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Abstract

As our behavioral patterns change due to the COVID-19 crisis, our impact on nature and
the environment changes too. Pollution levels are showing significant reductions. People
are more aware of the importance of access to local green and blue spaces. By analyzing
online search behavior in twenty European countries, we investigate how public awareness
of nature and the environment has evolved during the COVID-19 crisis. We find that the
crisis goes hand in hand with a positive shift in public awareness of nature-related topics,
but that awareness of environmental topics remains unaffected. While the decreasing pollu-
tion levels and media attention may reduce the overall sense of urgency to tackle pollution
problems, the increased experience with local natural resources may strengthen public sup-
port for a recovery program that puts the transition towards a more sustainable economic
system centrally.
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1 Introduction

The COVID-19 crisis has a massive impact on the world and our behavior. International
transport flows have plummeted but also within-country traffic flows have significantly
reduced as we are all strongly encouraged, or even mandated, to stay and work at home.
As our behavioral patterns change, our impact on nature and the environment changes as
well. People are more and more aware of the importance of access to local green and blue
spaces and personal experiences with the local natural environment are rapidly increas-
ing during daily walks and runs. Gardens have become a highly appreciated asset. Urban
nature plays a critical role in local resilience during this crisis by maintaining physical and
mental well-being (Samuelsson et al. 2020). Urban nature can provide people with oppor-
tunities to escape household confinement and enjoy positive well-being effects (Bertram
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and Rehdanz 2015), maintain social contacts (Jennings and Bamkole 2019) and provide a
sense of connection with the outside world (Whitburn et al. 2019). Familiarity and expe-
rience with nature can influence people’s valuation and appreciation of natural resources
(LaRiviere et al. 2014). Even brief contact with the natural environment can boost feelings
of connectedness with nature and mood (Nisbet et al. 2019). The frequency of visits is a
strong predictor for a higher disposition to protect ecosystems and biodiversity (Tyrvéinen
and Vidndnen 1998; Kwak et al. 2003; Lo and Jim 2010). Overall, when people feel con-
nected with nature, they are more inclined to spend time in it (Lin et al. 2014) and protect it
(Schultz 2002). Thus, we expect that public awareness of nature may be increasing during
the COVID-19 crisis.

Besides the impact on nature experiences, the forced shift in behavioral patterns resulted
in significant reductions in pollution levels (Helm 2020). Daily global CO, emissions fell
by 17% by early April 2020 compared with the mean 2019 levels, mostly due to changes
in surface transport (Le Guéré et al. 2020). In its Global Energy Review 2020, the Inter-
national Energy Agency has predicted an 8% drop in global CO, emissions, to reach a
decline of 30.6 Gt for 2020 compared to 2019 (IEA 2020). Such a reduction would be the
largest ever, six times larger than the previous record reduction of .4 Gt in 2009 due to
the financial crisis. Also, local air pollution levels are positively affected: nitrogen dioxide
pollution over northern China, western Europe and the U.S. decreased by as much as 60
percent in early 2020 compared to the same period last year (Bauwens et al. 2020). Water
quality is showing signs of improvement as well. A decrease in suspended particulate mat-
ter concentrations by 15.9% was found in Vembanad Lake, India, compared with the pre-
lockdown period (Yunus et al. 2020). Still, the emission reductions in transportation and
industry did not help to avoid severe air pollution in China (Wang et al. 2020). As COVID-
19 has dominated the news and social media for the past months, communication about
these and other pollution problems has substantially reduced. Yet, when pollution trends
were reported in media and scientific reporting during the COVID-19 crisis, the message
has been positively framed in general by pointing out (short-term) reductions in emissions.
Thus, we expect that the public perception of the urgency of environmental problems may
be decreasing and that the public awareness of environmental issues, in general, may be
largely unaffected by the COVID-19 crisis.

