. Similarly,
Irfan et al. (2022) tried to identify the indirect environmental impacts of COVID-19 for
the USA, China, Spain and Italy — considered to be the most affected economies. The
last category is ‘not applicable’, covering 64 articles. None of these utilised original
empirical data and were mostly commentaries/opinion articles (see Figure 3).

Figure 3 summarises the methods used in combination with each world area. It
shows that empirical surveys are more common in Europe, North America and
Oceania, and models in Asia as well as on a global scale.

Models 20

Other empirical methods - 32

20 40 60 80 100 120

S

Figure 2: Methods used in the sample of studies on the nexus of COVID-19 and climate change.

4 The few studies undertaking an experiment in the sample were attributed to the category
empirical survey as they analyse primary (original) empirical data.
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Figure 3: Methods employed in studies by world area. Note: MENA, Middle East and North Africa.

Regarding outlet of the study, there is no predominant journal on the relation-
ship between climate change and COVID-19. Journals with the highest publication
rates have published six papers each. These are Environmental and Resource
Economics (with 146 citations accumulated by April 1, 2022), Climate Policy (30),
Sustainability (32), Global Sustainability (10) and IOP Conference Series: Earth and
Environmental Science (5). The remaining journals have published five or fewer
articles. Table 1 shows the 10 most cited articles in the sample.® Note that none of the
most cited articles were published in the five journals with most articles on the nexus
of COVID-19 and climate change. As it is easier for articles that have been published
earlier to get more citations, the table also indicates the citations per month. Finally,
the journal Science of the Total Environment, which has five publications, appears as
the most cited journal on the relationship between COVID-19 and climate change,
accumulating 355 citations in total.

The most cited articles belong to the topic ‘Impacts of COVID-19 on climate
change and policy’ (see Section 3.2), which focuses on the decrease in GHG emissions
due to lockdown measures during the COVID-19 outbreak. For example, Baldasano
(2020), who has the most citations, investigated air quality in Madrid and Barcelona
during the period March-April 2020. His results show that, due to the drastic
reduction in traffic, NO, concentrations decreased by 62 % in Madrid and by 50 % in
Barcelona.

5 Although one might argue that the time period is fairly short for being cited, as the table shows,
some studies received many cites — six of them even more than 100. In view of this, we think the
information offered in the table is useful. If all studies would have been cited few times (say less than
10 times), such a table would not have been useful in distinguishing studies with much impact.
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3.2 Topics Addressed

An important step when analysing abstracts was to organize the studies into main
topics. Seven topics were identified, based on two steps. First, we classified the main
topics of studies on a subjective basis. Going through titles, abstracts and keywords,
we identified recurring subjects and consequently identified main topics. Some
studies addressed more than one topic. For example, one article analysed the impacts
of city tourism during COVID-19 on GHG emissions while also drawing lessons from
the pandemic for climate change mitigation as well as challenges for city planning
(Jiricka-Purrer, Brandenburg and Prébstl-Haider 2020).

Next, a computational-linguistic analysis was carried out using text from the
titles, abstracts and keywords of all articles in the sample. This took the form of topic
modelling, an approach that statistically classifies a set of words from documents and
defines probability distributions for these to match the texts to underlying topics
(Griffith and Steyvers 2004; Savin, Ott and Konop 2022b). This procedure resembles
clustering of numerical data, but to calculate distances between words, we use
information about the frequency of how often these co-occur in the same articles
(Savin et al. 2020). This delivers a set of topics consisting of lists of words that
with different probabilities appear in the articles. For example, words such as
‘perceptiorn’, ‘threat’ and ‘survey’ tend to appear together in a topic related to public
concern about climate change and COVID-19. We followed the procedure employed
earlier in Savin and van den Bergh (2021) and Savin and Teplyakov (2022). In
particular, we first pre-processed the texts hy:

— lemmatizing words, i.e. transforming them to their initial dictionary form;
— removing punctuation and non-letters;

— removing stop words (such as ‘we’, ‘and’);

— retrieving multi-word expressions (like ‘climate_change’ and ‘fossil_fuel’).

Subsequently, the textual documents were classified using a Structural Topic Modelling

(STM) algorithm in the stm package of R software (Roberts, Stewart and Tingley 2019).
Nine topics were identified. For each topic, the five most frequent and exclusive

words are provided below:®

1. Reduction, emission, aerosol, air, concentration

Sustainability, post, opportunity, environmental, coronavirus

Fossil_fuel, recovery, green, economy, sustainable

Participant, threat, concern, perception, knowledge

Energy, market, demand, renewable_energy, technology

G W

6 Figure Alin the Appendix provides more information by listing the 30 most frequent and exclusive
words for each topic.
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6. Risk, community, disaster, urban, resilience

7. Death, environment, variable, mortality, temperature
8. Food, ghg_emission, production, crop, food_security
9. Collective, problem, cooperation, response, politics

The STM algorithm also provided us with shares of topics estimated for each article in
the sample. Many articles were dominated by one topic with a weight of 60 % or more
for that topic. However, there were articles that did not fall entirely into one topic but
represented a mix of two or three topics with rather similar weights. Additionally,
there were some articles which, even though their theme related to the topic, a closer
review of the article suggested it fitted better in another topic. Thus, 31 articles that
had a weight of more than 60 % in one topic were later assigned to another topic.
In fact, one of the main problems of using topic modelling is the lack of a quality
metric as achieved by human judgement (Nikolenko, Koltcov and Koltsova 2017). To
overcome this shortcoming, we combined topic modelling with qualitative analysis’
to provide a thorough validation of the results.

A new topic was created as a result of this qualitative analysis, namely ‘Simi-
larities and differences between COVID-19 and climate change’ — which included
articles that had shares of 20 % and 30 % in multiple topics and hence could not be
easily classified in the other topics. This topic has numerous articles that investigate
the similarities and differences between COVID-19 and climate change and thus
includes a wider variety of key words.

Combining the two approaches, qualitative analysis and topic modelling,
resulted in the topics listed in Table 2. We will discuss them in detail in the next
section. The table includes a summary of the main sub-issues addressed under each
topic, ordered by frequency of appearance.

Figure 4 depicts which methods are employed in each topic, showing great
variety and dominance of some methods in certain topics. While opinions and
commentaries are more common in the topics ‘Sustainable recovery after COVID-19’,
‘Lessons from COVID-19 for climate change action’, ‘Collective responses to crises’
and ‘Similarities and differences between COVID-19 and climate change’, empirical
surveys are more common in the topic ‘Public concern about climate change and
COVID-19’, other empirical methods for topics ‘Impacts of COVID-19 on climate
change and policy’ and ‘Effects of COVID-19 and climate change on the economy, food
security and poverty’. The method of modelling is especially common in the first
topic, as earth system models are utilised to measure global GHG emissions.

7 Qualitative analysis was first conducted independently by the first and second authors. Subse-
quently they compared their results. In a few cases of disagreement, the third author was involved to
help resolving the issue.
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Table 2: Main topics identified on the relationship between climate change and COVID-19.

