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Abstract: Urbanizing social-ecological systems often experience environmental degradation,
especially in the Global South. Traditional urban psychology has attributed this to decreasing
environmental concern due to weakening connections to nature. However, urban psychological
research has barely considered how predictions may improve when including psychological
complexity, exemplified by context, in the urbanization-concern link. In this work, we test for
sensitivity of a loss of nature connection to cultural context, for substitution by additional southern
urban features, and for the emergence of aggregate preferences based on the feedback between
these mediators in regard to the overall relationship. Our structural equations model is calibrated
using original survey data from the globalized southern megacity Bangalore, India. The spatial
explicitness of our data allows for representative sampling from its rich urban variation. Spatial lags
of exogenous variables provide instrumental variables to control for endogeneity arising from
feedback. The results suggest that modernization-induced value change is the main policy leverage
that facilitates pro-environmental preferences within a uniquely Indian interplay of various urban
psychological effects.

Keywords: environmental concern; Global South; social-ecological systems; spatial instrument;
urbanization; urban psychology

1. Introduction

Globally, the percentage of people living in cities doubles approximately every 100 years.
However, it doubles every 30 years in the Global South [1]. This process, known as urbanization,
profoundly changes the complex interactions between human beings and their environment, that
is, within social-ecological systems [2]. In particular, urbanization is generally associated with an
overconsumption and degradation of environmental resources within and beyond a city’s limits [3].
However, examples of altered (rather than merely decreased) ecosystem service valuation and protection
do exist [4]. Therefore, urban policymakers in the Global South would benefit from quantitative models
that predict the most effective ways to establish more sustainable trajectories for their cities; however,
extant frameworks leave considerable room for improvement in this regard [5].

Inaccurate predictions might partly be explained by a persistently scarce representation of
psychological complexity in existing urban social-ecological system models due to unrealistically
simple relationships being employed, especially in the social part of the models [6]. This is illustrated
by the main, and often only assumption, that these frameworks rely on for explaining the changing
link from nature to people under urbanization—namely, that urbanization induces a loss of nature
experience [7–9]. More specifically, environmental degradation is often explained by decreasing
preferences for environmental protection, commonly expressed as (decreasing) environmental concern
(EC). This is attributed to an increasing distance between nature and humans under urbanization,
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which can be formally described as nature experience mediating a negative link between urbanization
and EC (the urbanization-concern link). However, reports of positive correlations between urbanization
and EC, particularly in the Global South (or simply, southern) cities, already suggest that predictions
of causal influence that are based on only this assumption could overlook decisive policy leverage [10].

These biased predictions could be explained by extant literature’s lack of adequately quantified,
complex psychological context for a few reasons [6,11]. First, both nature experience loss and other
mediator effects traditionally documented by urban psychology to reinforce an overall negative
urbanization-concern link [12] might not generalize to southern cities: the effects that have been
documented in the North are known to be sensitive to cultural context [13]. Second, southern
urbanization could strengthen separately documented, place-specific alternative contributors to EC
(e.g., modernization [14]). Third, and most importantly, all of these culturally relative urban features
that mediate the overall link from urbanization to EC are also likely to influence one another. Because
nature experience loss (for example) is often estimated without context and hence cannot control for
such feedback, we would expect these reports to suffer from confounding bias [6,15]. Taken together,
extant literature’s failure to account for these phenomena exemplifies a lack of complexity through a
lack of social context.

This study extends the literature by developing a joint model of these three previously neglected
mechanisms underlying the influence of urbanization on EC in the Global South. It thus illustrates,
for the case of urbanization-induced changes to the link from nature to people, how improved
quantification of social complexity might improve the predictions made by social-ecological system
models of urbanization. We demonstrate how the influence of population density is mediated by
nature experience, as well as by a variety of culturally relative substitutes for nature experience and
the interactions between these substitutes.

To this end, we derive a set of multidisciplinary indicators from the literature that include
a comprehensive spectrum of the mediating urban features [16]. We then jointly calibrate these
mechanisms in a structural equation model (SEM), using original survey data representative of the
rural–urban gradient of the rapidly globalizing, southern megacity of Bangalore, India [17]. Due to
also exemplifying accelerated population growth alongside exacerbated environmental problems in
the form of water scarcity [4], our sample thus includes a variation of all variables of interest in space.
Spatial explicitness also helps to quantify the interconnectedness of effects by providing instrumental
variables to model context-specific feedback among mediators and from EC to urban ecosystems [18].

Our results exemplify how the overall positive relationship is caused by a novel, southern
interaction of urban mechanisms: the positive mediation of nature experience in Bangalore is
unlikely to be replicated in northern cities. Moreover, controlling (spatial) feedback reveals how
modernization and globalization persistently outweigh the negative mediation caused by various
traditional urban features, like heterogeneity, in Bangalore. We expect that integrating these findings
into a social-ecological system model of urbanization will demonstrate how policymakers can reap
the benefits of southern urbanization for pro-environmental preferences by preserving indigenous
connections to nature and relying on modernization-induced changes of values. In future research,
predictions of real-world urban environmental degradation might benefit from additional complexity
in models and, for example, using moderation effects to explain attitude–behavior gaps.

The remaining sections are organized as follows. In Section 2, an explanation of the derivation
of our theoretical framework is presented. A description of our empirical approach is provided
in Section 3, and a discussion of the results is presented in Section 4. Finally, Section 5 provides a
conclusion with suggestions for future research.

2. Theoretical Background

This section demonstrates how we derived underlying mechanisms for the overall
urbanization-concern link that are capable of substituting and interacting with potential nature
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experience loss. Table A1 summarizes the theoretical justifications for each path in the structural
equations model.

Compared to those urban features that only mediate urbanization’s psychological effects, and that
are often employed as explanatory mechanisms for the latter, this derivation first builds on a still lively
discussion in disciplines like urban psychology, urban studies, and others, concerning a minimum
consensus on the exact meaning of the urban as such: from the Chicago school [19] to postcolonial
discourse [20] to new economic geography [16] and even planetary urbanization [21], all agree that
human agglomeration precedes all urban phenomena to some degree. Therefore, we subsequently
define both temporal and spatial changes in population density as indicators of urbanization as such.

The present analysis includes those mediating urban features of population density that are
traditionally included in urban psychology research (see Section 2.2). These mechanisms have largely
emerged in northern populations, and their most prominent feature is nature experience loss (see
Section 2.1). Section 2.2 specifically outlines how these mechanisms have been both changed and
complemented in the Global South of the 21st century. Our framework achieves its maximum possible
explanatory power by selecting features that map, directly and indirectly, onto well-documented
drivers of EC [14]. This process is aided by a long tradition in urban and environmental psychology of
examining how individual urban socio-environmental stimuli alter the human psyche [22].

It will then become evident that a number of the urban features mediating the influence of
urbanization are themselves subject to mediation, i.e., population density only affects some constructs
indirectly. The discussion will focus on these main paths (see Table A1 for a complete overview).
However, we exemplify how the feedback from the major mechanisms proposed by traditional urban
psychology already leads to theoretical ambiguity and hence the context-dependent nature of aggregate
EC effects.

2.1. Urbanization and Nature Experience

In the extant literature, the main mechanism explaining the direct negative effects of urbanization
on environmental concern is an alleged loss of nature experience [8,9,23].

Research now documents the large variety of ways in which humans derive value from interacting
with nature or from consuming ecosystem services [24]. The term nature experience could be
understood to encompass all types of relational value that people derive from interacting with cultural
ecosystem services, as opposed to values immanent in ecosystem services, that have the potential to
alter the individual human psyche [25,26].

