Current Research in Ecological and Social Psychology 8 (2025) 100220

© Current Research in -
Ecological & Social
Psychology

Contents lists available at ScienceDirect

Partof the CO4RE suite ofjournale

Current Research in Ecological and Social Psychology

4
L

LSEVIER

journal homepage: www.elsevier.com/locate/cresp

Check for

Rugged terrain and rigid hierarchy e

Gen Tsudaka **®, Margaux N.A. Wienk b Jana B. Berkessel ¢, Cynthia Boo ¢

2 Department of Psychology, The New School for Social Research, USA
® Department of Psychology, Columbia University, USA

¢ Department of Psychology, University of Mannheim, Germarny

4 Department of Psychology, New York University, USA

ARTICLE INFO ABSTRACT

Human societies differ markedly in their endorsement of hierarchical authority, ranging from strict obedience to
powerful leaders and militaries to more decentralized and egalitarian governance. Although cultural values have
traditionally been used to explain this diversity, socioecological perspectives suggest that physical environments
also shape collective orientations toward authority. The current research examines whether terrain rugged-
ness—the degree of elevational variability—predicts hierarchical preferences across large-scale contexts. In
Study 1 (78 countries; N = 156,658), we combined cross-national survey data from the European Values Study/
World Values Survey with digital elevation models. Results demonstrated that national preferences for military
rule and for a strong leader (who bypasses democratic processes) were higher in countries with more rugged
terrain, even after controlling for economic factors, demographic indices, and spatial autocorrelation. Study 2
(50 U.S. states; N = 336,491), using Gallup Poll data, replicated and extended these findings within the United
States, revealing that states with greater terrain ruggedness exhibited a higher proportion of vertical (“boss-like”)
supervisory relations, rather than egalitarian, collaborative (“partner-like”) styles. These convergent findings
bolster socioecological models of person-environment fit and extend prior research linking geography and social
cognition. By identifying terrain ruggedness as a robust predictor of hierarchical orientation at both national and
subnational scales, this research highlights how ecological constraints can legitimize dominance-oriented lead-
ership, while also suggesting that socioeconomic and cultural developments may moderate terrain’s influence on
social dynamics. Future longitudinal and historical research is needed to clarify how environments and gover-
nance structures co-evolve, further illuminating the interplay between ecology, hierarchy, and social
organization.

Dataset link: https://osf.io/x9pj4/
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1. Introduction

Human societies vary widely in their endorsement of hierarchical
authority; some favor strong leaders with top-down control, whereas
others maintain more egalitarian or decentralized structures. Under-
standing where these differences originate is a core question in cultural
psychology. Classic explanations frequently highlight cultural logics and
historical patterns (Berry, 1967, 1980; Hirschfeld, 1996; Hofstede,
1984; Inglehart, 1997; Markus and Kitayama, 1991; Minkov and Hof-
stede, 2012; Miller, 1984; Nisbett and Cohen, 1996; Shweder, 1991;
Swidler, 1986; Triandis, 1995), emphasizing how beliefs and traditions
evolve into stable power structures over time. This perspective illumi-
nates how societal norms and practices become ingrained and trans-
mitted across generations, ultimately shaping social dynamics.
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In recent years, socioecological perspectives have gained promi-
nence, emphasizing how physical environments influence social orga-
nization and governance (Anderson, 2001; Gelfand et al., 2011; Oishi,
2014; Oishi and Graham, 2010; Sng and Ackerman, 2020; Varnum and
Grossmann, 2017). Within this tradition, researchers propose that
communities adapt to ecological pressures—such as climate fluctua-
tions, limited resources, or pathogen threats—in ways that systemati-
cally shape norms and institutions (Berry, 1967; Fincher, 2008; Gelfand
et al., 2011; Morris and Peng, 1994; Nisbett et al., 2001; van Vugt et al.,
2008). For example, higher disease prevalence has been linked to tighter
social norms and stronger hierarchical preferences (Fincher et al., 2008;
Gelfand et al., 2011), whereas harsh ecological conditions or resource
fluctuations may promote cooperative or centralized solutions (van Vugt
et al., 2008).
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An illustrative case involves water irrigation. Paddy-rice cultivation
requires communal irrigation systems, continual maintenance of canals,
and synchronized planting schedules (Talhelm et al., 2014). Over gen-
erations, these constraints foster interdependent or vertical social or-
ganization. Indeed, recent quasi-experimental evidence shows that
individuals randomly assigned to rice-farming regions adopt more
cooperative and relational thought patterns within a single generation
(Talhelm and Dong, 2024). These findings illustrate how ecological
constraints interact with economic and social incentives to reinforce
particular leadership styles or governance structures.

