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Rain, Rain Go Away! A Diary Study on Morning
Weather and Affective Well-Being at Work

Laura Venz*

Leuphana University Liineburg, Germany

Alexander Pundt
Medical School Berlin, Germany

Weather determines a number of affective experiences in everyday life. Although
affective events theory positions environmental features such as the weather
as important in determining affective well-being also at work, research in this
regard has mainly focused on predictors within the person or work context.
Addressing this gap, we studied how daily morning weather relates to day-spe-
cific affective well-being at work. Specifically, we examined vigor and job satis-
faction as positive well-being states, and negative affect and burnout as negative
well-being states. Additionally, we examined individual weather sensitivity and
positive/negative affectivity as person-level moderators of the daily weather—
well-being relationship. Using data gathered in a diary study with 115 employees
reporting on 457 workdays, we found morning weather to be related to state
vigor and job satisfaction, but not to negative affect and burnout. Positive affec-
tivity moderated the relationships between morning weather and job satisfac-
tion as well as burnout. Weather sensitivity moderated the relationship between
morning weather and vigor, while negative affectivity did not moderate any rela-
tionship between morning weather and well-being at work. Our results contrib-
ute to the understanding of affective well-being at work by pointing at the role
environmental factors such as weather conditions can play.

INTRODUCTION

Affective well-being predicts employees’ attitudes, health, and performance
(Lyubomirsky, King, & Diener, 2005). Hence, research that identifies its
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antecedents is important. In our study, we aim to contribute to such research
by including a presumably important, yet understudied, determinant of af-
fective well-being at work: the weather. Weather is a ubiquitous environmen-
tal factor for humans (Gifford, 2002) and, particularly given climate change,
an increase of extreme weather conditions, and global warming, it is import-
ant to understand the impact of weather on people at work. Specifically, if
weather shapes affective states, every work-related judgement or behavior that
depends on employees’ current affect (e.g., helping, performance appraisals,
group functioning, and productivity; see Barsade & Gibson, 2007; Forgas &
George, 2001) might be at least partly weather-dependent.

While there are hints that weather might affect individuals’ ability to work
via its effect on well-being states (e.g., lethargy, fatigue; Mackensen, Hoppe,
Maarouf, Tourigny, & Nowak, 2005), few studies have examined weather
in relation to work outcomes. In one of those studies, surprisingly, “good”
weather was found to be negatively related to productivity (Lee, Gino, &
Staats, 2014). Subjectively, though, the majority of respondents believed
good weather to increase productivity—via fostering positive feeling states.
We explicitly address the latter issue and examine if weather is relevant to
affective well-being at work.

Despite some principal evidence for weather’s role in well-being, some
studies did not find an effect of weather (e.g., Yap, Wortman, Anusic, Baker,
Scherer, Donnellan, & Lucas, 2017), indicating that moderators might exist.
Hence, we also included moderators, namely weather sensitivity (Mackensen
et al., 2005) and positive and negative affectivity (Watson, Clark, & Tellegen,
1988), which, by definition, are propensities to be reactive to specific (weather)
conditions. This look at individual differences in reactions to weather is cru-
cial as it may help explain why employees who share the same weather (e.g.,
coworkers in one office) still experience different well-being (Lee et al., 2014).

In sum, integrating environmental and organizational psychology litera-
tures, we aim to stimulate research on the role of environmental factors in
organizational behavior. Specifically, we contribute to research on affective
well-being at work by taking weather as an explanatory factor into account.
Our study goes beyond existing research by focusing on well-being rather than
performance, helping to draw a more complete picture of the role of weather
for work-related outcomes. Importantly, the knowledge obtained with this
diary study is of high practical relevance as it may help draw attention to
seemingly irrelevant, and thus, overlooked factors in employee well-being,
attitudes, and, ultimately, behavior.

