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A persistent challenge in sustainability transitions is the uneven uptake of interventions such as renewable en-
ergy projects, conservation measures and rewilding initiatives. These often encounter resistance that cannot be
explained by economics, technical feasibility or governance arrangements alone. Instead, they hinge on questions
of legitimacy and cultural alignment. Existing frameworks, including socio-ecological systems (SES) and cultural
ecosystem services (CES), recognise human dimensions yet miss the symbolic dynamics through which in-
terventions are interpreted, accepted or contested. Symbolic codes are patterned systems of meaning expressed
through aesthetics, aspirational values and common practices in a particular context, which influence whether
interventions are embraced, negotiated or resisted. This paper advances the Symbolic Ecology Framework (SEF),
a conceptual framework for integrating symbolic codes as cultural variables in socio-ecological analysis. This
conceptual contribution: (1) establishes theoretical premises for treating symbolic codes as cultural variables in
socio-ecological analysis; (2) specifies six attributes (salience, valence, resonance, legitimacy, diachronic status,
place-binding) drawn from cultural analysis and environmental research for systematic code assessment; and (3)
proposes their aggregation into a Symbolic Alignment Index (SAI) for legitimacy alignment diagnostic purposes.
An illustrative case study application to renewable energy siting demonstrates the framework's analytical logic.
Finally, the empirical research agenda required to operationalise SEF is outlined, including protocol stand-
ardisation, validation studies and cross-context calibration.

1. Introduction

Despite decades of innovation, the uptake of sustainability in-
terventions — from renewable energy and conservation to rewilding and
circular practices — remains uneven and contested. While frameworks
such as social-ecological systems (SES) and cultural ecosystem services
(CES) have broadened analysis beyond the biophysical (Ostrom, 2009;
Daniel et al., 2012; Fish et al., 2016), persistent difficulties in uptake
reveal a critical blind spot: how symbolic systems influence cognitive
legitimacy - the taken-for-granted assumptions about what appears
appropriate in particular contexts (Devine-Wright, 2009; Batel and
Devine-Wright, 2015).

An important factor in whether interventions succeed is the extent to
which they fit the socio-symbolic logics of the communities in which
they are introduced. When the symbolic framing of an intervention
clashes with local codes of meaning, legitimacy is withheld and uptake
falters. Renewable energy projects, for example, are often delayed not by
technical design or cost, but by disputes over how turbines alter valued
landscapes and identities (Devine-Wright, 2009). Similarly, rewilding

E-mail address: laura.santamaria@rca.ac.uk.

https://doi.org/10.1016/j.crsust.2026.100340

initiatives can provoke contestation when they disrupt established
narratives of belonging and stewardship (Lorimer et al., 2015).

These symbolic dimensions are not always visible. Unlike conscious
preferences (stated choices), norms (observed behaviours) and values
(what people care about) (Schwartz et al., 2012), they consist largely of
unspoken beliefs, assumptions and shared understandings that bind
people together and define identity and belonging (Barthes, 1972; Noth,
1990). For outsiders — whether policymakers, scientists or developers —
these symbolic codes are therefore difficult to detect and easy to over-
look. A community might value environmental protection and prefer
renewable energy, yet resist a specific project because turbines violate
symbolic codes of landscape heritage or local sovereignty (Wolsink,
2007; Walker and Devine-Wright, 2008). This explains persistent
adoption failures: interventions align with conscious values but clash
with unconscious codes (Kollmuss and Agyeman, 2002). The challenge
is how to systematically identify such tacit, context-specific codes and
account for them in the design of sustainability interventions.

Addressing this blind spot requires interdisciplinary approaches that
can integrate symbolic code analysis into environmental science.
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Semiotics, as the study of codes and meaning systems, provides a
powerful basis for this integration. Building on previous methodological
work on semiotics analysis in the context of sustainable innovation
(Santamaria, Escobar-Tello and Ross, 2016; Santamaria, 2023), this
paper extends the approach into environmental science by establishing
the foundations for the Symbolic Ecology Framework (SEF), a concep-
tual framework for diagnosing symbolic alignment between in-
terventions and contextual codes.

1.1. Scope and contribution

The contribution is fourfold: (1) establishing the theoretical case for
treating symbolic codes as cultural variables in socio-ecological analysis;
(2) specifying six attributes through which codes can be assessed; (3)
proposing an aggregation logic (Symbolic Alignment Index) for diag-
nostic purposes; (4) outlining the empirical research agenda required to
operationalise the conceptual framework into validated protocols,
including standardised procedures for code identification, validation
studies correlating SAI with uptake outcomes, and cross-context
calibration.

Section 2 reviews the legitimacy gap and introduces core concepts on
semiotics and symbolic codes. Section 3 presents SEF's premises, attri-
butes and aggregation logic. Section 4 illustrates application to renew-
able energy siting. Section 5 discusses implications and outlines the
operationalisation agenda.

2. Literature review

This section reviews how environmental science has addressed
human dimensions of ecological systems, what remains under-theorised,
and what semiotic analysis can offer to fill this gap.

2.1. Environmental science approaches to human dimensions, and the
cultural blind spot

Legitimacy has become central to explaining the success or failure of
sustainability transitions (Fuenfschilling, 2019). Suchman (1995, p.
574) defines legitimacy as ‘a generalised perception or assumption that
the actions of an entity are desirable, proper, or appropriate within some
socially constructed system of norms, values, beliefs and definitions.’
Scott's (2014) well-adopted framework distinguishes between regulative,
normative and cultural-cognitive dimensions. Regulative legitimacy con-
cerns conformity with formal rules and laws; normative legitimacy re-
lates to alignment with values and social expectations; cultural-cognitive
legitimacy reflects taken-for-granted assumptions about what is appro-
priate (Scott, 2014; Deephouse and Suchman, 2008). While transitions
research has examined regulative and normative dimensions
(Fuenfschilling, 2019), what remains under-explored is the symbolic
systems (taken-for-granted assumptions) that affect cultural-cognitive
legitimacy. Crucially, in transitions, legitimacy itself becomes con-
tested rather than granted. Institutional structures (regulative, norma-
tive, cultural-cognitive) are in flux as actors engage in creating,
maintaining and disrupting institutions (Fuenfschilling and Truffer,
2016). Cultural legitimacy involves ‘framing struggles’ where various
groups contest evolving discourses and perform on public stages to in-
fluence legitimacy judgments (Geels and Verhees, 2011). The question is
not merely whether interventions achieve legitimacy but whose sym-
bolic codes, whose taken-for-granted assumptions and whose institu-
tional logics prevail.

While SES and CES keep expanding the scope of socio-ecological
modelling (Manyani et al., 2024), they assume stable institutional con-
texts and overlook the symbolic systems through which intervention
legitimacy and meaning are constructed — a gap noted in earlier reviews
(Fish et al., 2016; Schafer and O'Neill, 2017; Partelow, 2018). SES in-
tegrates culture through norms, shared strategies, trust and institutional
arrangements embedded in governance structures (Ostrom, 2009;
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McGinnis and Ostrom, 2014). These variables address normative legit-
imacy: what communities expect and value. CES broadens recognition of
cultural benefits through heritage, identity and sense of place, oper-
ationalising these through deliberative methods that elicit stated pref-
erences (Daniel et al., 2012; Fish et al., 2016). This again addresses
normative legitimacy through what people consciously value and can
articulate. What neither framework captures is cultural-cognitive legit-
imacy as a site of contestation: the assumptions that determine whether
interventions are read as ‘progress’ or ‘imposition’, ‘us’ or ‘them’, ‘what
belongs here’ or ‘what is alien’. Consequently, the cultural-cognitive
dimension of legitimacy, and the power dynamics embedded within it
is under-explored in environmental science, and sustainability transi-
tions uptake challenges persist across sectors and geographies. Symbolic
codes are not neutral cultural variables but politically loaded systems
through which power operates. Such ‘ecology of codes’ and their dy-
namics must be understood to diagnose legitimacy challenges.

