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The effects of weather on walking rates in nine cities

Abstract

This study examined whether locally felt weather had a measurable effect on the amount of walking occurring in a given locale, by examining the observed walking rate in relation to: air temperature, sunlight and precipitation. Web-based cameras in nine cities were used to collect 6255 observations over 7 months. Walking volumes, and levels of precipitation and sunlight were captured by visual inspection; air temperature was obtained from local meteorological stations. A quasi-Poisson regression model to test the relationship between counts of pedestrians and weather conditions, revealed that all three weather variables had significant associations with fluctuations in volumes of pedestrians, when controlling for city and elapsed time. A 5-degree Celsius increase in temperature was associated with a 14% increase in pedestrians. A shift from snow to dry conditions was associated with an increase of 23%, and a 5% increase in sunlit area was associated with a 2% increase.
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Introduction

Walking outdoors subjects us to a range of sensations, including solar radiation, wind, air temperature, and humidity, but also to the physical conditions of the walk setting itself. Weather has important direct effects on the physical environment, raising or lowering air temperature locally, producing hot or icy surfaces, blocking or accelerating wind, all of these effects directly experienced by people walking. The inhabitants of a particular climatic region develop certain expectations about their own daily experience of the climate, in consequence engaging in certain adaptive responses. At the same time, behavior is not invariant across climatic regimes as a result of presumed adaptation. For example, air temperature has a direct impact on walking tempo (Rotton et al, 1990). Outdoor activity levels decline in winter in temperate and Nordic regions although such decline may be mitigated by adaptation. While we recognize the power of weather to influence daily decision-making on travel in the public environment, we are less certain how climate influences such travel. Clearly, attendance in public open space is highly sensitive to the weather. Since the levels of attendance in public space are so sensitive to the microclimate of the space, in general walking may be sensitive to those same experienced conditions. In trying to measure how the weather impacts participation in public life in general, walking may be a better indicator than public open space attendance, since walking encompasses all movement, while public space attendance is a relatively small subset of walks usually with recreational or leisure content. This investigation of general walking levels in particular cities and regions extends the previous studies of microclimate and place-based factors on activity in public space. 

One could argue for or against the possible impact of weather on walking rates. For example, attendance in a public space is mostly a voluntary activity, while walking is often necessary to accomplish some routine task, also thought to be more inflexible. There is far more walking going on in a typical city than there is public space use and for many more purposes than can be associated with attendance in a public open space. Public open space use is a tiny, specialized component of public activity in most cities. Weather impacts walking and sedentariness differently; for example, walking is more comfortable than sitting when the air feels cold, but sitting in the shade is more comfortable than walking in direct sunlight under hot conditions. In general, we might expect some effect of weather on walking behavior, but we know little about the amplitude or direction of the effect. In fact, our knowledge of the impact of weather on walking is largely derived from perceptual studies. We should know more about the impact of weather on walking rates, to add to our knowledge of what underlies walking behavior. As the literature on health and activity level demonstrates, environmental intervention has measurable impacts on the desirability of walking and on the amount of walking (Duncan and Mummery, 2004; Owen et al, 2004). 

The present research is intended to build on the extant research on the impact of weather factors on public space use, by shifting the observation frame from sedentary activity in public open spaces to walking in the street. The intention of this work is, first, to see whether the weather factors that were seen to be significant in public space attendance are also significant in observed levels of walking. Second, it is intended to provide a measure of the effect of weather in relation to the effect of local, city-based factors. 

Nine locales were chosen to represent a substantial climatic range across the temperate zone of the northern hemisphere. In the northern hemisphere, low temperatures and precipitation are generally associated with poor physical conditions for walking, while the high end of the temperature range normally remains physiologically comfortable. Therefore, declines in walking level could be expected at the lower end of the annual fluctuation in temperature and solar radiation, for example, while the degree of decline as a function of local climatic regime remains to be determined. This study specifically addresses the role of local climatic regime in fluctuations in walking rates as weather factors vary. 

