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Abstract

Climate activism is crucial in stimulating collective societal and
behavioral change towards sustainable practices through political
pressure. Although multiple factors contribute to the participation
in activism, their complex relationships and the scarcity of data on
their interactions have restricted most prior research to studying
them in isolation, thus preventing the development of a quantita-
tive, causal understanding of why people approach activism. In this
work, we develop a comprehensive causal model of how and why
Reddit users engage with activist communities driving mass climate
protests (mainly the 2019 Earth Strike, Fridays for Future, and Ex-
tinction Rebellion). Our framework, based on Stochastic Variational
Inference applied to Bayesian Networks, learns the causal pathways
over multiple time periods. Distinct from previous studies, our ap-
proach uses large-scale and fine-grained longitudinal data (2016
to 2022) to jointly model the roles of sociodemographic makeup,
experience of extreme weather events, exposure to climate-related
news, and social influence through online interactions. We find that
among users interested in climate change, participation in online ac-
tivist communities is indeed influenced by direct interactions with
activists and largely by recent exposure to media coverage of cli-
mate protests. Among people aware of climate change, left-leaning
people from lower socioeconomic backgrounds are particularly
represented in online activist groups. Our findings offer empirical
validation for theories of media influence and critical mass, and lay
the foundations to inform interventions and future studies to foster
public participation in collective action.
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1 Introduction

The climate crisis is an unprecedented challenge for humanity, as
the last decade has been the warmest in over 125000 years [17].
Climate change is a collective action problem that requires mass
coordination due to its global scale and to the interdependency of
all agents involved [9]. In recent years, the younger generations
have succeeded in mobilizing millions of people worldwide to draw
attention to the climate emergency [15]. These collective events
show the centrality of the climate change issue in our societies, and
demonstrate that humanity can organize global collective action
for a common cause.

Collective action is defined as any action that aims to improve
the status, power, or influence of a group [49]. We call climate
action the set of collective strategies intended to increase political
and social pressure to quickly enact effective climate mitigation
measures [17]. Since climate risks [10], responsibilities [1], and
awareness [8] are spread unequally in the global population, it
is natural that climate activism is also unequally spread. As such,
climate action is the most pristine example of how challenges facing
humanity are, first and foremost, a problem of social coordination.
Therefore, investigating the mechanism of collective action and
activism is fundamental not only to tackle climate change in itself,
but also to understand how to address other global crises—from
pandemics to misinformation.

Research in the social sciences has identified different pathways
to engagement with collective action, primarily focusing on cost-
benefit, collective efficacy, group-based emotions, and social iden-
tity theory [43, 44]. So far, the validity of these theories has only
been assessed by survey-based studies [48], where it is hard to col-
lect heterogeneous and balanced data. However, the abundance of
human behavior data from social media opens a different perspec-
tive into these dynamics. Previous social media studies on climate
action have analyzed the changes in climate debate after extreme
weather events [20, 38, 42, 45], political events [11, 25] or media cov-
erage [20]. However, these studies are either associational or focus
on a single causal pathway for the phenomenon of interest. Thus,
they neglect potentially important interaction effects between the
key causal mechanisms involved. To gain a richer understanding of
the processes sparking collective action and compare the effects of
different causal mechanisms at play, a comprehensive causal model
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Node Name Description

D Demographics of the user

Dsup Demographics of the subreddits

Nsub Number of users in the subreddits

Pr, Participation to subreddits (long term)
Ps Participation to subreddits (short term)

S User sympathy for activism at £4_w

EL

Er Reddit Engagement (long term)

Es Reddit Engagement (short term)

My, Media coverage (long term)

Ms Media coverage (short term)

A User activated in climate activism groups
I Interactions with activists

Figure 1: Probabilistic Graphical Model (left) and description of nodes (right). Circles represent stochastic variables; gray nodes

are observed and white ones are latent.

is needed instead. We contribute to this objective by applying a
Bayesian causal approach to analyze the pathways leading people
to engage with climate activism on Reddit.

We envision the path leading to collective action as a funnel,
where several essential steps filter the overall population toward ac-
tive mobilization. We focus on the segment of this selection process
that brings users who are aware of the climate change issue into
the fold of climate activist communities. This step is a fundamental
filter, as it determines who—among the crowd of aware individuals
that are potential targets for mobilization—is motivated enough
to take a first perceptible step towards action: participating in an
online forum dedicated to climate action.

We identify as our target variable the participation in one of the
subreddits affiliated with the organizations that coordinated the
September 2019 global climate strikes, mainly Earth Strike, Extinc-
tion Rebellion, Fridays For Future, and the Sunrise Movement (see
Appendix A). The importance of Reddit in this process is demon-
strated by the history of the Earth Strike movement: it was founded
after a Reddit post, which led to the creation of a subreddit, and
then evolved into the organization of the global Earth Stike on 27
September 2019.!

The goal of this work is to quantify the relative importance of
different social and information processes in causing engagement
with activist communities on social media. Based on existing liter-
ature, we identify three main potential pathways leading to this
type of engagement, which we call activation. First, the familiar-
ity with extreme weather events [45, 47] and the media coverage
around climate change [20] affect users’ involvement in the climate
debate (RQ1). Second, the sociodemographic features affect the
perception of risk due to climate change [47] (RQ2). Lastly, the
intention to participate in collective action is affected by social
influence [39, 48] (RQ3). We articulate our three main research
questions accordingly:

RQ1: Does media coverage about climate and climate action affect
activation in climate activism groups on Reddit, and over which
time scale?

