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Abstract

Social media are increasingly used to obtain and disseminate information about environ-
mental issues. Yet, environmental communication research has focused mainly on social
media discussions pertaining to climate change, while overlooking public awareness and
discourse regarding the other planetary boundaries (i.e., important and interlinked envi-
ronmental issues other than climate change). Moreover, while discussions about climate
change are often found to be polarising, it remains to be seen if this extends to other envi-
ronmental issues. We used network analysis and topic modelling to analyse two million
environment-related tweets and identified nine ‘green communities’ of users. Climate
change was the most popular issue across all communities and other issues like biodiver-
sity loss were discussed infrequently. The discourse was less polarised than previously
assumed, was largely pro-environmental, and originated more from the Global North than
the Global South. The relevance of our findings for policymakers and researchers in envi-
ronmental communication is discussed.
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1 Beyond climate change? Environmental discourse on the planetary
boundaries in Twitter networks

Social media have become important fora for public discussions about environmental
issues, encompassing topics such as climate change and sustainability (Ghermandi et al.
2023; Pearce et al. 2019). This vital role of social media for environmental discussions is
underscored by a notable surge in climate change mentions, with a growth of 50% observed
in a sample of English tweets from 2013-2020 (Build for Good n.d.). By fostering discus-
sions and debates among various voices present in the public sphere, social media pro-
vide a communicative space for collective interpretation of new information (Jovchelovitch
1995; Sarrica et al. 2018). Consequently, individuals turn to social media for both obtain-
ing environment-related news and sharing their own environmental views by (re)sharing
environmental content (Cody et al. 2015; von Nordheim et al. 2018). An examination of
the environmental content on social media can provide us with a snapshot of the prevailing
public discourse, highlighting which issues are currently emphasised as well as those that
warrant more attention.

So far, environmental communication research on social media has focused primarily on
climate change while overlooking other interlinked issues that similarly affect the planet’s
future (Barrios-O’Neill 2021; Chang et al. 2022a). Nine such dynamic environmental pro-
cesses (e.g., climate change, ocean acidification, loss of biosphere integrity) and their asso-
ciated thresholds are explicated in the planetary boundaries framework that demarcates the
safe space for humanity to thrive (Rockstrom et al. 2009). Alarmingly, six of these bounda-
ries, namely, biosphere integrity, land-system change, freshwater use, biochemical flows,
novel entities (e.g., plastic pollution), and climate change, have already been crossed due
to human activities, also putting other boundaries under pressure (Richardson et al. 2023).
Thus, environmental problems other than climate change also warrant attention, but little is
known about public discourse about the other planetary boundaries on social media.

Besides utilising social media as a communicative space for deliberation on environ-
mental issues, users follow information from peers with similar interests and engage in
debates. Often, such interactions take place in user networks comprising of mutual connec-
tions — or communities of like-minded users connected to each other (Sachan et al. 2012).
Accordingly, discussions in distinct network clusters (or communities) reflect prioritised
areas and sentiments of the public about an issue (Chang et al. 2022b; Lutkenhaus et al.
2019). Thus, user discussions in such communities on social media could help us under-
stand people’s current awareness and opinions about environmental issues. This study
aimed to provide an overview of the public environmental discourse on Twitter (now X)
by expanding our focus beyond climate change to include environmental issues related to
all planetary boundaries. While doing so, we also added to the often Global-North centred
social media research (Comfort and Park 2018; Pearce et al. 2019) by examining the extent
to which users in the Global South featured in these environmental discussions.

1.1 Green communities on social media

The environmental content viewed and shared by users as well as the people who com-
prise their social network can provide insights into the prevalent environmental dis-
course. Moreover, users with similar environmental views may form online commu-
nities on social media, aided by individual and algorithmic factors (Gasparetti et al.
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2021). Specifically, users can personalise their information feeds by connecting with
others who have similar views, often ending up in communities of like-minded peers
(Terren and Borge-Bravo 2021; Williams et al. 2015). Hence, users on social media
likely connect with people who have similar environmental views to form virtual com-
munities, or what we term ‘green communities’, i.e., network clusters of Twitter users
with mutual connections who discuss environmental topics. Although the term “green”
generally implies a pro-environmental context, green communities can include positive,
negative, or neutral environmental sentiments. The content shared within green commu-
nities may be suggestive of environmental topics that the members discuss and view on
their Twitter feeds.

Studies have explored virtual communities related to various issues like vaccination
(Lutkenhaus et al. 2019), the political divide (Gromping 2014; Takikawa and Nagayoshi
2017), and climate change (Williams et al. 2015). However, research on online environ-
mental communication is scarce and prioritises the issue of climate change over other
environmental issues (Adam et al. 2020; Pearce et al. 2019). Furthermore, most studies
focus on communities with extreme views on climate change (Adam et al. 2020; Chen
et al. 2019). Inevitably, such studies have found polarised discourses on social media,
comprising, on the one hand, sceptical users who deny climate change (e.g., Chen et al.
2019; Enders et al. 2021; Jang and Hart 2015) and, on the other hand, alarmed users
motivated to take action to mitigate the threats posed by climate change (e.g., Boulianne
et al. 2020; Segerberg and Bennett 2011). However, it is not clear whether such findings
regarding polarisation also apply to other environmental topics like biodiversity loss or
plastic pollution. This is because while climate change can be perceived as a polaris-
ing topic (Cody et al. 2015; Falkenberg et al. 2022; Fownes et al. 2018), environmental
issues like conservation generally tend to garner a more positive sentiment from Twitter
users (Chang et al. 2022b). Therefore, it is important to map the online discourse with a
focus on broader environmental problems (i.e., the planetary boundaries).