Among many other psychological consequences, across societies, nature experience has often
been found to also affect EC positively: people who are emotionally attached to nature via frequent
encounters notice the environmental consequences of economic growth and, subsequently, adjust their
preferences in favor of protecting nature [26–28].

Artificially built urban environments not only change but also limit the quantity of such
experiences [8,29]. If preferences then affect behavior to some degree [30], this could lead to a
vicious feedback circle: urbanites are less concerned about environmental degradation, and as a
consequence, the quality of urban ecosystems decreases further [3]. Instead of becoming increasingly
concerned, already emotionally detached people are assumed to care even less about nature as they
derive less and less psychological value from the remaining environmental services [31].

Robust evidence in favor of such a negative reinforcement effect has even been found in joint
analyses with additional selected urban features [32]. However, it remains unclear whether the type of
nature experience conducive to EC by necessity always deteriorates together with the environmental
degradation witnessed under southern urbanization [33]. Emotional connections to nature arising
from positive nature experiences might be a stronger predictor for EC than negative degradation
exposure. These emotional connections might, in fact, be increasing across Global Southern cities:
value change could lead to an over proportional increase in appreciation of new and remaining cultural
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ecosystem services, for example, recreational experiences with the few remaining urban lakes of
Bangalore [4,25,34].

2.2. Traditional Urban Psychology

Beyond nature experience, traditional urban psychology’s extant analyses (including limited
joint ones) of urbanization-induced changes to social and physical environments (Figure 1, purple
constructs) hint at largely negative effects on EC (Figure 1, red paths). In this subsection, we explain
how these effects become less evident when different cultural settings are taken into account. Indeed,
it is possible that the effects on EC might even be positive in the Indian context.
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Purple indicates more “traditional” and bluer more “southern” mediators of the urbanization-concern
link. Green arrows indicate expected positive contributions to the overall effect, red arrows show
expected negative contributions, and black illustrates unclear effect signs that are independent of
cultural context.

Environmental psychology most frequently examines sensory stimulation, which is also the most
direct psychological consequence of urbanization. Sensory stimulation augments demand on the
nervous system, and research has widely demonstrated that this increased demand can result in
stress, and eventually, even depression [32]. In fact, most of the indirect effects of nature experience
on EC may be due to the absence of such stress (see Section 2.1). On the other hand, a person’s
level of closely-related worry is directly and positively linked to EC [35], such that it is plausible that
urbanization might positively influence EC. Conversely, overstimulation drives depression through the
loss of self-efficacy [32]. As the latter is generally considered to affect EC positively [14], urbanization’s
direct psychological effects have remained theoretically ambiguous. The psychological effects of
crowding also vary by cultural context, which contributes to this uncertainty in predictions about the
effects of urbanization [13].

We now outline more specific psychological consequences of human agglomeration that have come
to define urbanization. These consequences traditionally and more clearly imply negative effects on EC;
however, expectations of effects signs become more ambiguous in the Global South. First, stimulation



Sustainability 2020, 12, 10402 5 of 25

overload often causes social withdrawal, eventually leading to increased anonymity [36]. As mental
health issues often go together with missing support from social relationships, urban psychology has
jointly analyzed anonymity together with additional crowding effects [32].

Reinforced by such anonymous interactions, urban sociology has also found increased individualism
to emerge under crowding, that is, people constructing selves distinct from others [22]. Nevertheless,
both anonymity and individualism might present differently in the Global South. In India, for example,
it is possible that crowding might foster collectivism instead of individualism and thus also decrease
tendencies toward anonymity [37].

However, it should be expected that such constructs would have predominantly negative mediating
effects on EC because anonymity and individualism reduce altruism [38]. Altruism, caring about others’
wellbeing, has traditionally been a major predictor of EC [14] because it generalizes from concrete
experiences to abstract public goods [39]. Altruistic reduction, including as a direct result of crowding,
is another classical urban sociology theory [36]. Again, it is possible, however, that different cultural
contexts could mitigate or potentially even reverse this relationship. For example, altruism may be
absent as a reaction to very low rates of anonymity [40]; in addition, generalization cannot be taken for
granted, which is indicated by the low levels of generalized morality often found, especially in rural
India [41].

In addition to increased stimulation, the way in which stimulation is altered by cities has always
been important in defining the urban and in studying urbanization’s psychological effects. It is to
be expected that the increased heterogeneity of an urban population will further negatively mediate
urbanization’s effect on EC. This is because, inevitably, condensed social diversity emphasizes the
inhabitants’ cultural and economic differences. It has been documented that such differences negatively
affect altruism via dilemma behaviors (particularized altruism first, and then generalized altruism) [42].
Moreover, heterogeneity seems likely to be reinforced positively by anonymity, which links back to
heterogeneity through individualism [43]. However, segregating along cultural/economic lines might
limit people’s perceptions of such differences, which is particularly the case in many polarized southern
cities [44]. Moreover, generalized altruism, in particular, may remain limited, which is especially true
in India, given that social obligations often do not extend beyond people’s own caste [45].

An emergence of such heterogeneity becomes possible only given opportunities for socioeconomic
dynamics [46]: such changes in social norm appears likely to cause aggregate negative contributions for
a few reasons. First, a reinforcement of heterogeneity through feedback is also likely because increased
physical mobility, which is required by densely-built environments, is conducive to the freedom
allowing for social change [47]. Second, socioeconomic dynamics favor the rise of individualism
through an increase in anonymity [47]. As described above, these factors all ultimately lead to negative
repercussions for altruism [48]. Finally, it has been suggested that negative mediation occurs because
of a negative relationship between dynamics and place attachment; people’s emotional connections
to a place are expected to decrease in dynamics even more so than in anonymity and individualism.
However, these emotional connections do positively predict EC [49].

Cultural relativity, however, might also invalidate predictions in the case of dynamics. Because of
the social hierarchies persisting across the Global South, social norm change often fails [50]. Particularly
in India, the existing hierarchy and power structures often will even create incentives to meet new
ideas with reactance, so that dynamics might even decrease [51]. The generalized morality that
results from altruism, or increased anonymity, may help in lifting such mechanisms of control [41].
Otherwise, we would expect power to benefit EC by limiting the negative influence on the urbanization
of these dynamics.

In sum, we present the following hypothesis: neither the cultural relativity of nor the feedback
between traditional urban features affect the negative mediation of urban influence on EC. This holds
for the mediators of nature experience loss, heterogeneity and socioeconomic dynamics, anonymity
and individualism, and altruism reduction. Crowding could add to this via deflating self-efficacy, or it
could contribute to its mitigation by fostering depression.
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2.3. Southern Urbanization

In this subsection, we outline the qualitative and mainly positive changes in a number of stimuli
that are associated with 21st-century urbanization in the Global South. These changes are already
common in rural areas in the North. Psychological (northern) urbanization analyses, therefore, do
not regularly feature these processes (Figure 1, blue bubbles). Even though the emergence of such
positive contributions will be less evident in India, positive net effects of urbanization on EC become
more likely when they are added to the model. This is because many southern urban features both
positively link to concern (Figure 1, green arrows) and are positively reinforced by nature experience
and other traditional mediators (as described above).

