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“The mountains, the forest, and the sea, render men  
savage; they develop the fierce, but yet do not destroy 
the human” (Victor Hugo, Les Misérables). For decades, 

research in the social and behavioural sciences has demonstrated 
that the neighbourhoods, cities and states in which people live are 
associated with a range of political, economic, social and health out-
comes1–3. Recent research in psychology is beginning to show that 
the places in which people live are also associated with psychologi-
cal characteristics, including personality traits4,5. Specifically, there 
is growing evidence that personality traits are geographically clus-
tered in particular areas6–9 and that the prevalence of certain traits is 
related to a number of consequential outcomes10–12.

The current study focuses on the mechanisms potentially driving 
geographical variation in personality, as captured by the Big Five, 
the most widely used personality taxonomy7,13: (1) agreeableness 
(tendency to be trusting, altruistic and compliant); (2) conscien-
tiousness (tendency to be responsible, organized and dutiful); (3) 
extraversion (tendency to be sociable, enthusiastic and outgoing); 
(4) neuroticism (tendency to be anxious, tense and emotionally 
unstable); and (5) openness to experience (tendency to be curious, 
imaginative and unconventional)14,15. To understand how geograph-
ical differences in personality emerge, investigators have examined 
a variety of possible mechanisms including climate16,17, natural 
resources11,18,19, pathogen prevalence20, selective migration6,21 and 
sociocultural legacies7,22. However, one potentially important factor 
that has received little attention is physical topography, particularly 
variability in elevation or ‘mountainousness’.

Why might mountainousness be a factor in the geographi-
cal distribution of personality traits? Historically, both during the 
arrival of European settlers in the United States as well as across 
other countries and time periods (for example, settlement of 
Hokkaido, Japan during the Meiji restoration), mountainous areas 
were among the last to be inhabited because they tend to be remote, 
ecologically harsh and inhospitable7,22,23. According to the voluntary 
settlement hypothesis7,22, the ecologically challenging conditions 

of frontier regions foster an ethos of independence that can leave 
a distinct imprint on personality. One reason is that such frontier 
environments historically attracted a rather selective group of set-
tlers7,22—non-conformists who were the least integrated within their 
old communities24, strongly motivated by a sense of freedom and 
independence and willing to leave behind everything and everyone 
they knew22. Another reason is the harshness of the frontier ter-
rain. With limited and unpredictable resources, the conditions may 
have favoured settlers low in prosociality who closely guarded their 
resources and distrusted strangers, as well as those who engaged in 
risky explorations and novel ways to secure food and resources25. 
Over time, these processes may have led to an elevated prevalence 
of independent traits and social norms that were most conducive to 
survival7. Eventually, individualist values defined the local culture, 
continuously reproducing and cementing the ethos of independence7 
characterized by toughness, self-reliance26, low levels of confor-
mity27, increased independent agency7,28 and independence-related 
normative beliefs29. Even today the mountain states continue to 
exhibit the strongest individualist tendencies in the United States30 
and have cultivated a cultural narrative as the land of ‘Don’t Fence 
Me In’, Gary Cooper in High Noon and the Marlboro man26.

In Big Five terms, however, a more complex picture emerges. 
The self-selection of the non-conformist, aloof settlers who initially 
moved to the mountain frontier27, the territoriality and scepticism 
towards others as a strategy to manage the scarcity of resources in 
the mountains25, the persistent cultural emphasis on being left alone 
in mountainous former frontier regions26, and previous research 
linking individualism to decreased agreeableness31–33 would all seem 
to point to low levels of agreeableness in mountainous regions. On 
the other hand, the high mortality in the mountains might also have 
promoted stronger group relations, boosting everybody’s chances of 
survival through mutual cooperation25, thus rewarding heightened 
agreeableness.

Some researchers have found support for negative associations 
between individualism and markers of conscientiousness34, but 
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others have found no statistical relationship32. Likewise, although 
US mountain region residents score low on some aspects of consci-
entiousness (for example, civic obligation), they score high on oth-
ers (for example, being organized)26.

With respect to extraversion, small-scale field experiments have 
shown that introverts have strong preferences for secluded, moun-
tainous areas whereas extraverts prefer flat and open surround-
ings such as the seaside35. Moreover, on a cultural level, the ethos 
of independence would probably manifest itself in low extraversion 
reflecting detachment, distance and self-reliance as core elements of 
individualism36. However, empirically, the link between individual-
ism and decreased extraversion has received mixed evidence32, with 
some work even finding effects in the opposite direction37.

In terms of neuroticism, the press to be autonomous and to sur-
vive on one’s own highlights a clear need to be mentally resilient. 
Thus, it would appear that mountainous environments are attrac-
tive to individuals with certain independence-prone attributes, 
such as self-reliance and emotional stability, and that those traits 
may be especially adaptive for flourishing in such environments6. 
Consistent with that logic, residents of mountainous regions tend 
to be less worrying and nervous26. However, others have argued 
that, to a certain degree, chronic fear and permanently heightened 
vigilance might actually be adaptive in frontier topographies to help 
avoid physical threats, suggesting a potential positive relationship 
between neuroticism and mountainousness25.

Regarding openness to experience, previous research has tied 
openness to individualism31,33, portrayed openness both as a likely 
characteristic of the adventurous pioneers who first populated the 
mountain frontier27 and an adaptive trait to master the environmen-
tal challenges of mountainous terrain7,25 and has shown residents 
of mountain regions to be broad-minded and curious26. However, 
recent evidence examining governmental restriction has demon-
strated that frontier topography may be as likely to produce auto-
cratic close-mindedness as liberal openness38,39.

Against this backdrop of mixed findings, we refrained from 
making specific predictions about the patterns of the associations 
and, instead, adopted an exploratory, data-driven approach to illu-
minate the relationships between mountainousness and personality.

There are other important questions about the relationship 
between mountainousness and personality that have yet to be exam-
ined empirically. In particular, what are the underlying mechanisms 
responsible for the relationship? Research in cultural7,22 and geo-
graphical psychology8,40 has identified three mechanisms that could 
shed light on the origins of the mountainousness–personality rela-
tionship: (1) selective migration suggests that people with certain 
traits might be more likely than others to move to mountainous 
areas because the psychological demands and affordances of these 
areas satisfy their personalities. For example, introverts may leave a 
city seeking the relative solitude of a frontier region, or a strongly 
independent person may thrive in the unstructured environment 
that such regions offer. (2) Ecological influence suggests that the 
conditions of mountainous environments could directly shape the 
personalities of residents. For example, the remoteness and isola-
tion that come with the mountains might reinforce behaviours and 
traits associated with social withdrawal, self-reliance and intro-
version. (3) Sociocultural influence suggests that the unique local 
traditions, customs, lifestyles and daily practices of mountainous 
areas may shape specific social norms which, in turn, affect inhab-
itants’ personalities. For example, the ethos of independence that 
may have originally developed as a response to the harsh environ-
ment might, over time, evolve and become deeply engrained in 
the collective mindset and culture of the mountainous regions. 
Subsequently, it might give rise to specific social and behavioural 
norms which then shape the personalities of people living in this 
independence-prone local culture. Of note, this theoretical frame-
work further distinguishes two forms of sociocultural influences7,22: 

initial enculturation and acculturation. Initial enculturation posits 
that the experience of being born and raised in a mountainous area 
shapes people’s personalities whereas acculturation posits that peo-
ple’s personalities may change as they move to a mountainous area 
later in their life.

Although previous research indicates that selective migration, 
ecological influence and sociocultural influence are important7,8,22,40, 
it is difficult to determine the degree to which any of these contrib-
utes to the link between mountainousness and personality. While 
also unable to establish direct causality, the present investigation 
attempts to shed some light on the issue by adopting a twofold 
approach. In the first step, we zoom in on selective migration as well 
as the two forms of sociocultural influences (initial enculturation 
and acculturation); to do this, we compare associations between 
personality and the mountainousness of the places in which partici-
pants grew up versus the mountainousness of the places in which 
they lived when they participated in the study. In keeping with 
Kitayama and colleagues7, a stronger association between moun-
tainousness and personality for the place in which people grew up 
compared to where they lived when they participated would suggest 
a stronger role for initial enculturation, rather than selective migra-
tion or acculturation.

In the second step, we seek to disentangle the effect of ecological 
influences and sociocultural influences. Generally, due to the deeply 
engrained ethos of independence that continues to characterize the 
former frontier regions in the mountain west22,26,27 it seems reason-
able to assume that the relationship between mountainousness and 
personality is driven, at least in part, by historical and sociocultural 
influences rather than by ecological influences alone. However, 
sociocultural influences should occur only along the former fron-
tier—that is, in the western mountains (for example the Rocky 
Mountains), whereas they should be absent in the eastern moun-
tains (for example, the Appalachian Mountains), which are not 
generally regarded as part of the American frontier. Following this 
rationale, to isolate the effects of ecological features (mountainous 
topography, which is found in both the east and west) from socio-
cultural norms (frontier culture, which is found only in the west), 
we ran separate analyses for the west versus east of the United States 
and compared the association patterns between mountainousness 
and personality across both parts of the country.