RQ2: Which sociodemographic characteristics affect activation?

!https://www.reddit.com/r/chomsky/comments/d7i2g0/how_a_post_on_rchomsky_
helped_start_the_biggest
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RQ3: Do the interactions with other activist individuals affect
one’s activation?

To answer the RQs, we introduce a causal model based on Bayesian
Networks, depicted in Figure 1, that learns multiple key determi-
nants of engagement with activist communities from a ground truth
on activation extracted from large-scale Reddit data. This is the first
data-driven study that considers the interplay between different
causal pathways towards collective action in the context of social
media. The proposed pipeline can be flexibly repurposed for other
phenomena of collective engagement from online traces.

Our results show that social influence is the main driver of en-
gagement. Sociodemographic features influence the engagement in
climate activism, as they increase the sympathy for the cause and
probability of frequenting subreddits where social influence takes
place. Finally, mass media coverage of climate action has a positive
effect on the engagement in the short term.

2 Related Work

Social media platforms proliferate with discussions around climate
change, ranging from promotion of grassroots action to expressions
of climate skepticism [7, 14]. Online communities focused on the
climate crisis have become a fertile ground for the development
of a generational social identity [14]. Social identity is one of the
main pathways for engaging in collective behavioral change [4, 41],
complementing other drivers of action such as rational incentives
and purely emotional triggers [4]. These strongly identity-centric
communities played a significant role in organizing the global cli-
mate protests of 2019, which drawn broad political attention to the
climate emergency [15].

The study of community engagement on social media has fre-
quently been approached through classification tasks, emphasizing
the power of the different models and features to predict user en-
gagement [24, 37, 52]. Some studies rely on exact matching or
propensity score matching to investigate causal links between in-
terventions and engagement outcomes, such as joining discussion
groups [36, 39]. These studies primarily focus on endogenous pro-
cesses within social media, and consider treating explanatory vari-
ables as uniform sets, without attempting to model the complex
causal pathways connecting them. Several studies quantify single
causal effects on social media [26, 39, 46] but only a few use com-
prehensive causal models formalized with Bayesian Networks [2].
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Conversely, research on public engagement with climate issues
has largely concentrated on external climate-related events and
their correlation with social media responses [11, 19, 20, 25, 38, 42,
45]. The relationship between sociodemographic factors and climate
activism has been explored mostly through questionnaires [18, 47,
51] and connected the personal traits of climate activists to existing
psychological theories of collective action [33, 40].

Recent literature on Probabilistic Generative Agent-Based Mod-
els (PGABMS) proposed the use of Bayesian Networks to leverage
observed longitudinal data for learning the causal mechanisms to
be encoded in the ABMs [22], including for example the backfire
effect [23, 31]. Similarly, probabilistic generative frameworks have
been used to model community engagement to study dynamics
such as social influence or the echo chamber effect [30, 32].

3 Model

We ground our operationalization of involvement with activist
communities—the activation outcome we aim to build a causal
model for—in the social psychology theory of collective action by
Van Stekelenburg and Klandermans [48]. According to the theory,
before participating in collective action, an individual needs to be
1) a sympathizer for the cause, 2) a target of mobilization attempt,
3) motivated to participate, and finally 4) a participant. We focus
on the dynamics leading to step 2: how people who are aware of
climate change become active participants (or activated for brevity)
in online groups of climate activists where upcoming mobilization
events are discussed, and can concretely participate to them if
properly motivated [48]. This operationalization is supported by the
view that activist groups are “opinion-based groups” [6, 27], whose
shared identity is based on common values and beliefs towards
societal issues. These opinion-based groups are primarily formed
to convert broad beliefs into collective action, and indeed, having
a social identity aligned with such a group is strongly associated
with activism [41]. Next, we define the features that constitute our
model, the causal relationships between them, and how we estimate
the model’s parameters.

3.1 Features

Activation. We consider our initial population of aware individuals
to be Reddit users who mentioned the words ‘climate change” or
“global warming” in any message between January 2016 and Janu-
ary 2022, which results in 1.5M users.? The use of these locutions
indicates awareness of the climate issue by the time of posting. We
define the observation period for each of these users to be between
one year before and two years after their first use of such locutions.
Note that this group of Reddit users is the whole population for
which we wish to estimate the causal effects.

We select the groups of climate activists as the subreddits directly
connected to political groups or movements that took part in the
organization of global climate strikes. In particular, we take as
reference the “Global Week For Future” event, which took place
from 20 to 27 September 2019, and saw the participation of about
six million people worldwide.> We find six groups that fulfill this

2We remove all the bots by leveraging a list of known Reddit automated accounts.
3https://www.theguardian.com/environment/2019/sep/27/climate- crisis-6-million-
people-join-latest-wave- of-worldwide-protests
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Figure 2: Temporal dynamics of the model. The final time t4
is the activation time, or the end of the observation period
for non-activated users. The first three points corresponds
to one year, five weeks, and one week before t4.

criterion, which we describe in Appendix A. The three main ones
are Extinction Rebellion, Earth Strike, and Fridays For Future, which
account for more than 92% of the activated users we observe. We say
that an activation happens when a user in our population posts their
first message in one of these six communities. Standing on Social
Identity Theory, we identify this moment as the first observable
instance of their identification with a group characterized by a
specific collective identity [4]. We consider a user activated if they
do post such a message during their observation period (after we
observe their awareness), and we represent this outcome as a binary
variable A, equal to 1 for activated users and 0 for the others. In
total, we obtain 4.1k activated users. To estimate our causal model,
we take an equally-sized sample of non-activated users. To ensure
basic comparability of the two groups, we verify that the difference
between the Reddit engagement, measured as average number of
comments per week, is not significant.

