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Space—Time Characteristics of the Urban Heat Island in Summer and Evaluation
using Wet Bulb Globe Temperature in Osaka City

Keiko MASUMOTO

Abstract

In the summer of 2008, the number of heat stroke patients who visited the emergency hospital in
Osaka City exceeded 410. This number was the highest in 5 years. The sea lies to the west of Osaka City,
and the data recorded by the Heat Island Monitoring Network of Osaka City show that exhaust heat
moves from the center of the city to the east because of the sea breeze during the daytime in summer. In
2007, the East Monitoring Station recorded the air temperature as »40°C, which was approximately 2°C
higher than that recorded by the representative station of the Japan Meteorological Agency (JMA). The
space—time distributions in terms of “days according to classification of the temperature” were compared
with respect to “degree hour (DH).” Although both indices, days and DH, showed that the distribution is
high during daytime in the eastern part of the city, the distribution during nighttime was different. During
nighttime, the DH was higher at the East Monitoring Station than in the central part of the city, but the
number of days was not higher.

In August 2008, the wet bulb globe temperature (WBGT) was measured at the East Monitoring
Station; this WBGT was compared to that measured at the representative station when the Ministry of the
Environment (MOE) issued a warning regarding the possibility of a heat stroke. As a result, the time in
the warning level at the East Monitoring Station was longer than the representative point. It was found
that regions should be taken into consideration when issuing a warning regarding a heat stroke.
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Table 1

The number” of heat stroke patients in

Osaka City
LR bbb b= T AT NBRPFET D RK Year No. of Patients Patients per million
DI ZRERTHTER Tl BAIEZR L O REERBE T A3 HE N 2005 172 65.3
T2LER D5, 200845 | KBTI TiE, 2wkt 2006 240 91.1
FCHEE S AV BV E BB D $3400% 8 % 7-(Table 2007 339 128.6
1), EHE, EREBATFEY CTAZILAL. HAT 2008 413 156.7
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Table 2 Classifications of the temperature level in

summer
Time Class Daily air
zone | Defined name in Japanese | temperature (°C)
Day ‘Manatsubi’ Thax = 30
Day ‘Moushobi’ Thax = 35
Night ‘Nettaiya’ Tmin = 25
Night Extremely Hot Night* Tmin = 28"

* Undefined by Japan Meteorological Agency (JMA)

**Japan Ministry of the Environment recommends that
the temperature of air conditioning should be set to
28°C in the summer.
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Table 3 T, for calculating the DH for each class

Time Class Tc (°C)

Day ‘Manatsubi’ 30
h=7:00 - 19:00 ‘Moushobi’ 35

Night ‘Nettaiya’ 25
h=19:00 = 7:00 | Extremely Hot Night 28
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Fig. 2 Distribution of the number of ‘Nettaiya’ (nights)

total for 3 months from July to September in 2008

Osaka City Monitoring Network (48 points)

Fig.1 Location map of JMA-MOE station (A) and
Bast observation station (@) in Osaka City
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Fig. 3 Distribution of the number of ‘Nettaiya’ DH (°C hour)

total for 3 months from July to September in 2008
Osaka City Monitoring Network (48 points)
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Fig. 4 Distribution of the number of Extremely Hot Nights
total for 3 months from July to September in 2008
Osaka City Monitoring Network (48 points)

305 0w

725

07

669

650

i 50 il 18 0% 0k

Fig. 6 Distribution of the number of ‘Manatsubi’ (days)
total for 3 months from July to September in 2008
Osaka City Monitoring Network (48 points)
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Fig. 8 Distribution of the number of ‘Moushobi’ (days)
total for 3 months from July to September in 2008
Osaka City Monitoring Network (48 points)
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Fig. 5 Distribution of the number of Extremely Hot Night DH
(°C hour) total for 3 months from July to September
in 2008

Osaka City Monitoring Network (48 points)

e
1254
1081

o0g

735

562

1} 50 100 180

Fig. 7 Distribution of the number of ‘Manatsubi’ DH (°C

hour) total for 3 months from July to September in
2008

Osaka City Monitoring Network (48 points)
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Fig. 9 Distribution of the number of ‘Moushobi’ DH (°C

hour) total for 3 months from July to September in
2008
Osaka City Monitoring Network (48 points)
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Table 4 The risk level of heat disorders proposed by
the Japan Amateur Sports Association (1994)

WBGT (°C) Level Recommendation
a1 ‘Danger’ Stop exercises in principle
96 ‘Alert’ Stop severe exercises
o ‘Advisory’ | Take rests frequently
‘Caution’ Frequent hydration
21 almost safe | Proper hydration

Table 5 Difference in the air temperature, WBGT,
and risk level between the central and the
eastern parts of Osaka City between July 31
and August 15, 2008

JMA-MOE | East monitoring
station station
(center) (east)
Average air temperature”
during the period (°C) 30.3 30.6
Average WBGT™
during the period (°C) 26.9 27.8
Period of 'Danger’ level
3 5
(hour)

* Japan Meteorological Agency (JMA)
skJapan Ministry of the Environment (MOE)
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Fig. 10 WBGT at MOE station and East observation station in Osaka City from July 31 to August 15, 2008
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