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Regional ambient temperature is associated with

human personality
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Human personality traits differ across geographical regions’.
However, it remains unclear what generates these geographi-
cal personality differences. Because humans constantly expe-
rience and react to ambient temperature, we propose that
temperatureis a crucial environmental factor thatis associated
with individuals' habitual behavioural patterns and, therefore,
with fundamental dimensions of personality. To test the rela-
tionship between ambient temperature and personality, we
conducted two large-scale studies in two geographically large
yet culturally distinct countries: China and the United States.
Using data from 59 Chinese cities (N=5,587), multilevel anal-
yses and machine learning analyses revealed that compared
with individuals who grew up in regions with less clement
temperatures, individuals who grew up in regions with more
clement temperatures (that is, closer to 22 °C) scored higher
on personality factors related to socialization and stability
(agreeableness, conscientiousness, and emotional stability)
and personal growth and plasticity (extraversion and open-
ness to experience). These relationships between temperature
clemency and personality factors were replicated in a larger
dataset of 12,499 ZIP-code level locations (the lowest geo-
graphical level feasible) in the United States (N=1,660,638).
Taken together, our findings provide a perspective on how and
why personalities vary across geographical regions beyond
past theories (subsistence style theory, selective migration
theory and pathogen prevalence theory). As climate change
continues across the world, we may also observe concomitant
changes in human personality.
A wealth of evidence suggests that human personality traits differ
across geographical regions'~. Such geographical variation in per-
sonality has been shown to predict a broad array of psychological,
political, economic and health outcomes®*. However, one impor-
tant question remains: What generates these geographical differ-
ences in personality?

Humans constantly experience and react to ambient tempera-
ture. Because temperature varies markedly across the world, it is
conceivable that temperature shapes the fundamental dimensions

of personality by affecting the habitual behaviours that underlie
personality traits. Temperature may shape personality directly by
influencing individual behaviours (for example, exploring outdoors
versus staying indoors), and less directly by influencing collective
activities (for example, agriculture) that guide individual behav-
iours’. Consequently, regions with different ambient temperatures
may result in different patterns of personality traits.

Personality is defined as “the interactive aggregate of personal
characteristics that influence an individual’s response to the envi-
ronment™. The hundreds of personality traits used to describe
humans are largely captured by five broad dimensions, often called
the Big Five: agreeableness, conscientiousness, emotional stability,
extraversion, and openness to experience’. These five personality
factors can be further aggregated into two higher-order factors:
‘Alpha’ (agreeableness, conscientiousness, and emotional stabil-
ity), which represents a socialization and stability factor, and ‘Beta’
(extraversion and openness to experience), which represents a per-
sonal growth and plasticity factor'®".

We propose that ambient temperature clemency is a key factor
that relates to personality. This proposition is rooted in the fact that,
as a warm-blooded species, humans have the existential need for
thermal comfort'*-"°. Clement (that is, mild) temperatures encour-
age individuals to explore the outside environment, where both
social interactions and new experiences abound; by contrast, when
the ambient temperature is either too hot or too cold, individuals are
less likely to go outside (for example, to meet up with friends, or to
try new activities)'®. This perspective is consistent with attachment
theories, which state that individuals are more likely to explore their
environments when they feel psychologically secure'”'*.

Based on this reasoning, we hypothesize that individuals who
grow up in more clement temperatures will be higher on both the
socialization factor (Alpha) and the personal growth factor (Beta).
Regarding the socialization factor Alpha, research has found that
personality traits develop partly through social interactions'*.
More clement temperatures facilitate social contact'®, for which
agreeableness, conscientiousness and emotional stability are impor-
tant’'. Moreover, clement temperatures have been shown to enhance
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Fig. 1| Temperature clemency and personality scores of the 59 Chinese continental cities. The location of each city is indicated by a vertical bar.
The colour of each bar represents temperature clemency (with lighter colours representing more clement temperatures) and the height represents the
corresponding personality score. a, Distribution of temperature clemency and Alpha scores. b, Distribution of temperature clemency and Beta scores.