Temporal dynamics. To discern the temporal scale of the causal
determinants of activation, let us define t4 as the time we observe
an activation, or the end of the observation period for non-activated
users. We consider two distinct time periods. The short-term period
contains the last week before t4, i.e., the interval [t4_w,t4]. The
long-term one, instead, starts one year before t4 (indicated with #y)
and ends five weeks before t4, i.e., [to, ta—5w]. Figure 2 illustrates
this temporal split. We leave a four-week gap to separate more
clearly the effects between these two periods. However, removing
the gap by extending the long-term period to t4_yy does not change
our results (see Appendix B).

Sympathy. To distinguish how factors in the long- and short-term
periods affect activism, we introduce a measure of how likely an
individual is to join an activist group at t4_y, the beginning of
the short-term period. We call this quantity the sympathy for the
cause (S), defined as the first step towards mobilization in social
psychology Van Stekelenburg and Klandermans [48]. As sympathy
cannot be observed directly, we use a continuous latent variable
whose estimation strategy is explained at the end of this section.

We can thus divide the factors we wish to study into long-term
ones, whose effect on A is mostly mediated by S, and short-term
ones, that affect A after t4_yy. In particular, we consider:

o the user’s sociodemographics characteristics D, which precede
all other factors;

e the participation of a user to other subreddits during the long-
term (Pr) or short-term (Pg) period;

o the media coverage of climate-related news, divided into long-
term (Mp) and short-term (Ms);

e interactions with activated users, that we indicate with I;

o the overall engagement with the Reddit platform (an essential
confounder for our target variable A), denoted by E; and Egs.
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The rest of this section explains the operationalization and the
assumptions behind each of these factors, and how they are linked.
Figure 1 depicts the resulting causal graph.

Sociodemographic scores. We characterize users on four sociode-
mographic axes based on the methodology developed by Waller and
Anderson [50]: affluence (poor to rich), partisanship (left to right),
gender (male to female), and age (young to old). For each axis, they
assign a score to each of the 10k most popular subreddits in their
data set. To integrate this methodology into our probabilistic model,
we indicate such subreddit scores as Dy, consisting of a K X 4
matrix, where K is the number of subreddits we consider. Then, we
represent the sociodemographics of a given user as a 4-dimensional
vector D that we estimate as a latent variable, and then we stan-
dardize as z-scores. Thus, the 4 values of D for a user represent their
likelihood of belonging to a specific combination of demographic
groups: poor-rich, left-right, male-female, and young-old.

Subreddit participation. To estimate the user sociodemographics
latent variable D, we use user participation in the set of K subreddits
that we consider, in the long-term period. In other words, we assume
that the observed subreddit participation is a noisy realization of a
user’s real sociodemographics. To determine this set, we first restrict
our attention to the 1000 most popular subreddits in our dataset. We
intersect it with those considered by Waller and Anderson [50], thus
resulting in K = 826 subreddits with sociodemographic scores. For
each user, we define two observed variables Py and Ps, representing
their participation in these subreddits in the long and short term,
respectively. For a given user, each of those two variables is a binary
vector with dimension K, with values set to 1 for the subreddits
where the user posted a message during the specified period.

Subreddits attributes. As a factor affecting the participation of
users in subreddits, we consider not only the sociodemographic
scores Dg,,p,, but also the subreddit’s overall popularity. We quan-
tify popularity as the z-score of the log-transformed number of
users in our dataset who participate in the subreddit by posting or
commenting. We denote this variable with Nj,,p.

Media coverage. We wish to investigate the role of media coverage
in the mobilization of activists. Furthermore, we wish to account
for the geographic location of Reddit users and their proximity to
the news, when possible. To do so, we use the Global Database
of Events, Language, and Tone (GDELT),4 an open database of
geolocated news articles. We consider three themes that are directly
related to climate change: “climate”, “climate action”, and “natural
disasters”. The first theme includes general news about the climate;
the second focuses on climate activism (e.g., protests or campaigns);
the third involves climate hazards, such as floods or heat waves,
that are often a consequence of climate change [34]. Since Reddit
is predominantly English-speaking and US-centered,’ in order to
consider a homogeneous media landscape, we only consider news
located in the United States or Canada. For each administrative area
(i.e., US state or Canadian province), we measure the weekly media
attention on a theme as the fraction of news published in that area
on that theme. This way, we obtain a vector of three variables for
any period and area.

http://www.gdeltproject.org
>More than half of its traffic comes from the US or Canada:
https://www.similarweb.com/website/reddit.com
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User georeferencing. We wish to associate, whenever possible,
Reddit users in our population to their home location. To do so, we
rely on a method developed by Balsamo et al. [3], which leverages
user participation in location-based subreddits. To identify such
subreddits, we first gather all the subreddits whose name matches
with an existing location and clean them manually to filter out
spurious matches [29], thus obtaining a list of 311 location-based
subreddits in the US and Canada. Then, we assign a user to an
area if all the location-based subreddits they wrote into within our
observation period belong to that area. This way, we can assign a
location in the US and Canada to 25.7% of our population. The pro-
portion of georeferenced users is similar between activated users
and our sample of non-activated users (24.9% vs. 26.6%). Further-
more, the number of users assigned to each area is proportional
to the population of that area, thus suggesting strong reliability
and homogeneous distribution (Appendix C). Now, we can asso-
ciate the location-based media coverage with each user. For all the
users without location, we use the median media coverage per week
across all locations, as a standard imputation strategy for missing
values. Therefore, we obtain for each user two variables, M; and
Mg, respectively for the long-term and the short-term period. Each
variable is a vector of three elements, corresponding to the three
news themes (“climate”, “climate action”, and “natural disasters”).
M, and Mg are standardized to their z-scores.

