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Vertical Temperature Profiles with Light Breezes at Night
in Urban and Rural Areas of Obuse, Nagano
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Abstract

This paper describes the vertical structure of the nocturnal heat island in a small town.
Tethered balloon soundings were conducted 180 times in and around an urban area on nights
with light winds from March 2003 to May 2005. Surface inversions developed not only in rural
areas but also in urban areas. Surface inversions developed quickly after sunset at the rural
site, whereas development was slower at the urban site. At six hours after sunset the vertical
temperature profile in the urban area was the same as that in the rural area. Heat island
formation in the small town was related to the delay in the development of surface inversion in
the urban area. The crossover effect can be seen in only three of 23 surveys for which vertical
soundings were performed in both urban and rural areas.
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Fig.1 Research area of study.
U: Urban observation point, R: rural observation point.
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Table 1 Observation dates and meteorological conditions.

Rur] T Obs time |Sunset |_Rural windCloud [Obs. Site_] [Run T Obs_time |Sunset] Rural wind [Cloud|Obs Site
Ro Date  IStart JEnd |Time [um/s) dr |Cover[Urban|Rural] | No | U™ [Start [End |Time [u(m/s) dir |CoverUrban|Rural
1| 200473715 | 21.20| 2142| 1758 | 00 -] 0 O | [ 912004710728 21:28] 2157] 16565 | 05 S | © 5]
2| 200473719 | 2305 | 2312 1756 | 09 - | © O || 92| 200410728 |2208| 2225|1655 | 06 s | 0 | O
3| 2004/4/1 | 2126|2197 | 1809 | 00 - | 10 O || 93] 2004710728 | 2300 2317|1655 | 06 S | © o
4| 20047471 |2215|2224| 1809 | 00 - | 10 | O 94| 2004/11/5 | 2043|2103 1647 | 19w | 2 o
5| 2004/4/1 | 2241|2251 [ 1808 | 00 - | 10 O || 95| 200871175 | 2104 2124|1647 | 12 s | 7 o
6| 200474729 [2107|2135| 1834 | 06 - | o | O 96| 2004/11/5 [21:41[2157| 1647 | 05 s | 6 | O
7| 200474730 | 2114|2137 | 4835 | 16 n | 10| O 97| 2004/11/5 [22:05| 2221|1647 | 07 S| 4 | O
8| 20044730 | 2202 |2223| 1835 | 21 N | 10 O || o8| 200a/1175 |22:40| 22:59| 1647 | 09 s | 5 o
9| 2004/5/1 |2045|2107| 1836 | 09 s | o O || 99| 200871175 | 2300 | 23:20| 1647 | 08 W | o o
10| 2004/5/1 |2147| 2141|1836 | 14 E| 0 | O 100| 200471176 | 2039 | 2106 | 1646 | 13 5 | 4 o
11| 2004751 | 2142|2204 ( 1836 | 13 N | 0 | O 101| 2004/11/6 |21:08(21:23| 16:48 | 13 W | 7 O
12| 200475/1 | 2223|2246 | 1836 | 12 w| o 0 | | 102| 200471176 |2140| 2158 | 1646 | 09 N | 8 | O
13| 2004/5/6 | 2105|2130 1840 | 23 E| 0 O || 103| 200471176 [21:59 2218|1646 | 07 s | o | O
14 2004/5/6 | 2206|2229 1840 | 00 s | 0 | O 104| 2004/11/6 |22:41| 2300|1646 | 15 S | 10 o