Two more points are worth noting: First, using the approach of holistic
environmental perception (see Gifford, 2002), we based our study on weather
as a whole entity rather than on single weather parameters. This approach
reflects the definition of weather as the momentary state of the atmosphere

© 2020 The Authors. Applied Psychology published by John Wiley & Sons Ltd on behalf of
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Sunny Slighly ~ Mostlycloudy ~ Verycloudy ~ Changeable/  Slightrain  Heavyrain  Thunderstorm Sleet Snow
cloudy rain showers

FIGURE 1. One-item measure to assess subjectively perceived weather. In our
analyses, we excluded thunderstorm, sleet, and snow resulting in a seven-point
scale ranging from “good” weather (sunny) to “bad” weather (heavy rain).The

sun and the lightning symbols are yellow colored in the original scale.

at a particular location (Ackerman & Knox, 2003) and optimally fits the col-
loquial understanding of weather as ranging from good (i.e., sunny, clear)
to bad (i.e., cloudy, rainy). Hence, we assessed weather perceptions combin-
ing single weather conditions (see Figure 1). Second, we focused on weather
in the morning before work, because research suggests a so-called meteoro-
tropic lag, that is, a time lag between weather conditions and psychological
reactions (see Rosen, 1979). Further, when indoors (e.g., at the office), peo-
ple may not be exposed enough to the weather to be affected by it (Keller,
Fredrickson, Ybarra, Co6té, Johnson, Mikels, Conway, & Wager, 2005).
Before work, though, most people are, at least shortly, exposed to the weather
(Ettema, Friman, Olsson, & Gérling, 2017), making an effect of morning
weather conceivable.

WEATHER AND AFFECTIVE WELL-BEING

Meteorologists define weather as the state of the atmosphere, described in pa-
rameters such as sunlight and precipitation, at a particular location and mo-
ment (Ackerman & Knox, 2003). Colloquial phrases such as “to feel under the
weather” underscore the common belief that the weather matters for people’s
well-being (Rosen, 1979). We examined this “classic” notion (Schmiedeberg
& Schroder, 2014) in relation to four different well-being states at work: vigor,
job satisfaction, negative affect, and burnout. Vigor is a positive affective
state of high activation (Shirom, 2004), job satisfaction is a positive well-be-
ing state of low activation (Bakker & Oerlemans, 2012), negative affect is a
negative affective state of high activation (Watson et al., 1988), and burnout
is a negative well-being state of low activation, comprising exhaustion and
disengagement (Demerouti, Bakker, Nachreiner, & Schaufeli, 2001).
Empirical evidence has shown that weather relates to different indicators
of well-being. For instance, Schwarz and Clore (1983) related “good” weather
to happiness and life satisfaction. Similarly, Kdémpfer and Miitz (2013) found
sunshine positively related to life satisfaction, and Alimoglu and Donmetz
(2005) and Leather, Pyrgas, Beale, and Lawrence (1998) showed daylight

© 2020 The Authors. Applied Psychology published by John Wiley & Sons Ltd on behalf of
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exposure at work to positively relate to job satisfaction. Cunningham (1979)
found good weather related to waitresses’ positive mood. Tsutsui (2012)
showed cloud cover negatively related to happiness, Parrott and Sabini (1990)
found positive mood to be higher on sunny days, and Koots et al. (2011)
related luminance to positive affect.

Although Rosen (1979) listed “bad moods” among the most common reac-
tions to weather, negative affective states have been studied (or reported) less fre-
quently in relation to weather. The few studies that have included negative affect
variables, though, suggest weather as a predictor: Sunlight has been found to
negatively relate to feeling “worn out” and “uptight and tense” (Leather et al.,
1998) as well as to negative affect and tiredness (Denissen, Butalid, Penke, & van
Aken, 2008). Mackensen et al. (2005) found depression, fatigue, and lethargy
to be among the most frequent weather-related symptoms in a German sample.
Van Tilburg, Sedikides, and Wildschut (2018) related perceived weather adver-
sity to feeling distressed, while Connolly (2013) found women more tired on
rainy days. Most recently, Ettema et al. (2017) found rain during people’s morn-
ing commute related to feeling depressed and displeased after the commute.

All of these findings might be due to weather’s influence on neurobiolog-
ical systems: Sunlight predicts daily serotonin levels (Lambert, Reid, Kaye,
Jennings, & Esler, 2002) and cloud cover relates to higher melatonin levels
(Cummings, 2002), with serotonin and melatonin both being related to pos-
itive affective energy. Further, bad weather relates to salivary cortisol levels
(Milas, gupe-Domié, Drmi¢-Hofman, Rumora, & Martinovi¢ Klari¢, 2018),
which indicate employee psychological ill-being (Ganster & Rosen, 2013).