Interactions. One of our objectives is to study how direct inter-
actions with activists affect the chances of activation. A direct
interaction (u,v) occurs when a user u leaves a comment below
a comment or submission by v. We collect all direct interactions
between activated and non-activated users in both directions ((u, v)
and (v, u)). We define a binary variable I to express whether a
given user had at least one interaction with an activist user in the
short-term period. Since we expect capturing this kind of causal
relationship over long periods to be fickle, we restrict ourselves to
considering only the effect of short-term interactions.

Reddit engagement. Finally, as an essential confounder for the
participation in activist subreddits, we consider the overall Reddit
engagement of a user. More active users are necessarily more likely
to interact with other users and visit new subreddits. We measure
this engagement as the logarithm of the average number of com-
ments per week in each period for a given user. Thus we denote Ef,
their engagement in the long-term period, Es short-term one. The
variables are standardized to their z-scores.

3.2 Structure

Next, we describe the structure of the causal model, explaining each
causal relationship between variables. Figure 1 depicts the Directed
Acyclic Graph (DAG) associated with the causal model. We strive
to include in the model all those relations that we cannot exclude
through reasoning, in order to control the confounders and close
possible backdoor paths [35]. Then, by fitting the model, we can
assess which relationships are not substantiated by data.

Independent variables. Data of media coverage, M and Mg,
comes from external sources, and we consider them as indepen-
dent of user activity on Reddit. For this reason, these variables do
not have any parents, and are directly observable. The observed
data about subreddits—namely, their demographic scores Dy,,;, and
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their overall popularity Ng,,;,—are also unaffected by user variables.
Regarding the user, since the sociodemographics are intrinsic and
predate all other factors, D does not have any parents.

We consider Ej, the observed engagement with Reddit in the
long-term period, to be independent of all other factors. Similarly,
we consider its short-term period analogue, Eg, to be affected only
by its long-term predecessor (E, — Es). As such, we model it as a
Gaussian variable dependent on Er, whose parameters (coefficient,
bias, and variance) are to be estimated

Es | EL ~ N(BE1EL + BEo, OF). (1)

Long-term participation. The demographics of a user D influence
the subreddits they participate in, and thus D — Pp. This effect
interacts with the sociodemographic scores of the subreddit Dy,,p;
for instance, left-leaning users are more likely to participate in
subreddits categorized as left-leaning. Py is also influenced by N,,;,
because, in general, users are more likely to join popular subreddits,
so we include Ng,;, — Pr. Moreover, more engaged users are more
prone to write in any subreddit, and we model this effect with
E; — Pr. We model these causal relations with a logistic function:
the participation in a subreddit is a Bernoulli random variable whose
probability is given by

P(PL | Dsyps Nsups D, EL) = 0(Bp1Dsyp-D+PBp2Nsyp+PBp3EL+Spo),
@)

1+e™*
Sympathy. As mentioned, S denotes the sympathy for the cause—
how likely is an individual to join an activist group—at t4_y . As
such, it is influenced by the demographics D, the Reddit engage-
ment Er, and the media coverage My, that all precede it temporally.
In fact, given that a person’s sociodemographics shape their ex-
perience of the world, our model assumes that the influence of
sociodemographic D on A is mediated by their internal belief S.
Thus, we represent S as a continuous variable, drawn from a normal
distribution defined by

S| D,Ep, M ~ N(fs1D + Bs2Er + fs3Mp, 0s).

where o(x) = and fe are coefficients to be estimated.

®)

Short-term participation. Finally, we include the effect of com-
munity retention [52] that models the fact that individuals are more
likely to write on a subreddit if they contributed to them in the
past (P — Ps). We hypothesize the same effect of popularity and
demographics that we consider in the long-term to be possible in
the short term via Ng,,;, — Ps and Dy,,;, — Ps. Analogously, it is
reasonable that subreddit participation is affected by the overall
Reddit engagement in this period (Es — Ps). Finally, since Ps is
measured in the short-term period [t4_y, ta], we hypothesize that
it could be affected by the sympathy for the cause S, which reflects
a measure at t4_yy. To avoid estimating the effect of sympathy
on each of the K = 826 subreddits we consider, which would be
prone to overfitting and hard to interpret, we model this relation
by aggregating subreddits over the four sociodemographic axes.
Thus, we obtain a term f,1S - Dgyp,, Where fp; is a four-element
vector that expresses the propensity of a user with high sympathy
for the activism cause to participate in subreddits with a given
demographic profile

P(Ps | Dgup S, Prs Noyps Eg) =

4
0 (Bp1S - Dsup + PpaPrL + Pp3Nsup + BpaEs + Bpo)- @
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Interactions. Users who are more engaged on Reddit have a higher
probability of interacting (by chance) since interactions are induced
by comments. Hence, we add the relation Eg — I. The probability
of interacting with some activated user depends on the specific
subreddit frequented, which is captured by the causal relationship
Ps — I.1In particular, we model this effect via the sociodemographic
scores of the subreddits, assuming that the probability of interac-
tion depends on the sociodemographic scores of the subreddits
rather than the specific identity of the subreddit. This design choice
enables a more robust model: since the number of subreddits K is
quite large, estimating so many parameters would be prone to over-
fitting. Therefore, we introduce the effects Dg,,;, — I. Combining
these factors, we obtain