Another important question concerns the operationalization of 
physical topography. According to the Nordic Centre for Spatial 
Development41, mountainousness is defined by two elements—hil-
liness (slope, shape) and area elevation (altitude). In keeping with 
this distinction, we measured the mountainousness of people’s 
residential environments using three different indices: (1) standard 
deviation in elevation, (2) mean squared successive difference in 
elevation and (3) mean elevation. The first two indicators are sensi-
tive to variation in elevation and are hence well suited to captur-
ing the hilliness, or the shape, of a landscape; the third indicator, 
elevation, is a marker of overall altitude (Figs. 1 and 2; see Methods 
and Supplementary Information for details). Because the average 
national commuting distance in the United States is 18.8 miles42, 
to delineate people’s living environment for our primary analyses 
we drew a 20-mile radius from the centroid of one’s ZIP code of 
residence. To capture the broader surroundings in which people 
spend their lives, we also ran all our analyses with a 50-mile radius. 
Comparing these two radii can inform our understanding of suit-
able ways to represent people’s living environments.

The current investigation set out to examine directly the degree 
to which physical topography is associated with individual per-
sonality. Specifically, using a sample of >3 million individuals, the 
present work investigates the relationships between the Big Five 
personality traits and objective measures of physical topography 
across 37,227 ZIP codes in the United States. In doing so, we extend 
previous research23,35 by (1) investigating all Big Five traits rather 
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than single traits, (2) using objective measures of mountainousness 
and (3) analysing data at the level of ZIP codes rather than states.

Results
For the default model (mountainousness, 20-mile radius, present 
place of living) multi-level modelling showed that mountainousness 
had negative associations with agreeableness (β[95% confidence 
interval (CI)] = −0.008[−0.010, −0.005], P < 0.001), conscien-
tiousness (β[95% CI] = −0.007[−0.009, −0.005], P < 0.001), extra-
version (β[95% CI] = −0.006[−0.008, −0.004], P < 0.001) and 
neuroticism (β[95% CI] = −0.013[−0.015, −0.011], P < 0.001), 
and a positive relationship with openness to experience (β[95% 
CI] = 0.034[0.031,0.037], P < 0.001). Variance partition coeffi-
cients43 indicated that almost all variance was at the individual 
level (agreeableness = 99.05%, conscientiousness = 98.79%, extra-
version = 99.36%, neuroticism = 99.11%, openness = 97.33%), with 
variance at the superordinate spatial ZIP code level ranging from 
0.64% (extraversion) to 2.67% (openness), which mirrors previous 
research44,45 and may at least be partially due to common-method 
variance inflating the individual-level estimates46,47. Table 1 exhibits 
full models for all five traits, reporting standardized β-coefficients 
which allow for direct comparisons among individual predictors. Ω2,  
which is conceptually similar, if more conservative, to a traditional 
R2 statistic in ordinary least squares regressions, is reported to assess 
the models’ overall explanatory power. Further details on both Ω2 
and multi-level models for the mean squared successive differ-
ence measure (mountainousness–MSSD) and elevation, both of 

which identically replicated the patterns of the default model (see 
Supplementary Tables 3 and 4), can be found in the Supplementary 
Information.

Conditional random forests identified mountainousness as a 
meaningful predictor of personality. As can be seen in Fig. 3, for 
all three indices mountainousness importance scores consistently 
exceeded the customary, conservative random noise benchmark48–50, 
to signal practical relevance for all Big Five traits. Mountainousness 
was particularly strongly associated with openness to experience, 
outperforming income, social class, race, latitude and extraversion, 
where mountainousness–MSSD outperformed income, education, 
race, latitude and population density. With the exception of extra-
version, where mountainousness–MSSD ranked first, mountain-
ousness consistently outperformed mountainousness–MSSD and 
elevation, which was the least relevant mountainousness index in 
all models. This finding was corroborated by results from Steiger’s 
Z-tests51 indicating that zero-order correlations of personality with 
mountainousness were stronger than zero-order correlations with 
elevation (agreeableness, Z = 6.78, P < 0.001; conscientiousness, 
Z = 9.49, P < 0.001; extraversion, Z = 3.62, P < 0.001; neuroticism, 
Z = 6.33, P < 0.001; openness to experience, Z = 49.76, P < 0.001) 
and mountainousness–MSSD (agreeableness, Z = 16.45, P < 0.001; 
conscientiousness, Z = 8.50, P < 0.001; extraversion, Z = 3.29, 
P < 0.001; neuroticism, Z = 1.92, P = 0.0549; openness to experience,  
Z = 22.49, P < 0.001).

When exploring the relationship between mountainousness and 
personality with a broader operational definition of people’s living 
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Fig. 1 | illustration of mountainousness measure. Implementation of the default mountainousness measure, based on standard deviation in elevation 
above sea level. The two examples reflect the least mountainous ZIP code (27915 in Avon, NC) and the most mountainous (93526 in Independence, CA) 
represented in the present study. For illustration purposes the broader 50-mile radii are shown and the reported mountainousness estimates (s.d.) capture 
the 50-mile radius around the respective centroid of each ZIP code. 3D, three-dimensional.
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environments (that is, 50-mile radius) and place of living when they 
grew up (versus where they lived when they participated in the 
study), the directions of the effects generally remained stable across 
all four sets of analyses (see Table 2). Nonetheless, minor differences 
in effect size were observed. Specifically, Steiger’s Z-tests51 indicated 
that associations were larger for 50-mile rather than 20-mile radii for 
four of the Big Five traits (agreeableness, Z = 5.84, P < 0.001; consci-
entiousness, Z = 2.336, P = 0.019; neuroticism, Z = 6.54, P < 0.001; 
openness to experience, Z = 18.929, P < 0.001), with the exception 
of extraversion, where no significant difference was detected (extra-
version, Z = 0.234, P = 0.815). More mixed results were found when 
comparing the associations between mountainousness and person-
ality for current place of residence versus place of residence during 
youth. Stronger zero-order correlations were observed for place of 
youth and agreeableness (Z = 3.738, P < 0.001), conscientiousness 
(Z = 11.213, P < 0.001) and extraversion (Z = 2.803, P = 0.005), 
but the reverse pattern emerged for neuroticism (Z = −11.212, 
P < 0.001) and openness (Z = −15.583, P < 0.001). Thus, for agree-
ableness, conscientiousness and extraversion the results suggest that 
initial enculturation may be at work whereas selective migration 
and acculturation may be responsible for the links to neuroticism 
and openness. That is, the experience of being born and raised in a 
mountainous area might make people less agreeable, less conscien-
tious and less extraverted whereas people who move to mountainous 
areas later in life might either become more open and less neurotic 
upon moving there or—at least in part—move there because they 
are open and emotionally stable.

Lastly, when running separate multi-level models for the east 
versus west of the United States, notable differences were observed 
(see Supplementary Tables 5 and 6). In the west the general pattern 
was reproduced, with the exception of conscientiousness, which 
was no longer significantly associated with mountainousness. 
Meanwhile, in the east while the effects for conscientiousness (β[95% 
CI] = −0.007[−0.009,−0.005], P < 0.001) and openness to experience 
(β[95% CI] = 0.005[0.001,0.008], P = 0.011) mirrored the general 
model, agreeableness and extraversion were no longer significantly 

related to mountainousness, and neuroticism was positively asso-
ciated with mountainousness (β[95% CI] = 0.006[0.004,0.009], 
P < 0.001). Of note, in the west the relationship for openness to expe-
rience (β[95% CI] = 0.0431[0.039,0.047], P < 0.001), which yielded 
the strongest effect in the general model, was almost ten times as 
high as in the east (β[95% CI] = 0.0046[0.001,0.008], P < 0.001).

Discussion
The current study used advanced analysis techniques to determine 
whether mountainousness is meaningfully related to personality. 
Significant associations emerged in the presence of a conservative 
set of individual-level (that is, age, sex, educational status, race and 
perceived social class) and macro-environmental (latitude, popula-
tion density, and median income) control variables. The patterns 
of results show substantial consistency across a series of robust-
ness checks and cross-validation with a powerful machine learning 
algorithm. As such, people living in mountainous terrain tend to be 
lower on agreeableness, conscientiousness, extraversion and neu-
roticism, and higher on openness to experience, than people living 
in non-mountainous terrain (see Fig. 4, dark green bars).

