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Abstract

Extreme weather events are increasingly treated as pivotal moments for cli-
mate engagement. Yet attribution does not occur in a vacuum. Extreme
weather events invite multiple plausible policy-relevant culprits: the hazard as
an extreme phenomenon, governance or infrastructure failures, land-use deci-
sions, and anthropogenic climate change. Who is cast as villain, victim, or hero
shapes both interpretation and which responses appear warranted. Yet, current
research overlooks these rich narratives of accountability. In addition, media nar-
ratives and public interpretation may construct these accountability narratives
differently, yet research examines media discourse, public interpretation, and
behavioural responses in isolation. This leaves unresolved how extreme weather
events impact engagement with climate change.

1



We address this gap by analysing the May 2023 floods in Emilia–Romagna,
Italy, combining a systematic newspaper text analysis with a representative post-
event survey fielded nine months later. Using a shared narrative character-role
framework (villains, victims, heroes), we compare role attributions in newspapers
and residents’ accounts, distinguishing flooded from non-flooded municipalities.
Newspapers overwhelmingly cast the extreme weather event as the villain and
rarely assign villain roles to climate change, whereas residents distribute blame
across policy-relevant culprits. Flood-exposed residents assigned villain status to
climate change significantly more often than non-exposed residents, even after
controlling for primary information sources. This subjective attribution of climate
change as villain – rather than mere flood exposure – was the dominant predictor
of self-reported mitigation behaviour, providing a concrete mechanism linking
experience to climate action. These findings suggest that post-disaster media
narratives systematically misrepresent the accountability structures that affected
populations construct, and that this misalignment may constrain the translation
of extreme weather experience into sustained support for climate mitigation.

Keywords: Extreme weather events, Climate change, Media framing, Narrative roles,

Floods

1 Introduction

Extreme weather events (EWE) have become a defining feature of the climate crisis.
Their frequency and intensity has increased alongside rising temperatures (Inter-
governmental Panel On Climate Change, 2014), with large economic and human
costs (Coronese, Lamperti, Keller, Chiaromonte, & Roventini, 2019). EWEs attract
substantial public and media attention, and direct experience with climate hazards
is increasingly linked to heightened climate risk perceptions worldwide (Dablander,
2025). Exposure to extreme events is also linked to increased willingness-to-pay for
climate mitigation (Gould, Shrum, Harrington, & Iglesias, 2024). Yet, increased atten-
tion for an event alone does not reliably translate into a change of climate opinion or
climate action: exposure to EWEs does not consistently lead to increase in subjective
climate attribution or to durable shifts in climate opinions and behavioural responses
(Demski, Capstick, Pidgeon, Sposato, & Spence, 2017; Sisco, 2021; Visconti & Young,
2024; Xia et al., 2022).

A missing mechanism is the pathway from EWE experience to interpretation.
Subjective attribution processes shape whether an event is understood as anthro-
pogenic and therefore addressable, and whether responsibility is seen to lie with
climate change, individuals, or institutions (Jang, 2013; Persson, Knagg̊ard, & Eriks-
son, 2021). Attributing events to climate change tends to increase support for climate
mitigation policies (Ogunbode, Demski, Capstick, & Sposato, 2019; Sloggy, Suter,
Rad, Manning, & Goemans, 2021). Yet, disasters always exploit existing vulnerabil-
ities (Kelman, Gaillard, & Mercer, 2015). Interpreting EWEs as “acts of nature’ ’ or
exclusively as “climate change” obscures other policy-relevant drivers of damages and
coping capacity, such as land-use decisions, structural inequalities, poor infrastructure
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maintenance, or gaps in preparedness or availability of emergency services (Coleman,
Li, Comes, & Mostafavi, 2023; Lahsen & Ribot, 2022; Otto, 2023). In this sense, sub-
jective attribution is not only a belief about causality, but an accountability narrative
that can widen or narrow the perceived menu of feasible and adequate responses. By
consistently focussing on climate attribution as a binary variable, research until now
has often evaded the more complex conversation on describing the landscape of post-
EWE narratives. We therefore argue that the complexity of accountability narratives
should be analysed, to unpack who bears responsibilities, who has the capacity to act,
and which responses are legitimate and warranted.