P(I'| Dgyp, Ps, Es) = o(Br1Ps - Dgyp + Pr2Es + Pro) (5)

Activations. The literature on opinion dynamics, social influence,
and community engagement tells us that interacting with people
can have a direct impact on the probability of activation [12, 13, 39],
and we capture this social influence via I — A. Next, we express
the role of S by introducing the relation S — A. Since S represents
how likely a user is to join an activist group at t4_yy, this relation
connects S to the actual activation at t4. The sociodemographics D
precede S, temporally and causally, so their effect on A is mediated
by S, with no direct effect on A. Then, to assess the role of media
coverage on activation we introduce Ms — A, expressing how
the media in the week before the activation affects A. The media
coverage in the long-term period, My, can affect the sympathy (at
ta—w, the end of that period) but could also have a delayed, direct
effect on A (M — A) [45]. Finally, the effect Eg — A acts as
a confounder, since the activation corresponds to visiting a new
subreddit, and users who are more engaged with Reddit in this
period may activate by chance.

P(A|I,Ms,Mg,S,Es) =

o (Ba1S + Pazl + BasMs + BaaML + BasEs + Bao)- ©

3.3 Parameter estimation

To estimate the model’s parameters and latent variables, we fit the
model to our Reddit data using Stochastic Variational Inference [16].
During the hyperparameter tuning phase, we select: (i) the Adam
optimizer with a learning rate equal to 0.05 to maximize the evi-
dence lower bound (ELBO), and (i) a Normal distribution with zero
mean and variance 0.1 as the variational distribution. To discard
results reached in suboptimal local minima of the parameter space,
we run the optimization with 10 random restarts and choose the
restart with the best fit to the observed activations. We measure the
fit via accuracy, namely the average fraction of correct predictions
of 100 posterior predictive samples of A. Recall that our goal is
to assess causal relations: we are not interested in reaching the
highest accuracy, but only in obtaining the most reliable model that
respects the previously defined causal assumptions.

While the hyperparameter selection is fully data-driven, the
choice of the prior distribution encodes our existing knowledge
of the generative process in the context of Reddit. In particular,
we focus on the latent sympathy variable S. The variance var(S)
of the prior of S regulates the level of stochasticity of the user’s
sympathy—namely the extent to which sympathy is shaped by
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individual factors lying outside our model. At one extreme, var(S)
is zero, which makes S a deterministic function of its parents. This
assumption is unrealistic since users adjust their beliefs outside
of Reddit and it is impossible to capture all the variance of their
sympathy. At the other extreme, var(S) — +co indicates that the
opinion of the users is determined exclusively by factors outside
of the model. Thus, we present the results for different values of
var(S) within these two extremes, setting it to 0.01, 1, and 100, to
account for low, medium, and high levels of individual variation.
Results do not significantly change for different values of var(S).

All the priors of our model are (multivariate) Normal distri-
butions. We set positive mean for the priors of Ny, — Ps and
Nsup — Pr, under the assumption that users have a higher propen-
sity to write in popular subreddits. The other priors are centered in
0 and have covariance equal to the identity matrix.

4 Results

We now answer our research questions, using the coefficients es-
timated by our model. In our Bayesian framework, in fact, each
parameter provides new knowledge on the investigated process,
both about the latent variables in the system and the causal paths
within the model. As introduced in Section 3.3, we analyze the
model under three different assumptions, ranging from a lower level
of individual variation (var(S) = 0.01) to a medium (var(S) = 1)
and a higher level (var(S) = 100). The role of var(S) is regulariza-
tion: higher values trivially allows for a higher accuracy, as the
model gets increasingly more free to align each individual S with
activation (see Appendix D). For this reason, a comparison of the
accuracy across these three models is meaningless, as an increase
of var(S) is sufficient to increase the accuracy. Our study of the
accuracy is limited to in-sample analysis, since an essential part
of our model is the estimate of individual parameter for each user
(e.g., their sociodemographic features). Therefore, a train-test split
would be unfeasible. Ultimately, however, the goal of our model is
to assess the significance of causal relations to answer our RQs, not
to obtain the highest accuracy in a prediction task.

Figure 3 presents the relevant estimated parameters, grouped by
the variable they affect. We observe general robustness among the
different choices of var(S), as the coefficients describe similar causal
effects, with minor differences in magnitude. Next, we analyze these
parameters to answer our research questions.®

4.1 Media coverage (RQ1)

For the media coverage variables, we have multiple pathways to-
wards activation. One is M — S — A. Figure 3b shows that the
coefficient of sympathy to activation (i.e., f4; in Equation (6)) is
significantly positive for all models, as expected. Thus, we consider
the relationship M} — S, expressed by the coefficients fs3 in Equa-
tion (3), depicted in Figure 3a. These coefficients represent how
long-term media coverage affects sympathy at the end of that pe-
riod. The other pathways are the direct ones Ms — A and M; — A
(Bas and Pa4 in Equation (6), shown in Figure 3b). Since the me-
dia coverage variables are composed of three distinct themes, we
discuss each one separately.

The code to analyze our data and reproduce the results is open and available at
https://github.com/jaclenti/climact/tree/main.
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The broader “Climate” theme does not present significant ef-
fects, except in M — A for one model instance, thus suggesting a
positive, yet mild effect of climate media coverage on activism.

