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Abstract

We employ electricity-use data covering 1,500,000 Italian households for 2015-2019 and a granular
measure of social media attention to climate change derived from universal-coverage Twitter data to
show that increases in climate change salience induced by exogenous sociopolitical and climatic events
cause a significant reduction in energy consumption. Sentiment analysis suggests that natural disasters
and climate strikes are associated with emotions that are strong motivators for action. These results
imply that episodes that draw attention to climate change may lead to actual behavioral change, but

their effect is short lived.
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1 Introduction

The prominence of climate change in citizens’ life has been rising steadily in recent decades. In the private
sphere, consumers pay increasing attention to the environmental impacts of their choices (Steg and Vlek,
2009; Saari et al., 2021)), and representative surveys indicate rising levels of individual awareness of cli-
mate change (Capstick et al.,|2015b; Duiyyjndam and van Beukering, 2021} Stoddard et al.,|[2021). Although
climate change salience in everyday life is a multifaceted and hard-to-measure construct, it is correlated
with the attention given to global warming and environmental issues in the media and on social media.
The growth in media attention to climate change mirrors that in awareness of it (Brechin and Bhandari,
20115 |Capstick et al., 2015a). Over the past decades, spikes in media attention have accompanied extreme
weather events (Sisco et al., 2017} [Pianta and Sisco, 2020); episodes of climate activism and protests for
climate justice (Sisco et al., 2021)); and international climate conferences, such as Conferences of the Par-
ties (CoPs) (Ahchong and Dodds, [2012;|Schmidt et al., |2013)). The literature demonstrates the influence of
media and social media on behavior in a wide range of settings, such as collective action events, violence,
polarization, and political outcomes (Zhuravskaya et al., 2020; Campante et al., 2022). In the environ-
mental domain, the literature predominantly explores the influence of media and social media content on
self-reported opinions and beliefs on climate change and intentions to act proenvironmentally rather than
on real-world proenvironmental behaviors.

We address how climate change salience influences environmental conservation by focusing on a policy-
relevant and understudied behavioral outcome, electricity consumption. Energy consumption in buildings
is a key contributor to global warming, and reducing residential energy usage is crucial in the fight against
climate change (IEA, 2019). We proxy climate change salience with social media attention. We test
the impact of attention to climate change on electricity consumption in Italy by exploiting variations
in climate-related Twitter content due to plausibly exogenous shocks, such as natural disasters, climate
strikes, and international climate conferences. Using these shocks as instrumental variables, we isolate

exogenous increases in climate change salience and investigate to what extent they translate into more



sustainable electricity consumption. We document how different types of events, from sociopolitical to
natural, affect media attention to climate change and its associated emotions.

Our analysis identifies natural disasters abroad and climate strikes as key drivers of climate change salience.
A one standard deviation increase in the volume of climate-related tweets in a month induced by these
events causes a mild but statistically significant 4 percent of a standard deviation decrease in energy con-
sumption in the same month, corresponding to a 1 percent reduction on average. The effect disappears in
subsequent months; this is consistent with existing evidence on the short-lived effects of external events
on beliefs in climate change (Zaval et al., 2014)) and the mechanisms behind salience-induced behavioral
change (Bordalo et al., [2022). It also suggests that consumers do not respond to increased salience by
investing in efficient energy-using durables. Although we cannot test the causal relationship between
tweets’ emotional content and energy conservation behavior, sentiment analysis reveals that most climate-
related tweets embody negative emotions, primarily anger, which is a strong motivator for action (Stanley
et al., 2021; Ojala et al., 2021). Our results are, therefore, consistent with the evidence on the relationship
between emotions and proenvironmental behavioral intentions.

The evidence on how climate change salience affects environmental conservation typically demonstrates
how exposure to climate-related media and social media content increases self-reported environmental
beliefs, awareness, concerns and behavioral intentions (Brulle et al., [2012; |Carvalho, [2010; [Moser, 2010;
Williams et al., [2015; Sampe1 and Aoyagi-Usui, 2009). The few works focusing on real-world behaviors
examine the impact of media coverage on visible, one-off behaviors, such as purchasing an electric vehicle
or solar panel, and attribute part of its effect to the social norms conveyed by the media (Chen et al., 2019;
Bollinger and Gillingham), |2012). By focusing on energy efficiency, our study broadens the scope of this
literature on two fronts. First, energy efficiency is a less visible proenvironmental behavior than electric
vehicle or solar panel purchases and potentially less responsive to social image concerns. Second, while
investment in energy efficiency is a one-off choice with long-term repercussions, reductions in energy
usage result partly from sustained effort over time; our analysis can therefore shed light on the dynamic

effects of changes in climate change salience.