RG

Topic Sub-issues No. of studies  Accumulated
(sample share) citations
T1 Impacts of COVID-19 on  Changes in CO, emissions, 40 (20 %) 1142
climate change and policy COVID-19 implications for
progress on climate change,
climate finance
T2 Sustainable recovery Climate action after COVID-19, 40 (20 %) 473
after COVID-19 sustainable economic recovery
after COVID-19
T3 Public concern about Changes in perceptions of 32 (16 %) 91
climate change and climate change due to COVID-19,
COVID-19 public support of measures/
policies
T4 Lessons from COVID-19  Lessons for policy, lessons for 31 (15 %) 202
for climate change action urban and rural areas, lessons
for individual/social behaviours
T5 Effects of COVID-19 and  Impacts of both crises on food 26 (13 %) 121
climate change on the security, poverty and the
economy, food security ~ economy
and poverty
T6 Collective responses to Governance of COVID-19 and 19 (9 %) 63
crises climate change
T7 Similarities and differ- Shared pretences, 16 (8 %) 107
ences between COVID-19 interconnections and differences
and climate change of climate change and COVID-19
45
40
35
30
25
20
15
10
L ]
. L
0
Impacts of Sustainable  Public concern Lessons from Effects of Collective  Similarities and
COVID-19 on recovery after about CC and COVID-19 for COVID-19 and responses to differences
CC and policy COVID-19 COVID-19 CC action CC on the crises between
economy, food COVID-19 and
security and CcC
poverty
B Opinions & commentaries ¥ Empirical survey Other empirical methods Models

Figure 4: Methods employed in studies by topic. Note: “CC” denotes climate change.
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We also looked at which topics are dominant in relation to particular regions.
Out of five studies based on African data, three have focused on impacts of COVID-19
on climate change (T1) but none on sustainable recovery after COVID-19 (T2) or
collective responses to crises (T7). T2 on sustainable recovery has been typically
analysed for the global scale and Europe (9 studies each out of 40) and Asia (5 studies),
while T7 on collective responses has been mostly analysed for the global scale (4 out
of 19). This reflects that the equity perspective in developing and least developed
countries has been largely neglected so far, suggesting more research is needed here.

4 Insights from the Seven Topics

In this section, we discuss the seven topics listed in Table 2 in more detail, to derive
specific insights and recommendations.

4.1 Impacts of COVID-19 on Climate Change and Policy

Multiple articles within this topic discuss how the pandemic affected global as well as
local air quality. Since earth systems models are common to estimate emission
changes, 13 articles under this topic use models. The most cited articles also lie within
this topic — for example, analysis of emissions data illustrates the positive impact of
COVID-19 on air quality during the COVID-19 outbreak (Sarfraz, Mohsin and Naseem
2022; Tibrewal and Venkataraman 2022; Usman et al. 2021). A study by Elmousalami
(2021) attributes the decrease in emissions to several policies in particular: the
closure of national borders and travel restrictions, banning of public gatherings and
closure of cultural and educational buildings, the mandatory lockdown in numerous
nations, travellers’ self-quarantine and isolation of individuals that contracted the
virus.

Many studies attributed to this topic address the causal relationship from
COVID-19 confinement policies via restricted mobility on air pollution. However,
emissions reductions are only significant for the lockdown period, and a return to
pre-pandemic emissions was expected (Luke et al. 2021). Forster et al. (2020) inves-
tigated global emission reductions from February and June 2020 due to the lockdown
measures. By analysing mobility data in 114 countries and US states, they estimate
that global NO, emissions — declining up to 30 % in April - contributed to a short-term
cooling of the atmosphere. On the other hand, a reduction in global SO, emissions
weakens the aerosol cooling effect, causing short-term warming. This explains
the observed temperature increases of 10 %-40 % over East China relative to 2019
(Yang et al. 2020).
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Despite the short-term warming effect from decreasing aerosol emissions, a
reduction of NO, has a cooling effect that will probably offset a large fraction of this
warming effect (Forster et al. 2020). It is thus necessary to aim towards policies that
reduce pollution from all mobility sectors at a time. If current national policies are
followed, the direct effect of pandemic-driven emission reductions will only lead to a
cooling of approximately 0.01°C by 2030. On the other hand, policies aiming at a
green recovery can help avoid global warming of 0.3 °C by 2050 (ibid).

Irfan et al. (2022) find a significant relationship between contingency actions
of the pandemic and positive environmental spillovers, including air quality
improvements, clean beaches, and decline in environmental noise. However, they
also report negative consequences such as increased waste levels and decreased
recycling threaten land and water. The reduction in GHG emissions during the short
time span of the pandemic is thus not a sustainable way to mitigate environmental
deterioration. They suggest the design of action plans to encourage a sustainable
economic recovery in a post-pandemic scenario.

Another aspect regarding the impact of COVID-19 on climate change concerns
the implications that the pandemic has had on progress regarding climate change
mitigation. Several studies in the sample examine this for Brazil. As is well known,
the president of Brazil Bolsonaro has adopted an anti-environmental stance since
taking office in 2019. Ferrante and Fearnside (2020) argue that the combination of the
COVID-19 pandemic and weakening of Brazil’s environmental agencies undermined
environmental protection and indigenous rights. Vale et al. (2021) support this
by identifying major legislative actions, environmental fines and deforestation
since January 2019. They conclude that almost half of the legislative acts aimed at
weakening environmental protection occurred during the pandemic, which may
be explained by reduced public concern about and lower media attention to
environment and climate in the period of health emergency (see Section 4.3).
Furthermore, they find a 72 % reduction in the number of environmental fines
during this time contributing to further deforestation of the Amazon.

4.2 Sustainable Recovery after COVID-19

Articles under this category address the uncertainties and opportunities for climate
action as well as a sustainable recovery after the pandemic. Out of the 40 articles
about this topic, only six are empirical studies and one includes a model — which
explores the effect of persistence in energy demand changes through global COVID-19
shock-and-recovery scenarios (Kikstra et al. 2021). The other 33 papers are
commentaries or opinions, sometimes involving some literature discussion.
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The main issues discussed in these studies are climate change targets post-
COVID-19, addressing both negative and positive outcomes. For instance, Gosens and
Jotzo (2020) state that, although China has drafted the 14th five-year plan to reach
carbon neutrality by 2060, there are no signs of clear environmental ambition.
Indeed, Beijing’s recovery program shows no support for renewable energy
industries — while much investment flows to fossil fuel industries. On the other side,
more positive approaches, such as sustainable innovative frameworks and funding
opportunities, are suggested to be developed through Horizon Europe to boost
sustainable urban areas and reach climate neutrality in 100 cities across Europe
by 2030 (Maestosi, Andreucci and Civiero 2021). It is quite easy to be sceptical about
this though.

The most cited article in the topic of sustainable recovery is by Barbier and
Burgess (2020). They highlight the vulnerabilities of developing countries to
COVID-19, partly due to the scarce international support towards the 17 Sustainable
Development Goals (SDGs). They suggest three policies for developing countries to
achieve sustainable development in a cost-effective and rapid manner: a fossil fuel
subsidy swap to promote renewable energy investments and knowledge in rural
areas; reallocating irrigation subsidies to improve water supply, sanitation and
infrastructure; and a tropical carbon tax —i.e. a levy on fossil fuels that funds natural
climate solutions. Countries like Colombia and Costa Rica have already implemented
such a carbon tax.

