
ABSTRACT

In this study, the effects of an urban thermal en-
vironment on air quality were investigated using
hourly surface weather observation data and air
quality data over six summers from 2000 to 2005 in
two cities on the Korean Peninsula. One, the city of
Daegu, is representative of basin topography and
the other, the city of Busan, represents a coastal
area. It is known that the characteristics of an urban
thermal environment are represented as an “urban
heat island”. Here, we focus on the nighttime urban
thermal environment, which is called a “tropical
night”, during the summer. On tropical nights in
Busan, the temperature and cloud cover levels were
higher than on non-tropical nights. Wind speed did
not appear to make a difference even on a tropical
night. However, the frequency of southwestern winds
from the sea was higher during tropical nights. The
prevailing southwest winds in all areas meant an
inflow of air from the sea. So at most of the air qua-
lity stations, the ozone concentration during tropical
nights was lower than during non-tropical nights. In
Daegu, the tropical nights had higher temperatures
and cloud covers. Despite these higher tempera-
tures, the ozone concentration during the tropical
nights was lower than that on non-tropical nights at
most of the air quality stations. This feature was
caused by low irradiance, which in turn caused an
increased cloud cover. Wind speed was stronger dur-
ing the tropical nights and dispersed the air pollu-
tants. These meteorological characteristics of the
tropical nights reduced ozone concentrations in the
Daegu Basin.
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Urban thermal environment

1. INTRODUCTION

In recent years, urban thermal environments have
worsened. On days when the air temperature exceeds
30�C, sultry nights and heat strokes increase, due to
changes in terrestrial cover and higher anthropogenic
heat emissions from urbanization (MEJ, 2000). Extre-
me temperatures threaten people’s well-being in a sur-
prising number of ways. Each summer in the United
States, approximately 175 to 200 deaths are attributed
to heat waves and most of these deaths occur in cities
(Steave and Jone, 2003). Monton et al. (2001) showed
a significant increase in hot days and warm nights and
a decrease in cool days and cold nights across South-
east Asia and the South Pacific region since 1961.

In Korea, the overall temperature increase is not as
serious as above, but because of rapid urbanization
and industrialization warm nights have significantly
increased. A warm summer night is a “tropical night”
defined as when the minimum air temperature exceeds
25�C. Kwon (2002) found that the number of tropical
nights in Korea has increased to a ratio of 5 days/100
years.

Cities growing due to urbanization and human acti-
vities are large sources of atmospheric pollutants. Con-
sequently, interest has increased in urban air quality
and numerous related studies have been performed
(Cros et al., 2004; Martilli et al., 2003; Menut, 2003;
Kambezidis et al., 1995). These studies documented
atmospheric pollution in urban areas or explained
regional atmospheric pollution by the presence of an
urban heat island.

Dr. Crutzen suggests that anthropogenic heat flux
substantially influences air quality, which is aggravat-
ed by increasing demands on air conditioning in often
ill-ventilated cities, leading to further heating and the
release of CO2 (carbon dioxide) (Crutzen, 2004).

Similarly, tropical nights have several effects on
urban air quality. The power needed to compensate
for tropical nights requires significant additional gen-
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erating capacity, which contributes to urban air pollu-
tion. Elevated temperatures associated with tropical
nights accelerate the formation of smog. However, the
urban tropical nights also raise the mixing height under
which air is constantly mixed due to free convection
and turbulence above a city’s surfaces. This increase
in mixing height reduces smog by dispersing air pollu-
tants into a larger volume of air.

The primary purpose of this study is to examine how
the two contradictory effects influence air quality.

The objectives of this study are to understand the
meteorological characteristics of tropical nights and
to investigate the effect of urban thermal environment
on air quality. These are achieved by analyzing obser-
vation data such as temperature, wind speed, wind
direction, relative humidity, cloud cover, and ozone
concentration on tropical nights compared with this
data on non-tropical nights.