A related literature examines how exposure to extreme weather events affects self-reported beliefs in
climate change and support for environmental policies, showing mixed results (Bergquist et al., 2019;
Borick and Rabe, 2017; Egan and Mullin, 2014; Howe et al., 2019; Howel 2021} Hughes et al., 2020;
Ogunbode et al.l 2019; Zaval et al., 2014)). Fewer studies look at the impact of weather anomalies on
actual behavior, focusing mainly on voting (Baccini and Leemann, 2021; Hazlett and Mildenberger, |2020;
Hoffmann et al.,|2022). Our analysis identifies extreme weather events as a significant source of variation
in climate change salience and, through it, in energy consumption.

Our study also presents evidence on how different climatic and sociopolitical events correlate with the
emotional content of climate-related tweets. Emotions may mediate the influence of exposure to climate
change news on behaviors and attitudes. Studies of how emotions influence proenvironmental attitudes
find that positive emotions, such as solution-oriented hope and solidarity, and negative emotions, such
as anger, are both strongly related to pro-environmental intentions (Harth et al., 2013; Xie et al., 2019;
Schneider et al., 2021 Brosch, [2021)) but have short-lived effects (Schwartz and Loewenstein, 2017).
Evidence is lacking on their impact on real-world behaviors (Bergquist et al., [2020).

Our analysis has limitations. First, our empirical strategy relies on time-varying shocks to climate-related
Twitter activity, raising the concern that changes in such tweets may capture other time-varying sources
of variation in electricity consumption. Our results are robust to a series of tests aimed at mitigating this
concern, such as adding increasingly demanding controls to our regression models and exploring different
combinations of instrumental variables. Second, climate-related tweets are an imperfect proxy of climate
change salience at the social level. To address this concern, we show that our indicator meaningfully cor-
relates with the presence of climate change—related news in traditional media, so it relates to such salience
in the media more broadly. Social media attention is also correlated with available survey measures of
concern for climate change, suggesting that it captures engagement with environmental issues.

The remainder of the paper presents the data (Section [2]), empirical strategy and results (Section [3)), and

conclusion (Section [4).



2 Data and Descriptive Statistics

2.1 Data

Our analysis combines data on social media attention to climate change derived from Twitter with household-
level electricity usage data from a large Italian utility. To exploit exogenous sources of variation in social
media attention, we collect information on natural disasters elsewhere in the world, CoPs, and climate
strikes in Italy and abroad. Our analysis covers January 2015 to December 2019.

We identify climate-related tweets as tweets in Italian mentioning "climate change" or "global warming"
in Italian or English, both with and without spaces. We replicate this procedure on a neutral keyword
to proxy for the general level of Twitter activity.! We then identify the user’s province of residence by
geocoding their self-reported location.> We obtain approximately 270,000 climate-related tweets and can
geolocate 36 percent of these at the provincial level. We define the index of social media attention to
climate change at the province (NUTS-3)-month level as the share of climate-related tweets over the total
number of "neutral" tweets written by users in the province during the month.

The index of social media attention to climate change is meaningfully correlated with other indicators
of climate change salience within society and socioeconomic characteristics. First, the index mirrors the
prevalence of Italian newspaper articles mentioning the keywords “climate change” or “global warming”
during the study period (Appendix Figure , taken from Pianta and Sisco (2020).> Second, when
aggregated at the regional level, the index shows a strong correlation (0.61, p = 0.002) with representative
data on the share of individuals listing climate change among their major environmental concerns (Figure
collected by the national statistical office (Istat). Third, the index correlates meaningfully with province
characteristics (Appendix Figure [A.2): it is positively correlated with income, the share of high school
graduates, indicators of social capital, such as newspaper reading and blood donations, hydrogeologic
risk, and the number of climate strikes. This suggests that the level of climate change attention on Twitter
is a good indicator of the general level of awareness and corroborates our use of this measure as a proxy

of climate change salience. Our index has two key advantages over alternative measures of presence on



the news or environmental concern. First, it provides a proxy of climate change concerns at a higher level
of spatial granularity. Second, it varies over the entire study period at the monthly level.

We perform sentiment analysis to distinguish whether climate-related tweets convey negative or positive
emotions. We further decompose negative emotions between sadness, fear, and anger. Positive emotions
encompass joy, solidarity and hope. We classify each tweet’s sentiment and emotional content with a
model trained and validated on a corpus of Italian Twitter posts (Bianchi et al.,[2021). Appendix Table|A.1
reports examples of tweets in the four categories. We examine the composition and evolution of tweets’
emotional content and test how representative the subset of geolocated tweets are of the whole sample of
tweets by plotting the distribution of sentiment and emotions and evolution of the number of tweets over
time for the two groups (Appendix Figures [A.3]and [A.4). Anger is the prevailing emotion, although its
share decreases over time, with a corresponding increase in the shares of other emotions. These patterns
are virtually identical between the geolocated and total tweets. This suggests that the geolocated tweets
are representative of the universe of climate-related tweets in Italy.