Given that perceived weather is conditioned by experience (Lin, 2009; Nikolopoulou et al, 2005), we might expect actual spatial behavior to follow; for example, variations in walking levels should be less than the variations in air temperature alone would suggest. The study was carried out continuously from late fall to early summer of the following year, in an effort to represent behaviors in the same places over substantial changes in the local weather. In this way, we captured the low end of annual temperature fluctuation along with expected lower levels of public activity. The number of persons walking within a delimited frame on the ground was recorded in nine locations between approximately 11 a.m. and 3 p.m., together with measurements of temperature, sunlit area and precipitation.

The literature on weather and behavior

Weather factors shown to have significant impact on place-based human behavior include air temperature, direct solar radiation and wind speed. In Gothenburg, Sweden, air temperature, wind speed and a sky-clearness index all had significant influence on people’s assessments of place, the likelihood of attendance in those places as well as their impressions of the climate (Eliasson et al, 2007). In another in situ interview study, it was shown that wind speed, air temperature, relative humidity and solar radiation were closely related when considering perceptions of comfort and preference for ambient conditions (Stathopoulos et al, 2003). Air temperature had a preponderant effect on responses in this survey, as they had in most of the reported research. In general, human beings process information on ambient climatic and microclimatic conditions in complex ways that require us to consider perceptions as well as physiological effects, and objectively measured environmental conditions (Nikolopoulou et al, 2001; Soligo et al, 1998). Air temperature and solar radiation figured prominently in perceived comfort levels in a multi-site, place-based study in five European countries (Nikolopoulou and Lykoudis, 2005). In that study employing questionnaires, people adapted to varying conditions through changes in clothing but also with changes in attitude that related to expectations and experience. Similarly, in Taiwan, survey respondents in certain public open spaces estimated neutral temperature–i.e. neither hot nor cold–at 1.1° C lower in the cool season (Lin, 2009), demonstrating the elasticity in such perceptions. Aesthetic evaluation may also affect evaluations of microclimate (Bergström, 2004). In general, evaluations of the weather are conditioned by experience of place and knowledge of climate.

We now turn to observation studies of behavior in relation to weather. In general, we would like to be able to establish the nature of the linkage between perceptions of conditions, the conditions themselves and observable behavior. Because studies that incorporate both unobtrusive observation and in depth interviews do not exist, we need to relate the results of surveys of individuals, such as those cited above, with observation studies, discussed in the following. 

In a study of two kinds of public space in Matsudo, Japan, it was seen that the nature of the space was important in the impact that microclimate had on attendance (Thorsson et al, 2007). In that study, 23% of the variance in attendance in the park and 54% of shade-seeking could be explained by air temperature. In contrast, the public square showed little variation in attendance levels but also had little shade to offer. In Montreal, Canada, microclimate alone accounted for 12% of the variance in the presence of users, the space accounted for 38% and time of day accounted for 7%. In San Francisco, USA, microclimate accounted for 11% of the variance in number of users, place accounted for 7% of variance and time of day accounted for 11% (Zacharias et al, 2001, 2004). Behaviors within the public spaces that can be related to perceived temperature–standing, sitting and shade-seeking–followed the same pattern in the two cities, with a threshold temperature of 23° C for shade-seeking. In addition, there was a significant interaction effect between sunlight and temperature in these studies. In a public square in Taichung, Taiwan, 64% of the variance in presence could be explained by air temperature alone in the cool season, while 67% of the variance in presence in the hot season could be explained by physiologically equivalent temperature, which includes the heating or cooling effect of humidity, solar radiation and wind (Lin, 2009). In this case and in contrast to the previous studies, the square attracted dedicated leisure trips since it was somewhat isolated from daily urban activity. Also, Taiwan experiences a sub-tropical climate with a long summer of high temperatures and high humidity. Overall, there is agreement on the important effect that microclimate has in activity levels in public open spaces. The large variation in the degree of relationship is suggestive of the importance that local factors of activity and movement patterns might have in the outcome.

