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ABSTRACT

User-generated content drives engagement, crucial for brand performance. Social
media engagement is influenced by individual mood, preferences, and environmental
cues, including temperature. Despite its impact, the specific influence of temperature on
user engagement remains unclear. This thesis investigates temperature's impact on user
engagement and its interaction with social media campaigns. The focus is on temperature
due to its overwhelming influence on social media engagement compared to other climate
variables such as cloudiness, air pressure, wind speed and humidity. Through a controlled
experiment and empirical study spanning five and a half years, the research reveals
several key findings: extremely high temperatures decrease user engagement by reducing
happiness levels; high temperatures have a greater impact than low temperatures. The
detrimental impact of high temperatures is significant on post creation, but not on liking,
commenting, and sharing behaviors, indicating content creation behavior is more
sensitive to high temperatures than content contribution behavior. A specific dataset
composed of user-generated content quantifies the negative impact of high temperatures
and shows that a social media campaign during extreme heat mitigates its adverse effects
by only 36.7%; and campaign effectiveness decreases by 29.2% during extremely hot
weather. This study is the first to comprehensively explore the effects of extreme
temperatures on user engagement. The implications extend to researchers, social media
managers, and campaign planners, providing insights for enhancing engagement

strategies in varying temperature conditions.



OZET

Kullanicilarin olugturduklar igerikler sosyal medyaya olan ilgiyi arttirmakta ve
marka performansi agisindan 6nemli bir rol oynamaktadir. Bu ilgi, bireylerin duygu
durumundan, tercihlerinden ve hava sicakligi gibi ¢evresel faktorlerden etkilenmektedir.
Hava sicakliklarinin bireyler tizerindeki bilinen etkisine ragmen, sosyal medyaya olan ilgi
tizerindeki etkisi belirsizligini korumaktadir. Bu ¢aligma hava sicakliklarinin sosyal
medyaya olan ilgi {lizerindeki etkisini ve gerceklesen kampanyalar ile etkilesimini
arastirmaktadir. Bulut orani, hava basinct, riizgar hizi, nemlilik gibi iklim degiskenlerine
gore hava sicakliklariin ilgi lizerindeki etkisi daha kuvvetlidir, bu nedenle bu tez hava
sicakliklariin etkisine odaklanmaktadir. Kontrollii bir deney ve bes buguk yillik gercek
veriler lizeriden gerceklestirilen 6rgiil ¢aligmanin ana bulgulari sunlardir: agir1 sicakliklar,
kullanicilarin duygu durumunu olumsuz etkileyerek sosyal medyaya olan ilgisini
azaltmaktadir; yliksek sicakliklarin etkisi diistik sicakliklara gore daha fazladir. Yiiksek
sicakliklarin, kullanicilarin igerik olusturma davranisi tizerindeki olumsuz etkisi
bagskalariin olusturdugu iceriklere katilma davranisi (begenme, paylasma, yorum yazma)
lizerinde gozlemlenmemistir; dolayisiyla sonuglar icerik olusturmanin  hava
sicakliklarinin olumsuz etkisine daha agik oldugunu gostermektedir. Kullanicilarin
olusturdugu icerikleri kapsayan 0zel bir veri seti lizerinde yapilan analizler bu olumsuz
etkiyi nicellestirmektedir; asir1 sicak havalarda baslatilan kampanyalarin s6z konusu
negatif etkiyi sadece %36.7 azaltabildigini ve kampanya etkinliginin ise %29.2 azaldigim
belgelemektedir. Bu calisma, asir1 sicakliklarin sosyal medyaya olan ilgi {izerindeki
etkisini kapsamli olarak inceleyen ilk ¢alismadir. Sonuclar, aragtirmacilar, sosyal medya

yoneticileri, kampanya planlayicilar1 ve marka yoneticileri agisindan 6nem atfetmektedir.
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CHAPTER |

INTRODUCTION

In the CMO Survey [1], it was reported that marketers currently allocate 17% of their
budget to social media, a figure projected to rise to 26.4% within five years. Social media
serves as a pivotal tool for managers aiming to enhance brand awareness, cultivate brand
identity, drive sales through promotions, introduce new products, acquire new customers, and
retain existing ones [1]. However, achieving these objectives necessitates the development of
effective strategies to capture and retain consumer attention on branded accounts, as well as
creating compelling campaigns tailored to the appropriate audience, content, and timing. This
process presents challenges to managers due to the dynamic nature of social media, which
demands ongoing monitoring of marketing metrics, and the presence of numerous
uncontrollable variables that can impact user engagement with branded content. One such

variable of interest is temperature.

In marketing literature, it is well-documented that temperature, whether measured as
ambient temperature or atmospheric conditions, significantly influences individual mood and
cognition [2]. This influence extends across various domains, including decision making [3],
consumption culture [4], hedonic consumption [5], variety-seeking behavior [6], consumer
spending [7], and willingness to pay in auctions and negotiations [8] as well as retail and online

sales dynamics ([9]; [10]).

The impact of temperature on mood and behavior exhibits a non-linear pattern ([11];

[12]) leading to adverse effects in both hotter and colder temperatures. Departures from average



temperature levels evoke negative emotions (e.g., anger) and diminish positive emotions such
as joy and happiness [13]. This negative influence extends to the sentiment expressed in social
media comments ([14]; [15]). Given that users facilitate the dissemination of brand-related
news on social media [16], and generate contents that drive engagement which enhance brand
performance metrics ([17]; [18]), understanding the potential effects of temperature on

sentiment and engagement behavior becomes crucial.

This thesis examines how and why temperature influences user engagement, focusing
on the impact of extremely hot and cold temperatures compared to season-normal temperatures,
using experimental and empirical settings. The study, then, compares the impacts of high and
low temperatures on user engagement and seeks to explore how user engagement changes in
the presence of a social media campaign at extreme temperatures for managerial purposes
regarding the campaign timing and impact. My emphasis on the effects of extreme
temperatures is motivated by the increased exposure to weather variability resulting from
climate change. During the empirical study period (2014-2019), data on temperature reflect
growing disparities in the monthly maximum and minimum temperature values across different
seasons. This escalation suggests that temperature effects on mood and consumer behavior may
intensify in magnitude and frequency, potentially becoming endogenous to marketing

outcomes.

Similar to temperature, mood states which are a set of affective states play a crucial and
causal role in shaping consumer behavior [19]. Of these states, happiness carries managerial
significance due to its profound impact on human physiology compared to other affect types

[20]. Happiness triggers a myriad of positive outcomes, including longevity [21], success [22],



increase productivity at work [23], entrepreneurial initiatives [24], abstract construal (high-

level thinking) [25], and creative thinking ([26]; [27]).

Happiness has the power to influence decision-making processes ([28]; [29]; [30]),
engagement (e.g., livestreaming [31]; internet video advertisements [32], and foster brand
loyalty [33]. Consequently, many brands across different industries endeavor to promise
happiness to connect with consumers, incorporating happiness into their brand imagery [34].
Examples include Coca Cola “Happy Tears” [35], Amazon “Joy is shared” [36], BMW “Joy
Days” [37], LG “Experience Happiness” [38], and IKEA “Happiness Hunter” [39]. Given the
pivotal role of happiness in affecting user engagement and its susceptibility to unpleasant
temperatures [40], investigating potential causal associations among these three factors

becomes imperative.

To explore the potential impact of extreme temperatures on user engagement and the
role of happiness in this relationship, | first conducted an experiment. | define user engagement
as post creation, commenting, liking, and sharing behavior, and explore the impact of extremely
hot and extremely cold temperatures compared to season-normal temperatures on each aspect
of user engagement. The experiment results reveal that extremely hot temperatures compared
to season-normal temperatures diminish user engagement by reducing happiness levels.
Specifically, this impact is significant for post creation, but not for liking, commenting, and
sharing intention. | also find that extremely hot temperatures’ negative impact on each user

engagement type is at least 1.5 times higher than that of extremely cold temperatures.

Subsequently, I conducted an empirical study using comprehensive real-life data

spanning five and a half years to quantify the impact of extreme temperatures on user



engagement and explore the campaign effect on user engagement during extreme temperatures.
The dataset facilitated the correlation of daily user-generated content across all social media
platforms with daily weather patterns. This unique dataset enables linking language-specific
social media posts with geography-specific social media content while respecting consumer
privacy. Through the empirical study, I quantified the impact of extremely hot temperatures on
user engagement and confirmed the disparity between the magnitude of negative impact of hot
and cold temperatures. Regarding the campaign effect and timing, | additionally ran an
interaction model and found that a social media campaign run during extreme heat can
compensate the negative impact of extremely high temperatures on user engagement by only
36.7%. In other words, during extremely hot weather, the presence of a social media campaign
does not fully prevent users from being less likely to engage. It helps lessen the negative impact
of hot temperatures but cannot eliminate or reverse the negative impact of hot temperatures.
Moreover, the positive impact of a campaign on user engagement lessens by 29.2% if run

during extremely hot weather.

