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Abstract: Wind speed differences between weekdays and holidays at urban sites in Japan were
investigated in search of the influence of urban anthropogenic heat on surface wind speed using data
from the Automated Meteorological Data Acquisition System (AMeDAS) of the Japan Meteorological
Agency (JMA) for 44 years. The wind speed was found to be lower on holidays than on weekdays,
not only in large cities but also in areas with medium degrees of urbanization, which is interpreted
to be due to the stronger stability of the surface boundary layer under lower temperatures with
smaller amounts of anthropogenic heat. The rate of decrease is about −3% in central Tokyo, and
about −0.5% for the average over stations with population densities between 1000 and 3000 km−2.
Additionally, an analysis using the spatially dense data on the Air Pollution Monitoring System
of Tokyo Metropolis for 28 years showed that negative anomalies in wind speed on holidays were
detected at many stations in the Tokyo Wards Area, although negative temperature anomalies were
limited to a few stations in the central area or near big roads, suggesting different spatial scales in the
response of temperature and wind speed to anthropogenic heat.

Keywords: urban climate; urban atmosphere; urban wind; weekly cycle; weekend effect; anthropogenic
heat

1. Introduction

It is believed that one of the causes of the urban heat island (UHI) is anthropogenic heat
release, in addition to low moisture availability and thermal inertia over the complicated
urban surfaces [1]. A detailed investigation in the 2000s revealed that the anthropogenic
heat over the Tokyo Wards Area (see Section 2.1) in August amounted to approximately
2100 TJ day−1, which is equivalent to 39 Wm−2, and exceeded 200 Wm−2 in some grids of
a 500 m × 500 m size in the central business area [2]. A number of numerical studies incor-
porating urban canopy parameterization have indicated the contribution of anthropogenic
heat to the UHI in large cities, although surface properties and geometry appears to have
larger impacts on urban temperature [3–8].

An observational fact regarding the contribution of anthropogenic heat to the UHI
is the temperature difference between weekdays and weekend days. The temperature in
central Tokyo was found to be lower on holidays than on weekdays by about 0.2 ◦C [9,10],
while negative holiday temperature anomalies less than 0.1 ◦C were detected even at
weakly urbanized sites with population densities of 300 to 1000 km−2 in Japan [11,12].
During a period of self-restraint due to the COVID-19 pandemic in 2020, low temperature
anomalies reaching 0.5 ◦C were observed in the Tokyo area [13]. Low temperatures on
holidays, during vacation periods, and under COVID-19 lockdowns have also been found
in cities in other countries [14–23].

The UHI also affects winds [1]. The high drag of urban surfaces can cause a decrease
in wind speed, which may be called an “urban stilling island” [24], whereas the reduced
stability of the surface boundary layer can enhance vertical turbulent mixing that accelerates
surface wind, resulting in an “urban wind island”, in which wind speed is higher than in
surrounding rural areas [25]. The latter feature has been detected in a number of statistical
studies for large cities based on observed wind data, especially under a low ambient
wind speed [26–29], although it is not found in some cities [30]. Additionally, the high
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temperature over a city is accompanied by a local thermal circulation with converging
surface winds [31,32]. However, there have been only a few studies examining urban wind
changes from the viewpoint of weekday–holiday differences, which can isolate the effect of
anthropogenic heat on winds. For central Tokyo, the wind speed on holidays was found to
be lower than on weekdays by about 0.1 ms−1 [9], probably because of the stronger stability
of the surface layer under a smaller amount of anthropogenic heat, whereas the surface
wind field in the surrounding area was found to show a divergent anomaly [10], indicating
a weaker thermal circulation under a weaker heat island. However, these two studies
were conducted nearly 40 years ago, because of which our knowledge of weekday–holiday
differences in urban winds is still limited in the absence of other studies on this topic.

The aim of the present study is to provide further statistical evidence on weekday–
holiday differences in wind speed at urban sites in Japan using observational data over
decades. Analysis on temperature was also made in order to compare the response of
temperature and wind speed to weekday–holiday differences in anthropogenic heat. In
addition to nationwide data from the Automated Meteorological Data Acquisition System
(AMeDAS) operated by the Japan Meteorological Agency (JMA), spatially dense data
from the Air Pollution Monitoring System (APMS) of the Tokyo Metropolis were used to
explore detailed spatial features of the impact of anthropogenic heat on temperature and
wind speed.