Interpretation is shaped by both lived experience, which is geographically bounded,
and information environments. News coverage provides narratives about responsibility,
agency, and causality for affected and non-affected audiences. Traditional news media
influence public attitudes on policy-relevant issues (DellaVigna & Kaplan, 2007; Mar-
tin & Yurukoglu, 2017), including climate change (Ash, Boltachka, Galletta, & Pinna,
2023; Djourelova, Durante, Motte, & Patacchini, 2023), in part through how respon-
sibility and agency are framed (Feldman, Hart, & Milosevic, 2017; Schäfer & Painter,
2021). However, climate-related media coverage can be partisan and polarized (DellaV-
igna & Kaplan, 2007; Djourelova, Durante, Motte, & Patacchini, 2024; Hovardas,
2014; Martin & Yurukoglu, 2017) and is shown to reach primarily those already con-
vinced (Hoppe et al., 2026). Moreover, explicit climate attribution in news reporting
of EWEs remains limited and uneven across contexts (Painter et al., 2021), poten-
tially misplacing responsibility and constraining representations of agency (Boykoff &
Boykoff, 2007; Kramar, 2023). If news media narratives allocate responsibility differ-
ently from how residents interpret the event, the resulting divergence may fragment
perceived accountability and obscure which responses are appropriate (Flottum &
Gjerstad, 2017).

This points to a gap in the experience-attribution literature. Research has fre-
quently found stronger subjective climate attribution in places that have experienced
EWEs, often mediated by political context and identity (Ai, Han, & Zhang, 2024;
T.H.Y. Chen, Fariss, Shin, & Xu, 2024; Djourelova et al., 2023; Rüttenauer, 2023).
However, much of this evidence relies on one-dimensional attribution measures that
count if climate change is mentioned and abstract from the broader interpretive
context in which disasters are understood. Extreme events invite multiple plausible
culprits simultaneously - natural hazards, governance failures, land-use and floodplain
management, institutional preparedness, and anthropogenic climate change - but these
competing or confounding explanations are rarely observed jointly or examined against
the wider media discourse.

Moreover, information environments are not neutral: media choices plausibly cor-
relate with prior beliefs and political orientations (Tschötschel, 2023), shaping which
explanations become salient and legitimate. As a result, studies that omit this nar-
rative context risk collapsing a structured allocation of responsibility, agency, and
victimhood into an ideological signal.

We address this gap by adopting a narrative character-role framework (Gehring
& Grigoletto, 2023) that distinguishes villains, heroes, and victims. We apply the
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framework consistently across a systematic newspaper text analysis and a represen-
tative post-event survey of the May 2023 Emilia-Romagna floods that also maps
municipalities of respondents. We find two sets of results.

By comparing institutional media narratives with the interpretations of residents
nine months later, three results stand out. First, newspapers primarily portray the
extreme weather event itself as the villain, whereas residents view policy-relevant
actors, including river-level and floodplain management and government actors as vil-
lains; within the survey, climate change as a villain shows the clearest gap between
flooded and non-flooded municipalities. Second, victim narratives partly converge
across sources (notably, people and agriculture are prominently identified in both),
but residents more frequently identify environmental and business victims than news-
papers do. Third, hero roles also diverge as newspapers showcase individual people
and private cases of heroism, while residents in contrast look at political and river
management institutions as the heroes.

When focussing the survey analysis on the geography of affected vs non affected
municipalities, we find two additional results. First, residents in flood-affected munici-
palities report stronger subjective attribution of the floods to climate change, and this
association persists when accounting for respondents’ primary information sources.
Second, subjective climate attribution is a strong predictor of reported mitigation-
oriented responses, while the direct association of flood exposure with reported action
is comparatively weak once attribution is taken into account. These findings show
that post-disaster climate attribution is embedded in broader accountability narra-
tives, and that these narratives diverge systematically between media storytelling and
residents’ lived interpretations of the same event.

These contributions speak directly to the discourse on experience-based updating
and the conditions under which EWEs become climate-relevant in public interpre-
tation. They add specificity to the literature on media framing by quantifying how
responsibility, agency, and affectedness are constructed through narrative roles rather
than through salience alone, and by identifying where institutional narratives and
residents’ interpretations converge and diverge after the same shock. They further
clarify the climate behaviour literature by showing that subjective climate attribution,
shaped by both EWE exposure and information environment, is a stronger predictor of
mitigation-oriented responses than direct exposure alone. Methodologically, the paper
provides a construct-aligned bridge between large scale computational text analysis
of news media and survey-based measurement by applying the same narrative role
framework across both sources within a specific EWE.

The extreme weather event that forms the backdrop of this study occurred on
May 1-17, 2023, in the region of Emilia-Romagna, Italy, where it caused 23 rivers to
overflow, displacing over 200,000 people (Cremonini et al., 2024). The event resulted
in direct economic damages of 500 million euros (Wells, 2024) and a loss of several
billions of euros in agricultural revenues according to local press. Severe droughts in
preceding months reduced the soil’s water-holding capacity and exacerbated the floods
(Cremonini et al., 2024), consistent with drought - flood sequences often discussed in
relation to climate change (Wilby & Keenan, 2012). The event’s intensity, extensive
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media coverage and attribution potential make it an analytically-relevant context for
examining how climate narratives are constructed and internalized.

