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An Analysis on the Temporal Patterns of Heat Island
Effect in Kaohsiung

Yu-Long Chao

Abstract—According to the hourly temperature data from the
database of Environmental Protection Administration, this
study compared the temperature in January and July 2011 in

three downtown locations with those in three suburban locations.

Possible causes of temperature differences between downtown
and suburban locations were discussed; in particular the
temperature rise resulted from economic activities such as the
traffic in rush hours and waste heat of air conditioners of
buildings. The temperature records were analyzed based on
hours and days and hence day patterns and week patterns of
temperature differences between downtown and suburban were
obtained. Results revealed that temperature change was directly
influenced by surrounding physical environment but certain
patterns of temperature differences still emerged. With respect
to day patterns, temperature differences reached peaks around 2
PM and were in greater variances in summer than in winter.
For week patterns, by contrasting weekday temperature with
weekend temperature, it was found that cycles of temperature
peaks probably caused by economic activities were obvious
during weekdays in winter. Downtown was also found warmer
than suburban at winter nights, consistent with the phenomenon
of heat island effect. Practical implications for urban
environmental management were discussed.

Index Terms—Heat island effect, time series, urbanization.

I. INTRODUCTION

The phenomenon of heat island effect is characterized by
higher air temperatures in dense urban areas than the
temperatures of surrounding suburban areas [1]. Occurring in
every town and city, it is the most obvious climatic
manifestation of urbanization [2] and has spatial and temporal
variation [1]. Human activities, especially economic ones,
should be influential in the formation of the heat island effect
in densely populated cities. In this study, the effect of
economic activities is investigated with multiple comparisons
between downtown and suburban temperature time series.
With the hourly temperature records of observation stations in
Kaohsiung, the second largest city in Taiwan, it aims to
present the temporal pattern of temperature difference
between downtown and suburban stations that reflects clearly
an association with the cycles of daily economic activities.

Factors influencing heat island effect ranges from climate,
topography, land use, to waste heat of various sources have
been studied [3]-[5]. Among these factors, anthropogenic heat
emitted from stationary and mobile sources relates to business
operations in which boilers and engines of vehicles burn fuels
and air conditioners discharge heat. This motivates the
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investigation of whether intensified heat island effect can be
observed around rush hours. Besides, daily patterns of
temperature difference between downtown and suburban
stations in summer and winter are also presented in this study
to further examine whether they are consistent with typical
patterns of heat island effect. As cities get hotter, citizens
suffer from unbearable living environment as well as vicious
cycle of more air-conditioning and hotter urban air. Realizing
how we contribute to the hotter cities should be informative
for us to learn how to cool the cities.

Il. METHOD

A. Location

In the south-west of Taiwan, Kaohsiung covers 2,947 km2
with a population of approximately 2.7 million. The latitude
of Kaohsiung is one degree to the south of the Tropic of
Cancer with monthly mean temperatures between 20 and
29°C and an average annual rainfall around 1,800 mm [6].
The Environmental Protection Administration (EPA) set up
across the city a total of 16 air quality monitoring stations
from which six are selected and grouped into nine
downtown-suburban pairs according to their levels of
urbanization (Table I).

TABLE I: THE SELECTED MONITORING STATIONS

Downtown Suburban

Fengshan Ciaotou

(22°37°38”N, 120°21°29”E)  (22°45°27”N, 120°18°20”E)
Cianjin Daliau

(22°37°57”N, 120°17°17”E)  (22°33°57”N, 120°25°30”E)
Fuhsin Linyuan

(22°36°317N, 120°18’43”E)  (22°28°46”N, 120°24°42”E)

+ #Baliau

T Goc 145 'i.'mesgr..
Fig. 1. Distribution of selected monitoring stations.

B. Data

The Air Quality Monitoring Web of EPA [7] offers not
only air quality records but also basic meteorological records
such as ambient temperature, rainfall, and wind direction that
monitoring stations recorded hourly. For the analytic purpose
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of this study, the temperature data of the six monitoring
stations downloaded from the web include the hourly
temperature records in January and July 2011 as winter and
summer data respectively.