Electricity consumption data are provided by a multiutility present on the entire Italian territory that had
about 1,500,000 residential electricity customers distributed in all 107 provinces (Appendix Figure [A.5]
top panel). For all customers, we have access to historical electricity consumption data from January
2015 to December 2019. We compute the monthly average daily usage from the total monthly consump-
tion billed to customers. We exclude households with 0 consumption in some months (9 percent of the
sample) and users whose minimum, maximum, or minimum-to-maximum consumption is higher than 1.5
interquartile ranges above the third quartile of the corresponding distributions (14 percent of the sample).
We obtain a final sample of 62,000,000 observations from 1,476,438 unique households. Our sample’s
average daily usage is 6.1 KWh (the monthly standard deviation is 16.9 KWh) and varies significantly
across municipalities (Appendix Figure[A.5] bottom panel). Usage appears relatively stable over the study
period and displays the typical seasonal pattern, with peaks in winter and summer (Appendix Figure |A.6)).*
Natural disasters abroad, CoPs, and climate strikes are the potential sources of variation in climate-related

tweets that we consider in the analysis. We employ EM-DAT (http://www.emdat.be/database), an emer-



gency events database collected by the Centre for Research on the Epidemiology of Disasters, to com-
pute the monthly number of natural disasters (e.g., droughts, floods, wildfires, and extreme temperature
episodes) worldwide, excluding Italy; the average is 28, with a standard deviation of 9.2. We focus on
CoPs, as they are the most important recurring political events addressing climate change. CoPs repre-
sent the decision making body of the United Nations Framework Convention on Climate Change. They
involve representatives of 198 states, and their primary objective is to assess progress in dealing with
climate change and establish legal obligations to reduce countries’ greenhouse gas emissions. The meet-
ings are organized annually (between November and December in the sample period) and generally last
between 11 days and 2 weeks. Based on the starting and ending dates of each conference, we built an
indicator variable for months when a CoP was taking place. When a conference spans two months, we
only consider the most represented one. Finally, we employ the events archive of the Fridays for Future
movement to measure the number of climate strikes and demonstrations in Italy and abroad.’

We also control for temperature. Data on the surface temperature are taken from the ERAS-Land database
(Munoz Sabater, 2019). We collect hourly gridded data at 0.1° x 0.1° resolution, which we then aggregate

daily and match with the considered Italian provinces using their centroids.

2.2 Descriptive analysis

The top panel of Figure [2] displays the change in social media attention to climate change over time,
segmented by sentiment, alongside the general level of Twitter activity. In Italy, Twitter activity increased
sharply since 2010, peaked in 2013, and then remained roughly stable in the following years. Between
2010 and 2018, the number of climate change tweets has risen gradually but consistently. The top panel of
Figure 2] also shows that negative emotions, such as fear and anger, are prevalent in climate-related tweets.
In the bottom panel of Figure 2] we restrict to the study period and show the index of social media attention
to climate change (the ratio between the number of climate change tweets and the level of Twitter activity).
The panel also shows the monthly number of climate strikes organized in Italy. Spikes in attention are

noticeable toward the end of 2015, when the Paris Agreement was signed, and from November 2018



onward, in correspondence with the first climate strikes. Climate change attention on Twitter reached
its maximum at the time of the global Fridays for Future climate strikes in March, May, September, and
November 2019. The upward trend in media attention to climate change persisted until the beginning of
2020, when the first COVID-19 outbreak occurred in Italy. These trends point to a major influence of

sociopolitical events on social media’s attention to climate change.

3 Empirical Strategy and Results

Average electricity consumption negatively correlates with social media attention to climate change (Ap-
pendix Figure [A.7). However, such a correlation and a simple regression of our index on electricity
consumption would not produce an estimate of the causal effect of climate change salience on consump-
tion. First, as observed, climate change attention is higher in provinces with higher education, income,
and social capital. These and other unobserved characteristics may independently influence both con-
sumption and salience (Jones et al., 2015)). Second, several other factors, including local policies to reduce
emissions, may contribute to simultaneously determining the local level of climate change salience and
electricity consumption. Third, peaks in electricity consumption occur at high temperatures, such as ab-
normal heat waves, which independently increase the salience of global warming. More generally, local
weather is a key determinant of electricity consumption and attention to climate change (Zaval et al., 2014;
Alberini et al.l |2019). The simultaneous effect of local weather conditions on salience and consumption
may be too complex to control in a parametric regression. Fourth, we observe an imperfect proxy of
salience within society. This may lead to attenuation bias from measurement error, which could distort
estimates toward 0.