1.1. Terrain ruggedness as a socioecological factor

Beyond irrigation systems, topographical features can also shape
social coordination and governance (Kitayama et al., 2006; Oishi et al.,
2015; Scott, 2009; Tilly, 1990; Qiu et al., 2023). Rugged terrain—-
characterized by high elevational variability—fragments populations,
obstructs travel, and complicates resource distribution (Conway et al.,
2017; Korner, 2007). Over time, localized adaptations to these condi-
tions can crystallize into enduring norms regarding authority (Uskul
et al., 2008). While certain mountainous enclaves maintain decentral-
ized, autonomous governance (Scott, 2009), many rugged ecologies see
dominant leaders emerge to manage defense, resources, or infrastruc-
ture (Tilly, 1990). For example, Tilly (1990) argues that steep or remote
terrains historically hindered direct centralized governance, allowing
local populations to evade taxation or conscription, thereby enabling
regional strongmen to consolidate authority. Such dynamics parallel
“culture of honor” phenomena (Nisbett and Cohen, 1996), illustrating
how ecological factors can concentrate power locally when central au-
thority is weak or impractical.

Additionally, personality research has indicated that certain
traits—such as introversion—correlate with preferences for moun-
tainous areas (Gotz et al., 2020; Oishi et al., 2015). Although these place
preferences differ from formal governance structures, they underscore
how environmental constraints align with deeper cognitive and behav-
ioral orientations. Recent research on embodied hierarchies also in-
dicates humans conceptualize rank through physical dimensions—such
as elevation, size, or strength (Schubert et al., 2013; Schubert, 2020).
Thus, rugged terrain could provide a symbolic and literal “higher
ground” that resonates psychologically with hierarchical thinking
(Eliade, 1959; Morgan, 1990). Collectively, these perspectives imply
that terrain complexity not only influences local adaptations but also
shapes broader social and political outcomes.

1.2. Linking terrain ruggedness to hierarchical orientations

A critical question remains whether rugged terrain consistently fos-
ters centralized authority or instead supports decentralized governance.
In some contexts, fragmented landscapes impede large-scale control,
prompting local autonomy (Scott, 2009; Lamer et al., 2021). Conversely,
communication barriers and defense challenges may legitimize stronger
top-down leadership (Ronay et al., 2020; Tilly, 1990). Although recent
studies suggest mountainous regions attract individuals with specific
traits, such as introversion (Gotz et al., 2020; Oishi et al., 2015), sys-
tematic large-scale evidence linking terrain ruggedness to hierarchical
governance preferences remains sparse.

Dominance-prestige frameworks (Cheng et al., 2013; Henrich and
Gil-White, 2001; Ronay et al., 2020) provide a useful lens for under-
standing these divergent outcomes. Dominance-based leadership relies
on coercion and intimidation, potentially allowing leaders to unify
fragmented communities or secure scarce resources (Nisbett and Cohen,
1996). Conversely, prestige-based leadership emerges through recog-
nized expertise or technical proficiency. Thus, rugged terrain might
encourage dominance-oriented structures when physical challenges
necessitate  centralized coordination (Tilly, 1990), whereas
prestige-based leadership could thrive when specialized knowledge or
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resource management is the primary path to social influence.

1.3. Potential moderators and confounds

Naturally, elevational variability does not operate in isolation. Pre-
vious literature highlights economic factors such as GDP per capita as
predictors of lower authoritarian governance preferences (Inglehart and
Baker, 2000). Population density also shapes hierarchical preferences by
influencing social norms and structures (Milgram, 1970; Nisbett and
Cohen, 1996; Sng and Ackerman, 2020); and spatial autocorrelation can
introduce clustering effects across neighboring regions (Minkov and
Hofstede, 2012; Muthukrishna et al., 2020). These considerations un-
derscore the importance of controlling for economic, demographic, and
spatial variables when investigating terrain’s socioecological influence.