In sum, weather puts people in a certain mood (Schwarz & Clore, 1983;
Weiss & Cropanzano, 1996), which is an (often not realized) experience of
feeling good or bad (Barsade & Gibson, 2007). Affect-based theories (used
by environmental psychologists to explain weather effects; Rotton & Cohn,
2002) and mood-as-information approaches (Clore, Gasper, & Garvin, 2001;
Schwarz, 2012) suggest that people unconsciously use this weather-induced
mood as information about the goodness or badness of their current situa-
tion. In turn, we hypothesize weather to predict well-being at work:

Hypothesis 1 Within persons, weather in the morning is related to day-specific
affective well-being: the worse the weather, (a) the lower the vigor, (b) the lower the
job satisfaction, (c) the higher the negative affect, and (d) the higher the burnout.

WEATHER SENSITIVITY ANDTRAIT AFFECTIVITY AS
MODERATORS

Despite the evidence for a general relationship between weather and well-be-
ing, some studies did not obtain an effect of weather on satisfaction ratings

© 2020 The Authors. Applied Psychology published by John Wiley & Sons Ltd on behalf of
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(e.g., Lucas & Lawless, 2013; Yap et al., 2017), activated positive and nega-
tive affect (e.g., Lee et al., 2014; Watson, 2000), or deactivated negative affect
(e.g., Huibers, de Graaf, Peeters, & Arntz, 2010). That said, people seem to
differ in their reactivity to weather. Indeed, Klimstra et al. (2011) found about
half of their participants to be unaffected by weather and the other half to
be divided into summer lovers (17%), summer haters (27%), and rain hat-
ers (9%). Aiming to explain such individual differences in weather reactivity,
Koots et al. (2011) studied the Big Five, but did not find any significant mod-
eration effect. In our search for moderators, we applied the match principle
to enhance the fit with studied relationships (Daniels & de Jonge, 2010). That
is, we looked for moderators that, from a theoretical viewpoint, may explain
who will be more prone to use weather, and the thereby induced mood, as
information to judge their well-being.

First, we studied weather sensitivity, which represents how likely some-
one is to react to the weather with affective or health-related symptoms
(Mackensen et al., 2005). We argue that employees who think of themselves
as weather sensitive will depend more on the current weather as an external
cue for their well-being, enhancing the likelihood that for them the weather is
related to well-being judgements. Conversely, those who do not deem them-
selves as weather sensitive will be less likely to use the weather as an indicator
of their well-being.

Hypothesis 2 Weather sensitivity moderates the day-level relationship between
morning weather and (a) vigor, (b) job satisfaction, (c) negative affect, and (d)
burnout. The relationships are stronger for employees high in weather sensi-
tivity in that they both benefit more from “good” morning weather and suffer
more from “bad” morning weather.

Second, we studied trait affect in terms of positive and negative affectivity
(PA and NA, respectively). PA is an affective predisposition to experience
feelings of enthusiasm and alertness while NA is a stable tendency to experi-
ence aversive feeling states (Watson et al., 1988). PA and NA are dispositional
variables typically discussed as influencing affective processes (e.g., Weiss &
Cropanzano, 1996). This is because both momentary affect (e.g., weather-in-
duced mood; Schwarz & Clore, 1983) and trait affect provide information
that people use to judge their current situation. Hence, it is the interaction
between states and traits that influences affective processes (Tamir, Robinson,
& Clore, 2002). Specifically, people high in PA are more sensitive to positive
stimuli (e.g., Tamir et al., 2002) and will thus be more inclined to use good
morning weather as information about their well-being. NA individuals, in
contrast, show higher negative emotional reactivity (Watson et al., 1988),
indicating that they will react more strongly to bad morning weather.

© 2020 The Authors. Applied Psychology published by John Wiley & Sons Ltd on behalf of
International Association of Applied Psychology.
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Hypothesis 3 Positive affectivity moderates the day-level relationship between
morning weather and (a) vigor, (b) job satisfaction, (c) negative affect, and
(d) burnout. Employees high in positive affectivity benefit more from “good”
morning weather.