It is to be noted that a weekly meteorological cycle may also be created by anthro-
pogenic aerosols [33–37], not only within a city but on a regional scale [33–39], with a
possibility of higher temperature on holidays than on weekdays [34]. Indeed, there was a
period in which the temperature in central Tokyo was higher on holidays than on weekdays
in the early 20th century under heavy air pollution [40]. On the other hand, the period-
icity inherent in nature can generate a spurious weekly cycle [41–43], while the effect of
aerosols on temperature is likely to have decreased in Japan as air pollution has improved.
The present study is focused on urban-specific temperature and wind speed anomalies,
which are believed to arise from anthropogenic heat emission depending on the degree of
urbanization at each site.

2. Data and Procedure of Analysis
2.1. Data and Station Grouping

The main part of this study was based on hourly AMeDAS data on air temperature
and surface wind speed for the 44 years from April 1979 to March 2023. The reason for
starting the analysis in April was to avoid missing data at the beginning of 1979 at some
stations. Note that the period from April to March of the next year is a financial year
(FY) in Japan. Data on temperature were obtained at a precision of 0.1 ◦C. The precision
of wind speed was 1 ms−1 until the late 2000s, after which it changed to 0.1 ms−1. The
thermometers were installed at a height of 1.5 m above the ground, except at stations in
areas of deep snow in winter, while the height of the anemometers was different according
to stations. The information on changes in site and anemometer height was obtained from
a file provided by JMA [44]. The time is Japan Standard Time (JST), which is nine hours
ahead of UTC.

The analysis was limited to the domain north of 30◦ N because of the difficulty of
finding reference non-urban stations (see Section 2.2.3) in the small island area south of
30◦ N. Stations at which the percentage of missing data exceeded 10% in any one of the
forty-four financial years or in any one of the twelve months through the period were
not used. In order to avoid the influence of discontinuity due to site changes, stations
that moved by a horizontal distance of 1 km or more or a height of 5 m or more were
not used. As an exception, the Tokyo station was used, although it had experienced site
changes because it provides valuable data in the central part of Tokyo. On the other hand, a
station for which the area was long uninhabited after the 2011 Great East Japan Earthquake
was excluded. The final number of stations used for analysis was 434. Figure 1b shows
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the distribution of these stations. The climatic characteristics of Japan are outlined in the
literature [45,46].
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Figure 1. Map showing (a) the topography of East Asia, (b) locations of the AMeDAS stations used
for analysis, and (c) the APMS and AMeDAS stations in the Tokyo Wards Area (TWA). The square
in (a) indicates the region shown in (b), and the square in (b) indicates the region shown in (c).
In (c), the boundaries of prefectures and the Tokyo Metropolis are shown in green solid lines, and the
western border of the TWA is shown in a green dotted line.

As a measure of urbanness around each station, the population density in the sur-
rounding area was calculated using the population data from the 2015 National Census.
They were provided in the Portal Site of Official Statistics of Japan [47] on grids 30′′ in
latitude and 45′′ in longitude (approximately 1 km × 1 km). A weighted spatial averaging
was applied in the following form:

P(i) =
∑
g

exp
{
−
( rig

R

)2
}

P∗(g)

πR2 (1)

where rig is the distance from station i to grid g, P*(g) is the population in grid g, and
R = 3 km. For a station that had undergone site changes, the P calculated for each site
was averaged with a weight of the duration of operation there. There were three stations with
P ≥ 10,000 km−2, namely, Tokyo, Osaka, and Kyoto (Figure 1b). These stations were analyzed
separately. Other stations were grouped into four categories in P as category 1: P < 300 km−2,
2: 300 ≤ P < 1000 km−2, 3: 1000 ≤ P < 3000 km−2, and 4: 3000 ≤ P < 10,000 km−2.

The relocation of the Tokyo Station from Otemachi to Kitanomaru Park was on 1
November 2007 for the anemometer and on 2 December 2014 for the thermometer [48]. The
two sites were approximately 900 m apart. The old site was in a business area beside a big
street, while the new site is in a park that is part of a large, vegetated area neighboring
the Imperial Palace. The striking difference in land use around the two sites enables us
to assess the spatial extent of the effects of anthropogenic heat on temperature and wind
speed. Parallel observations at the two sites for three years revealed that the daily mean
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and minimum temperatures at the new site were lower than those of the old site by 0.9 ◦C
and 1.4 ◦C, respectively [48].