How can the inferences from the weather and public activity literature help with regard to walking? First, it is difficult to clearly distinguish between walking behavior and attendance in a public space at the level of motivation and experience. In most circumstances, we need to walk in order to get to a public space. The walk itself may include activity episodes indistinguishable from those observed in public spaces except that they are taking place on the street. The range of purposive behaviors in public open spaces is clearly a relatively small subset of purposes and outcomes within a much richer population of trips for all purposes through the public environment. All trips have associated imperatives, which make them more or less likely to change in adverse weather conditions. Nevertheless, we would expect that a much higher proportion of trips would resist weather-induced change in the case of all walks when compared with visits to public open spaces. In spite of much smaller numbers in public open spaces, we nevertheless expect those numbers to correlate well with total numbers of people walking in the particular locale, if only because the same weather factors impinge on both kinds of excursion.

Whether walking is more or less impervious to weather remains to be determined, but it is shown that walking levels are somewhat sensitive to other aspects of the environment. On the side of successful interventions in favor of higher walking levels one would need to include the provision of facilities (Pikora et al, 2005; Giles-Corti et al, 2003; Owen et al, 2004). At the larger urban scale, the layout of the urban environment, built form density, land use mix and facilities also have impact in the choice to walk (Saelens et al, 2003). Those non-motorized choices also vary with individuals who have somewhat different evaluations of the affordances and barriers in the environment depending on the trip purpose (Lee and Vernez Moudon, 2006). The sensitivity of walking to these environmental conditions suggests that walking levels might also be affected by the weather.

Walking behaviors are closely related to daily routines, as are behaviors in public open spaces (Li, 1994). Some such activities are highly resistant to change or cancellation as a consequence of weather. For example, the behaviors observable in Matsudo (Thorsson et al, 2007) were closely related to the fact that the site is a transport node with office activity, while visitors in Taichung appear to come on a dedicated leisure trip (Lin, 2009). Such differences in locale would appear to be the best candidates for explaining some of the disparity in effect size for the effect of microclimatic conditions among locations. It would seem routinized activity and local habitual behavior should play a role in walking levels, as it appears to do in public open spaces. Perceived opportunities for social interaction and positive perceptions of the aesthetics of the environment are associated with higher walking rates in individuals (Ball et al, 2001; Duncan and Mummery, 2004; Humpel et al, 2004). But how important is weather in all spatial behavior on foot in the city? 

In general, the perceptual studies reveal high variability in the relative importance of various meteorological components when the purpose of the trip, the character of the local environment and social aspects of the walking experience are factored in. Whether the stated intentions of participants faithfully represent what they are actually thinking about the situation and subsequently translating into a behavior remains a question, since we have few insights in the literature. At least for the present, stated intentions of behavior should be taken with caution as surrogates for actual behavior, although could reasonably be considered as pointing in the right direction. For a more precise measurement of behaviors, direct measurement remains ideal if, as in the present case, it is suitable to test specific hypotheses.

Aims & Hypotheses

The present research is concerned with the impact of weather on observed walking levels in nine locations in the same number of cities across the northern hemisphere. Specifically, the research reports on the effects of air temperature, sunlight and precipitation on the observed number of pedestrians in the nine locations. Time of day, day of the week and city are all taken into account. 

Overall, we expect to detect a relatively small effect for weather in the case of walking, largely related to air temperature and precipitation, given that most walking activity is driven by routine and imperatives. Sunlit area is expected to play a secondary role in influencing walking. Because weather varies substantially between and within seasons, one could argue that people will choose the best days to execute their walking trips. However, the adaptation theory suggests that the behaviors are largely invariant across the temperature spectrum, because people become accustomed to conditions and alter their clothing and associated routines accordingly.

Thus we expect a larger effect for locale than for weather. For example, a central pedestrian street in a large city has land uses and qualities substantially different from those on a local street in a small city. Large cities support specialized central spaces and presumably a range of behaviors that do not occur in small cities. 