The broad sociological concept of modernization constitutes a prominent case in point: human
settlements pave the way for any economic activity, though conversely, some cities only came into
existence as capitalist factories [52] (note that both socioeconomic and physical dynamics (migration)
are expected to mediate this type of feedback). Economic growth is closely related to the education,
rationality, long-term orientation, self-efficacy, and openness to experience of a city’s residents [53].
Even traditional urban psychology sometimes assumes (without explicitly modeling) these constructs,
taken together, to be the major processes underlying the positive urbanization-concern link [54].

However, it should be expected that this positive mediation will become increasingly influential
in the Global South. Without an explicit connection to EC, and despite the cultural relativity of
certain elements in the constructed process [55], southern urban psychology has long recognized
modernization’s central role [56]. The reason is that, in the North, lifestyles associated with economic
modernization are encountered even in remote mountain resorts that otherwise appear very rural,
and, sometimes, it is even asserted that such lifestyles vary most within cities [57]. As a consequence,
economic modernization has even been confused with being urban [57]. While similar effects are also
observed in many southern cities, economic development is still heavily dependent on urbanization
due to persistent dual economies there [44,58]. For example, infamous “gated” communities are mostly
encountered relatively close to cities. However, these communities are often smaller and less dense
and are thus also less urban than informal settlements.

Furthermore, political “modernization,” or improvements in governance, also constitute a frequent
covariate of large, dense agglomerations. This is because agglomerations of people create incentives
for the provision of public goods [58], and the rule of law can result from the formalization of
land titles that are required as density increases [16]. Moreover, an aggregate, positive mediation
should be expected because governance often exhibits mutual reinforcement with other elements of
modernization; however, these contributions might vary with culture-dependent power structures, to
which governance is inversely related [59].

In addition to these varying forms of direct influence, modernization can potentially mitigate or
even invert the negative expectations of the effects of numerous traditional mediators of urbanization
on EC in a few ways. First, we expect both socioeconomic and physical dynamics to equally facilitate
(e.g., economic development) and benefit (e.g., from education [60]) from modernization. Due to
this, as well as competition for ideas and economic success, modernization’s positive contributions
will likely also increase with heterogeneity [61]. Second, modernization could mitigate anonymity
because it fosters openness to experience [62], even though the reverse is also possible due to a
reduced dependence on informal insurance [46]. Third, modernization (it is commonly assumed)
exacerbates individualism [63], which is reinforced by feedback through heterogeneity [62]. Note
how heterogeneity, dynamics, and anonymity work against generalized morality and may thus
inhibit modern governance [64]. However, in India, modernization might reinforce collectivism and,
consequently, also altruism [37].

Finally, it is also to be expected that modernization will positively reinforce altruism more
generally. The reason for this expectation is that, first, income might directly benefit altruism, as it
constitutes an example of a luxury good. Modernization’s positive direct effects could moreover be
expected to apply to generalized altruism, which is a norm that society adopts either by education or
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through experiencing “good” modern governance [41]. Second, this circles back to modernization,
as generalized altruism facilitates modern economic exchange [41]. It is important to note, however,
that such reinforcement might be kept at bay by negative effects feeding back from modernization
to environmental conditions as economic growth is strongly dependent on a number of ecosystem
services [24]. Positive reinforcement may equally be limited if rigid Indian power structures, as well as
polarization and heterogeneity, prevent positive feedback via governance [64].

Globalization is another example of a positive mediator that traditional urban psychology often
neglects. Globalization relies on the transnational movement of goods, ideas, and people, and all of these
elements directly benefit from city infrastructure [65]. As a result, ideas in particular have the potential
to positively translate urbanization into EC, as ideas often contain pro-environmental norms [66].
Moreover, it is straightforward to expect that modernization will reinforce globalization, which could
lead to higher correlations of globalization with urbanization in the Global South. One reason for this
is that globalization transmits attitudes conducive to modernization [66]. Another reason for this is
that globalization agglomerates spatial development [67]. Both of these effects should be more obvious
in southern nations whose rural areas often still lack technological innovation [68].

In addition, globalization could further mitigate the negative effects of dynamics and heterogeneity;
for instance, instead of only affecting altruism negatively, they might also reflect positive,
globalization-induced norm changes [69]. This effect, however, could be reversed if the new norms
help to equalize the traditional heterogeneities in India [70]. In addition, the frequent assumption of
mutual causation between globalization and individualism may even become negative there [70].

In sum, we maintain our hypothesis that the southern manifestations of such urban features
as modernization, globalization, and governance will mediate the influence of urbanization on EC
positively, which we expect will be partially explained by its interplay with traditional features.

3. Methods

3.1. Model

As we have demonstrated, the aggregate effects of urbanization onto EC result from complex
feedback between mediators unique to each city. We employed a structural equations model as the
conventional choice to jointly quantify all these relationships. To be able to control feedback, we
modeled all theoretically relevant paths explicitly rather than preselecting based on modification or fit
indices. The SEM consists of:

yn = Xnβ0n + ϕnWnyn + YN−nγn + ε0n (1)

for each urban feature n (including EC), where y is the 1-dimensional dependent variable, Y is a matrix
of all remaining constructs of interest, X is a matrix of globally exogenous regressors (for the whole
SEM), W is a spatial weights matrix, and ε is an error with spatial dependence. Including spatial lags
in the main equation allows for a first, direct way of modeling social context via the social norm of EC.

Estimation of the SEM is now complicated by the fact that, for one thing, mediation spreads
endogeneity arising from reverse causality between yn, Wnyn, and YN−n to all other equations in the
SEM and, for another, that there are more endogenous than exogenous variables. We tackled this
issue by constructing additional instruments from the exogenous variables’ (e.g., caste or distance
to city center) spatial lags [18]. For estimation of every yn, each vector ym in YN−n (and Wnyn) is
instrumented by:

ym = Xnβ1n + µnWnXn + ε1n (2)

As distance extends to infinity, it has been found that such lags become valid instruments for
the independent variables [71]. We confirmed this via the available, conventional validity checks
and performed corrections where necessary. More specifically, we instrumented variables based on
the Durbin–Wu–Hausman test, selected exogenous instruments based on the Sargan–Hansen test,
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and evaluated weakness via the Cragg–Donald statistic. In the case of weakness, we applied the
robust Fuller estimator and reconfirmed the results’ significance via the Anderson–Rubin test [72].
It is important to note that because this estimation procedure had not previously been applied in
a latent variable context, we used parceling (or average factors, [73]). However, we confirmed the
generalization of our latent variable results to these parcels first.

This procedure required estimating one equation at a time. However, it has been shown that such
limited information approaches suffer from efficiency losses compared to full (system) information
models, although they are still unbiased at least asymptotically [74].

The model’s interpretation was finally facilitated by aggregating into total effects over all paths
leading from (i) population density to each mediator and (ii) from each mediator to EC [75]. That is,
across the whole system of equations constituted by all significant coefficients (i.e., a subset of (1)),
we set each yi equal to 1, both in case of (i) urbanization and then (ii) each mediator. Lastly, total effects
were obtained from solving the resultant system of equations (i) for one urban mediator at a time or
(ii) for EC.

3.2. Measures

In this section, we explain how operationalizing the respective literature’s commonly-cited
constructs of interest yields a multidisciplinary indicator set. This is usually comprised of multiple
measures per variable that are then aggregated according to exploratory factor analysis. Due to the
number of constructs involved, we only explain the key measures here (see Table A2 for complete
details justifying why each item is included, for example, in the modernization factor).