All of these sources of potential bias can lead an ordinary least squares regression to be an inconsistent
estimator. We overcome these identification challenges using an instrumental variables approach. In our
empirical strategy, we exploit sources of variation in climate change salience, proxied by social media at-

tention, that are exogenous to electricity consumption. Specifically, we first examine how climate strikes,



natural disasters abroad, and CoPs affect attention to climate change on Twitter. We then take the strongest
predictors as instrumental variables for salience. Our empirical strategy controls for various determinants
of households’ energy consumption through fixed effects. In particular, our models absorb province char-
acteristics, seasonality, and local weather through province fixed effects, provincial-level quadratic time

trends, month fixed effects, and flexible controls for temperature.

3.1 The determinants of climate change salience

The first step of our empirical analysis investigates the impact of sociopolitical and climatic events on
climate change salience. We employ a multiple regression model saturated with province fixed effects,
provincial-level quadratic trends and seasonality, and flexible controls for temperature. The control vari-
ables are added progressively to reach the richest, preferred specification. The residual variation in the
explanatory variables we employ for identification stems from nonseasonal deviations from the provincial
trends.

More formally, we estimate the following regression model:

CCSy = BSPCy + Spm + Yt + 0pt> + f(Temp) + pip, (1)

where C'C'S); is the measure of climate change salience (proxied by social media attention to climate
change on Twitter) in province p at time ¢ (month), d,,, absorbs provincial fixed effects and local season-
alities, v,t, 0,t* captures differential provincial quadratic trends, and f(Temp) is a flexible function of
temperature. Finally, SPC), is a vector of sociopolitical and climatic events, which includes an indicator
for a CoP taking place in ¢, the aggregate count of natural disasters happening outside Italy in ¢, and the
number of climate strikes organized in Italy in ¢. Standard errors are clustered both at the provincial level,
to allow for temporal correlation of the error term, and at the monthly level, the highest level at which
explanatory variables vary. Observations in the regressions are weighted by their corresponding level of

the Twitter activity index (the denominator of the dependent variable).



Table |1| reports results from Equation [I| It shows how climate strikes, natural disasters outside of Italy,
and CoPs affect social media attention to climate change. The dependent and explanatory variables are
measured in standard deviations for better interpretability and comparability of the coefficients. Results
from our preferred specification indicate that a one standard deviation increase in the number of climate
strikes and natural disasters abroad is significantly associated with a 29 and 10 percent of a standard
deviation increase in climate change attention on Twitter, respectively (Column 4). Estimated coefficients
are stable across specifications as controls are progressively added (Columns 1-3). Such stability supports
our ability to interpret these estimates causally. The effect of CoPs on salience becomes insignificant
once we control for seasonality (Column 2, p = 0.12); this may be because CoPs always occurred in
November and December during our study period, and thus their effect is absorbed by the month of the
year fixed effects. Altogether, our estimates point to substantial increases in climate change salience in
correspondence with global sociopolitical or climatic events and a major role of climate strikes in social
media attention to the topic.

To investigate how different shocks affect the emotional content of climate change tweets, we replicate
our preferred specification but disaggregate the index by emotion: anger, fear, sadness, and joy (the latter
captures feelings of solidarity and hope). The results are summarized by the coefficients plot in Figure [3
Natural disasters and CoPs are associated with similar impacts on different emotions. Climate strikes have
stronger effects on angry and joyful tweets. These results suggest that climate strikes, besides having the
strongest effect on climate change salience overall, are also associated with emotional responses that are

most conducive to action (Stanley et al., 2021; Brosch, [2021).

3.2 The effect of climate change salience on electricity consumption

To investigate the effect of exogenous changes in climate change salience on electricity consumption, we
employ a 2SLS approach. We use the utility’s entire customer base i.e., about 1,500,000 customers, and
run regressions at the individual-month level.

In the first stage, we instrument our proxy of climate change salience (C'C'S,;) with its strongest exogenous
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predictors. Specifically, we focus on the two most relevant determinants of media attention to climate
change from the previous analysis (natural disasters outside of Italy and national climate strikes). We

estimate the first stage:

CCSpt = 5108t + /BQNDt + 5pm + ")/Zt + Hptz + f(Temp) + Hipt (2)

where C'S; and N D, are the number of climate strikes in Italy and major climatic disasters abroad, re-
spectively, in month ¢, 7; absorbs individual fixed effects, and all other variables can be interpreted as in
Equation T}

In the second stage, we employ the fitted value of Equation (C'/CEQ to investigate how exogenous
changes in climate change salience stemming from sociopolitical and climatic events affect electricity

consumption.

Cipt = 52@t + Opm + Vit + thQ + f(Temp) + fipt, 3)

where C;,; is the (standardized) consumption of customer ¢, in province p, in month ¢. The identifying
assumption is that sociopolitical and climatic events abroad influence electricity consumption only through
climate change salience, which we proxy with media and social media attention to climate change.
Necessary conditions for the appropriateness of the 2SLS model are tested through the F-statistics of the
first stage regression and the Sargan—Hansen overidentification test. The first one tests the null hypothesis
of weak instruments.® The second one tests for the validity of the instruments. We report statistics for both
tests alongside the regression results.