2. DATA AND METHODS

Data used in this study was obtained from the Korea
Meteorological Administration (KMA) and consists
of surface observations at Busan, Daegu, and nearby
surface observations at Gumi and Miryang (Fig. 1).
The air quality data was obtained from National insti-
tute of Environment Research (NIER). A tropical night
is defined as when air temperature exceeds 25�C. This
means the daily minimum temperature is higher than
25�C. We used a relative approach for a tropical night
definition. In the study area, there are many AWS sta-
tions. So, for the analysis of air quality, the tropical
nights in Busan and Daegu are defined as occurring
at more than two AWS sites in study area.

To investigate the meteorological characteristics of
tropical night, we analyzed hourly surface weather
observations and air quality data with no rain for 6
summers in Busan and Daegu metropolitan city. We
analyzed hourly temperature, wind speed, wind direc-
tion, relative humidity, and cloud cover and compared
those to non-tropical nights.

Busan, the second largest city in Korea, is located in
the southeastern part of the Korean Peninsula, and has
a population of about 4 million people. Daegu is locat-
ed inland, southeast of the Korean Peninsula, surround-
ed by high mountains in the northeast and south, and
is representative of basin topography. Daegu has long
been notorious for its hot summers.

3. RESULTS

3. 1  Tropical Nights
Table 1 shows the number of tropical nights from

2000 to 2005. In 2002 and 2003, the frequency of tro-
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Fig. 1. Weather stations and topography of Busan (a) and
Daegu (b). The black circles indicate AWS. Air quality sites
are marked by triangles.

Table 1. Tropical nights during summer (2000-2005).

Busan Daegu

Tropical Non-tropical Tropical Non-tropical
night night night night

2000 11 16 8 11
2001 13 27 12 32
2002 6 41 10 23
2003 3 34 1 16
2004 23 32 11 28
2005 17 37 10 33

Total 73 187 52 144
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pical nights was low because those years were influ-
enced by El Niño. In Korea, during El Niño, there is
a slight tendency toward cooler summers and warmer
winters (Cha and Oh, 1992). Tropical nights occurred
an average of 12 days and 8 days yearly in Busan and
Daegu, respectively.

3. 2  Busan
The summer atmospheric conditions in Busan start-

ing from June are influenced by the North Pacific
high-pressure system, with prevailing southwesterly
wind systems. In general, though the diurnal summer
temperature range is large, the drop in temperature
from the daily maximum to the nightly minimum still
leaves hot nights .

Fig. 2 shows diurnal variations of temperatures dur-
ing tropical nights in comparison with non-tropical
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Fig. 2. Comparisons of hourly averaged temperature during tropical nights and non-tropical nights.
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Fig. 3. Comparison of cloud cover at BRMO during tropical
nights and non-tropical nights.



nights. When tropical nights occurred, the temperature
was higher than those of non-tropical nights at every
observation station. Fig. 2(h) shows the time series of
temperatures in Miryang for the same period that tro-
pical nights occurred in Busan. Under the same synop-
tic conditions, tropical nights did not occur in Miryang.
Thus, tropical nights are a characteristic of urban ther-
mal environments. Temperature and cloud cover show-
ed that tropical nights occurred on relatively hot and
clear days. In general, clouds have a large impact on
the solar and terrestrial energy gains near the surface by
reducing the amount of solar radiation reaching the
surface and causeing daytime cooling. The thicker the
cloud, the more pronounced the cooling. However,
clouds also have a warming effect, because they emit
long wave radiation toward the surface. This warming
effect can be very pronounced at night, keeping mini-

mum temperatures higher than in clear-sky regions
(Steven and John, 2003) The low cloud cover during
the tropical night means that there was something to
set off radiative cooling at night. The maximum inten-
sity of the urban heat island recorded at night.