4.3 Public Concern About Climate Change and COVID-19

Almost all articles about this topic are surveys of public opinion or analyses of public
data.® An important subject discussed in this category is whether the COVID-19
pandemic has caused a decrease in environmental concern and/or action (Ecker et al.
2020; Loureiro and All6 2021; Lyytimaki et al. 2020; Rauchfleisch, Siegen, and Vogler
2023; Spisak et al. 2022; Stoddart et al. 2021; Ulichney et al. 2021; Zhang, Hao, and
Morse 2020). For example, according to the ‘finite pool of worry’ hypothesis, the
pandemic reduced public concern about climate change, since people can be con-
cerned only about a limited number of issues. The most cited article, by Ecker et al.
(2020), portrays the discourse about the relationship between climate change and
COVID-19 as going in two opposite directions: to bring attention back to climate
change and learn from positive behaviours in response to COVID-19 (the authors call
it a ‘trial run’) and to argue that governments need to focus for the moment on

8 Often these studies address the interconnection between concerns, attitudes and climate action
(see, e.g., Ulichney et al. 2021), which requires us to discuss these issues together.
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economic recovery of COVID-19 and leave climate action on the ‘back seat’. They
undertake two experiments in North America in which participants were given one
of two opinionated articles with each point of view, finding no support for framing
COVID-19 responses as a trial run for climate action but neither find strong evidence
to reject the frame either.

Other studies show, using analysis of news media data, that the debate on
climate change has decreased in attention due to the dominance of COVID-19 in
recent news (Loureiro and All6 2021; Lyytimaki et al. 2020; Rauchfleisch, Siegen, and
Vogler 2023; Spisak et al. 2022). Other studies suggest, however, that the persistence of
climate threats, gradual mainstreaming of climate concern and the debate around
sustainable recovery after COVID-19 mean that climate change is likely to remain
relevant to the public (Lyytimaki et al. 2020).

Another popular theme is whether there is a correlation between climate change
support and personal views regarding COVID-19 - including political affiliation
(Christou, Theodorou and Spyrou 2022; Elliott 2022; Geiger et al. 2021; Thaker
and Cook 2021; Wong-Parodi and Berlin Rubin 2022). Studies show an association
between the belief that infectious diseases increase due to climate change and
pro-environmental attitudes as well as support for sustainable recovery policies
(Kallbekken and Selen 2021; Takshe et al. 2022; Thaker and Floyd 2021). Moreover,
Thacker and Cook (2021) show that learning about the connections between climate
change and health can help increase climate-policy support among right-wing
individuals. This leads to a support for a climate-focus in COVID-19 recovery policy
and positive individual behaviour towards climate change.

4.4 Lessons from COVID-19 for Climate Change Action

Articles in this category are quite diverse. They address lessons and opportunities
that arise from the COVID-19 pandemic to deal with another crisis, namely climate
change. Several studies examine regional lessons, focusing on adaptation strategies
for climate change. For instance, Jiricka-Plrrer, Brandenburg and Probstl-Haider
(2020) highlight that COVID-19 emphasised the need to reconsider free and green
spaces in metropolitan areas to adapt to climate-related threats such as heatwaves.
For Negev et al. (2021), who study the pandemic in Israel, Palestine and Jordan, better
health surveillance and more resilient health care systems are important to prepare
and be equipped for any threat, including climate change.

Individual behaviours during the pandemic have given rise to studies with a
psychological dimension. These address the responses of individuals to rules and
restrictions that were imposed to combat the pandemic as well as their association
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with opinions and behaviours regarding climate change (Corvino 2021; Goebel et al.
2020; Hochachka 2020; Perkins et al. 2021). According to Corvino (2021), if we focus on
the benefits and opportunities of a more sustainable world rather than on the risks
of climate change, at least some of the individual behavioural successes from
the pandemic could be applied to the climate crisis. In addition, Hochachka (2020)
emphasises the usefulness of simple, concrete and relatable messaging as well as
accessible climate knowledge to communicate complex issues. Section 5 provides
more details about lessons from COVID-19 experiences for climate policy.

4.5 Effects of COVID-19 and Climate Change on the Economy,
Food Security and Poverty

This topic brings together studies that share a focus on the effect that COVID-19 and
climate change have on different aspects of our economy and society. Several articles
study the impacts using a variety of indicators, such as the exchange rate (Langa,
Massuangahne and Nhanala 2022), inflation (Wahidah and Antriyandarti 2021) or the
link between GDP growth and energy consumption (Khurshid and Khan 2021). Dunz
et al. (2021) study the relationship between banks’ lending decisions and economic
recovery policy in Mexico. They find that procyclical constraints in lending and
credit markets amplify short-term shocks by limiting firms’ recovery investments,
reducing the effectiveness of government spending.

Other studies address the impact of COVID-19 and climate change on poverty
and food security, especially in Asian countries (Rahayu 2021; Sifa, Sultana, and
Bodrud-Doza 2021). Climate change, COVID-19 and poverty are interconnected in a
way that increases the vulnerability of certain groups of the population. In line with
Barbier and Burgess (2020), Sifa, Sultana and Bodrud-Boza (2021) express the need to
implement pro-poor strategies addressing climate change resilience and sustainable
economic recovery from COVID-19. Some of the objectives they promote are infra-
structural improvements to safeguard vulnerable households, health and social se-
curity, employment opportunities and climate adaptive agricultural diversification
as a climate-adaptation strategy. As the global economy is highly interdependent
through supply chains, uncertainty and bottlenecks in production, transportation
and income arising from the COVID-19 pandemic have disrupted agricultural ac-
tivities, further aggravating challenges in food security (Rasul 2021). This motivates
the authors to plea for sustainable strategies to combat and recover from hoth the
pandemic and the climate crisis to build more resilient food systems.
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4.6 Collective Responses to Crises

All articles under this topic — but two, which are empirical studies based on surveys —
can be categorised as ‘opinions and commentaries’. Many of these studies address
collective action (or inaction) under COVID-19 in relation to similar action under
climate change (Asker and Stefdnsson 2021; Elander, Granberg and Montin 2021;
Raymond, Kelly and Hennes 2021). They highlight that the collective responses have
been inadequate in terms of international cooperation in both cases (Asker and
Stefansson 2021; Cole and Dodds 2021; Raymond, Kelly and Hennes 2021; Stuart,
Petersen and Gunderson 2022). An original view is expressed by Schmidt (2021), who
finds rather striking similarities between the two problems, regarding uncertainty,
free-rider incentives and ‘disincentives of politicians to adequately address the
respective issue with early, farsighted and possibly harsh policy measures’. He
argues that for such complex problems, it may be necessary to establish novel
political decision procedures that actively involve experts and to lower the
involvement of political parties driven by particular interest groups to overcome
the barriers to urgently needed climate policies.

There are clearly different opinions about future action towards climate change.
While some authors derive hope from government responses to COVID-19 for climate
change governance (Raymond, Kelly and Hennes 2021; Van Lange and Rand 2022),
others are more sceptical (Asker and Stefadnsson 2021; Cole and Dodds 2021). The
latter studies discuss that the hope of solving climate change like the pandemic is
overly optimistic, arguing that the two collective action problems are very different,
so that individual actions to solve problems posed by the pandemic provide little
help for the problem posed by climate change. They also believe that, if anything, the
actions taken in response to COVID-19 express the inability to cooperate towards
climate change mitigation. This is because, for the pandemic, the economic costs
that states accepted to limit harm for COVID-19 were ‘suboptimal’ for the ‘global
collective’, but they might have been ‘optimal’ for each individual state. On the
contrary, the economic costs that states might have to accept to limit harm from
climate change are optimal for the global collective but might be suboptimal for
individual states (in the short run).