We conducted a socioeconomic survey to obtain these measures (see next section). This survey
provided manifest variables at the village or cluster level. For example, the main independent variable
in this study was population density, and this survey included remote sensing data as a measurement
of it [76]. The survey data were then interpolated onto other manifest variables at the individual level,
such as the degree of formalization of land titles (governance) and standard demographic controls.
A number of constructs such as altruism were also available from incentivized, decomposed games at
this level; for instance, our altruism measure was the second mover decision in a trust game [77].

To measure latent variables at the individual level, the key to eliciting psychological complexity,
we also embedded a standardized questionnaire into the survey. In this regard, the survey’s context
required that we reduce the available scales to only include a few items each, which were then measured
on a five-point Likert scale from “strongly disagree” to “strongly agree” [78]. Due to survey constraints,
it was also not feasible to operationalize depression, self-efficacy, or place attachment. In our results
section, we discuss the likely mediation based on the model’s unexplained overall effect.

To ensure a high level of measurement validity in developing the scales for such a psychologically
heterogeneous sample, we gathered advice from local scientists, conducted several rounds of translation,
and applied “thinking aloud” techniques with a pretesting sample [79]. We took utmost care in training
interviewers to probe questions, paying special attention to the most likely causes of respondent
bias under such circumstances, understanding item content and social desirability [80]. While these
constructs were already controlled to a certain extend by further model variables, we over imputed
based on paradata gathered from audio files to tackle interviewer bias (see below).

Our dependent variable, EC, is the main example of such a latent variable. To operationalize it,
we relied on a shortened version of the widely-applied new environmental paradigm scale (NEP, [81]).
That is, as our baseline, we measured endorsement of the following two items: “Humans are
severely abusing the environment,” and “When humans interfere with nature, it produces disastrous
consequences.”

While the meaning of EC might substantially vary with cultural context, it has previously been
established that the above scale is representative of a variety of southern contexts [82]. In India, it has
been found that a four-factor structure is the most appropriate [83]; therefore, selecting only one item
for each factor seemed feasible considering previous reports of the scale’s high overall reliability.
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However, as a baseline, we regressed only on the narrowed, face-valid concern measure mentioned
above. It only included questions regarding the dimensions of eco-crisis and the balance of nature.
This scale demonstrated at least acceptable split-half reliability without further corrections (0.5).
As opposed to this, we had to subject the complete four-factor version to imputation of 22% of the
observations based on paradata we collected from audio records of the interviews in order to achieve
at least satisfactory omega-reliability of 0.55 [84]. We ensured that our conclusions using the baseline
measure were generalized to this sample via a robustness check. Note that mixed convergent validity
of EC might at least in part be related to culture rather than measurement (correlations were as expected
for altruism, income, education, age, status (caste), and being female, but did not correspond to our
hypotheses in cases of agreeableness, openness, time preference, abstract thinking, and knowledge).

We proxied nature experience, our main mediator variable and another example of a latent
construct, using a shortened version of a well-established measure of one’s emotional connection to
nature [85]. It has previously been established cross-culturally that this scale can represent several
positive experiences, as well as the resultant psychological attachment, which the present study
analyzes [86]. Our decision to collapse the scale to a single item is supported by the unidimensionality
of the construct, which is equally stable across cultures [86].

To increase model parsimony and also to justify aggregation of multiple indicators into variables,
we subjected all of the included mediator items to an exploratory factor analysis. Model parsimony,
in particular, facilitates estimation by reducing the number of variables to be instrumented.

The factors extracted by this analysis largely confirmed the theoretically postulated urbanization
mediators (Table A2). The strength of the loadings was still acceptable, considering that the
items covered very broad concepts and were not specifically developed as unidimensional
scales. The cross-loadings between modernization and socioeconomic dynamics disappeared in
a separate analysis.

Very few superfactors emerged that were not aggregated: The two different altruism levels, as
well as distance to city center as an element of urbanization, and one single dimension featuring both
nature experience and power, all entered the model separately to facilitate interpretation. As opposed
to this, only in the case of heterogeneity was no evidence found for the hypothesized factor in the data.
However, including inequality separately contributed to an increasingly realistic model given that,
despite mutual dependence (e.g., [16]), the literature featured slightly different paths to and from each
of these constructs (e.g., modernization [61]).

3.3. Data

We surveyed 1204 individuals randomly selected from two rural–urban transects in Bangalore,
India (Figure 2). The face-to-face administration of our standardized questionnaire (Section 3.2), which
was conducted in local languages, in people’s homes, and assisted by CAPI software, occurred between
November 2016 and March 2017 [87]. We usually spent several hours in every household to probe
particularly latent construct items with utmost care. Participation was dependent upon informed
and written consent. We obtained approval from the ethical review board of our institution for the
publication of all parts of this research (pre-approval for socioeconomic surveys was not common
practice at the time of data collection). Please also note that data is currently still being used by the
project and will thus only eventually be made publicly available.
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The sampling strategy was designed to ensure that the constructs of interest varied continuously
and representatively in space, which we achieved by stratifying urbanization at the village level (61
village clusters [76]). The transects that these clusters were selected from extended 40 km both to the
north and the south from the city center, so that agriculture-dominated rural India was present in
the sample in addition to within-city variation. We used sampling weights to correct for potential
underrepresentation of strongly populated urban wards and controlled for migration by duration of
residence. Within households, we sampled from decision-makers at simple random because it was
plausible that their preferences dominated environmental conditions in the often still hierarchical
Indian society.

We selected this study site as a case study, first of all, because of the magnitude of the environmental
impact of Indian urbanization; an improved understanding of this urbanization would benefit any
climate change prediction. It is projected that, by 2050, India will have experienced the largest absolute
increases in the number of urban inhabitants worldwide [88]. At the same time, environmental
degradation in India is over proportionally high, especially in cities [89].

Moreover, Bangalore, in particular, can be seen as a critical case that exemplifies the joint influence
of all hypothesized mechanisms in general. First, and with respect to the environment, Bangalore’s
long history of water scarcity illustrates both environmental resource degradation and altered but
persistent pro-environmental preferences [4]. Second, the city also allows for observing intertemporal
development in a cross section, because many southern urban phenomena vary strongly in space
here [90]. Thirdly, this is partly because of Bangalore’s unique position at the center of the Indian
IT boom; globalization has thus transferred phenomena known from traditional urban theorizing to
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Bangalore (e.g., also through norm transfer), and it has been documented that these phenomena need
to be reinterpreted within the unique Indian context [17].

Our sample captures this Indian variation well. For instance, the constructs of interest all vary
with urbanization significantly (Figure 3, Table A2). Whereas a positive spatial correlation between
urbanization and environmental concern is evident from Figure 2, it is thus implicit for all mediators
as well. Also, the high means and standard deviations for modernization (mean = 0.5, SD = 0.15),
globalization (0.6, 0.28), and heterogeneity (0.38, 0.14) imply that there are particularly pronounced
southern influences in Bangalore (see Table A2 for the complete demographic information). Uniquely
Indian effects for several traditional mediators are suggested by low mean values compared to
high standard deviations as well as unexpected indications of an urbanization link. For example,
individualism (0.17, 0.19) is correlated negatively to urbanization.