Some previous evidence indicates that environmental discourse on social media may
extend beyond the much-highlighted narratives of climate change (Grouverman et al.
2018; Pilar et al. 2019). In an analysis of general sustainability related Twitter hashtags
worldwide, Pilar et al. (2019) found that climate change was only the third most popular
hashtag, trailing behind ‘innovation’ and ‘environment’. Also, tweets not directly men-
tioning the environment may still contain information about behaviours which help in
combatting environmental problems but undertaken without a direct pro-environmental
motivation, such as eating less meat and promoting sustainable energy consumption
(Grouverman et al. 2018).

Identifying green communities with diverse environmental discussions will facilitate
an all-encompassing understanding of how people construe the environmental chal-
lenges threatening our planet. Examining tweets in green communities will elucidate
which environmental topics are popular among the public — and which could use some
more attention. Therefore, the present study aimed to understand the environmental dis-
course on Twitter by distinguishing online communities of people who post environ-
mental content. We examined discussion topics and sentiments in green communities
via textual analysis and pinpointed user characteristics.

RQI.

(a) Which types of online communities, i.e., ‘green communities’, exist on Twitter?
(b) Which environment-related topics are discussed in distinct green communities?
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(c) What are the characteristics of users in green communities based on their profile infor-
mation?
(d) What are the sentiments underlying environmental discussions in green communities?

We also investigated the extent to which green communities interact with each other
to understand the content users are exposed to via their connections. This allowed us to
examine whether, like climate change, conversations about other environmental topics may
also take place in polarised and distinct networks of users or if they tend to be discussed by
users across all networks.

RQ2. How do distinct green communities interact with each other, i.e., which connec-
tions are shared across networks?

1.2 Green communities in the Global North and Global South

Studies show that online discourse about global issues such as climate change is largely
dominated by actors in the Global North! (Kirilenko and Stepchenkova 2014; Liu and Zhao
2017; Vu et al. 2020). Vu et al. (2020) reported that NGOs from the Global North domi-
nated conversations related to climate change on Twitter, effectively influencing the types
of issues and content that make up a large part of the online discourse. This geographical
inequity is alarming because while countries in the Global North are the major instigators
of environmental crises, those in the Global South are the most vulnerable to the effects of
said crises (Eckstein et al. 2021; Yin et al. 2021).

Research into environmental discourse on social media has also been conducted in the
Global North while overlooking discourse in the Global South (Comfort and Park 2018). It
is however important to capture both because the diverse sociocultural and historical con-
text of Global South countries may emphasise other environmental issues than those popu-
lar in the Global North and/or may discuss environmental topics differently (Dwivedi 2001;
Kazansky et al. 2022; Morrow et al. 2020). Global South perspectives indeed demonstrate
that “a southern flavour” (Thaker 2021, p. 194) of the natural environment contextualises it
in relation to issues of livelihood, sustenance, and access to resources in post-colonial soci-
eties. This is different than the environmental notions prevalent in the Global North, which
are more centred on preventing overuse and exploitation (Thaker 2021). Hence, mapping
where environmental tweets originate captures the contributions of the Global North vs
South in environmental dialogue:

RQ3. To what extent do tweets from the different green communities originate in the
Global North vs the Global South?

2 Methods

To investigate our RQs, we conducted a social media study that was approved by the Eth-
ics Review Board of the Faculty of Social and Behavioural Sciences at the University of
Amsterdam [reference: 2021-PC-14277]. The study plan was preregistered on the Open

! Global North and Global South reflect a distinction between countries that have higher and lower rates of
human development respectively. While not geographically absolute, these terms are preferred to previous
descriptors such as first world and third world which tend to emphasise primacy of certain nation states.
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Science Framework (OSF; https://osf.io/wef2z/). Data collection and analysis were con-
ducted using R (R Core Team 2021). The data and analysis scripts from this study are
available on the OSF project page (https://osf.io/kg43n/) which also contains the supple-
mentary materials (with an index of all shared materials).

2.1 Data collection
2.1.1 Selecting the tweets

We retrieved global English language tweets via a full archive search of the Twitter Appli-
cation Programming Interface (API v2) using the academictwitteR package (Barrie et al.
2022). The selection of search terms can impact textual analysis of the retrieved data (Mahl
et al. 2022; Stryker et al. 2006), so we measured the efficiency of search terms used in this
study as previously recommended (Lacy et al. 2015; Stryker et al. 2006).

For this, we preregistered 58 open search terms based on the nine planetary bounda-
ries framework (Rockstrom et al. 2009), previous literature (Cameletti et al. 2022.; Gaytan
Camarillo et al. 2021; Pilar et al. 2019), and researcher consensus (all authors). A pilot
dataset (n = 5000) containing tweets, retweets, and quote tweets retrieved from this list was
used to evaluate the efficiency of the search terms, usually indicated by recall and precision
values (Stryker et al. 2006). We did not calculate recall as it is not possible to estimate the
total number of relevant documents (i.e., number of tweets containing the search terms),
but instead reported the proportion of tweets retrieved by each search term in our sample to
be able to provide a distribution of the search terms across retrieved tweets.

