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Abstract 
This paper is the result of a research conducted in the Netherlands by students of 

the TU/e. The subject of the paper is a study on the relationship between the 
weather and the physical activity of office workers throughout the working day. 
It fills a literature gap, as the only research on the effects of weather on activity 
was performed on the elderly, who have a completely different schedule than 
office workers. A test situation was designed where the office workers wore 
Xiaomi MiBands which tracked their activity over six consecutive work days 

which was then compared to data from a KNMI weather station near Eindhoven. 

The research was not able to prove any link between the weather and a change 
in activity of the office workers. This likely due to the short time span in which 

the research took place and small number of participants to gain data from.  
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Introduction 
Office workers, in western Europe, typically spend the majority of their working day, inside at a 
desk. In the certain times of their day, where they have freedom in their actions, the weather is 
of great influence on how this free time is spent (Horanont et al. 2015). It has been commonly 
found that increased physical activity improves the quality of life of individuals, particularly in 
sedentary jobs. In this paper, the relationship between weather conditions, and the activity of 
the office workers on working days will be investigated. This research will collect activity data 
through MiBands and be compared a with publicly available weather database. These data will 
be compiled, visualised and analysed in order to conclude if weather has a significant impact on 
the amount of physical activity office workers do in a typical working day.  

Context 
Modern research is increasingly proving that an individual has a higher chance of contracting 
diseases and illnesses when they regularly sit for prolonged durations of time. A study 
conducted by Katzmaerzyk et al. (2009) draws a clear link between the time spent sitting 
during the day and the number of deaths within the test population, after 12 years. This study 
shows that there is a strong positive correlation between the number of hours spent sitting per 
day during mid-life and the higher likelihood of early death. Therefore, a conclusion can be 
drawn that it is important to investigate how to stimulate activity in a group with a large 
proportion of sitting time, such as office workers. 

This research was conducted to investigate the relation between the type of weather on an 
hourly basis and the varying activity levels of an office worker throughout the day. The goal of 
the research is to gain greater insight into the daily routines and activities of the target user 
group and the results were used to generate recommendations, from the researchers, on how 
office workers may change their behaviours. 

Scope 
The research was based around two main datasets; one being the data which was extracted 
from five Xiaomi MiBand 2, which was worn by office workers to collect data.  The other one 
being a publicly available weather database, which was obtained from the KNMI. 

The MiBand can collect and store a multitude of different readings such as: the amount of steps, 
heart rate and distance travelled. For this research, only the amount of steps were used as the 
indicator of the activity of the office workers. The decision was made to not use the heart rate or 
sleep data, because these had been proven to be unreliable after baseline tests were performed 
of the functions of the MiBand 2 by the researchers.  

An extract from a KNMI database was used, this database has hourly data on the weather 
conditions in Eindhoven for the last 50 years. Each hourly weather report has 20 data points 
that relate to different aspects of the weather. The data that was used for this research ranges 
from the 25th of May 2018 until the 1st of June 2018, excluding weekend days.  
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Literature Review 
Overview of Prior Research 
An expert statement issued by Public Health England, Buckley et al. (2015) which states that 
“prolonged sitting” may “significantly and independently increase the risk of cardio-metabolic 
diseases and premature mortality.” They recommend that employers should make more effort 
to encourage their workers to perform up to 4 hours of light activity per day.  

In addition, a study by Togo et al. (2005) demonstrates that weather can also have a negative 
impact on people's’ activity.  The research looked at the relation between meteorological 
variables in comparison to steps taken per day. The research participants were 41 Japanese 
elderly women. The study looked at rainfall, ambient temperature and day length. The results 
revealed that day length is responsible for small seasonal changes in the amount of steps taken. 
However, the amount of rainfall has a much larger impact in the amount of steps taken per day. 
Moreover,  Salmon (2003) states that the weather is  “associated with a 50% increased 
likelihood of high participation in sedentary behaviour.” Therefore, from this study, it is implied 
that poor weather decreases people’s intentions to be physically active.  

Literature Gap & Relevance 
From the previous literature review, no research was found that investigated the correlation 
between weather data and office workers activity during the work day.  The research by 
Schepps et al. (2018) investigated the influence of day-length on the activity of elderly women 
age 72. It was declared that an increase in day-length led to an increase in the number of steps 
per day. Nevertheless, elderly women usually have a fully flexible schedule, which means that 
the choice regarding the time of being active is free. In comparison, office workers have a 
reasonably fixed schedule resulting in choices that are constrained regarding when, and for how 
long, they can be active. This proves to be an interesting new perspective to investigate whether 
the weather also influences the activity of people even when they have a less flexible schedule 
and therefore less spare time to be active.  
 