Finally, we found that nature experience exhibits a U-pattern while still increasing with
urbanization overall, as hypothesized (the final model only contains this linear effect in order
to require as few instrumental variables as possible). As expected, water access is low (mean = 0.52)
but varies substantially (SD = 0.3).
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4. Results and Discussion

4.1. Context and the Example of Nature Experience

This study’s main contribution is that it demonstrates the cultural relativity and interconnectedness
of the underlying psychological processes of the influence of urbanization on social-ecological
systems [6,7,11]. We will substantiate this first with some general observations, including some
regarding our methodological approach. We will then discuss the support for these observations in
detail, first from nature experience-related effects, then from confirmation of other hypotheses (mostly
regarding southern urban features), and then from unexpected findings (mostly regarding culturally
relative northern constructs, as well as their interactions). In very broad terms, we find that the
prediction bias for population density’s causal influence on environmental protection preferences (EC)
is substantially reduced when the context is included directly, i.e., culturally relative urban features
explain a large part of the overall effect. This is evidenced by the fact that the overall positive influence
of urbanization on EC is indeed replicated in our spatial sample from Bangalore [10]. However,
this influence is largely driven by the unique Indian mediating urban features, which previous
northern-based research may have overlooked (Figure 4). While nature experience exhibits links
unlikely to be observed in the global north, the main contributions of aggregated positive causality
stem from southern urbanization explanations (modernization and globalization). These features
dominate the negative contributions from various constructs traditionally studied by urban psychology
(e.g., heterogeneity and dynamics). However, other traditional crowding effects do reinforce a positive
aggregate influence in Bangalore (e.g., anonymity and generalized altruism), and a number of these
effects might persist beyond modernization (e.g., individualism and governance).
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estimation of SEM employing raw data, parceled variables, and no population weights for robust effect
sizes. For parsimony, neither feedback nor social norm, dynamics, or environmental conditions are
included in the representation.

Summarizing across all individual findings, context-dependence is further supported by the
interconnectedness of each effect with many other, culturally relative channels of influence. This is
evident from the strong sensitivity of our results to controlling (spatial) feedback. Specifically, we
employ spatial instrumental variable regression for aggregation and interpretation as we find it to
be superior amongst all models (Table A3, column 5). This conclusion is based on comparing it to
small efficiency gains when moving from parceled to latent variable representation of constructs when
employing the full, 4-dimensional EC scale as a dependent variable or when introducing sampling
weights. In spite of indications of weak instruments in some instances (e.g., governance and generalized
altruism), this model specification by and large replicates the baseline results (without instrumentation,
i.e. from ordinary least squares regression, OLS). Moreover, it often reveals additional, theoretically
expected feedback mechanisms through significant coefficients (modernization, anonymity, and nature
experience). Note that weak instruments (and hence, efficiency issues even when refraining to robust
significant tests) are suspected whenever effects that are stable in most other models turn significant
in two-stage least squares only once we drop other endogenous regressors. For interpretation and
aggregation, we use insignificant but instrumented coefficients when this happens.

The details of our findings on the mediation of nature experience exemplifies both of our general
claims, as only the instrumented model fully elucidates how our southern data confirms the positive
mediation hypothesis. The unique type of experience that we test for positively affects EC and
increases under urbanization. This indicates that the qualitative appreciation of such experiences
is so sizably benefitted that it outweighs any quantitative loss [33]. Moreover, this effect appears to
also outweigh negative environmental degradation experiences. Specifically, controlling for negative
feedback from urbanization to environmental conditions through modernization that we are able
to replicate strengthens the positive mediation of nature experience; however, mediation is already
positive in the baseline specification (Table A3 [31]).



Sustainability 2020, 12, 10402 14 of 25

It is important to note here that, while it is unlikely that this substantial change in the meaning of
nature experience will be replicated under northern urbanization conditions, a generalization across
the Global South remains circumstance dependent. In particular, different cultures may not benefit as
much from the pronounced spiritual meaning that relational values of nature experience continue to
exhibit prominently in Indian cities [91]. Furthermore, Bangalore is characterized by pull urbanization
(i.e., Bangalore’s agriculture and its close connection to nature is not abandoned out of necessity, but
because of the advantages of city life), which may lead to more positive memories compared to push
urbanization elsewhere [92].

4.2. Positive Southern and Negative Northern Contributions

The largest absolute contributions of urbanization’s overall influence on EC originate not in
nature experience but in the two uniquely southern mediators. This fact is particularly evident in the
modernization of Bangalore as the positive aggregate effects from both urbanization to modernization and
from modernization to concern exceed the traditional constructs’ effect sizes by a factor of approximately
50 to 1000 here (Figure 4). This result provides quantitative support for extant qualitative reasoning [54].
It emerges from a variety of significant relationships to other mediators, and the number of such
links even increases with instrumentation (Table A3). This indicates that the measurement validity
of the construct is high enough to avoid inference problems despite the descriptively encountered
weak factoring. We therefore expect that utilizing better instruments to increase model efficiency will
provide even stronger evidence in favor of our hypotheses.

As noted previously, this mediator’s full potential is only revealed in its interaction with additional,
place-specific urban features. Bangalore’s high level of globalization is the main enhancer of the effect
of modernization through a mutually positive causation [17]. In addition, it positively mediates
urbanization’s effect on concern (Figure 4). Finally, governance also reinforces modernization’s positive
effect via an unexpected double negation (Table A3): the speed of urbanization in Bangalore may
explain why governance decreases with it here. The negative influence of governance on modernization
could be due to initially negative bureaucratic traditions in India that might have minimized economic
activity [58]. However, both of these findings contradict our expectations and may differ in other
southern settings or with stronger instruments (even in Bangalore).

While comparatively small, the qualitative stimulus changes of socioeconomic dynamics and
heterogeneity still carry a traditional, negative meaning in Bangalore (Figure 4). Specifically, both
constructs are positively affected by urbanization but impact negatively upon altruism. Dynamics
and heterogeneity thus account for a considerable share of urbanization’s negative repercussions for
altruism [42] instead of supporting the positive influence of modernization and globalization like we
hypothesized [60]. For example, modernization and globalization both drive dynamics, heterogeneity,
or economic inequality (negative mediators of the urbanization-concern link), but positive-direct
feedback is weak in most OLS specifications and disappears with instrumentation.

We interpret all of this as due to the ambiguous contributions of Bangalore’s unique setting:
globalization-induced modernization facilitates EC directly but also reinforces traditional, negative
mediators of the overall relationship under scrutiny. Stronger feedback from dynamics to modernization
could help mitigate these negative contributions elsewhere. However, in our sample, and perhaps
pointing to the social rigidities still dominant in India today, dynamics exhibit very low mean
values [51]. It remains to be seen whether globalization induces norm change here before its own
positive momentum levels off.

4.3. Traditional Urban Psychology Revisited

Not only nature experience, but also other traditional mediators of the urbanization-concern link
exhibit uniquely Indian effects. Once again, positive effects outnumber the traditional, more direct
psychological implications of urbanization, especially when considering feedback. While these
mechanisms are comparatively small in magnitude and unlikely to remain stable across cultures,
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they are not strictly dependent on southern urban features. Aggregate positive mediation may
increasingly depend on them once the influence of modernization and globalization decreases.

This is first exemplified by the fact that EC remains independent of its social norm. Still low levels
of EC in India may be an explanation, as social norms usually loom large here [51]. At later stages of
urbanization, the norm may thus boost overall effects.

Next, anonymity also exhibits a small but positive overall mediation effect. It links to urbanization
as hypothesized, but also benefits altruism. Reactance to initially hardly existent anonymity may
provide an explanation [40]. Moreover, anonymity even mitigates the negative mediation by some of
the other traditional constructs studied. This is predominantly because it benefits from heterogeneity
and dynamics. Overall, anonymity’s aggregate effect still remains bounded by certain aspects of
modernization, like openness to experience. As this influence does not conform to any theoretically
available explanation, it could be expected to change in replication and lead to another traditional
urban mechanism that positively reinforces a southern one. However, given the comparative effect
sizes, we would then expect anonymity to have a dominant-negative contribution to Indian EC (as in
traditional findings).