How should we interpret the associations between mountainous-
ness and personality? Previous research on frontier culture offers a 
number of clues. The relationship between mountainousness and 
low agreeableness suggests that residents of mountainous areas 
are less trusting, caring, forgiving and kind compared to residents 
of flatter areas. These findings converge with previous research 
indicating that the original settlers of mountainous environments 
benefited from territorial, self-focused survival strategies25, which 
contributed to a strong cultural emphasis on isolation and indepen-
dence in the mountainous former frontier region26. The low levels of 
conscientiousness in relation to mountainousness point to elevated 
rates of rebelliousness, indifference and non-compliant behav-
iours in mountainous areas, which accords with the self-focused, 
egocentric attitude of individualism34. This notion is backed up by 
previous research indicating that mountain regions exhibit com-
paratively low levels of civic involvement26 and obedience24. The low 

St. Louis

Fig. 2 | topographical map of the united States based on mountainousness measure. Visualization of topographical estimates from the mountainousness 
measure across the United States, accurately reproducing the country’s actual topography. To aid interpretation of east–west comparisons, the red axis 
at 87.86° W marks the longitude-based median split point in the current sample. Also shown is the location of St. Louis, ‘the gateway to the west’, just 
slightly to the west of the median split point.
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levels of extraversion in mountainous areas converge with defin-
ing characteristics of individualism such as detachment, distance, 
and self-reliance36, and also replicate small-scale field experiments 
showing that introverts have strong preferences for secluded, moun-
tainous areas35. The association between mountainousness and low 
levels of neuroticism dovetails with the idea of independent, asser-
tive and self-confident mountain settlers who cannot afford to rely 
on anyone but themselves26.

Finally, heightened openness to experience might be construed 
as another prerequisite for successful mastery of the tough eco-
logical conditions of mountainous areas7,25. As such, moving from 
the comforts of civilisation to the harsh terrains of the mountains 
arguably demands preparedness to confront unknown challenges 
and experiences in unchartered territory. Moreover, as a hallmark 
of individualism31,33, openness is a strong predictor of residential 
mobility21 and has been suggested to serve as an impetus to pursue 
goals that cannot be fulfilled in one’s present environment52, such as 
the quest for economic affluence and personal freedom that drove 
many original North American frontier settlers7,22.

In an attempt to further elucidate the observed mountainousness–
personality associations, we tried to isolate the effects of ecological  

features (mountainous topography, which is found in both the 
east and west) from sociocultural norms (frontier culture, which is 
found only in the west) by running separate analyses for the west 
versus east of the United States. These exploratory analyses suggest 
that whether the effects are driven by the topography itself (hilli-
ness, elevation) or by the frontier culture that has come to be associ-
ated with the mountainous regions of the western US states seems 
to depend on the trait. Specifically, when examined in isolation, the 
ecological effects of mountainousness (that is, hilliness and eleva-
tion) yield noteworthy patterns of low levels of conscientiousness 
and—in direct contrast with the sociocultural effects—high neu-
roticism (Fig. 4, light blue bars). Consistent with previous work23,35, 
these findings suggest that the mountains are still an isolating ter-
rain with formidable barriers to many aspects of life and, even if 
humankind has managed to overcome them in many respects, 
they remain a defining element of one’s physical surroundings that 
affects personality. However, these findings also suggest that the 
role of the mountains for humans—while still impactful—has prob-
ably changed since the original settlement of the United States.

Indeed, with the advent of modern transportation, mountain-
ous regions have become more accessible, opening more channels 

Table 1 | Results from multi-level modelling, default model (20-mile radius around current place of living)

Predictor agreeableness Conscientiousness extraversion Neuroticism openness

β (P) [95% Ci] β (P) [95% Ci] β (P) [95% Ci] β (P) [95% Ci] β (P) [95% Ci]

Age 0.0856 (<0.001) 
[0.0838, 0.0874]

0.1379 (<0.001)  
[0.1361, 0.1397]

−0.0538 (<0.001) 
[−0.0556, −0.0519]

−0.0741 (<0.001) 
[−0.0759, −0.0724]

0.0382 (<0.001)  
[0.0364, 0.0399]

Sex 0.1078 (<0.001) [0.1063, 
0.1094]

0.0595 (<0.001)  
[0.0579, 0.0610]

0.0638 (<0.001) 
[0.0623, 0.0654]

0.2110 (<0.001) 
[0.2095, 0.2126]

−0.0893 (<0.001) 
[−0.0908, −0.0877]

education 0.0248 (<0.001) 
[0.0230, 0.0267]

0.1308 (<0.001)  
[0.1290, 0.1326]

−0.0228 (<0.001) 
[−0.0246, −0.0209]

−0.0336 (<0.001) 
[−0.0356, −0.0318]

0.0866 (<0.001)  
[0.0848, 0.0884]

Social class −0.0091 (<0.001) 
[−0.0107, −0.0075]

0.0731 (<0.001)  
[0.0715, 0.0747]

0.1138 (<0.001) 
[0.1121, 0.1154]

−0.0991 (<0.001) 
[−0.1007, −0.0975]

0.0215 (<0.001)  
[0.0199, 0.0231]

White 0.0026 (0.125) 
[−0.0007, 0.0059]

−0.0069 (<0.001) 
[−0.0101, −0.0036]

−0.0114 (<0.001) 
[−0.0147, −0.0080]

0.0477 (<0.001) 
[0.0449, 0.0509]

−0.0873 (<0.001) 
[−0.0906, −0.0839]

black 0.0887 (<0.001) 
[0.0859, 0.0914]

0.0705 (<0.001)  
[0.0678, 0.0733]

0.0149 (<0.001) 
[0.0122, 0.0178]

−0.0756 (<0.001) 
[−0.0783, −0.0728]

−0.0544 (<0.001) 
[−0.0572, −0.0516]

Asian −0.0061 (<0.001) 
[−0.0079, −0.0043]

−0.0150 (<0.001) 
[−0.0168, −0.0132]

−0.0297 (<0.001) 
[−0.0315, −0.0278]

0.0127 (<0.001) 
[0.0109, 0.0145]

−0.0319 (<0.001) 
[−0.0338, −0.0301]

Hispanic 0.0278 (<0.001) 
[0.0254, 0.0303]

0.0153 (<0.001)  
[0.0128, 0.0177]

0.0092 (<0.001) 
[0.0067, 0.0117]

−0.0126 (<0.001) 
[−0.0150, −0.0102]

−0.0545 (<0.001) 
[−0.0569, −0.0520]

Mixed race 0.0110 (<0.001) 
[0.0093, 0.0127]

−0.0039 (<0.001) 
[−0.0055, −0.0022]

−0.0163 (<0.001) 
[−0.0179, −0.0146]

0.0016 (0.053) 
[−0.0001, 0.0033]

−0.0238 (<0.001) 
[−0.0255, −0.0221]

Latitude −0.0027 (0.014)
[−0.0049, −0.0005]

−0.0066 (<0.001) 
[−0.0088, −0.0043]

−0.0078 (<0.001) 
[−0.0098, −0.0057]

0.0032 (0.002) 
[0.0012, 0.0052]

−0.0245 (<0.001) 
[−0.0273, −0.0217]

Population density per 
square mile

−0.0368 (<0.001) 
[−0.0393, −0.0343]

−0.0336 (<0.001) 
[−0.0362, −0.0309]

−0.0016 (0.205) 
[−0.0038, 0.0006]

0.0177 (<0.001) 
[0.0154, 0.0199]

0.0781 (<0.001)  
[0.0746, 0.0816]

Median income −0.0076 (<0.001) 
[−0.0098, −0.0055]

−0.0209 (<0.001) 
[−0.0231, −0.0187]

0.0132 (<0.001) 
[0.0113, 0.0152]

−0.0046 (<0.001) 
[−0.0066, −0.0026]

0.0217 (<0.001)  
[0.0189, 0.0244]

Mountainousness 
(20-mile radius)

−0.0076 (<0.001) 
[−0.0098, −0.0054]

−0.0070 (<0.001) 
[−0.0094, −0.0047]

−0.0063 (<0.001) 
[−0.0083, −0.0042]

−0.0131 (<0.001) 
[−0.0151, −0.0110]

0.0338 (<0.001)  
[0.0309, 0.0367]

Model fit statistics

 AIC 3,076,551 3,129,913 3,770,803 3,647,463 3,026,028

 bIC 3,076,747 3,130,109 3,770,999 3,647,659 3,026,224

 Ω2 0.041 0.084 0.026 0.080 0.057

 R2
marginal 0.032 0.074 0.019 0.073 0.032

 R2
conditional 0.038 0.082 0.023 0.078 0.050

n (level 1) = 1,538,404; n (level 2) = 29,764. AIC, Akaike information criterion; bIC, bayesian information criterion.
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of interaction between mountain settlers and suppliers, service 
providers and visitors. Moreover, recent advancements in technol-
ogy have removed many of the communication barriers that had 
maintained the isolation of mountain settlers from each other and 
from third parties35. Hence, while choosing to live in the moun-
tains today is likely to reflect a desire for solitude and quietness35, 
doing so no longer requires the same degree of self-reliance and  
autonomous mastery.