This thesis offers significant theoretical and managerial contributions. First, it explores
the impact of extremely hot and cold temperatures on social media engagement, representing
to my knowledge, the first study to address such a broad scope within the domain of weather —
social media studies. | examine the effects of both cold and hot weather compared to season-
normal temperatures on various engagement metrics including post creation, liking,
commenting, and sharing behaviors across all major social media platforms. Second, this
research delves into why the effects of extreme temperatures on engagement might occur,
employing an experimental approach. This aspect distinguishes the work as pioneering among
weather-social media literature, as it stands out as a preliminary effort to understand the

causality behind. The findings contribute to the literature by demonstrating the detrimental



impact of extremely hot temperatures on social media engagement, specifically on content
creation, and identifying weather-induced fluctuations in happiness as the driving factor. This
emphasis on causal relationships underscores the significance of integrating temperature data

into both social media and sales analytics performed by researchers and managers.

Third, this thesis emphasizes the importance of considering campaign timing in relation
to temperature to maximize the effectiveness of social media campaigns in generating high
engagement. The research demonstrates that users remain less engaged with social media
posting during periods of extremely hot temperatures, even when a social media campaign is
active during the same period. Furthermore, | illustrate that the impact of a campaign is
relatively diminished during extremely hot weather compared to other times. These findings
contribute to the effectiveness of social media campaign studies by informing campaign timing

decisions and integrating temperature considerations into measures of campaign effectiveness.

In a managerial context, high user engagement is of paramount importance for social
media managers, brand managers, and campaign planners, serving as a vital tool to monitor
consumer voice and preferences [41]. Consequently, it facilitates driving sales, and enhancing
brand image and salience through branded and consumer-focused social media activities. This
research illuminates the reasons behind the potential decrease in user engagement during
extremely hot temperatures, providing insights for the development of strategies that prioritize

fostering happiness to boost engagement with branded content.

The structure for the rest of this thesis is as follows. First, I review literature on
temperature effects in marketing. Next, drawing on the mood and social media literatures |

propose the research hypotheses regarding the effect of extreme temperatures on user



engagement. Chapter 2 presents the experiment. Following the design and procedure, comes
analysis and results of the experimental study. After concluding the study with a discussion,
the reader will find Chapter 3, which presents the field work. The thesis ends with a
comprehensive discussion of the results, highlighting key findings, implications, and avenues

for future research.

1.1 Theoretical Background

1.1.1 Temperature Effects in Marketing

Besides external factors like décor, sounds, aromas, lighting, temperature stands out as
a significant situational factor in the physical environment of a consumer [42]. When
environmental conditions become abnormal and extreme, they are often referred to as
“stressors,” which can influence performance, intellectual and physiological outcomes [43].
These influences are also observed for temperature in many contexts, such as decision making
[3], purchase behavior [44], willingness to pay in auctions and negotiations [8], and hedonic
consumption [5], providing important managerial and policy implications. In warmer
temperatures, for instance, people are less likely to gamble, to purchase an innovative product,
and more likely to perform poorly in cognitive tasks that require processing resources. These
influences primarily stem from the resource-depleting nature of temperature, triggering a shift
towards reliance on System-1 processing, which requires fewer resources and is relatively
effortless [3]. Sinha and Bagchi [8] find that higher ambient temperatures (vs. normal) elicit
higher bids in auctions but lead to lower offers in negotiations, as such temperatures create
discomfort in individuals, and trigger hostile aggression. In addition, they explore the impact

of lower temperatures (vs. normal) and find similar results. Govind et al. [5] establish the



association between weather and consumption of hedonic products, and that such association
is mediated by affect (which is measured by the level of happiness and sadness).

Temperature is considered as an influential variable for explaining retail sales of many
sectors including textile, clothing, footwear, sporting equipment, alcoholic drinks, and other
beverages [45], and for obtaining better sales forecasting results ([9]; [10]). For example,
Bertrand and Parnaudeau [45] examine retail sales of all retail categories and find that each
sector exhibits different weather sensitivity to the same weather variable such that in autumn a
positive deviation of 1°C increases sales of alcoholic drinks by more than 11%, while the same
deviation in temperature causes sales of footwear to decrease by about 1%. Murray et al. [7]
shows that sales of tea and related accessories of an independent retail store decline when the
weather is warmer and more humid. Steinker et al. [10] examining the sales of an online fashion
retailer, find that using temperature improves sales forecast accuracy, by lowering forecast
error variance. They demonstrate that the retailer can reduce excess costs by 10% to 12% with
more efficient capacity planning and scheduling via using weather. Similarly, Verstraete et al.
[9] illustrate that using weather as an input in decision making may improve sales forecast
accuracy in the context of a swimming pool retailer, preventing unnecessary inventory and
transportation costs (see Appendix A for a comprehensive list of studies in marketing on

temperature).

1.1.2 Temperature Effects on Mood

Temperature effects on mood are examined extensively using both experimental and
empirical approaches. As presented in Table 1, the earlier studies focus more on experimental
studies ([43]; [46]; [47]; [48]; [49]; [50]). Griffit and Veitch [43] examine the impact of high
effective temperatures (vs. normal) on mood, social and non-social affective experiences, and

attraction. They find that in high effective temperatures, aggression, fatigue, and sadness are



significantly higher; whereas surgency, elation, concentration, social affection, and vigor are
significantly lower compared to their scores in normal effective temperatures. They also
observe more negative social affective responses (attraction) and non-social (room and
experiment evaluation) affective ratings in higher effective temperature conditions. Baron and
Bell [46] focus on the effect of ambient temperatures on aggression under negative and positive
affective states; and find that higher ambient temperatures facilitate aggression when other
sources of negative affect are available, but inhibited such behavior when sources of negative
affect are available. Bell and Baron [47] add that aggression is influenced by exposure to both
high and low ambient temperatures. Cunningham [51] examines weather’s impact on helping
behavior, showing that temperature’s impact is non-linear, such that it is negatively related to
helping behavior in summer, but positively related in winter. Anderson et al. ([49]; [50])
examines the impact of different ambient temperatures on perceived and physiological arousal,
perceived comfort, positive and negative affect, hostility, and aggression. The findings on
hostility support previous experimental studies on aggression such that hot temperatures
increase hostility and hostile cognition. In addition, they find that hot temperatures decrease
perceived arousal, but increase physiological arousal measured by heart rate [49] but find no
effect on negative affect which is measured by a combination of different negative affect states.
Anderson et al. [50] suggests that there may be more specific types of negative affect that are
influenced by temperature. Their finding on temperature-induced discomfort is non-linear in

nature, meaning both hotter and colder temperatures cause discomfort.

More recent works on weather-mood relationship shift their focus to empirical studies
which entail larger datasets involving different geographic locations, climates, economic and
individual factors. For instance, Rehdanz and Maddison [52] analyze panel data of 67 countries

to understand the differences in self-reported levels of happiness with reference to temperature



and precipitation. They find that higher mean temperatures in the hottest month decrease
happiness, while higher mean temperatures in the coldest month increase happiness. Countries’
geographic locations matter in temperature’s impact on self-reported happiness, such that
happiness of countries in high latitudes like Canada, Norway, Finland, Sweden, or Iceland is
positively affected by the increases in temperature. However, most countries are expected to
be negatively affected from climate change as temperature is expected to increase over time.
Levinson [53] analyzes General Social Survey data which is collected annually in the U.S., and
merges weather and air quality data with survey data. He finds that temperature has a non-
linear impact on happiness, such that average temperatures increase happiness, but quadratic
temperatures have negative impact on happiness. He further monetizes this impact and finds
that a rise from -1.1°C to 4.4°C makes people happier by an amount equivalent to having an
extra $36 per day, while a rise from 26.7°C to 32.2°C makes people less happy by $55. In other
words, the loss caused by an increase in hot temperatures is greater than the gain attained by
an increase in cold temperatures. Tsutsui [40] finds similar non-linear impact of temperature
on happiness; such that average temperatures increase happiness, but as temperature gets hotter
this impact becomes negative. Connolly [54] analyzes Princeton Affect and Time Survey data
collected in the U.S. and find that women are more responsive to environmental variables
emotionally, such that happiness level decreases significantly when temperature is higher than
or equal to 32.2°C. Lower temperatures, on the other hand, increase happiness, reduce
tiredness, stress, and sadness. Noelke et al. [13] support previous findings indicating that when
temperatures exceed average levels, positive emotions such as joy and happiness decrease,
while negative emotions such as stress and anger increase along with feelings of fatigue. The
authors also note that a lack of consistent evidence suggesting that individuals living in areas
with mild and hot summers respond differently to heat exposure, indicating a limited role for

heat adaptation in mitigating the impact of heat on well-being.