A detailed analysis of the Tokyo area was made using hourly data of the APMS of
Tokyo Metropolis for the 28 years from April 1995 to March 2023 [49]. The data precision
was 0.1 ◦C for temperature and 0.1 ms−1 for wind. The heights of the thermometers and
anemometers were different according to the stations. The Tokyo Metropolis consists of the
Tokyo Wards Area (hereafter TWA) in its eastern part and the suburban Tama Area in its
western part. The TWA is the former Tokyo City and has a population of nearly ten million
in an area of 622 km2. It is mostly flat, with the highest point at only 45 m above sea level.
The present study was made using data at stations in the TWA (Figure 1c). On the condition
that the percentage of missing data was less than 20% in each of the 28 financial years
and each of the twelve months throughout the period, temperature data were available
for 25 stations, and wind data were available for 23 stations. Among these, four stations
were “Roadside Air Pollution Monitoring Stations” installed beside major roads to monitor
the influence of automobile emissions. Others were “Ambient Air Monitoring Stations”
installed in residential areas to measure the representative air quality in the surroundings.
The Tokyo station operated by JMA will be referred to as “Tokyo JMA station” if it is needed
to distinguish it from APMS stations.

Until July 2019, hourly observations were made at Tokyo Tower (333 m high) as part of
APMS for temperature at six levels of 4, 64, 103, 169, 205, and 250 m and for wind at three
levels of 25, 107, and 250 m above the ground. The data in 16 years (1998–2000, 2003–2011,
and 2015–2018), for which missing data were less than 10% at all the levels in each year,
were used to assess the vertical distribution of temperature and wind speed.

Table 1 shows the national holidays of Japan. The date of a holiday was changed,
or a temporary holiday was set for some years. A list of holidays each year is available
on the website of the Cabinet Office of the government [50]. Many government offices,
companies, and schools are closed on Sundays, national holidays, and the first three days
of the New Year. Since 1973, if a national holiday falls on a Sunday, the following Monday
has been made a substitute holiday. Furthermore, many offices and schools were closed
in the afternoon on Saturdays, and since the 1980s, most organizations have been closed
all day on Saturdays. In the present study, holidays were defined as Sundays, national
holidays, substitute holidays, and the first three days of the New Year. They were excluded
from the statistics for weekdays and Saturdays.

Table 1. National holidays of Japan as of 2024.

Name Date

New Year’s Day 1 January
Coming-of-Age Day Second Monday of January
National Foundation Day 11 February
Emperor’s Birthday ** 23 February
Vernal Equinox Day Around 21 March
Showa Day * 29 April
Constitution Memorial Day 3 May
Greenery Day * 4 May
Children’s Day 5 May
Marine Day * Third Monday of July
Mountain Day * 11 August
Respect-for-the-Aged Day Third Monday of September
Autumnal Equinox Day Around 23 September
Health and Sports Day Second Monday of October
Culture Day 3 November
Labor Thanksgiving Day 23 November

* Established after 1979. ** 29 April until 1988; 23 December for 1989–2018.
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2.2. Procedure of Analysis
2.2.1. Normalization of Wind Speed Data

Wind speed data were normalized by their long-term average in order to avoid
the influence of different anemometer heights and surface roughness among stations.
For stations that had experienced changes in location and/or anemometer height, the
normalization was made using the average wind speed over each period bounded by the
time of changes.

2.2.2. Deviation from the Climatic Norms

For both temperature and wind speed, deviations from the climatic norms were used.
The climatic norm for the AMeDAS data was obtained by calculating the 44-year average
for each time of the day and calendar day and then applying nine-day running averaging
three times in order to filter out day-to-day irregularities. The same procedure was applied
to the 28-year APMS data of Tokyo.

2.2.3. Detection of Weekday–Holiday Difference

The deviation of temperature and wind speed on holidays with respect to those on
weekdays was evaluated by comparing the temperature/wind speed on a holiday with
that which would have been observed if it was a weekday. The latter was estimated for
each target station on the basis of the distribution of temperature/wind speed at nearby
category 1 stations using a regression equation developed for weekdays. The procedure
was in the following steps.