positive mood* and lead individuals to behave more prosocially®.
Regarding the personal growth factor Beta, more clement tempera-
tures promote a wider range of activities, which may lead individu-
als to become more extraverted and open to new experiences”.
A study of 49 cultures revealed that the mean temperature of a cul-
tural region was positively related to people’s perception of how
extraverted and open a typical person in that culture is; however, this
study did not examine how temperature was related to actual per-
sonalities beyond these stereotypical perceptions®. In another study
of 1,662 Chinese residents”, individuals from provinces with more
clement temperatures scored higher on individualism — a cultural
value dimension that is positively correlated with extraversion®.

Our temperature clemency perspective adds to several key theo-
ries that speak to geographical variation in personality>'>”. First,
subsistence style theory posits that different subsistence strategies
can produce geographical differences in personality-related cultural
constructs”*; for example, members of farming and fishing com-
munities, which value harmonious social interdependence, show
greater holistic tendencies than members of herding communities,
which value individual decision making and social independence”.
Second, the selective migration theory of personality proposes that
selective migration patterns can produce geographical differences
in personality. According to this view, people selectively migrate to
regions that fulfill and reinforce their physical and psychological
needs®. Third, the pathogen prevalence theory of personality sug-
gests that, as a self-protective mechanism, individuals exhibit lower
extraversion and openness to experiences in regions with a higher
prevalence of disease-causing pathogens®.

There is ample evidence that ambient temperature affects agri-
cultural activities (when and what to farm)*, individuals’ migration
decisions’, and pathogen prevalence®. Thus, ambient temperature
likely has important explanatory power for geographical variation
in personality. Overall, our temperature clemency perspective of
personality offers a mechanism for why and how macro-level envi-
ronmental forces might shape individual-level personality.

Several methodological problems have plagued the few investi-
gations into geographical differences in personality. Most notably,
previous research has largely focused on personality differences
across broad geographical regions (for example, across countries)' =,
which makes it difficult to eliminate the confounding effects of
other variables, such as between-country cultural differences. To
isolate the effects of ambient temperature from such confounding
variables, the use of subject samples from within a single country
is preferable. Of course, that single country must be of substantial
geographical size to capture sufficient variance in temperature.
A related issue with examining personality at the country level is
that analyses at such a broad level may obscure meaningful within-
country regional variances in temperature and personality. Thus, it
is important to analyse the effects of temperature on personality at
the lowest geographical levels feasible — that is, at the city level or

even the ZIP-code level — within which variances in both tempera-
ture and personality differences will be minimal.

To overcome these methodological concerns, we conducted two
separate, large-scale studies within two geographically large yet cul-
turally distinct countries: China and the United States. Given that
the period from birth to adulthood is crucial for personality devel-
opment’, for each participant, we collected meteorological data of
the geographical location where he or she grew up.

In study 1, a total of 5,587 university students (42.4% females,
mean age =22.07 years, s.d. age =2.05) who were born and raised
in 59 Chinese cities completed a personality survey online in return
for individualized feedback (see Supplementary Information for
details). These cities covered all provincial-level administrative
divisions in continental China (Fig. 1; Supplementary Table 1). To
preclude reverse causality, in which certain personalities may cause
individuals to migrate to cities with certain temperatures, we lim-
ited our sample to students who had spent their pre-college youth
in their birthplace. To rule out another alternative explanation —
that parents with certain personalities chose to migrate to a certain
city and then gave birth to children who resemble their personalities
— we further limited the sample to participants whose birthplace
matched their ancestral home (that is, jiguan, the home of their
patrilineal ancestors). Importantly, all results remained substan-
tively unchanged without these exclusion criteria.

In line with past research'*', we computed a ‘temperature clem-
ency’ variable, —|mean temperature — 22°C|, which measures the
extent to which a city’s ambient temperature is close to the psycho-
physiological comfort optimum of 22°C (about 72°F). Thus, the
further a city’s temperature is from 22 °C, the less clement it is.