Several studies explore the potential moderators that would influence weather-mood
relationships. Keller et al. [2] examine the role of time spent outdoors, while Kodts et al. [55]
investigate the influences of age and personality traits, and Denissen et al. [56] delve into the
seasonal dimensions of this relationship. Additionally, numerous studies treat mood as the
mediator between weather and consumer behavior. For instance, affect mediates the impact of
weather on hedonic consumption [5], and positive mood mediates the impact of pleasant
weather on recommending behavior in a restaurant setting [57]. Bujisic et al. [57] demonstrate
that pleasant weather elevates mood, leading to positive word-of-mouth (WOM). Their
findings underscore how weather can modulate mood, subsequently shaping consumers’

affective experiences and resulting in positive recommendations.

Gardner [19] highlights that mood states have direct and indirect effects on behavior,
with consumers’ mood susceptible to minor alterations in their physical environment.
Specifically, happiness, influenced by both higher and lower temperatures, and acting as a
mediator in the relationship between weather and behavior, may also mediate how extreme
temperatures impact user engagement. In the next section, I will examine the weather — social
media literature to elucidate how temperature may affect user engagement and present my

hypotheses.
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1.1.3 Temperature Effects on Social Media Valence and Behavior

Existing studies indicate three main strands within the weather — social media literature.
Table 2 provides a summary. The last row in the table outlines this study’s differences. The
first strand focuses on using social media content generated specifically on Twitter and other
microblogging platforms (e.g., Sina Weibo, also known as Chinese Twitter) to examine public-
policy issues. The examples include exploring relationship between mortality and heat-related
tweets [62], climate change talks [63], predicting crime [64] or assault behavior [65]. Cecinati
et al. [62] finds that the number of Indian tweets about heat waves is strongly correlated with
the number of heat-related excess deaths and validate that Twitter data is precise in identifying
heat wave events that have an impact on the population. Sisco et al. [63] illustrates that attention
to climate change on Twitter increases after events began, and occurrences of excessive heat
and extreme cold events escalate the attention to climate change. The authors additionally show
that relative temperature (calculated as a z-score using 10-year average temperature) is a strong
predictor of attention. They conclude that actual experiences of events are more impactful than
purely descriptive information about the events before each event hits. Chen et al. [64]
demonstrates that the probability of theft incidence in Chicago, USA can be predicted using
Twitter sentiment data and weather variables; and find that in higher temperatures, there is a
higher chance of theft crimes. Stevens et al. [65] predict assault behavior using online anger on
Twitter data in Australia. The authors additionally examine the relationship of temperature,
online anger, and assault behavior, finding a non-linear worsening impact of higher and lower
temperatures. All these studies focus on either exploring associative relationships or predicting
behaviors using empirical analysis after running sentiment analysis via natural language

processing (NLP) models.
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The second strand focuses solely on how weather and other external variables
impact expressed sentiment on social media. This strand finds that extremely high and
low temperatures decrease positive sentiment and increase negative sentiment on social
media. In these studies, expressed sentiment operationalizations are various among these
studies such as positive / negative sentiment ([14]; [15]; [70]; [72]), use of profanity and
aggressive profanity [14], online hate speech [69], negative mood [76], and happiness (
[73]; [75]). These studies focus on sentiment analysis using NLP models and then assess
the association between weather and sentiment through regression models. For example,
Baylis et al. [15] examining Facebook and Twitter posts find that cold temperatures
(below ~15°C), and hot temperatures (above ~30°C) are associated with worsened
expressions of sentiment. Positive expressions increase up to 20°C and decline above
30°C. Baylis [14] identifies significant declines in the expressed sentiment and significant
increases in the use of profanity and aggressive profanity for both cold and hot
temperatures. Wang et al. [70] using Sina Weibo posts in China, show that temperature
has a non-linear (inverted-U) effect on tourists’ real-time emotional experience such that
positivity of the sentiment decreases in cold and hot temperatures. Wang at et. [72] find
similar non-linear results pointing an escalation of negative sentiment in extremely high
and low temperatures. The authors further examine the adaptation to extreme cold by
heating, and extreme heat by air conditioning (AC) by comparing sentiment at different
AC penetration levels; and find that heating mitigates the negative impact of extreme
cold, but AC does not mitigate the negative impact of extremely hot temperatures.
Stechemesser et al. [69] examine hate speech using Twitter data, and document that a
non-linear relationship exists for hate speech, as well. They find that temperatures warmer
than 27°C and colder than 6°C increase hate tweets, and this non-linear impact is robust

across five climatic zones (cold climate, hot-dry climate, hot-humid climate, marine
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climate, and mixed-humid climate) in the USA, and across socio-economic subgroups of
income (low, medium-low, medium-high, high), religious (catholic, evangelical) and
political (democratic, republican) beliefs. Zheng et al. [73] examine the impact of air
pollution and weather variables on expressed happiness on Sina Weibo and show that
hotter and colder temperatures decrease expressed happiness, confirming the inverted-U
impact of temperature on positive sentiment found in previous studies. Curini et al. [75]
examine how happiness changes in Italian tweets due to weather and uncover that
temperature increases which exceed 30°C have negative impact on happiness level on

Twitter.

The last strand of research is limited in terms of the number of papers, and their
scope; however, it is the main strand in which this paper’s contributions reside. These
studies examine the impact of weather on various online engagement contexts, such as
online hotel review provision [67], the number of likes newspaper articles receive [68],
and number of reactions, and probability of commenting and sharing posts on a public
utility [71]. Brandes and Dover [67] focus on bad weather’s impact on online review
provision and content of hotel reviews collected from a major online travel portal in
Germany. The authors conceptualize bad weather as the presence of rain and snow and
show that reviews written on a rainy day include lower happiness scores, lower proportion
of words related to positive affect, and lower arousal levels. They additionally find that
people are more likely to write reviews on a rainy day. | have previously investigated the
impact of different weather variables such as cloud cover, air pressure, humidity, wind
speed and temperature, and find evidence that temperature has the largest significant
impact on user engagement (see Web Appendix B for details). Therefore, | focus on the

temperature impact in this research. Zor et al. [68] focus on how the number of likes of
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vice and virtue contents change by the time of the day and temperatures. The authors
define vice contents as the contents that offer immediate pleasure with consumption.
Virtue contents are contents that may not be pleasurable during consumption but provide
benefits in the long run (p. 474). Examples of vice topics include entertainment, fashion,
humor, and sports; and examples of virtue topics include business, environment, politics,
science, technology, and local matters (third study, p. 484). The authors find that the time
of the day is not effective on the total number of likes, but significantly impacts on the
content type: as the day progresses, the engagement (the number of likes) shifts from
virtue to vice contents. They further examine the role of temperature on content type
engagement and conclude that high temperatures have similar effect; and strengthens
vice-virtue asymmetry. Not only in high temperatures, the number of likes increase for
vice contents, but also engagement shifts from virtues to vices at earlier times if
temperature is high. They propose that temperature causes a sooner self-control failure,
which increases engagement to vice contents earlier during the day. Martin et al. [71]
conduct a case study analysis focusing on a public utility in Austria, exploring the
associations between weather variables, timing, and user engagement using 321 firm-
generated posts in the utility’s official Facebook account. Maintaining its explorative
nature, the findings on temperature and user (stakeholder) engagement indicate that
temperature does not have a significant impact on the probability of comments provided
by stakeholders to the utility’s posts, but a negative impact on the probability of shares
made by the same audience. Additionally, the findings suggest that higher temperatures
increase the number of reactions per post given by female users, but no significant impact
in total. The study also demonstrates that increases in temperature decreases the number
of words used, and the probability of using images in a post created by the utility. The

authors focus on a limited number of firm-generated posts, and the firm’s stakeholders’
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engagement in terms of the number of reactions, the probability of sharing, and
commenting. In this thesis, | explore a larger dataset composed of user-generated contents
and users’ reaction on social media including their comments, images, memes, emojis,

etc. that are created by users in all social media platforms.

To sum up, the existing works on weather and social media establish the non-
linear impact of temperature on sentiment such that departure from moderate
temperatures to higher (hotter) and lower (colder) temperatures decrease positive
sentiment, increase negative sentiment and the use of more aggressive and angry
language. These studies are all empirical and conducted using microblogging platforms
(e.g., Twitter and Sina Weibo), and a few using Facebook; suggesting there is a need for
investigating temperature impact including other platforms to get a holistic view. Studies
on engagement also provide evidence that online engagement behavior can be affected
by temperature. Unlike the results of online sentiment, though, the findings so far indicate
that engagement metrics (including creation of posts with images and with longer texts)
are affected by higher temperatures. Overall, these works clearly identify the significant
impact of temperature on online sentiment and engagement via empirical methods, but
do not explain why such effects might occur in a causal framework. Moreover, the studies
on the impact of extreme temperatures on user engagement is limited platform-wise, and

in terms of engagement types examined.