Table 2] displays regressions results, with the dependent variable, monthly average electricity consumption
in a day, expressed in standard deviations in Panel A and in natural logarithm in Panel B. The results from
our preferred 2SLS specification suggest that a one standard deviation increase in climate change salience
is associated with a 4 percent of a standard deviation decrease in electricity consumption, corresponding

to a 0.8 percent decrease in consumption on average (Column 3). The estimated coefficients are stable and
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robust to the addition of controls (Columns 1-3). When estimating dynamic effects, by including leads
(as placebo) and lags of our proxy for climate change salience, we find that electricity consumption is
significantly affected by salience only in the same month, but leads and lags are never significant (Column
4). On top of strengthening the causal interpretation of our estimates, these results suggest that the effect
of temporary changes in salience on sustainable consumption may be quite ephemeral. This is consistent
with its short-lived effect found in the literature (McCoy and Walsh, 2018). Furthermore, the drop in
consumption is temporary, suggesting that savings from increased salience primarily stem from reversible
behavioral changes rather than investment in more efficient technologies.

The F-statistics of the first stage regression(s) above the rule-of-thumb value of 10 mitigate concerns of
weak-instrument bias (Panel C of Table [2). The p-values from Sargan-Hansen overidentification tests
never reject the null hypothesis that the overidentifying restrictions are valid (Panel C of Table [2).

In Appendix Table [A.3] we replicate our preferred specification with different combinations of instru-
ments. The robustness of our estimates across the different specifications, including those where we
employ climate strikes organized abroad, mitigates concerns about instrument endogeneity.

To explore the heterogeneous effects of climate change salience by household, municipal, and provincial
characteristics, we repeat this analysis on different subsamples. We split the sample between high and
low consumers (household electricity usage above and below the sample median over the study period);
by gender and age of the contract holder (above and below 60); municipalities with social capital above
and below the median; between municipalities with income above and below the median; and between
provinces where the index for climate change salience is above and below the median. We find suggestive
evidence that effects are stronger for users located in municipalities with lower levels of social capital and

income, although effects are not significantly different across subsamples (Appendix Table [A.4)).
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4 Discussion

Recent years have seen a worsening of the impacts of climate change, in part due to extreme weather
events, and increasing awareness of among younger generations. Our evidence shows that natural disasters
and climate strikes are associated with higher climate change salience, proxied by social media attention.
The content of tweets induced by these events suggests that they spur anger and solidarity, which are strong
emotional drivers of action. Exploiting exogenous variation in climate change salience due to these natural
and social events, our analysis shows that higher salience leads to reductions in electricity consumption
among a sample of almost 1,500,000 households in Italy.

The effects we uncover are novel, as no previous study has documented the impact of climate change
salience on energy conservation behavior on a large scale. The magnitude of these effects is also mean-
ingful. A one standard deviation increase in climate change salience saves 52 Gwh/month, or 1 percent
of monthly Italian households’ electricity consumption. This effect is similar to the estimated decrease in
consumption in response to a 3 percent increase in price (Csereklyei, [2020).

In terms of environmental impacts, this effect translates to savings of 15,000 tons of per month or 0.06
percent of total Italian emissions. Converting these figures to social benefits (Greenstone et al., [2013),
we estimate that a one standard deviation increase in climate change salience generates $3,800,000 per
year in social benefits. More concretely, our estimates suggest that each climate strike, of the 638 we
observe in our data, saves 862 thousand Kwh and 255 tons of , which can be quantified as $5,300 of social
benefits. Overall, these figures highlight how increased salience of climate change issues can spur concrete
proenvironmental actions, although of small magnitude and short-lived duration.

One limitation of our analysis is that the identification of the effects of interest in our preferred specifica-
tion stems only from common time-varying shocks. Nevertheless, a series of coherent results corroborate
the causal interpretation of our estimates. First, our estimates are extremely robust to different model spec-
ifications, including the most saturated versions, which include, together with the individual fixed effects,

province-specific quadratic time trends and seasonality. Second, virtually identical results can be obtained

13



by employing different combinations of instrumental variables, including climate strikes measured at the
provincial level and events abroad. Finally, and perhaps most importantly, according to our estimates, elec-
tricity consumption only responds to contemporaneous (instrumented) changes in climate change salience
and is not significantly associated with changes in the previous or following months. Together with the
lack of any clear reason to hypothesize spurious correlations between changes in the number of natural dis-
asters or climate strikes and climate change salience or electricity consumption, these results corroborate
the causal interpretation of our estimates.