Instead, “Climate Action”—that is, the amount of media atten-
tion devoted to the climate activists actions—shows significantly
positive effects in the same pathway towards activation for all con-
sidered models (Figure 3b). This result suggests that media coverage
of climate mobilization increases the likelihood of individuals to
activate in the week following the news. However, we also observe
a negative coefficient in the long-term variables for “Climate Ac-
tion”, for two out of the three instances of the model in Mg — A
(Figure 3b), and for all instances in M; — S (Figure 3a).

We hypothesize that these negative coefficients are due to the
bottom-up dynamics of the first wave of protests, that was success-
ful despite not being covered by media during its build-up stage on
Reddit. In fact, two major spikes of activations are present in our
dataset, the first occuring in November 2018 when r/EarthStrike
was created, and the second in September-October 2019, around
the Global Climate Strike. The first event is endogenous to Reddit
and followed a long period of low media coverage on climate action
(the third week of November 2018 is at the 34 percentile of climate
action media coverage). Conversely, the second event occurred in
times of high media coverage, and this increased media attention
might have influenced the engagement in climate activism. How-
ever, this peak of activations lasted a few weeks, and the periods
with the highest long-term media coverage of climate action are
not associated with an increased number of activations.

Regarding the media theme of “Natural Disasters”, Figure 3a
shows a significant postive effect in the pathway M; — S for one
of the three instances of the model. In the same model instance,
the coefficient for Mg — A is slightly negative, suggesting that
awareness of climate emergencies might contribute more to the
process of opinion formation on climate topics than to trigger
activations directly.

In summary, media impact activations in three ways. Firstly,
the organization of climate activism movements on Reddit was
a grassroots initiative, spawned independent of media coverage.
Secondly, coverage about climate action has a positive effect on the
individuals activation, with this effect decaying after about a week.
Lastly, some media coverage of extreme weather events may have
a positive long-term impact on sympathy towards activism.

4.2 Demographics (RQ2)

From Figure 3a, we gather that having specific sociodemographics
(i.e., ‘left’, ‘poor’, and ‘old’ users) increases the sympathy S. Given
the positive effect of S on activation (Figure 3b) these sociodemo-
graphic features impact activation, mediated by sympathy.

Figure 3c shows that the sympathy S has an impact on Pg, as
it increases the probability of participating in ‘old’ and ‘left’ sub-
reddits. The participated subreddits also impact the probability of
interacting with other activists (Figure 3d) and the interactions
have a positive effect on A (Figure 3b). Thus, the sociodemographic
features affect the activation, mediated by S, P and I.

Finally, perhaps obviously, the user sociodemographics D impact
subreddit participation Py, as being ‘left’ increases the probability
of participating in ‘left’ subreddits, and analogously for all the
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Figure 3: Mean values of the estimated parameters, with 95% credible intervals. (a) The coefficients are the causal effects of
the parents of S, Equation (3). These contribute to the weighted average of the mean of the normal extraction of S. (b) The
coefficients are the log-odds in Equation (6). (c) The coefficients are log 51 in Equation (4). They represent the interaction term
between Dy,,;, and S. When the coefficient is positive, an increase of S increases the odds of writing in a subreddit with a positive
score in that sociodemographic category. (d) The coefficients are log f;; in Equation (5). They represent the interaction term
between Ps and Dy,,;,. When the coefficient is positive, an increase of Ps - Dy, increases the odds of interacting with an activist.

sociodemographic dimensions. Moreover, we estimate a positive
effect of retention, as Py, affects Pg. As seen before, Pg has an effect
on I, that impacts A, so we conclude that the effect of D on A is
also mediated by Pr, Ps, and I.

Note that, in the context of this study, ‘old’ is relative to the de-
mographics of the platform (and similarly for the other dimensions).
In particular, considering the demographic of Reddit, an age label
towards ‘old’ is not in contrast with the Youth Climate Strikes, as
64% of Reddit users are 18 to 29 years old [5]. A qualitative analysis
of the sociodemographic scores indicates that the subreddits with
lower age scores are typically about video games and entertain-
ment, while politically and culturally engaged communities are
more typical of older ages. In particular, some popular subreddits
with high correlation between Py, and A, such as r/environment
and r/collapse, have high scores for age. Moreover, the 15 subred-
dits with the highest correlation between Py and A with a sociode-
mographic score have a ‘left’ partisan score, including some with
an anarchist inclination such as r/COMPLETEANARCHY, r/collapse,
and r/Anarchism or socialist (r/ChapoTrapHouse).

4.3 Interactions (RQ3)

Figure 3b shows that the interactions positively impact activation.
This positive effect of I on A can be interpreted as already net of
any homophily effect due to the common sympathy, since the effect
of Pg on I is controlled by S. That is, given two users with the
same level of sympathy who participate in similar subreddits, if
one interacts with an activist, the odds of activation increase by
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approximately 2.7 times. This strong positive effect can be under-
stood in the context of the history of the Earth Strike on Reddit.
In fact, the users first joinin r/EarthStrike migrated from other
subreddits where they decided to coordinate towards global action.

4.4 Summary of findings

Thanks to the comprehensive causal model proposed in this work,
we can finally draw comparative conclusions about the determi-
nants of climate activism online.