1.2 Hypotheses

Although prior research suggests that engagement is significantly affected with hot
temperatures, the role of mood and its role on post creation and content contribution
behavior such as liking, commenting, and sharing remains unexplored. This represents a
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significant contribution from this thesis compared to the existing literature.
Understanding whether a specific mood is driving the observed effects and exploring
strategies to mitigate these negative impacts could have practical implications for social
media marketing campaigns. Furthermore, this study offers a broader perspective by
generalizing the results across various social media platforms, providing a comprehensive
examination of the impact of extreme temperatures on user engagement. | propose the
potential mediating role of happiness in the relationship between extreme temperatures

and social media user engagement. | therefore hypothesize that:

H1: Extremely hot and cold weather, compared to season-normal conditions, will
diminish user engagement on social media.
H2: Temperature-induced happiness will result in decreased user engagement on social

media.

Anderson et al. [50] reveal that participants perceive the impact of extremely high
temperatures to be significantly greater than that of extremely cold temperatures in terms
of the negative emotions they elicited, despite both conditions causing similar discomfort
levels. Sinha and Bagchi [8] conduct experiments investigating the effect of higher and
lower temperatures on willingness to pay (WTP) in auctions and negotiations. They find
that both high and low temperatures, compared to moderate temperatures, increase the
amount participants are willing to pay in auctions due to heightened hostile aggression.
However, the amount of WTP is higher in high temperatures (82°F / 27.8°C) compared to
cold temperatures (63°F/ 17.2°C), indicating a stronger effect of high temperatures.
Furthermore, Anderson et al. [50] suggest that cold effects are less likely to occur in

natural environment as individuals can compensate more easily for cold temperatures by
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adding clothing or by heating compared to heat effects. This suggestion aligns with the
findings of Wang et al. [72], who examine adaptation to extreme heat and cold and find
that adaptation to extreme cold through heating mitigates the negative impact on
expressed sentiment, whereas adaptation to extreme heat via air conditioning does not.
Building on these studies, | anticipate a similar negative impact of extremely hot and cold
temperatures on happiness, but a larger impact of hot temperatures on user engagement

when controlling for happiness. Therefore, | propose a third hypothesis as follows:

H3: The negative impact of hot temperatures on user engagement will be greater than

that of cold temperatures.
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CHAPTER 11

EXPERIMENTAL STUDY

This experimental study aims to explore the potential impact of extreme temperatures
on user engagement, including post creation, liking, commenting, and sharing behavior, and to
investigate the mediating role of happiness in this relationship, thereby testing H1 and H2.
Additionally, the study will examine the comparative effect of extremely hot and cold

temperatures on user engagement, exploring H3.

2.1 Participants, Design and Procedure

A one-factor, three-level (weather condition: hot, cold, season-normal) between-
subjects design is used. The study is conducted online using Qualtrics, at a European
university’s research platform where university students participate studies for course credit
(N=293, mean age 21.52, 70% female, 30% male). Participants are randomly assigned to one
of the weather conditions and completed an online survey in the following order measuring:
(1) baseline happiness, (2) weather perception articulation task (weather condition
manipulation), (3) user engagement (post creation, liking, commenting, sharing), (4) post-

manipulation happiness, (5) demographics and controls.

| adapted the affect measure of Govind et al. [5] to measure baseline happiness asking
participants to rate two items, happy and sad: “Please think about how you feel now. For each
emotion type below, please select the emotion level that suits your current feeling the best?”

(1 =“don’t feel at all,” 9 = “extremely feel). To prevent any possible order bias, the item order
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was randomized. The scores were invariant across the three weather conditions using the
analysis of variance (ANOVA) — happiness (F(2,290) = 1.018, p=.362), and sadness (F(2,290)
= 1.194, p = .304); indicating that there were no a priori differences in the baseline happiness

across three different weather conditions.

For the weather manipulation task, I followed the methodology from Govind et al. [5].
Participants were asked what air temperature would be on a day which they experienced one
of the three weather situations — extremely cold, extremely hot, or season-normal weather, and

they were asked to think about and describe their feelings and thoughts on such a day.

For the measurement of post creation, liking, commenting, and sharing behavior, all
respondents read a text describing that they go to a café with friends on a normal/ extremely
cold/ extremely hot day. They were told to imagine they were having a good time with their
friends in the café, they wanted to create a memory of their time, and that this could be a
comment, video, photo, meme, etc. Then they were asked how likely they would share a post
about their time in the café on their social media account using a 7-point Likert scale (1 =
“extremely unlikely,” 7 = “extremely likely”). After post creation measurement, all
respondents saw another text describing they are still in the same café environment on the same
extremely hot/cold/season-normal day, feeling the impact of weather outside, and a friend of
theirs shares a post on social media during their gathering. Participants were, then, asked how
likely they would like/ comment/ share this post using the same scale (1 = “extremely unlikely,”
7 = “extremely likely”). Three comprehension questions were asked after each text to make
sure the participants understood the text scenarios.

| used the same affect measure as baseline happiness [5], adapting the question text

using weather manipulation: “Please think about how you would feel when the weather is
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extremely hot/ cold/ season normal. For each emotion type below, please select the emotion
level that would suit your feeling the best in such weather.” (1 = “don’t feel at all,” 9 =
“extremely feel”). To prevent any possible order bias, the item order was randomized. The
negatively valanced item was reverse coded. Their average (oo = .78) is used as a measure of

happiness.

Demographic and control variables encompassed gender, individual factors such as
sensitivity to weather changes, and preference for hot and cold weather, as well as ambient
factors including interior vs. exterior environment, ambience comfort level, and perceived
ambience temperature. Additionally, social media usage frequency was assessed to account for
its potential influence on user engagement levels (see Web Appendix C for all measures). The
control variables are used in all regression equations. To address multicollinearity, hot weather
and cold weather preference scores were combined due to their high correlation (r =-.75). This
was achieved by first reverse-coding the hot weather preference, and then averaging the two
items (oo = .86). Importantly, all control variables are invariant across all weather groups

(Appendix D).

2.2 Analysis and Results

2.2.1 Comprehension and Manipulation Checks

Initially, responses were collected from 300 participants, and seven responses were
excluded due to incorrect answers to two out of the three comprehension questions.
Consequently, the final sample consisted of 293 participants. The manipulation check ensured
the successful implementation of the weather manipulation, with significant variations

observed in the average air temperature mentioned across the three weather conditions
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(F(2,290) = 424.06, p < .001), indicating the weather manipulation was successful (Mnormar =

20.0°C, Mhot = 30.6 °C, Mcoig: 7.0°C).

Baseline happiness scores did not differ significantly among the weather conditions,
indicating no pre-existing affect differences across conditions (refer to Figure 1). However,
post-manipulation happiness exhibited a notable variation, with significantly lower scores
observed in both cold and hot weather conditions (F(2,290) = 36.366, p < .001), suggesting a
robust influence of extreme weather (Mnormal= 6.60, Mnot = 4.91, Mcoig = 4.95). Notably, both

extremely hot and cold temperatures resulted in a similar level of decrease in happiness.

9.0 1
8.0 1

7.0
6ol 563 8 547
- 4.95 491
5.0

4.0
3.0 A1
2.0 1
1.0

Mean Scores

Baseline Happiness Post-Manipulation
Happiness

Happiness Rating

| ONormal mCold mHot |

Figure 1: Baseline vs. Post-Manipulation Happiness
*p <.1, ¥*p <.05, *¥**p <.01, ****p <.001.
Notes: Baseline and post-manipulation happiness scores are calculated by averaging happy and

reverse-coded sad ratings (owaseline = .77, Opost-manipulation =.78).

2.2.2 The Effect of Extreme Weather on User Engagement

Initially, | assessed the impact of extreme weather on user engagement metrics (post

creation, liking, commenting, and sharing) using linear regression. Equation 1 is applied
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separately for each user engagement type, resulting in four distinct regression models. To
calculate standard errors and confidence intervals, | use bootstrapping with 5,000 iterations.
Yi=oi+Bi Ty +yxCik + & ; & ~N(0, 6%) D

where: Y; is the user engagement for type i, i in {post creation, liking, commenting, sharing} ,
ai 1S the intercept for user engagement type i, Tj; is the temperature dummy for engagement
type i, extreme temperature j, for j in {extreme hot, extreme cold}, B;; is the coefficient for the
associated temperature dummy for engagement type i, Cik is the control variable for user
engagement type i and for control variable k, for k in {gender, sensitivity to weather changes,
preference for hot and cold weather, interior environment, ambience comfort level, perceived
ambience temperature, social media usage frequency}, yix is the coefficient for the associated
control variable for control variable k, &; is the error term for the respective equation for the
engagement type i, modeled as independent and identically distributed (i.i.d.) random variables
following a normal distribution with zero-mean and constant variance. Season-normal
temperature scenario was treated as the reference category for extreme temperature scenario

dummies.