As such, the purely ecological effects that the mountains continue 
to exhibit today better fit with the notion of the hermit alone in the 
mountains35 who favours social withdrawal (high neuroticism53,54) 
and freedom from civic responsibilities (low conscientiousness55,56) 
than with the iron-willed, mentally resilient pioneer (low neuroti-
cism) who, while being rebellious and non-compliant (low consci-
entiousness24,26), also has to be organized and self-disciplined (high 
conscientiousness) to survive along the frontier.

While the importance of ecological effects should thus clearly be 
acknowledged, it appears that, in general, the sociocultural effects 
are decidedly more powerful and dominant in shaping the observed 
associations between mountainousness and personality (Fig. 4, dark 
blue bars). As such, they attest to the power of deeply rooted regional 
sociocultural narratives, such as the ethos of independence, and 
their perpetuation through education and socialization22,57. Indeed, 
there is ample evidence pointing to the longevity of the effects of 
regional ecologies on personality that persist long after the original 
determining ecological factors have ceased to be relevant11,18,19,24,27,58. 
Put differently, there is a good chance that in Independence, CA, the 
most mountainous of the 37,227 ZIP codes in our study, the ethos of 
independence is still alive and well.

It should be noted that the magnitude of the effects is gener-
ally quite small and the overall explanatory power of the models is 
modest. However, complex psychological phenomena, such as per-
sonality, are likely to be influenced by hundreds, if not thousands, 
of factors59,60, so small effects are to be expected especially when 
examined in the uncontrolled context of real-world settings61–63. 
This expectation of small but robust effects has strong parallels 
in the field of genetics, where researchers have essentially aban-
doned reductionist one-gene-one-outcome approaches in favour 
of quantitative trait loci approaches64–66 that identify multi-gene 
systems. Such approaches explicitly acknowledge that each indi-
vidual gene will probably have a very small effect, accounting 
for <1% of variance65,67 or even just 0.1% (ref. 68). Thanks to the 

digital revolution and the age of big data69–71, psychology now also 
has the means to undertake large-scale, computationally powerful 
research that cumulatively advances our understanding of com-
plex phenomena such as personality, identifying small yet robust  
predictive factors59,72.

Does the small magnitude of the effects render them unimport-
ant? Not at all. Small effects can make a big difference when con-
sidered at scale59,73–75. This is especially true for personality, where 
the effects accumulate over long periods of time76,77 and across most 
major life domains, including occupational attainment, personal 
relationships, financial security and mortality78–80. This cumulative 
effect is especially likely for socio-ecological influences, which usu-
ally bear on large groups of people that share the same environmen-
tal milieu39,46,57,81. For instance, our research shows that an increase 
of one standard deviation in mountainousness is associated with a 
change of approximately 1% in personality, which may seem insig-
nificant. However, when scaled to hundreds of thousands of people, 
such an increase would translate into substantial changes in highly 
consequential political, economic, social and health outcomes8,12.

In addition to exploring the associations between mountain-
ousness and personality, our research tried to shed light on the 
mechanisms underlying these associations. Aside from isolating 
ecological and sociocultural effects, our preliminary attempts to 
separate the individual contributions of selective migration, initial 
enculturation and acculturation suggest that the associations with 
mountainousness may be primarily due to initial enculturation 
for agreeableness, conscientiousness and extraversion, and due to 
selective migration and acculturation for neuroticism and open-
ness. One possible explanation for this pattern could be that, to 
either move to an area that aligns well with one’s own personality 
or to become culturally assimilated in a new place, one needs to 
be able to judge the ambiance, culture and vibe of a place. In that 
vein, people exhibit considerable accuracy in inferring regional lev-
els of openness and neuroticism, but not the other three Big Five 
traits82. This understanding of regional characteristics is true for the 
United States as a whole, but the effect might be particularly strong 
in the mountain states where low neuroticism and high openness 
have been shown to be the most salient regional personality char-
acteristics12. Furthermore, as noted above, openness—which shows 
the strongest difference in effect size between youth and present 
place of living—is a strong predictor of residential mobility21. As 
such, it might drive people to seek out environments that offer a 
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Fig. 3 | variable importance value plots. because variable importance values are a relative ranking of predictor importance, the absolute numbers on the 
x-axis serve for comparison purposes only and cannot be interpreted on their own. Values exceeding the red dashed vertical line are highly unlikely to be 
random noise, and predictors with higher variable importance values are considered more important than those with lower values (n = 15,313).
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better fit for their personalities52, which would be another plausible 
argument for linking the trait to selective migration. However, our 
data do not allow us to draw any firm conclusions on how exactly 
the mechanisms operate and affect different personality traits dif-
ferently. For example, we have no way of knowing whether people 
who moved since their youth deliberately chose their new place of 
residence or ended up there for reasons unrelated to their personal 
preferences (for example, job posting, moving to live with a part-
ner). Also, we do not know when participants moved away from 
their place of youth, how long they have lived at their current resi-
dence or where they lived in between. Thus, we cannot control for 
possible prolonged exposure to other ecological and sociocultural 
environments. More generally, due to the correlational nature of our 
study, we are unable to provide causal evidence in the current work. 
To overcome these limitations, longitudinal studies monitoring  

both individual- and community-level changes in personality in 
mountainous areas would help to tease apart the effects of selec-
tive migration, initial enculturation and acculturation7,52 and offer 
a basis for causal inference. Likewise, cross-cultural triangula-
tion research7 replicating the present study in other mountainous 
regions with and without frontier legacies (for example, Hokkaido 
(Japan) versus Switzerland and Austria) would offer insights into 
the cultural specificity of the ethos of independence in the United 
States38,39 and further illuminate the ecological versus sociocultural 
effects of mountainousness. Finally, future research should also look 
at the specific effects of other challenging terrains such as deserts, 
coastlines and swamplands35 and examine more nuanced associa-
tions at the level of personality facets83,84.

Taken together, the present study demonstrated robust effects 
of objective physical environments on personality. In doing 

Table 2 | Results from multilevel modelling: comparison of 20- versus 50-mile radius around current versus place of residence during 
youth

Predictor agreeableness Conscientiousness extraversion Neuroticism openness

β (20-, 50-mile) β (20-, 50-mile) β (20-, 50-mile) β (20-, 50-mile) β (20-, 50-mile)

Age 0.086 0.086 0.138 0.138 −0.054 −0.054 −0.074 −0.074 0.038 0.038

0.089 0.089 0.139 0.139 −0.053 −0.053 −0.076 −0.076 0.031 0.030

Sex 0.108 0.108 0.059 0.059 0.064 0.064 0.211 0.211 −0.089 −0.089

0.108 0.108 0.059 0.059 0.064 0.064 0.211 0.211 −0.091 −0.091

education 0.025 0.025 0.131 0.131 −0.023 −0.023 −0.034 −0.034 0.087 0.087

0.018 0.018 0.124 0.124 −0.024 −0.024 −0.031 −0.031 0.108 0.108

Social class −0.009 −0.009 0.073 0.073 0.114 0.114 −0.099 −0.099 0.021 0.022

−0.011 −0.011 0.073 0.073 0.114 0.114 −0.099 −0.099 0.021 0.021

White 0.003 
(P = 0.125)

0.002 
(P = 0.155)

−0.007 −0.007 −0.011 −0.011 0.048 0.047 −0.087 −0.087

0.005 
(P = 0.002)

0.005 
(P = 0.002)

−0.004 
(P = 0.011)

−0.004 
(P = 0.011)

−0.010 −0.010 0.047 0.046 −0.092 −0.092

black 0.089 0.089 0.071 0.071 0.015 0.015 −0.076 −0.076 −0.054 −0.054

0.089 0.089 0.071 0.071 0.015 0.015 −0.077 −0.077 −0.055 −0.055

Asian −0.006 −0.006 −0.015 −0.015 −0.029 −0.029 0.013 0.013 −0.032 −0.032

−0.007 −0.007 −0.016 −0.016 −0.031 −0.031 0.014 0.014 −0.029 −0.029

Hispanic 0.028 0.028 0.015 0.015 0.009 0.009 −0.013 −0.012 −0.055 −0.055

0.028 0.028 0.015 0.015 0.009 0.009 −0.013 −0.013 −0.056 −0.056

Mixed race 0.011 0.011 −0.004 −0.004 −0.016 −0.016 0.002 
(P = 0.053)

0.002 
(P = 0.041)