Additionally, for a subset of the data (n = 500), we manually calculated the precision
(i.e., relevance) of search terms. A relevant tweet referred to a tweet related to the environ-
ment. In doing so, we observed that some search terms showed little precision, retrieving
many irrelevant tweets. For instance, the search term “toxic” retrieved the second highest
number of tweets (14.6%, 73 of 500 tweets) but only 3 of these tweets were relevant (preci-
sion = 4%). To ensure a relevant collection of tweets, we removed search terms with pre-
cision values less than .5 (for details, see supplementary materials). Moreover, 11 search
terms retrieved no tweets, but we decided to keep them in our list of closed search terms
because absence of tweets relating to these terms (e.g., “planetary boundaries”, “circular
economy”, etc.) may indicate that although relevant in academic literature, some topics
have yet to become mainstream. Finally, we shortlisted 50 closed search terms for collect-
ing tweets for the main dataset (n = 2,000,000). These included original tweets, retweets,
replies, and comments, but not advertisements.

2.1.2 Retrieving the Twitter network

To construct the egocentric user network for community detection, we retrieved the con-
nections of the authors of the collected tweets. A total of 1,133,748 unique users were
identified as authors in our sample of 2 million tweets, which was reduced to 904,043 after
removing users with private profiles (n = 229,705). The total number of followers (users
who follow the authors) was 6,053,998,317 whereas the total number of friends (users fol-
lowed by the authors) was 1,181,490,733. Per API limitations, we retrieved a maximum of
1 million followers for users with more than a million followers (n = 187) and restricted the
maximum number of friends to 5000. Thus, for 904,043 authors, we retrieved 532,297,774
followers and 131,073,118 friends. Following the approach of Lutkenhaus et al. (2019),
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we examined the distribution of the number of connections for the authors to determine a
cut-off point to exclude users (friends and followers) who were not connected to a mini-
mum of 5 authors, so that the retrieved network would reflect shared audiences. The overall
network contained 324,028,112 users comprising a total of 367,465,523 connections with
authors, followers, and friends in an egocentric network.

2.2 Data analysis

We examined the first research question in four steps. First, to determine which green com-
munities exist on Twitter (RQ1a) we identified network clusters using the Louvain algo-
rithm. Second, we examined the content of the tweets (RQ1b) via topic modelling. We
compared the extracted topics across communities to distinguish environmental discourses
in distinct green communities. Third, we analysed the profile texts of the users to describe
the users in these communities (RQ1c). Fourth, we conducted a manual analysis on a sub-
set of one hundred tweets per community to explore the underlying sentiments within each
green community (RQ1d).

To examine whether distinct green communities interact with each other (RQ2), we
conducted a network analysis to visualise the communication flows between green com-
munities. Finally, to investigate where in the world these tweets originated (RQ3), we
compared the proportions of geo-tagged authors belonging to the Global North and Global
South.

2.2.1 Community detection

Community detection was used to identify green communities (RQ1a), i.e., groups of
users based on common connections in their Twitter network. We used the igraph pack-
age in R (Csardi and Nepusz 2005) which applies the Louvain algorithm for community
detection (Blondel et al. 2008). The Louvain algorithm tries to optimise modularity for
each identified cluster by first assigning each node to its own cluster and then shuffling the
nodes until modularity is maximised. The Louvain method is a relatively accurate and fast
method for community detection in large networks (Mukerjee 2021). In our retrieved Twit-
ter network, users (authors, followers, and friends) are represented as nodes, while the con-
nections between them are represented as edges. We retained communities that comprised
at least 1% of users in the network (Lutkenhaus et al. 2019).

2.2.2 Topic modelling

We employed topic modelling to examine the environmental themes (topics) of tweets
in green communities (RQ1b). For this, we extracted the original tweets (n = 571, 449)
written by the authors, i.e., tweets that were not quote tweets or retweets. The tweets
from each community were denoted as a separate document and the distribution of
topics and terms was determined using the latent Dirichlet allocation (LDA) approach
(Blei et al. 2003). To analyse the tweets, we used the topicmodels package (Griin and
Hornik 2011) in R to create a document feature matrix (DFM). To create the matrix, we
pre-processed the tweets according to the preregistered steps as recommended in previ-
ous research (Maier et al. 2018). We removed the irrelevant tweet components such as
URLs, mentions (@), and retweets (RT); divided the tweets into word units (tokenisa-
tion) and converted all letters to lowercase; deleted special characters and punctuation
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marks; and removed English stop words such as ‘the’, ‘is’, ‘are’, etc using the list
included in the topicmodels package. In a deviation from our preregistered criteria, we
applied only the lower limit of pruning to remove all the terms that occurred in less
than 1% of all the tweets. This was decided upon observing that removing terms that
occurred in more than 95% of the tweets resulted in elimination of highly relevant terms
such as “climate”, “environment”, “sustainability”, etc. The resulting DFM comprised
of 9 documents and 209,532 features.