Insights into public awareness levels, which we measure by online search behavior,
are important inputs for the long-term recovery strategies after the COVID-19 crisis as
public opinion—supportive or otherwise—is a key determinant of policy change in demo-
cratic countries (e.g., Burstein 2003; Dalton 2013; Millner and Ollivier 2016). For exam-
ple, as public opinion shifts towards prioritizing the environment, there is a significant and
positive effect on the rate of renewable energy policy outputs by governments in Europe
(Anderson et al. 2017). As another example, Herrnstadt and Muehlegger (2014) show that
the effects of abnormal weather extended beyond increased online search behavior for ‘cli-
mate change and ‘global warming’ to observable action on environmental issues measured
by voting records of the US Congress. Public support is determined by perceptions, emo-
tions, physical characteristics of the pollution, economic circumstances and geography, but
also by the amount of media coverage (Drews and van den Bergh 2016). The impact of
media coverage can have a positive, but also a negative, impact on public support for envi-
ronmental policies depending on the content and framing of the message, the source of the
information and individual characteristics (Bostrom et al. 2012).

We investigate how public awareness of nature and the environment, measured by online
search behavior in twenty European countries, is affected by the COVID-19 crisis. The short-
term improvements in several pollution indicators may reduce the sense of urgency to act now
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and the calls for system-wide fundamental actions may be—temporarily—Iless audible. Sev-
eral experts and institutions are concerned about this effect. As Inger Andersen, the head of
the UN Environment Program (UNEP), said “COVID-19 is not a silver lining for the climate”
and “Visible, positive impacts are but temporary, because they come on the back of tragic eco-
nomic slowdown and human distress” (UN 2020). Furthermore, many environmental experts,
politicians and organizations see the recovery from COVID-19 as an opportunity and call for
a sustainable, low-carbon recovery strategy of the economy and our society. The European
Commission (2020), for example, stated: “Now is the time for our European Union to get back
to its feet and move forward together to repair damage from the crisis and prepare a better
future for the next generation”. A recent editorial in Nature (2020) mentions: “But as econo-
mies are revived, now is the right time to make up for past omissions—and rebuild them in
a way that takes nature’s true value into account”. While the decreasing pollution levels may
counteract the urgency and validity of these messages, the increased experience and apprecia-
tion for local natural resources may provide an opportunity as it may strengthen public support
for a recovery program that sees the economy as being embedded in the natural environment.

2 Methods
2.1 Data Collection with Google Trends

In Europe, Google is the most used search engine online with a market share of more than
90% in the period from January 2019 till April 2020 (Statcounter 2020). Thus, we use online
search behavior recorded on the Google Trends website (trends.google.com) to measure pub-
lic awareness of nature and the environment. Google Trends has already been used for many
purposes such as studying the occurrence of influenza-like diseases (Carneiro and Mylonakis
2009), interest in the environment and biodiversity (Mccallum and Bury 2013; Nghiem et al.
2016), or predicting tourism flows (Siliverstovs and Wochner 2018). Several studies have also
used Google Trends to study communication strategies (Husnayain et al. 2020) and public
awareness (Hu et al. 2020) during the COVID-19 crisis.

Google Trends can be searched based on ‘search terms’ or ‘topics’. Search terms can be
anything and are user-defined, while topics are defined by Google and group all search terms
related to this topic. Hence, topics are collections of search terms. Using topics rather than
search terms to collect data has several advantages since the relevance of users’ searchers for
the topic has been checked. Moreover, using a topic search also avoids the problem of incor-
rectly spelled and incomplete search terms as Google corrects for the most common mistakes.
Also, topics are language-neutral, while search terms are not.

Google Trends (GT) measures search popularity in relative terms based on a randomly
drawn sample of all search terms used in queries within the chosen period. Let I be the set of
search terms (or topics) in which a researcher is interested (e.g. birds), t a time unit within the
time horizon T (e.g. each week in 2020), z the chosen region (e.g. France) and c the chosen
category (e.g. animals), then the search popularity indicator of search term i element of set I,
is defined as (Siliverstovs and Wochner 2018; Genoe and Rousseau 2020):

SPIF, = _ O x 100
M max {6:_.} M

teT.iel & %€

with
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; _ f#searches for term i in category c,during time unit 1 in region z

tzc #searches in category c,during time unit t in region z

2

Moreover, if the number of searches in the numerator of Eq. (2) is smaller than an
(unspecified) threshold, it is set to zero. Google first calculates the relative search vol-
ume for each search term i of the set I, in each unit period during a predetermined time
horizon T, for region z. This relative search volume is then rescaled for the maximum
relative search volume for all search terms in the set I. This maximum is set equal to
100, and all other relative search volumes are expressed as a proportion of this maxi-
mum and thus range from 0 till 100.