Emergent evidence points to the decisive role of cultural-cognitive
alignment. In Samoa, blending climate forecasts with traditional in-
dicators increased trust by resonating with indigenous symbolic codes
(McNamara and Prasad, 2014). In Sardinia, a participatory plan that
involved schools, associations and trusted local media succeeded in
building legitimacy around environmental health interventions by
anchoring them in familiar community practices (De Marchi et al.,
2023). In Belgium, retrofit uptake increased when coded along through
local norms (Bielig et al., 2024). These cases reveal that interventions
gain traction when they resonate with symbolic logics, yet the question
of whose symbolic codes and whose cultural-cognitive frameworks are
validated remains largely unexamined.

2.2. Semiotics and symbolic codes

Semiotics is the study of sign systems, the patterned conventions
through which humans interpret the world and organise collective life
(Noth, 1990). Semiotics originated in linguistics through the founda-
tional work of Ferdinand de Saussure and Charles Sanders Peirce in the
early 20th century and became a major approach within cultural studies
in the late 1960s with the work of Roland Barthes, who recognised its
value for understanding meanings embedded in images, objects, rituals
and their complex associations to identity and belonging. Barthes
demonstrated how codes construct myths: cultural associations that
make dominant meanings appear ‘natural’ and ‘common sense’ and
operate as ‘assumed truth’ in a given context (Barthes, 1972). This
process of naturalisation is central to cultural-cognitive legitimacy: what
appears self-evidently appropriate in one context may be contested or
illegitimate in another (Scott, 2014). In Britain, semiotics was advanced
in cultural studies by sociologist Stuart Hall, whose work on media and
communication studies (encoding/decoding) showed how meanings are
strategically produced by cultural intermediaries and legitimised to
audiences through rhetorical and institutional processes, whether
through media framing, institutional endorsement or symbolic associa-
tion (Hall, 1980). Beyond cultural critique, contemporary semiotics has
been adopted as ‘a hybrid of communication science and anthropology’
methodology for examining how symbolic codes structure consumer
preferences and anticipate social behaviours (Oswald, 2020, p. 1).

The concept of codes is central to semiotics, which defines them as
socially agreed conventions linking signs to meanings (Noth, 1990).
Some codes are obvious, such as traffic lights (red = stop; green = go),
while others are tacit and deeply embedded in culture, such as col-
our-gender associations (pink = female; blue = male). Symbolic codes
construct social reality by marking class differentiation, identity and
belonging (Baudrillard, 1988).

Operating largely at an unconscious level, symbolic codes constitute
what Scott (2014) identifies as cultural-cognitive legitimacy: the taken-
for-granted assumptions about what appears appropriate, proper and
self-evident in particular contexts.

Marketing semiotics has long recognised that symbolic alignment
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shapes uptake as powerfully as technical performance (Oswald, 2015,
2020). When Jeep Wrangler sales stalled in the US, cultural analysis
revealed square headlights clashed with codes linking the vehicle to
freedom and power. Sales surged after redesigning headlights to
resemble horses' ‘round eyes’, which evoked rural familiarity. In Europe,
the same vehicle carried different codes, linked to ‘liberator’ evoking
Allied forces, resulting in a different design (Rapaille, 2007).

Semiotics differs fundamentally from, yet complements, participa-
tory methods commonly used in environmental science. Participatory
approaches (interviews, workshops, focus groups) elicit what people can
consciously articulate. Because codes shaping legitimacy judgments are
often inaccessible through direct questioning, semiotic methods analyse
publicly circulating cultural discourse — media, policy documents, ma-
terial culture — to identify codes structuring collective meaning-making
(Oswald, 2015; Santamaria, 2020).

Codes are dynamic and contested, not static variables. Raymond
Williams' (1977) distinction between residual (inherited but active),
dominant (currently prevailing), and emergent (new and contested) cul-
tural forms reveals how codes compete for position and legitimacy. The
plastics example illustrates this: reuse and thrift re-emerge as residual
codes; disposability and convenience remain dominant yet increasingly
contested; circularity and closed-loop design struggle as emergent codes.
These codes coexist, clash and migrate, reshaping the symbolic terrain of
everyday practice. Concerning legitimacy in sustainability transitions,
this results in a volatile ‘status quo’, where the boundaries of what is
considered legitimate are continuously challenged and redefined (Haack
et al,, 2021). Hence, sustainability transitions require co-evolution
across socio-technical dimensions: stewardship of natural resources,
innovation adoption and cultural-symbolic systems — meanings and
values attributed to the natural and man-made spheres (Geels, 2002).
Electric vehicles, for instance, mobilise technological resources (batteries,
charging grids, regulatory legislation), ecological resources (reduced
emissions, mineral extraction) and symbolic resources (whether EVs are
coded as luxury commodities, green necessities or transitional technol-
ogies). Working with codes is therefore not ‘soft communication’ but
systemic leverage in sustainability transitions.

2.3. The blind spot, clarified

Across SES, CES and adjacent literatures, there is widespread
recognition that cultural and symbolic dimensions matter for sustain-
ability transitions. SES research acknowledges norms, trust and in-
stitutions; CES highlights heritage, identity and spirituality; adoption
studies demonstrate framing effects. Yet symbolic dimensions remain
methodologically under-developed. Three persistent limitations prevent
systematic integration:

1. Culture is proxied rather than operationalised. Culture is recog-
nised but typically reduced to values, attitudes or preferences, con-
structs that elicit what people consciously care about but not how
symbolic codes structure cultural-cognitive legitimacy, compete for
dominance or evolve over time.

2. Lack of temporal and spatial integration. While ecological and
technical variables are modelled diachronically and spatially, sym-
bolic codes are rarely tracked as residual, dominant or emergent, nor
mapped to show where cultural alignment supports or undermines
interventions.

3. Absence of ex-ante diagnostic tools. SES excels at diagnosing
governance fit; CES elicits values. Yet approaches document sym-
bolic barriers or successes only after the fact. There is no systematic
method to identify, assess and align symbolic codes with in-
terventions ex-ante, diagnosing and anticipating cultural-cognitive
legitimacy challenges rather than retroactively explain them,
reducing costly delays, opposition and trial-error iterations.

Important precedents show code operationalisation is possible.
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Semiotics has examined differential weight of codes: Kress and van
Leeuwen (2001) proposed visual grammars measuring salience in
multimodal texts; Hall's (1980) encoding/decoding model classified
interpretive positions as dominant, negotiated or oppositional.
Communication studies have shown how moral, economic or security
frames alter legitimacy of climate messages (Nisbet, 2009; Wolsko et al.,
2016). Ecosystem services research has formalised relational values
through classification and weighting (Chan et al., 2016; Fish et al.,
2016). Marketing semiotics has long implemented symbolic code anal-
ysis with measurable effect: products succeed internationally when
encoded to fit target cultural logics (Oswald, 2015, 2020). Related work
has demonstrated how code mapping can guide sustainable product-
service system design by identifying cultural barriers to adoption and
aligning innovations with favourable codes (Santamaria et al., 2016).