Time of day and day of week are important factors in walking environments because of the daily and weekly routines of inhabitants. We expect that habitual activities involving shopping and work hours had a direct impact on the total number of people found in public spaces at particular times. In and around office districts, a sharp rise and fall of pedestrian numbers in open spaces should be associated with work days and working hours, where time of peak activity level is a local phenomenon.

Methods

Settings
The observations were conducted using Web-based cameras that revealed a section of walking environment in each city. The advantage of a continuous feed of information from a site for the purposes of establishing the amount of walking occurring there is obvious. The large number of such Web cameras that could have been chosen for the study was greatly reduced when stability and reliability of the signal was considered as well as the ability to count pedestrians in the image. The nine cities with such Web cameras chosen for observation varied considerably in size–Santa Cruz de la Palma in the Canary Islands (Spain) was the smallest of the cities with about 18,000 people, while Glasgow, Scotland was the largest with some 1.2 m people in the Greater Glasgow area. Rousse, Bulgaria, Gliwice, Poland and Oulu and Jakobstad (or Pietarsaari) in Finland are mid-sized cities under 200,000 population while Kilmarnock, Scotland, Sion, Switzerland and Ithaca in the US each have under fifty thousand inhabitants. The most northerly city, Oulu, is at 65°01'N latitude while Santa Cruz de la Palma is at 28°41'N. The cameras in Glasgow, Kilmarnock, Rousse and Ithaca were pointed at some of the most heavily traveled and commercial areas of those cities, while those in Jakobstad, Sion, Gliwice and Santa Cruz de la Palma recorded environments that had commercial activity but were not the most heavily traveled spaces in those cities. 

Data & Measurement
Counts were conducted generally from 7 a.m. EST/EDT to 5 p.m. but with most counts clustered in a four-hour period starting at 11 a.m. local time. The number of pedestrians walking within a predefined polygon on the pavement of each of the nine cities was recorded. The polygons were of approximately equal area in all cases. The counts were conducted by a single observer over 170 days from 19 November 2007 to 25 May 2008, resulting in a total of 6255 complete data records. 

Screen shots of the web camera views were also taken each day and stored in a visual database (figure 3). The frames were used to obtain the following information: the proportion of the ground area in sunlight; and no, light or heavy precipitation. The Web site of the nearest meteorological station was consulted to verify air temperature for each location. 

The data were coded as follows: Air temperature (°C) and proportion of the ground in sunlight (%) were coded as continuous variables. Precipitation was treated as a scalar variable ordered from falling snow (low value) to clear sky (high value), on the premise no precipitation was most attractive for walking, while drizzling rain, rain and falling snow represented progressively worsening conditions for walking. Coding for sunlit area and precipitation was conducted by visual inspection by one person for all records and compared with coding by a panel.

Control variables included: locale, coded as a category, along with day of the week, in order to account for varying levels of walking associated with days of the week in the different cities. Similarly, time of day was categorized by 60-minute intervals (hour), to account for typical fluctuations in the volume of public activity at midday. Finally, the date of each observation was converted to elapsed time, i.e., days since start of study (November 19, 2007 = 0).

Analysis
We used Poisson regression to model the association between the number of pedestrians in the observation polygons and the weather variables, while adjusting for location and temporal variables. The Poisson distribution assumes that the mean and variance of events is identical. Counts of pedestrian presence, our dependent variable, did not meet this assumption; their variance was considerably higher than their mean. We used quasi-Poisson modeling to deal with this over-dispersion. The parameters estimations in quasi-Poisson models are the same as in the simple Poisson models, but their standard error values are corrected to avoid underestimation, i.e., confidence intervals are increased.
To take into account the considerable variation in the magnitude of pedestrian flows between locations, we calculated the mean pedestrian presence for each city, and included these values as an offset term in the model. Using an offset term is an analogous, yet preferred approach to standardizing the dependent variable externally (Ahrens & Pigeot, 2005).