Step 1: A principal component analysis was applied to obtain representative patterns of
temperature/wind speed around each target station. The analysis was made using category
1 stations within r0 = 300 km of the target station in the following form:

Zij =
K

∑
k=1

f jkaik + higher terms (2)

where zij is either temperature or wind speed (deviation from the norms) at a category 1
station i on date j, aik and fjk are the spatial pattern and temporal change in the k-th principal
component, respectively, and K is the number of principal components used for the analysis.
The analysis was based on a covariance matrix C = {cih}, where cih is the covariance between
zij and zhj (j = all weekdays) at reference stations i and h. Then, C was diagonalized as
C = TDT’, where T is an orthogonal matrix and D is a diagonal matrix. The spatial pattern
matrix A = {aik} was given by A = TD1/2, where D1/2 is a diagonal matrix having square-
rooted elements of D. The score fjk was obtained by solving (1) as a multi-linear equation
for k = 1, ---, K, which was set to 20. The advantage of using principal components is
to reduce the number of independent variables in the subsequent analysis (Equation (3)
below) instead of using the data at individual reference stations. It also has the merit of
reducing the influence of missing data among the reference stations.

Since temperature and wind patterns can vary according to the time of the day and
season, principal components were defined separately for each time of the day and each
month. For temperature at Tokyo, the contribution of the top 20 components was 96.2% on
average over times of the day and months, with a minimum and maximum of 94.0% and
98.0%, respectively. For wind speed at Tokyo, it was 81.7% on average, with a minimum
and maximum of 77.6% and 84.2%, respectively. Note that fjk was calculated separately
for each AMeDAS station, while the fjk values for the Tokyo JMA station were used in the
analysis of the Tokyo APMS data.
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Step 2: A regression equation for temperature or wind speed at a target station on date
j, hereafter denoted as Zj, was created from the data on weekdays using a least-squares
condition, as follows:

∑
[

Zj −
(

p0 +
K

∑
k=1

pk f jk

)]2

→ minimum (3)

where pk (k = 0, ---, K) is a least-squares coefficient. The regression was made for each
month and time of the day for the same reason as in Step 1.
Step 3: The regression equation obtained in Step 2 was applied to the data on holidays
to estimate the temperature/wind speed that would have been observed if it had been a
weekday. It is denoted as <Zj> here. Then the departure of the observed value from <Zj>
was obtained as follows:

∆Zj = Zj − <Zj>, (4)

and ∆Zj was averaged over the analysis period. The same procedure was applied to
Saturdays and other days of the week. Hereafter the statistical values of ∆Zj for temperature
and wind speed will be denoted as ∆T and ∆v, respectively.

In order to improve the statistical confidence of the results, the analysis was made in
three-hour units. For example, data from 0800 to 1000 JST were used as those of 0900 JST.
The daily mean values of ∆T and ∆v were defined by the average from 0800 JST to 0700 JST
of the next day, considering the time of human activity in cities.

3. Results
3.1. Nationwide Features

Figure 2 shows the weekly variations of the daily mean values of ∆T and ∆v for the
three cities of Tokyo, Osaka, Kyoto, and category 2–4 stations. The period is from April
1979 to March 2023, although ∆T for Tokyo was obtained from the data at the old site until
1 December 2014, considering the possible effect of the relocation discussed later. Table 2
shows the ∆T and ∆v values on holidays and Saturdays for each station and category. On
holidays, ∆T has a negative value of −0.16 ◦C for Tokyo and is significantly negative at
the 1% level down to category 2, while ∆v is −0.028 for Tokyo and is significantly negative
at the 1% level down to category 3. The differences between holidays and Sundays only
are generally small. For Saturdays, ∆T has negative values that are about half of those
of holidays, while ∆v is much smaller than that of holidays, with only Tokyo and Osaka
showing significant negative values at the 5% level.
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Table 2. Daily mean values of ∆T and ∆v for holidays, Sundays, and Saturdays for April 1979 to
March 2023.