2 Results

2.1 Institutional and public narratives diverge in the

allocation of responsibility and affectedness

This section compares how actors are attributed the narrative character roles of hero,
villain and victim across two sources: newspaper coverage of the May 2023 floods in
Emilia–Romagna and survey responses collected nine months after the event. Survey
responses are further disaggregated by whether respondents reside in municipalities
directly affected by the floods1. The comparison highlights convergences and diver-
gences in the attribution of narrative character roles, as illustrated in fig. 1.

Media and public narratives diverge in how responsibility is allocated.

Villain roles in newspapers were highly concentrated: 91.4% of all villain attributions
targeted the extreme weather event itself, followed by 7.4% directed towards climate
change, and 1.2% assigned to business.

By contrast, survey respondents distributed villain attributions more broadly
across institutional and human actors. Patterns of villain attribution are largely
similar between respondents from flooded and non-flooded municipalities, with differ-
ences generally below three percentage points. A notable exception is climate change,
which is more frequently identified as a villain by respondents from flood-affected
municipalities (+6.6 percentage points) compared with those from non-affected
municipalities.

River-level and floodplain management is also frequently identified as a villain by
36.5% respondents in flooded and 39.3% in non-flooded municipalities. Regional and
national government actors are also assigned villain roles, each by approximately 9%
of respondents. This contrast with newspaper coverage suggests that while media
narratives concentrate villain attribution on the extreme weather event itself, direct
flood exposure is associated with an increase in the attribution of climate change as
the villain among the affected residents.

Media and residents agree on human victims, but media underrepre-

sent environmental and economic victims as compared to residents. Survey
respondents from flooded and non-flooded municipalities show largely convergent pat-
terns in the attribution of victim roles, with only modest differences in emphasis
(below three percentage points), except for agriculture. Respondents from flooded
municipalities assign victim roles slightly more frequently to agriculture (+3.3 per-
centage points), whereas respondents from non-flooded municipalities attribute the
victim roles comparatively more frequently to people (+2.5 percentage points).

Newspaper articles and survey responses also align in identifying people as the
primary victims of the floods, accounting for 59.1% of victim attributions in the survey

1Respondents were relatively balanced across groups (57% in affected municipalities; 43% in unaffected
municipalities). See Figure 4 in supplementary Information.
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Fig. 1: Comparing narrative character-role attribution in newspaper arti-

cles and survey responses. For actors role attributions present in all groups, the grey

bars connect the corresponding markers, with the annotated percentage difference indicating

variation in the share of role attribution. Missing markers indicate that the actor was not

identified for the respective role category.
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and 78.6% in newspaper coverage. This convergence indicates a shared recognition of
human impact in the Emilia–Romagna floods across media and the public.

A similar alignment is observed for agriculture, which accounts for approximately
12% of victim attributions in both data sources. Essential goods and infrastructure
follow, although with a modest difference in intensity (11.3% in the survey compared
with 8.0% in newspaper coverage). Larger divergences emerge for environmental and
business victims: the environment accounts for 11.3% of victim attributions in survey
responses but only 1.3% in newspaper articles, while business is identified as a victim
by 5.5% of survey respondents but is absent from newspaper coverage.

Newspapers foreground private or individual heroism; residents credit

regional governance and flood management. In contrast to the concentrated
allocation of victim and villain roles especially in newspaper coverage, hero-roles are
more evenly distributed across multiple actors. Furthermore, respondents from flooded
and non-flooded municipalities exhibit largely similar patterns of hero role attribution,
with differences generally below three percentage points.

Both newspaper articles and survey responses converged on the national govern-
ment as hero, which received 25.6% of hero attributions in newspapers and 32.9% in
survey responses. Divergence emerges sharply at the regional governance level: the
regional government received only 8.8% hero coverage in newspapers but 23.6% in the
survey. An opposite discrepancy is observed for the municipality, which received 14.7%
of hero attributions in newspapers but only 4.8% in survey responses. Survey responses
instead emphasize river-level and floodplain management accounting for 22.6% of hero
attributions. Notably, this actor is largely absent from newspaper coverage, indicating
a divergence between residents’ and newspapers’ portrayals of hero role attributions.

Private and local actors feature prominently in hero narratives, particularly in
newspaper coverage. In newspaper reporting, people, often portrayed through stories
of mutual aid, account for 20.4% of hero attributions, followed by business at 16.4%,
largely reflecting coverage of donations and supportive employment measures during
the floods. In contrast, survey respondents assign comparatively less hero roles to
people (4.4%), placing them behind business (6.6%).