4.7 Similarities and Differences Between COVID-19 and Climate
Change

This topic includes studies that compare COVID-19 and climate change resulting in
identification of interactions, similarities or differences. Every article belonging
to this topic is an opinion or commentary article, and only one article has an area
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focus (Sub-Saharan Africa). The two crises have been compared from several
perspectives: the way they contribute to human fear (Janké 2020), politics and
responses to both crises (Lidskog, Elander and Standring 2020; van der Ven and Sun
2021), risk management (Pasini and Mazzocchi 2020; Ruiu, Ragnedda and Ruiu 2020),
or in broader terms (Ebi et al. 2021; Grundmann 2021; Jately, Joshi and Jatley 2021).
In general, and in line with what is previously discussed regarding collective
responses to both crises, it is agreed that the two issues share characteristics, such
as the need for international cooperation, affecting vulnerable and marginalised
communities worse, and interconnecting with food, water, health, energy and
infrastructure systems (Ebi et al. 2021). Main differences include the time span of
both crises — COVID-19 is short-term while climate change expresses short-term shocks
as well as long-term trends. Additionally, these two challenges are perceived and
communicated differently, treating the COVID-19 pandemic as a crisis but communi-
cating climate change in terms of future risks (Ruiu, Ragnedda and Ruiu 2020).

5 Policy Lessons

In this section, we summarize studies that focus on the nexus of COVID-19 and
climate policy. We will first identify the most cited authors and the topics most
related to climate policy. Then, we will summarise lessons from COVID-19 for climate
policy and sustainable actions after COVID-19.

There are 52 articles that focus on policy related to COVID-19 and climate change.
Of these, 21 articles were published in 2020, 30 in 2021 and only one in (the first
months of) 2022. Regarding methods, 34 articles are classified under opinions and
commentaries, 13 use empirical methods and 5 use models. Of the journals that have
published such articles (41 in total), only seven have published more than one article.
Climate Policy is the journal with the highest number of publications, which is
perhaps not surprising given the name and scope of the journal. Table 3 summarises
the 10 most cited articles that give attention to the nexus of COVID-19 and climate
policy.

As expected, the most cited articles related to climate policy lie within the topic of
sustainable recovery after COVID-19. Indeed, 40 % of the articles that focus on policy
belong to this topic (see Figure 5). The three largest topics in the literature concerning
climate policy comprise sustainable recovery actions, collective responses to crises
and policy lessons from the pandemic that are applicable to climate change. The
studies do not show a clear distinction between mitigation and adaptation policy
focus. Out of the 52 articles that focus on policy, eight studies stress the word ‘miti-
gation’ and six have the word ‘adaptation’ in the abstract, of which five studies have
both words.
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Table 3: Most cited articles on the nexus of COVID-19 and climate policy.

DE GRUYTER OLDENBOURG

Topic Year Journal Countries Citations Citations Author
p/m

1 Impacts of 2020 Oxford Review of ~ Other 170 7.7 Hepburn et al.
COVID-19 on Economic Policy
climate change
and policy

2 Sustainable 2020 World n.a 106 6.2 Barbier and
recovery after Development Burgess
COVID-19

3 Impacts of 2021 Biological Latin 52 4.0 Valeetal.
COVID-19 on Conservation America
climate change
and policy

4 Sustainable 2020 Tourism Global 91 3.9 Prideaux et al.
recovery after Geographies
COVID-19

5 Sustainable 2020 Environmental and Other 46 2.1 Barbier
recovery after Resource
COVID-19 Economic

6 Sustainable 2020 Sustainability: Sci- n.a 36 1.6 Markard and
recovery after ence, Practice, and Rosenbloom
COVID-19 Policy

7 COVID-19 2020 Journal of Euro- Europe 18 1.2 Dupont et al.
lessons for pean Integration
climate change
action

8 Sustainable 2020 Sustainability: Global 24 1.1 Bodenheimer
recovery after Science, Practice, and
COVID-19 and Policy Leidenberger

9 Collective 2021 Environmental Asia 16 1.0 Rahman et al.
responses to Research
crises

10 Sustainable 2020 Environmental and Europe 19 0.9 Engstrom et al.
recovery after Resource
COVID-19 Economics

The COVID-19 pandemic has served as an opportunity to induce short-term
policies in order to meet long-term objectives. Several studies connect the pandemic
to the Sustainable Development Goals (SDGs) and Agenda 2030, drawing lessons from
COVID-19 for policymakers in order to achieve the SDG 2030 Agenda (Armenia et al.
2022; Barbier and Burgess 2020; Doni and Johannsdottir 2021; Elmousalami 2021;
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Figure 5: Share of main topics identified relating COVID-19 to climate policy.
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Munasinghe 2020). The studies mostly focus on SDG 13, which refers to climate action,
and measures to achieve the 13th goal. Similar to Elmousalami (2021), who suggests
‘Sustainable Climate Change Policies (SCCPs) that depend on the COVID-19 policies’,
Table 4 summarises some recurrent policy instruments and targets drawn by the
COVID-19 pandemic for climate change mitigation.

Lockdown measures during the COVID-19 pandemic forced people to stay at
home, in turn reducing emissions from activities such as travelling to work or for
leisure. Our impression is that the outcomes of (too few) studies and a short time
period covered by them do not warrant definite conclusions about whether COVID-19
disrupted established behaviours and promoted permanent changes in favour of
sustainable travel patterns. Some studies are positive: O’Garra and Fouquet (2022)
undertook a survey in the United Kingdom showing that individuals are willing to
reduce their travel consumption in the long term, which might lead to 20-26 %
reductions in air travel and 24-30 % in car use. Another study by Patifio De Artaza,
Lewis and Savin (2023) collected data for 27 EU countries plus the United Kingdom
studying transport usage found more mixed evidence. In particular, the authors
found different reaction in transport behaviour across countries: in Austria,
Germany, Denmark, Sweden and the United Kingdom, a reduction in demand
persisted for a while after restrictions were lifted; but in Greece, Portugal, Italy
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Table 4: Sustainable climate policies and targets guided by COVID-19.

Policies Targets

1. Investment in renewable energy (n = 9) 1. Smart green cities

2. Application of a carbon tax (n = 6) 2. 100 % renewable energy

3. Investment in low-carbon technologies (n = 5) 3. Reduction of GHG
emissions

4. More efficient transport (n = 5) 4. Green growth

5. Communication strategies to promote individual and collective action

(n=3)

6. Investment in education and training (n = 2)

7. Retrofit buildings’ energy efficiency (n = 2)

8. Use of digital technology to reduce work/education hours outside the
home (n =2)

Note: n denotes the number of studies proposing the policies. Note that some targets in Table 4 are not quantitative, but
qualitative. Indeed, ‘smart green cities’ and ‘green growth’ aim for a qualitative transformation. As for reduction of GHG
emissions, the numbers vary a lot depending on the ambition and development of the country as well as the time horizon
within which the reduction is planned.

and Spain, transport rebounded after; in the remaining countries, there was little
evidence for new sustainable transport behaviour persisting over time.

The most cited study is conducted by Hepburn et al. (2020). They surveyed 231
officials from central banks and finance ministries as well as other economic ex-
perts from G20 countries to assess the relative performance of 25 major fiscal
recovery archetypes. The results show five policies with high potential on both
economic and climate impact metrics: clean physical infrastructure, energy-
efficiency retrofits of buildings and investments in education and training, natural
capital and low-carbon technologies. According to the authors, these policies will
not only develop more efficient and cleaner technologies but also address social
problems such as unemployment caused by COVID-19 — notably through education
and training. Additionally, energy-efficiency retrofits will lower social and health
inequalities by shrinking real electricity costs and keeping houses warm during the
winter periods.