Figure 2 indicates the standardized coefficients of extremely hot and cold weather
dummies for each of the user engagement types. Standard errors and confidence intervals were
calculated using 5000 bootstrap samples. Across all engagement metrics, | observed a
consistent negative impact of temperature. However, | found a significant effect of extremely
hot weather on post creation exclusively. Additionally, the impact of extremely hot weather
surpassed that of cold weather by a minimum factor of 1.5 for all engagement types (ranging

from 1.5 to 2.3 times), thereby corroborating the third hypothesis.
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Figure 2: The Effect of Extreme Weather on User Engagement

*p<.l, ¥*p <.05, ***p < .01, ****p < .001.

Among all control variables, females engage with social media significantly more than
males in terms of intention to create a post, like, comment, and share other posts (p < 0.01 for

all usage types). No significant effects were observed for other control variables at p <= .05.

2.2.3 Happiness as a Mediator

After establishing the effect of extremely hot weather on post creation, | explored the
possible mediation of happiness using Model 4 [78] with bootstrapping (N=10,000). I utilized
Process Macro 4.3 via SPSS to execute the mediation model to test H2, employing Equations

2,3, and 4:

H=o1+ BuTi +vjnC; + & (2
Y =+ BixTi + 6H + yj2Cj + &2 (3
Y=o03+BisTi +yj3Cj + &3 4)
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where: H represents Happiness, Y is the post creation intention, an is the intercept for the
specific equation n, for n=1..3, T; is the extreme temperature dummy i, for i in {extreme hot,
extreme cold}, Bin is the coefficient for the extreme temperature dummy i, for n=1..3, C; is the
control variable j, for j in {gender, sensitivity to weather changes, preference for hot and cold
weather, interior environment, ambience comfort level, perceived ambience temperature,
social media usage frequency}, ;. is the coefficient for the associated control variable j and
for equation n, and ¢ is the coefficient for Happiness in Equation 3, €, is the i.i.d. error term,
with distribution N(0,6?), for n=1..3. The season-normal temperature scenario dummy was

treated as the reference category for extreme temperature scenario dummies.

Table 3 presents the mediation results, displaying unstandardized coefficients. Standard
errors are indicated in parentheses and confidence intervals are calculated using bootstrapping
(N=10,000). The findings revealed that happiness served as a full mediator in the relationship
between extremely high temperatures and post creation on social media. Specifically,
extremely hot temperatures diminished happiness, leading to a reduction in post creation
intention (B = -.253, SE = .103, 95% CI = [-.466, -.064]). Similarly, for extremely cold
temperatures, the indirect pathway was significant (p = -.252, SE = .100, 95% CI = [-.461, -
.065]), although no significant total effect was observed. Furthermore, the total effect of hot
temperatures on post creation was more than twice (2.3 times) that of cold temperatures,

thereby supporting H3.

Table 3: Mediation Model Results

Total Direct Indirect t-stat? Conclusions
Effect Effect Effect
Hot temperature> | -.4752%* -.2223 -.2520%* | -2.4649 Full mediation
Happiness—> Post
creation intention (.2212) (.2382) (.1026)
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Cold temperature—> -.2037 .0479 -2517**% | -2.5144 Indirect route is
Happiness—> Post
creation intention (.2096) (.2225) (.1001) significant only

*p<.l, *¥*p <.05, ***p <.01.
4T -statistics of the indirect effect. T-statistic is |1.645| for p=.10; |1.960| for p=.05; |2.576| for

p=.01.

For ensuring the comparability across the Equations 2, 3, and 4, | provide the
standardized coefficients of the variables in Table 4. In addition to the impact of extreme
weather, participants who are sensitive to weather changes have lower happiness scores.
Gender differences do not exist in the impact of extreme temperatures on happiness. In other
words, both females and males exhibit significantly lower happiness scores in the extreme
temperatures. For post creation, on the other hand, gender matters. Females have significantly
higher intention to create and post a content compared to males. These results on post-creation
are robust with the previous linear regression results where | establish the association of
extremely hot weather with post creation. Females’ higher intention to create a post does not
dominate the decrease on post-creation scores, as the decrease is observed for both females and
males in hot condition (Females: Mseason-normal = 4.26, Mot = 3.84; Males: Mseason-normal = 2.54,
Mnot = 2.19). Therefore, these results support that the impact of extremely hot temperatures on

happiness and post creation exits for both females and males.

Table 4: Standardized Coefficients and p-values of All Variables

Equation 2 Equation 3 Equation 4
(Temperature (Temperature + | (Temperature -
-> Happiness) | happiness = post- | post-creation)
creation
Extremely cold weather .94 4%k .0283 -.1204
Extremely hot weather -.946(*** -.1314 -.2809**
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Equation 2 Equation 3 Equation 4
(Temperature (Temperature + (Temperature -
-> Happiness) | happiness = post- | post-creation)
creation
Happiness - 1580%%* -
Gender (female=1, male=0) 0178 3597 wE 3625%HwE
Cold Weather preference .0694 -.0518 -.0408
Sensitivity to weather changes - 1235%* 0717 0522
Interior-Exterior Environment .0119 .0692 0711%*
(indoor=1, outdoor=0)
Ambience comfort level .0491 0789 .0867*
Perceived ambient -.0338 .0089 .0035
temperature
Social media usage frequency -.0710 0757 .0645

*p <.10, **p <.05, ***p < .01, ****p < .001.
Notes: Standardized coefficients are provided to enable the comparability of the coefficients

within and between three regression outputs.

2.3 Discussion

In the experimental study, I discovered that extremely hot weather negatively influences
post creation behavior on social media, with temperature-induced happiness mediating this
connection. The results did not reveal a primary effect of hot or cold temperatures on liking,
commenting, and sharing intention which are amongst content contribution behaviors [79].
Binnewies and Woernlein [80] have shown that positive affect boosts daily creativity; and Isen
et al. [81] illustrate how positive affect aids creative problem-solving tasks in experimental
settings. Specifically, happiness may enhance creative thinking [27]. Since the creation process
is influenced by positive affect and happiness, and these diminish in the face of extreme

temperatures, temperature-induced happiness offers an explanation for the decline in post-
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creation. It is highly likely that extremely hot temperatures hinder creativity by diminishing

happiness, leading to decreased levels of post creation.

This study confirms the adverse impact of extremely hot and cold temperatures on
happiness, consistent with the findings of Baylis et al. [15] and Baylis [14] where the authors
observe that hotter and colder temperatures decrease positive sentiment. As noted by Anderson
et al. [50], temperature has a curvilinear impact (inverted-U) such that deviating from optimal
temperatures induces discomfort in individuals. This discomfort diminishes positive mood,

such as happiness in this study.

In terms of post-creation behavior, | only observed a significant negative impact of hot
temperatures, not cold. Despite the substantial decline in happiness observed in both extreme
weather conditions, one would expect analogous outcomes in behavior. There are inconsistent
and insufficient findings regarding the impact of cold temperatures on behavioral outcomes.
For instance, Sinha and Bagchi [8] find significant results for cold temperatures as well. Their
study shows that both high and cold temperatures induce discomfort, leading to higher
aggression, thus similar effects on willingness to pay (WTP) in auctions; with WTP amounts
significantly higher in high temperatures. However, in the context of user engagement,
examining a public utility’s posts, Martin et al. [71] find that higher temperatures affect posting
design components (a part of the post-creation process) such that the number of words used in

post and the probability of using images in a post decrease in higher temperatures.

One possible explanation is that cold effects are less likely to occur in a natural
environment, as people can compensate relatively easily compared to heat effects by adding

clothing or by heating [50]. Wang et al. [72] examine the adaptation to extreme heat and cold
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and find that adaptation to extreme cold by heating mitigates the negative impact on expressed

sentiment, but adaptation to extreme heat via air conditioning does not.