To identify a suitable number of topics (K), we calculated the evaluation metrics for
different topics by varying the different combinations for number of topics and docu-
ment-topic densities while keeping the value of f fixed at 1/K, using the ldatuning pack-
age (Nikita and Chaney 2020). Following this approach, we decided on K = 20 with «a
= .01 for our topic model (details in supplementary materials). To understand the envi-
ronmental discourses in each community, we examined the per-document-per-topic prob-
abilities (gamma), since each document included tweets from a green community identified
via community detection. We created word clouds to show the most frequently occurring
terms for each community with the wordcloud package in R (Fellows 2018). The result-
ing descriptions of the green communities were discussed by two of the authors (SD &
MM) and agreed upon by all authors. Further robustness tests were conducted to evaluate
the topic models during peer-review process, confirming the major results of our analysis
(please see supplementary materials for details).

2.2.3 Profile text analysis

Profile description texts for each user in the network (authors, followers, and friends) were
examined to understand which types of users constitute the green communities (RQ1c).
This text analysis was conducted using the same pre-processing steps as those for topic
modelling (Maier et al. 2018). The most frequent terms in user profile texts were obtained
by assigning TF-IDF weights using the tm package (Feinerer et al. 2008).

2.2.4 Sentiment analysis

To identify the underlying sentiment in the tweets of the different green communities
(RQ1d), we manually examined 100 tweets per green community (n = 900) containing the
most likely terms and topics. That is, we identified the topic most strongly associated with
a community and retrieved one hundred tweets that contained the most likely terms related
to that topic. These tweets were coded as positive if they pertained to pro-environmental
issues and action, negative if they dismissed pro-environmental issues and action, and neu-
tral if they did not contain an explicit pro- or anti- environmental sentiment.

2.2.5 Network analysis
To answer RQ2, we examined the mutual connections between distinct green communities

to visualise interactions. Specifically, we quantified the number of users within each com-
munity that followed users from other communities to show the extent to which users in a
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particular green community are likely to be exposed to users from another community, as
described in Lutkenhaus et al. (2019).

2.2.6 Comparing geotagged members

Finally, to investigate the extent to which tweets in green communities originate from
the Global North vs the Global South (RQ3), we looked at geo-tagged tweets. In line
with previous estimates (Huang and Carley 2019; Karami et al. 2021), location of only
14.51% of all authors was tagged in our sample (n = 82,906). For this subset of geo-
tagged authors, we manually coded 7433 unique locations (countries, cities, towns, etc.)
as belonging to either the Global North or Global South. We compared the proportions
of authors from these two regions for each green community to determine which region
contributed most to the online environmental discourse.

3 Results
3.1 Identifying green communities

To identify online green communities on Twitter (RQ1), we examined the network of
users who posted the retrieved environmental tweets. A total of 20,003 communities
were identified using the Louvain algorithm for community detection, with a modular-
ity score of 0.63 indicating a community structure comprising clusters of densely con-
nected users. After removing green communities consisting of less than 1% of users
in the network, nine green communities were selected for further analysis. A total of
97.32% nodes and 96.56% edges were retained in this truncated network. Table Al
(Appendix A in supplementary materials) details the characteristics of the green com-
munities, including the proportion of users in the total network within each green com-
munity, proportion (and number) of authors, i.e., the users who wrote the tweets, and
author networks (followers and friends).

Figure 1 depicts green communities comprising the authors and their network of
followers and friends. Each green community is represented by a distinct colour and
the labels are derived based on the prominent discussion topics identified via topic
modelling.

3.2 Green communities: popular topics, members, and sentiment

For RQ1b, which aimed to identify the environment-related topics being discussed in dis-
tinct green communities, we analysed original tweets posted by the authors (n = 571,449).
Generally, users in all green communities posted most frequently about climate change,
with ‘climate’ and ‘change’ being the top two most frequent terms in the corpus. Although
we cast a wide net with many keywords pertaining to other planetary boundaries, climate
change was by far the most discussed planetary boundary. Given that it was the most popu-
lar topic across all communities and to portray the prominence of climate change in dis-
cussions, the community names incorporated climate change as the unifying label across
communities, followed by the labels that differentiated their environmental content. The

@ Springer



Climatic Change (2024) 177:73

Page9of23 73

Climate change
and energy oa

limate change A
and knowledge

y B0

Note. Accessible versions of all figures for readers with colour-blindness 278 are available in supplementary

materials.

Fig. 1 Network graph showing the green communities

Sustainability
Politics

Impact
Future

Justice

Goals

Science
Industry
Research
Health
Finance
Energy
Earth Day
Lifestyle
Carbon

Nature

Innovation
Nuclear EE————
Infrastructure  —

0 0.2 0.4 0.6

Proportion of Topic in corpus

08

Fig.2 Topic distribution for all green communities
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Note. Since each community was represented by a document consisting of the tweets of its authors, this
proportion of topics is obtained by calculating the per-document-per-topic probabilities (gamma) of the corpus.

Fig. 3 Topic distribution in each green community

community names are based upon the environmental discourse within the community (i.e.,
prominent topics, Table B1 in Appendix B). A list of the top one hundred terms within
each topic is provided on the OSF project page.