Hypothesis 4 Negative affectivity moderates the day-level relationship be-
tween morning weather and (a) vigor, (b) job satisfaction, (c) negative affect,
and (d) burnout. Employees high in negative affectivity suffer more from “bad”
morning weather.

METHOD

Sample and Procedure

We recruited participants from Germany for this online study via several
channels, such as social media and among student recruiters’ personal net-
works. This strategy allowed for a diverse sample. To ensure data validity, all
further communication with participants was the first author’s responsibility
(see Wheeler, Shanine, Leon, & Whitman, 2014). The present study1 com-
prised a general one-time survey followed by a one-week diary with two daily
surveys, one in the morning and one after work.

Initially, 182 employees registered for voluntary study participation. We
included data from all participants who provided their zip code (allowing us
to match their survey data with objective weather data for further analyses)
and filled in both daily surveys at the intended time points on a minimum
of two survey days. The resultant final sample consisted of 115 employees
(47.8% female) from diverse industrial sectors who provided valid data on
457 days. Participants reported a mean age of 32.8 years (SD =11.35), an
average job tenure of 8.8 years (SD =10.4), and a mean weekly working time
of 41.2 hours (SD =6.5).

Measures

If not stated otherwise, all items were answered on 5-point Likert scales rang-
ing from 1 (not true at all) to 5 (very true). Table 1 shows descriptive statistics
of study variables.

! The study was part of a larger research project (Pundt & Venz, 2017; Venz, Pundt, &
Sonnentag, 2018) that was conducted in Germany in April 2013. This time was well suited for
this study because, in Germany, April is the month with the most changeable weather (Steinlein,
2012) and because previous research found weather to influence affect only in spring (Denissen
et al., 2008; Keller et al., 2005).

© 2020 The Authors. Applied Psychology published by John Wiley & Sons Ltd on behalf of
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General Survey. We assessed weather sensitivity using the single item “I
am sensitive to weather.”” We assessed trait affectivity using the PANAS
(Watson et al., 1988). Participants indicated how they “usually feel” rating ten
positive emotions (e.g., “excited”) to measure PA (o = .87), and ten negative
emotions (e.g., “nervous”) to measure NA (a = .83).

Daily Morning Survey. We measured perceived morning weather in the
morning survey asking participants to indicate “how the weather is at the
moment” on a 10-point picture scale (Figure 1). We self-developed the scale’
based on weather icons typically used in the German weather forecast. The
original scale includes thunderstorms, sleet, and snow. However, study
participants did not report these three weather conditions. Thus, our analyses
are based on a 7-point scale ranging from “good” (sunny) to “bad” weather
(heavy rain). The intraclass correlation coefficient (ICC) was .05.

Duaily Afternoon Survey. We assessed affective well-being at work in
the after-work survey. We measured end-of-work negative affect using the
PANAS (Watson et al., 1988), asking participants to indicate how they feel
“at the moment” in relation to ten adjectives (e.g., “upset”). Cronbach’s
a, averaged across the five measurement days, was .82. The ICC was .58.
We assessed day-specific vigor using the physical strength subscale of the
Shirom-Melamed Vigor Measure (Shirom, 2004). Participants rated five
items (e.g., “Today, I felt vigorous”) in terms of how they “felt today, during
work”. Mean Cronbach’s a was .91; ICC was .62. We measured day-specific
Jjob satisfaction with a one-item measure comprising five faces going from
unhappy to happy (Kunin, 1955). Participants rated how satisfied they
were with their work “today”. The ICC was .44. We assessed day-specific
burnout in terms of both exhaustion (e.g., “Today at work, I felt emotionally

% Weather sensitivity is a term widely used in German language, thus being face valid. Of the
participants, 58 (50.4%) reported to be weather sensitive to at least a medium extent (as com-
pared to 54.5% in the German sample in the study by Mackensen et al., 2005).

3 To assess the reliability of the weather scale, we conducted an additional study in April
2014. Every morning over the course of two weeks, 17 students enrolled in a German university
indicated the current weather using the one-item perceived weather scale. None of the partici-
pants reported thunderstorms, sleet, or snow. We computed inter-rater reliability (i.e., ICC(1),
Shrout & Fleiss, 1979) by comparing the ratings of three raters each, who reported to be at the
same place and completed the survey in close temporal proximity (44 comparisons in total).
ICC(1) was .71 for single measures and .88 for average measures. To assess the validity of the
weather scale, we used objective weather data, which we obtained from the German Weather
Institute (http://www.dwd.de) using participants’ zip codes. We tested if perceived morning
weather and perceived daily weather (measured in the after-work survey) are related to objective
weather (see Table 1 for correlations; full results can be requested from the first author). Results
support the validity of the subjective weather scale.