Drawing victim-villain-hero narratives together, we observe that while victim roles
are assigned similarly across both data sources, survey respondents distribute villain
roles more broadly across governance-related actors and anthropogenic drivers, most
notably river-level and floodplain management and climate change. By contrast,
newspaper coverage concentrates villain attributions primarily on the extreme weather
event itself, with limited assignment of responsibility to anthropogenic or institu-
tional actors. Hero roles, in turn, are more diffused across actors and show that media
focuses on private and local actors as the hero. Differences in the role attribution of
climate change as villain between respondents from flooded and non-flooded munici-
palities further indicate that direct experience may shape how causal responsibility is
interpreted. We examine this exposure-related divergence further in section 2.2.

7



2.2 Subjective climate attribution across flooded and

non-flooded municipalities

In this section, we use a series of ordinal logistic regression models to compare survey
responses from residents of flooded and non-affected municipalities across two dimen-
sions: (i) subjective attribution of the floods to climate change, and (ii) self-reported
climate mitigation-oriented actions taken following the event. Since information
environments shape how extreme weather events are interpreted and discussed, this
analysis accounts for respondents’ primary sources of information to assess whether
differences in subjective attribution between affected and non-affected municipalities
persist once information environments are considered. Models are estimated sepa-
rately for each outcome and include flood exposure and primary information sources
as covariates. Results are presented in table 1.

Table 1: Ordinal logistic regression results with demographic controls

Subjective
Climate

Attribution
(1)

Reported
Mitigation
Action
(2)

Reported
Mitigation
Action
(3)

Flood exposure (ref: Not flooded)
Flooded municipality 0.333∗ 0.295 0.130

(0.167) (0.169) (0.176)

Subjective climate attribution 4.103∗∗∗

(0.315)

Source of information (ref: Newspapers)
Social media -0.689∗∗ -0.784∗∗∗ -0.469

(0.240) (0.238) (0.250)
Social circle / peers -0.911 -0.925 -0.421

(0.474) (0.485) (0.505)
Television -0.135 -0.153 -0.077

(0.207) (0.209) (0.216)
Other sources -0.491 0.205 0.578

(0.689) (0.662) (0.699)

Demographic controls

(Income, Age, Gender) Yes Yes Yes

Observations (N) 500 500 500

AIC 1448.8 1438.2 1200.9

Columns 1, 2 and 3 show the results of respectively Equation (1), Equation (2) and Equation (3).
Standard errors in parentheses. Gender, Age and Income are included as demographic controls.
Subjective climate attribution enters Model (3) as an ordered factor using orthogonal polynomial
contrasts. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.
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Table 1 compares the association of flood exposure and information environments
with two outcomes: subjective attribution of the May 2023 floods to climate change
and self-reported mitigation-oriented actions.

Flood exposure predicts stronger subjective attribution of the event

to climate change, and this association persists after accounting for

respondents’ primary information source. Column 1 shows that residents of
flood-affected municipalities are significantly more likely to subjectively attribute the
floods to climate change than residents of non-affected municipalities. This association
remains robust when accounting for the respondents’ primary source of information
(newspapers, social media, peers, television or other).

By contrast, column 2 shows that flood exposure is only weakly associated to
reported mitigation-oriented actions, suggesting that direct experience alone does
not consistently translate into behavioural responses. These findings are robust to
alternative model specifications, including controls for respondents’ preferred newspa-
per or television outlet and socio-demographic controls, as shown in Supplementary
Sections SI 2.3 and SI 2.4.

Columns 1 and 2 also show the role of information environments in both subjec-
tive climate attribution and climate mitigation action. Relative to respondents who
primarily rely on newspapers, those who report social media as their main source
of information exhibit significantly lower levels of subjective climate attribution and
are also less likely to report mitigation-oriented actions. A similar, though weaker,
pattern is observed for respondents relying primarily on social circles or peers. In
contrast, reliance on television or other sources does not show a statistically mean-
ingful association with either outcome.

Subjective climate attribution is a strong predictor of reported

mitigation-oriented responses; flood exposure alone is not, and its asso-

ciation with behaviour attenuates further once attribution is taken into

account. To examine whether behavioural responses are more closely linked to inter-
pretation than to exposure, in column 3 of table 1 we use subjective climate attribution
as a predictor of reported climate mitigation behaviour. Once subjective attribution is
accounted for, it emerges as a strong and dominant predictor of reported mitigation-
oriented actions, while the coefficient on flood exposure decreases in magnitude and is
no longer statistically significant. This pattern holds after controlling for information
environments and socio-demographic characteristics.