15| 2004/5/6 |22:47|23:02| 18:40 0.0 S 0 (=] 105| 2004/11/6 |23:01|23:21) 1646 | 1.3 w 10 m]
16| 2004/5/14 | 2150|2210 1847 | 09 - | 0 | O 106{ 2004/11/7 | 2026 [ 2051| 1645 | 09 s | 0 o
17| 2004/5/21 | 2053|2112 1852 | 06 N | 0 O | | 107] 200471177 |2052|21:14| 1645 [ 11w | o o
18| 2004/5/21 | 2134 2157| 1852 | 07 w| o | O 108| 200471177 2131 |21:55| 1645 | 00 E | 0 | O
19| 2004/5/25 | 21.30 2148 | 1835 | 09 N | © 0 | | 108] 200471177 |21:56 2218 | 1645 | 05 s | 0 | O
20| 2004/5/25 | 2203|2223 1835 | 11 w| o | O 10| 2004/1177 | 2232 | 205¢| 1645 | 00 - | 6 o
21| 2004/5/25 | 2223 (2241|1835 | 08 w| o | O 111] 200871177 | 2256 | 22:09| 1645 | 00 - | 10 o
22| 2004/5/25 | 2255|2313 | 1835 | 06 G | 0 O | | 112] 200471177 |2317| 2334|1645 | 08 © | 6 o
23| 2004/5/26 | 2100 (2122|1856 | 05 w| 5 | O 113 200471179 |20:30| 2101 16:43| 10 s | o o
24| 2004/5/26 | 2138|2204 | 1856 | 15 N | 5 O | | 114] 200471170 |2102 (2127|1643 | 11 s | o o
25| 2004/5/27 | 2051|2108 | 1857 | 16 S | 10 O | | 15| 2004711723 2016 | 2040] 1634 | 11 w | o o
26| 2004/5/27 | 21:28| 21:30 | 18:57 12 N 10 116| 2004/11/23 | 20:41 [ 21:03 | 16:34 12 w 0 a
27| 2004/6/4 |2101|2120( 1902 | 17 - | o D || 117| 2004711723 | 2120|2148 | 1634 [ 06 s | 0 | O
28| 2004/6/4 | 2136|2155 | 1902 | 11 S| 0 18] 2004/11/23 | 21:58 | 2210|1630 | 07 w | o | O
29| 2004/6/4 | 2211|2230 | 1802 | 09 5| 0 0 | | 119] 2008711723 | 22144 | 2303 | 1634 | 08 ¢C | o0 u]
30| 2004/6/4 | 2231|2248 1902 | 10 5| 0 O | | 120] 2004711723 | 2304 | 23:10| 1634 | 09 W | © o
31| 2004/6/4 |23:01)2322| 1902 08 sw| 0 [m] 121| 2004/12/2 |21:04|21:26 | 16:12 11 [of 0 [}
32| 2004/6/4 | 2324|2339 | 1902 | 08 sw| o | O 122| 2008/12/2 |21.27|2145| 1602 | 10 C | o o
33| 2004/6/5 | 2050|2106 | 1903 | 10 W | 0 O | | 123] 200471272 | 2211|2232 | 1612 | 08 nw| o | O
34| 2004/6/5 |21:25(2140| 1903 | 08 N | 0 | O 124 2004/12/2 |22:34|2251| 1612| 09 w | o | O
35| 2004/6/5 |21:42(21568| 1903 [ 09 w| o | O 125| 2004/12/2 | 2311 | 2325|1612 | 05 s | 0 o
36| 2004/6/5 |2213|2231| 1903 | 14 w| 2 0 | | 126] 2004/12/10| 2024 2046 1632 | 04 N | © o
37| 2004/7/19 | 22.41 1904 | 14 N| 5 0 | | 127] 2004712710 | 2046 2054 1632 | 12 © | 4 o
38| 2004/7/19 | 23:19 woa | 11 N| o | D 128( 2004/12/10 | 21:04| 2126 1632 | 08 N | © o
39| 2004/7/19 | 23:48 1904 | 00 N | 3 O | | 120| 2004/12/10| 2125 | 2150 | 1632 | 08 N | 0 | O
40| 2004/7/23 | 2227 1901 [ 04 S| 9 O | | 130] 2004/12/10| 2151 |22:08| 1632 | 05 N | 0 | O
41| 200477723 | 23:05 o1 | 07 S| 8 | DO 131] 2004/12/10| 2231 | 22:48| 1632 | 09 s | 0 o
42| 2004/7/23 | 23:23 | 23:42 | 19:01 12 S 9 m] 132| 2004/12/10 | 22:58 | 23:16 | 16:32 | 1.2 c 0 jm}
43| 2004/7/24 | 003 | 019 | 1901 | 07 E| 9 O | | 133] 2004/12/14 | 2021 | 2041 | 1632 | 13 C | o o
44| 2004/8/12 | 20:58 | 21:15 | 18:42 10 w 0 a 134| 2004/12/14 | 20:42 | 21:00 | 16:32 11 Cc 0 m]