1.4. Overview of the present research

Drawing from socioecological frameworks, we investigate whether
terrain ruggedness predicts stronger hierarchy preferences across large-
scale contexts. In Study 1 (78 countries), we link elevational variability
to preference for a strong leader and military governance, controlling for
wealth, population density, and spatial autocorrelation. In Study 2 (50
U.S. states), we test whether terrain complexity similarly predicts ver-
tical supervisory practices at a subnational scale. By examining these
effects across both international and domestic contexts, we clarify the
scope and robustness of terrain ruggedness effects, illuminating the role
ecological constraints play in shaping social organization and leadership
norms.

2. Study 1: A 78-country test
2.1. Method

2.1.1. Data sources and sample

We utilized cross-national survey data from the European Values
Study and World Values Survey, collected between 2017 and 2022
(EVS/WVS, 2022). Countries (N = 78) were included in our analyses if
they provided complete responses on two items assessing support for
authoritarian governance:

1. Preference for a strong leader (“Having a strong leader who does not
have to bother with parliament and elections™).

2. Preference for a strong military rule (“Having the army rule the
country”™).

Both items were originally measured on 4-point scales (1 = very good,
4 = very bad). For interpretability, we reverse-coded responses so that
higher scores indicated greater endorsement of centralized, authori-
tarian authority. Responses were aggregated at the national level into a
composite measure of authoritarian preference (¢ = 0.85). Countries
lacking complete data on these items or the covariates were excluded
from analysis, leaving a total sample of 78 nations.

2.1.2. Operationalizing ruggedness

Terrain ruggedness was operationalized using elevational variability
data from the Copernicus GLO-90 digital elevation model (European
Space Agency, 2024). Specifically, for each country in our dataset, we
clipped the digital elevation raster to national boundaries, extracted
elevation values, and calculated the standard deviation of elevation as
our measure of ruggedness (see Fig. 1). This metric captures the overall
mountainousness and complexity of a country’s landscape. The five
flattest countries, in descending order, were Singapore, The
Netherlands, Denmark, Belarus, and Estonia. Conversely, the five most
rugged countries were China, Peru, Bolivia, Tajikistan, and Pakistan (see
Table 1 in Appendix for exact ruggedness values).
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Terrain Ruggedness Across Countries
Elevational Variability Derived from Topographic Data

Data source: Copernicus Digital Elevation Model (GLO-90)

Fig. 1. Terrain ruggedness across countries.
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Terrain ruggedness (elevational variability) across countries, measured as the standard deviation of elevation using the Copernicus Digital Elevation Model (GLO-90).
Darker shades indicate greater ruggedness, while lighter shades represent flatter terrain.

2.1.3. Covariates

To control for alternative explanations linking terrain ruggedness
and hierarchical governance preferences, we included three key cova-
riates. First, GDP per capita (Purchasing Power Parity, 2017-2022) from
the International Monetary Fund (IMF, 2024) captures economic
development, which typically predicts reduced authoritarian endorse-
ment (Inglehart and Baker, 2000). Second, population density
(2017-2022; United Nations Statistics Division, 2024) was
log-transformed to address skewness, accounting for how densely versus
sparsely populated regions differentially shape social norms and hier-
archical structures (Freedman, 1975; Milgram, 1970; Nisbett and Cohen,
1996; Sng and Ackerman, 2020). Third, spatial proximity-measured as
the log-transformed geodesic distance from Amsterdam (the EVS head-
quarters)-helps rule out geographic clustering and regional cultural
diffusion as alternative drivers of our observed effects (Beugelsdijk and
Mudambi, 2013; Minkov and Hofstede, 2012; Muthukrishna et al.,
2020).

2.2. Analytical approach and results

We conducted three linear regressions predicting preferences for (1)
a strong leader, (2) military rule, and (3) a composite authoritarianism
index. Elevational variability served as the primary predictor. GDP per
capita, population density, and spatial proximity were included as
covariates in multiple regression analyses. Diagnostic checks (normality,
homoscedasticity, variance inflation factor < 1.25) indicated no serious
violations.