To capture public awareness of nature and the environment, we selected twelve top-
ics. Six topics are related to nature: forest, birds, nature, biodiversity, gardening and
vegetable plot. Six other topics capture environmental issues: climate change, CO,-tax,
air pollution, water pollution, noise pollution and circular economy. We observe weekly
search behavior from January 1, 2019, till May 11, 2020 for the twenty largest European
member states according to population size: Germany, France, Italy, Spain, Poland,
Romania, Netherlands, Belgium, Greece, Czech Republic, Portugal, Sweden, Hungary,
Austria, Bulgaria, Denmark, Finland, Slovakia, Ireland, and Croatia. The reference
point of SPI=100 was obtained in the week of 3 to 9 May, 2020 for the topic ‘birds’ in
France. All other data points are rescaled accordingly.

As the timing of COVID-19 measures and policy actions differs between the differ-
ent countries, we first investigate the trend in daily searches for the topic ‘coronavirus’
between January 1, 2020, and May 11, 2020 to determine the peak for the twenty Euro-
pean countries under investigation (see Fig. 1). While we observe the first peak around
the time of the lockdown in Wuhan, China (January 23, 2020), the major peak occurs
around March 14, 2020 when confinement measures were put in place in many Euro-
pean countries starting with Italy on March 9, 2020. The timing of this peak, around
March 14, is the same when using SPI data based on the topic “corona” or the search
term*“corona or covid”.

20 30 40 50
1 1 1 1

Coronavirus (google trends indicator)
10
1

T T T T T T
1Jan 20 26 Jan 20 21 Feb 20 14 Mar 20 10 Apr 20 7 May 20

Fig.1 GT search popularity indicator for daily searches of ‘coronavirus’. Notes: Five-day moving average
of the Google Trends indicator. Cross-country mean, weighted by population
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2.2 Difference-in-Difference Approach

To identify the effect of the COVID-19 crisis on natural and environmental awareness, we
compare the difference of the GT search popularity indicator (SPI) for the twelve selected
topics before and after the COVID-19 crisis in 2020 with the difference of the indicator over
the same period in the year 2019. This “difference-in-differences” approach (DiD) is well-
established in the literature on impact evaluation and the estimation of treatment effects for
its capacity to remove common sources of bias in standard approaches (Angrist and Pischke
2014; Gertler et al. 2016). The DiD approach provides an unbiased estimate of the treatment
effect if the change of the outcome variable in the treated group would have been the same
as the change in the control group in the absence of treatment (the parallel trends assump-
tion). In the context of the present study, the identifying assumption is that, in the absence of
a COVID-19 outbreak, the difference in SPI between the periods before and after March 14th,
2020 would have been the same as the difference between the same periods in 2019.

In the main analysis, the effect of the COVID-19 crisis on natural and environmental
awareness is obtained by estimating the linear regression equation:

SPL, =Py + B, - T,

it ¥ B2 Dy + Bpip - Ty X Dy + o, + 7, + €55 3)

where Bp,p, is the DiD estimate of the effect of interest, SP1;; is the GT search popularity
indicator of topic i in country j in week ¢, T is a time dummy variable distinguishing the
period after March 14th (7 = 1) from the period before (T = 0), D is a dummy variable
indicating the treatment year and distinguishing the year 2020 in which the COVID-19 cri-
sis occurred (D = 1) from the year 2019 (D = 0), «; denote a set of controls for topic fixed
effects and y; a set of controls for country fixed effects. The topic and country fixed effects
are included in the model because the SPI level depends on the search topic and it varies
across countries. In short, the effect of interest f,, captures the increase in the SPI after
the COVID-19 crisis within (or “holding constant the average trend in”) specific topics and
countries, and after netting out seasonality effects in the data.