Our study is also not equipped to identify the mechanisms explaining the stronger conservation effort fol-
lowing peaks in climate change salience. Our results on the emotional content of climate-related tweets are
consistent with the literature on the effect of emotions in motivating proenvironmental intentions (Brosch,
2021). Salience may also stimulate and prompt environmental identity, which is a driver of proenviron-
mental behavior (van der Werft et al., 2013; Bonan et al., 2021),and play a role in shaping and reinforcing
the social norm in favor of resource conservation (Yanovitzky and Stryker, [2001). One may question the
relevance of these mechanisms, as energy conservation is less subject to social image and peer pressure
(Mundaca and Samahita, 2020; |(Chen et al., 2019} Ariely et al., [2009) than one-off purchases of prod-
ucts that are publicly visible, such as electric vehicles and solar panels. Nevertheless, social information
programs leveraging social norms have proven effective in curbing energy consumption (Allcott, 2011}
Allcott and Rogers, 2014} Bonan et al., 2020, [2021).

Moreover, our provincial measure of climate change salience does not cleanly capture individual-level
exposure to media content by electricity users in our sample. Further research could address this lim-
itation by randomly varying exposure to climate change-related media content among electricity users.
Moreover, exogenous changes in the emotional connotation of messages could be exploited to explore the
psychological mechanisms behind our results further.

Finally, although our analysis shows that the 2019 wave of Fridays for Future climate strikes drew atten-
tion to climate change channeled into proenvironmental behavior, our results cannot be generalized to all

forms of climate activism. In the public arena, some express doubts about the ability of more disruptive
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manifestations of climate activism, which have made the news recently, to influence citizens’ behaviors.
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Notes

ISpecifically, we employ “a” (with spaces, which is a common Italian preposition) as a neutral keyword. To avoid retrieving
excessive tweets that include the neutral term, we restrict this latter search to the week beginning on the first Monday of each
month. To reduce noise, we apply a Hodrick-Presckott filter to the provincial time series.

2We use the ArcGIS REST APIs (developers.arcgis. com).

3Data on Italian news are collected and gathered by the Europe Media Monitor (Steinberger et al., 2013).

4 Appendix Figure displays the evolution of raw monthly average daily consumption over time in our sample and the
series after controlling for seasonality (net of month-of-the-year fixed effects).

SData are available at map . fridaysforfuture.org.

®F-stats>> 10 are typically considered acceptable (Staiger and Stockl, 1997).
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Notes: The figure displays a scatter plot of the index of social media attention to climate change (horizontal axis) and the
index of environmental concern (vertical axis) aggregated at the regional level and a population-weighted linear interpolation.
Dots are Italian regions (N = 20), and the size is proportional to the population. The environmental concern index is defined as
the share of individuals listing climate change among their top environmental concerns (Preoccupazione per i cambiamenti
climatici, Aspetti della Vita Quotidiana, ISTAT, https://www.istat.it/it/archivio/284910).

Figure 1: Social Media Attention to Climate Change and Environmental Concerns
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Notes: The top panel shows the number of climate change tweets (mentioning "climate change" or "global warming") by
sentiment (positive in green, negative in red) on the left axis and the number of control tweets, or the index of Twitter activity,
(right axis) between January 2010 and December 2020, both in thousands. The shaded area indicates the study period (when
the electricity usage data are available (January 2015-December 2019)). The bottom panel shows the social media climate
change attention index (the number of climate change tweets divided by the index of Twitter activity) on the left axis and the
number of climate strikes organized in Italy in the month on the right axis in the study period.

Figure 2: Social Media Attention to Climate Change by Sentiment and Twitter Activity Over Time
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Table 1: Sociopolitical and Climatic Determinants of Climate Change Salience

(1) (2) 3) 4)
Social Media Attention to Climate Change

Climate strikes (national) 0.288%** () 287*** (. 287*** () 285%*:*
(0.073) (0.060) (0.058) (0.060)

Natural disasters (abroad) 0.074**  (0.099%** (.099***  (,100%**
(0.034) (0.035) (0.036) (0.036)
CoP  0.060%** 0.050 0.049 0.049
(0.027) (0.032) (0.031) (0.032)

Observations 12,832 12,832 12,832 12,832

Provinces 107 107 107 107
Province F.E. Y Y - -
Quadratic time trend Y Y Y -
Temperature F.E. Y Y Y Y
Month-of-year F.E. - Y - -
Month-of-year by Prov. FE. - - Y Y
Provincial quadratic time trend - - - Y

Notes: The unit of observation is a province-month. The study period is from January 2015
to December 2019. The dependent variable is the index of social media attention to climate
change. The independent variables are the monthly number of climate strikes in Italy, the
monthly number of natural disasters outside Italy, and whether a CoP is organized in the
month. All variables are measured in standard deviations. The model progressively adds
controls, as indicated in the bottom part of the table. Observations are weighted by the
provincial-month level of Twitter activity. Robust standard errors, clustered at the provin-
cial and monthly levels, are in parentheses. *** p<0.01, ** p<0.05, * p<0.1

27



F.F.F. events (national)

Natural disasters (abroad)

(0]

o Anger
CoP 9
Fear
Sadness
Y
A Joy
0 1 2 3 4

Notes: The figure shows the estimated effects of sociopolitical and climatic events on social media attention to climate change
by emotion. This is done in separate regressions where all dependent variables have been standardized separately on their
corresponding standard deviations. Appendix Table [A.2]reports regression results.