At the city level, temperature clemency was positively correlated
with both Alpha and Beta, as well as with each of the Big-Five per-
sonality factors (P<0.05 for all personality factors except agree-
ableness, for which P=0.160; see Supplementary Table 5). Figure 1
maps the temperature clemency of each city with Alpha and Beta,
respectively. By contrast, air pressure or wind speed was not signifi-
cantly correlated with Alpha, Beta or any of the Big-Five personality
factors (P> 0.23 for all personality factors).

Because the 5,587 participants (level 1) were nested within the
59 cities (level 2), we conducted multilevel analyses to account for
the statistical dependence within each city and the fact that different
cities had different sample sizes (see Supplementary Tables 6-12).
Consistent with the city-level correlational results, temperature
clemency was positively associated with Alpha, Beta, and each of
the Big-Five personality factors, even after accounting for individual
-level control variables age, gender, and acquiescent response style
(P<0.05 for all personality factors) and city-level control variables
population density, gross domestic product (GDP) per capita, aver-
age annual rice-farming area, average annual wheat-farming area,
influenza incidence, and the standard deviation of the mean tem-
perature (P <0.01 for all personality factors).
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Fig. 2 | Standardized partial effect sizes of the predictor variables in the full multilevel models (calculated by t-to-r transformation). a, Study 1 (the

sample from China). b, Study 2 (the sample from the United States).

As arobustness check, we also computed another version of tem-
perature clemency using —(|minimum temperature - 22 °C| + |max-
imum temperature - 22°C|)"**, All results remained substantively
unchanged when we used this measure as the predictor in multilevel
analyses (P<0.01 for all personality factors) (see Supplementary
Table 13). Figure 2a compares the effect sizes (calculated by t-to-r
transformation) of all the predictor variables and highlights the
importance of temperature clemency in the Chinese sample.

In addition to multilevel analyses, we conducted machine-learn-
ing analyses to explore which of the variables were likely important
predictors of personality (see Supplementary Figs. 8—12). Consistent
with the results of multilevel modelling, conditional random forest
analyses reliably identified temperature clemency to be an impor-
tant predictor of each of the seven personality factors. For analytical
details, see Supplementary Information.

In support of our temperature clemency perspective of person-
ality, study 1 revealed a relationship between ambient temperature
clemency and personality among Chinese participants: individuals
who grew up in cities with milder temperatures scored higher
on both the socialization factor (Alpha) and the personal growth
factor (Beta) of personality, as well as on each of the Big-Five per-
sonality factors.

Study 2 sought to extend study 1 in several important ways.
First, we investigated whether the effects of temperature clemency
on personality factors would replicate in the United States, another
geographically large yet culturally distinct country. Second, we
more closely scrutinized these effects by collecting data at the low-
est geographical level feasible: the ZIP-code level. Third, to exam-
ine the robustness of these effects, we used another well-validated
measure of the Big-Five personality factors (see Supplementary
Information). Fourth, we used an even larger participant sample
(N> 1.6 million) that was representative of the general US pop-
ulation in terms of age, social class, and education levels (age
range = 16-60 years, as opposed to only university students).

Study 2 involved 1,660,638 Americans who participated in
return for a customized personality evaluation (65.3% female, mean
age =27.05 years, s.d. age =11.00, 17.0% with a college degree,
9.44% with a graduate degree) (for details, see Supplementary
Information). Participants reported the US ZIP code where they
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spent most of their youth (12,499 US ZIP codes in 8,102 cities). As
in study 1, we operationalized ambient temperature as being ‘more
clement’ to the extent that it is closer to 22°C.

Replicating the Chinese data, multilevel analyses (see
Supplementary Tables 17-23) revealed that temperature clem-
ency was positively associated with Alpha, Beta, and each of the
Big-Five personality factors after accounting for individual-level
control variables age, gender, education, and acquiescent response
style (P<0.015 for all personality factors) and ZIP-code level con-
trol variables humidity, wind speed, population density, GDP per
capita, the percentages of civilians employed in the primary sector
(for example, agriculture), in the secondary sector (for example,
construction, and manufacturing), and in the tertiary sector (that
is, service) (P<0.001 for all personality factors). Importantly, tem-
perature clemency was the only meteorological variable that was
consistently associated with each of the seven personality factors;
for example, neither humidity nor wind speed was significantly
associated with emotional stability (P> 0.25 for both humidity and
wind speed).