The periods after and before March 14th used in the analysis are selected in the following
way. Let w denote the number of the week within the calendar year so that w = 1 for the first
week of January, w = 2 for the second week of January, etcetera. The first week after March
14th is then in week number w = 11. In our analyses, the period after March 14th is defined
as the period of 5 weeks with numbers 14 < w < 18. The period before March 14th is defined
as the period of 5 weeks with numbers 3 < w < 7. In other words, we use a bandwidth of
3 weeks before and after March 14th that is excluded from the analysis to compare periods
that are sufficiently separated in time. Thus, our main regression analyses are based on 2400
observations—i.e. 10 weeks of data in 2020, the same weeks of data in the control year 2019
(so 20 weeks in total) for 20 countries and 6 topics related to both natural and environmen-
tal awareness. As a robustness check we also perform the analysis based on a bandwidth of
2 weeks, leading to 2880 observations (2 times 12 weeks for 20 countries and 6 topics).

3 Results

While search behavior for several topics related to nature and environment fluctuates
somewhat over time, there has been a clear and rapid increase in the search for nature-
related topics during the COVID-19 crisis after March 14th, 2020 (Fig. 2). The average
Search Popularity Index (SPI) for nature-related topics quickly increased by 6 points
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Fig.2 Search behavior for topics related to nature and environment (January 1st, 2019—May 11th, 2020).
Data source: Google Trends. Notes: Three-week moving average of the Google Trends indicator. Mean
across keywords (unweighted) and countries (weighted by population size)
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Fig.3 The effect of the COVID-19 crisis on search behavior. Notes: Mean Google Trends indicator across
keywords (unweighted) and countries (weighted by population size)

to almost 15 over a short period of time, whereas it had mostly varied between 8 and
10 points before the COVID-19 crisis. The SPI for environment-related topics shows
no similar increase after the COVID-19 crisis. The rise in the search for nature-related
topics during the spring season in 2019 suggests that seasonality effects should be
accounted for to isolate the effects of the COVID-19 crisis.

Using a difference-in-difference approach with a 3 week bandwidth, we compare
the increase in the online searches for six nature-related and six environmental top-
ics between the periods before and after March 14th in 2020, with the increase over
the same period in 2019 to control for possible seasonal effects (Fig. 3 and Table 1).
The effect of the COVID-19 crisis on the search popularity indicator for nature-
related search topics (model 1 in Table 1) was estimated as an increase of 4.138 points
(p<.001). The seasonality effect in the case of nature-related topics is estimated to be
1.665 points (p <.001). For the environment-related search topics (model 2 in Table 1),
the effects are small and not statistically significant.
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Table 1 The effect of COVID-19
on natural and environmental M @
awareness (regression analysis) Nature keywords  Environment keywords
Coef./(SE) Coef./(SE)
Time: after March 14 (T) 1.665%%** —-.174
(.272) (.104)
Treated: year 2020 (D) .066 —-.019
(.177) (.076)
DiD effect (DxT) 4.138%** .081
(.563) .077)
Country (20 categories)  Yes Yes
Topic (6 categories) Yes Yes
Observations 2400 2400

*p <.05; ¥¥p<.01; ***p<.001. The dependent variable is the Google
Trends SPIL. Linear regression with standard errors clustered at the
country-level. Constant terms are included in each model

The results are robust to a change in bandwidth. Based on a bandwidth of two rather
than three weeks (see Table 2), the estimated effect of the COVID-19 crisis on the indica-
tor for nature-related search topics becomes an increase of 4.076 points (p <.001) and the
seasonality effect is estimated to be 1.575 points (p <.001). For the environment-related
search topics the effects are again small and not statistically significant.

The results at the individual topic level (see Table 3) reveal some heterogeneity in the
effect of the COVID-19 crisis on the relative online popularity of the twelve topics. A
positive effect of the COVID-19 crisis on the SPI is found for all six nature-related top-
ics (p <.05 for four out of six topics). The largest positive effects are found for the topics
‘birds’ (7.800 pts, p <.001), “forest’ (6.154 pts, p<.01) and ‘nature’ (5.175 pts, p<.001).
As expected, no significant effect of the COVID-19 crisis on any of the six environment-
related topics such as climate change or air pollution was found.