Figure 3: Effect of Sociopolitical and Climatic Events on Social Media Attention to Climate Change by
Emotion
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Table 2: Climate Change Salience and Electricity Consumption

2SLS—Electricity Consumption (individual SD)

Panel A (1) (2) 3) 4)
CC salience (t)  -0.046** -0.038* -0.038* -0.052%%*
(0.022) (0.021) (0.021) (0.024)
CC salience (t-1) -0.023
(0.031)
CC salience (t-2) 0.012
(0.027)
CC salience (t+1) 0.008
(0.031)
Panel B 2SLS—Electricity Consumption (log)
CC salience (t)  -0.011%* -0.008* -0.008* -0.011%*
(0.005) (0.005) (0.005) (0.005)
CC salience (t-1) -0.004
(0.007)
CC salience (t-2) 0.002
(0.006)
CC salience (t+1) 0.002
(0.007)
Panel C  First stage—Social Media Attention to Climate Change (CC Salience)
Climate strikes (national)  0.416%*** 0.421#%* 0.419%%* -
(0.093) (0.091) (0.092)
Natural disasters (abroad)  0.134%%* 0.134%%* 0.136%* -
(0.062) (0.060) (0.060)
First stage F 10.8 11.9 11.6 -
Overidentification pval 701 574 .562 -
First stage F L2 17.9
First stage F L1 16.2
First stage F LO 7
First stage F F1 7.2
Observations 61,657,925 61,657,925 61,657,925 57,242,757
Users 1,476,438 1,476,438 1,476,438 1,424,914
Individual FE. Y Y Y Y
Quadratic time trend Y Y - -
Temperature F.E. Y Y Y Y
Month-of-year F.E. Y - - -
Month-of-year by Prov. FE. - Y Y Y
Provincial quadratic time trend - - Y Y

Notes: The unit of observation is the customer-month. The study period is from January 2015 to December 2019. Panels A
and B display the 2SLS estimates, where the dependent variable is the monthly average electricity consumption in a day, in
standard deviation or in logarithm. Panel C shows the first stage, where the dependent variable is the index of social media
attention to climate change, expressed in standard deviations. The model progressively adds controls, as indicated in the
bottom part of the table. Two months’ lags and one month2Jead are included in column 4. Robust standard errors, clustered
at the provincial and monthly levels, are in parentheses. *** p<0.01, ** p<0.05, * p<0.1



Appendix

A Additional Figures and Tables
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Notes: the figure displays the index of social media attention to climate change (from Twitter) on the left axis and the monthly
number of newspaper articles mentioning the keywords “climate change” or “global warming” in Italy (Pianta and Siscol
2020) on the right axis.

Figure A.1: Social Media Attention to Climate Change and Climate Change Prevalence in the News
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Notes: The figure displays a scatterplot of the index of social media attention to climate change (horizontal axis) and other
variables (vertical axis) aggregated at the provincial level and the corresponding population-weighted linear interpolations.
Dots are Italian provinces (N = 107), and the size is proportional to the population. GDP per capita is the 2015 gross domestic
product at current market prices per capita, at the NUTS 3 level (i.e., provinces (Eurostat)). Education is the percentage of
those 25-64 years old with a high school diploma in 2019, at the NUTS 3 level (BES-Istat). Blood donations and the daily
newspaper reading index are the average per capita blood donations and the diffusion of nonsport newspapers per every 100
inhabitants in 2001-2002, at the NUTS 3 level ((Nannicini et al., 2013)). Population is the resident population in 2011, at the
NUTS 3 level (Istat). Hydrogeological risk is defined as the share of the population in the municipality living in areas at
medium or high hydrogeologic risk (ISPRA} 2018]), which we aggregate at the NUTS 3 level.

Figure A.2: Climate Change Salience and Other Variables
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Share of Tweets by emotion
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Notes: The figure shows the distribution of all Italian (top panel) and geolocated (bottom panel) climate change tweets, by
emotions (joy in green, sadness in blue, fear in yellow, anger in red), obtained through content analysis, from January 2010 to
December 2019. Geolocated tweets represent 32 percent of all Italian tweets.

Figure A.3: Distribution of Emotions in Climate Change Tweets
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Notes: The figure displays the total climate change tweets (left axis) and those that we can geolocate at the provincial level.