Figure 2b compares the effect sizes (calculated by t-to-r transfor-
mation) of all the predictor variables and highlights the importance
of temperature clemency in the sample from the United States.

Consistent with the results of multilevel modelling, machine-
learning analyses using conditional random forest again reliably
identified temperature clemency to be an important predic-
tor of each of the seven personality factors (see Supplementary
Figs. 13-17).

In summary, two large-scale studies from China and the
United States found that the ambient temperature during an indi-
vidual’s youth was related to the key dimensions of personality:
individuals who grew up in more clement regions scored higher on
both the socialization factor (Alpha) and the personal growth factor
(Beta) of personality, as well as on each of the Big-Five personal-
ity factors. These effects were robust when controlling for various
factors that might affect personality-related constructs: selective
migration, individual response style, demographic factors (age,
gender, and education), socioeconomic factors (population density,
GDP per capita, rice-farming area, and wheat-farming area), eco-
logical factors (pathogen prevalence), and other meteorological
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Fig. 3 | Variable importance plots of the predictor variables in machine-learning analyses. a, Alpha (study 1). b, Beta (study 1). ¢, Alpha (study 2). d, Beta
(study 2). The variables to the right of the red dashed line are statistically significant in predicting personality.

factors (air pressure, humidity, and wind speed). It is particularly
telling that our large datasets from two geographically large yet
culturally distinct countries provided converging evidence. Taken
together, these findings are consistent with our temperature clem-
ency perspective of personality: growing up in temperatures that
are close to the psychophysiological comfort optimum encourages
individuals to explore the outside environment, thereby influenc-
ing their personalities.

The present research adds to past theories and findings on how
socioecological factors (selective migration, subsistence strategies
and pathogen prevalence) are associated with human personal-
ity. Theoretically, we point to a probable antecedent of these fac-
tors: ambient temperature. Empirically, we explicitly controlled for
selective migration, subsistence strategies, and pathogen prevalence
in the Chinese sample. Moreover, whereas past studies focused on
broad geographical levels (for example, countries), we examined
the effects of ambient temperature on personality at the lowest geo-
graphical levels feasible (city and ZIP-code levels).

Although our temperature clemency perspective of personality
offers a mechanism for why and how macro-level environmental
forces might influence individual-level personality, we note that
temperature clemency is one of many factors associated with human

personality. In addition, standardized partial effect size plots (Fig. 2)
and variable importance plots (Fig. 3; Supplementary Figs. 8-17)
suggest that temperature clemency might be more associated with
the personalities of Chinese individuals than the personalities of
American individuals. Future research could further examine such
cross-cultural differences.

In light of the present findings, it is also important to highlight
social thermoregulation theory'”*?, which posits that people seek
‘social warmth’ in a cold environment because an important func-
tion of social relationships is to facilitate the regulation of body tem-
perature. For example, a recent study found that, compared with
residents of warmer climates, residents of colder climates reported
a wider variety of social ties*. Importantly, social thermoregulation
theory and our temperature clemency perspective of personality
do not necessarily oppose each other. Although social thermoregu-
lation theory suggests that a cold climate compels people to seek
social warmth, our findings suggest that a clement climate encour-
ages people to explore the outside environment to engage in more
social activities and new experiences that are conducive to socializa-
tion (Alpha) and growth (Beta).

While much is known about the effects of temperature on
human health and performance, the present research examined its
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relationship with personality. Our findings offer insights into why
people in different regions of the world exhibit different personality
traits and behaviours. As climate change continues across the world,
we may also observe concomitant changes in human personality. Of
course, questions about the size and extent of these changes await
future investigation.

Methods

For analytical details of multilevel and machine-learning analyses, see
Supplementary Information.