© 2020 The Authors. Applied Psychology published by John Wiley & Sons Ltd on behalf of
International Association of Applied Psychology.
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drained.”) and disengagement (“Today at work, I thought less and did my job
almost mechanically.”), using six items of the OLBI (Demerouti et al., 2001),
adapted to the day level. Mean Cronbach’s a was .62; ICC was .56.

To test discriminant validity among the concurrently assessed well-being
outcomes, we conducted a two-level confirmatory factor analysis, in which
we modeled vigor, burnout, and negative affect as three distinct factors* at the
within- and between-person level. As for the burnout facets, we allowed the
three items measuring exhaustion and disengagement each to correlate. The
resulting model showed an acceptable fit, * = 860.401, df =360, p < .001,
RMSEA = .055. This three-factor model was superior to alternative conceiv-
able models.

RESULTS®

To test our hypotheses, we used two-level analyses in which we regressed all
four day-specific well-being outcomes simultaneously on perceived morning
weather at the day level. To test for cross-level moderation, we specified the
to-be-moderated paths as random slopes. To avoid multicollinearity issues,
we tested the cross-level moderations independently from each other, that is,
we specified three models. We person-mean centered morning weather and
grand-mean centered the person-level moderators. We report unstandardized
estimates (est.).

Hypothesis 1 stated that, within persons, morning weather is related to
well-being. Perceived morning weather was negatively related to day-specific
vigor (est. = —.06, p < .05) and job satisfaction (est. = —.07, p < .05), but
unrelated to end-of-work negative affect (est. = .02, p = .11) and day-specific
burnout (est. = .02, p = .25). In sum, Hypothesis 1 was supported for the pos-
itive well-being states, but not for the negative ones (Table 2).

Hypotheses 2, 3, and 4 relate to person-level moderators of the effects of
morning weather on well-being at work. Hypothesis 2 stated that highly
weather sensitive individuals benefit more from good and suffer more from
bad morning weather. Weather sensitivity moderated the relationship of
morning weather with vigor (est. = —.03, p < .05).6 To interpret this interac-
tion effect, we plotted it (Dawson, 2014; Figure 2): Morning weather was
unrelated to vigor for those low on weather sensitivity, supporting Hypothesis
2a. Hypothesis 3 stated that high PA employees benefit more from good

* We did not include job satisfaction, because we assessed it with a one-item measure.

5 We report results without control variables. Results including morning positive affect, daily
perceived weather, and daily objective weather conditions as control variables can be obtained
from the first author on request. The results do not meaningfully differ.

5 The interaction effect between morning weather and weather sensitivity on vigor was not
significant when control variables were included. Hence, it has to be interpreted with caution.

© 2020 The Authors. Applied Psychology published by John Wiley & Sons Ltd on behalf of
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FIGURE 2. Interactive effect of morning weather and weather sensitivity (WS)
on day-specific vigor. Low and high WS lines represent one standard deviation
below and above the grand mean, respectively.
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FIGURE 3. Interactive effect of morning weather and positive affectivity (PA)
on (a) day-specific job satisfaction, and (b) day-specific burnout. Low and high
PA lines represent one standard deviation below and above the grand mean,
respectively.

weather. PA did not moderate the effects of morning weather on vigor and
negative affect, but on job satisfaction (est. = —.14, p < .01) and burnout
(est. =.07, p <.05). The plots (Figure 3) show that high PA employees reacted
stronger to weather, showing lower burnout and higher job satisfaction the
better the morning weather was. Thus, Hypotheses 3b and 3d were supported.
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Hypothesis 4 stated that high NA employees suffer more from bad morning
weather. NA did not moderate any of the effects of morning weather. Hence,
Hypothesis 4 was not supported.