These results indicate a clear pathway, by which flood exposure shapes if and how
residents attribute an Extreme Weather Event to climate change, and this subjective
climate attribution, in turn, predicts reported mitigation-oriented behaviour more
strongly than exposure alone. Finally, information environments condition both steps
in the pathway (attribution and action), as respondents relying on different primary
sources of information exhibit systematically different levels of climate attribution and
mitigation-oriented responses, even after accounting for flood exposure.

The modest magnitude of climate attribution among respondents from flooded
municipalities is consistent with prior evidence that experiential effects are moderated
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by pre-existing beliefs and political orientation, and interact with rather than over-
ride pre-existing beliefs reinforcing attribution and action among some respondents
while leaving others largely unaffected (Djourelova et al., 2023; Hilbig & Riaz, 2024;
Ogunbode, Liu, & Tausch, 2017). The strong link between attribution and mitigation
behaviour corroborates recent evidence that subjective attribution of extreme weather
events to climate change predicts climate policy support (Cologna et al., 2025), while
extending it by showing that this link operates within broader accountability narra-
tives that encompass governance and management failures alongside climate change.
Importantly, the emergence of reported mitigation-oriented responses despite the lim-
ited emphasis on climate change in newspaper coverage (see section 2.1) suggests that
direct flood experience can activate attribution pathways independently of media cov-
erage. This finding complements evidence that media narratives shape climate opinions
and policy support (Ash et al., 2023; Junsheng, Akhtar, Masud, Rana, & Banna,
2019), by identifying lived EWE experiences as an alternative pathway for shaping
subjective attribution driving the mitigation responses.

3 Discussion

Across all three narrative roles, newspapers depersonalise responsibility by concentrat-
ing villain attribution on the extreme weather event itself, while residents construct
distributed accountability narratives spanning climate change, governance failures,
and management practices, and recognise a broader range of affected actors. This
divergence extends prior evidence that EWE media coverage constrains represen-
tations of agency and limits explicit climate attribution (Boykoff & Boykoff, 2007;
Lahsen & Ribot, 2022; Painter et al., 2021) by showing that the gap concerns the full
architecture of responsibility and affectedness, not climate attribution alone.

An important asymmetry concerns the regional governance layer. Residents simul-
taneously hold river-level and floodplain management accountable as a villain and
credit it as a hero that is entirely absent from newspaper coverage. This suggests
that institutional proximity shapes the residents’ reasoning in ways that the media
bypasses, with implications for how the landscape of feasible policy responses is
publicly constructed and aligned across regions.

The divergences we identified connects to prior research showing that limited or
ambiguous subjective attribution of extreme weather events to climate change in the
media discourse constrain the public’s ability to connect such events to climatic change
(Boykoff & Boykoff, 2007; Cordner & Schwartz, 2019). This implies that the absence
of climate change from villain roles in newspaper narratives can reduce the extent to
which media coverage reinforces individual climate attribution pathways. However, the
survey results suggest that direct experience of the floods can activate these pathways
independently of media framing. This pattern is consistent with the idea that extreme
weather events may function as “critical moments” in which lived experience sharpens
causal reasoning and responsibility attribution (Casali, Aydin, & Comes, 2024).

These findings contribute to a literature that documents mixed effects of extreme
weather experience on climate attitudes and behaviour. While some studies report
increased climate concern or pro-environmental action following disasters (Baccini &
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Leemann, 2021; Hazlett & Mildenberger, 2020), others find null, negative, or polarising
effects (Ai et al., 2024; Carmichael, Brulle, & Huxster, 2017; Djourelova et al., 2023;
Gärtner & Schoen, 2021). Notably, Cologna et al. (2025) document limited subjective
climate attribution and policy engagement following precipitation-related disasters in
Europe. Against this backdrop, the Emilia–Romagna case suggests that subjective
attribution, not exposure as such, is the proximate predictor of reported behaviour,
highlighting the importance of narratives.

This paper uncovers a systematic misalignment between media and public inter-
pretations of responsibility, accountability, and affectedness after extreme weather
events, as captured through narrative character-role attribution. While residents,
particularly those directly affected, appear to engage with more structural explana-
tions that include climate change and river-level and floodplain management, such
interpretations are not consistently reflected in newspaper narratives. This diver-
gence has an immediate policy and communication implication, as it suggests a
missed opportunity for media coverage to reinforce emerging public understandings
of climate-related risk and responsibility (Flottum & Gjerstad, 2017). This gap is
consequential given that subjective climate attribution emerges as a key predictor of
reported mitigation-oriented actions. Rather than facilitating collective learning, the
limited presence of structural and anthropogenic attribution in media narratives may
contribute to fragmented interpretations of causality and accountability, potentially
weakening momentum for coordinated climate mitigation and adaptation efforts.