Another explanation could be that people have social theories relating temperature to
mood or behavior. Anderson et al. [50] mention that although both extremes create discomfort
in lab experiments, when people are asked about their beliefs regarding the effect of
temperature on energy level, anger, and aggression, they perceive hot effects to be stronger in
magnitude and negative, while cold effects are weaker and in the opposite direction for the
mentioned items. In the context of post creation, it is important to note that both extremely cold
and hot temperatures can adversely affect the outcome. However, the effect of high temperature

is more than doubled compared to cold temperature (see Table 3).
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CHAPTER 111

EMPIRICAL STUDY

Having established the influence of extreme temperatures on user engagement through
the experimental setup, the objective of this study is to quantify this experimental finding using
time-series data. In this context, | aim to investigate how social media users' interactions with
temperature correspond to their engagement on social media platforms in Tirkiye. With
approximately 68.9 million active social media users, constituting roughly 80.8% of the total
population [82], Turkiye stands out as a significant hub of social media activity, providing a

wealth of user-generated content (UGC).

Temperature fluctuations can offer valuable insights into shifts in social media
behavior, especially considering the growing disparities observed over time and across
different regions. To illustrate these discrepancies across different regions, my focus is on three
major metropolitan areas in Turkiye, collectively representing a substantial portion of social
media activity in the country. Figure 3 presents the yearly maximum and minimum temperature
levels within the dataset alongside 24-year historic averages for these three cities during both
warm and cold seasons. The warm season spans from April to October while the cold season

extends from November to March.

The figure underscores a noteworthy increase in the discrepancy between yearly

maximum and minimum temperatures, shifting from low single digits during the period of

1991-2014 to well
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above 20 degrees in recent years. This trend suggests the potential for capturing a more
pronounced impact of temperature variations on social media behavior at the aggregate

level.

3.1 Data

The social media engagement data utilized in this study was obtained from a
leading big data social media analytics firm. This dataset includes geography-specific,
daily data covering 14,276,981 posts in Turkish. These posts revolve around beer brands
and the broader beer category, as indicated by phrases like 'give me a Tuborg' or 'love to

drink beer.' The data spans from January 1, 2014, to June 30, 2019.

To streamline the identification of beer-related content, the company utilized
computer-aided image recognition technology to detect images associated with beer.
Consequently, the dataset on user engagement, quantified as the number of beer-
mentions, encompasses mentions extracted from various types of posts (such as
comments, pictures, memes, retweets) across multiple social media platforms (including

Twitter, Instagram, Facebook, YouTube, and blogs).

For the empirical analysis, | aggregated the data to compute monthly averages of
daily beer mentions. Daily data, as I discuss later in the analysis, lacked stationarity due
to significant fluctuations and noise from one day to the next. Furthermore, analyzing
monthly data is a common approach when examining the effects of weather (as

demonstrated by previous studies such as [45]). Monthly aggregation provided 66 months
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of observations for the daily averages. The aggregated data exhibited a monthly average

of 7109 daily mentions with a notable standard deviation (see Table 5).

In the analysis, | include two control variables. The first variable indicates the

presence of large-scale social media campaigns, with months featuring such a campaign

coded as 1, otherwise coded as 0. Large-scale social media campaigns refer to volume-

generating campaigns conducted by beer brands nationwide. The second control variable

is an economic indicator, specifically the cost-of-living index for culture, education, and

entertainment, downloaded from the data central of the Central Bank of the Republic of

Turkiye [83]. I included this measure to control economic influences on beer-related user-

generated content, serving as a proxy for economic factors affecting beer consumption. |

hereafter denoted this index variable as ‘cost of living.’

Table 5: Descriptive Statistics of Daily Average Mentions, Cost of Living for each

month and Campaign Presence

Average Mentions Cost of Living Campaign Presence

Count 66 66 66

Mean 7,108.704 2,664.584 0.167
Standard Deviation (SD) 5,456.604 617.868 0.376
Minimum value (Min.) 3,103.433 1,968.684 0.000
25% 4,104.050 2,191.786 0.000
50% 4,872.583 2,522.430 0.000
75% 6,209.557 2,959.056 0.000
Maximum value (Max.) 27,851.194 4,080.847 1.000
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Meteorological Service and consist of daily temperature recordings (in degrees
Celsius) spanning from January 1st, 2014, to June 30th, 2019. These recordings were
collected at the city level, from 37 cities, across five major geographical regions within
the country. These regions are recognized for generating beer-related social media content
and collectively represent 70.4% of the total population [84], capturing 80.4% of the
country’s GDP [85]. Central weather stations located closest to city centers were selected

for each city to ensure accuracy.

To enhance reliability, | aggregated city-level data into country-level metrics.
Location-based data can be unreliable due to non-disclosure of location and VPN usage.
Initially, I averaged the data at the regional-level and then aggregated the regional data to
the country level based on the distribution of social media users across regions. The
resulting daily country-level temperature data were further aggregated to the monthly
level by averaging. The country-level temperature data consist of 66 months, with an
approximate mean temperature of 19.7°C and a standard deviation of around 7.9°C (see
Table 6). In total, there are 13 months in which average temperature levels were extremely
high or low compared to season-normal levels (see Table 6). To identify extreme values,
| utilized the mean absolute deviation of the first-differenced temperature data (see Web

Appendix E for details)

Table 6: Descriptive Statistics of Average Monthly Temperatures

Average Temperature

Count 66

Mean 19.739
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Average Temperature

extreme temperatures

SD 7.854

Min. 5.099

25% 13.205

50% 20.433

75% 26.966

Max. 31.382
Number of extremely hot months 9
Number of extremely cold months 4

Total number of months with

13

3.2 Analysis

| analyzed the data for the presence of deterministic and/or stochastic trends by
decomposing the variables into trend, seasonal, cyclic, and stochastic components using
locally estimated scatterplot smoothing [86]. Visual inspection revealed that the social
media data, in its original levels, exhibited a deterministic trend and is non-stationary.

This non-stationary nature is further confirmed through Augmented Dickey-Fuller (ADF)

and Kwiatkowski—Phillips—Schmidt-Shin (KPSS) tests [87].

To address the trend and mitigate potential issues with spurious regression results
arising from non-stationarity [88], | employed logarithmic transformation followed by

first differencing [89]. Subsequently, | applied seasonal differencing to account for fixed
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effects. This year-on-year differencing methodology enabled to accommodate
idiosyncratic shocks associated with specific dates such as New Year, Valentine’s Day,
and holidays, control for seasonality and seasonal impacts of beer consumption, capture

net variation over the years, and render the data stationary (see Figure 4, 5, and 6).
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0.5 —+

0.0 -
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Figure 4: Transformed Monthly Data of Daily Average Mentions
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Figure 5: Transformed Monthly Data of Cost of Living
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Transformed Temperature
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Figure 6: Transformed Monthly Data of Temperature

I confirmed the stationarity of the transformed data by conducting ADF and KPSS
tests (refer to Table 7). Autocorrelation Function (ACF) and Partial Autocorrelation
Function (PACF) plots indicated that lags do not display significant autocorrelation,
confirming the absence of a requirement for autoregressive components (see Figure 7).
ADF test results indicated that the process did not contain a unit root; and KPSS test

results illustrated that the data were level or trend stationary.

Table 7: ADF and KPSS Test Results for Transformed Mentions Data

With constant

With constant

and linear &

Test Results With constant and linear .
time trend quadratic
time trend
Test statistic -6.300 -6.285 -6.312
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With constant ‘lelltc:llicr(:::iagt
Test Results With constant and linear .
. quadratic
time trend .
time trend
ADF p-value 0.000 0.000 0.000
Test
Results | Number of lags 0 0 0
. -3.56 (1%), -4.14 (1%), -4.61 (1%),
glg‘;‘lsf;ll‘;fz 2.92(5%), | -350(5%), | -3.95(5%),
-2.60 (10%) -3.18 (10%) -3.63 (10%)
Test statistic 0.109 0.077 B
KPSS p-value 0.1 0.1
Test Number of lags 1 2 -
Results
0.739 (1%), 0.216 (1%), -
Critical values 0.463 (5%), 0.146 (5%),
0.347 (10%) 0.119 (10%)
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Figure 7: ACF and PACF Plots for Transformed Mentions Data

| operationalized temperature data by generating three dummy variables. The first

dummy incorporates all extreme conditions, including both extremely high and extremely

low temperatures across warm and cold seasons. The other two dummies capture

instances of extremely high and low temperatures (see Web Appendix E for the
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calculation method). | employed a Generalized Linear Model (GLM), which
accommodates dependent variables with non-normal distributions and allows for linear
variations with the predictor variables. The model is represented by Equation 5. The cost

of living and social media campaign variables are the control variables in Equation 5.

AlnY(= o+ BTi+yAInCi+ 8D+ & . & ~N (0, 6%) (5)

where: Y. is the number of average daily mentions in month t, A is the year on year
change operator such that AY: = (Yt - Y1) - (Y12 - Y13 ), a is the constant term, Ty is
the extreme temperature dummy in month t, § is the coefficient associated with the
extreme temperature dummy variable Ty, C; is the cost of living in month t, y is the
associated coefficient with the cost of living variable C;, Dy is the campaign dummy in
month t, J is the associated coefficient for Dy, & is the i.i.d. error term, with distribution

N(0,62).