The challenge is not proving codes matter — evidence is ample — but
developing systematic methods to analyse and operationalise them in
environmental science. If symbolic codes shape cultural-cognitive
legitimacy and vary across contexts, then alignment cannot be left to
chance or treated as a communication afterthought. What is missing is a
coherent framework integrating symbolic codes as variables in their own
right: analysable, comparable and alignable alongside biophysical,
governance and behavioural dimensions.

This paper addresses that gap by proposing the Symbolic Ecology
Framework (SEF), which specifies how symbolic codes can be system-
atically integrated into socio-ecological analysis.

3. The symbolic ecology framework: conceptual premises and
analytical structure

The following conceptual framework establishes the analytical logic
for integrating symbolic codes into socio-ecological analysis. The
framework builds on established methods for code mapping in sustain-
able innovation contexts (Santamaria et al., 2016; Santamaria, 2023),
extending these approaches to address the cultural-cognitive dimensions
of legitimacy in environmental science. SEF provides a structured
pathway through four stages (Fig. 1): Code mapping, attribute assess-
ment, symbolic alignment synthesis (SAI), interpretive alignment
strategies.

Building on these stages, the steps below outline a minimum illus-
trative procedure for applying SEF in analytical contexts. This procedure
is intended to clarify analytical logic rather than to claim empirical
validation.

1. Define the intervention context
Specify the intervention type, spatial scope and stakeholder
setting.
2. Identify symbolic codes
Conduct semiotic analysis of relevant discourse and artefacts (e.g.
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Fig. 1. The analytical stages of the Symbolic Ecology Framework (SEF).

media, policy documents, visual culture) to identify dominant, re-
sidual and emergent symbolic codes' (see Santamaria et al., 2016).
3. Classify codes
Organise identified codes into aesthetic codes, aspirational values
and common practices.
4. Assess code attributes
Analytically assess each code against the six attributes (salience,
valence, resonance, legitimacy, diachronic status, place-binding)
using an ordinal or qualitative scale.
5. Derive symbolic alignment
Synthesise attribute assessments to derive an indicative Symbolic
Alignment Index (SAI) for comparative diagnostic purposes.
6. Interpret implications
Interpret alignment patterns to anticipate legitimacy dynamics
and inform reflective intervention design.

3.1. Categories for code mapping

These three categories are derived from applied research in design
for sustainability (Santamaria et al., 2016; Santamaria, 2023), where
they were developed to map cultural codes shaping sustainable inno-
vation uptake:

@ Aesthetic Codes: Visual and material signs indicating what is
desirable, familiar or modern within a culture (styles of dress, ar-
chitecture, cars, artefacts). These codes provide cues for how com-
munities perceive harmony, appropriateness or modernity, shaping
whether interventions appear legitimate or alien.

@ Aspirational Values: Collective imaginaries and orientations that
motivate what people strive for in life (‘my children receive good
education,’ ‘family remains united,” ‘we can eat well’). These values
anchor long-term visions of the future and condition how sustain-
ability is justified and pursued.

@® Common Practices: Everyday routines and social rituals embodying
belonging — what ‘people like us do’ (going for a pint after work,
rising early for agricultural labour, helping neighbours). These
practices reflect collective norms that determine what feels natural,
trustworthy and socially legitimate.

These categories provide a comprehensive, structured way to map

! Methodological note on code identification: Code mapping is an inter-
pretive and semiotic task that requires cultural and symbolic literacy; in applied
contexts, it may be undertaken by researchers or practitioners with training in
semiotics, cultural analysis, or related interpretive disciplines, drawing on
established protocols (Santamaria et al., 2016). Code identification typically
involves systematic analysis of publicly circulating discourse (e.g. media
coverage, policy documents, visual culture, material artefacts) to identify
recurrent symbolic patterns. Participatory workshops and ethnographic obser-
vation can provide complementary insight into practices and locally salient
codes.

Within the present framework, once symbolic codes are conceptually
identified and mapped, the SEF provides a structured analytical lens through
which environmental scientists and practitioners may examine patterns of
symbolic alignment. This reflects established interdisciplinary practice in
environmental research, where interpretive social and cultural analysis informs,
rather than replaces, technical and ecological assessment.

the cultural-symbolic logics of a given context, highlighting the tacit
codes that filter legitimacy and shape whether interventions are resisted,
negotiated or embraced. This explains why interventions can align with
stated values yet encounter resistance: they overlook the symbolic codes
operating below conscious awareness. Once mapped, these codes can be
analysed through six attributes (Section 3.2) and aggregated within the
Symbolic Alignment Index (Section 3.3).

3.2. Variables and attributes

To integrate symbolic codes within socio-ecological analysis, they
must be described and assessed in systematic ways. We propose six core
attributes, grounded in cultural analysis and environmental research,
that capture how codes shape legitimacy and uptake. This multi-
dimensional approach ensures a comprehensive diagnostic of how a
code operates in specific contexts, spanning cognitive (salience), affec-
tive (valence, resonance), normative (legitimacy), temporal (diachronic
status) and spatial (place-binding) dimensions.

1. Salience - the frequency and visibility of a code in public discourse,
media or practice. In semiotics, salience refers to the degree to which
elements attract attention within a composition (Kress and van
Leeuwen, 2001). In political science, ‘issue salience’ captures how
strongly a topic features in collective agendas (McCombs and Shaw,
1972).

2. Valence - the positive or negative orientation attributed to a code in
collective meaning-making, ranging from antagonistic to aspira-
tional. In psychology, affective valence denotes the emotional charge
of experiences (Frijda, 1986). In communication studies, valence
framing influences whether issues are embraced or resisted (de
Vreese and Boomgaarden, 2003).

3. Resonance - the depth of alignment between a code and collective
identities, values and affective orientations. In social movement
theory, resonance explains why some frames mobilise while others
fail (Benford and Snow, 2000). In cultural sociology, resonance is the
symbolic ‘fit” with wider imaginaries (Alexander, 2004).

4. Legitimacy - the extent to which a symbolic code is recognised as
valid, fair and authoritative within a given context, shaping whether
interventions are accepted as just and appropriate. In sustainability
research, legitimacy is a key criterion for effective knowledge sys-
tems, alongside salience and credibility (Cash et al., 2003).

5. Diachronic Status - the temporal positioning of a code (Residual/
Dominant/Emergent). Williams (1977) distinguished between re-
sidual forms (inherited from the past but still active), dominant
forms (prevailing in the present) and emergent forms (new and not
yet fully institutionalised). This dimension reflects cultural shifts
over time.

6. Place-binding - the anchoring of codes to specific landscapes or
places. Environmental psychology shows how place attachment and
identity shape acceptance (Devine-Wright, 2009; Lewicka, 2011).
Cultural ecosystem services research similarly highlights symbolic
ties between places and meanings (Chan et al., 2016).