In addition to testing a linear relationship between pedestrian presence and time of day and elapsed time, we considered non-linear relationships with square and cubic terms for the temporal variables, to allow for U- or bell-shaped, or S-shaped relationships respectively (as might be expected due to daily and seasonal variation). In addition to the main effects, we considered pair-wise interaction effects between the three weather variables. To guide variable selection, we used Bayesian Model Averaging (BMA), which accounts for model uncertainty inherent in the selection process (Raftery, 1995).

To address the concern that multiple observations taken on the same day would introduce “repeat measurement” bias (overestimating confidence due to a violation of the assumption of independent and identical distribution [IID]), we reran the regression analysis on a random sample of one observation per day, per city (n = 994). We used a model specification identical to the BMA-selected model for the full dataset, and ran a third model where precipitation was specified as a continuous variable instead of categorical, to deal with an expected lack of power resulting from the smaller dataset.

Results

Sample Description
There are substantial differences in the mean air temperature among the nine sites (figure 1). The Canary Islands are sometimes called the “islands of eternal spring” where temperatures rarely fall below 15° C. Oulu is the coldest location overall with mean daily high temperatures below 0° C from November to March and snowy conditions on many days. The temperature readings were divided into quartiles for the corresponding pedestrian count (table 1). Overall, there is a modest rise in pedestrian activity at the highest quartile temperature range, except for one case. There is a significant difference in activity between highest and lowest quartile temperature ranges for four of the nine cases. 

Days of precipitation varied considerably among locations, with Kilmarnock and Glasgow having about five times as many rainy days as Sion or Ithaca (figure 2). Precipitation days over the full length of the study were found in sufficient number in 5 of the cases, which enabled the analysis of the effect of precipitation on walking levels (table 1). Mean pedestrian volume during precipitation was compared with mean volume during clear weather. There is a substantial and significant (p<.05) rise in mean pedestrian flow during conditions when it is not raining or snowing. The rate at which the pedestrian flow diminishes in rainy conditions varies across the cases. The largest decrease was seen in Rousse (-42%), while the rate for Glasgow (-32%) is close to the mean value. 

As measured by the proportion of the viewing frame in direct sunlight, sunlit area also varied considerably among locations. However, most locations showed a strong tendency towards overcast days (i.e., sunlit area equal to zero), which was to be expected given that most observations were made during winter months. La Palma had the lowest proportion of overcast days (.3) while nearly all observations for Ithaca were made under overcast conditions (.99). The mean numbers of pedestrians in each city observed under overcast conditions were lower than the mean volumes for all sunlight values (with the exception of Glasgow). The difference tended to be greater for cities with fewer overcast days compared to cities with a high preponderance of overcast days. 

Days of the week are associated with certain cultural norms that are manifest in habitual urban public behaviors. Meanings and expectations of behavior are especially associated with weekend days but may also touch on weekdays. Shop opening hours, market days, regulated deliveries and other formal interventions may form part of these ritualized aspects of urban life. It is obvious from the frames taken from the Web feed that spaces serve varying purposes in each of the cases. Ithaca’s pedestrian street is a relatively lively place on Sunday, as is Buchanan Street in Glasgow. Oulu’s main pedestrian street, the Rotuaari, throngs with people on Saturday but is much quieter on Sunday. The relative differences in walking rates associated with three categories of day–weekday, Saturday and Sunday–varies substantially across cities. Weekday pedestrian volumes as a proportion of Saturday volumes were strongest in Glasgow, 134% of the proportion in Oulu for example, which like Buchanan Street, has the vibrant Rotuaari pedestrian street. Whether such fluctuations by day reflect broad patterns across the city or more local effects cannot be known in this result. 

A test of independence of our variables is in order. Table 2 displays Kendall’s tau correlation coefficients for pairs of the microclimatic variables; Kendall’s test is more robust than Pearson’s and thus better for data that are not distributed normally. The highest correlation is a modest 0.356 between the amount of sunlit area and air temperature. Modest and weak correlation between pairs of variables allows the inclusion of all of them in the multiple regression analysis. 

