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EXPERIMENTAL STUDY OF HEAT ISLAND PHENOMINA BY MOBILE MEASUREMENT
SYSTEM
HOLIZONTAL AIR TEMPERATURE DISTRIDUTION AT NIGHT IN THE OSAKA PLAIN
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ABSTRACT

There are 2 kinds of typically experimental method to survey urban heat island (UHI) phenomena: one is to
analyze air temperature differences between urban and rural meteorological observatories; the other is to monitor
horizontal temperature distribution by a mobile measurement from urban area to rural area. An advantage of the latter
method is high spatial density of measured data. This paper proposes mobile measurement system for observing
nocturnal urban heat island (UHI) phenomena and shows horizontal temperature distribution of the Osaka Plain. This
paper shows a case of coastal supercity, Osaka, which has climatological problems caused by urbanization. For
example, the daily minimum temperature has been kept high during the night in summer; the time to change from sea
breeze into land breeze has been later. In this paper the horizontal temperature distribution in the Osaka Plain has been
observed in the period of August - December 2005 using the mobile measurement system with GPS receiver. The
mobile measurement system enables to measure some parameters while moving extensively at high speed, so that
observation area during a few hours is expanded. The center of Osaka City had been higher than the average through
the observation period. In winter Osaka bay coastal part has been higher area, while in summer the eastern part of the
Osaka Plain has been higher area. The northern part and the southern part of the Osaka Plain have been found lower
temperature area. UHI intensity is defined differences between average temperature of the center of Osaka City and
that of the northern part or the southern part. Negative correlation between UHI intensity and infrared radiation has
been pointed out. The maximum value of UHI intensity is 5 degree C, which has been observed on Nov. 9th.
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GPS Figure 1 The number of sultry nights of Osaka from AMeDAS
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Table 1 Specific of the mobile measurement system
Instrument Item Specifications

Thermocouple Type T[CC] (0.1 «¢p)

Air temp., Surface temp.

in the shelter

Temperature range:-200 to 600

, Time constant T 1.1sec

Infrared Thermocouple Sensor (IRTS-P,CAMPBEL) Road-surface temp.

Accuracy:=+0.3 __ from

-10 to 55 |, Time constant T: 0.25sec

Pyranometer (MS-802,EKO INSTRUMENTS)

Solar radiation

Spectral range:300 to 2800nm, Time constant T: 2.0sec

Pyrgeometer (MS-202 EKO INSTRUMENTS)

Infrared radiation

GPS Receiver (16-HVS.GARMIN)

Spectral range:3 to 50pam, Time constant T: 6.7sec

latitude longitude UTC

NMEA(PGRMC),GPS accuracy:<15mRMS,95% typical

Data Logger (CR1000,CAMPBEL)

Error in TC(Type T) temperature: #=0.412
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Figure 2 A cross section diagram of the mobile measurement system
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Figure 3 Observation route in the Osaka Plain using expressways (the left figure) and a close-up of the center of Osaka City (the
right figure). A triangle mark in the left figure shows the weather station of Osaka City Univ. (OCU). A star mark shows the
Osaka district meteorological observatory.
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Figure 4 Air temp. and Surface temp. in the shelter
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Figure 5 Sample data of time-based corrections on Aug. 12"

4
41
4 2004 12 22
20[km/h]
20[km/h]
4.2
3
@)
7
1
§ 2 [\~ -2
oty =t; + 2 AT, -l /Zlik 1)
k=1 k=1
ct ti i
ATy i
k(1sks7) |
i k n
5 2005 8 12
3