Increasing digital work and education leads to a reduction in transportation and
thus in CO, emissions (Bodenheimer and Leidenberger 2020). Moreover, by investing
in more energy-efficient technologies, improvements in transport systems and
infrastructure may lead to more intense use of public transportation and promotion
of active mobility like cycling (Kakderi et al. 2021). Applying such policies now will
lead to greener cities, cleaner and more efficient use of energy and ultimately achieve
climate targets.

Although the theoretical and empirical support for carbon pricing as an effective
and systemic instrument is impressive, it remains a controversial policy in some
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circles. While it can introduce new revenue streams and contribute to a more sus-
tainable recovery (Barbier 2020; Barbier and Burgess 2020; Mintz-Woo et al. 2021),
subsidies for low-carbon actions receive a higher acceptance among general public
than carbon taxes (Engler et al. 2021), even though they tend to lead to relatively high
rebound (Murray et al. 2014). In general, although implementing a carbon tax is
suggested by one study to potentially worsen the recession (which is highly uncertain
in our view), there is high support for it if combined with other policies (Engstréom
et al. 2020).

6 Conclusions

The main objective of this study was to identify the questions that recent research
has raised regarding the relationship between COVID-19 and climate change. The
unexpected COVID-19 pandemic laid bare the interconnection between economic,
environmental and healthcare systems. Through an analysis of publications that
include the keywords ‘COVID-19’ and ‘climate’ or ‘coronavirus’ in their title, 204
articles were collected and systematically reviewed. General study characteristics
demonstrate that the most prominent article types are opinions and commentaries,
followed by empirical surveys. In terms of geography, Europe, Asia and North
America were the most studied areas.

Based on computational linguistics and qualitative analysis, seven main topics
were identified in the literature surrounding the nexus of COVID-19 and climate
change: (1) impacts of COVID-19 on climate change and policy; (2) sustainable re-
covery after COVID-19; (3) public concern about climate change and COVID-19; (4)
lessons from COVID-19 for climate change action; (5) effects of COVID-19 and climate
change on the economy, food security and poverty; (6) collective responses to crises
and (7) similarities and differences between COVID-19 and climate change. The most
cited topic is topic (1), which mainly discusses the change in emissions due to
COVID-19.

Several of the reviewed studies discuss the lessons from the COVID-19 pandemic
for climate policy. These suggest that one cannot be optimistic as solving the climate
crisis is not like responding to a pandemic. While the two crises share as similarities
the need for collective responses, international cooperation and involving experts in
political decisions, there are also many differences. COVID-19 is short term and
direct, while climate change is slower, complex in its mechanisms, and threatening
not only humans but also ecological systems. Climate policy in times of COVID-19
suggests a need to focus on a sustainable recovery from the pandemic, implementing
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measures that account for energy and transport efficiency, investments in low-
carbon technologies and in education for new climate-induced industries, and
regulation and pricing strategies to enforce individual climate action.

Regarding further research, as COVID-19 is now under control globally, it may be
the time to start collecting temporal data to assess its long-term social, economic and
environmental impacts as well as its influence on opinions about public policy in
different fields (health, climate). Any results of these can serve as a robustness check
of forecasts by studies covered in the review here.

For example, while several studies reviewed here found evidence that COVID-19
confinement measures reduced air pollution and global emissions via reduced
mobility, it has not yet been studied whether such behavioural changes are persis-
tent. Prior studies based on survey questionnaires show moderate optimism that
people will work more remotely (Savin et al. 2022a), but evidence for impacts on
climate action is scarce. In addition, further research is warranted on the question
how COVID-19 has affected inequality, particularly in low- and middle-income
countries.

Data and Code Availability

Data for this study are available at: https://github.com/IvanVSavin/CovidClimate.

Highlights

- We review 204 articles on the relationship between COVID-19 and climate
change.

— They are classified into seven main topics using computation linguistics.

- Studies give most attention to the impacts of COVID-19 on emissions.

- Low-carbon technologies and carbon taxation are the most commonly suggested
policies.
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See Figure Al
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Figure A1: Word clouds of nine topics retrieved with structural topic modelling based on titles,
abstracts and keywords of the 204 articles on the nexus between COVID-19 and climate change. Note:
Font size reflects the probability (weight) of the respective word given the topic, while darker colour
indicates a higher degree of exclusivity.

References

Aldaco, R., D. Hoehn, J. Laso, M. Margallo, J. Ruiz-Salmén, . Cristobal, R. Kahat. et al. 2020. “Food Waste
Management During the COVID-19 Outbreak: A Holistic Climate, Economic and Nutritional
Approach.” Science of the Total Environment 742: 140524.

Amnuaylojaroen, T., and N. Parasin. 2021. “The Association Between COVID-19, Air Pollution, and Climate
Change.” Frontiers in Public Health 9: 918.

Armenia, S., S. Arquitt, M. Pedercini, and A. Pompei. 2022. “Anticipating Human Resilience and
Vulnerability on the Path to 2030: What Can We Learn from COVID-19?” Futures 139: 102936.
Asker, A. S., and H. O. Stefénsson. 2021. “Collective Responses to Covid-19 and Climate Change.” Erasmus

Journal for Philosophy and Economics 14 (1): 152-66.

Baldasano, J. M. 2020. “COVID-19 Lockdown Effects on Air Quality by NO2 in the Cities of Barcelona and
Madrid (Spain).” Science of the Total Environment 741: 140353.

Barbier, E. B. 2020. “Greening the Post-pandemic Recovery in the G20.” Environmental and Resource
Economics 76 (4): 685-703.

Barbier, E. B., and . C. Burgess. 2020. “Sustainability and Development after COVID-19.” World
Development 135: 105082.



262 —— (. Mestre Garcia et al. DE GRUYTER OLDENBOURG

Bodenheimer, M., and J. Leidenberger. 2020. “COVID-19 as a Window of Opportunity for Sustainability
Transitions? Narratives and Communication Strategies beyond the Pandemic.” Sustainability: Science,
Practice and Policy 16 (1): 61-6.

Capstick, S., L. Whitmarsh, W. Poortinga, N. Pidgeon, and P. Upham. 2015. “International Trends in Public
Perceptions of Climate Change over the Past Quarter Century.” Wiley Interdisciplinary Reviews:
Climate Change 6 (1): 35-61.

Christou, G., E. Theodorou, and S. Spyrou. 2022. “The Slow Pandemic’: Youth’s Climate Activism and the
Stakes for Youth Movements under Covid-19.” Children’s Geographies 21 (2): 191-204.

Cole, J., and K. Dodds. 2021. “Unhealthy Geopolitics: Can the Response to COVID-19 Reform Climate
Change Policy?” Bulletin of the World Health Organization 99 (2): 148.

Corvino, F. 2021. “The Covid-19 Pandemic and Climate Change.” Revista Portuguesa de Filosofia 77 (Fasc.
2/3): 691-714.

Doni, F., and L. Johannsdottir. 2021. “COVID-19 and Pandemic Risk: The Link to SDG 13, Climate Change and
the Finance Context.” In COVID-19: Paving The Way for a More Sustainable World, pp. 43-60. Cham:
Springer.