For RQ1, the only consistent effect is by short-term bursts media
coverage of climate action (Ms — A) that decays in the long-term
(Mp — A). Conversely, the path M — S — A is not consistently
significant. For RQ2, the age, partisanship, and affluence of users af-
fect AviaD — S — A.Inparticular, belonging to a lower economic
stratum, having left-wing political preferences, and being on the
older side of Reddit’s population, all increase the probability of ac-
tivation. Similarly, in the path D — S — Ps — I — A, an increase
in sympathy increases the likelihood of participating in subreddits
with a ‘poor’, ‘left’, ‘male’, and ‘old’ user base. These characteris-
tics of the subreddits increase the probability of interacting with
some activists, thus raising the probability of activation. All four
sociodemographic features have a significant impact on A through
the path D — P; — Ps — I — A, as the participation in ‘poor’,
‘left’, ‘male’, and ‘old’ communities is necessarily affected by the
sociodemographic features of the users. Finally, focusing on RQ3,
interactions have a strong, positive, direct effect on the activation.
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Figure 4: For each value of var(S), we compare the distribu-
tions of accuracy of 100 samples of the predictive posterior
for A. The error bars represent one standard deviation of the
accuracy. For each var(S), the left-hand dot refers to the ex-
periment using all the variables of the model. The other dots
refer to the experiment run after the removal of a variable,
both long- and short-term.

That is, interacting with an activist outside of activist communities
considerably increases the odds of becoming activated.

Compared to the effects of media coverage, both sympathy for
the cause and direct interactions with activists have stronger effects,
with coefficients approximately twice as large. Sympathy, in turn, is
strongly affected by the sociodemographics of the user, especially
their political partisanship, affluence, and age. The computation of
the total path coefficients confirms all the results highlighted in
this section (see Appendix E).

4.5 Ablation

Last, we perform an ablation analysis to check the effect of ne-
glecting some parts of the model in our results. We run the model
removing one group of variables at a time: (i) Ef, and Es, (ii) I,
(iii) Mg and Ms and (iv) D. Figure 4 shows that the removal of
the media coverage has the highest impact on the accuracy across
the three models. When removing E, we also note that the effects
of Dy, p(affluence) and Dy, p(gender) switch signs. This indicates
that not controlling for user engagement might generate mislead-
ing effects on the interactions. In particular, while the full model
captures that writing in ‘male’ and ‘poor’ subreddits increases the
probability of interaction, the ablated model captures that writing
in ‘female’ and ‘rich’ subreddits increases it.

This effect is indeed confounded by the positive correlation of
0.38 and 0.42 between the engagement on Reddit and the participa-
tion in ‘female’ and ‘rich’ subreddits, respectively (Appendix F), and
highlights the importance of developing a comprehensive causal
model. All the other effects maintain the same signs.

We also compared our results with the ones obtained by re-
moving the gap between the short- and long-term windows, and
obtained a correlation of 0.997 between the estimated coefficients
in the two settings (Appendix B). This robustness check shows that
the gap period between long- and short-term past is not necessary.

5 Discussion

We developed a rich and comprehensive causal model to study the
interplay between different determinants of climate activism on
Reddit. This work represents a first attempt to apply a multi-causal
model to social media data. Our results show that the simultaneous
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inclusion of several causal pathways into the same model provides
new insights into the underlying social process. For instance, the
interactions play a central role in the engagement in climate ac-
tivism communities. However, part of this effect is explained by
the confounder of the frequented subreddits, which is controlled
by the sympathy for the climate cause. Similarly, we show that the
sociodemographic features influence the activation. However, the
ablation analysis reveals that if we omit to control for the engage-
ment on Reddit, some effects change drastically and flip signs, due
to the correlation between the engagement and specific sociodemo-
graphic features. Finally, we illustrate that the exclusion of media
coverage from the model significantly decreases its accuracy.

The contribution of this work is two-fold. First, we establish an
operative pipeline to causally test hypotheses in computational
social science using large-scale empirical data (Reddit and GDELT).
The pipeline targets the existing gap between behavioral models in
social science, which are usually validated via survey or lab studies,
and social media analysis, which typically draws causal conclusions
only by focusing on the temporal dimension.

Second, we provide new insights into the phenomenon of climate
activism online. We unveil a temporally complex effect of media
coverage of climate activism. On the one hand, the effect of media
attention on climate action rapidly decays, with a strong short-term
effect and a negative effect in the long term. On the other hand, me-
dia coverage around climate and natural disasters is persistent over
a long period. These results hint at a trend effect for climate strikes,
and a memory effect for people experiencing extreme events [45].
Users participating in left-leaning and lower-income communities
have a higher propensity to engage in climate activism, mediated
both by their sympathy towards the cause and by the subreddits
they frequent, which expose them to interactions with other ac-
tivists. We acknowledge that these sociodemographic features are
an oversimplification of the users’ real attributes, as they depend on
the scores previously assigned to subreddits. In the future, it would
be interesting to study how different estimators of these factors
affect the results. Last, social influence has the strongest impact on
user activation.

We underline that the model aims to uncover how or the why
people engage in activism, and it is not intended to predict user
engagement. For these reason, we do not approach the task through
machine-learning, which could improve the accuracy of our esti-
mates by leveraging spurious (i.e., non-causal) correlations in the
data. For instance, we did not measure the out-of-sample accuracy,
because the latent sociodemographic features of the users are esti-
mated during model training, and we cannot predict the activation
of a user without injecting them into the model.