Figure A.4: Total Italian Climate Change Tweets over Time
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N. of customers

1 9 17 27 39 55 80 119 194 418

Average electricity usage (KWh/day)

00 33 44 51 56 60 64 67 71 77

Notes: The maps show the distribution of customers (top panel) and the average daily electricity usage (bottom panel), in
KWh/day, at the municipal level over the sample period (2015-2019). Scales report deciles of the distributions.

Figure A.5: Geographical Distribution of Customers and Electricity Consumption
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Notes: The figure depicts the daily average electricity usage over the study period (solid line). The deseasonalized series
(dashed line) is obtained by plotting the residual of a regression of the average daily consumption in a month on
month-of-the-year fixed effects.

Figure A.6: Average Daily Electricity Consumption over Time
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Notes: The figure displays a scatterplot of the index of social media attention to climate change (horizontal axis) and average
daily electricity usage (vertical axis) aggregated at the provincial level and a population-weighted linear interpolation. Dots
are Italian provinces (N = 107), and the size is proportional to the population.

Figure A.7: Average Consumption and Social Media Attention to Climate Change
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Table A.1: Examples of Tweets by Emotion and Sentiment

Text (English translation) Emotion Sentiment
4 more degrees and we will Fear Negative
all die suffocated #climate

#globalwarming #green-

houseeffect

Live from CNR Bologna, Joy Positive

epic conference on #global-

warming #anthropocene

There is little to do: when I Anger Negative
was a child, these floods and

floods did not exist!!! #Glob-

alWarming #Tropicalization

#Weather #BadWeather

Look, having 30°C on Octo- Sadness Negative
ber 25th is not normal at all. 1

am not happy about it. #glob-

alwarming
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Table A.2: Sociopolitical and Climatic Determinants of Climate Change Salience by Emotion

ey 2) 3) 4
Anger Fear Sad Joy

Climate strikes (national) 0.313%** (.081*** (.200%** (.278%**
(0.065) (0.022) (0.051) (0.064)

Natural disasters (abroad) 0.068**  0.054%*  0.081**  0.116%***
(0.034) (0.024) (0.031) (0.037)
CoP  0.050 0.013 0.032 0.057*
(0.032) (0.022) (0.026) (0.030)

Observations 12,832 12,832 12,832 12,832

Provinces 107 107 107 107
Temperature F.E. Y Y Y Y
Month-of-year by Prov. EE. Y Y Y Y
Provincial quadratic time trend Y Y Y Y

Notes: The unit of observation is a province-month. The study period is January 2015-De-
cember 2019. The dependent variable is the index of social media attention to climate change
by emotion (the number of climate change tweets classified with that emotion over Twitter
activity). The independent variables are the monthly number of climate strikes in Italy, the
monthly number of natural disasters outside Italy, and whether a CoP occurs in the month.
All variables are measured in standard deviations. The model includes controls, indicated
in the bottom part of the table. Observations are weighted by the provincial-month level of
Twitter activity. Robust standard errors, clustered at the provincial and monthly levels, are in
parentheses. The coefficients of interest are plotted in Table 3] *** p<0.01, ** p<0.05, *
p<0.1
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Table A.3: Sensitivity Analysis: Different IVs

2SLS—Electricity Consumption
Panel A (1) 2 3) 4 5)

CCsalience  -0.038* -0.039* -0.041%** -0.042* -0.045%*
(0.021) (0.021) (0.017) (0.021) (0.017)

Panel B First stage—Social Media Attention to Climate Change
Climate strikes (national) — 0.416%%*  (.427%%* 0.442%*%*
(0.092) (0.092) (0.099)

Natural disasters (abroad)  0.136%* 0.133%* 0.117%*
(0.060) (0.058) (0.057)

CoPs 0.302
(0.220)
Climate strikes (abroad) 0.445%** 0.469%**
(0.093) (0.102)
First stage F 11.6 8.73 12.1 19.98 21.24
Overidentification pval 562 721 526 - -

Observations 61,657,925 61,657,925 61,657,925 61,657,925 61,657,925
Users 1476438 1476438 1476438 1476438 1476438

Individual EE. Y Y Y Y Y

Temperature F.E. Y Y Y Y Y
Month-of-year by Prov. F.E. Y Y Y Y Y
Provincial quadratic time trend Y Y Y Y Y

Notes: The table replicates our main estimates using different combinations of instrumental variables. The unit of ob-
servation is the customer-month. The study period is January 2015-December 2019. Panel A displays 2SLS estimates,
where the dependent variable is the monthly average electricity consumption in a day. Panel B shows the first stage of
these estimates, where the dependent variable is the index of social media attention to climate change. All variables
are measured in standard deviations. The model includes controls, as indicated in the bottom part of the table. Robust
standard errors, clustered at the provincial and monthly levels, are in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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