−0.024 −0.024

0.011 0.011 −0.004 −0.004 −0.016 −0.016 0.002 
(P = 0.058)

0.002 
(P = 0.039)

−0.023 −0.024

Latitude −0.003 
(P = 0.014)

−0.002 
(P = 0.026)

−0.007 −0.006 −0.008 −0.008 0.003 
(P = 0.002)

0.004 −0.024 −0.025

−0.006 −0.006 0.002 
(P = 0.031)

0.002 
(P = 0.031)

−0.008 −0.008 −0.001 
(P = 0.186)

−0.001 
(P = 0.379)

−0.021 −0.021

Population density 
per square mile

−0.037 −0.036 −0.034 −0.033 −0.002 −0.001 
(P = 0.234)

0.018 0.018 0.078 0.076

−0.022 −0.022 −0.015 −0.015 0.006 0.007 0.011 0.011 0.045 0.044

Median income −0.008 −0.007 −0.021 −0.021 0.013 0.013 −0.005 −0.004 0.022 0.021

−0.012 −0.012 −0.035 −0.035 0.017 0.017 −0.002 
(P = 0.025)

−0.002 
(P = 0.084)

0.043 0.042

Mountainousness −0.008 −0.009 −0.007 −0.007 −0.006 −0.006 −0.013 −0.016 0.034 0.038

−0.005 −0.005 −0.003 
(P = 0.002)

−0.003 
(P = 0.014)

−0.009 −0.007 −0.014 −0.018 0.020 0.023

First-line entries are analyses for place of residence at present, while second-line entries are analyses for place of residence at youth; all predictors were significant with P < 0.001 unless indicated otherwise. 
Sex: 0, male; 1, female; n (level 1) = 1,538,404, n (level 2, present) = 29,764, n (level 2, youth) = 31,012.
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so, it underlines the relevance of geographical psychology and 
socio-ecological research for understanding the complex ways in 
which individuals and environments interact.

Methods
The present study was preregistered on the Open Science Framework (OSF) before 
the data were accessed (https://osf.io/y36wc/; date of preregistration, 21 May 2017). 
While we generally adhered to the preregistration, there are a few noteworthy 
deviations. Specifically, for our main analyses we employed multi-level modelling 
instead of multiple regressions and conditional random forests instead of 
dominance analyses, thus addressing the same questions as preregistered but with 
more sophisticated methods. In revising the manuscript, we also ran additional 
analyses that had not been preregistered (for example, east–west comparisons) and 
made some adjustments to the general narrative by incorporating recent research 
that had been published since our preregistration (see Supplementary Information 
for more details on deviations from preregistration)

The data were obtained from the Gosling–Potter Internet Personality Project85 
(see Supplementary Information for details), which is an ongoing, large-scale 
online project that has received ethical approval from institutional review boards 
at the University of California and the University of Texas. At the time of access, it 
contained self-reported personality data of 3,838,112 US residents who provided 
informed consent to their participation in the project. Several exclusion criteria 
were used for the current study. Specifically, participants with missing data for 
the personality measure or for the ZIP code of their place of residence at the time 
of participation were excluded. We also restricted the age range in our sample to 
participants who indicated being between the ages of 10 and 99 years. The selection 
criteria resulted in a sample of 3,387,014 US residents from 37,227 different 
ZIP codes across the 48 contiguous states, as well as from Washington, DC and 
Alaska. Respondents’ mean age was 26.4 years (s.d. = 12.04), and 75% had at least 
graduated from high school. In terms of race, 71.7% identified as White/Caucasian 
whereas 9.4% identified as Black and 2.9, 8.2, 1.1 and 5.0% identified as Asian, 
Hispanic, Mixed or Other, respectively, which is broadly representative of the racial 
composition of the US general population86. Previous research on geographical 
psychology has shown that the present data are almost perfectly proportional to 
the United States Census Bureau’s estimates of racial composition, population size 
and social class membership of each state, concluding that the ‘data are generally 
representative of the population at large’8.

In addition to individual-level data, we obtained ZIP code-level data on 
latitude, mean household income87 and population density88 from the United 
States Census Bureau. Following current standards laid out by the Nordic Centre 
for Spatial Development41, in measuring mountainousness we considered both 
altitude (elevation) and topography (hilliness). Accounting for altitude is important 
because ecological conditions per se become rougher as altitude increases, due to 
the accompanying changes in climatic harshness41. However, a mountainousness 
measure assessing altitude alone would be incomplete and misleading. For 
instance, such a measure would interpret flat meadows at high elevation as 

mountainous, but low-elevation steep ravines would be interpreted as low in 
mountainousness. Hence, to properly capture both reasonable conceptualizations 
of mountainousness it is critical to account for actual topography, which 
encompasses a landscape’s shape; such measures should pick up on the physical 
elements of an area that may contribute to the sense of remoteness, isolation and 
ecological roughness that is typically associated with mountainousness.

Against this backdrop, we employed three indices to assess mountainousness. 
First, our default indicator of mountainousness, herein referred to as 
mountainousness, was defined as the standard deviation in elevation above sea 
level within a predefined radius (that is, 20 versus 50 miles) around a ZIP code’s 
centroid. A standard deviation of 0 indicates no mountainousness at all (that 
is, flat land) whereas a large standard deviation indicates a hilly area (that is, 
mountains). The least mountainous ZIP code was 27915 in Avon, NC and the most 
mountainous was 93526 in Independence, CA. To illustrate the mechanics and 
implementation of our measure, Fig. 1 shows the mountainousness assessment for 
these two ZIP codes. To further attest to its validity, based on our measure, Fig. 2 
provides an independently reconstructed topographical map of the United States 
that neatly reproduces the country’s actual topography.

Second, by accounting for the order of elevation values in the investigated 
radius, mountainousness–MSSD89 also tracks topographical dynamics. This 
measure captures not only overall variability (hilliness) but also stability in 
variability, or evenness of hilliness90. A higher value of mountainousness–MSSD 
indicates less stability in elevation and hence more extreme mountains90. 
Mountainousness–MSSD was highest in Marblemount, WA (ZIP code 98267) and 
lowest in Avon, NC (ZIP code 27915).

Third, mean elevation above sea level within the respective predefined radius 
around a ZIP code’s centroid was used to assess altitude. The least elevated ZIP 
code, actually below sea level, was 92281 in Westmorland, CA and the most 
elevated was 81433 in Silverton, CO. For the computation of all indices, elevation 
data were obtained from the National Aeronautics and Space Administration and 
the Consultative Group on International Agricultural Research Consortium for 
Spatial Information, and were subsequently linked to the geolocations (longitude, 
latitude) of all US ZIP codes (technical details are provided in the Supplementary 
Information).

In keeping with our research goals outlined above, we adopted a two-pronged 
analysis strategy. First, we applied multi-level modelling to test our hypotheses and 
explore the potential effects of mountainousness. Following the hierarchical data 
structure, participants (level 1) were nested in ZIP codes (level 2) to account for 
statistical dependence within each ZIP code, as well as ZIP code differences in the 
observed relationships43. In accordance with previous research17,19,57, we specified 
random-intercept fixed-slope models for all our multi-level analyses.

To separate purely ecological effects of mountainousness (which are found in 
both the east and west) from sociocultural effects due to frontier culture (which 
should be present only in the mountain west), we conducted a longitude-based 
median split of our sample and ran independent multi-level models for the eastern 
and western subsamples. As shown in Fig. 2, the median split point of our sample 
was at 87.86° W, which is close to the actual median centre of the population of the 
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–0.02 0 0.02 0.04

Ecological effect Sociocultural effect

Conscientiousness
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Neuroticism

Openness to experience

Fig. 4 | effects of mountainousness on personality. The dark green bars show the overall effect of mountainousness on personality (n = 1,538,404). 
The light blue bars show the effects of mountainousness on the big Five traits due to ecological features (observed in the east of the United States, 
n = 769,010). The dark blue bars show the effect of mountainousness on the big Five traits due to sociocultural norms (frontier culture, observed only in 
the west of the United States, n = 768,895). For each coefficient, 95% CIs are shown in red.
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United States at 87.13° W in Pike County, IN91. In addition, and further attesting 
to the geographical representativeness of our sample, this split point also seems 
suitable because it neatly separates the big mountains in the west (for example, 
the Rocky Mountains) from those of the east (for example, the Appalachian 
Mountains). Moreover, the split point is fairly close to St. Louis, MO (at 90.18° W), 
‘the gateway to the west’ and hence a useful demarcation of the former frontier.

For all multi-level models, level 1 control variables were the participant’s sex, 
age, education, race and self-reported social class. Level 2 control variables included 
population density and median income, along with latitude, which is a widely 
used index of climatic stress and has previously been related to personality6,16,20,92. 
Two-tailed significance testing was applied for all analyses. Zero-order correlations 
between personality, mountainousness and all level 1 and 2 control variables are 
reported in the Supplementary Information (see Supplementary Tables 1 and 2).