Tokyo ** Osaka Kyoto Cat. 4 Cat. 3 Cat. 2

∆T
(◦C) *

Holiday
Sunday

−0.165
−0.168

−0.086
−0.088

−0.043
−0.042

−0.021
−0.020

−0.014
−0.015

−0.005
−0.005

Saturday −0.118 −0.051 (−0.016) −0.008 −0.007 −0.004

∆v *
Holiday
Sunday

−0.0285
−0.0318

−0.0165
−0.0176

−0.0156
−0.0196

−0.0059
−0.0064

−0.0048
−0.0050

(−0.0007)
(−0.0012)

Saturday −0.0108 −0.0115 (−0.0038) (−0.0017) −0.0023 (−0.0003)

* Values in bold letters with a double underline are significant at the 1% level, and those with a single underline
are significant at the 5% level. Parentheses indicate insignificant values. ** Until 1 December 2014 for ∆T. The
values for April 1979 to March 2023 are −0.137, −0.142, and −0.100 ◦C for holidays, Sundays, and Saturdays,
respectively, all significant at the 1% level.

Figure 3 shows the diurnal variations of ∆T and ∆v on holidays. For Tokyo, ∆T keeps
below −0.1 ◦C, and ∆v keeps below −0.02 from morning to midnight on holidays. The
other two cities and stations in categories 4 and 3 also show negative values of ∆T and ∆v
for most of the day. In category 4 to 2 stations, ∆T has a negative peak at 0900 JST, which
can be explained by a relatively low mixing height, below which the anthropogenic heat
is confined, while no such feature is found for ∆v. There is little difference in ∆T and ∆v
values between holidays and Sundays. Figure 4 shows the results for Saturdays. Significant
negative ∆T values are found for most of the day for Tokyo and Osaka, and for some time
periods for Kyoto and category 4 to 2 stations. In contrast, ∆v is mostly insignificant, except
for some time periods in Tokyo and Osaka.
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Figure 5 shows the seasonal variations of ∆T and ∆v on holidays. Negative ∆T values
are the largest in winter in all three cities and categories. Seasonal variations of ∆v are
generally small, although the negative ∆v value is largest in the summer in Tokyo.
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Figure 6 shows the long-term changes in ∆T and ∆v by dividing the analysis period
into six subperiods of seven to eight years each. For Tokyo, the times of the relocation of the
anemometer and the thermometer were used for division. The relocation of the anemometer
in 2007 did not affect ∆v, whereas that of the thermometer in 2014 was accompanied by
a dramatic reduction in ∆T. However, ∆T has smaller values in the final period (FY2015
to 2022) than before, even for Osaka and Kyoto, which did not undergo relocation, and
for the three categories. Therefore, the relationship between the reduction of ∆T and the
relocation of the Tokyo station needs to be carefully assessed. Indeed, there appears to be
an overall diminishing trend in ∆T in Figure 6. Table 3 shows the result of an analysis in
which a linear trend term was added in the final stage of Section 2.2.3. A positive ∆T trend,
which means a decrease in negative ∆T, is found at the 10% significance level for Tokyo
and Osaka and at the 5% level for the category 3 stations. For ∆v, no trend is found for any
cities and categories. As an alternative method, the Mann–Kendall test was applied to the
year-to-year values of ∆T and ∆v. The results were basically the same as those presented in
Table 3 in terms of the significance of trends, except that the positive trend of ∆T for the
category 3 stations was significant at the 1% level, and that of ∆v for Osaka was significant
at the 10% level.
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Table 3. Linear trends of ∆T and ∆v for holidays obtained using an analysis in which a term of linear
trend was added.

Tokyo ** Osaka Kyoto Cat. 4 Cat. 3 Cat. 2

∆T (◦C decade−1) * 0.026 0.014 (0.004) 0.007 (0.003) (0.002)
∆v (decade−1) * (−0.0037) (0.0048) (−0.0006) (0.0008) (0.0007) (0.0001)

* Values with a single underline are significant at the 5% level, and those with italic letters with dotted underlines
are significant at the 10% level. Parentheses indicate insignificant values. ** Until 1 December 2014 for ∆T. The
value for April 1979 to March 2023 is 0.044 ◦C decade−1, which is significant at the 1% level.