The attributes provide a vocabulary for measuring symbolic dy-
namics in ways comparable to other socio-ecological variables. They are
the building blocks for the Symbolic Alignment Index. Table 1 summa-
rises them for easy access.
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Table 1
Attributes for assessing symbolic codes in socio-ecological analysis.
Attribute Definition (short) Ilustrative example Reference(s)
Salience Visibility/ Recycling symbol Kress and van
frequency of a present on Leeuwen (2001);
code in discourse packaging and bins McCombs and Shaw
or practice (1972)
Valence Positive/negative Wind turbines Frijda (1986); de
orientation of a interpreted as ‘green  Vreese and
code progress’ vs Boomgaarden
‘industrial blight’ (2003)
Resonance Depth of ‘Family farming’ Benford and Snow
alignment with resonating with (2000); Alexander
identities and rural traditions (2004)
values
Legitimacy Recognition of a Indigenous Cash et al. (2003)
code as fair and stewardship
authoritative narratives gaining
official recognition
Diachronic Temporal Revival of residual Williams (1977)
Status positioning: folk practices in
residual, modern rewilding
dominant,
emergent
Place- Anchoring of codes ~ Opposition to dams Devine-Wright
binding to landscapes/ tied to cultural river (2009); Lewicka

(2011); Chan et al.
(2016)

places identity

3.3. Symbolic Alignment Index (SAD)

The Symbolic Alignment Index (SAI) integrates symbolic codes' at-
tributes into a composite measure of how well an intervention aligns
with the codes of a given community. High SAI values indicate strong
symbolic legitimacy and smoother uptake, while low or negative values
signal symbolic conflict, pointing to likely resistance or contestation.

By spatialising SAI outputs, researchers can generate Cultural Align-
ment Maps that overlay symbolic codes onto ecological and technical
data. These maps reveal where interventions are more likely to
encounter legitimacy barriers or resonance, offering a diagnostic anal-
ysis that complements assessments such as environmental impact
studies.

4. Illustrative application: renewable energy siting

The following application shows, step by step, how the Symbolic
Ecology Framework (SEF) can be used to analyse cultural-cognitive
alignment in sustainability interventions. This is an illustrative appli-
cation intended to demonstrate the framework's analytical logic. It does
not present empirically validated findings.

4.1. Codes as cultural variables

n empirical applications, code data would be derived from system-
atic code mapping through semiotic analysis of contextual codes, using
established protocols (Santamaria et al., 2016, Santamaria, 2020, San-
tamaria, 2023). It is important to note that symbolic codes are, by
definition, context-specific and emerge within particular cultural and
spatial settings.

The four concepts presented below are not codes per se. They
represent recurring symbolic themes reported across multiple empirical
studies on renewable energy siting conflicts and are used here as proxy
codes solely to illustrate how the Symbolic Ecology Framework
operates:

1. Industrial imposition — the reading of wind turbines as intrusion into
rural spaces (Jobert et al., 2007)

2. Sacred skylines — the cultural-symbolic significance of heritage vistas
(Pasqualetti, 2011)
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3. Working land - stewardship and agricultural legitimacy (Batel and
Devine-Wright, 2015)

4. Local sovereignty — community ownership and co-benefits as legiti-
macy anchors (Walker and Devine-Wright, 2008; Bauwens, 2016)

The four themes identified above illustrate recurring empirical dy-
namics that are widely documented in research on sustainability in-
terventions. For example, in studies of renewable energy siting, the
theme of industrial imposition appears in descriptions of visual intrusion,
externally driven decision-making and perceived loss of rural character.
At the level of regulative legitimacy, this is reflected in opposition to
specific projects, objections to planning decisions and contestation of
siting procedures. At the level of normative legitimacy, the same theme is
articulated through concerns about fairness, consent and respect for
rural livelihoods.

SEF does not seek to replace these forms of analysis. Rather, it in-
troduces an additional lens to surface the often implicit contextual logics
through which industrial imposition is constructed in relation to identity,
belonging and power relations. In this sense, communities may share
similar stated values yet interpret the same intervention differently
because different symbolic codes are activated. This illustrates how a
recurring empirical theme can be read across different pillars of legiti-
macy, with SEF making explicit the cultural-cognitive dimension that is
often left implicit.

Within this analytical framing, symbolic codes can be examined
across a set of attributes: salience, valence, legitimacy, resonance,
diachronic status and place-binding, and, for illustrative purposes, these
assessments can be synthesised into an indicative Symbolic Alignment
Index (SAI). Tables 2-4 provide schematic illustrations of how such
analyses might be used to diagnose cultural-cognitive alignment.

4.2. Illustrative modelling (conceptual)

To illustrate how SEF can be used as an analytical lens, this section
presents a conceptual modelling exercise based on a proposed wind farm
in Southern Italy. The example is not intended as an empirical case
study, but as a schematic illustration of how symbolic codes influence
the way an intervention might be interpreted within a specific socio-
cultural context.

The proposed intervention is technically aligned with European
climate and energy objectives. However, in public discourse surround-
ing similar projects in the region, wind turbines have frequently been
associated with ‘landscape intrusions’ and ‘heritage disruption’, partic-
ularly in areas characterised by olive groves, archaeological sites and
traditional masserie. The ‘sacred skyline’ code resonates strongly with
established local elites and heritage organisations, while the ‘industrial
imposition’ code carried high salience in regional media and opposition
discourse, producing low legitimacy. These dominant readings mar-
ginalised alternative interpretations.

Yet the same Cultural Alignment Map contained contested codes
operating across different social groups. Youth activists favour the
project through ‘energy sovereignty’ and intergenerational justice
codes, while farmers recognised continuities with ‘working land’ stew-
ardship. This reveals legitimacy as a site of struggle: which codes prevail
depends on whose symbolic frameworks gain institutional support,
media visibility and authoritative recognition. This shifts attention from
whether codes align to whose codes shape the terms of legitimacy.

Interventions may engage this contested terrain in different ways.
For example, place-sensitive design elements (such as hedgerow
planting or participatory ownership schemes) can be read as activating
working land codes, potentially strengthening legitimacy among farming
communities. Symbolic practices — such as artists reimagining land-
scapes or schoolchildren narrating turbines as ‘new giants’- can be
interpreted as introducing emergent codes that challenge heritage-
preservation orthodoxies. By making visible these symbolic dynamics
and their power dimensions, SEF supports analytical reasoning about
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Table 2
Ilustrative alignment profiles for proxy symbolic codes (conceptual modelling).

Code Salience Valence Resonance Diachronic Status Place-binding Legitimacy Indicative alignment profile (Ax)
Working land (stewardship) High Positive High Dominant Strong Moderate 0.6
Sacred skyline (heritage vistas) Moderate Negative Moderate Residual Strong Moderate 0.3
Industrial imposition High Negative High Dominant Moderate Low 0.4
Local sovereignty (co-ownership) Moderate Neutral Moderate Emergent Strong Moderate 0.5

Note: Alignment (Ax) represents an indicative synthesis of attribute assessments (normalised to a 0-1 scale). Values are illustrative and used solely to demonstrate the

analytical logic of the Symbolic Ecology Framework; they do not represent empirical measurements, formal calculations or validated scores.

Table 3

Ilustrative reconfiguration of symbolic alignment under alternative interven-

tion scenarios.

Scenario Effect on Codes Indicative alignment
profile
Baseline - Low-moderate

Community ownership
+ Landscape-sensitive

siting

1 Local sovereignty
| Industrial
imposition

Moderate

Moderate-high

Note: Qualitative labels reflect directional shifts in alignment profiles; precise
quantification would require empirical calibration.