Regression Analysis
The model specification preferred by the BMA selection method is shown as Model 1 in table 3. All microclimatic variables were retained and all had positive associations with counts of pedestrians, when controlling for location and elapsed time. The estimated effects of the microclimatic variables were moderate to weak, and all were highly significant (p-values < .001). For precipitation, the difference between the two extreme categories – snow and dry conditions – was moderate and significant, though the differences in pedestrian flows between rain and snow, and drizzle and snow were not significant.

All else being equal (i.e., all other variables held at constant values), a 5-degree increase in temperature was associated with a 14% increase (CI: 12-16%) over the mean number of pedestrians for each location. Similarly, a 5% increase in sunlit area was associated with a 2% increase (CI: 2-2%) over the mean number of pedestrians for each location. A shift from snow to dry conditions was associated with an increase of 23% (CI: 6-42%) over the mean number of pedestrians for each location.

Time of day had a strong and significant association with fluctuation of pedestrian volume. In addition we found evidence for a non-linear relationship, where flow first increased from morning onwards, then decreased later in the day, which is in keeping with typical observations elsewhere in central and shopping districts, where a sharp rise in pedestrian flow in the morning leading to a mid day peak was followed by a slowly attenuating curve over the afternoon. Elapsed time had a weak but significant negative association with pedestrian counts, when time was specified as a linear term. Neither the square or the cubic specification was retained. The day of week variable was not retained in the model; nor was it significantly associated with pedestrian volume in multivariate analysis. Of the three possible interactions between pairs of microclimatic variables, only the weak negative interaction between air temperature and sunlit area was retained.

To evaluate the effects of correlation between the independent variables, we calculated variance inflation factors (VIF) for those retained in the model (specifically the generalized VIF, which is appropriate to our modeling approach). Table 4 shows that all values are well below ten, the generally accepted threshold for valid model results (O’Brien, 2007).

Models 2 and 3 show results for the analyses of one observation per day, per city randomly selected from the full dataset. There are no qualitative difference between the results of Models 1 and 2, though the restricted dataset yields more conservative confidence intervals. There were no significant differences between pedestrian flows for different precipitation categories (Model 2). However, there was a significant relationship between precipitation and fluctuation of pedestrian flows when precipitation was specified as a continuous measure in Model 3.
Interpretation

Our results suggest that weather is associated with observed levels of walking in nine cities. Whether these observations can be taken as representative of all walking patterns in those cities remains to be demonstrated but are nevertheless likely to be indicative of walking rates. In detail, precipitation had by far the largest effect on walking levels with sunlighting and temperature also playing a role. Low air temperature had a much smaller impact on walking rates than might be supposed for temperate and Nordic cities. In comparison with attendance in public open space, sunlit area was also much less important in observed behavior.

Overall, we have to conclude that weather has an effect on walking rates comparable to that on public space attendance.

The preferential performance of the linear form of elapsed time (in weeks) over the square or cubic specification suggests that the relationship between season and walking is secondary to the relationship between weather and walking. 

The significant negative interaction between sunlit area and temperature is interesting. It suggests that the positive effect of temperature on walking is diminished when it is sunny and vice versa. The weakness of the effect may reflect natural variation between locations, as we would expect stronger interactions at extreme temperatures and weaker interactions at moderate temperatures.

The lack of significant association between pedestrian volume and the day of week may be due to having relatively few weekend observations.

The wider confidence intervals estimated by Models 2 and 3 compared to Model 1 suggest that repeating observations on the same day (in the same city) may have led to underestimated model error. That being said, the results of the two models are qualitatively identical and do not affect our interpretation or conclusions.