Study 1. This research was approved by the Institutional Review Board of Peking
University. All participants completed the 40-item Mini-Markers Scale that
assessed the Big-Five personality factors, each of which consisted of eight items
(@fagrecateness) = 0.79; @y =0.88, @yjemotioni stabilty] = 0-855 Dyfextraversion) = 0-83,
@ fgpenness o experience] = 0-88) (see Supplementary Information). Based on the
personality literature'®'!, we then further aggregated the Big-Five personality
factors into the higher-level factors of Alpha (agreeableness, conscientiousness,
and emotional stability) and Beta (extraversion and openness to experience),
both of which demonstrated high levels of internal consistency (@;sjpn =0.89,

@ (e =0.90).

For each of the 59 cities, the China Meteorological Administration provided us
with city-level data of five meteorological indices across the latest available 40 years
(1971-2010): average annual mean ambient temperature (2.2 to 23.3°C), average
annual minimum ambient temperature (—3.0 to 20.8 °C), average annual maximum
ambient temperature (7.8 to 27.8°C), average annual air pressure, and average annual
wind speed. In line with past research'*'****, we computed a ‘temperature clemency’
variable, -|mean temperature — 22 °C|, which measures the extent to which a city’s
ambient temperature is close to the psychophysiological comfort optimum of 22°C
(about 72°F). Thus, the further a city’s temperature is from 22°C, the less clement it is.

In light of prior research on geographical differences in personality (for
example, subsistence style theory and pathogen prevalence theory), we also
collected pertinent city-level control variables for at least 10 years that overlapped
with participants’ childhood: GDP per capita, population density, average annual
rice-farming area, average annual wheat-farming area, and influenza incidence
(see Supplementary Information). To reduce the effect of idiosyncrasies of any
particular year, we computed the mean value across those years for each of
these control variables. Moreover, we computed an ‘acquiescent response style’
score for each participant based on their responses to the personality items of
the Mini-Markers Scale; this variable controlled for individual differences in
response style, because individuals from regions with more clement temperatures
might consistently agree (yea-saying) or consistently disagree (nay-saying) with
questionnaire items regardless of their content™’. Finally, because temperature
fluctuation might also affect personality (over and above mean temperature), we
also controlled for the standard deviation of mean temperature for each city.

Study 2. This research was approved by the Institutional Review Board of the
University of Texas. Each participant completed the 44-item Big-Five Inventory
(@ agrecableness) = 0-84, @y =0.86, @femotional sabilityl = 0-88, Dyfextraversion) = 0-91,
@ openness o experience) = 0-84) (see Supplementary Information). As with the Chinese
data, we aggregated the Big-Five personality factors into the higher-level Alpha
and Beta, both of which demonstrated high levels of internal consistency
(@4 41pha) = 0.90, @, per,) =0.86).

In addition, participants reported the US ZIP code where they spent most of
their youth (12,499 US ZIP codes in 8,102 cities). For each ZIP code, we collected
the following meteorological variables: average annual mean ambient temperature,
average annual humidity, and average annual wind speed (see Supplementary
Information). As in study 1, we operationalized ambient temperature as being ‘more
clement’ to the extent that it is closer to 22°C. To control for pertinent economic
variables, we also collected ZIP-code level data on GDP per capita, population density,
the percentages of civilians employed in the primary sector (for example, agriculture),
in the secondary sector (for example, construction and manufacturing), and in the
tertiary sector (that is, service). As in study 1, we again computed an ‘acquiescent
response style’ variable to control for individual differences in response style.

Life Sciences Reporting Summary. Further information on experimental design is
available in the Life Sciences Reporting Summary.

Code availability. Analyses were conducted in R and Stata. All code is available
upon request.

Data availability. Personality data are available from the corresponding author
upon request.
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Describe how sample size was determined. For the purpose of multilevel analysis, we ensured that there were at least 30
participants nested within each city or ZIP-code.
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2. Data exclusions

Describe any data exclusions. Study 1: To preclude reverse causality, where certain personalities may cause
individuals to migrate to cities with certain temperatures, we limited our sample to
students who had spent the entirety of their pre-college youth in their birthplace.
To rule out another alternative explanation—that parents with certain
personalities chose to migrate to a certain city and then gave birth to children who
resemble their personalities—we further limited the sample to participants whose
birthplace matched their ancestral home (i.e., jiguan, the home of their patrilineal
ancestors). Importantly, all results remained substantively unchanged without
these exclusion criteria.