Second, we employed supervised machine learning to measure the practical 
relevance of mountainousness compared to controls and test the explanatory 
power of the three mountainousness indices against each other. Conditional 
random forests are a powerful data-driven ensemble learning method48 that 
assesses the relative contribution of each predictor by exploring all possible 
relationships within the model structure between predictors and the outcome 
variable, through a multitude of decision trees. Variable importance is assessed by 
randomly permutating (or shuffling) the values of one predictor and examining 
the resulting loss in prediction accuracy: little loss indicates low importance. As a 
non-parametric, bootstrapping-type, repeat-sampling method, conditional random 
forests yield highly accurate estimates that are robust to nonlinearity, higher-order 
interactions, heterogeneity, oversampling and correlated predictors50,93. The latter 
is especially important in this context. Because the three mountainousness indices 
are highly correlated (mountainousness–mountainousness–MSSD, r = 0.89; 
mountainousness–elevation, r = 0.66; mountainousness–MSSD–elevation, 
r = 0.61), entering them simultaneously into multi-level models would most 
probably produce substantial bias due to multicollinearity. However, entering them 
simultaneously into conditional random forests allows for a fair and unbiased test 
of their relative contribution to the prediction of personality.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
The data that support the findings of this study are available from the 
corresponding author upon request. The personality data from the Gosling–Potter 
Internet Personality Project are propriety data and may not currently be shared 
publicly. To enquire about access to these proprietary data, please contact S.D.G. 
(samg@austin.utexas.edu). The mountainousness measure (based on standard 
deviation in elevation across a 20-/50-mile radius from one’s ZIP code of living) 
was developed by the research team, extracting topographical information from 
satellite images and geocoordinates. As such, a dataset containing the three 
mountainousness measures for the United States, as well as corresponding 
code, are available on our project page on the OSF (https://osf.io/y2mdw/). 
The sociodemographic ZIP code-level data are freely available from the United 
States Census Bureau and can be publicly accessed (https://www.census.gov/
programs-surveys/acs).

Code availability
The analysis scripts are available as R code and SPSS syntax files on our OSF project 
page (https://osf.io/y2mdw/).

Received: 4 July 2019; Accepted: 20 July 2020;  
Published online: 7 September 2020

References
 1. Borhani, N. E. Changes and geographic distribution of mortality from 

cerebrovascular disease. Am. J. Public Health 55, 673–681 (1965).
 2. Levine, R. et al. Helping in 36 U.S. cities. J. Personal. Soc. Psychol. 67, 69–82 

(1994).
 3. McCann, S. J. H. Societal threat, authoritarianism, conservatism, and U.S. 

state death penalty sentencing (1977–2004). J. Personal. Soc. Psychol. 94, 
913–923 (2008).

 4. Oishi, S. Socioecological psychology. Annu. Rev. Psychol. 65, 581–609 (2014).
 5. Rentfrow, P. J. & Jokela, M. Geographical psychology: the spatial organization 

of psychological phenomena. Curr. Dir. Psychol. Sci. 25, 393–398 (2016).
 6. Camperio Ciani, A. S. & Capiluppi, C. Gene flow by selective emigration as a 

possible cause for personality differences between small islands and mainland 
populations. Eur. J. Personal. 25, 53–64 (2011).

 7. Kitayama, S. et al. Voluntary settlement and the spirit of independence: 
evidence from Japan’s “northern frontier”. J. Personal. Soc. Psychol. 91, 
369–384 (2006).

 8. Rentfrow, P. J. et al. A theory of the emergence, persistence, and expression of 
geographic variation in psychological characteristics. Perspect. Psychol. Sci. 3, 
339–369 (2008).

 9. Rentfrow, P. J. et al. Regional personality differences in Great Britain. PLoS 
ONE 10, e0122245 (2015).

 10. Harrington, J. R. & Gelfand, M. J. Tightness–looseness across the 50 United 
States. Proc. Natl Acad. Sci. USA 111, 7990–7995 (2014).

 11. Obschonka, M. et al. In the shadow of coal: how large-scale industries 
contributed to present-day regional differences in personality and well-being. 
J. Personal. Soc. Psychol. 115, 903–927 (2018).

 12. Rentfrow, P. J. et al. Divided we stand: three psychological regions of the 
United States and their political, economic, social, and health correlates. J. 
Personal. Soc. Psychol. 105, 996–1012 (2013).

 13. Mõttus, R. et al. Personality traits below facets: the consensual validity, 
longitudinal stability, heritability, and utility of personality nuances. J. 
Personal. Soc. Psychol. 112, 474–490 (2017).

 14. McCrae, R. R. & John, O. P. An introduction to the Five-Factor Model and its 
applications. J. Pers. 60, 175–215 (1992).

 15. John, O. P. & Srivastava, S. in Handbook of Personality: Theory and Research 
Vol. 2 (eds Pervin, L. A. & John, O. P.) 102–138 (Guilford Press, 1999).

 16. van de Vliert, E. Climato-economic habitats support patterns of human 
needs, stresses, and freedoms. Behav. Brain Sci. 36, 465–480 (2013).

 17. Wei, W. et al. Regional ambient temperature is associated with human 
personality. Nat. Hum. Behav. 1, 890–895 (2017).

 18. Uskul, A. K. et al. Ecocultural basis of cognition: farmers and fishermen are 
more holistic than herders. Proc. Natl Acad. Sci. USA 105, 8552–8556 (2008).

 19. Talhelm, T. et al. Large-scale psychological differences within China explained 
by rice versus wheat agriculture. Science 344, 603–608 (2014).

 20. Fincher, C. L. et al. Pathogen prevalence predicts human cross- 
cultural variability in individualism/collectivism. Proc. R. Soc. B 275, 
1279–1285 (2008).

 21. Jokela, M. Personality predicts migration within and between U.S. states.  
J. Res. Personal. 43, 79–83 (2009).

 22. Kitayama, S. et al. Ethos of independence across regions in the United  
States: the production-adoption model of cultural change. Am. Psychol. 65, 
559–574 (2010).

 23. Conway, L. G. et al. in Geographical Psychology (ed. Rentfrow, P. J.) 31–50 
(American Psychological Association, 2014).

 24. Olsson, O. & Paik, C. Long-run cultural divergence: evidence from the 
Neolithic Revolution. J. Dev. Econ. 122, 197–213 (2016).

 25. Sng, O. et al. The behavioral ecology of cultural psychological variation. 
Psychol. Rev. 125, 714–743 (2018).

 26. Plaut, V. C. et al. Place matters: consensual features and regional variation in 
American well-being and self. J. Personal. Soc. Psychol. 83, 160–184 (2002).

 27. Varnum, M. E. W. & Kitayama, S. What’s in a name? Popular names are less 
common on frontiers. Psychol. Sci. 22, 176–183 (2011).

 28. Feng, J. et al. Ongoing voluntary settlement and independent agency: 
evidence from China. Front. Psychol. 8, 1287 (2017).

 29. Ishii, K. Consequences of voluntary settlement: normative beliefs related to 
independence in Hokkaido. J. Cogn. Cult. 14, 159–169 (2014).

 30. Vandello, J. A. & Cohen, D. Patterns of individualism and collectivism across 
the United States. J. Personal. Soc. Psychol. 77, 279–292 (1999).

 31. Dollinger, S. J. et al. Individuality and relatedness of the self: an 
autophotographic study. J. Personal. Soc. Psychol. 71, 1268–1278 (1996).

 32. Grimm, S. D. et al. Self-described traits, values, and moods associated with 
individualism and collectivism. J. Cross Cult. Psychol. 30, 466–500 (1999).

 33. Realo, A. et al. The hierarchical structure of collectivism. J. Res. Personal. 31, 
93–116 (1997).

 34. Moorman, R. H. & Blakely, G. L. Individualism-collectivism as an individual 
difference predictor of organizational citizenship behavior. J. Organ. Behav. 
16, 127–142 (1995).

 35. Oishi, S. et al. Personality and geography: introverts prefer mountains. J. Res. 
Personal. 58, 55–68 (2015).

 36. Triandis, H. C. et al. Individualism and collectivism: cross-cultural 
perspectives on self-ingroup relationships. J. Personal. Soc. Psychol. 54, 
323–338 (1988).

 37. Arpaci, I. et al. The relationship among individual differences in 
individualism-collectivism, extraversion, and self-presentation. Pers. Individ. 
Dif. 121, 89–92 (2018).

 38. Conway, L. G. et al. Ecological origins of freedom: pathogens, heat stress, and 
frontier topography predict more vertical but less horizontal governmental 
restriction. Personal. Soc. Psychol. Bull. 43, 1378–1398 (2017).