4.3

3 A B C
6 2004
23 AB CD
GPS
AB CD
10
8
___— Altitude
7
g6
(o]
'_ .
5 Air temp.
—— Green park area g
4 . f . . . . . . .
© © 0 ©o [{] 0 ©o ©o (] ©o
4 o4 o o o o o o N o
o < [Te) ©o ~ © (2] o - N
NN N N NN »m o
- — — - — — - - — -
o o o o o o o o o o
A >B
90
80
70
60
1<
%50
240
<
30
20
10
0 .
4 5 6 7 8
Temp.
8
Air temp. 1
7
s 6
£
(5]
2
5
Altitude |
4 L L L L L L L L L L L L
< < < < < N N N N o o o o
o4 o o o3 o4 0 o o o I I F =
[=2] o — o~ ™ < Yol © ~ 0 [=2] o —
S o o o I o o o o o4 dJ d o
N N N N N N N N N N N N N
o o o o o o o o o o o o o
Cmmm >D
90
FromCtoD
B0 F——————— - - ————————————
70 |
60 fF--—-—--—--—-—-—-—--3
50 |
£
g 40fF--—-—-—————-—-———
2
< 30°f
20 |
WfF--—----———"-—-----%&_____
0 .
4 5 6 7 8
Temp.

90
80
70
60
50
40
30
20
10

12

Altitude m

Altitude m

Figure 6 Time series and relationship between air temperature
and altitude from the data measured on Dec. 23, 2004
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Table 3 UHI intensity between the
Table 2 Summary of the mobile observations center of Osaka City and the northern
At rooftop in Part or the southern part
the mobile observation [the Osaka district meteorological observatory f|ye story UHI intesity
Date, building of : between the center
Starting ocu Date, Starting f
) : of Osaka City and
Time(JST) s s ¢| Absolute Infrared Time(JST)
:\veragté | D. c WD. W'/ - Alm‘)d“"tg humidity | Radiation Northern |Southern
[degree C] | [degree C] [m/s] cloud [n.d.] [a/kaDA] [W/m2] Part Part
8/9. 23.00 305 038 Ssw 19 10 17.27 435 8/9, 23:00 13 -04
8/10, 3:00 28.8 0.6 WSW 2.2 5 18.12 439 8/10, 3:00 15 1.0
8/11, 23:00 315 0.8 W 3.1 17.37 426 8/11, 23:00 09 13
8/12, 3:00 293 06 WSW 18 2 18.67 419 8/12, 3:00 0.9 18
9/9, 2:00 25.6 05 NE 11 2 14.00 393 9/9, 2:00 05 10
9/15, 2:00 21.9 07 NW 29 6 12.56 408 9/15, 2:00 12 21
9/25, 2:00 236 03 N 32 - 11.33 418 9/25, 2:00 0.9 0.6
9/29, 2:00 20.1 0.7 NE 15 1 10.88 368 9/29, 2:00 13 28
10/13, 2:00 19.9 0.7 N 17 0 10.69 354 10/13, 2.00 13 22
10/18, 2:00 19.6 0.4 NE 2.0 7 9.33 376 10/18, 2:00 17 04
10/26, 2:00 16.1 0.9 NNE 15 - 7.59 317 10/26, 2:00 13 4.0
10/30, 2:00 15.2 05 NW 09 10 7.01 350 10/30, 2:00 13 18
11/9, 2:00 115 15 SSE 1.0 0 4.80 277 11/9, 2:00 5.0 5.0
11/15, 2:00 14.4 0.7 WNW 2.1 - 6.61 342 11/15, 2:00 0.7 3.0
11/25, 3:00 10.0 15 E 11 0 5.95 284 11/25, 3:00 39 2.2
11/27, 2:00 10.6 0.9 ENE 10 8 5.44 322 11/27, 2:00 2.5 0.9
12/11, 2:00 8.8 05 WNW 6.0 8 3.84 308 12/11, 2:00 - 1.0
12/20, 19:00 79 0.8 NNW 2.1 4 3.07 267 12/20, 19:00 - 3.3
12/20, 23:00 5.1 10 E 15 8 3.47 284 12/20, 23:00 34 39
12/21, 3:00 43 10 SE 1.0 9 3.59 289 12/21, 3:00 3.3 3.9
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Figure 7 Color maps about horizontal distribution of average deviation of air temperature in surface layer.
Round marks show weather station and value near those marks show air temperature.
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The Date of Mobile Observations

Figure 8 Trend of UHI Intensity
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Figure 9 Relationship between UHI intensity (the center of
Osaka City - the southern part of the Osaka Plain) and infared
radiation (the upper), and wind speed (the lower).
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Figure 10 Color maps about horizontal distribution of average deviation of air temperature in surface layer on Nov. 9"
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