DISCUSSION

Weather surrounds us every day and in every context. Yet, research on the
role of weather in work life is rare. Our results suggest morning weather plays
a role in affective well-being at work. Bad morning weather was negatively re-
lated to vigor and job satisfaction, but unrelated to negative affect and burn-
out. PA moderated the effects of morning weather on job satisfaction and
burnout such that employees high in PA benefited more from good morn-
ing weather. Weather sensitivity moderated the effect of morning weather on
vigor such that morning weather was unrelated to vigor for lowly weather
sensitive employees. In sum, our results provide possible explanations for pre-
vious inconclusive findings on the role of weather for well-being: The intra-
individual weather effect differs for the well-being construct under study and
depends on interindividual differences in PA and weather sensitivity.

Theoretical, Empirical, and Practical Implications

With this diary study, we break new ground by testing weather as an envi-
ronmental predictor of well-being at work. Showing morning weather to pre-
dict day-specific well-being, our initial results bring along vital implications
for theory, research, and practice. While studies are needed to replicate our
results, the findings indicate that weather might be a source of bias or a con-
founding factor. Hence, research on employees’ daily experiences (e.g., on the
stressor-strain relationship, on commuting) might want to control for day- or
even moment-specific weather (see Ettema et al., 2017). Our one-item mea-
sure offers a viable way to do so.

We found significant direct weather effects for vigor and job satisfaction,
but not for negative affect and burnout. Given many peoples’ subjective expe-
rience to feel worse on bad-weather days (Watson, 2000), these findings seem
surprising. However, they mirror previous findings, suggesting that weather
has more reliably been related to positive than negative well-being states.
Schwarz and Clore (1983) offered a potential explanation: While the role
of weather-induced mood is stable for positive well-being states (i.e., “infor-
mational function” of weather-induced positive mood), people in a nega-
tive mood (i.e., on bad weather days) likely seek an explanation for feeling
bad, with the resulting information likely replacing weather-induced mood
as information. This “directive function” of negative weather-induced mood
(Schwarz & Clore, 1983) raises the question of whether employees are more
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prone to perceive, encounter, or even unconsciously provoke negative work
events (e.g., Rothbard & Wilk, 2011) on bad weather days, which is in turn
related to well-being.

Unexpectedly, NA did not moderate the effects of weather. One plausible
explanation for this nonsignificant direct effect is that high NA persons may
constantly search for reasons for their persistent negative feelings (i.e., direc-
tive function of negative affect; Schwarz & Clore, 1983). As such, NA might
rather shape reactivity to more manifest cues (e.g., job stressors; Hochwarter,
Perrewé, Hall, & Ferris, 2005) than to the weather. We found only weak sup-
port for a moderating role of weather sensitivity. It is plausible that people
who do not deem themselves as weather sensitive might actually react to the
weather in a way comparable to self-declared weather-sensitive persons, but
subjectively do not attribute their well-being to the weather (Rosen, 1979).

Although the weather is beyond the scope of managerial action, it is vital
to realize that aspects beyond job design affect employees at work. We thus
advise practitioners to keep in mind background factors that shape employees’
daily experiences. For example, weather might be considered when conduct-
ing employee surveys as it might bias employee responses. Knowledge about
the role of weather may also be used to actively improve well-being (e.g.,
by encouraging employees to ride a bike or walk to work in good weather).
Further, the physical work environment, particularly aspects that facilitate
weather-related well-being (e.g., window distance, light; Aries, Veitch, &
Newsham, 2010), may be considered.

Limitations and Future Directions

Our study has limitations. In particular, we covered only five workdays in April
in Germany. This week may be highly selective for the effects of weather, so
our findings could be due to a seasonal effect (Keller et al., 2005). In addition,
day-specific weather effects might be different for different places depending
on the “normal” weather (e.g., a sunny morning might have a larger effect in
“rainy England” than on the sunshine coast in Australia). To replicate our
results and enhance generalizability, future studies should try to replicate our
findings in several countries and places, use longer time periods, and cover
all seasons.

Our study has implications for research on weather effects. In particular,
to aid theorizing, future studies might address the mechanisms underlying
weather effects. As such, studies that explicitly test the role of weather in
inducing mood, the informative and directive functions of weather-induced
mood (Schwarz & Clore, 1983), and neurobiological and (potentially oppos-
ing; Lee et al., 2014) cognitive pathways are needed.
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