Table 4

Wind farm intervention: technocratic vs. culturally encoded design.

Category Before (Technocratic) After (Culturally encoded)
Aesthetic Turbines read as industrial Turbines embedded in local
Codes infrastructure; clash with imagery; artists paint future
heritage landscapes. landscapes; symbols drawn from
olive groves, masserie, heritage.
Aspirational Project read as EU policy/ Represented as energy sovereignty
Values targets, abstract economic (‘keeping wealth local’), heritage
efficiency. stewardship, and for our children's
future. Children build mini-
turbines to tell parents the story
of the ‘new giants.’

Common Consultation in municipal Engagement in pubs, piazzas,

Practices offices or churches, detached schools, and festivals; codes
from everyday life. align with local rituals and daily
practices.

Salience High: dominates local debates ~ High: but reframed positively
and visible in landscape. through participatory art, youth

activism and heritage-based
symbolism.

Valence Negative: coded as intrusion, Positive: coded as local pride,
exploitation, aesthetic ruin. empowerment, climate

responsibility.

Resonance Strong, but against the project ~ Strong and for the project
(landscape beauty, outsider (heritage stewardship,
exploitation). intergenerational justice).

Legitimacy Low: decisions seen as top- Higher: co-created narratives,
down, procedural, extractive. participatory processes,

reciprocity (local benefits).

Diachronic Residual: stewardship, Residual recoded (stewardship

Status suspicion of outsiders. = renewables), emergent codes

Place-binding

Dominant: development/
modernisation. Emergent:
youth activism, climate
justice.

Strong: heritage sites and
landscapes used to reject
turbines.

amplified (justice, sovereignty)
to shift dominant codes.

Strong: same heritage/landscape
recoded as symbols of renewable
guardianship.

how legitimacy struggles may unfold, rather than treating resistance as a
residual outcome. Shifts in indicative SAI profiles serve to demonstrate
diagnostic logic, not to claim empirical effects.

Table 2 illustrates how symbolic codes surrounding a proposed wind

project can be systematically described through the attributes of the
Symbolic Ecology Framework. At baseline, codes such as ‘working land’
and ‘local sovereignty’ offer partial support, while ‘sacred skyline’ and

‘industrial imposition’ introduce negative orientations. The resulting
illustrative baseline SAI of approximately 0.45 (on a 0-1 scale) signals
contested field dynamics: support is partial, but opposition is strong
enough to threaten perceived legitimacy. For each code (k), an indica-
tive alignment profile (Ax) is derived by synthesising attribute assess-
ments into a normalised 0-1 score.

Building on the illustrative baseline alignment profile (~0.45),
Table 3 schematically illustrates how different intervention strategies
may reconfigure symbolic alignment profiles by activating or attenu-
ating specific codes. The table is intended to demonstrate interpretive
reasoning within the SEF, not to predict behavioural outcomes or up-
take. Community ownership schemes are illustrated as strengthening the
positive valence and legitimacy of the local sovereignty code, while
landscape-sensitive siting and hedgerow planting are shown as attenu-
ating the salience of industrial imposition and reinforcing associations
with stewardship. The aggregated alignment profile shifts accordingly,
indicating a more favourable configuration at the level of cultur-
al-cognitive legitimacy when considered alongside technical and policy
variables. While these illustrative profiles demonstrate the framework's
analytical logic, empirical validation would require systematic protocols
linking symbolic alignment to observed outcomes across multiple cases.

4.3. Designing and framing interventions with the SAI

The value of the Symbolic Ecology Framework lies not only in
diagnosing potential legitimacy conflicts but in guiding the design and
framing of interventions. By consulting the SAI, planners can identify
which symbolic codes carry the greatest weight (positive or negative) in
shaping responses to a proposed intervention. For instance, if the index
reveals that ‘sacred skyline’ codes are both salient and negatively
valenced, the intervention can be reconfigured through design choices
that reduce visual intrusion or foreground heritage-sensitive narratives.
Conversely, if ‘local sovereignty’ is identified as an emergent but under-
leveraged code, strategies such as community ownership, co-benefit
schemes or participatory governance can be prioritised to enhance
legitimacy. In this way, the SAI supports reflective intervention design
oriented towards cultural alignment with cultural logics, rather than
imposed in ways that generate resistance. Over time, repeated applica-
tion across cases could generate comparative insights into how symbolic
codes evolve, enabling adaptive governance that integrates cultural-
cognitive legitimacy as a standard component of environmental
planning.

Table 4 compares how the intervention looks when configured
purely technocratically vs. when it is informed by SAIL

In essence, from a SEF lens, the case study demonstrates how to
leverage the cultural-symbolic field through which wind farms are made
meaningful: in symbolic narratives, aesthetics, cultural logics and an-
chors to advance technological change oriented towards ecological
balance. The task is not merely to install turbines or justify them with
CO: savings, but to translate them into the code ecologies (the living
symbolic systems) of the people who will live with them. Meaning is not
imposed from above; it is co-created with communities through symbols
and language they already recognise as legitimate. SEF understands
sustainability transitions as cultural-ecological translation. This trans-
lational function helps explain how a project may be read as shifting
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from contested to potentially meaningful within a given cultur-
al-cognitive context.

5. Implications

The Symbolic Ecology Framework (SEF) has implications across
science, theory, methodology and practice. By treating symbolic codes
as cultural variables, it provides a structured way to consider resonance
and legitimacy within sustainability research and governance.

5.1. Implications for environmental science

SES and CES frameworks have expanded the scope of environmental
research to include governance, institutions and values. However,
symbolic dynamics remain comparatively under-theorised. SEF offers a
way to make cultural-cognitive dimensions of meaning analytically
explicit within socio-ecological analysis, complementing biophysical
and institutional variables. This supports more nuanced interpretation
of why interventions may encounter legitimacy challenges, alongside
assessments of ecological performance and economic trade-offs.

5.2. Theoretical contribution

SEF bridges semiotic theory and environmental science by bringing
cultural meaning-making into socio-ecological analysis as a distinct
analytical dimension. It places symbolic codes and contextual logics at
the centre of how legitimacy is formed and contested in sustainability
transitions, without displacing biophysical, institutional or economic
perspectives. By integrating insights from applied semiotics and cultural
theory into sustainability science, SEF extends SES and CES frameworks
with a code-based vocabulary for analysing cultural-cognitive
alignment.

5.3. Methodological contribution

The Symbolic Alignment Index (SAI) and Cultural Alignment Maps
are proposed as analytical support tools for diagnosing and comparing
symbolic configurations across contexts. These tools build on earlier
methodological work (Santamaria et al., 2016, Santamaria, 2023),
where cultural codes were incorporated qualitatively in studies of sus-
tainable product-service systems and social innovation uptake. SEF
extends this lineage by combining interpretive assessment with indica-
tive synthesis. While the framework enables comparative reasoning
across cases, its application remains exploratory, and further research
would be required to assess robustness, transferability and empirical
calibration.