Secondly, there is a great research that investigates the health risks that are concerned with the 
above recommended sitting time. This research states that there is an increase in the chance of 
contracting of a number of diseases and, even possibly, the mortality rate. This research shows 
the importance of activity in the life of an office worker although they rarely share the reasoning 
of why the office workers refrain from getting the required activity.  
 
Subsequently, this paper will share the research of the influence of weather (cloud cover, 
precipitation, wind speed) on the activity of office workers, in order to get a deeper 
understanding of the activity-based behaviour of an office worker. The targeted test group 
contributes to the quality of the area of research surrounding office worker vitality, as it was 
never studied before.  
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Research Question & Hypothesis 
As previously mentioned, this paper investigates a possible relation between the weather and 
the amount of steps people take during the day. We look at how this influences the number of 
steps walked by individuals during office hours and during the persons spare time. Leading to 
the research question: 

How does the weather - (cloud cover, precipitation, wind speed) - influence the amount that 
office workers walk - (number of steps taken) - during the day? 

Hypothesis  
Based on the previously conducted research about the negative impact on the activity due to the 
rainfall, the researchers are inclined to believe that office workers will move less when 
precipitation is higher. However, we argue that the limited number of hours left for active 
movement, due to strict work hours, may lead to the office workers being active regardless of 
the weather.  
 
Our hypothesis is:  
Office workers will be more active when the weather outside is higher in quality*. 
*Based on the weather scoring described below. 
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Methodology  
Data Collection 
On 25th of May 2018, four participants started wearing the MiBands. The participants were 
chosen based on the fact that their profession is classified as an office job. The experiment lasted 
six days, from 25th of May 2018 until the 1th of June 2018, excluding the weekend. Weekend 
days were excluded due to the unknown and unrelated lifestyles of the office workers, not 
relating to the investigation. As explained later in the paper, the nighttime was also excluded 
from the study. During this time, the amount of steps per timestamp were collected using the 
MiBands as well as hourly weather data (wind speed, precipitation, cloud cover) from the KNMI 
Eindhoven weather database. 

The four participants selected for this research are both male and female their age ranges 
between the ages of  20 & 60 years old. Moreover, they all live and work in the area of 
Eindhoven with working times from 09h till 17h, Monday to Friday and which are all inside a 
standard office environment. The participants didn’t have any recurring health issues to ensure 
that their activity can be seen as representative of general society.  

Data Preprocessing  
All the data which was gathered from the office workers was consolidated into one Excel 
worksheet, in order to make the data handling easier. Only data that correlated to the amount of 
steps taken per hour was used, due to its relevance and opportunity to help answer the research 
question. Since the MiBand 2 does not support exportation of the data itself, different 
applications were used to extract the data. The apps used by various researchers were; Health 
for Apple, QA access,  Google Fit, Nokia health and Notify & Fitness for the Android devices. The 
exported data from these apps differed slightly and some required online tools to convert from 
.xml to .csv.  

Each participants data needed to be tidied and sorted in order to be useful in the analysis phase. 
The step data for each timestamp needed to be consolidated into hours. This meant that only 
steps taken between 07:00 and 21:59 were used, with intervals of one hour, and only the steps 
taken in these intervals were used rather than a cumulative addition of steps.  

The weather database used contains the weather data of every hour of the day. It records 25 
variables relating to the weather. Only the data for the days of the experiment were used, as well 
as all the variables which define the weather (precipitation, cloud cover & wind). All other data 
is not significant for this research. To make the handling of the weather data easier and to 
maintain consistency, it was transformed into a grade, ranging between 0 and 10, based on the 
formula from Meteovista. The basis of the Meteovista model is that it begins at 10 and deducts 
points based on cloudiness, fog and mist, precipitation, wind and temperature. (Appendix A). 
The formula developed by the researchers in this study is similar, in that the grade starts at a 10 
(perfect score) and deducts points, based on the cloud cover, precipitation and wind speed. This 
research model was slightly adapted due to the limitations in the available database. Based on 
cloud cover a maximum of 3 points can be deducted, based on precipitation 4, and on wind 
speed 3. 
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This creates the following formula:  

 10   Y =  −  3
N −  2.5

DR 0.1* −  4.7
FH  

● N: cloud cover (in octants), at the time of observation (9=sky invisible).  
● DR: precipitation duration (in 0.1 hour) during the hourly division. 
● FH: hourly mean wind speed (in 0.1 m/s). 