Conclusion

The amount of variance explained by fluctuations in the weather variables, while not large in absolute terms, is actually sizeable in the field of behavioral differences as a function of environmental variables. The enormous range of factors that could affect the walking decisions of anyone observed in the Web camera views in this study might have suggested a much weaker or even non-detectable effect of weather. But all of the weather variables were significant in this effect. It might also be noted that absolute levels of pedestrian flow varied considerably across the nine sites. It was thought that relatively low flow would produce higher error because of the discrete rise and drop of numbers. It turned out that there was also substantial local fluctuation in numbers when the flows were particularly high, such as on Saturdays in central Glasgow.

The local fluctuation in flow due to the counting procedures could have been attenuated through an even larger sample of frames during the same time frame, requiring a dataset at least three times as large. This analysis does suggest, however, that the part of walking rates impacted by local climatic and ground conditions could be greater than that found here.

Meteorological data were available only at a resolution of one day. Thus air temperature was measured as a daily mean, not as a “spot measure” at the time of each pedestrian count. This discrepancy in measurement resolution may have resulted in an underestimation of the effect of temperature and an overestimation of the effect of time of day, as these two variables typically covary. We believe that this potential for mis-attribution of effect was limited, because we restricted observation to daylight hours and because day-to-day fluctuations in temperature were generally much greater than same-day fluctuations.

In general, it is clear that we can control air temperature, irradiation and precipitation to a certain extent through design. We can also manage the surface condition for walking, by providing surfaces conducive to walking, by cleaning, snow removal and efficient drainage. Studies of microclimate and built form suggest that much can be achieved to temper climatic extremes. Such microclimatic manipulation through physical design is positively perceived and related to stated intentions to walk. To this finding we can now add that such manipulations of the ambient environment are also related to walking rates.
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Captions to Figures

Figure 1. Mean daily high air temperatures by month for nine locations 

Figure 2. The mean number of days of precipitation by month during the census period and the year.

Figure 3. Frames from the Web cameras for the nine study locations: 1-Glasgow, United Kingdom; 2-Gliwice, Poland; 3-Ithaca, United States; 4-Jakobstad, Finland; 5-Kilmarnock, United Kingdom; 6-La Palma, Spain; 7-Oulu, Finland; 8-Rousse, Bulgaria; 9-Sion, Switzerland 

Table 1. The mean pedestrian flow in relation to the three weather factors by city. Standard deviation values in parentheses.

	City
	Days
	Mean Peds.
	HQT Mean Peds.
	Precip. Days/ Total
	Precip. Days Peds.
	No Precip. Days Peds.
	Overcast Days/ Total
	Overcast Days Peds.

	Glasgow
	845
	25.2 (12.4)
	24.7 (10.7)
	0.38
	21.3 (11.1)
	27.6 (12.6)
	0.67
	25.0 (12.7)

	Gliwice
	815
	2.5 (2.1)
	3.4 (2.4)
	0.12
	1.7 (1.5)
	2.6 (2.2)
	0.70
	2.4 (2.0)

	Ithaca
	420
	4.2 (3.1)
	4.5 (2.9)
	0.07
	2.5 (1.9)
	4.4 (3.2)
	0.99
	4.2 (3.2)

	Jakobstad
	810
	2.2 (1.9)
	2.6 (2.0)
	0.12
	2.1 (1.9)
	2.3 (2.0)
	0.75
	2.1 (2.0)

	Kilmarnock
	405
	8.5 (4.9)
	9.4 (4.1)
	0.20
	8.4 (6.0)
	8.6 (4.6)
	0.51
	8.5 (4.8)

	La Palma
	430
	12.3 (6.6)
	12.4 (6.3)
	0.03
	7.1 (5.8)
	12.6 (6.6)
	0.35
	11.3 (7.6)

	Oulu
	800
	11.0 (7.5)
	13.5 (8.5)
	0.15
	9.2 (7.0)
	11.4 (7.6)
	0.76
	10.2 (7.2)

	Rousse
	890
	7.8 (4.8)
	7.6 (4.4)
	0.07
	5.1 (2.9)
	8.0 (4.9)
	0.43
	6.4 (4.1)