5.4. Policy and practice

For policymakers and practitioners, SEF offers a structured way to
reflect on potential legitimacy dynamics associated with sustainability
interventions. By examining symbolic alignment early in planning pro-
cesses, interventions can be assessed in relation to locally salient codes
rather than treated as culturally neutral. This supports more reflexive
engagement with the symbolic systems underpinning identity,
belonging and place. Incorporating SEF into planning and assessment
processes could complement existing policy frameworks, including the
Kunming-Montreal Global Biodiversity Framework, by drawing atten-
tion to cultural-cognitive dimensions alongside ecological and techno-
logical considerations.

5.5. Empirical research agenda
This paper establishes the theoretical foundations and analytical

logic of the Symbolic Ecology Framework. Translating SEF into a robust
empirical research approach would require a coordinated, multi-stage
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programme of methodological development and testing. The following
priorities outline a prospective research agenda rather than a near-term
operational roadmap:

1. Protocol development and refinement.

Develop detailed protocols for code mapping appropriate to SEF
application, with explicit guidance on corpus selection, documen-
tation practices and analytical procedures. Building on established
semiotic methods (Santamaria et al., 2016), this work would need to
clarify how code identification can remain sensitive to local context
while maintaining analytical transparency and consistency. This
stage would require close collaboration between researchers trained
in semiotics and environmental scientists working across diverse
intervention contexts.

2. Inter-analyst consistency.

Explore procedures for multiple analysts to independently assess
symbolic codes across the proposed attributes, examining the degree
of convergence and divergence in scoring. Rather than assuming
standardised reliability thresholds, this phase would focus on
developing shared interpretive rubrics, illustrative benchmarks and
reflexive calibration practices to understand how analyst position-
ality and expertise shape assessments.

3. Attribute refinement and extension.

Empirically investigate whether the six proposed attributes are
sufficient to capture relevant symbolic dynamics, or whether addi-
tional dimensions, such as scalar relations, power asymmetries or
temporal trajectories are required. Comparative analysis across
multiple cases would help identify which attributes appear most
salient in different types of interventions and contexts.

4. Aggregation logic exploration.

Experiment with alternative ways of synthesising attribute as-
sessments within the SAI, including equal weighting, differential
weighting and non-linear aggregation approaches. Rather than
seeking a single optimal formula, this research would examine how
different aggregation logics foreground different interpretive em-
phases and how sensitive alignment profiles are to methodological
choices.

5. Empirical correspondence analysis.

Apply SEF retrospectively to interventions with well-documented
implementation trajectories to examine how symbolic alignment
profiles correspond with observed legitimacy dynamics, contestation
patterns and implementation pathways. This work would focus on
identifying recurring associations and patterns, rather than estab-
lishing predictive thresholds or causal claims.

6. Comparative and cross-contextual studies.

Conduct SEF analyses across varied geographies, intervention
types and cultural settings to assess how symbolic codes operate
differently across contexts and to refine the framework's cross-
cultural applicability. International comparative work would be
essential to test the limits of generalisation while preserving
contextual sensitivity.

Initial pilot studies in renewable energy siting, rewilding initiatives
and circular economy transitions could support early refinement of the
framework. Beyond operational considerations, future research should
also examine how symbolic codes intersect with questions of resilience,
equity and justice, ensuring that cultural-cognitive alignment is ana-
lysed alongside broader concerns about power, inclusion and just tran-
sitions (IPCC, 2023; IPBES, 2024). Advancing this agenda would require
sustained interdisciplinary collaboration and long-term partnerships
across academic, policy and practice domains.

5.6. Ethical and governance considerations

The explicit analysis of symbolic codes raises ethical considerations,
particularly the risk that cultural insight could be used instrumentally to
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engineer legitimacy rather than to support accountable and reflexive
intervention design. The Symbolic Ecology Framework is not intended
as a tool for persuasion or behavioural manipulation. Rather, it is pro-
posed as a diagnostic and interpretive framework that makes visible the
cultural-cognitive dynamics through which legitimacy is constructed,
contested and institutionalised. This position builds on earlier work that
frames semiotic analysis as a critical practice aimed at revealing power
relations, ideological assumptions and exclusions, rather than influ-
encing behaviour or securing compliance (Santamaria, 2023). Ethical
concerns around instrumentalisation arise precisely because SEF treats
legitimacy as culturally constructed and power-laden, rather than as a
neutral outcome of participation or preference aggregation.

To mitigate risks of instrumentalisation, SEF incorporates several
methodological safeguards. Code mapping is treated as an interpretive
and reflexive process requiring cultural and symbolic literacy, not
automated extraction or optimisation. The framework emphasises
transparency regarding whose codes are identified, by whom, and for
what purpose, foregrounding power asymmetries and analyst position-
ality. SEF is designed to surface legitimacy tensions rather than resolve
them instrumentally, supporting critical reflection on intervention
design and governance rather than prescribing acceptance. Any future
empirical operationalisation would therefore require ethical oversight
and clear governance arrangements to ensure symbolic analysis con-
tributes to more just and accountable sustainability transitions, rather
than functioning as legitimacy engineering.

6. Conclusion

Legitimacy remains one of the least predictable dimensions of sus-
tainability transitions. Projects succeed or fail not only on technical,
economic or institutional grounds, but on whether they resonate with
the symbolic codes through which communities interpret interventions.
Recognising these dynamics is not an optional add-on but a central
challenge for governing socio-ecological change.

This article has advanced a conceptual pathway for treating symbolic
codes as cultural variables within sustainability research. Rather than
displacing frameworks such as SES or CES, the Symbolic Ecology
Framework extends them by making explicit a dimension that often
remains implicit: the cultural-symbolic systems through which in-
terventions are rendered legitimate, contested or resisted.

SEF opens a dialogue between semiotics, environmental science, and
policy, building on earlier work in design semiotics and adapting it to
environmental research contexts. Without attention to symbolic codes,
socio-ecological analyses risk overlooking key dynamics shaping
implementation and contestation. Sustainability transitions concern not
only flows of energy and matter, but also the circulation and stabilisa-
tion of meaning. By formalising this insight, SEF contributes to a more
comprehensive understanding of transitions as simultaneously cultural,
technical and ecological, and invites greater reflexivity in how in-
terventions are designed, governed and interpreted.

Declaration of generative AI and Al-assisted technologies in the
writing process

During the preparation of this work the author used ChatGPT
(OpenAl) to refine language and improve clarity of expression. After
using this tool, the author reviewed and edited the content as needed
and takes full responsibility for the content of the published article.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

Current Research in Environmental Sustainability 11 (2026) 100340
Data availability
No data was used for the research described in the article.

References

Alexander, J.C., 2004. Cultural pragmatics: social performance between ritual and
strategy. Sociol Theory 22, 527-573. https://doi.org/10.1111/j.0735-
2751.2004.00233.x.

Barthes, R., 1972. In: Lavers, A. (Ed.), Mythologies. Hill and wang. Trans.

Batel, S., Devine-Wright, P., 2015. Towards a better understanding of people’s responses
to renewable energy technologies: insights from social representations theory. Public
Underst. Sci. 24, 311-325. https://doi.org/10.1177/0963662513514165.

Baudrillard, J., 1988. In: Poster, M. (Ed.), Selected Writings. Stanford University Press.

Bauwens, T., 2016. Explaining the diversity of motivations behind community renewable
energy. Energy Policy 93, 278-290. https://doi.org/10.1016/j.enpol.2016.03.017.

Benford, R.D., Snow, D.A., 2000. Framing processes and social movements: an overview
and assessment. Annu. Rev. Sociol. 26, 611-639. https://doi.org/10.1146/annurev.
s0c.26.1.611.