Dunz, N., A. H. Essenfelder, A. Mazzocchetti, I. Monasterolo, and M. Raberto. 2021. “Compounding COVID-
19 and Climate Risks: The Interplay of Banks’ Lending and Government’s Policy in the Shock
Recovery.” Journal of Banking & Finance 152: 106306.

Drews, S., L. Savin, J. van den Bergh, and S. Villamayor-Tomas. 2022. “Climate Concern and Policy
Acceptance before and after COVID-19.” Ecological Economics 199: 107507.

Dupont, C., S. Oberthur, and I. Von Homeyer. 2020. “The Covid-19 Crisis: a Critical Juncture for EU Climate
Policy Development?” Journal of European Integration 42 (8): 1095-110.

Ebi, K. L., K. J. Bowen, J. Calkins, M. Chen, S. Hug, J. Nalau, J. P. Palutikof, et al. 2021. “Interactions between
Two Existential Threats: COVID-19 and Climate Change.” Climate Risk Management 34: 100363.
Ecker, U. K., L. H. Butler, J. Cook, M. J. Hurlstone, T. Kurz, and S. Lewandowsky. 2020. “Using the COVID-19
Economic Crisis to Frame Climate Change as a Secondary Issue Reduces Mitigation Support.” fournal

of Environmental Psychology 70: 101464.

Elander, I, M. Granberg, and S. Montin. 2021. “Governance and Planning in a ‘perfect Storm’: Securitising
Climate Change, Migration and Covid-19 in Sweden.” Progress in Planning 164: 100634.

Elliott, R. 2022. “The ‘Boomer Remover’: Intergenerational Discounting, the Coronavirus and Climate
Change.” The Sociological Review 70 (1): 74-91.

Elmousalami, H. H. 2021. “Sustainable Climate Change Policies Driven by Global CO 2 Reduction during
COVID-19.” In The Global Environmental Effects During and Beyond COVID-19, pp. 121-36. Berlin:
Springer.

Engler, D., E. D. Groh, G. Gutsche, and A. Ziegler. 2021. “Acceptance of Climate-Oriented Policy Measures
under the COVID-19 Crisis: an Empirical Analysis for Germany.” Climate Policy 21 (10): 1281-97.
Engstrém, G.,J. Gars, N. Jaakkola, T. Lindahl, D. Spiro, and A. A. van Benthem. 2020. “What Policies Address
Both the Coronavirus Crisis and the Climate Crisis?” Environmental and Resource Economics 76 (4):

789-810.

Ferrante, L., and P. M. Fearnside. 2020. “Military Forces and COVID-19 as Smokescreens for Amazon
Destruction and Violation of Indigenous Rights.” DIE ERDE-Journal of the Geographical Society of Berlin
151 (4): 258-63.

Forster, P. M., H. L. Forster, M. J. Evans, M. J. Gidden, C. D. Jones, C. A. Keller, R. D. Lamboll, et al. 2020.
“Current and Future Global Climate Impacts Resulting from COVID-19.” Nature Climate Change 10
(10): 913-9.

Fuentes, R., M. Galeotti, A. Lanza, and B. Manzano. 2020. “COVID-19 and Climate Change: A Tale of Two
Global Problems.” Sustainability 12 (20): 8560.



DE GRUYTER OLDENBOURG The Nexus of COVID-19 =—— 263

Geiger, N., A. Gore, C. V. Squire, and S. Z. Attari. 2021. “Investigating Similarities and Differences in
Individual Reactions to the COVID-19 Pandemic and the Climate Crisis.” Climatic Change 167 (1): 1-20.

Gettelman, A., C. C. Chen, and C. G. Bardeen. 2021. “The Climate Impact of COVID-19 Induced Contrail
Changes.” Atmospheric Chemistry and Physics 21 (12): 9405-16.

Goebel,]., C. Manion, Z. Millei, R. Read, and I Silova. 2020. “Academic Conferencing in the Age of COVID-19
and Climate Crisis: The Case of the Comparative and International Education Society (CIES).”
International Review of Education 66 (5): 797-816.

Gosens, J., and F. Jotzo. 2020. “China’s Post-COVID-19 Stimulus: No Green New Deal in Sight.”
Environmental Innovation and Societal Transitions 36: 250-4.

Griffith, T., and M. Steyvers. 2004. “Finding Scientific Topics.” Proceedings of the National Academy of
Sciences 101: 5228-35.

Grundmann, R. 2021. “COVID and Climate: Similarities and Differences.” Wiley Interdisciplinary Reviews:
Climate Change 12 (6): €737.

Gupta, S., B. Rouse, and P. Sarangi. 2021. “Did Climate Change Influence the Emergence, Transmission,
and Expression of the COVID-19 Pandemic?” Frontiers of Medicine 8: 769208.

Hepburn, C,, B. O’Callaghan, N. Stern, . Stiglitz, and D. Zenghelis. 2020. “Will COVID-19 Fiscal Recovery
Packages Accelerate or Retard Progress on Climate Change?” Oxford Review of Economic Policy 36
(Supplement_1): S359-5381.

Hochachka, G. 2020. “Unearthing Insights for Climate Change Response in the Midst of the COVID-19
Pandemic.” Global Sustainability 3: €33, 1-10.

Irfan, M., M. Ahmad, Z. Fareed, N. Igbal, A. Sharif, and H. Wu. 2022. “On the Indirect Environmental
Outcomes of COVID-19: Short-Term Revival with Futuristic Long-Term Implications.” International
Journal of Environmental Health Research 32: 1271-81.

Janko, F. 2020. “Fear Regimes: Comparing Climate Change and the Covid-19 Pandemic.” Geoforum 117:
308-10.

Jately, V., J. Joshi, and R. K. Jatley. 2021. Climate Change and COVID-19: An Interplay. Use of AL, Robotics, and
Modern Tools to Fight Covid-19, 161-80. Piscataway, NJ: IEEE Xploresee.

Jiricka-Purrer, A., C. Brandenburg, and U. Prébstl-Haider. 2020. “City Tourism Pre-and Post-Covid-19
Pandemic-Messages to Take Home for Climate Change Adaptation and Mitigation?” Journal of
Outdoor Recreation and Tourism 31: 100329.

Joshi, M., J. Caceres, S. Ko, S. Epps, and T. Bartter. 2021. “Unprecedented: the Toxic Synergism of Covid-19
and Climate Change.” Current Opinion in Pulmonary Medlicine 27 (2): 66.

Kallbekken, S., and H. Seelen. 2021. “Public Support for Air Travel Restrictions to Address COVID-19 or
Climate Change.” Transportation Research Part D: Transport and Environment 93: 102767.

Kakderi, C., N. Komninos, A. Panori, and E. Oikonomaki. 2021. “Next City: Learning from Cities during
COVID-19 to Tackle Climate Change.” Sustainability 13 (6): 3158.

Khurshid, A., and K. Khan. 2021. “How COVID-19 Shock Will Drive the Economy and Climate? A Data-Driven
Approach to Model and Forecast.” Environmental Science and Pollution Research 28 (3): 2948-58.

Kikstra, J. S., A. Vinca, F. Lovat, B. Boza-Kiss, B. van Ruijven, C. Wilson, J. Rogelj. 2021. “Climate Mitigation
Scenarios with Persistent COVID-19-Related Energy Demand Changes.” Nature Energy 6 (12):
1114-23.