3.2. Local Features in Tokyo Wards Area (TWA)

Figure 7 shows the distribution of daily mean values of ∆T and ∆v obtained from
the APMS data in Tokyo for the period from April 1995 to March 2023. For reference,
∆T and ∆v values at the Tokyo JMA station and other AMeDAS stations are also shown.
An overall feature is that larger negative values of ∆T and ∆v are found in the central
area compared with the periphery, and among the periphery, larger negative values are
found in the southeastern area compared with the western and the northern areas. More
specifically, negative ∆T values that are statistically significant at the 1% level are found
at only three stations, in addition to the Tokyo JMA station, namely, Kanda-tsukasamachi
(∆T = −0.074 ◦C), Higashi-kojiya (∆T = −0.037 ◦C), and Matsubarabashi (∆T = −0.090 ◦C).
The Kanda-tsukasamachi station is located in Kanda Park, which is a small park 700 m
northeast of the Tokyo JMA station at Otemachi, and the Higashi-kojiya station is within
100 m of a six-lane national highway, while Matsubarabashi is a roadside station. For other
stations, ∆T is between −0.03 ◦C and 0.04 ◦C and is statistically significant at the 10% level
at only two stations. In contrast, ∆v has widespread negative values and is significant at the
1% level at 14 stations. The largest negative value of ∆v is −0.039 at Kanda-tsukasamachi.
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As shown in Figure 1c, the ambient monitoring stations, other than Kanda-tsukasamachi
and Higashi-kojiya, were divided into three groups in the southeastern (SE), western (W),
and northern (N) areas. Figure 8 shows the diurnal variations of ∆T and ∆v for Kanda-
tsukasamachi, Higashi-kojiya, and Matsubarabashi stations and the average of the stations
in each area. The diurnal variations of ∆T at Kanda-tsukasamachi and Higashi-kojiya are
similar to that at the Tokyo JMA station with respect to large negative values from the late
morning to the evening. On the other hand, ∆T for the three areas is generally small and
statistically insignificant, with values mostly between −0.05 ◦C and 0.05 ◦C for most of
the day. However, it has a negative peak at 0900 JST, just like the category 4–2 stations in
Figure 3. The values of ∆T at 0900 JST are −0.062 ◦C in the SE area and −0.040 ◦C in the N
area and are significant at the 1% and 10% levels, respectively. By station, ∆T at 0900 JST
has significant negative values at the 1% level at 12 sites, including Kanda-tsukasamachi,
Higashi-kojiya, and four roadside stations, and significant negative values at the 5% or 10%
levels are found at seven more sites. In contrast, ∆v has negative values between −0.01 and
−0.02 from morning to night in each area. About half of these values are significant at the
1%−10% levels. The daily mean values of ∆v are −0.019 in the southeast and −0.013 in the
west and north areas, all of which are significant at the 1% level.
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Figure 8. Diurnal variations of ∆T and ∆v for holidays at APMS stations in TWA.

3.3. Vertical Distribution of ∆T and ∆v

Figure 9a shows the daily mean values of (a1) ∆T and (a2) ∆v at Tokyo Tower. Both ∆T
and ∆v are negative at all the levels. They tend to diminish with height but are significant
at the 5% level, except for ∆T at 250 m. Figure 9b–d show the diurnal variations of ∆T and
∆v at three levels of the tower. The diurnal variation pattern is common to each level in
that negative ∆T values are limited to the daytime from 0900 to 1800 JST, while ∆v remains
negative through the night.

Urban Sci. 2024, 8, x FOR PEER REVIEW 10 of 13 
 

 
Figure 8. Diurnal variations of ∆T and ∆v for holidays at APMS stations in TWA. 

3.3. Vertical Distribution of ∆T and ∆v 
Figure 9a shows the daily mean values of (a1) ∆T and (a2) ∆v at Tokyo Tower. Both 

∆T and ∆v are negative at all the levels. They tend to diminish with height but are signif-
icant at the 5% level, except for ∆T at 250 m. Figure 9b–d show the diurnal variations of 
∆T and ∆v at three levels of the tower. The diurnal variation pattern is common to each 
level in that negative ∆T values are limited to the daytime from 0900 to 1800 JST, while ∆v 
remains negative through the night. 

 
Figure 9. Daily mean values of ∆T and ∆v on holidays at each level on Tokyo Tower, and their 
diurnal variations at three levels on the tower. 