Bielig, M., Kacperski, C., Kutzner, F., 2024. Increasing retrofit device adoption in social
housing: evidence from two field experiments in Belgium. J. Environ. Psychol. 95,
102284. https://doi.org/10.1016/j.jenvp.2024.102284.

Cash, D.W., Clark, W.C., Alcock, F., Dickson, N.M., Eckley, N., Jéager, J., 2003. Salience,
credibility, legitimacy and boundaries: Linking research, assessment and decision
making. In: KSG Working Paper Series, RWP03-045. Harvard University. https://doi.
org/10.2139/ssrn.372280.

Chan, K.M.A., Balvanera, P., Benessaiah, K., Chapman, M., Diaz, S., Gomez-
Baggethun, E., Turner, N., 2016. Why protect nature? Rethinking values and the
environment. Proc. Natl. Acad. Sci. U. S. A. 113, 1462-1465. https://doi.org/
10.1073/pnas.1525002113.

Daniel, T.C., Muhar, A., Arnberger, A., Aznar, O., Boyd, J.W., Chan, K.M.A., von der
Dunk, A., 2012. Contributions of cultural services to the ecosystem services agenda.
Proc. Natl. Acad. Sci. U. S. A. 109, 8812-8819. https://doi.org/10.1073/
pnas.1114773109.

De Marchi, B., Scolobig, A., Pellegrini, C., 2023. Environmental health communication in
a contaminated site: the case of Porto Torres, Italy. Front. Commun. 8, 1217427.
https://doi.org/10.3389/fcomm.2023.1217427.

de Vreese, C.H., Boomgaarden, H.G., 2003. Valenced news frames and public support for
the EU. Communications 28, 361-381. https://doi.org/10.1515/comm.2003.024.

Deephouse, D.L., Suchman, M.C., 2008. Legitimacy in organizational institutionalism. In:
Greenwood, R., Oliver, C., Suddaby, R., Sahlin, K. (Eds.), The SAGE Handbook of
Organizational Institutionalism. SAGE Publications, pp. 49-77. https://doi.org/
10.4135/9781849200387.n2.

Devine-Wright, P., 2009. Rethinking NIMBYism: the role of place attachment and place
identity in explaining place-protective action. J. Community Appl. Soc. Psychol. 19,
426-441. https://doi.org/10.1002/casp.1004.

Fish, R., Church, A., Winter, M., 2016. Conceptualising cultural ecosystem services: a
novel framework for research and critical engagement. Ecosyst. Serv. 21, 208-217.
https://doi.org/10.1016/j.ecoser.2016.09.002.

Frijda, N.H., 1986. The Emotions. Cambridge University Press.

Fuenfschilling, L., 2019. An institutional perspective on sustainability transitions. In:
Boons, F., McMeekin, A. (Eds.), Handbook of Sustainable Innovation. Edward Elgar
Publishing, pp. 219-236. https://doi.org/10.4337/9781788112574.00020.

Fuenfschilling, L., Truffer, B., 2016. The interplay of institutions, actors and technologies
in socio-technical systems: an analysis of transformations in the Australian urban
water sector. Technol. Forecast. Soc. Change 103, 298-312. https://doi.org/
10.1016/j.techfore.2015.11.023.

Geels, F.W., 2002. Technological transitions as evolutionary reconfiguration processes: a
multi-level perspective and a case-study. Res. Policy 31, 1257-1274. https://doi.
org/10.1016/50048-7333(02)00062-8.

Geels, F.W., Verhees, B., 2011. Cultural legitimacy and framing struggles in innovation
journeys: a cultural-performative perspective and a case study of Dutch nuclear
energy (1945-1986). Technol. Forecast. Soc. Change 78, 910-930. https://doi.org/
10.1016/j.techfore.2010.12.004.

Haack, P., Schilke, O., Zucker, L.G., 2021. Legitimacy revisited: disentangling propriety,
validity, and consensus. J. Manage. Stud. 58, 1203-1236. https://doi.org/10.1111/
joms.12615.

Hall, S., 1980. Encoding/decoding. In: Hall, S., Hobson, D., Lowe, A., Willis, P. (Eds.),
Culture, Media, Language. Hutchinson, pp. 128-138.

IPBES, 2024. Summary for Policymakers of the Assessment of Transformative Change.
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services.
https://ipbes.net.

IPCC, 2023. Climate Change 2023: Synthesis Report. Contribution of Working Groups I,
II and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change.

Jobert, A., Laborgne, P., Mimler, S., 2007. Local acceptance of wind energy: factors of
success identified in French and German case studies. Energy Policy 35, 2751-2760.
https://doi.org/10.1016/j.enpol.2006.12.005.

Kollmuss, A., Agyeman, J., 2002. Mind the gap: why do people act environmentally and
what are the barriers to pro-environmental behavior? Environ. Educ. Res. 8,
239-260. https://doi.org/10.1080/13504620220145401.

Kress, G., van Leeuwen, T., 2001. Multimodal Discourse: The Modes and Media of
Contemporary Communication. Arnold.


https://doi.org/10.1111/j.0735-2751.2004.00233.x
https://doi.org/10.1111/j.0735-2751.2004.00233.x
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0025
https://doi.org/10.1177/0963662513514165
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0035
https://doi.org/10.1016/j.enpol.2016.03.017
https://doi.org/10.1146/annurev.soc.26.1.611
https://doi.org/10.1146/annurev.soc.26.1.611
https://doi.org/10.1016/j.jenvp.2024.102284
https://doi.org/10.2139/ssrn.372280
https://doi.org/10.2139/ssrn.372280
https://doi.org/10.1073/pnas.1525002113
https://doi.org/10.1073/pnas.1525002113
https://doi.org/10.1073/pnas.1114773109
https://doi.org/10.1073/pnas.1114773109
https://doi.org/10.3389/fcomm.2023.1217427
https://doi.org/10.1515/comm.2003.024
https://doi.org/10.4135/9781849200387.n2
https://doi.org/10.4135/9781849200387.n2
https://doi.org/10.1002/casp.1004
https://doi.org/10.1016/j.ecoser.2016.09.002
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0100
https://doi.org/10.4337/9781788112574.00020
https://doi.org/10.1016/j.techfore.2015.11.023
https://doi.org/10.1016/j.techfore.2015.11.023
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1016/j.techfore.2010.12.004
https://doi.org/10.1016/j.techfore.2010.12.004
https://doi.org/10.1111/joms.12615
https://doi.org/10.1111/joms.12615
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0130
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0130
https://ipbes.net
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0140
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0140
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0140
https://doi.org/10.1016/j.enpol.2006.12.005
https://doi.org/10.1080/13504620220145401
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0155
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0155

L. Santamaria

Lewicka, M., 2011. Place attachment: how far have we come in the last 40 years?

J. Environ. Psychol. 31, 207-230. https://doi.org/10.1016/j.jenvp.2010.10.001.

Lorimer, J., Sandom, C., Jepson, P., Doughty, C., Barua, M., Kirby, K.J., 2015. Rewilding:
science, practice, and politics. Annu. Rev. Env. Resour. 40, 39-62. https://doi.org/
10.1146/annurev-environ-102014-021406.