There was no difference in wind speeds even during
tropical nights (Fig. 4). In the stations at the Busan
Regional Meteorological Office (BRMO) and Buk-Gu,
wind speeds showed little differences (⁄0.5 m/s).
But wind direction changed during tropical nights.
Fig. 5 shows that the wind rose during tropical nights
in comparison with non-tropical nights. The results of
analyzing wind rose are a southwestern wind that is
considered a sea breeze blowing more during tropical
night and except Gemjung station and Buk-Gu stations.
In summer, the prevailing synoptic winds over Busan
are southwesterlies. Under weak synoptic conditions,
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Fig. 4. Comparisons of hourly averaged wind speed during tropical nights and non-tropical nights.
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Fig. 5. Comparisons of wind rose during tropical nights and non-tropical nights with stations.
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Fig. 5. Continued.
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Fig. 6. Comparison of relative humidity (a) and solar radiation (b) at BMO during tropical nights and non-tropical nights.
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Fig. 7. Comparisons of ozone concentration during tropical nights and non-tropical nights in Busan.



well-developed land-sea breezes are a prominent fea-
ture. In the case of tropical nights, land breezes at
night are weaker than during a non-tropical night
because the land did not cool off until late at night.
The patterns of wind direction at the Gemjung and
Buk-Gu stations are influenced by topography. The
Buk-Gu station is affected by the Nakdong River. The
Gemjung station is located on the Guemjung Moun-
tain. Thus, these two stations are influenced by local
topography.

Fig. 6(a) shows relative humidity at BRMO. During
tropical nights, the weather is more humid. Measured
radiance value shows that tropical nights followed a
clear day (Fig. 6(b)). As a result, tropical nights hap-

pened when the weather was clearer (the evidence of
clouds and radiation in comparison with non-tropical
nights). These conditions created a high ozone con-
centration.

The tropical night effect is evident mainly in metro-
politan areas where the buildings and paved surfaces
tend to emit radiation at night. The result is an increase
in ambient air temperature in urban centers relative to
the surrounding areas. To investigate the effects of
tropical night on air quality, we focused on ozone,
which is a major environmental concern because of
its adverse impacts on human health, including its
effects on agricultural crops. Emissions of nitrogen
oxides (NOx) and volatile organic compunds (VOCs)
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Fig. 10. Comparisons of wind rose during tropical nights and non-tropical nights.
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from both manmade and natural sources react in the
presence of sunlight to form ground-level ozone. Ele-
vated ozone concentrations are associated with warm
temperatures. Emissions of biogenic hydrocarbons
increase with temperature, as do evaporative emissions
of anthropogenic volatile organic compounds. These
increases in emissions can be associated with increased
ozone. Meteorologically, high temperatures are frequ-
ently associated with high pressure stagnant conditions
that lead to suppressed vertical mixing and elevated
ozone levels.

Detailed studies of high ozone concentrations in
Busan have found that increased atmospheric stability
in low altitudes due to sea breeze penetration to the
city in early afternoon restricted the vertical mixing
of photochemically produced ozone and contributed to
ozone pollution near the surface. In addition, ozone
and its precursors can be transported to the sea with a
land breeze, accumulated on the sea, and returned to
the land in the daytime with the sea breeze (Oh, 2003).

As mentioned, the meteorological characteristics of
a tropical night can create a high ozone concentration.
Fig. 7 shows an averaged time series of ozone concen-
tration during tropical nights in comparison with non-
tropical nights. At most of the air quality stations, the
ozone concentration during tropical nights was lower
than that of non-tropical nights. In the nighttime, the
difference was large between the ozone concentration
during tropical nights and during non-tropical nights.
This means that meteorological characteristics of tropi-
cal nights create low ozone levels. Wind direction is
partly responsible. The prevailing southwesterly wind
in all areas means an inflow of clean air from the sea.
In addition, high temperatures during tropical nights
can increase mixing height and disperse pollutants
higher.

In summary, a low level of ozone concentration dur-
ing tropical nights is caused by changing wind direc-
tion. In other words, inflows from the sea result in
good ventilation in urban areas. Therefore, the ozone
concentrations are lower despite the higher tempera-
tures.

3. 3  Daegu
Deagu had an average of eight tropical nights a year.