45| 2004/8/12 | 21:17 1842 | 15 c| 4 O | | 135 2004712/14 | 2117 {2136 1632 [ 10 ¢ | o | O
46| 2004/8/12 | 2145 1842 | 08 -| 6 | O 136] 2004/12/14 | 21:45| 2202|1632 | 08 ¢ | 0 | O
47| 2008/8/12 | 22:05 1842 | 08 N| 4 | O 137| 2004/12/14 | 2220|2239 | 1632 | 15w | © o
as| 2004/8/1 | 2230 1842 | 11 N| 6 0 | | 138] 2004/12/14 | 22:41 [ 23.00| 1632 | 00 s | 0 o
49| 2004/8/12 | 2301 1842 | 06 - | 3 O | | 139] 200471215 | 2085 | 2112 1633 | 09 E | 0 o
50| 2004/8/13 | 21:33 841 | 11wl o O | | 140| 2004112715 | 2113 (2121|1633 | 07 ¢ | o o
51| 2004/8/13 | 21:48 1841 [ 09 W| 0 O | | 141] 2004/12/15 | 2147 2203 1633 | 06 s | 0 | O
59| 2004/8/13 | 22:26 a1 | 11 Nw| 0 | D 142| 2004/12/15 | 2205|2226 1633 | 08 s | o | O
53| 2004/8/13 | 22:50 1841 06 N| 0 [ DO 143| 2004/12/15 | 23:02 | 2318 1633 | 17 S | 0 o
54| 2004/8/13 | 2321 | 23:31 | 1841 | 00 w | o 0 | | 14a] 2004/12/15 | 2319 | 23:36 | 1633 | 08 s | 0 o
55| 2004/8/13 | 2344 | 0:00 | 1841 | 11 W | 0 O | | 145| 2005/4/1 |21:21 wos| 08 c| 0 o
56| 2004/8/15 | 2143 | 2208 | 1838 | 09 Nw| 1 O || 146| 2005/4/1 |2145|2200] 1808 | 04 © | 0 o
57| 2004/8/15 | 2223|2240 | 1838 | 17 - | 0 O | | 147 2005/4/1 |2224|2243| 1809 07 s | o | O
58| 2004/8/15 | 2254 |2306| 1838 [ 07 N | 0 | O 148) 2005/4/1 |2244|2258| 1800 | 11 N | o | O
59| 2004/8/15 | 23:.07 | 23:21 | 18:38 08 N 0 o 149 2005/4/1 [23:15)|23:28| 18:09 | 09 N 0 a
60| 2004/8/15 | 23:47| 001 | 1838 | 07 w| 0 O | | 150| z005/4/1 |23:34|2346| 1808 | 08 | 0 o
61| 2004/8/16 | 0:02 | 0:16 | 1838 | 04 N | 1 0 || 151] 2005/4/14 | 2038 20| 13 N | o0 o
62| 2004/8/16 | 2058 | 2113 | 1837 | 09 w | 9 a | | 152| 2005/4/14 | 2057 1820) 08 E | 0 o
63| 2004/8/16 | 2115 |21:31| 1837 | 12 N | 8 0 | | 153| 20054714 | 21:33 w2006 N| o | DO
64| 2004/8/16 | 21:47| 2200|1837 | 13 w| 2 | O 154 2005/4/14 | 2149 20| 05 N | 0| D
65| 2004/8/16 | 2207|2221 1837 | 11 N | 2 | D 155| 2005/4/14 | 2221|2234| 1820 | 09 E | 0 o
66| 2004/8/16 | 2238 | 2255 1837 | 07 W | 3 0 | | 156| 200574714 [2239[2250| 1820 | 17 nw| o o
67| 2004/8/16 | 228 | 2315 | 1837 | 05w | 7 O | | 157] 200574715 [21:04 (2148 [ 1821 | 16 N | o o
66| 2004/8/31 | 2112 |2130] 1817 | 08 Nw| 1 0 | | 18] 2005/4/15 | 2119 | 2130|1821 | 15 N | 0 o
69| 2004/8/31 | 21:32 | 2148 1817 | 11 N | 1 0 | | 159] 2005/4/15 |2145|2207| 1821 | 17 Ne| o | O
70| 2004/8/31 | 2205|2218 | 1817 | 10 N | 2 | O 160| 2005/4/15 | 2223|2238 1821 | 06 NE| 0 o
71| 2004/8/31 | 2218 | 2235| 1817 | 08 wNE| 3 | O 161] 2005/4/15 |2239| 2252|1821 | 08 N | © o
72| 2004/8/31 | 22:54 | 2306 | 18:17 | 05 Nw| 3 0 | | 162| 200574716 |2038|2055 | 1822 | 13 w | o o
73| 2004/9/19 | 21:58 | 2215 | 1748 | 15 N | 6 O | | 163| 200574716 |2101|2113| 1822| 10 ¢ | o o
74| 2004/6/10 | 2218 | 2234 | 1749 | 07 N | 2 0 | | 164| 2005/4/16 2128|2142 ( 1822 | 11 s | 0 | O