The constants in the formula are to make sure that the correct amount of points are subtracted. 
For example, cloudiness is measured in octants with a score of 9 being no sky visible. The 
maximum amount of points that can be subtracted by this factor is three, so a factor of 9/3 gets 
a constant of three. 

 

Example: Hourly grades for May 25th 2018 from 0:00 until 23:59  

 

Figure: 1 Weather grades for the 25th of May. 

Since night time has consistent grades, and the participants are not moving at these times, 
nighttime (generally from 1:00 till 6:00) will be excluded from this study. Using this graph as an 
example of the weather score, it is clear to see that the best weather of the working day was 
between 13h and 16h. 

Descriptive Statistics 

 Mean  Median Range Standard Deviation 

Amount of steps per hour 366,2 199,5 0-4860 551.65 

Weather score per hour 7.35 7.12 2.27-9.79 1.395 

Figure 2: Statistical Calculations 
 
From the descriptive statistics shown in the table above, it is clear to see that there is a large 
difference between the mean and the median of the step data, per hour. This is further reflected 
by the large standard deviation of the data. If context is considered, then the large range is 
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logical, as there were many hours that the participants did not take any steps and others where 
they went running for an hour, for example. Therefore, the statistics for the step data are not as 
informative as the visualisations of the data will be, due to the variations in the values 
throughout the day.  

The statistics for the KNMI data are more consistent, showing similar values for the mean and 
median. This lack of disparity between the values is reflected in the small standard deviation. 
This kind of statistical analysis is more appropriate for the weather score data, as due to the 
time of year, the weather on each day is not entirely different than the other ones.  

Ethical Considerations 
Before beginning the testing period, the participants were asked to sign an informed consent 
form (see Appendix B). This form allowed the use of their data and assured them that their data 
was going to be kept private. Furthermore, all participants partook in the research voluntarily, 
and at no point did the research require them to change their daily routine, the study was solely 
observational. This implies that none of the test subjects were asked to do anything differently 
other than wear the MiBand 2 and they went through their normal daily routines. 

To ensure that the data used in this study was available and ready to use for third-party 
validation and future research, it was assigned metadata which gave meaning to otherwise 
empty numbers. The names of the participants were never used in the metadata, and each 
participant was assigned a general number from (1-5). However, at any time, the researchers 
could match a given data point to the participant that provided it. A clear distinction between 
private information and publicly shareable information was made to protect the privacy of the 
test subject. This adaptation of the data means that the data now meets the FAIR-principles.  

The related work and databases used were stated in the research paper as well as the link 
between the associated data sources. All informed consent forms can be found in Appendix B of 
this paper. 
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Empirical Analysis 
Upon analysing the data that was gathered during the tests several observations can be made. 

Figure 3: Amount of steps per hour 
 
In Figure 3, the activity of each participant is plotted per hour for the 25th of May. From this 
graph it is clearly visible that the office workers tended to move at irregular intervals rather 
than moving consistently during the day. This confirms the assumptions that office workers 
have a schedule where they plan breaks and show activity during these breaks. Furthermore 
most of the peaks in activity seem to occur around the same time for different office workers 
which could indicate that the office workers are working on similar schedules.  

Figure 4, shown below, presents the amount of steps plotted as a function of the weather grade. 
The steps per hour per person are connected by a trendline which allows for a clearer analysis. 
The graph shows all hourly steps per test subject over the complete six day measurement 
period. 

Based on the graphs in Figure 4, it is not possible to conclude with full certainty any decisive, 
recurring results that prove that activity is positively related to the weather grade. All four of 
the graphs show little-to-no increase in the amount of steps taken with an increase in weather 
grade. The four graphs do have a similar spread, meaning that there are some similarities 
between office workers. 
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Figure 4: Number of steps in relation to weather grade. 
 
The graphs suggests that the weather grades barely affect the activity of the office workers 
during the day. This is shown by the slight change in the trend lines. However, in Graph 2 and 3 
there appears to be a slight increase. Which could mean that there is a small relation between 
the weather and the office workers’ activity, although this could be deemed negligible.  