We further found that individualism neutralizes anonymity’s positive contribution by a negative
mediation overall (Figure 4). Individualism positively influences EC because of mutually positive
feedback between the two traditional constructs (which is expected); however, individualism robustly
decreases in both urbanization and modernization. This neutralization can be explained by cultural
relativity in regard to crowding’s psychological consequences and by the relational independence
that could be replacing collectivism in India [37]. Once again, we thus find positive reinforcement of
traditional urban features by the Indian notion of southern ones, rather than negative. In the aggregate,
it is possible that we will observe positive contributions by individualism if the anonymity sign changes
at later urbanization stages. This is, however, conditional on the comparative magnitudes of other
feedback mechanisms, much like on culturally relative notions of anonymity.

One final positive mediation emerges in the case of traditional constructs of generalized altruism.
Like particularized altruism, it also decreases in density-induced sensory over-stimulation. However,
generalized altruism also exhibits negative and direct effects on concern. They could indicate
substitution between investments in different types of relationships [93]. In particular, people could
have an upper bound on the emotional resources they are willing to invest in public goods. Caring
about the environment and social relationships with strangers (i.e., generalized altruism) are both
examples of this type of risky investment. When survival no longer depends on concern for concrete
environments, it could be that the circle of humans one cares for is the first to widen. Note a positive
yet highly counterintuitive reinforcement of this link by power structures. Motivated reasoning may
explain why they inhibit modern governance yet are positively affected by both urbanization and
generalized altruism [94]. Summarizing, this double negation in the case of generalized altruism
seems unlikely to last, even in India. What is more, it might be accounted for by mere efficiency issues
related to weak power and governance instruments; if more feedback effects became significant, total
contributions for these mediators could be altered.

In summary, the share of the overall effect that our model is unable to explain might ultimately
confirm those traditional effects that are likely to persist and be beneficial to EC. For instance, if
urbanization indeed results in increased stress, depression could more generally foster concern.
In comparison, mediation by self-efficacy and place attachment would predict negative mediation, and
hence, it cannot explain the remaining positive influence of urbanization. Despite these issues and
given the size of the overall effect remaining unexplained by the mechanisms studied, we expect that
operationalizing these constructs would improve our predictive power. We also expect that additional
theorizing would benefit our understanding of this topic more generally.
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5. Conclusions

Extant urban psychological research has overlooked how different understandings of the
urban experience jointly interact with human psychology in different ways depending on the
socio-psychological context. Social-ecological system models have thus relied on biased quantifications
of urbanization’s effects, especially with regard to social complexity. A narrowed focus on nature
experience loss, however, may underestimate its potentially decisive policy leverage.

In this work, we demonstrate how governing environmental preferences during the process
of urbanization may benefit from models of nature experience dynamics that include concurrent
mediating mechanisms, as well as data from the Global South. This is evident from the fact that our
spatial replication of a positive urbanization-concern link in Bangalore, India, is first explained by
positive nature experience dynamics that are unlikely to be replicated in the North. This implies that
policymakers can build on the uniquely southern roots of environmentalism [91].

Second, our findings suggest that policymakers rely on socioeconomic development as the main
driver of pro-environmental preferences. They could exploit positive mediation by modernization
as the main reason why southern urbanization might not negatively affect socio-ecological systems
after all [9]. However, only a model that jointly analyzes urban features and the feedback between
them (as achieved by our spatial two-stage least squares) can reveal how such social context outweighs
the negative mediation of traditional urban features (e.g., heterogeneity). Extending the validity
of mechanisms found in the laboratory by field surveys allowing for controlling real-world social
dynamics spatially could thus be interpreted as a methodological implication of our research.

It is important that future research substantiates our promising findings in a number of respects.
First, future studies that engage in a context-sensitive replication of our findings in different (southern)
cities should demonstrate external validity, especially where push urbanization could lead to less
positive nature experience memories. Exploring further psychologically relevant urban features could
thereby increase the explanatory power [11]. Second, it is necessary that our findings be tested further
for their relation to real-world pro-environmental behaviors. In particular, the discrepancy between our
findings and actual urbanizing social-ecological systems could be accounted for by an attitude–behavior
gap [30]. This could be revealed by enriching future models with even more complexity. Future
research could experiment with specification complexities that our model omits (e.g., by moderating the
preference–environment link by modernization [95]). Alternatively, future research could incorporate
ecological complexities, as the present study relied on potentially non-representative water access [96]

Finally, we call on future research to explore the validity of these constructs and scales at a
more profound level. We expect that more comprehensive, multi-item measures would improve the
item statistics and subsequent confidence in the findings. However, it then remains possible that
cross-cultural measurement variance could still hide the culturally relative meanings of item content
and might overlook more relevant mental patterns in predicting pro-environmental behavior [79].
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Appendix A

Table A1. Theoretical pathmodel.

Dependent (Equations)

indepent variables env concern gen. altru. part. altruism dynam. hetero. (ineq.) power anonym. individualism modern. global. govern. nat. experience environ. conditions urban

env concern [1]
lagged env concern [14]
generalized altruism [14] (no evidence) † [41] [41]
particular. altruism (partic. NEP) [39]

dynamics
(through part.

altru.: see there)
†

(through
anonymity: [48])

†

[46]
(see

heterog.
below) †

(logical
reverse
cause)

(see heterog.
below) † [60]

(through
heterog.

logically) †
[52]

(lag_dyn) (alternat. social
rigidity)

heterog. [41] [42] [46]
(through
anonym.

[64]) †
[43]

(through
anonymity

[43]) †
[61] [64]

power [50]
(logical
through

govern., . . . ) †
(obvious)

anonymity
(through part.

altru.: see there)
†

[38] (through
power) † [41] (classic)

(through
gen. altru.

[64])

individualism
(through part.

altru.: see there)
†

[38] [43] (classic)
(through

dynamics [62])
†

(logical
reverse
cause)

moderniz. [10,54] [41] (classic) [60] [61]
(through

gen. altru.:
[41] †

[46,62] [63] [67] [59] (obvious by e.g.,
media coverage) [52]

globaliz. [14] (through
modern.) † [69] [69]

(logical
through

heterog.) †
[56] [67]

governance (logical reverse
caus)

(through
modern.

logically) †

(through
gen. altru.

[41]) †
[17,59]

(through
modern.

logically) †
(through modern.

logically) †

nature experience [26]
environm.
conditions (logic.)

urbanization

(control
unobserved

paths + stress
incl.

self-efficacy &
depression)

[36] (see gen. altru.)
[47] (only as

much as power
permits) †

(classic) (classic) [36] (classic) [44,58] [65]
(through
modern.
[16]) †

[31,33] [9]

Notes: Complete matrix representation of paths included in the structural equation model are based on literature review († . . . means that mediation allows for omission). Not reported are
equations for lagged NEP and lagged dynamics (respective social norms, modeled as dependent on urbanization), as well as those for inequality (factor analysis requires they are kept
separate of heterogeneity, but mutual dependence is still suggested by literature (e.g., [16]), as well as slightly different dependence, e.g., from modernization [61]. Dynamics allow
conclusions regarding place attachment due to strong negative theoretical relationships [49]. Note that we refrain from operationalizing direct consequences of overstimulation, depression,
and self-efficacy due to their complexity and interpret their contribution only in light of the direct influence of urbanization.
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Table A2. Item statistics: factor analysis, reliability, and descriptive statistics.