Under the same synoptic weather conditions, the daily
minimum temperature of Daegu was higher than in
nearby Gumi. Fig. 8 shows hourly averaged tempera-
tures during tropical nights in comparison with non-
tropical nights. The temperatures in Gumi were on the
same days as tropical nights in Daegu. The minimum
temperature in Gumi was lower than 25�C, meaning
that the tropical nights of Daegu were the result of an
urban thermal environment.

Fig. 9 shows the hourly averaged wind speed in
downtown Daegu. Unlike Busan, the wind speed here
is a special feature of tropical nights. Wind speed is
about 2 m/s on average during tropical nights and
about 1 m/s during non-tropical nights both more ap-
parent at the Seo-Gu station. Wind speed is faster than
for non-tropical nights and disperses air pollutants.
The prevailing wind system of Daegu is easterly in
summer. On tropical nights the wind direction changes
to westerly (Fig. 10).

Cloud cover from 3 AM to 9 PM during tropical
nights was higher than on non-tropical nights (Fig. 11).
This is very interesting because we suggest that this
cloud cover can be made of ascending urban air. This
needs a more complicated analysis of cloud depth and
classification for clouds.

Relative humidity is higher than on non-tropical
nights (Fig. 12(a)). This results from the change of
wind direction. When tropical nights occurred, the
wind direction changed from easterly to westerly.
Daegu is surrounded by mountains, and DMO station
is affected by this during tropical nights.

In Daegu, tropical nights had higher temperatures
and relatively higher cloud cover. Clouds have a large
impact on the solar and terrestrial energy gains near
the surface by reducing the amount of solar radiation
reaching the surface (Fig. 12(b)), and they have a
warming effect, because they emit long wave radia-
tion toward the surface. This warming effect can be
very pronounced at night, keeping minimum tempera-
tures higher than in clear-sky regions.

Fig. 13 shows an averaged time series of ozone con-
centration during tropical nights in comparison with
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Fig. 11. Comparison of cloud cover at DMO during tropical
nights and non-tropical nights.
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Fig. 13. Comparisons of ozone concentration during tropical nights and non-tropical nights in Daegu.
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Fig. 12. Comparison of relative humidity (a) and solar radiation (b) at DMO during tropical nights and non-tropical nights.



non-tropical nights. At most of the air quality stations,
ozone concentration during tropical nights is lower
than that of non-tropical nights. This feature is caused
by low irradiance. In other words, the condition of tro-
pical night is blocked to produce ozone photoche-
mically. Wind speed is strengthened during tropical
nights and disperses air pollutants. These meteorologi-
cal characteristics of tropical nights can reduce ozone
concentration in the Daegu Basin.

4. CONCLUSIONS

Heat pollution and air quality in cities are becom-
ing serious issues due to urbanization. This study ana-
lyzed the meteorological characteristics during tropi-
cal nights characterized by the currently increasing
city’ thermal environments and the effect of tropical
nights on city air quality.

Tropical nights are defined as a minimum tempera-
ture of more than 25�C at night measured at two wea-
ther stations in a certain area in the study. Character-
istics of meteorological factors during tropical nights
are compared and analyzed against to characteristics
of normal days. In Busan, tropical nights occurred
during days with a little cloud cover and sufficient
radiance and when the wind direction changed. In
Daegu, the wind direction changed and tropical nights
occurred during days of heavy cloud cover and weak
radiance more frequently than during other days.

The ozone concentration of tropical nights is com-
pared to that of normal days in order to understand
the effect of tropical nights on air quality. When the
tropical nights occurred, the total ozone concentration
decreased due to the high-level mixing height arising
from thermal factors of tropical nights in Busan. How-
ever, in case of Daegu, the horizontal transportation
due to an increase in wind speed during tropical nights
made the ozone concentration lower under the condi-
tion that increasing cloud cover and weak radiance
prohibit the generation of ozone photochemically.

In this study, we analyzed the relations between the
urban thermal environment and urban air quality in
two local areas using the surface observation data. It
is expected that if we applied these results to a numeri-
cal simulation to evaluate the effect of urban thermal
environment on air quality quantitatively, more com-
plicated mechanisms between the urban thermal envi-
ronment and urban air quality in local areas could be
better understood.
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