Another trend seems to be that most of the activity took place with a weather grade between 6.5 
and 7, seen by the density of the graphs between a grade of 6 and 7. This can explained by the 
limited amount of measurement time. It is likely that the weather during the 6 measurement 
days was similar and fluctuated around a 6.5 and a 7. This means that most of the 
measurements occurred with these weather grades, creating more data points in this weather 

grade range.  
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Figure 5: Number of steps per hour for a weather grade of 6,695. 
 

Figure 4 shows there are certain weather grades that occur more often than others. The weather 
grade that was calculated most often was 6,695. To get some insight in the walking pattern of 
the participants the steps per hour were plotted for this specific weather grade, as shown in 
figure 5. In this graph we did not look at the dates, but only at the hours and steps. The trend 
lines in figure 5 show there is some relation between the steps and the hours for each individual 
participant.  

 
Figure 6: Number of steps per hour for a weather grade between 7 and 8. 

Figure 6 shows a similar relation between the amount of steps and the hour when the steps 
were taken. The patterns here are completely different though. When we compare figure 5 and 
6 there is a visible incleare in the amount of steps taken per hour for participants 1 and 3. 
Participant 2 and 4 shown no real difference in the amount of steps taken per hour. The 
difference between the graphs show that participants seem to take more steps early in the 
afternoon with a higher weather grade and more in the evening with a lower weather grade. 

To examine the correlation between the activity and weather, a specific time of the day was 
chosen assuming that at this particular hour the office workers are involved in similar activities, 
which would leave the weather as one of the most contributing variables influencing the 
participants’ activity.  

The specific hour (ex.: 12:00) of the days from the data set of the test days (25.05-01.06) is 
chosen, shown in Figure 7. The step count for all participants is shown in the bar graph with the 
weather grade plotted as a line graph above. If both variables increase correlatively throughout 
the graph, we could state that the amount of steps, thus activity, is stimulated by the better 
weather conditions. However, this wasn’t the case for any of the results of the hourly six-day 
data set of weather and step data. 
  

11 



 

Hourly amount of steps in relation to the weather grade 

Figure 7. Hourly amount of steps in relation to the weather grade.  
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Discussion  
Throughout this study, four participants were tested over a period of six consecutive working 
days. The researchers initial plan, was to conduct the research on a total of five participants for 
a total duration of 10 working days. Unfortunately, one participant had an accident on the third 
day of the research and the MiBand could not be retrieved for further data collection. This 
reduced the research time to six instead of ten days of research because some participants did 
not have a high compliance with wearing the MiBand, therefore, there were only six days, where 
all four participants were wearing the MiBands in accordance to the research requirements. It 
was the job of the researchers to ensure that all the participants wore the MiBand for the 
required amount of time.  

The outcome of this study could not prove a positive correlation between weather and the 
activity of office workers. The data generated did not prove that office workers were more 
active in moments when the weather grade was high. A possible explanation for this is that 
office workers only have a limited amount of time where they can be active. This means that the 
office workers tended to be active regardless of the weather. They were active when they could, 
rather then when they wanted to. Furthermore, due to the limited time frame of the study and 
the nature of the research, it was difficult to find patterns in the behaviours of the participants 
the researchers understood that a key aspect to the research was that the recurring patterns in 
the daily lives of the participants, compared with weather patterns is very important to gaining 
strong conclusions. 

The loss in data depth had an effect on the overall reliability of the research. As we were already 
working with a fairly small population and a short duration which means that it is difficult to 
draw strong conclusions. The MiBands, themselves, had several flaws. When compared with 
other activity trackers (Samsung Smartwatch, Google Fit & Apple Health), the MiBand turned 
out to be quite unreliable. This implies that the data, on which this research was built, may not 
be very reliable.  
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Conclusion 
Concluding this research, we were unable to prove a direct relation between the weather grade 
and the activity of office workers. This is mostly caused due to the limited amount of test 
subjects and time. If the research were to be repeated over a longer period of time and with 
more test subjects involved, the outcome could have been very different. We did find what could 
be a relation between the the weather and office worker activity when comparing steps for a 
certain weather grade, with those of other grades. To draw definite conclusions however, more 
research needs to be done. 

Summary Results 
These is no clear evidence that shows a positive relation between the weather grade and office 
worker activity - measured in steps per hour.  Results suggest that activity shifts more to the 
middle of the day for higher weather grades and more towards the evening for lower weather 
grades. This is however not conclusive.  