Langa, E.S.,J. A. Massuanganhe, and G. A. Nhanala. 2022. “The Impacts of the Coronavirus (BOVID-19) and
Climate Change on the Exchange Rate: a Multivariate Approach for Mozambique.” Prometeica 24:
210-26.

Lidskog, R., I. Elander, and A. Standring. 2020. “COVID-19, the Climate, and Transformative Change:
Comparing the Social Anatomies of Crises and Their Regulatory Responses.” Sustainability 12 (16):
6337.



264 —— (. Mestre Garcia et al. DE GRUYTER OLDENBOURG

Loureiro, M. L., and M. All6. 2021. “How Has the COVID-19 Pandemic Affected the Climate Change Debate
on Twitter?” Environmental Science & Policy 124: 451-60.

Luke, M., P. Somani, T. Cotterman, D. Suri, and S. J. Lee. 2021. “No COVID-19 Climate Silver Lining in the US
Power Sector.” Nature Communications 12 (1): 1-9.

Lyytimaki, )., H. L. Kangas, E. Mervaala, and S. Vikstrém. 2020. “Muted by a Crisis? COVID-19 and the Long-
Term Evolution of Climate Change Newspaper Coverage.” Sustainability 12 (20): 8575.

Maestosi, P. C., M. B. Andreucci, and P. Civiero. 2021. “Sustainable Urban Areas for 2030 in a Post-COVID-19
Scenario: Focus on Innovative Research and Funding Frameworks to Boost Transition towards 100
Positive Energy Districts and 100 Climate-Neutral Cities.” Energies 14 (1): 216.

Manzanedo, R. D., and P. Manning. 2020. “COVID-19: Lessons for the Climate Change Emergency.” Science
of the Total Environment 742: 140563.

Markard, J., and D. Rosenbloom. 2020. “A Tale of Two Crises: COVID-19 and Climate.” Sustainability: Science,
Practice and Policy 16 (1): 53-60.

McNeeley, J. 2021. “Nature and COVID-19: the Pandemic, the Environment, and the Way Ahead.” Ambio 50
(4): 767-81.

Mintz-Woo, K., F. Dennig, H. Liu, and T. Schinko. 2021. “Carbon Pricing and COVID-19.” Climate Policy 21
(10): 1272-80.

Mobher, D., A. Liberati, ]. Tetzlaff, and D. Altman. 2009. “Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: the PRISMA Statement.” Annals of Internal Medlicine 151 (4): 264-9.

Munasinghe, M. 2020. “COVID-19 and Sustainable Development.” International Journal of Sustainable
Development 23 (1-2): 1-24.

Murray, B. C., M. L. Cropper, F. C. de la Chesnaye, and J. M. Reilly. 2014. “How Effective Are US Renewable
Energy Subsidies in Cutting Greenhouse Gases?” The American Economic Review 104 (5): 569-74.

Negev, M., Y. Dahdal, H. Khreis, A. Hochman, M. Shaheen, M. T. Jaghbir, T. Alpert, et al. 2021. “Regional
Lessons from the COVID-19 Outbreak in the Middle East: From Infectious Diseases to Climate Change
Adaptation.” Science of the Total Environment 768: 144434.

Nikolenko, S. L., S. Koltcov, and O. Koltsova. 2017. “Topic Modelling for Qualitative Studies.” Journal of
Information Science 43: 88-102.

Norouzi, N., G. Z. de Rubens, S. Choupanpiesheh, and P. Enevoldsen. 2020. “When Pandemics Impact
Economies and Climate Change: Exploring the Impacts of COVID-19 on Oil and Electricity Demand in
China.” Energy Research & Social Science 68: 101654.

O’Garra, T., and R. Fouquet. 2022. “Willingness to Reduce Travel Consumption to Support a Low-Carbon
Transition beyond COVID-19.” Ecological Economics 193: 107297.

Pasini, A., and F. Mazzocchi. 2020. “Perception and Risk of Covid-19 and Climate Change: Investigating
Analogies in a Common Framework.” Global Sustainability 3.

Patifio De Artaza H., C. K. Lewis, and L. Savin. 2023. Did COVID-19 Really Change Our lifestyles? In Evidence
from Transport Consumption in Europe, ICTA-UAB Working Paper.

Perkins, K. M., N. Munguia, M. Ellenbecker, R. Moure-Eraso, and L. Velazquez. 2021. “COVID-19 Pandemic
Lessons to Facilitat Future Engagement in the Global Climate Crisis.” Journal of Cleaner Production
290: 125178.

Prideaux, B., M. Thompson, and A. Pabel. 2020. “Lessons from COVID-19 Can Prepare Global Tourism for
the Economic Transformation Needed to Combat Climate Change.” Tourism Geographies 22 (3):
667-78.

Rahayu, E. S., and R. Rahwadwiati. 2021. “The Impact of Climate Change on Poverty in the Pandemic of
Covid-19 in Bengawan Solo Watershed, Wonogiri District, Central Java.” In IOP Conference Series:
Earth and Environmental Science No. 1012109, Vol. 824. Java, indonesia: IOP Publishing.



DE GRUYTER OLDENBOURG The Nexus of COVID-19 =—— 265

Rahman, M. M., M. Bodrud-Doza, M. Shammi, A. R. M. T. Islam, and A. S. M. Khan. 2021. “COVID-19
Pandemic, Dengue Epidemic, and Climate Change Vulnerability in Bangladesh: Scenario Assessment
for Strategic Management and Policy Implications.” Environmental Research 192: 110303.

Rasul, G. 2021. “Twin Challenges of COVID-19 Pandemic and Climate Change for Agriculture and Food
Security in South Asia.” Environmental Challenges 2: 100027.

Rauchfleisch, A., D. Siegen, and D. Vogler. 2023. “How COVID-19 Displaced Climate Change: Mediated
Climate Change Activism and Issue Attention in the Swiss Media and Online Sphere.” Environmental
Communication 17: 313-21.

Raymond, L., D. Kelly, and E. P. Hennes. 2021. “Norm-Based Governance for Severe Collective Action
Problems: Lessons from Climate Change and COVID-19.” Perspectives on Politics 21 (2): 519-32.

Rieder, H. 2020. “A Review of the State of the Climate Crisis in the Midst of the COVID-19 Pandemic.”
Elektrotechnik und Informationstechnik 137 (7): 335-40.

Roberts, M. E., B. M. Stewart, and D. Tingley. 2019. “Stm: an R Package for Structural Topic Models.” Journal
of Statistical Software 91 (2): 1-40.

Ruiu, M. L., M. Ragnedda, and G. Ruiu. 2020. “Similarities and Differences in Managing the Covid-19 Crisis
and Climate Change Risk.” fournal of Knowledge Management 24 (10): 2597-614.

Samani, P., C. Garcia-Velasquez, P. Fleury, and Y. van der Meer. 2021. “The Impact of the COVID-19
Outbreak on Climate Change and Air Quality: Four Country Case Studies.” Global Sustainability 4: €9,
1-15.

Sarfraz, M., M. Mohsin, and S. Naseem. 2022. “A Blessing in Disguise: New Insights on the Effect of
COVID-19 on the Carbon Emission, Climate Change, and Sustainable Environment.” Environmental
Science and Pollution Research 29 (20): 29651-62.

Savin, I, S. Drews, J. van den Bergh, and S. Villamayor-Tomas. 2022a. “Public Expectations about the
Impact of COVID-19 on Climate Action by Citizens and Government.” PLoS One 17 (6): €0266979.