As shown in Fig. 2, sustainability was the most popular topic across all communi-
ties, followed by politics, impact, and future respectively. Figure 3 shows the distribu-
tion of topics in each green community.

The following section details the environmental discourse and member characteris-
tics for green communities (RQs 1b-1d). The word clouds generated to describe each
green community are provided in Appendix C and example tweets are provided in
Appendix D.

3.2.1 Climate change and hope (CC-Hope)

The largest community of users (53% of the total network) tweeted about a wide range
of environmental issues including climate change, carbon emissions, and fossil fuels.
The tweets in this community stressed the importance of sustainability, shared news
about environment-friendly policies, supported social movements and calls for global
and local climate action, while expressing hope for a better future. Climate justice was
also discussed and tweets about indigenous climate-friendly practices, redistribution
of wealth, and information about local climate initiatives were included. Moreover,
tweets offered tips for individual eco-friendly behaviours such as reducing plastic use,
recycling, and reducing waste.

Analysis of user profile descriptions indicated a range of professions such as activ-
ist, author, founder, director, and advocate in areas such as policy, business, tech, poli-
tics, health. Climate, news, science, love, and nature were some of the most frequently
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occurring terms. A manually coded subset of tweets (n = 100) revealed that the overall
sentiment was positive (89%), whereas a minority were negative (7%) or neutral (4%).

3.2.2 Climate change and action (CC-Action)

The second largest green community (13% of the total network) tweeted mostly about
climate action, such as various national climate policies. Tweets also promoted innova-
tion in the energy technology, irrigation and agriculture, and housing sectors. Major
areas of discussion involved highlighting steps being taken to combat climate change,
such as creating solutions to plastic waste, policy efforts to achieve carbon neutrality,
environmental innovations, etc. Users demanded urgent climate action while emphasis-
ing the negative consequences of climate change and reacted to climate change sceptics
via their tweets — to correct, to express anger, and to demand climate action.

Profile descriptions indicated that the users in this community were mainly media,
entertainment, and news professionals such as editors, journalists, and authors. In a
manual analysis of a subset of tweets (n = 100), 8% tweets were found to be unrelated to
the environment. Of the remaining 92 tweets, 3% tweets contained a negative sentiment
whereas 97% were positive.

3.2.3 Climate change and knowledge (CC-Knowledge)

This green community (9% of the total network) discussed educational tweets about
environmental problems as well as their solutions. Users in this community tweeted
posts to stress the need for climate action both on an individual and political level as
well as to dispel sceptical narratives. Sustainability in everyday choices such as food,
clothing, transport, air-travel, reducing and recycling while managing waste was also
emphasised. Moreover, users shared green practices adopted within local communities
and by global industries in aviation, sporting, and transport sectors.

The profile descriptions of users suggested that the main areas of user interest were
politics and news, comprising of various professionals such as photographers, writ-
ers, directors, artists, and journalists. Out of 100 manually examined tweets, 95% were
coded as positive, 2% coded as negative and 3% coded as neutral.

3.2.4 Climate change and science (CC-Science)

Community users (7.5% of the total network) posted about environmental topics related
to scientific advancements, scientists’ protests for climate actions, and news and facts
about the effects of environmental degradation. Users emphasised the need for urgent
collective and political action to mitigate the climate crisis and discussed scientific
research and innovations related to climate change and other environmental problems
such as biodiversity loss and plastic-pollution. Users tweeted about the scientific con-
sensus on the existence of climate change and interdisciplinary research about the
effects of climate change such as rising sea levels, habitat degradation, loss of biodiver-
sity (especially insects), and urban air and water pollution, among others. Tweets also
related to the need for efforts to increase the public’s awareness of climate change.
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The profile descriptions of the users in this community indicated that it comprised
of researchers, scientists, and those involved in health and public work. Out of one hun-
dred tweets, 99% were coded as positive whereas 1% were coded as neutral.

3.2.5 Climate change and sustainability (CC-Sustainability)

Users in this community (4% of the total network) mainly tweeted about Earth Day
and ensuring a sustainable future with the help of innovation and technology industries
incorporating Environmental, Social and Governance (ESG) practices. Tweets related
to promotion of sustainability practices by businesses and technology companies, but
also local governments, largely to commemorate Earth Day. Since data were collected
during the week of Earth Day, celebratory posts were common, with tweets discussing
the need for more sustainability initiatives, protecting natural resources, and decreasing
emissions. Tweets also indicated the need for sustainable and green finance initiatives,
the role automation and data analytics can play in combating climate change, and bal-
ancing economic growth with sustainability goals.

Based on the profile descriptions, the users in this green community comprised
of business, marketing, media, and technology professionals such as CEOs, editors,
authors, engineers, and investors In a manually coded subset of one hundred tweets,
only 1% were negative, whereas all the others had a positive environmental sentiment.