Limitations 
The overall results of the research were found inconclusive. This is mostly the result of some 
limitations that devalued the research. The first major limitation was the limited timeframe that 
was provided in which the research had to be conducted. The eight week period proved 
insufficient to come up with, execute and process all the steps that were deemed necessary. 
Especially the testing period where the data was gathered proved to be too short. This meant 
that we were unable to obtain enough data to draw strong conclusion. 

With a larger time frame it will be possible to look, with more depth, into the walking patterns 
of the participants. A participant may not have a clear day to day pattern, but all mondays for 
example might be very similar in terms of the amount of steps taken. When this is the case, there 
is a higher chance of finding a measurable influence of the weather on the walking pattern of the 
participants. The second flaw was the small sample size. Because we were only in possession of 
five MiBands we couldn’t test more than five people at the same time. Given the fact that one of 
the test subjects was unable to complete the testing period due to injury, the data of the 
research was based on only four test persons. This is, of course, too small of sample size to draw 
any valuable conclusions. The final limitation we encountered was the accuracy of the MiBand. 
We compared the data that the MiBand recorded to data that was recorded by both apps and 
other smartwatches and we concluded that the data was not always similar. As we have no 
proof to conclude which apparatus was more accurate we cannot say with absolute certainty 
that the MiBand isn’t accurate. However seen as there are differences between different 
measurement tools it is clear that this could also be a limitation to the research.  
 

Future Work 
It has been proven in our literature research that more steps throughout the day, and therefore 
more movement, leads to better general health. As the presence of technology in modern society 
increases, therefore, the likelihood of sedentary behaviour also increases. The way that offices 
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are built should be changed in a way that the workers are encouraged to seize good weather 
opportunities, such as open courtyards, outside working areas and introduce/ encourage 
walking meetings. Particularly, in countries with fluctuating climates, it is very important that 
offices offer flexible working environments so that their workers have opportunity to 
experience the good weather whilst it is happening. Due to the fact that our literature research 
showed that workers only enjoy the good weather, and are active, when they have their own 
free time, rather than when they wish to, due to the strict productivity deadlines of traditional 
offices. 

Managerial Implications 
Given the fact that we were unable to draw any strong conclusions it would be difficult to 
provide any form of advice towards an office manager. The only advice that we would be able to 
give is advice that was based on the information that was gathered during the literature study. 
This advice consist mostly of the fact that both activity and breaks have a positive impact on 
both productivity and health. Also more flexibility in working schedules can be beneficial for 
office workers who move more with better weather.  
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Appendix A -  Meteovista weather grade 
The weather rating is solely based on the daytime weather. Night-time is not included. We start with a 10 
and deduct points for: a lot of wind, cloud, precipitation and mist. A sunny, dry day with little wind gets a 
10. 

Cloud 
We work out the average cloud cover using the forecast between 7 a.m. and 7 p.m.. 
Deduct 0 if the average is equal to or smaller than 1/8. 
Deduct 1 if the average is between 2/8 and 5/8. 
Deduct 2 if the average is between 6/8 and 7/8. 
Deduct 3 if the average is more than 7/8. 
 
Fog and mist 
We look at the daytime fog and mist forecast. 
Deduct 0 if there is no mist forecast. 
Deduct 1 if less than 3 hours of mist is forecast. 
Deduct 2 when there is more than 3 hours of mist expected. 
 
Precipitation 
This is calculated in relation to the duration of expected rainfall. 
Deduct 0 if less than 10 minutes of rain is forecast. 
Deduct 1 for 10-90 minutes of rain 
Deduct 2 for 90-300 minutes of rain 
Deduct 3 for 300-500 minutes of rainfall 
Deduct 4 for more than 500 minutes rainfall. 
 
Wind 
Here we look at the daytime maximum wind strength (average of 10 minutes). 
Deduct 0 if this is 0-2 Bft.. 
Deduct 1 if this is 3 Bft.. 
Deduct 2 if this is 4 or 5 Bft.. 
Deduct 3 if this is 6 Bft. or more. 
Theoretically it is possible to get a weather rating of less than 1. If this happens the rating is nevertheless 
kept as 1. 
 
Temperature 
The temperature is not included in the weather rating. 
This has been done on purpose, for two reasons:  
The temperature is linked to the other elements that are used. Little wind, a lot of sunshine and no rain, 
almost always give a pleasant feel.  
The temperature actually plays a limited role in the experiencing of weather quality. A cool day with little 
wind, a lot of sunshine and no rain is still highly valued by most people. 
(source: Meteovista, 2018, http://www.meteovista.co.uk/weather-rating/2971/0)  
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