4 Methods

This section outlines the methods used for gathering and analysing the data for this
study. It then describes how the newspaper articles and survey responses were com-
pared by adapting the narrative character-role framework by Gehring and Grigoletto
(2023). An overview of the workflow for data collection, processing, and analysis is
presented in fig. 2.
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Fig. 2: Workflow for extracting and comparing narrative character roles from news-
paper articles and survey data

4.1 Data

This study draws on three primary datasets. First, a collection of newspaper articles
was analysed to extract media narratives covering the May 2023 floods in Emilia-
Romagna between April 2023 and May 2024. Second, a survey was conducted in the
region in March 2024 to capture individual accounts of the floods and residents’ per-
ceptions of narrative character roles. Third, geo-spatial data released by the Province
of Emilia-Romagna were used to identify the municipalities directly affected by the
floods.

Newspaper Articles

Despite the growing prominence of social media platforms, newspapers continue to play
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a central role in agenda-setting and shaping interpretative frames around EWEs (Hase,
Mahl, Schäfer, & Keller, 2021; Liu, Lindquist, & Vedlitz, 2011; Schäfer & Painter,
2021). As institutionalised sources of public discourse, newspapers provide narrative
constructions of responsibility, agency and affectedness that are directly comparable
to attribution-oriented questions in post-event surveys, making them a suitable data
source for analysing divergences between media and public interpretations. Therefore,
this study uses newspaper articles reporting on the May 2023 Emilia-Romagna floods
as the primary source for extracting media narratives. Articles were retrieved from
Lexis-Nexis and Google News archives.

The search query included the keyword ’alluvione Emilia Romagna’, filtered by
language (Italian) and location (Italy) for the period April 2023 to May 2024. Search
parameters are listed in Supplementary Table 1. Both Google News and Lexis-Nexis
exhibit a positively skewed distribution, with a few publishers accounting for the
majority of articles. The corpus includes national and regional outlets, offering broad
coverage of the flooding event. Top contributors from each archive are shown in
Supplementary Table 2.

Articles were machine-translated from Italian to English using the Google Trans-
late API. Duplicate articles with over 90% embedding similarity and identical
publication dates were removed. Additionally, articles longer than 1000 words and
shorter than 30 words were removed from the corpus.The cleaned corpus comprises
2,144 unique articles from 306 publications. Additional metadata is presented in the
Supplementary Table 3.

Survey Questionnaire

This study captures individual character role perceptions and climate attitudes follow-
ing the May 2023 floods through an online survey administered in March 2024 across
Emilia-Romagna, Italy, reaching 500 respondents. Of these, 285 respondents resided
in municipalities exposed to flooding, while the remaining 215 were from non-exposed
municipalities.

Representativeness was ensured with respect to gender, education, and age within
the 18–54 year bracket. Over 70% of respondents were above 35 years of age, with the
45–54 age group most represented. The 65+ age group was under-represented, likely
due to the online format. Gender distribution was nearly equal. Most respondents
had completed at least high school. Over 60% were employed, with entrepreneurs
comprising 13%, followed by job seekers, retirees, and students. A small share (3.3%)
identified as not in employment, education, or training (NEET). Further demographics
of respondents are reported in Supplementary Table 8.

To capture narrative character roles, the questionnaire employed rank-based,
closed-ended questions, supplemented by optional open-text fields that allowed respon-
dents to nominate additional actors. This design balances response consistency with
flexibility, addressing known limitations of either open or closed-ended formats (Reja,
Manfreda, Hlebec, & Vehovar, 2003). Question wording was grounded in the Narrative
Policy Framework (Jones & McBeth, 2010).
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Hero roles were operationalised in terms of agency and responsibility, asking: “Who
should take the initiative to prevent future flood damage?” Victim roles were cap-
tured using two complementary questions: one identifying affected actors and another
focusing on losses of inanimate objects as proxies for experienced harm. Villain roles
were assessed through blame attribution, asking:“Who is responsible for the dam-
ages caused by floods?” Actor groups included in the ranking questions were selected
based on their theoretical relevance to responsibility attribution in climate and disas-
ter contexts, drawing on established literature on climate narrative framing (Benford
& Snow, 2000; O’neill & Nicholson-Cole, 2009).

Finally to determine climate attribution and behavioural shifts, the survey
included Likert-scale questions (rated from 1 to 5) to assess whether respondents
reflected on climate change following the May 2023 floods in the region and whether
they had taken any action to reduce their environmental impact in the aftermath of
the floods.