3.2.6 Climate change and health (CC-Health)

The users in this community (2% of the total network) posted about the effect of cli-
mate change on the health of our planet and its inhabitants. Tweets included issues like
the consequences of extreme-weather events like floods and wildfires on human lives,
the GHG emissions resulting from fossil-fuel based transportation (cars and airplanes),
and food scarcity due to warmer temperatures. The prominent discussions focused on
the links between planetary health and human health. Tweets emphasised the effects
of climate change becoming obvious in day-to-day living such as the effects of climate
change on food supply, effects of air pollution on breathing clean air, and effects of
chemicals in the food system on quality of life of people. Sustainable lifestyle habits
such as using plant-based skincare items and adopting vegan diets were promoted in
these tweets. Innovations in sustainable living were also discussed in this green com-
munity, with users tweeting about the popularity of plant-based food options, increase
in parks and forest areas, and upcoming climate-friendly energy sources.

Profile descriptions indicated a wide range of professionals such as teachers, psychol-
ogists, artists, advocates, and managers. One hundred tweets were manually examined
for their underlying sentiment, of which 87% were coded as positive, 9% were coded as
negative, and 4% were coded as neutral.

3.2.7 Climate change and energy (CC-Energy)

The most frequently discussed topics in this community (1.3% of the total network)
included renewable energy, carbon tax, carbon footprints, and climate action denial.
Users also tweeted about the effects of climate colonialism on the countries in Global
South, the need for nuclear power as a renewable energy source, and policy action in
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the US to combat climate change. The main areas of discussion identified for this com-
munity related to the energy sector, ranging from debating the use of nuclear power
to reduce carbon footprint, levying of carbon taxes to offset carbon footprint, and the
greenwashing by oil, aviation, and fossil-fuel companies taking inadequate steps to fulfil
their promises of going net zero.

User profile descriptions included terms like business, sustainability, activist, founder,
and non-profit, indicating the presence of a variety of users. In a subset of hundred tweets,
86% were coded as positive whereas 14% tweets were coded as negative.

3.2.8 Climate change and solutions (CC-Solutions)

The users in this green community (1.2% of the total network) tweeted about solutions for
environmental problems as well as the global inequity surrounding climate change. After
climate change, solutions for plastic pollution (including microplastics) and rising green-
house gas emissions were the most frequently discussed environmental problems. Most
prominent discussions related to sustainability in food choices, low-emission transporta-
tion, investment in innovation for clean energy, ways to reduce single-use plastic consump-
tion, and highlighting the need for equitable and just climate action. Environmental effects
of animal agriculture, switching to plant-based and vegan food options, and benefits of low
carbon transit (electric vehicles and cycles) were other important discussion points. Users
in this community tweeted about the global disparity in climate action and the dangers of
climate change for vulnerable populations, such as indigenous communities, women, per-
sons with disability, and those with restricted access to reproductive healthcare.

The analysis of profile descriptions indicates that the users in this community were
largely innovation, business, and policy professionals including company presidents, strate-
gists, and commissioners. Of the one hundred tweets selected for sentiment analysis, 96%
were coded as positive, 3% were coded as negative, and 1% were coded neutral.

3.2.9 Climate change and society (CC-Society)

Environmental discourse in this community (1% of the total network) was mainly educa-
tional and information-oriented, with users tweeting about the societal threats posed by
the fossil-fuel industry as well as promoting urgent solutions and initiatives to counter cli-
mate change. Users referenced Earth Day and urged for more societal sustainability initia-
tives, such as in the energy and infrastructure sectors. Major discussions in this commu-
nity included stressing the existence of climate change, highlighting the role of fossil fuel
industry in delaying climate action, urging governments to act against the threats posed by
climate change, and suggesting solutions for transition to renewable energy.

The profile descriptions indicate that the users in this community included PhDs (either
holders or those currently pursuing), defence and security professionals, and those in
energy transition companies. The subset of tweets (n = 100) containing the most common
terms showed an overall pro-environmental sentiment (99% of the tweets), with only one
tweet coded as negative and no neutral tweets.

3.3 Interactions between green communities

To answer the second research question about interactions between green communities, we
calculated and visualised the extent to which users followed those from outside their own
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Climate change and hope
Climate change and action
Climate change and knowledge
Climate change and science
Climat hange and sustainabiiy
Climate change and health
Climate change and energy
Climate change and solutions

/ CC-Solutions and CC-Health

Note. The direction of the arrows indicates the target of a node, i.e., the users being followed.
2The prominent interactions in this figure have been brushed to improve readability. The original figure is
provided in the supplementary materials (see SM 1, figure 4).

Fig. 4 Interactions between green communities — following users from other communities
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Note. The top bar represents authors from the Global North whereas the bottom bar indicates authors from the
Global South.

Fig.5 Representation of the Global North and Global South in Twitter environmental discourse
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green community (Fig. 4). We found that users across distinct network clusters or green
communities interacted with each other, with little evidence of polarised clusters. Please
see Appendix E for further details.

3.4 Geographical representation in green communities

We examined RQ3 about the origins of environmental tweets between the Global North
and Global South. The discourse in every green community was dominated by authors in
the Global North, with only CC-Hope and CC-Society communities comprising more than
5% of the authors from the Global South (Fig. 5). Authors from the Global South were
least represented in CC-Health and CC-Science communities, comprising less than 1% of
the authors.