We recognize that active participation in a climate activist com-
munity is not necessarily linked to joining a climate strike. However,
our framework is based on well-grounded sociological theories
that apply to the online context too [47]. From the moment a user
becomes active in such an activist community, they will become
possible targets of mobilization by the group. The remaining steps
of the process happen outside of the social media sphere, becoming
harder to study [28] and highlighting the need for broader method-
ologies to understand the full spectrum of social coordination, from
digital engagement to physical mobilization and collective action.
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A Subreddits

To capture the climate activism movements, we consider all the or-
ganizations that endorsed Earth Strike. We select the organizations
with a subreddit with the same name, and we focus only on the
subreddits that explicitly mention climate action in their bio (or in
their official Webpage if the bio is missing). This is our final list of
subreddits, and the relative bio (as of 2024/07/10):

e r/FridaysForFuture: “A sub dedicated to the international
movement of students who skip class on Fridays to demand
action to prevent climate change.”

e r/SunriseMovement: “Sunrise is a movement to stop climate
change and create millions of good jobs in the process.”

e r/ExtinctionRebellion: “This is our darkest hour. Humanity
finds itself embroiled in an event unprecedented in its history,
one which, unless immediately addressed, will catapult us fur-
ther into the destruction of all we hold dear: our nations, its
peoples, our ecosystems, and the future of generations to come.
The science is clear: we are in the midst of the sixth mass extinc-
tion event on planet Earth and we will face catastrophe if we
do not act swiftly and robustly[...] The Extinction Rebellion is
a lawfully abiding direct action movement challenging inaction
over dangerous climate change.”

e r/EarthStrike: “Earth Strike is a grassroots labor-environmental
movement focused on organizing a GLOBAL GENERAL STRIKE
TO SAVE THE PLANET! [...] This subreddit is for discussion
about Earth Strike, a general strike movement for climate ac-
tion.”

e r/ClimateRealityProject: “Our mission is to catalyze a global
solution to the climate crisis by making urgent action a necessity
across every level of society”

e r/350ppm: “A subreddit for the organizing of the Climate Action
Movement and various Campaigns”

e r/sierraclub: [from the webpage] “Sierra Club is working
tirelessly to protect wildlife and wild places, ensure clean air
and water for all, and fight the devastating effects of climate
change. Sierra Club is the most historic grassroots environmen-
tal organization in the country. For more than 130 years, we’ve
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ExtinctionRebellion 1979
EarthStrike 1928
FridaysForFuture 178
SunriseMovement 127
sierraclub 45
ClimateRealityProject 4

T T T T
0 500 1000 1500 2000
#Users

Figure A.1: Number of activated users per subreddit in our
final user selection.

gathered millions of activists and volunteers to fight for the
places, people, and planet we all love”
We excluded subreddits endorsing Earth Strike that are not fo-
cused on climate action but rather on environmental or social action
in general: r/Amnesty, r/AmnestyInternational, r/greenpeace,

r/LushCosmetics, r/198Methods, r/MarchForScience, r/OxfamAmerica,

and r/WWF,

B Robustness
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Figure B.2: Dots represent parameters or latent variables of
the model, excluding D and S. We compare the estimates
of the mean of these parameters, with and without the gap
between long- and short-term periods. The high correlation
(0.997) confirms that the choice of the endpoint of the long-
term period between t4_y and t4_s5 does not affect the
results.
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Figure C.3: Population of US States (blue) or Canadian
provinces (red) vs. the number of georeferences per adminis-
trative area obtained from our sample of 17k users.
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Figure D.4: The plots show the distributions of S at the vary-
ing of var(S). The separation of the distributions increases
with var(S), which reflects the increased alignment with A.
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Figure E.5: The errorbar show the average total path coef-
ficients, and the corresponding credible intervals, of each
variable on A. The results are based on the linear approxima-
tion of the causal model. Notice that the comparison of the
effect is possible within each plot, but not between the plots.

To account for both the direct and indirect effects of the variables
on A, we study the total path coefficients. While the use of total path
coefficients is established in linear models, their computation in non-
linear models remains an open research question [21]. Therefore,
we approximate the problem by assuming linearity for all effects,
similar to previous studies [21]. To address the research questions
(RQs), we focus on the following effects on A:

e D affects A throughD - S —> A, D —> S — Ps - — Aand
D— P, —Ps—I1— A

e M affects AviaM; —» Aand M — S — A.
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o [ directly affects A, I — A.
e Mg directly affects A, Mg — A.

Since we apply an assumption of linearity to a non-linear model,
the path coefficients should be interpreted carefully, focusing on
their sign rather than their magnitude. Furthermore, we cannot
compare the magnitudes of the effects of variables entering the
DAG at different depths.

We calculate indirect effects by multiplying the individual coef-
ficients along each path. However, we observe a disproportionate
influence of Dg,,;, on these coefficients. Specifically, an increase in
D(age) raises the probability of participating in all subreddits with
positive Dg,,;, (age), both in long-term and short-term past. Each of
these subreddits independently influences I, and consequently A.
Under the linear approximation, this results in the summation of
K = 826 effects corresponding to the K subreddits. In the original
non-linear model, these effects are moderated by the non-linear
function o(-). To address this, we average the effects of the sub-
reddits for all paths involving Dy,,;. This approach allows us to
present the effects of the variables in terms of their impact on the
probability of joining an average subreddit. The path coefficients
are shown in Figure E.5.

F Sociodemographic Features

5
rich left right

affluence partisan

female

male young

gender age
Figure F.6: Joint distributions of the 4 sociodemographic
scores and the z-scores of the Reddit engagement. The so-
ciodemographic features are proxies computed as the dot
product between the vector of subreddit users participate in
long-term and the sociodemographic scores of the subreddits.
These values are different from D, which is a latent variable
estimated by the model. A positive correlation is noticeable
in (a) and (c), highlighting that users who participate more
in more ‘rich’ and ‘female’ subreddits tend to comment more.
(a), (b) and (c) are also asymmetric, showing that our dataset
is biased toward ‘rich’, ‘left’, and ‘female’ users.
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