Savin, L, I. Ott, and C. Konop. 2022b. “Tracing the Evolution of Service Robotics: Insights from a Topic
Modeling Approach.” Technological Forecasting and Social Change 174: 121280.

Savin, L, S. Drews, S. Maestre-Andrés, and J. van den Bergh. 2020. “Public Views on Carbon Taxation and its
Fairness: a Computational-Linguistics Analysis.” Climatic Change 162: 2107-38.

Savin, I, and N. Teplyakov. 2022. “Using Computational Linguistics to Analyse Main Research Directions in
Economy of Regions.” Economy of Regions 18 (2): 338-52.

Savin, L, and J. van den Bergh. 2021. “Main Topics in EIST during its First Decade: A Computational-
Linguitical Analysis.” Environmental Innovation and Societal Transitions 41: 10-7.

Schmidt, R. C. 2021. “Are There Similarities between the Corona and the Climate Crisis?” Journal of
Environmental Studlies and Sciences 11: 159-63.

Severo, E. A, ). C. F. De Guimardes, and M. L. Dellarmelin. 2021. “Impact of the COVID-19 Pandemic on
Environmental Awareness, Sustainable Consumption and Social Responsibility: Evidence from
Generations in Brazil and Portugal.” Journal of Cleaner Production 286: 124947.

Sifa, S. F., R. Sultana, and M. Bodrud-Doza. 2021. “Climate Change and COVID-19: Crisis within Crises for
Eradication of Poverty in Bangladesh.” In COVID-19, pp. 169-88. Singapore: Springer.

Smith, L. V., N. Tarui, and T. Yamagata. 2021. “Assessing the Impact of COVID-19 on Global Fossil Fuel
Consumption and CO2 Emissions.” Energy Economics 97: 105170.

Spisak, B. R., B. State, I. van de Leemput, M. Scheffer, and Y. Liu. 2022. “Large-scale Decrease in the Social
Salience of Climate Change during the COVID-19 Pandemic.” PLoS One 17 (1): e0256082.

Stoddart, M. C., H. Ramos, K. Foster, and T. Yla-Anttila. 2021. “Competing Crises? Media Coverage and
Framing of Climate Change during the COVID-19 Pandemic.” Environmental Communication 17 (3):
276-92.



266 —— (. Mestre Garcia et al. DE GRUYTER OLDENBOURG

Stuart, D., B. Petersen, and R. Gunderson. 2022. “Shared Pretenses for Collective Inaction: the Economic
Growth Imperative, COVID-19, and Climate Change.” Globalizations 19 (3): 408-25.

Takshe, A. A, J. C. Lovett, P. Stenner, D. Contu, and N. Weber. 2022. “Prioritising Climate Change Actions
Post COVID-19 Amongst University Students; a Q Methodology Perspective in the United Arab
Emirates.” International Journal of Global Warming 26 (1): 120-39.

Tan, C., M. Ong, S. Nomanbhay, A. Shamsuddin, and P. Show. 2021. “The Influence of Covid-19 on Global
C02 Emissions and Climate Change: A Perspective from Malaysia.” Sustainability 13 (15): 8461.

Thaker, J., and C. Cook. 2021. “Experience or Attribution? Exploring the Relationship between Personal
Experience, Political Affiliation, and Subjective Attributions with Mitigation Behavioural Intentions
and COVID-19 Recovery Policy Support.” Journal of Environmental Psychology 77: 101685.

Thaker, J., and B. Floyd. 2021. “Co-benefits Associated with Public Support for Climate-Friendly COVID-19
Recovery Policies and Political Activism.” Journal of Science Communication 20 (5): A08.

Tibrewal, K., and C. Venkataraman. 2022. “COVID-19 Lockdown Closures of Emissions Sources in India:
Lessons for Air Quality and Climate Policy.” Journal of Environmental Management 302: 114079.
Ulichney, V., J. M. Jarcho, T. F. Shipley, J. Ham, and C. Helion. 2021. “Social Comparison for Concern and
Action on Climate Change, Racial Injustice, and COVID-19.” Analyses of Social Issues and Public Policy

22 (2): 469-89.

Usman, M., M. Husnain, A. Riaz, and Y. Ali. 2021. “Climate Change during the COVID-19 Outbreak: Scoping
Future Perspectives.” Environmental Science and Pollution Research 28 (35): 49302-13.

Vale, M. M., E. Berenguer, M. A. de Menezes, E. B. V. de Castro, L. P. de Siqueira, and Q. P. Rita de Cassia.
2021. “The COVID-19 Pandemic as an Opportunity to Weaken Environmental Protection in Brazil.”
Biological Conservation 255: 108994.

van der Ven, H., and Y. Sun. 2021. “Varieties of Crises: Comparing the Politics of COVID-19 and Climate
Change.” Global Environmental Politics 21 (1): 13-22.

Van Lange, P. A., and D. G. Rand. 2022. “Human Cooperation and the Crises of Climate Change, COVID-19,
and Misinformation.” Annual Review of Psychology 73: 379-402.

von der Leyen, U. 2020. “Building the World We Want to Live.” In A Union of Vitality in a World of Fragility.
Brussels: State of the Union Address.

Wahidah, N. L., and Antriyandarti, E. 2021. “Impact of Climate Change and Coronavirus Disease (COVID-19)
on Inflation in Indonesia.” In IOP Conference Series: Earth and Environmental Science, Vol. 724, No. 1,
012105. Java, indonesia: IOP Publishing.

Wong-Parodi, G., and N. B. Rubin. 2022. “Exploring How Climate Change Subjective Attribution, Personal
Experience with Extremes, Concern, and Subjective Knowledge Relate to Pro-environmental
Attitudes and Behavioral Intentions in the United States.” Journal of Environmental Psychology 79:
101728.

Worldometer. 2020. Covid-19 Coronavirus Pandemic. [Online]. https://www.worldometers.info/
coronavirus/.

Yam, E. Y. 2020. “Climate Change and the Origin of SARS-CoV-2.” Journal of Travel Medlicine 27 (8): 224.

Yang, Y., L. Ren, H. Li, H. Wang, P. Wang, L. Chen, X. Yue, et al. 2020. “Fast Climate Responses to Aerosol
Emission Reductions during the COVID-19 Pandemic.” Geophysical Research Letters 47 (19):
€2020GL089788.

Zhang, D., M. Hao, and S. Morse. 2020. “Is Environmental Sustainability Taking a Backseat in China after
COVID-19? the Perspective of Business Managers.” Sustainability 12 (24): 10369.


https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/

	The Nexus of COVID-19 and Climate Change: A Systematic Literature Review
	1 Introduction
	2 Search and Selection of Studies
	3 Results
	3.1 General Study Characteristics
	3.2 Topics Addressed

	4 Insights from the Seven Topics
	4.1 Impacts of COVID-19 on Climate Change and Policy
	4.2 Sustainable Recovery after COVID-19
	4.3 Public Concern About Climate Change and COVID-19
	4.4 Lessons from COVID-19 for Climate Change Action
	4.5 Effects of COVID-19 and Climate Change on the Economy, Food Security and Poverty
	4.6 Collective Responses to Crises
	4.7 Similarities and Differences Between COVID-19 and Climate Change

	5 Policy Lessons
	6 Conclusions
	Data and Code Availability
	Acknowledgements
	Appendix
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