2.2.1. Preference for a strong leader

In the bivariate model, greater terrain ruggedness positively pre-
dicted preference for a strong leader (b = 0.163, SE = 0.056, t(76) =
2.89, p = .005), and the overall regression was significant, F(1, 76) =
8.35, p = .005. In the multiple regression model—including GDP per
capita, population density, and spatial proximity—terrain ruggedness
remained a significant predictor (b = 0.152, SE = 0.060, t = 2.53, p =
.014), and the overall model was significant, F(4, 73) = 4.59, p = .002.
GDP per capita was inversely related to strong-leader support (b =

—0.078, SE = 0.030, (73) = —2.60, p = .011), whereas population
density (b = 0.04, SE = 0.04, t(73) = 0.92, p = .359) and spatial prox-
imity (b = 0.05, SE = 0.03, t(73) = 1.39, p = .168) were not significant.

2.2.2. Preference for a military rule

Similarly, terrain ruggedness significantly predicted greater prefer-
ence for military rule (b = 0.162, SE = 0.052, t(76) = 3.11, p = .003,
overall model: F(1, 76) = 9.66, p = .003). In the multivariate model,
terrain ruggedness again remained significant (b = 0.152, SE = 0.056, t
(73) = 2.73, p = .008), even after controlling for GDP per capita, pop-
ulation density, and spatial proximity (F(4, 73) = 5.02, p = .001).

2.2.3. Composite index

Combining both authoritarianism measures into a composite index
yielded consistent results. In the bivariate model, ruggedness signifi-
cantly correlated with higher authoritarian preference (b = 0.16, SE =
0.05, t(76) = 3.25, p = .002, overall model: F(1, 76) = 10.53, p = .002).
In the multiple regression model controlling for GDP per capita, popu-
lation density, and spatial proximity, terrain ruggedness remained
robust (b =0.152, SE = 0.053, t(73) = 2.86, p = .005, overall model: F(4,
73) = 5.60, p = .001). Again, GDP per capita was negatively associated
with authoritarian endorsement (b = —0.067, SE = 0.027, t(73) =
—2.51, p = .014), while population density (p = .142) and spatial
proximity (p = .087) did not reach statistical significance. Fig. 2 illus-
trates this positive link between elevational variability and authoritarian
orientation across 78 nations.

2.3. Discussion

Study 1 provides cross-national evidence linking terrain ruggedness
to greater endorsement of authoritarian governance. Nations charac-
terized by more rugged topography displayed consistently higher
tolerance for leaders bypassing democratic norms and greater approval
of military governance, even after controlling for economic, de-
mographic, and spatial factors. Consistent with modernization theory
(Inglehart and Baker, 2000), GDP per capita negatively predicted
authoritarian preferences, indicating that wealth partially mitigates the
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Fig. 2. Attitudes Toward Centralized, Authoritarian Leadership. Aggregated endorsement of centralized authority across 78 nations from the EVS/WVS dataset (N =
156,658, 2017-2022), overlaid with elevational variability from the Copernicus GLO-90 dataset. The measure is a composite (¢« = 0.85) of two related items: (1)
approval of a leader who bypasses parliament and elections, and (2) approval of an army-led government. Scores have been z-standardized, such that lower values
represent stronger disagreement and higher values represent stronger agreement with centralized authority. Elevational variability is scaled from 0 (flat) to

10 (rugged).

hierarchical pull exerted by challenging terrains. Nonetheless, rugged-
ness remained a robust predictor, suggesting ecological constraints
independently influence social governance preferences, beyond eco-
nomic development and demographic patterns.

While cross-national analyses can control for major covariates, they
cannot fully account for unmeasured national-level factors such as po-
litical history or cultural legacies. Therefore, Study 2 provides a nar-
rower test within the United States to further isolate and examine terrain
effects on hierarchical supervision preferences in a more controlled
institutional and historical context.

3. Study 2: Replication within the United States

Study 2 examined whether elevational variability—shown in Study 1
to predict stronger endorsement of authoritarian leadership across
national-level contexts—also shapes hierarchical tendencies within a
single national context. By using state-level Gallup Poll data, we inves-
tigated whether challenging geographic conditions are associated with
preferences for vertical supervisory relationships under relatively uni-
form political and cultural institutions. Replicating the terrain-hierarchy
association within the United States would provide stronger evidence for
the socioecological hypothesis, as it reduces cross-national confounds.