4 Discussion

The environmental content shared by people on social media reflects their views towards
the environment, thereby offering a way to tap into the public discourse about important
environmental issues. We examined Twitter content beyond climate change by including
other interlinked environmental issues (i.e., the planetary boundaries). By analysing net-
works of users who posted environmental content on Twitter, we identified nine different
clusters of users (i.e., green communities), the topics discussed in these communities, and
their typical authors. We also examined the interactions between green communities and
explored the extent to which tweets originated in the Global North and Global South.

4.1 Climate change is the most discussed environmental topic on Twitter

Whereas natural scientists focus on nine planetary boundaries that are all seen as impor-
tant for sustaining the level of civilization we currently have (Rockstrom et al. 2009), our
results show that the discourse on Twitter is mostly about climate change. Other planetary
boundaries such as biodiversity loss, plastic pollution, and clean air are sometimes men-
tioned, but far less frequently than climate change.

We identified nine green communities on Twitter, all pertaining to climate change
— namely, Climate change and hope (CC-Hope), CC-Action, CC-Knowledge, CC-Science,
CC-Sustainability, CC-Health, CC-Energy, CC-Solutions, and CC-Society. Authors in
each community posted about different environmental topics, yet some common themes
emerged. Importantly, climate change and climate action related tweets were commonly
posted by authors in all green communities, showing that people demand active efforts
towards a sustainable future from politicians, industries, and businesses. Since data were
collected in the week of Earth Day, individuals and organisations took to Twitter to cel-
ebrate the occasion and urge more environmental action.

Differences in content also emerged. Depending on the community, shared content
focused on information dissemination (CC-knowledge), solutions (CC-action and CC-
solutions), or health impacts (CC-health). Some communities shared a more positive out-
look towards a sustainable future (CC-hope) while others focused more on environmental
threats for society (CC-society). With regards to solutions for the environmental crises,
some communities advocated for inclusive collective action (CC-hope and CC-science),
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while others focused more on individual actions (CC-health), or technological and indus-
trial innovations (CC-sustainability, CC-energy, and CC-solutions).

4.2 Environmental content on twitter tended to be generally pro-environmental

Dismissive content constituted a minority of tweets in every green community and was
encountered mostly in tweets about climate change. We found little evidence of conspirato-
rial content, possibly because we analysed only the top nine communities that contained
at least 1% of all users in our sample, thereby omitting smaller clusters of users who post
conspiratorial environmental content.

Another reason for this finding could be that earlier studies focused only on climate
change which is a more polarising term than other environmental issues (Cody et al. 2015).
Specifically, studies that focus on climate change exclusively could ‘arguably have polari-
sation “built in” [original emphasis]’ (Pearce et al. 2019, p. 11) by categorising all non-
neutral views as either anti- or pro- climate change. To our knowledge, this study is the first
to use validated search terms related to the full planetary boundaries framework, thereby
allowing a broad yet potentially more nuanced collection of environment-related tweets.

At the time of data collection in April 2022, Twitter had been shown to have a nega-
tive effect on conspiracy beliefs (Theocharis et al. 2021) and had taken steps to remove
conspiratorial content (Mahl et al. 2021). However, since the sale of Twitter in October of
2022, conspiratorial content and misinformation are expected to increase (Ledford 2022).
Our results represent a snapshot of Twitter discourse at a specific point in time before its
sale, and limit conclusions regarding the environment-related sentiment on Twitter since
its sale. For future research it would be interesting to replicate the current study and to see
whether different results emerge.

4.3 Green communities discussing varied environmental topics interact with each
other

Unlike previous studies on climate change related discussions that provide mixed-evidence
of homophily in Twitter networks (Pearce et al. 2014; Williams et al. 2015), we found that
users within different green communities followed each other, which could increase expo-
sure to content shared by those in other green communities.

As such, users with environmental concerns may seek out new information about vari-
ous topics and may interact with other users for doing so, as demonstrated in traditional
media research as well (Ho et al. 2014; van Valkengoed et al. 2022). Future research could
focus on Twitter network clusters to understand how different communities may interact
with each other more actively. For instance, we could identify the environmental topics
that users from different networks agree or disagree on by examining the similarities or dif-
ferences in replies or quote tweets of users within and outside of one’s own network. This
could facilitate in persuading people to care about other related environmental issues they
may not engage with otherwise.

4.4 Global North dominates English-language environmental discourse on Twitter

We found that the environmental content on Twitter mostly originated from the Global
North. This is concerning because wealthier countries in the Global North are generally
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responsible for environmental degradation (for example, because of high carbon emissions)
while those in the Global South are more endangered by its effects (Kartha et al. 2020).
Demands for accountability for this disparity have risen recently as omission of voices
from the Global South limits people’s awareness about the extent of the environmental cri-
ses facing our planet, hindering the urgently needed global effort to counter the challenges
posed by it (Atwoli et al. 2022; Stoddard et al. 2021).

This inequity also emulates previous findings regarding the lack of geographical diver-
sity in published climate research and environmental communication as well as in media
coverage of environmental issues (Comfort and Park 2018; Schifer and Painter 2021;
Tandon 2021). Combined with previous research, our study affirms that those who are
most vulnerable to the effects of environmental degradation are inadequately represented
in global discussions, even with the presumed connectivity and wide reach of social media
platforms.