Table2 The effect of COVID-
19 on nature and environmental M @
awareness (regression analysis Nature keywords ~ Environment keywords
with a bandwidth of 2 weeks) Coef/(SE) Coef./(SE)
Time: after March 14 (T) 1.575%** —.148
(.264) (.098)
Treated: year 2020 (D) —-.212 —.031
(.191) (.076)
DiD effect (DxT) 4.076%** 102
(.562) (.086)
Country (20 categories)  Yes Yes
Topic (6 categories) Yes Yes
Observations 2880 2880

*p <.05; #*p <.01; ***p <.001. The dependent variable is the Google
Trends SPI. Linear regression with standard errors clustered at the
country-level. Constant terms are included in each model
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Table 3 Estimated effects by

topic DiD ef_fect: Estim. SE N
coefficient

Nature topics
Biodiversity .072 (.104) 400
Birds 7.800%** (1.325) 400
Forest 6.154%+* (1.656) 400
Gardening 3.682* (1.613) 400
Vegetable garden 5.175%%%* (.808) 400
Nature 1.945 (.933) 400

Environment topics
CO, tax -.071 (.080) 400
Air pollution .695 (.364) 400
Circular economy —.076 (.111) 400
Climate change —.174 (.189) 400
Noise pollution 145 (.072) 400
Water pollution —.030 (.079) 400

*p <.05; #*p<.01; ***p <.001. Each row presents the estimated coef-
ficient of the DiD term (DxT) in a linear regression model with the
SPI for the topic in this row as the dependent variable. Each model
includes a constant term, treatment and time indicator variables and
country fixed effects. Standard errors clustered at the country-level

4 Discussion and Conclusion

The true extent of the global impact of the COVID-19 crisis has yet to be fully deter-
mined, but that it will be immense is uncontested (Helm 2020). Initially, short-term res-
cue actions will be needed to help those who were affected most. However, long-term
recovery will require substantial investments in physical, human and natural capital.
Thus, the COVID-19 crisis provides us with the opportunity to not just restart, but to re-
design, investments and to initiate a transformation to a new form of growth, focusing
on resilience, well-being and sustainability (Bhattacharya and Stern 2020). This societal
change will need to rely on cross-fertilization between economic and social recovery
programs, environmental policies such as climate actions and biodiversity conservation
programs such as the recently adopted EU Biodiversity Strategy for 2030.

Public support for green and sustainable recovery policies will play an important role
and cannot be taken for granted. Communication strategies and framing of the recov-
ery actions after the COVID-19 crisis will be important. Our analysis of online search
behavior in the European Union indicates that the behavioral changes associated with
the crisis are accompanied by positive changes in public awareness regarding (local)
natural resources such as forests and birdlife. Increased experience with and apprecia-
tion of green spaces and wildlife can—partly—underpin this growth in awareness. How-
ever, public awareness of environmental issues such as climate change was found to be
unaffected by the COVID-19 crisis based on online search trends. The general increas-
ing sense of urgency for many environmental problems may have been counteracted by
the reduction in media attention and the short-term positive trends reported for several
pollution levels.
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Our findings suggest that public support for programs aiming at more resilient and sus-
tainable living environments may have increased. Communication about climate adapta-
tion strategies may benefit from stressing the pivotal role of urban green and blue spaces
especially if these spaces would also be publicly accessible. Framing the decarbonization
of transport systems as a means to support walking and cycling as well as to protect green
spaces rather than directly promote them as climate policy measures may increase pub-
lic support. Co-benefits of environmental policies, especially those related to nature and
biodiversity conservation, may thus play an even more important role in the future after
COVID-19.

While we find evidence of changes in public awareness, these changes may be short-
lived and people may revert to previous patterns once the crisis is past. People’s habits and
behaviors are influenced by many factors such as available time and income. As societies
recover from the crisis, behavioral changes may again be reversed as choice determinants
and context change. Thus, in order to benefit from the increased support for nature and bio-
diversity, it may be important to act quickly and to incentivize a long-term change by, for
example, supporting urban schemes for greening built infrastructure and creating livable
cities.

Finally, the COVID-19 crisis has also shown individuals that individual action, espe-
cially on a global scale, can make a difference and can create general common benefits that
are noticeable on a large scale. Together we were able to flatten the curve. This real-life
experience can act as a trigger to use individual behavioral changes to tackle public-good
problems such as climate change and biodiversity conservation.
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