Items Environmental
Concern (Raw Data)

Environmental
Concern (Error

Imputation)

Dynamics (Education
Does not Enter) Modernization

Urban (Distance
Separate
Analysis)

Indiv
Altruism
(Separate
Analysis)

Governance Globalization (Separate
Analysis)

Reliability 0.50 0.55 0.38 0.65 0.79 0.30 0.98 0.43
Mean (sd) 0.86 (0.20) 0.74 (0.15) 0.38 (0.14) 0.5 (0.15) 0.14 (0.14) 0.17 (0.19) 0.13 (0.14) 0.60 (0.28)
Mean (sd)

Eco-crisis [81,83] 0.79 0.79
Balance of nature (“) 0.82 0.82
Limits to growth (“) 0.30

Anti-anthropocentrism (“) 0.34
Time in location

(physical mobility,
inverted)

0.44

Time in main
occupation (social
mobility, inverted)

0.56

Asset index 0.51 (0.17) 0.61
Global brand

knowledge [97] 0.70

Openness to experience 0.33
Education (years) * 6.24 (5.37) 0.39 0.57

Time preference 0.20
Distance to city center

(inverted) 0.55 (0.26) 0.64

Population size of
agglomeration 0.63

Builtup area % 0.91
Anonymity [98] 0.25 (0.27)

Heterogeneity [99] 0.69 (0.32)
Inequality (spatial lag

of assets) 0.58 (0.17)

Vertical individualism
[100] 0.42

Horizontal
individualism (“) 0.40

Generalized altruism 0.34 (0.24) 0.68
Situational altruism (“) 0.48 (0.25) 0.69
Public good availability 0.94

Formal land titles 0.95
Local tradition
importance [97] 0.41

Perceived impact
international trade (“) 0.52

Power exposure [101] 0.41 (0.38) 0.36
Nature experience [102] 0.88 (0.27) 0.38

(Environmental
conditions: water

access)
0.52 (0.30)

Religion * (Hindu,
Muslim,

Christian, other)
1.08 (0.38)
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Table A2. Cont.

Items Environmental
Concern (Raw Data)

Environmental Concern
(Error Imputation)

Dynamics (Education
Does not Enter) Modernization Urban (Distance

Separate Analysis) Indiv Altruism
(Separate Analysis) Governance Globalization (Separate

Analysis)

Caste * (general,
scheduled caste,

scheduled tribe, other
backward caste, other)

2.17 (1.28)

Age * 44.94
(13.83)

Gender * (0 = female) 0.70 (0.46)

Notes: Exploratory factor analysis of all measures entering the path model demonstrate the convergent and discriminant validity of constructs. Variables are constructed from factor means
if not indicated otherwise (i.e., single-item measures). Results are sharpened by separate analysis for dynamics and modernization; the dependent variable EC is analyzed separately, and
environmental conditions, as well as demographic information apart from income and education are not included in factor analysis. Loadings are from WLS factoring, using varimax
rotation. Loadings < 0.3 are omitted from representation. Measurement is straightforward/manifest if not indicated otherwise. Split-half reliability is reported for 2-item factors, and
omega-t is used for more items. For descriptive statistics, variables are normalized between 0 and 1 where sensible (raw values indicated by *); statistics are reported for individual
variables (row) only when already not part of factors (column), or when referring to basic demographic information.

Table A3. Regression results for path model including robustness.

Dependent\Independent Variable OLS (Latent Variable Model, Original
Data, Face-Valid NEP) OLS (Parceled Scales) OLS (Sampling Weights) OLS (Full NEP, Error

Imputation Data)
Spatial IV (Fuller (4) Estimator,
Original Data, Face-Valid NEP) AR Test

Environmental
concern

Altruism
(generalized) −0.095 (0.033) *** -0.106 (0.027) *** −0.129 (0.024) *** −0.082 (0.021) *** −0.101 (0.026) ***

Altruism
(situational) 0.065 (0.033) . 0.080 (0.027) ** 0.094 (0.024) *** 0.058 (0.021) ** 0.078 (0.026) **

Nature experience 0.081 (0.025) *** 0.083 (0.023) *** 0.103 (0.024) *** 0.039 (0.018) * 0.082 (0.023) ***
Environmental

conditions 0.044 (0.116) 0.064 (0.046) −0.037 (0.022) . 0.010 (0.036) 0.063 (0.079)

Urban 0.099 (0.026) *** 0.070 (0.033) * 0.037 (0.016) * 0.075 (0.026) ** 0.063 (0.035) .
Lagged EC (norm) −1.433 (1.895)

Modernization 0.256 (0.066) *** 0.192 (0.042) *** 0.107 (0.035) ** 0.130 (0.033) *** 0.189 (0.042) ***
Globalization 0.343 (0.109) *** 0.131 (0.030) *** 0.021 (0.026) 0.101 (0.023) *** 0.121 (0.030) ***

0.085 0.071 0.095 0.076 0.078 0.104 (10.030) (0.51)
Altruism

(generalized)
Urban −0.152 (0.061) * −0.103 (0.032) ** −0.132 (0.019) *** −0.215 (0.097) *

Altruism
(situational) 0.500 (0.037) *** 0.500 (0.025) *** 0.561 (0.024) *** 0.519 (0.031) ***

Heterogeneity 0.029 (0.036) 0.033 (0.031) −0.007 (0.032) −0.128 (0.112)
Modernization 0.145 (0.070) * 0.084 (0.043) . 0.160 (0.043) *** 0.847 (0.510) . *

Governance −0.033 (0.042) −0.002 (0.033) 0.027 (0.022) 0.094 (0.132)
0.091 0.072 0.257 0.345 0.258 (0.164) (0.13)
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Table A3. Cont.

Dependent\Independent Variable OLS (Latent Variable Model, Original
Data, Face-Valid NEP) OLS (Parceled Scales) OLS (Sampling Weights) OLS (Full NEP, Error

Imputation Data)
Spatial IV (Fuller (4) Estimator,
Original Data, Face-Valid NEP) AR Test

Altruism
(situational)

Heterogeneity −0.047 (0.039) −0.045 (0.036) 0.030 (0.038) −0.398 (0.165) *
Inequality −0.070 (0.029) * −0.070 (0.029) * −0.041 (0.032) −0.144 (0.091)

Anonymity −0.020 (0.030) −0.016 (0.030) 0.080 (0.029) ** 0.135 (0.074) .
Collectivism 0.062 (0.152) 0.023 (0.039) 0.080 (0.041) . −0.090 (0.074)

Modernization −0.080 (0.060) −0.078 (0.051) 0.012 (0.051) 1.596 (0.749) * *
Urban −0.074 (0.043) . −0.021 (0.033) −0.123 (0.024) *** −0.177 (0.084) *

0.106 0.072 0.006 0.022 0.002 (1.328) (0.28)
Dynamics

lag_dyn (social
norm) 2.399 (0.914) **

Power 0.045 (0.029) −0.017 (0.028) −0.021 (0.031) −0.451 (0.239)
Modernization 0.939 (0.115) *** 0.123 (0.038) ** 0.002 (0.042) 0.393 (0.230) .
Globalization −0.129 (0.118) −0.001 (0.029) 0.028 (0.034) 0.162 (0.331)
Heterogeneity 0.227 (0.033) *** 0.088 (0.028) ** 0.131 (0.035) *** −0.013 (0.306)