3.1. Method

3.1.1. Data and supervisory orientation outcome

We drew on aggregated state-level data from Gallup Daily Poll
collected from 2012 to 2018 (Gallup, 2018). Employed respondents
were asked:

“Does your supervisor at work treat you more like he or she is your boss or
your partner?”

A higher proportion of “boss” responses indicates formal, vertical

supervision, whereas “partner” indicates a horizontal, collaborative
supervisory style, similar to power distance measures used by Cho et al.
(2024). This measure captures how supervisors position themsel-
ves—either hierarchically (“boss-like™) or collaboratively
(“partner-like”)—rather than assessing employees’ personal prefer-
ences, thus minimizing self-presentation concerns. States with a larger
proportion of “boss” answers were coded as exhibiting strong hierar-
chical orientations.

3.1.2. Elevational variability

Following Study 1, terrain ruggedness was operationalized using the
Copernicus GLO-90 digital elevation model (European Space Agency,
2024). For each state, we calculated the standard deviation of elevation,
then log-transformed to reduce skewness. Fig. 3 visually illustrates
terrain ruggedness across U.S. states, where darker shading represents
greater ruggedness. The five states with the flattest terrain (least rugged)
were Illinois, the District of Columbia, Louisiana, Delaware, and Florida,
whereas the five most rugged states were Hawaii, California, Colorado,
Arizona, and Oregon (see Appendix Table 2 for detailed ruggedness
scores).

3.1.3. Additional covariates

The use of state-level data enabled us to incorporate theoretically
relevant covariates beyond those examined in cross-national analyses.
We controlled for urbanization using the Urban Settlement Index
(FiveThirtyEight, 2024), as urban and rural environments may differ-
entially shape social structures and hierarchical norms (Oishi and Gra-
ham, 2010; Sng and Ackerman, 2020). We also included a 5-year
average (2013-2018) of GDP per capita (U.S. Bureau of Economic
Analysis, 2024), recognizing that wealth is often inversely associated
with endorsement of hierarchy (Inglehart and Baker, 2000; Oishi, 2014).
To account for demographic variability, we included a 5-year average
(2013-2018) of population density, calculated as total state population
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Fig. 3. Terrain ruggedness across U.S. states. Terrain ruggedness (elevational variability) across U.S. states, measured as the standard deviation of elevation using the
Copernicus Digital Elevation Model (GLO-90). Darker shades indicate greater ruggedness, while lighter shades represent flatter terrain.

divided by total state land area (U.S. Census Bureau, 2024), acknowl-
edging that demographic density can independently influence hierar-
chical orientations (Sng and Ackerman, 2020). Finally, we controlled for
gender composition (proportion of women, 2013-2018; U.S. Census
Bureau, 2024) and average age (2013-2018; U.S. Census Bureau, 2024),
given their established roles in shaping leadership dynamics and social
structures (Kitayama et al., 2006; Van Vugt and Ahuja, 2011). All
covariates were log-transformed, where appropriate, to address skew-
ness and facilitate comparability across variables. Notably, total land-
mass was not included as a separate covariate because its influence is
already captured in our population density measure, thereby avoiding
redundancy and potential multicollinearity.

3.2. Analytical approach and results

3.2.1. Model specification

We employed a two-step analytic approach. First, we used Lasso
regression (Least Absolute Shrinkage and Selection Operator; Tibshirani,
1996) with tenfold cross-validation to identify predictors best explain-
ing variability in “boss” responses. Lasso regression employs an L1
penalty to shrink coefficients of less influential predictors toward zero,
helping to address multicollinearity. The penalty parameter (A) was
optimized via cross-validation to minimize prediction error. Following
the Lasso step, we conducted an ordinary least squares (OLS) regression
using only the predictors identified by Lasso. This approach helps clarify
robust associations and reduce the risk of overfitting.

3.2.2. Lasso regression findings

From the set of predictors—terrain ruggedness, GDP per capita, ur-
banization, population density, gender composition, and average
age—terrain ruggedness emerged as the sole predictor retained by the

Lasso regression. The optimal penalty parameter (A) was approximately
0.0034, indicating minimal but necessary regularization. All other var-
iables had coefficients reduced to zero, suggesting limited unique
explanatory power beyond terrain ruggedness.