Municipalities Affected by Floods

Shape-files for administrative boundaries, including provinces and municipalities,
were obtained from OpenStreetMap (2024). Data delineating the geographic extent
of areas affected by the May 2023 floods in Emilia-Romagna were sourced from the
official flood perimeter dataset provided by Regione Emilia-Romagna (2025). The
municipality level shapefile was spatially joined with the flood extent layer to identify
and classify municipalities that were directly impacted by the flooding.

4.2 Narrative Character-Roles Framework

This study adapts the Narrative Policy Framework (Gehring & Grigoletto, 2023) to
identify and compare flood-related narratives in newspaper articles to the ones in the
survey. The following steps outline the adaptation of the framework for this analysis.

Actor Group Identification and Integration into Survey Design

The first step identifies the actors who would be studied in the narrative analysis and
included in the survey design. All named entities mentioned in the newspaper corpus
were first extracted using Named Entity Recognition (NER). These entities were then
clustered based on embedding similarity using the k-means algorithm. The resulting
clusters were manually reviewed and merged according to semantic similarity. Only
entities mentioned at least ten times in the corpus were retained for analysis. This
clustering approach allows for comprehensive coverage of actor references, including
variation in naming due to rhetorical differences. Results from the NER analysis are
summarised in Supplementary Table 10. Based on semantic relevance, selected actor
groups were aligned with the actors mentioned in survey questionnaire to compare
newspaper and local residents’ narrative character role attributions.

Codebook for Aiding Role Annotation

To detect narrative character roles in the extracted text using a machine learning
model, a structured and systematically annotated dataset is required for training.
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The annotation process is guided by a codebook that defines the range of roles actor
groups may assume. The codebook is constructed by identifying the relevant actor
groups listed in Supplementary Table 10 and categorising them as either human or
instrumental. Human actors are eligible for all three roles: hero, villain, and victim,
whereas instrumental actors such as government bodies are limited to hero and
villain roles. The finalised codebook is presented in Supplementary Figure 1. Of the
15 actor groups, seven are classified as human (People, Essential Goods and Infras-
tructure, Agriculture, Business, Environment, Civil Society, Municipality) and eight
as instrumental (National Government, Regional Government, EU, Emergency Ser-
vices, Climate Change, River Level and Plain Management, Extreme Event, Political
Actors). This role classification provides the foundation for consistent and replicable
annotations in model training.

Training Dataset Sampling and Annotation

The article corpus was segmented at the sentence level for analysis, with narrative
roles subsequently aggregated at the article level. As multiple actors may be mentioned
within a single sentence, accurately identifying narrative roles can be challenging. To
address this, each sentence was decomposed into simpler narrative units in the form
of Subject–Verb–Object (SVO) structures, following the approach proposed by Ash,
Gauthier, and Widmer (2024). These structures enable annotators to isolate individual
actors and assign roles sequentially.

A total of 16,056 sentences from the text corpus were processed, resulting in
279,923 SVOs. However, many narratives were incomplete, lacking a subject or
object, or were duplicates generated from the same sentence. Sentences involving
multiple objects can yield redundant narratives (see Supplementary Figure 2). To
refine the dataset, incomplete and duplicate narratives were removed, resulting in
29,520 complete SVOs. Following the sampling strategy outlined in the narrative
policy framework (Gehring & Grigoletto, 2023), approximately 9% of the refined
dataset was selected for annotation. This sample consists of 1,994 simple Sub-
ject–Verb–Object (SVO) structures, drawn from 1,473 unique sentences across 726
articles from 231 distinct publishers. Sampling aimed to ensure coverage of the actor
groups identified for analysis. The sampled dataset was then manually annotated.
Each sentence fragment was reviewed, and character roles were assigned based on the
codebook in Supplement Figure 1. Roles were assigned only when clearly identifiable;
ambiguous or unspecified roles were left unassigned. This process ensured consistency
and accuracy across all annotated narratives. Of the annotated sample, 80% (1,595
SVOs) are used for training, and the remaining 20% (399 SVOs) serves as the test set
for evaluating model performance. The distribution of narrative roles in the training
and test datasets is reported in Supplement Tables 4 and 5, respectively.

Model Configuration, Training and Evaluation

The model architecture follows the approach by Gehring and Grigoletto (2023), com-
bining RoBERTa, a transformer-based language model (Vaswani et al., 2017), with
XGBoost, a gradient boosting algorithm (T. Chen & Guestrin, 2016). Model training
is conducted using the same configuration as in the original implementation, applying
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a learning rate of 5e-4 for pre-trained transformer models (Feng et al., 2020). Model
performance is evaluated using the F1 score, which is the harmonic mean of precision
and recall (Yacouby & Axman, 2020) using the test data. To ensure reliability, a
threshold of 0.5 is applied considering the complexity of task. Roles with F1 scores at
or above this threshold are considered reliably detectable and are retained for further
analysis. Roles falling below this threshold are excluded due to insufficient predic-
tive accuracy. Once the reliably detectable roles are identified, the trained model is
applied to extract these roles across the full newspaper corpus. The results form the
empirical basis for subsequent analysis.