0.112 0.092 0.100 0.084 0.005 (0.918) (0.57)
Heterogeneity

Urban 0.019 (0.075) 0.121 (0.026) *** 0.096 (0.016) *** 0.039 (0.153)
Globalization 0.994 (0.165) *** 0.348 (0.028) *** 0.324 (0.026) *** 0.906 (0.383) * -

Dynamics 0.338 (0.170) * 0.137 (0.030) *** 0.108 (0.024) *** 0.232 (0.440)
Inequality 0.002 (0.024) 0.003 (0.023) 0.034 (0.023) 0.083 (0.057)

Collectivism 0.478 (0.187) * 0.113 (0.030) *** 0.131 (0.029) *** 0.624 (0.450)
0.035 0.030 0.173 0.210 0.073 (0.806) (0.13)

Inequality
Power 0.027 (0.031) 0.034 (0.037) 0.074 (0.032) * 1.264 (1.037)

Globalization 0.129 (0.127) 0.018 (0.037) 0.005 (0.033) 0.061 (1.101)
Dynamics 0.056 (0.044) 0.057 (0.037) −0.026 (0.029) 2.192 (0.633) **

Modernization −0.378 (0.112) ** −0.216 (0.049) *** −0.123 (0.041) ** −3.011 (1.005) **
0.060 0.052 0.015 0.010 0.075 (1.074) (0.14)

Power
Anonymity −0.061 (0.028) * −0.010 (0.022) 0.091 (0.022) *** −0.290 (0.026)

Altruism
(generalized) −0.040 (0.029) −0.004 (0.022) 0.026 (0.023) 0.452 (0.273) . *

0.000 0.000 −0.001 0.014 0.001 (1.15) (0.74)
Anonymity

Urban 0.215 (0.064) ** 0.111 (0.033) *** 0.242 (0.024) *** 0.214 (0.054) ***
Dynamics 0.235 (0.134) . 0.050 (0.038) 0.069 (0.033) * 0.137 (0.058) *

Heterogeneity 0.072 (0.034) * 0.116 (0.035) *** 0.212 (0.039) *** 0.337 (0.107) **
Collectivism −0.735 (0.226) ** −0.195 (0.037) *** −0.216 (0.040) *** −0.930 (0.456) * *

Modernization −0.485 (0.145) ** −0.257 (0.049) *** −0.188 (0.051) *** −1.074 (0.557) . *
0.099 0.082 0.055 0.140 0.026 (1.362) (0.18)

Collectivism
Urban 0.080 (0.026) ** 0.080 (0.024) ** 0.104 (0.017) *** 0.343 (0.090) ***

Anonymity −0.102 (0.024) *** −0.104 (0.022) *** −0.087 (0.020) *** −0.193 (0.181)
Modernization 0.285 (0.067) *** 0.167 (0.037) *** 0.074 (0.036) * 0.269 (0.098) **
Globalization −0.211 (0.089) * −0.076 (0.028) ** −0.088 (0.027) *** −0.715 (0.298) * *

0.048 0.045 0.051 0.060 0.038 (1.711) (0.29)
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Table A3. Cont.

Dependent\Independent Variable OLS (Latent Variable Model, Original
Data, Face-Valid NEP) OLS (Parceled Scales) OLS (Sampling Weights) OLS (Full NEP, Error

Imputation Data)
Spatial IV (Fuller (4) Estimator,
Original Data, Face-Valid NEP) AR Test

Modernization
Globalization 0.344 (0.059) *** 0.089 (0.021) *** 0.119 (0.020) *** 0.052 (0.282)

Urban 0.035 (0.032) 0.070 (0.023) ** 0.209 (0.017) *** 0.217 (0.091) *
Governance −0.049 (0.019) ** −0.042 (0.021) * −0.059 (0.015) *** −0.064 (0.096)
Dynamics 0.305 (0.066) *** −0.046 (0.027) . −0.046 (0.023) . 0.380 (0.491)

Heterogeneity 0.124 (0.016) *** 0.154 (0.020) *** 0.157 (0.022) *** -0.113 (0.233)
Inequality −0.041 (0.011) *** −0.076 (0.016) *** −0.052 (0.018) ** −0.010 (0.051)

0.116 0.108 0.215 0.374 0.154 (0.864) (0.14)
Globalization

Urban 0.054 (0.020) ** 0.041 (0.032) −0.003 (0.029) 0.335 (0.070) **
Modernization 0.365 (0.062) *** 0.306 (0.040) *** 0.360 (0.040) *** 0.294 (0.041) **

Collectivism −0.178 (0.079) * −0.103 (0.030) *** −0.135 (0.031) *** −0.090 (0.031) **
0.108 0.099 0.072 0.132 0.192 - -

Governance
Modernization 0.163 (0.037) *** −0.028 (0.044) −0.006 (0.051) -0.028 (0.043)

Power 0.005 (0.017) −0.063 (0.030) * −0.061 (0.035) . −0.063 (0.030) *
Heterogeneity 0.012 (0.023) 0.018 (0.030) 0.009 (0.039) 0.018 (0.030)

Altruism
(generalized) −0.029 (0.018) −0.029 (0.024) 0.014 (0.028) −0.029 (0.024)

0.107 0.083 0.109 0.18 0.115 - -
Nature experience

Urban 0.099 (0.039) * 0.073 (0.040) . 0.073 (0.040) . 0.073 (0.040) .
Environmental

conditions 0.168 (0.149) 0.174 (0.057) ** 0.174 (0.057) ** 0.174 (0.057) **

0.236 0.145 0.018 0.018 0.023 - -
Environmental

conditions
Environmental

concern −0.125 (0.080) 0.028 (0.018) 0.038 (0.021) . 0.027 (0.018) 2.590 (1.211) * *

Modernization 0.179 (0.078) * −0.014 (0.025) −0.061 (0.025) * −0.013 (0.025) −3.024 (1.415) * *
Urban −0.389 (0.055) *** −0.045 (0.020) * 0.014 (0.019) −0.044 (0.020) * 0.264 (0.284)

0.036 0.035 0.750 0.703 0.751 0.754 (0.640) (0.42)
Urban

Modernization 0.219 (0.091) * -0.001 (0.035) 0.264 (0.038) *** 2.946 (0.907) ** *
Dynamics 0.338 (0.090) *** 0.129 (0.027) *** 0.052 (0.026) * 1.403 (0.497) ** *

0.077 0.066 0.420 0.729 0.483 (1.040) (0.91)

Notes: Path structure is theoretically informed by Section 2 but also controls reverse causality. Coefficients that are finally aggregated for the path model (Figure 4) are in bold. The header
displays changes from left to right. Lag equations are omitted from representation (EC and dynamics significantly depend on their respective social norm). The sample size is >1204 but
varies with outlier correction and missingness in spatial information. Standard errors are in parentheses. *** indicates p-value < 0.001, ** < 0.01, * < 0.05, and . < 0.1. Fit measures are in
italics below each equation in the following order: 1. Either standard R2 for OLS or generalized R2 for IV models; 1. RMSEA, and 2. SRMR for latent variable models; 2. Cragg–Donald
statistic (weakness) and 3. Sargan p-value (endogeneity) for weak-IV models in addition. In the case of endogenous but weakly identified regressors (may concern only single coefficients,
first-stage statistics not reported), there is a robust Anderson–Rubin significance level behind coefficients. Insignificant coefficients may still be included in aggregation based on the
reasoning in Section 3.
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