 39. Conway, L. G. et al. Socio-ecological influences on political ideology. Curr. 
Opin. Psychol. 32, 76–80 (2020).

 40. Rentfrow, P. J. Statewide differences in personality: toward a psychological 
geography of the United States. Am. Psychol. 65, 548–558 (2010).

 41. Nodregio. Mountain Areas in Europe: Analysis of Mountain Areas in EU 
Member States, Acceding and Other European Countries. European 
Commission contract No 2002.CE.16.0.AT.136 (2004).

 42. Rapino, M. A. & Fields, A. K. Mega Commuters in the U.S.: Time and 
Distance in Defining the Long Commute Using the American Community 
Survey. Working Paper 2013-03 (United States Census Bureau, 2013).

NatuRe HuMaN BeHaviouR | VOL 4 | NOVeMber 2020 | 1135–1144 | www.nature.com/nathumbehav 1143

https://osf.io/y2mdw/
https://www.census.gov/programs-surveys/acs
https://www.census.gov/programs-surveys/acs
https://osf.io/y2mdw/
http://www.nature.com/nathumbehav


Articles Nature HumaN BeHaviour

 43. Nezlek, J. in Cross-cultural Research Methods in Psychology (eds Matsumoto, 
D. & Van de Vijver, F.) 299–345 (Cambridge Univ. Press, 2010).

 44. Fulmer, C. A. et al. On “feeling right” in cultural contexts. Psychol. Sci. 21, 
1563–1569 (2010).

 45. Götz, F. M. et al. Regional cultures and the psychological geography of 
Switzerland: person–environment–fit in personality predicts subjective 
wellbeing. Front. Psychol. https://doi.org/10.3389/fpsyg.2018.00517 (2018).

 46. Bleidorn, W. et al. To live among like-minded others: exploring the links 
between person-city personality fit and self-esteem. Psychol. Sci. 27,  
419–427 (2016).

 47. Hemphill, J. F. Interpreting the magnitudes of correlation coefficients. Am. 
Psychol. 58, 78–79 (2003).

 48. Strobl, C. et al. An introduction to recursive partitioning: rationale, 
application, and characteristics of classification and regression trees, bagging, 
and random forests. Psychol. Methods 14, 323–348 (2009).

 49. Ebert, T., Götz, F. M., Gladstone, J. J., Müller, S. R., & Matz, S. C. Spending 
reflects not only who we are but also who we are around: The joint effects of 
individual and geographic personality on consumption. J. Personal. Soc. 
Psychol. https://doi.org/10.1037/pspp0000344 (2020).

 50. IJzerman, H. et al. The human penguin project: climate, social integration, 
and core body temperature. Collabra Psychol. 4, 37 (2018).

 51. Steiger, J. H. Tests for comparing elements of a correlation matrix.  
Psychol. Bull. 87, 245–251 (1980).

 52. Rentfrow, P. J. & Jokela, M. in The Praeger Handbook of Personality Across 
Cultures (ed. Church, T.) 225–250 (Praeger Publishing, 2017).

 53. DeYoung, C. G. et al. Between facets and domains: 10 aspects of the Big Five. 
J. Personal. Soc. Psychol. 93, 880–896 (2007).

 54. Hotard, S. R. et al. Interactive effects of extraversion, neuroticism,  
and social relationships on subjective well-being. J. Personal. Soc. Psychol. 57, 
321–331 (1989).

 55. Bogg, T. & Roberts, B. W. Conscientiousness and health-related behaviors: a 
meta-analysis of the leading behavioral contributors to mortality. Psychol. 
Bull. 130, 887–919 (2004).

 56. Schoen, H. & Steinbrecher, M. Beyond total effects: exploring the interplay of 
personality and attitudes in affecting turnout in the 2009 German federal 
election. Polit. Psychol. 34, 533–552 (2013).

 57. Uchida, Y. et al. Farming cultivates a community-level shared culture through 
collective activities: examining contextual effects with multilevel analyses. J. 
Personal. Soc. Psychol. 116, 1–14 (2019).

 58. Obschonka, M. et al. Did strategic bombing in the second world war  
lead to “German Angst”: a large-scale empirical test across 89 German cities. 
Eur. J. Personal. 31, 234–257 (2017).

 59. Funder, D. C. & Ozer, D. J. Evaluating effect size in psychological research: 
sense and nonsense. Adv. Methods Pract. Psychol. Sci. 2, 156–168 (2019).

 60. Gladstone, J. J. et al. Can psychological traits be inferred from spending? 
Evidence from transaction data. Psychol. Sci. 30, 1087–1096 (2019).

 61. Cialdini, R. B. We have to break up. Perspect. Psychol. Sci. 4, 5–6 (2009).
 62. Maner, J. K. Into the wild: field research can increase both replicability and 

real-world impact. J. Exp. Soc. Psychol. 66, 100–106 (2016).
 63. Oishi, S. & Graham, J. Social ecology: lost and found in psychological 

science. Perspect. Psychol. Sci. 5, 356–377 (2010).
 64. Mackay, T. F. C. et al. The genetics of quantitative traits: challenges and 

prospects. Nat. Rev. Genet. 10, 565–577 (2009).
 65. Plomin, R. Genetics and general cognitive ability. Nature 402, 25–29 (1999).
 66. Plomin, R. et al. The genetic basis of complex human behaviors. Science 264, 

1733–1739 (1994).
 67. Smith-Woolley, E. et al. Polygenic score for educational attainment captures 

DNA variants shared between personality traits and educational achievement. 
J. Personal. Soc. Psychol. 117, 1145–1163 (2019).

 68. Okbay, A. Genome-wide association study identifies 74 loci associated with 
educational attainment. Nature 533, 539–542 (2016).

 69. Adjerid, I. & Kelley, K. Big data in psychology: a framework for research 
advancement. Am. Psychol. 73, 899–917 (2018).

 70. Chen, E. E. & Wojcik, S. P. A practical guide to big data research in 
psychology. Psychol. Methods 21, 458–474 (2016).

 71. Kosinski, M. et al. Facebook as a research tool for the social sciences: 
opportunities, challenges, ethical considerations, and practical guidelines. Am. 
Psychol. 70, 543–556 (2015).

 72. Miller, D. I. When do growth mindset interventions work? Trends Cogn. Sci. 
23, 910–912 (2019).

 73. Abelson, R. P. A variance explanation paradox: when a little is a lot. Psychol. 
Bull. 97, 129–133 (1985).

 74. Bond, R. M. et al. A 61-million-person experiment in social influence and 
political mobilization. Nature 489, 295–298 (2012).

 75. Matz, S. C. et al. In a world of big data, small effects can still matter:  
a reply to Boyce, Daly, Hounkpatin, and Wood (2017). Psychol. Sci. 28, 
547–550 (2017).

 76. Noftle, E. E. & Robins, R. W. Personality predictors of academic outcomes: 
big five correlates of GPA and SAT scores. J. Personal. Soc. Psychol. 93, 
116–130 (2007).

 77. Prentice, D. A. & Miller, D. T. When small effects are impressive. Psychol. 
Bull. 112, 160–164 (1992).

 78. Ozer, D. J. & Benet-Martínez, V. Personality and the prediction of 
consequential outcomes. Annu. Rev. Psychol. 57, 401–421 (2006).

 79. Roberts, B. W. et al. The power of personality: the comparative validity of 
personality traits, socioeconomic status, and cognitive ability for predicting 
important life outcomes. Perspect. Psychol. Sci. 2, 313–345 (2007).

 80. Soto, C. J. How replicable are links between personality traits and 
consequential life outcomes? The life outcomes of personality replication 
project. Psychol. Sci. 30, 711–727 (2019).

 81. Lu, J. G. et al. Polluted morality: air pollution predicts criminal activity and 
unethical behavior. Psychol. Sci. 29, 340–355 (2018).

 82. Rogers, K. H. & Wood, D. Accuracy of United States regional personality 
stereotypes. J. Res. Personal. 44, 704–713 (2010).

 83. Costa, P. T. Jr. & McCrae, R. R. Domains and facets: hierarchical personality 
assessment using the revised NEO personality inventory. J. Personal. Assess. 
64, 21–50 (1995).

 84. Soto, C. J. & John, O. P. The next Big Five Inventory (BFI-2): developing and 
assessing a hierarchical model with 15 facets to enhance bandwidth, fidelity, 
and predictive power. J. Personal. Soc. Psychol. 113, 117–143 (2017).

 85. Gosling, S. D. et al. Should we trust web-based studies? A comparative 
analysis of six preconceptions about Internet questionnaires. Am. Psychol. 59, 
93–104 (2004).