	Sion
	840
	13.3 (11.6)
	24.5 (9.2)
	0.07
	7.6 (8.4)
	13.7 (11.8)
	0.41
	12.8 (11.3)


1 Mean (standard deviation) pedestrians at the highest quartile air temperature readings.
Table 2. Kendall’s tau correlation coefficients for pairs of microclimatic variables (full dataset; precipitation treated as continuous variable)
	
	1
	2
	3

	1. Precipitation
	
	.227
	.066

	2. Sunlit area
	
	
	.346

	3. Temperature
	
	
	


Table 3. Results of multiple regression analyses for observed pedestrians in nine locations over 3 weather variables

	Relative Risk [95% confidence interval]
	Model 1
	Model 2
	Model 3

	Variable
	Unit
	All observations
	1 per day
	1 per day

	n
	 
	6255
	994
	994

	Temperature
	5°C
	1.14 [1.12–1.16]
	1.15 [1.10–1.21]
	1.15 [1.09–1.21]

	Sunlight
	5% of frame
	1.02 [1.02–1.02]
	1.02 [1.01–1.03]
	1.02 [1.01–1.03]

	Precipitation (ref: snow)
	
	
	
	

	rain
	n/a
	0.88 [0.75–1.03]
	0.80 [0.53–1.20]
	n/a

	drizzle
	n/a
	1.10 [0.94–1.28]
	0.82 [0.55–1.21]
	n/a

	dry
	n/a
	1.23 [1.06–1.42]
	1.08 [0.75–1.56]
	n/a

	Precipitation – linear
	
	n/a
	n/a
	1.15 [1.06–1.24]

	Interaction
	
	
	
	

	temperature × sunlight
	5°C × 5% frame
	1.00 [0.99–1.00]
	0.99 [0.99–1.00]
	1.00 [0.99–1.00]

	Location (ref: Glasgow)
	
	
	
	

	Gliwice
	n/a
	0.92 [0.84–1.01]
	0.97 [0.76–1.24]
	0.97 [0.76–1.24]

	Ithaca
	n/a
	1.04 [0.93–1.16]
	1.02 [0.77–1.34]
	1.02 [0.78–1.35]

	Jakobstad
	n/a
	1.12 [1.02–1.24]
	1.24 [0.95–1.62]
	1.28 [0.98–1.67]

	Kilmarnock
	n/a
	0.88 [0.82–0.95]
	0.92 [0.77–1.10]
	0.93 [0.78–1.11]

	La Palma
	n/a
	0.62 [0.57–0.67]
	0.60 [0.49–0.73]
	0.61 [0.50–0.74]

	Oulu
	n/a
	1.00 [0.93–1.07]
	1.00 [0.82–1.21]
	1.03 [0.85–1.25]

	Rousse
	n/a
	0.74 [0.68–0.80]
	0.71 [0.58–0.87]
	0.72 [0.59–0.88]

	Sion
	n/a
	0.85 [0.80–0.89]
	0.89 [0.77–1.03]
	0.90 [0.78–1.04]

	Time of day
	
	
	
	

	linear term
	hour
	1.35 [1.16–1.58]
	1.61 [1.02–2.55]
	1.66 [1.05–2.62]

	squared term
	hour sq.
	0.99 [0.99–1.00]
	0.98 [0.97–1.00]
	0.98 [0.97–1.00]

	Elapsed time
	weeks
	1.01 [1.00–1.01]
	1.01 [1.00–1.01]
	1.01 [1.00–1.01]


Table 4. Generalized variance inflation factors for main effect variables
	Variable
	Model 1
	Model 2
	Model 3

	Temperature
	3.31
	5.51
	5.23

	Precipitation
	1.31
	1.26
	1.11

	Sunlit area
	3.84
	3.54
	4.27

	Location
	5.33
	4.29
	3.50

	Time of day
	2.41
	2.57
	2.55

	Elapsed weeks
	1.04
	1.05
	1.05
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Figure 1.
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Figure 2.
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