4.3 Key Measures from the Survey Instrument

Narrative character roles were derived from rank-based survey questions by consider-
ing only first-ranked actors, as these most directly capture respondents’ strongest role
attributions. The resulting frequencies were converted into percentage shares and com-
pared with character roles extracted from the newspaper corpus. Additional details
on the derivation of narrative roles from the survey are provided in Supplementary
Section 1.2.3.

To examine how flood exposure and information environments relate to climate-
related interpretation and behaviour, we estimate a series of ordinal logistic regression
models. Models are estimated separately for each outcome and include flood exposure
(affected vs. non-affected municipality) and respondents’ primary source of informa-
tion as key covariates. To assess whether behavioural responses are more closely linked
to interpretation than to exposure alone, we additionally estimate models predict-
ing reported mitigation-oriented actions that include subjective climate attribution
as an explanatory variable, alongside flood exposure, information source, and socio-
demographic controls. Coefficients are reported as log-odds from proportional odds
models. For an ordinal outcome Yi ∈ {1, 2, 3, 4, 5}, the model is defined as:

log

(

Pr(Yi ≤ k)

Pr(Yi > k)

)

= θk − ηi, k = 1, . . . , 4,

where θk are threshold (cut-point) parameters and ηi is the linear predictor. The
proportional-odds assumption implies that covariate effects are constant across all
cumulative splits k.

For subjective climate attribution (Y A
i ), we estimate:

ηAi = β1Flood Exposurei + β⊤

2 Source of Informationi

+ β⊤

3 Genderi + β⊤

4 Agei + β⊤

5 Incomei.
(1)

For reported mitigation-oriented actions (Y M
i ), we estimate:

ηMi = β1Flood Exposurei + β⊤

2 Source of Informationi

+ β⊤

3 Genderi + β⊤

4 Agei + β⊤

5 Incomei.
(2)

16



To assess whether behavioural responses are associated with the interpretation of
the event, we additionally estimate:

ηMi = γ⊤p(Subjective Climate Attributioni) + β1Flood Exposurei

+ β⊤

2 Source of Informationi + β⊤

3 Genderi

+ β⊤

4 Agei + β⊤

5 Incomei.

(3)

where p(Subjective Climate Attributioni) denotes the orthogonal polynomial
contrast basis of the ordered attribution variable (linear components).

The results for the main specification of the models are shown in Table 1. The
Supplementary Information (Table 15) reports a detailed table of main results with
information environments, inclusion of demographics, and model specifications.

Some methodological limitations should be mentioned. First, narrative analysis
remains conceptually fragmented, with no universally accepted definition of narra-
tives or standardised measurement approach (Dahl, 2022; Jones, 2018). Although the
character-role framework enables systematic analysis of large-scale narrative data,
differences in operationalisation across studies limit direct comparability (Andre, Haa-
land, Roth, Wiederholt, & Wohlfart, 2024; Ash et al., 2023). Second, behavioural
responses are measured through self-reported data, which are susceptible to social
desirability and recall biases, particularly in post-disaster contexts (Musacchio et al.,
2021). This means that, although the results suggest heightened climate attribution
and mitigation intent following the floods, future research should adopt longitudinal
designs to assess the durability of experiential attribution and examine longer-term
behavioural changes -potentially under repeated exposure to extreme events and
climate fatigue (Carmichael et al., 2017; Gärtner & Schoen, 2021; Kerr, 2009).

Ethics statement. The study involved an anonymous online survey of adult res-
idents of Emilia-Romagna, Italy. Participation was voluntary, and informed consent
was obtained from all respondents prior to participation. Participants were informed
about the purpose of the study, the nature of the questions, the voluntary nature of
participation, and their right to withdraw at any time without consequence.

The survey did not collect direct identifiers, and all responses were processed and
stored in anonymised form in accordance with the General Data Protection Regulation
(GDPR). As the study posed minimal risk to participants and involved no intervention,
formal ethical approval was not required.

Data availability. Anonymised survey data that support the findings of this study
is available in the GitHub repository narrative-roles-attribution (https://github.com/
SoniAnmol/narrative-roles-attribution).

The newspaper articles analysed in this study were obtained from Google News
and Lexis-Nexis and are subject to third-party licensing restrictions. As such, the
underlying texts cannot be redistributed but can be accessed directly through these
services using the search query and scripts provided.
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