Study 2: We applied the following criteria. First, consistent with the Chinese data,
participants must have chosen the United States as the country in which they
spent most of their youth. Second, participants must have provided a meaningful
U.S. ZIP code for the question “What is the ZIP-code/postal code of the place
where you spent most of your youth?” Third, the ZIP code provided must have
correctly matched their answer to the question “What state did you spend most of
your youth?” Fourth, for the purpose of multilevel modeling15, we only included
youth ZIP codes that had at least 30 participants (as in the Chinese data). Fifth, in
line with prior work28, we only included participants between 16 to 60 years old
due to the concern that older participants might be particularly susceptible to self-
selection bias. Sixth, we only included participants who completed the study in
English (as opposed to Dutch, German, or Spanish). Seventh, participants must
have responded with “yes” to the question “Did you answer truthfully on all of
these questions?” Lastly, participants must have responded with “no” to the
question “Have you ever previously filled out this particular questionnaire on this

site?”
3. Replication
Describe whether the experimental findings were The results were reliably reproduced across the two samples.
reliably reproduced.
4. Randomization
Describe how samples/organisms/participants were N/A
allocated into experimental groups.
5. Blinding
Describe whether the investigators were blinded to N/A

group allocation during data collection and/or analysis.

Note: all studies involving animals and/or human research participants must disclose whether blinding and randomization were used.
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Statistical parameters

For all figures and tables that use statistical methods, confirm that the following items are present in relevant figure legends (or in the
Methods section if additional space is needed).

Confirmed

|X| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement (animals, litters, cultures, etc.)

|X| A description of how samples were collected, noting whether measurements were taken from distinct samples or whether the same
sample was measured repeatedly

|:| A statement indicating how many times each experiment was replicated

|X| The statistical test(s) used and whether they are one- or two-sided (note: only common tests should be described solely by name; more
complex techniques should be described in the Methods section)

|X| A description of any assumptions or corrections, such as an adjustment for multiple comparisons
& The test results (e.g. P values) given as exact values whenever possible and with confidence intervals noted

|X| A clear description of statistics including central tendency (e.g. median, mean) and variation (e.g. standard deviation, interquartile range)

|:| Clearly defined error bars

See the web collection on statistics for biologists for further resources and guidance.

» Software

Policy information about availability of computer code

7. Software
Describe the software used to analyze the data in this We used R and Stata to analyze the data.
study.
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available to editors and reviewers upon request. We strongly encourage code deposition in a community repository (e.g. GitHub). Nature Methods guidance for
providing algorithms and software for publication provides further information on this topic.
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Materials availability

Indicate whether there are restrictions on availability of ~ No unique materials are used.
unique materials or if these materials are only available
for distribution by a for-profit company.

Antibodies

Describe the antibodies used and how they were validated N/A
for use in the system under study (i.e. assay and species).

Eukaryotic cell lines
a. State the source of each eukaryotic cell line used. N/A

b. Describe the method of cell line authentication used.  N/A

c. Report whether the cell lines were tested for N/A
mycoplasma contamination.

d. If any of the cell lines used are listed in the database N/A
of commonly misidentified cell lines maintained by
ICLAC, provide a scientific rationale for their use.

Animals and human research participants
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Description of research animals

Provide details on animals and/or animal-derived N/A
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Policy information about studies involving human research participants

12. Description of human research participants

Describe the covariate-relevant population For study 1, we had 5,587 participants from 59 Chinese cities, with 42.4% females,

characteristics of the human research participants. Mage = 22.07, SDage = 2.05; and for study 2, we had 1,660,638 participants from
12,499 ZIP codes of the United States (65.3% female; Mage = 27.05 years, SDage =
11.00; 17.0% with a college degree, 9.44% with a graduate degree).
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