C. Analysis

Pairing a downtown station with a suburban station from
the selected stations yields nine downtown-suburban station
pairs for the comparison of their temperature records. With
Microsoft Excel as the analytic software, temperature
differences between the downtown and the suburban station
for each pair of stations are calculated and plotted. These data
on temperature differences are further processed and analyzed
on the following two bases:

1) 24-hour pattern on weekdays

There are 21 weekdays in January, and July as well, 2011.
Take 9 AM for example, there are 21 temperature differences
at 9 AM and hence the mean and standard deviation (SD) of
these temperature differences can be obtained for 9 AM.
Likewise, for each of the rest 23 hours in a day, the means and
SDs of these temperature differences can be obtained. As a
result, a plot of three time series curves for each
downtown-suburban pair can be generated (See Fig. 4 for
example). These curves are:

* 24-hour mean + SD temperature difference curve

* 24-hour mean temperature difference curve

* 24-hour mean — SD temperature difference curve

Each downtown-suburban pair has two temperature
difference plots: January plot and July plot. Since there are
nine downtown-suburban pairs, a total of 18 plots are yielded.

2) Seven-day pattern in weeks
There are four weeks in January, and July as well, 2011.
Take 9 AM on Monday for example, there are four

temperature differences at 9 AM on four Mondays
respectively and hence the maximum, mean, and minimum

temperature difference can be obtained for 9 AM on Mondays.

Likewise, for each of the rest 23 hours in each day of a week,
the maximum, minimum, and mean temperature difference

can be obtained. As a result, a plot of three time series curves
for each downtown-suburban pair can be generated (See Figs.
6 to 8). These curves are:

 seven-day maximum temperature difference curve

* seven-day mean temperature difference curve

* seven-day minimum temperature difference curve

Likewise, each downtown-suburban pair has two
temperature difference plots: January plot and July plot. Nine
downtown-suburban pairs yield a total of 18 plots.

The subtraction algorithm applied for all of the above
temperature differences is downtown temperature minus
suburban temperature. Therefore, a segment of a curve that is
above zero line in a plot indicates that downtown temperature
is higher than suburban temperature in the period to which
that segment corresponds.

I11. RESULTS AND DISCUSSION

A. Overall Temperature Variations

The hourly temperature data of all six monitoring stations
range between 10°C and 25°C in January and between 25°C
and 36°C in July 2011. Curves in the temperature plots of all
these stations present prominent daily cycles as exemplified
by Fig. 2 and Fig. 3. Due to limited space, only a few of total
plots are displayed here. Although downtown temperature
curves and suburban ones are almost identical in this daily
cyclic movement, temporal differences could emerge in
further analysis on a weekly or 24-hour basis.

B. 24-Hour Pattern on Weekdays

Among the resultant 18 temperature difference plots, nine
January plots and nine July plots, a few present a convex
pattern with a rising temperature difference curve around
noon, indicating even higher downtown temperature than
suburban temperature then (Fig. 4 for example).
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Fig. 2. The hourly temperature data of Fengshan and Linyuan stations.
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Fig. 3. The hourly temperature data of Fuhsin and Ciaotou stations.

Conversely, a few plots exhibit a concave pattern such as
that in Fig. 5 with a plunging temperature difference curve
around noon, reflecting even lower downtown temperature

than suburban temperature then. This is consistent with Lin et
al’s finding of cool island effect in Kaohsiung around noon
and is explained by greater heat capacity of downtown ground
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surface than that of suburban ground surface [8]. Water plays
an important role in this regard and it necessitates the
investigation on the distribution of water bodies as well as the

water content of surface soils surrounding monitoring stations.

Indeed, some monitoring stations locate in urban parks where
surface soils of densely-vegetated land are more frequently
and regularly watered than the surface soils of
sparsely-vegetated land surrounding some monitoring
stations in suburban areas.

Temperature differences of some downtown-suburban
pairs vary greatly with time during a day. In Fig. 5(a), as the
larger standard deviations (SD) during the period between 13
and 15 o’clock indicate, temperature differences between
Fuhsin station and Ciaotou station have greater variance then
than those during other periods of a day have. On one hand,
this could be a result of the intense solar radiation then
absorbed by the environment surrounding the stations with
different heat capacity. On the other hand, it could be due to
diverse local weather between stations. It is more likely in the
afternoon that it rains at one station while it is sunny at the
other station than it is in the morning or at night.