4. Discussion 
This study has revealed lower wind speeds in Japanese cities on holidays than on 

weekdays. The negative anomaly on holidays was about −3% in central Tokyo. It corre-
sponds to a real wind speed of the order of −0.1 ms−1 because the mean wind speed at 
Tokyo is approximately 3 ms−1. The reduction in wind speed on holidays was found even 
for sites with population densities between 1000 and 3000 km−2, namely, with a medium 
degree of urbanization. Previous studies have shown that the UHI can be accompanied 
by the acceleration of surface winds [25–29], presumably due to a decrease in the surface 
layer stability, while the present study has indicated that anthropogenic heat release can 
contribute to this effect. 

On the other hand, the present study has raised some points that would require fur-
ther research concerning the spatial scales and temporal changes in the impact of anthro-
pogenic heat on the urban atmosphere. It has been found that the anthropogenic heat 
emission in Tokyo is concentrated in the central area [2], whereas the daily average ∆T 
values are small at most of the APMS stations in the TWA. This fact implies a small spatial 

Figure 9. Daily mean values of ∆T and ∆v on holidays at each level on Tokyo Tower, and their diurnal
variations at three levels on the tower.

4. Discussion

This study has revealed lower wind speeds in Japanese cities on holidays than on
weekdays. The negative anomaly on holidays was about −3% in central Tokyo. It corre-
sponds to a real wind speed of the order of −0.1 ms−1 because the mean wind speed at
Tokyo is approximately 3 ms−1. The reduction in wind speed on holidays was found even
for sites with population densities between 1000 and 3000 km−2, namely, with a medium
degree of urbanization. Previous studies have shown that the UHI can be accompanied
by the acceleration of surface winds [25–29], presumably due to a decrease in the surface
layer stability, while the present study has indicated that anthropogenic heat release can
contribute to this effect.

On the other hand, the present study has raised some points that would require further
research concerning the spatial scales and temporal changes in the impact of anthropogenic
heat on the urban atmosphere. It has been found that the anthropogenic heat emission
in Tokyo is concentrated in the central area [2], whereas the daily average ∆T values are
small at most of the APMS stations in the TWA. This fact implies a small spatial scale
of the influence of anthropogenic heat on temperature. In contrast, negative ∆v values
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are more widely distributed over the TWA, suggesting that the change in wind speed, or
the change in the stability of the surface boundary layer due to anthropogenic heat, may
have a larger horizontal range than the change in temperature. However, a regional-scale
temperature decrease was detected for the 2020 COVID-19 self-refraining period [13], which
is inconsistent with the present result. There may be a diversity of spatial scales of the
impact of anthropogenic heat on urban climate.

The present study has indicated a long-term reduction in ∆T for part of the stations
where a positive ∆T trend (namely, diminishing negative anomaly) was observed. Urban
warming has decelerated in Japanese cities since around 2000 [51], suggesting the possibility
of decreasing anthropogenic heat emissions in the last few decades. However, ∆T trends
are not seen at all the stations, while the effect of relocation cannot be ruled out for the
Tokyo JMA station. At present, the reduction of ∆T is only a possibility.

The analysis for Tokyo Tower has shown that both ∆T and ∆v mostly have the same
diurnal variation patterns from the lowest level to the 250 m height. The vertical coherence
of ∆T, for which negative values appear mainly in the daytime, is in agreement with the
concept of strong vertical heat diffusion in the mixing layer. On the other hand, the constant
sign of ∆v up to a height of 250 m is inconsistent with the general understanding that the
stability-induced wind speed change is reversed at a height of 100 m or less, e.g., [52]. This
situation implies some peculiar nature of the urban boundary layer or a possibility of some
extraneous factors, such as local thermal circulations [10]. Tower data are insufficient to
cover the entire urban boundary layer, and the vertical structure of wind speed changes
due to anthropogenic heat needs further investigation, including a numerical approach.

5. Summary

• Wind speeds on holidays were found to be lower than those on weekdays in urbanized
locations in Japan. The reduction was about 3% in central Tokyo and about 0.5% in
locations with population densities of 1000–3000 km−2. The lower wind speed on
holidays than on weekdays is likely to reflect the stronger stability of the surface
boundary layer due to reduced anthropogenic heat release;

• Weekday–holiday differences in temperature and wind speed have some different
features in spatial and temporal variations. In the Tokyo Wards Area, the weekday–
holiday difference in wind speed is less concentrated in the central area in comparison
to that of temperature, implying different spatial scales in the effects of anthropogenic
heat on temperature and wind speed, or temperature and surface layer stability.
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