To distinguish the impact of extremely hot and cold temperatures on user
engagement, | employed a second model, using Equation 6, only replacing the extreme
temperature dummy in equation 5 with extremely hot and extremely cold temperature
dummies. In Equation 6, Tn is the extreme temperature dummy m, for m in {extreme
hot, extreme cold}, in month t, B is the coefficient associated with the extreme

temperature dummy variable Tr:.

AlnY(= o + BmTme + YAInC; + § Dy + & . &~N (0, 6% (6)
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In the next section | provide results for Model 1 using Equation 5, and for Model

2 using Equation 6.

3.3 Results

For both models, the results showed that the resulting errors (g;) did not show
autocorrelation and heteroskedasticity, in line with the models’ original i.i.d.
assumptions. For Model 1, the scores for parameter coefficients, standard error (SE), and
p-values are provided in Table 6. The results revealed that extreme temperatures led to a
significant decline in the number of beer-related mentions ( = -.256, p =.032) compared

to season-normal weather conditions.

Table 8: Empirical Model (GLM) Results for Model 1 using Equation 5

Model 1: Coefficient: SE: p-value:
Constant .052 .065 424
Extreme temperature -256** 116 032
Social Media Campaign 132 188 486
Cost of living 475 .900 .600

*p < .10, **p < .05, ***p < .01, ****p < 00L.

| further examined if this negative influence of extreme temperatures persists in

both extremely high and low temperatures in Model 2 (see Table 7). The results confirmed
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that the decline observed in Model 1 is consistent for both extremely high and low
temperatures, albeit in a directional manner for extremely low temperatures. Specifically,
there was a significant decline in beer-related mentions when temperatures were
extremely high (B =-.322, p =.017). These findings underscore the substantial influence

of extremely high temperatures on user engagement.

Table 9: Empirical Model (GLM) Results or Model 2 Using Equation 6

Model 2: Coefficient: SE: p-value:
Constant .054 .064 409
Extremely high temperature -322%%* 131 017
Extremely low temperature -.100 114 385
Social Media Campaign 122 .189 521
Cost of living .360 .857 .676

*p < .10, **p < .05, ***p < .01, ****p < 00L.

As | transformed all continuous variables in the equation by taking their natural
logs, | applied exponential function to the betas of extreme temperature dummies to
derive elasticities. Model 2 (Equation 6) results indicated that employing a large-scale
social media campaign escalated user engagement by 13.0%. The occurrence of
extremely high temperatures, on the contrary, led to a 27.5% decrease in user engagement,
whereas in extremely low temperatures this decrease is equivalent to 9.5%. These impacts
support the third hypothesis, suggesting that hot temperatures have a greater negative

impact on user engagement compared to cold temperatures.
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Can running a social media campaign mitigate the negative impact of extreme
temperatures? The findings indicate that the existence of a campaign on its own is not
sufficient to mitigate the impact of extremely high temperatures, as their impacts on
mentions are 13.0% and -27.5% respectively. | illustrate this inadequacy in Figure 8.
Using the GLM coefficients of the parameters in Table 9, and Equation 6, | calculated
how much user engagement would shift if extreme temperatures occurred in a campaign
vs. no-campaign month. In the calculations, in Equation 6, for the cost of living, I inserted
a constant value. It is noteworthy that the negative impact of low temperatures is much
weaker than that of high temperatures, supporting the third hypothesis, and can be

mitigated by a social media campaign.

Extremely high Extremely low
Normal times temperature temperature

03 0.193

0.2 1
0.2 1
01 - 0.070 0.093

O-l ] .
0.0

0.1 1 -0.029

-0.1 1

02 1 -0.129
02

0.3 A
-0.3 - -0.251
Campaign Presence

User Engagement

Ono campaign @ campaign

Figure 8: Campaign Effect

51



As an extension to my empirical model, | further investigated whether social
media campaigns exhibit differential effects on engagement during extreme temperatures.
| introduced a model incorporating an interaction term between temperature and
campaign (Equation 7) and compared it with a baseline model that excludes the
interaction term (Equation 8). This comparison allowed to discern how coefficients
change with the inclusion of the interaction term. In this analysis, | utilized year-on-year

differenced temperature data instead of extreme temperature dummies.

AlnYi= o+ B AT +yAInCi+ 8D+ o AT* Di+& . £~N(0,6?) (7

AlnYi=a+B AT +yAInC+8Di+& . &~N(0,c?) (8)

where: Y¢is the number of average daily mentions in month t, A is the year on year change
operator such that AYt = (Yt- Y1) - (Yr12- Ye13), o is the constant term, Tt is temperature
in month t, B is the coefficient associated with temperature variable T, Ct is the cost of
living in month t, vy is the associated coefficient with the cost of living variable Cs, Dy is
the campaign dummy in month t, 3 is the associated coefficient for Dy, w is the associated
coefficient with the interaction term of temperature variable Tt and campaign dummy

variable Dy, & is the i.i.d. error term, with distribution N(0,6?).

The findings revealed a negative interaction component, albeit not significantly
affecting engagement. As illustrated in Figure 9, a large-scale campaign during extreme
temperatures mitigates the negative impact of temperature by approximately 36.7%
(from -0.041 to -0.026). However, I also observed a reduction in the positive effect of the

campaign on user engagement by 29.2% (from 0.125 to 0.088).
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Figure 9: Campaign Interaction Effect

For the robustness of the interaction model results, | executed Equation 6 using
Process Macro Model 1 [78] with bootstrapping (N=10,000). Similar coefficients were
obtained in terms of magnitude, and the effects remained consistent in terms of direction,
with a non-significant interaction term (refer to Web Appendix F). The Process Macro
also facilitated visualizing the effect of the interaction using the Johnson-Neyman
technique [90], providing conditional effects of the focal predictor, in this case,
temperature, at different values of the moderator variable, which is the campaign dummy.
As depicted in Figure 10, the engagement level decreases as the temperature increases in
the presence of a campaign, aligning with the findings from Equation 6. However, given
the non-significance of the interaction term, | cannot conclude that large-scale campaigns

are significantly less effective during extremely hot temperatures. While such campaigns
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provide some assistance, they are unable to fully mitigate the negative impact of high

temperatures on user engagement.

-1SD Zero +1 SD
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User Engagement (AY,)
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Temperature (AT))

Campaign e= o -No—Campaign|

Figure 10: Johnson-Neyman Output
Notes: The figure indicates the estimated user engagement levels (using equation 7 and
Process Macro Model 1) in campaign presence and absence, as temperature (ATt in
Equation 7) gets values of -1 standard deviation, zero, and +1 standard deviation (SDaTt

= 2.836).

3.4 Discussion

The empirical model results provide quantifiable evidence of the significance of
extremely hot temperatures compared to season-normal temperatures in a real-world data
setting where users experience temperature. Furthermore, extremely cold temperatures
demonstrate a negative directional impact, albeit of lesser magnitude compared to high

temperatures. It is thus evident that extreme temperatures affect the creation of beer-
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related content on social media and hotter temperatures have a larger negative impact on

user engagement, compared to colder temperatures, supporting experiment results.

In the empirical study, | investigated the effects of extremely high and low
temperatures on beer-related content creation. Beer is a weather-sensitive, seasonal
category, and consumed more in warm season in Turkiye. Studies indicate that
temperature significantly impacts on seasonal product sales ([91]; [92]) and engaging
with product-related content on social media platforms often reflects consumer sentiment,
lifestyles, and behaviors [93]. Given these studies, one might anticipate an increase in
social media content creation when temperature increases, and a decrease during low
temperatures, aligning with beer consumption patterns. However, by employing a
rigorous differencing methodology, and addressing any seasonal or fixed effects, the
results unveiled a negative influence of both extremely high and low temperatures,
contrary to initial expectations. Consequently, I find evidence that when temperatures go

extreme, beer-related content creation on social media decreases.