Notably, our study considered only English-language tweets, which account for more
than half of the tweets on Twitter (Hong et al. 2021). Tweets in other popular languages
such as Indonesian and Spanish (Hong et al. 2021) could add a much-needed nuance to the
findings concerning disparities in global environmental discourse. At the same time, Eng-
lish remains a popular second language in many countries of the Global South and Twitter
users from these regions may still tweet in their native language as well as in English (Eleta
and Golbeck 2014; Mocanu et al. 2013).

4.5 Implications and future directions

Before discussing the implications of our study, some limitations of our study are listed
to act as a caveat for the interpretation of our findings. First, while Twitter activity cor-
responds to the beliefs people hold, it may not be representative of environmental views of
the general population as Twitter users tend to be younger, wealthier, and reside in urban
areas with greater accessibility to internet (Barbera and Rivero 2015; Blank 2017). Sec-
ond, while we used a broad environmental framework to select the search terms for data
collection, it may not have led to gathering all types of environment-related tweets. Third,
in community detection using the Louvain algorithm a user can only be assigned to one
community, making it possible that some users belonging to multiple communities were
placed in the one where they had the most connections. Finally, while we traced inter-
actions between green communities based on followers, it remains to be determined how
community members interact with those in a different community, for example, to access
new information or to criticise the members of other communities.

Despite these limitations, our study provides a thorough overview of environmental dis-
cussions on Twitter with implications for researchers and policymakers. While our study
revealed discussions about various topics, climate change emerged as the primary envi-
ronmental concern. The popularity of climate change in public discourse is encouraging
given its devastating consequences, but the need for further communication on the loss of
biosphere integrity (i.e., biodiversity loss and extinction) and other interlinked threats is
also warranted so that the public understanding of environmental challenges and solutions
can advance.

Research on the inclusion of the planetary boundaries framework in environmental
policy in North America and Europe shows that despite being included in some national
policy in Europe, it is still overlooked in policy-making at the international scale (Hur-
ley and Tittensor 2020). Similarly, an analysis of tweets by prominent environmental
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non-governmental organisations (eNGOs) revealed increased communication about the
threats of climate change and plastic pollution whereas other environmental issues were
rarely discussed (Barrios-O’Neill 2021). Hence, emphasising the environmental thresholds
of the planetary boundaries framework in environmental policy and advocacy might draw
public’s attention to the importance of issues other than climate change.

Moreover, individuals may benefit from knowing that their actions impact other more
tangible planetary boundaries such as biodiversity loss and plastic pollution. Emphasis-
ing that pro-environmental behaviours positively impact not only people’s proximal natu-
ral environments but also their own health could motivate more pro-environmental deci-
sions (Gustafson et al. 2021; Limaye 2021). Thus, future research could explore ways of
using the wide reach of social media to educate the public about the overall impact of their
behaviours on the environment.

While there was a relative abundance of pro-environmental tweets in our findings, the
uncertainty surrounding Twitter’s content moderation practices since its sale and ques-
tions regarding the future of the platform (Nidumolu et al. 2023) highlight the fragility of
social media ecosystems and the discourse they represent. Researchers have also voiced
concerns regarding availability of social media data and changes to these platforms previ-
ously, calling for studies integrating various social media platforms and data available on
them (Ghermandi and Sinclair 2019). We also invite further research into the environmen-
tal discourse on other platforms like Instagram and TikTok, as environmental topics and
sentiment may differ among social media. Despite this caveat regarding the timeframe of
our results, our findings still add to the growing literature that dismissive content may only
form a minority of environmental discourse on social media (Grouverman et al. 2018).
This might be particularly true for environmental discussions that are not limited to cli-
mate change, which tends to be a more polarising topic on social media (Cody et al. 2015;
Falkenberg et al. 2022; Fownes et al. 2018). Hence, communication practitioners and poli-
cymakers could focus primarily on persuading and supporting the individuals who want to
adopt greener lifestyles rather than focusing on the sceptical minority who may not have
pro-environmental intentions to begin with. That said, it also appears that polarisation on
social media could depend on which environmental issue is being discussed and where,
and social media messaging should be tailored to people’s worldviews and contexts (Chang
et al. 2022a).

Finally, our study echoed the growing acknowledgement of the disparity in the global
environmental discourse, finding little representation from Global South also in the online
space (Blicharska et al. 2017; Karlsson 2002). This disparity in who leads the conversation
about environmental issues limits our understanding of indigenous construal, views, and
practices about the environment (Fernidndez-Llamazares et al. 2015; Thaker 2021). Thus,
while our study considered only English-language tweets based on a broad yet selective list
of search terms, future studies could conduct similar analyses in multiple languages and
with different search terms to add novel interpretations of how the environment may be
construed locally and contextualise such findings to align with ethnographic studies.

5 Conclusion
Across nine green communities on Twitter, we found that climate change was the most

frequently discussed environmental issue and that there was less focus on the other plan-
etary boundaries. Content that was dismissive of environmental issues formed a minority,
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whereas climate action was emphasised in all green communities. The green communi-
ties in our study seemed to interact with each other and we found little evidence of polar-
ised clusters in which people have limited exposure to other information. Finally, we found
that English language tweets about the environment originated mainly in the Global North,
indicating that the Twitter space currently remains inadequate for equitable global discus-
sions surrounding environmental issues.
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