 86. United States Census Bureau. Quick Facts United States https://www.census.
gov/quickfacts/fact/table/US/PST045218 (2018).

 87. United States Census Bureau. American Community Survey  
(2006–2010) https://www.census.gov/programs-surveys/acs/news/
data-releases.2010.html (2011).

 88. United States Census Bureau. 2010 Census Data Products: United States 
https://www.census.gov/population/www/cen2010/glance/ (2011).

 89. Ebner-Priemer, U. W. et al. Analytic strategies for understanding affective (in)
stability and other dynamic processes in psychopathology. J. Abnorm. Psychol. 
118, 195–202 (2009).

 90. Jahng, S. et al. Analysis of affective instability in ecological momentary 
assessment: indices using successive difference and group comparison via 
multilevel modeling. Psychol. Methods 13, 354–375 (2008).

 91. United States Census Bureau. Median Center of Population for the United 
States: 1880 to 2010 https://www2.census.gov/geo/pdfs/reference/cenpop2010/
centerpop_median2010.pdf (2010).

 92. van de Vliert, E. & Van Lange, P. A. M. Latitudinal psychology: an ecological 
perspective on creativity, aggression, happiness, and beyond. Perspect. Psychol. 
Sci. 14, 860–884 (2019).

 93. Janitza, S. et al. Random forest for ordinal responses: prediction and variable 
selection. Comput. Stat. Data Anal. 96, 57–73 (2016).

acknowledgements
The present research was supported by doctoral scholarships of the Economic and 
Social Research Council and the Cambridge Trust to F.M.G. We thank S. Volsa 
(Karl-Landsteiner University of Health Sciences, Austria) for assistance with visualization 
of our mountainousness measure, and A. Gvirtz (University of Cambridge, UK) for 
aesthetic and moral support. We also thank A. Nehrlich (University of Koblenz-Landau, 
Germany) for kindly allowing us to run some of the more computationally heavy 
analyses remotely. The funders had no role in study design, data collection and analysis, 
decision to publish or preparation of the manuscript.

author contributions
F.M.G. and S.S. conceived the core research idea and designed the study. S.D.G. and 
J.P. collected and preprocessed the data from the Gosling–Potter Internet Personality 
Project. S.S. developed the mountainousness measure and collected the corresponding 
topographical information. F.M.G. analysed the data. F.M.G., S.D.G. and P.J.R. wrote 
the manuscript. S.S. contributed to interpretation of the results and provided critical 
revisions. All authors approved the final version of this manuscript.

Competing interests
The authors declare no competing interests.

additional information
Supplementary information is available for this paper at https://doi.org/10.1038/
s41562-020-0930-x.

Correspondence and requests for materials should be addressed to F.M.G. or P.J.R.

Peer review information Primary Handling Editor: Aisha Bradshaw.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

© The Author(s), under exclusive licence to Springer Nature Limited 2020

NatuRe HuMaN BeHaviouR | VOL 4 | NOVeMber 2020 | 1135–1144 | www.nature.com/nathumbehav1144

https://doi.org/10.1037/pspp0000344
https://www.census.gov/quickfacts/fact/table/US/PST045218
https://www.census.gov/quickfacts/fact/table/US/PST045218
https://www.census.gov/programs-surveys/acs/news/data-releases.2010.html
https://www.census.gov/programs-surveys/acs/news/data-releases.2010.html
https://www.census.gov/population/www/cen2010/glance/
https://www2.census.gov/geo/pdfs/reference/cenpop2010/centerpop_median2010.pdf
https://www2.census.gov/geo/pdfs/reference/cenpop2010/centerpop_median2010.pdf
https://doi.org/10.1038/s41562-020-0930-x
https://doi.org/10.1038/s41562-020-0930-x
http://www.nature.com/reprints
http://www.nature.com/nathumbehav


1

nature research  |  reporting sum
m

ary
O

ctober 2018

Corresponding author(s): Friedrich M. Götz

Last updated by author(s): Jun 6, 2020

Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Research policies, see Authors & Referees and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection The personality data from the Gosling-Potter Internet Personality Project were made available by the third and fourth other and had 
been cleaned and preprocessed so as to facilitate their usage. The research team wrote the code to generate the mountainousness 
measures (based on standard deviation in elevation across a 20/50 mile radius from one's ZIP code of living) from satellite image and 
geo-coordinates, which are available on our project page on the Open Science Framework (https://osf.io/y2mdw/). 

Data analysis Data was analyzed using R (multilevel modelling; conditional random forest machine learning algorithms) STATA Version 15.1 
(preprocessing of data) and SPSS Version 24 (preprocessing of data; multiple regression analyses). 

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers. 
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

The data that support the findings of this study are available from the corresponding author upon request. The personality data from the Gosling-Potter Internet 
Personality Project is propriety data and may not currently be shared publicly. To inquire about 
access to these proprietary  data, please contact Samuel D. Gosling (samg@austin.utexas.edu). The mountainousness measures (based on standard deviation in 
elevation across a 20/50 mile radius from one's ZIP code of living)  were newly developed by the research team,  extracting topographical information from satellite 
image and geo-coordinates. As such, they are available on our project page on the Open Science Framework  (https://osf.io/y2mdw/). Specifically, we provide code 
to recreate the measures along with a dataset that contains all three mountainousness measures for 40,781 U.S. ZIP codes.  The sociodemographic ZIP code-level 



2

nature research  |  reporting sum
m

ary
O

ctober 2018

data are freely available from the United States Census Bureau and can be publicly accessed (https://www.census.gov/programs-surveys/acs). 
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Study description The present study combines cross-sectional large-scale personality data that was collected via an online survey since 2002 with 
topographical data derived from satellite images and ZIP code level sociodemographic information obtained from the US census to 
examine the relationship between mountainousness and personality. 

Research sample As mentioned above, the current research used an existing dataset to obtain individual level self-reported personality estimates. Our 
sample contained 3,838,112 U.S. residents. 

Sampling strategy The Gosling-Potter Internet Personality Project was created as a large-scale online survey to collect data on as broad and diverse a 
sample as possible. Prior research has shown that the data are - to some extent - representative of the general U.S. population (Gosling 
et al., 2004; Rentfrow et al., 2008). As stated below, here we only included participants who (1) reported to be U.S. residents, (2) had no 
missing data  for the personality measure or for the ZIP code of their place of residence at the time of participation, (3) were no younger 
than 10 or older than 99 years old. In addition, we applied listwise exclusion procedures to most of our focal analyses, which resulted in 
N (Level 1) = 1,538,404; N (Level 2) = 29,764, which still offers a statistical power that is able to detect even tiny effects.

Data collection The personality data were collected between October 2002  and March 2015 as part of the Gosling-Potter Internet Personality Project 
(see Gosling, Vazire, Srivastava, & John, 2004), which hosts a noncommercial, advertisement-free website containing a variety of 
personality measures. Respondents could learn about the project through several channels, including search engines or links on such 
websites as www.socialpsychology.org. Respondents volunteered to participate in the study by clicking on the personality test icon and 
were then presented with a series of questions about their personality characteristics, demographics, and state of residence. After 
submitting their responses, participants received customized feedback about their personalities.

Timing The most recent version of Gosling-Potter Internet Personality Project Big Five personality dataset which was used in current research , 
contains data collected between October 2002 and March 2015.

Data exclusions We employed the following exclusion criteria for the current project: (1) , participants with missing data for the personality measure or 
for the ZIP code of their place of residence at the time of participation were excluded. (2) We restricted the age range in our sample to 
participants who indicated being between the ages of 10 and 99. (3) Due to the extraordinary  size and hence statistical power of the 
personality dataset, we applied listwise exclusion procedures to most of our focal analyses, which resulted in N (Level 1) = 1,538,404; N 
(Level 2) = 29,764. (4) We also excluded mountainousness outliers, defined as mountainousness estimates that deviated from the mean 
by 2 standard deviations or more.

Non-participation Due to the  online-setting of the data collection and considering that only complete data were submitted, we have no information about 
how many participants dropped out / declined participation. 

Randomization N/A

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Human research participants
Policy information about studies involving human research participants

Population characteristics See above. 

Recruitment The personality survey is freely accessible at https://www.outofservice.com/bigfive/ (for more information see above (data 
collection)). Participation is completely voluntary and there is no monetary compensation. However, upon completion of the 
questionnaire, respondents receive immediate customized feedback about their personalities. While some biases due to self-
selection as well as the prerequisite of being able to connect to the Internet might be present, the sheer size of the sample and 
the diversity of the participants (e.g., in terms of age, place of residence, socioeconomic status, etc.) suggest a very broad and 
adequate data coverage. 

Ethics oversight The research project obtained ethical approval, including a waiver of parental consent, from the institutional review boards at 
the University of California and the University of Texas.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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