Beer additionally represents a hedonic and psychology-driven product category.
Several studies demonstrate that with the negative impact of higher temperatures, hedonic
consumption tends to increase ([94]; [5]). However, | did not observe such a tendency
extending to creating hedonic product-related content on social media. This result may
suggest that product-related content creation may not solely be driven by or done in
parallel to product consumption. Alternatively, a non-linearity between temperature
increases and consumption, wherein extreme increases may eventually decrease

consumption, could be a contributing factor.
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Regarding the effectiveness of a social media campaign, the results indicate that
managers should not expect higher engagement results for seasonal products during the
times temperature goes to extreme levels. This contradicts with the traditional belief that
people consume, for example, more ice cream or engage with more ice-cream related
communications as the weather gets hotter with an expectation of a linear increase in
engagement. Yet, after experiencing heat waves in a higher frequency and impact
magnitude, more businesspeople admit that such extreme weather hinders their seasonal
business [95]. This study supports that hot temperatures have a strong adverse impact

which hinders engaging with social media.
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CHAPTER IV

CONCLUSIONS

4.1 Conclusions and Implications

One of the consequences of climate change is the increases in global temperature
both in magnitude and variability. The average global temperature has increased by at
least 1.1°C since the industrial revolution, with the last nine years recording the warmest
years [96]. The impact is expected to continue growing drastically in the near future.
Arnell et al. [97] estimates impacts and risks associated with increases in global mean
temperature up to 5°C above pre-industrial levels. The authors find that the average
chance of a major heatwave at the global level increases from 5% in 1981-2010 to 28%
at 1.5°C and 92% at 4°C, underscoring the importance of understanding the scope of

temperature effects across all disciplines.

Many business and economic reports highlight the adverse effects of hot
temperatures are spreading through different industries ([98]; [99]), even discussing how
workers are affected and addressing worker conditions and legal rights ([100]; [101]).
This research is the first to document that individuals have a lower willingness to create
posts on social media when faced with extremely hot temperatures because extremely hot
weather reduces their happiness. Given the positive influence of happiness on the creation
process, this study provides preliminary evidence that extremely hot temperatures hinder

content creation on social media by diminishing happiness. Utilizing a controlled
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experiment followed by an empirical study analyzing a comprehensive social media
dataset, the current research further quantifies the negative impact of hot temperatures on

post creation, which is stronger than that of cold temperatures.

Studies have indicated that product-related online content can influence consumer
purchasing behavior ([102]; [103]). As the user base of social media platforms expands
and usage frequencies increase, coupled with a rise in digital spending budgets, firms are
directing more resources towards content creation and distribution within the social media
landscape ([104]). Consequently, the challenges posed by extreme weather present
serious obstacles for all content creators, encompassing consumers, influencers, and
managers alike. There are several managerial implications for businesses and social
media marketers concerning the timing of posting contents and initiating campaigns,

content themes, and social media analytics.

In determining the timing for new product launches, or major initiatives through
social media campaigns, consideration of more moderate (season — normal) weather is
recommended when individuals tend to be more receptive to active engagement. Cheema
and Patrick [3], for instance, indicate that warmer temperatures compared to cooler
temperatures may hinder new product purchases. Extremely hot weather could exacerbate
this impact, potentially leading to a setback or failure in the promotion or launch of new
product ideas through social media. In a broader context, the consumer buying process
may also be influenced by social media activities [105]; therefore, lower levels of

engagement with such activities could impact consumer buying.
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As happiness level decreases during extreme weather, managers and social media
marketers can contemplate the adoption of more uplifting and positive campaigns to
counteract the negative emotional impact caused by extreme weather. Although the role
of positive content is not tested in this study as a moderating variable of temperature-
induced happiness and post-creation relationship, Berger et al. [106] show that
emotionally arousing content encourages content engagement, and that content evoking
sadness or contentment is not helpful. Therefore, happiness-generating content holds the

potential to encourage users to actively engage with social media.

4.2 Limitations and Avenues for Future Research

In this thesis, | investigated the impact of extreme weather conditions within a
social context by examining the intention of post creation, and liking, commenting on,
and sharing a friend’s post. Subsequently, | analyzed real-world data, which mirrors
social dynamics, and focuses on beer-related mentions created on social media platforms.
These mentions mostly occur during or after consumption, suggesting the presence of
social interactions. In other words, the study reflects how extreme temperatures may
affect post creation in a social environment. Phithakkitnukoon et al. [107] examine how
weather affects mobile social interactions and finds that people tend to be less connected
with their social ties during extreme temperatures (either very cold or very warm
temperatures). Exploring user engagement within non-social contexts, such as individuals
opting to remain indoors to mitigate discomfort induced by extreme weather, presents an
intriguing avenue for investigating the broader impacts of extreme weather and enhancing

the generalizability of findings.
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This thesis also focuses on the cumulative effect of all social media platforms,
reflecting real-world dynamics more closely. To develop tailored strategies for each
platform, a platform-specific comparative perspective can be adopted in future studies to
examine the effects of extreme weather. It is plausible that the intention to create posts
on an image-sharing platform may differ from that on a microblogging platform as they
differ by engagement motivations. For example, Pelletier et al. [108] show that consumers
engage with Twitter for informational and social purposes, whereas Instagram is the
primary platform for entertainment motivation and for co-creating with brands via social

media [108].

Additionally, exploring how extreme weather influences specific elements or
features within posts that contribute to higher engagement would be another avenue for
research. Martin et al. [71] show that extremely high temperatures affect a utility’s posting
design by reducing the use of images and number of words. Further research can
investigate the impact of extreme temperatures on the use of various types of posts such
as images, memes, videos, etc., or on the creation of more individualistic images versus

product-related images from the users’ perspective, which could yield valuable insights.

In this thesis, I also observe a pronounced impact of hot temperatures on behavior
compared to cold temperatures. However, this does not imply that cold temperatures do
not have influence at all (see Singha and Bagchi [8] for a review on cold temperature
impact on willingness to pay). Existing literature (e.g., [14]; [15]; [72]; [73]) and findings
from this research confirm that cold temperatures can indeed affect mood negatively

(specifically happiness), like hot temperatures. The distinction possibly lies in how cold
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and hot temperatures impact our physiology, how we react and behave in turn, and the
degree of compensation of adverse effects as discussed in Wang et al. [72]. Subsequent
studies could explore the potential impacts of such differences on consumer decision

making and behavior.

In the experimental design, | measured the temperature impact using an online
experiment, which could potentially lead to demand effects [109]. However, | observed
an asymmetry between the impact of hot and cold temperatures on user engagement,
suggesting the results may not be solely attributable to demand effects. Furthermore, |
found similar results when analyzing time-series data that reflect users’ experiences of
actual temperature, reinforcing my research claims. In future studies, real experiments
could be conducted in a laboratory setting with varying temperature levels to explore user

engagement across different tasks.

In this study | focused on the mediation impact of happiness. One could argue that
there are different mood states playing different roles in user engagement. The literature
suggests happiness as the strongest emotion; however, there can be other mood states that
may be effective on different types of user engagement. Although I did not find significant
impact on liking, sharing, and commenting intentions, specific mood states may play

different roles on contribution to an existing post.

This work demonstrates that it is important to include temperature in all social
media performance measurements due to its significant impact on post creation behavior.

A regular and active listening to user sentiment on social media is essential as well. Such
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monitoring would help understand weather-related fluctuations in user engagement,
allowing managers to refine content strategies, and content posting schedules
accordingly. Given the challenges posed by climate change, it is essential for social media
strategies to be flexible and responsive to changes in user emotions and behaviors,
incorporating a weather-inclusive perspective. As Burke et al. [110] puts it: “if hot
temperatures increase the likelihood of riots in a city — even if extreme temperatures are
experienced only for a few hours — then this is important for understanding climate
impacts because the frequency of these momentary events may change if the distribution
of daily temperatures changes” (p.579). This is what we are facing today and will be

facing tomorrow.
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APPENDIX B

Impact of Climate Variables on User Engagement

Using the same dataset analyzed in the empirical section of this thesis, I previously
explored the potential impact of several climate variables on user engagement and compared
their relative impacts using Equation 8 for each weather variable. In total I executed five

different models.

AlnY:= o+ Bm AWmi + yAInCi+ 8D +& . £~N (0, 6)

®)

where: Y is the number of average daily mentions in month t, A is the year on year change
operator such that AY¢ = (Yt- Y1) - (Ye12- Ye13), o is the constant term, Wiy is the weather
variable m, for m in {temperature, cloudiness, humidity, air pressure, wind speed}, in month t,
Bm is the coefficient associated with weather variable Wiy, Ct 1s the cost of living in month t, y
is the associated coefficient with the cost of living variable Cq, Dy is the campaign dummy in
month t, 6 is the associated coefficient for Dy, o is the associated coefficient with the interaction
term of temperature variable T and campaign dummy variable Dy, & is the 1.1.d. error term, with

distribution N(0,5?).

Table 11 provides the coefficients, standard errors, p-values, and model fits using
Akaike Information Criterion (AIC) for each weather variable. The results indicate that
temperature is the only significant variable at p <= .05 and offers the best model fit compared

to other variables.
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Table 11: GLM Model Results for Each Climate Variable

Model / Climate Variable Coefficient SE p-value AIC

Model 1 / temperature -.041 .019 .038 66.161
Model 2 / cloudiness .006 .003 .062 67.371
Model 3 / humidity .010 .009 282 68.840
Model 4 / air pressure .000 .015 .980 69.937
Model 5 / wind speed .050 124 .686 69.823
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