3.2.3. Final regression model

Using terrain ruggedness as the sole predictor, the OLS regression
significantly predicted variance in hierarchical workplace supervision, F
(1,49) = 6.95, p = .011, explaining approximately 12.4 % of the vari-
ance (R? = 0.124, adjusted R* = 0.106). Consistent with Study 1, higher
terrain ruggedness predicted greater preference for vertical supervisory
relationships (b = 0.005, SE = 0.002, t(49) = 2.64, p = .011). Fig. 4
visually illustrates this positive relationship between terrain ruggedness
and hierarchical supervision orientation.

3.3. Discussion

Study 2 replicated Study 1's finding of a significant relationship be-
tween terrain ruggedness and hierarchical orientation within the United
States. Even when controlling for urbanization, GDP per capita, popu-
lation density, gender composition, and age, rugged terrain uniquely
predicted higher proportions of hierarchical (“boss-like”) supervisory
relationships. The modest yet reliable effect underscores terrain
ruggedness as a distinct ecological factor shaping social organization,
even within a relatively homogeneous national context. Further inves-
tigation at finer geographic scales may elucidate localized variations and
the underlying mechanism of this relationship.

4. General discussion

Across two studies—a cross-national analysis (Study 1) and a within-
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Fig. 4. Elevational Variability and Preference for Formal Over Informal Supervisors. State-level distribution of “boss” versus “partner” supervisory behaviors derived
from the U.S. Gallup Daily Poll (N = 336,491, 2013-2018). Elevated proportions of “boss” responses indicate stronger vertical leadership preferences, shown

alongside elevational variability from Copernicus GLO-90 data.

country replication in the United States (Study 2) —we found consistent
evidence linking terrain ruggedness to hierarchical preference. Study 1
demonstrated that countries characterized by more uneven terrain
exhibited stronger preferences for centralized authority, including
greater endorsement of a strong leader and military governance, even
after controlling for economic, demographic, and spatial factors. Study 2
replicated these findings at the subnational level within the United
States, revealing that states with greater terrain ruggedness showed
higher proportions of vertical (“boss-like”) supervisory practices.
Together, these findings identify terrain as a robust ecological predictor
of hierarchical structures across diverse geographic scales.

Our results align with socioecological perspectives (Oishi, 2014; Sng
and Ackerman, 2020) and dominance-based leadership frameworks
(Cheng et al., 2013), suggesting that challenging physical environments
legitimize centralized governance structures, potentially due to
increased demands for coordinated resource allocation, infrastructure
maintenance, or collective defense. While previous socioecological
research has emphasized climatic or pathogenic factors (Fincher et al.,
2008; Gelfand et al., 2011), this research highlights terrain ruggedness
as an additional, influential environmental constraint shaping social
organization and governance norms.

Interestingly, GDP per capita, a significant predictor of reduced hi-
erarchical endorsement in Study 1, did not significantly predict super-
visory orientation within the U.S. context (Study 2). This discrepancy
may reflect narrower economic disparities at the state level or shared
historical and cultural legacies within the United States that moderate
how ecology influences hierarchy (Kitayama et al., 2006). Future lon-
gitudinal or historical research could clarify causal pathways, exploring
whether rugged terrain actively shapes hierarchical structures or
whether historically entrenched power structures merely cluster in
geographically challenging regions.

Further research employing more granular geographic analy-
ses—such as at the county or ZIP-code level—would also enhance un-
derstanding of localized variability and could reveal specific
mechanisms underpinning terrain’s influence on hierarchy. For

instance, exploring infrastructure quality, transportation accessibility,
or broadband connectivity could clarify conditions under which
ecological constraints either amplify or diminish hierarchical prefer-
ences. Such analyses could also illuminate the dynamic interplay be-
tween ecological features and modernization processes.

Taken together, these two studies provide robust support for the
socioecological hypothesis that terrain ruggedness is systematically
associated with hierarchical endorsement across diverse political and
cultural contexts. By underscoring the role of geographic constraints,
our findings emphasize the importance of ecological factors in shaping
social organization and governance preferences. Future research incor-
porating historical trajectories, moderating influences, and detailed
ecological conditions will further clarify how physical environments and
social hierarchies co-evolved over time.
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