Manyani, A., Nsengiyumva, A., Kizito, F., 2024. Mapping the evolution and trends of
social-ecological systems research: a bibliometric review. Ecol. Soc. 29, 33. https://
doi.org/10.5751/ES-14694-290133.

McCombs, M.E., Shaw, D.L., 1972. The agenda-setting function of mass media. Public
Opin. Q. 36, 176-187. https://doi.org/10.1086,/267990.

McGinnis, M.D., Ostrom, E., 2014. Social-ecological system framework: initial changes
and continuing challenges. Ecol. Soc. 19, 30. https://doi.org/10.5751/ES-06387-
190230.

McNamara, K.E., Prasad, S.S., 2014. Coping with extreme weather: communities in
Samoa and Fiji. Reg. Environ. Chang. 14, 1293-1304. https://doi.org/10.1007/
5s10584-013-1047-2.

Nisbet, M.C., 2009. Communicating climate change: why frames matter for public
engagement. Environment 51, 12-23. https://doi.org/10.3200/ENVT.51.2.12-23.

Noth, W., 1990. Handbook of Semiotics. Indiana University Press.

Ostrom, E., 2009. A general framework for analyzing sustainability of social-ecological
systems. Science 325, 419-422. https://doi.org/10.1126/science.1172133.

Oswald, L.R., 2015. Creating Value: The Theory and Practice of Marketing Semiotics
Research. Oxford University Press.

Oswald, L.R., 2020. Doing Semiotics: A Research Guide for Marketers at the Edge of
Culture. Oxford University Press.

Partelow, S., 2018. A review of the social-ecological systems framework: applications,
methods, modifications, and challenges. Ecol. Soc. 23, 36. https://doi.org/10.5751/
ES-10594-230436.

Pasqualetti, M.J., 2011. Social barriers to renewable energy landscapes. Geogr. Rev. 101,
201-223. https://doi.org/10.1111/j.1931-0846.2011.00087.x.

Rapaille, C., 2007. The Culture Code: An Ingenious Way to Understand Why People
Around the World Live and Buy as They Do. Broadway Books.

Current Research in Environmental Sustainability 11 (2026) 100340

Santamaria, L., 2020. It’s all about con[text]: A design semiotics approach for managing
meaning-value in innovation processes. In: Oswald, L. (Ed.), Marketing Semiotics: A
Research Guide for Marketers at the Edge of Culture. Oxford University Press.

Santamaria, L., 2023. Seeing the invisible: revisiting the value of critical tools in design
research for social change. In: Rogers, P., Yee, J. (Eds.), The Routledge Companion to
Design Research, second ed. Routledge, pp. 415-428.

Santamaria, L., Escobar-Tello, M.C., Ross, T., 2016. Switch the channel: using cultural
codes for designing and positioning sustainable products and services for
mainstream audiences. J. Clean. Prod. 123, 16-27. https://doi.org/10.1016/j.
jclepro.2015.09.130.

Schéfer, M.S., O’Neill, S., 2017. Frame analysis in climate change communication. In:
Nisbet, M.C., Markowitz, E. (Eds.), Oxford Research Encyclopedia of Climate
Science. Oxford University Press. https://doi.org/10.1093/acrefore/
9780190228620.013.487.

Schwartz, S.H., Cieciuch, J., Vecchione, M., Davidov, E., Fischer, R., Beierlein, C.,
Ramos, A., Verkasalo, M., Lonngqvist, J.-E., Demirutku, K., Dirilen-Gumus, O.,
Konty, M., 2012. Refining the theory of basic individual values. J. Pers. Soc. Psychol.
103, 663-688. https://doi.org/10.1037/a0029393.

Scott, W.R., 2014. Institutions and Organizations: Ideas, Interests, and Identities, fourth
ed. SAGE Publications.

Suchman, M.C., 1995. Managing legitimacy: strategic and institutional approaches.
Acad. Manage. Rev. 20, 571-610. https://doi.org/10.5465/amr.1995.9508080331.

Walker, G., Devine-Wright, P., 2008. Community renewable energy: what should it
mean? Energy Policy 36, 497-500. https://doi.org/10.1016/j.enpol.2007.10.019.

Williams, R., 1977. Marxism and Literature. Oxford University Press.

Wolsink, M., 2007. Wind power implementation: the nature of public attitudes and
acceptance. Energy Policy 35, 2705-2716. https://doi.org/10.1016/j.
enpol.2006.12.004.

Wolsko, C., Ariceaga, H., Seiden, J., 2016. Red, white, and blue enough to be green:
effects of moral framing on climate change attitudes and conservation behaviors.
J. Exp. Soc. Psychol. 65, 7-19. https://doi.org/10.1016/].jesp.2016.02.005.


https://doi.org/10.1016/j.jenvp.2010.10.001
https://doi.org/10.1146/annurev-environ-102014-021406
https://doi.org/10.1146/annurev-environ-102014-021406
https://doi.org/10.5751/ES-14694-290133
https://doi.org/10.5751/ES-14694-290133
https://doi.org/10.1086/267990
https://doi.org/10.5751/ES-06387-190230
https://doi.org/10.5751/ES-06387-190230
https://doi.org/10.1007/s10584-013-1047-2
https://doi.org/10.1007/s10584-013-1047-2
https://doi.org/10.3200/ENVT.51.2.12-23
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0195
https://doi.org/10.1126/science.1172133
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0205
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0205
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0210
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0210
https://doi.org/10.5751/ES-10594-230436
https://doi.org/10.5751/ES-10594-230436
https://doi.org/10.1111/j.1931-0846.2011.00087.x
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0225
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0225
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0010
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0010
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0010
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0015
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0015
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0015
https://doi.org/10.1016/j.jclepro.2015.09.130
https://doi.org/10.1016/j.jclepro.2015.09.130
https://doi.org/10.1093/acrefore/9780190228620.013.487
https://doi.org/10.1093/acrefore/9780190228620.013.487
https://doi.org/10.1037/a0029393
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0240
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0240
https://doi.org/10.5465/amr.1995.9508080331
https://doi.org/10.1016/j.enpol.2007.10.019
http://refhub.elsevier.com/S2666-0490(26)00008-3/rf0260
https://doi.org/10.1016/j.enpol.2006.12.004
https://doi.org/10.1016/j.enpol.2006.12.004
https://doi.org/10.1016/j.jesp.2016.02.005

	Code ecologies: Integrating cultural legitimacy analysis in sustainability transitions
	1 Introduction
	1.1 Scope and contribution

	2 Literature review
	2.1 Environmental science approaches to human dimensions, and the cultural blind spot
	2.2 Semiotics and symbolic codes
	2.3 The blind spot, clarified

	3 The symbolic ecology framework: conceptual premises and analytical structure
	3.1 Categories for code mapping
	3.2 Variables and attributes
	3.3 Symbolic Alignment Index (SAI)

	4 Illustrative application: renewable energy siting
	4.1 Codes as cultural variables
	4.2 Illustrative modelling (conceptual)
	4.3 Designing and framing interventions with the SAI

	5 Implications
	5.1 Implications for environmental science
	5.2 Theoretical contribution
	5.3 Methodological contribution
	5.4 Policy and practice
	5.5 Empirical research agenda
	5.6 Ethical and governance considerations

	6 Conclusion
	Declaration of generative AI and AI-assisted technologies in the writing process
	Declaration of competing interest
	Data availability
	References