A comparison between the movement of mean temperature
difference in January and that in July reveals that mean
temperature difference reaches maximum later around 14
o’clock (2 PM) in January while earlier around 13 o’clock (1
PM) in July. This lag of about one hour in maximum
downtown-suburban temperature difference is a result of
seasonal difference as the Sun heats up the Earth’s surface
more quickly in summer than in winter. It is found, from an
overview on both the 24-hour plots and the seven-day plots in
the following section, that the magnitude of
downtown-suburban temperature difference is larger around
noon and in July compared with that in other time of a day and
in January, respectively. The finding is relevant with that the
heat island effect in Taiwan is more pronounced in summer
[9]. Solar radiation should be the major driver for the great
rises and falls in temperature around noon as well as in
summer. In the inspection on the influence of urban economic
activities, no evidence of rush hour effects was observed in
these 24-hour plots in that there are no drastic curve changes
around 9 AM and 5 PM.

Mean --—Mean+SD -~ Mean— SD

(D.) @duaiayip ainyesadwa |
o [

1 23 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24

Mean --—Mean+SD -~ Mean—SD

(D.) @dualayip ainyesadwa |
~ o
é\

12 3 456 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

(a) January

(b) July

Fig. 4. The 24-hour temperature difference between Fengshan-Linyuan stations on weekdays.
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Fig. 5. The 24-hour temperature difference between Fuhsin-Ciaotou stations on weekdays.

C. Seven-Day Pattern in Weeks

The inspection on this pattern of downtown-suburban
temperature difference is to identify the obvious
inconsistency between weekday cyclic curves and weekend
curves. Two plots (Fig. 6 and Fig. 7) of seven-day
temperature difference curves are identified as reflective of
general business schedule, working on weekdays and taking
weekends off. The cycles of temperature difference curves
Monday through Friday seem to disappear or fade on
weekends. It is speculated that most business activities which

release heat to urban environment cease on weekends, causing
downtown temperature being no more higher than suburban
temperature. This is justifiable since other non-human factors
such as topography and weather condition should not always
stop working on weekends. This striking pattern also exists in
plots of temperature difference between two stations that both
are classified as suburban stations, i.e., Daliau and Linyuan
(Fig. 7). This could be due to the least economic activities in
the surrounding areas of Linyuan station, suggesting its
potential function as a baseline station.

Such a weekly cycle of temperature variations is also found
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in Melbourne and the role of anthropogenic heat release was
studied [10]. It is also found that this pattern stands out in
January plots rather than July plots. As a comparison with
January, Fig. 8 presents no significant difference in curve
movement between weekdays and weekends in July for the

same pair of station. The temperature rises caused by
heat-releasing business activities seem more detectable in a
cooler environment in winter. While in summer, the effect of
solar radiation should overwhelm the effect of heat released
from business activities on both weekdays and weekends.
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Fig. 6. The seven-day temperature difference between Fengshan-Linyuan stations in weeks of January.
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Fig. 7. The seven-day temperature difference between Daliau-Linyuan stations in weeks of January.
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Fig. 8. The seven-day temperature difference between Daliau-Linyuan stations in weeks of July.

Judging from the peak temperature differences around or
after noon in a cycle on weekdays, in addition to the
consequences of stronger solar radiation, the heat discharged
by air conditioners is considered crucial in warming the
downtown environment. According to the daily peaks in these
plots, there could be a temperature decrease by 2°C in
downtown areas on weekends. Similar evidences of warmer
weekdays are found in other cities, for example Melbourne
[10], Seoul [11], and Portland [12]. Explanations of
intensified heat island effect on weekdays involve higher
traffic density and more carbon dioxide emissions [12]-[16].

IV. CONCLUSION AND SUGGESTION

Results of most downtown-suburban temperature
differences present temporal characteristics consistent with
previous local studies, namely larger variations around noon
and more obvious heat island effect in summer. On average,
downtown-suburban temperature difference in January is
3.2°C and in July 5°C. Despite that the influence of economic
activities was obscure in the temperature difference curves
plotted on a 24-hour basis, economic activities are found to be
salient in explaining the observed temperature difference
cycles on weekdays and the absence of these cycles on
weekends. This temporal pattern of heat island effect seems to
emerge more frequently in winter than in summer and is
noticeable only when the temperature data of a station are
contrasted with that of a baseline station.

Mass transportation systems or green vehicles are still
recommended for urban traffic planning and the influence of
the heat discharged from air conditioners cannot be
overlooked. Future studies are suggested to examine the
specific physical settings in the surroundings of the
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monitoring stations rather than overall conditions of the areas
within which the stations locate. It is also suggested to
conduct quantitative analyses that include numeric variables
concerning human activities such as air conditioner density,
electricity used, and traffic flow in the estimation of the
intensity of heat island effect. These analyses should inform
us to what extent our behaviors contribute to the unbearable
hotter urban environment.
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