75| 2004/8/19 | 22:49 | 2304 | 1748 | 07 N | 0 | O 165| 2005/4/16 | 2143|2158 | 1822| 13 sE| o | O
76| 2004/8/19 | 2305)|2321| 1749 | 06 N | 0 | O 166| 200574716 2221|2234 | 1822 | 11 N | 0 o
77| 2004/9/1 | 2342|2359 | 17:48 | 13 w| 1 O | | 167| 200574716 |22:44|2256 | 1822 | 15 Ne| o o
78| 2004/9/20 | 002 | 024 | 1749 | 13w | 1 0 | | 168| 2005/5/3 | 2113 2128) 1837 | 08 W | 0 o
79| 2004/9/20 | 2044|2059 | 1748 | 07 N | o 0 | | 169| 2005/5/3 |2129|21-43( 1837 | 07 s | o o
80| 2004/9/20 | 2101 | 2115 1748 | 10 N | 9 0 | | 170] 2008/573 2212|2224 ] 1837 | 18 N | 0 | O
81| 2004/6/20 | 21:35 | 214 | 1748 | 11 N | 8 | O 171] 2005/5/3 |2238|2253| 1837 | 14 E | 0 o
82| 2004/9/20 | 2150 | 2213| 1748 | 07 w| 8 | O 172| 2005/5/3 |2254|2307| 1837 | 14 N[ o 5]
83| 2004/8/20 | 2230|2246 | 1748 | 14 C | 8 0 | | 173] 2005/5/5 |2059|2114] 1839 | 13 N | 0 5]
84| 2004/9/20 | 22:48 | 2306 | 1748 | 08 s | 9 O | | 174| 2005/5/5 [21:21|2135[ 1839 13 N | o o
85| 2004/10/6 (2108 2133 1724 | 14 s | 7 O || 175| 2005/5/21 |2046|2100( 1852 | 12 E | 10 o
86| 2004/10/6 | 21:49 (2207|1724 | 12 w| 5 | O 176] 2006/5/21 | 2102|2119 1852 | 14 E | 10 o
87| 2004/10/6 | 22:12 | 2220|1724 | 11 w| 2 | O 177| 2005/5/21 (2133|2149 | 1852 | 1.1 ~w| 10 | O
88| 2004/10/6 | 22:50 | 2316 | 1724 | 13 N| 0 O | | 178] 2008/5/21 |21:50)2207| 1852 | 10 w | 10 | O
89| 2004/10/6 | 2317|2336 | 1724 | 08 N | 1 O | | 179 200575721 |22:23|22:30| 1852 | 13 w | 9 o
90 2004/10/28 | 21:05 [ 21:24 | 1655 | 11 s | 0 0 | 180 2005/5/21 |22:40|2254] 1852 | 09 n | 8 o

C denotes calm and mark “—" shows no data. [] denotes cases in which obser-
vations were conducted.
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Fig. 2 Tethered balloon and observational car.

160 -
Table 2 Observational data used for comparing 140
urban and rural vertical profiles.

Obs.Time Cloud Amount i 120
No. ObsDate o i Fnd R1 Rz U3 Us R5 R °P° =
1 2004719 2241 010 X 5 0 X 3 x @ = 108
2 2004/8/12 20:58 2313 0 4 6 4 6 3 @ 5
3 2004/813 21:33 000 0 O 0 0 0 0 @ £ 80
4 2004/8/15 2143 016 1 0 0 0 0 1 @ @
5 2004/8/16 20:58 2315 9 6 2 2 3 7 = 60
6 2004/8/31 21:12 2306 1 1 2 3 3 x @ 3
7 2004919 2158 024 6 2 0 0 1 1 @ ]
8 2004/9/20 20:44 2306 9 9 9 9 8 9 @ E 4
9 2004/10/6 21:09 23:36 x 7 5 2 0 1 @O %
10 2004/11/5 20:43 23:20 2 7 6 4 5 9 = 20
11 2004/11/6 20:39 2321 4 7 8 9 10 10
12 2004/11/7 2026 2334 0 0 0 0 6 X @ B
13 2004/11/23 20:16 23:10 0 O O 0 0 0F 0
14 2004/12/2 21:04 2325 0 0 0 0 0 X 10 11 12 13
15 2004/12/10 20:24 2316 0 4* 0 0 0 0 Temperature (°C)
16 2004/12/14 20:21 2300 0 O O 0O 0 0O
17 2004/12/15 20:55 23:36 0 0 0 0 0 0
18  2005/4/1 2121 2346 0 0O 0 0 0 0 @
19 2005/4/14 20:38 2250 0 0O O 0O 0 0 @
20 2005/4/15 2104 2252 0 0 0 X 0 0 @ Fig.3 Vertical temperature profile at a rural site at
21 2005/4/16 20:38 22:56 0 0 0 0 0 0 23:36 on 6 October, 2004.
22 2005/5/3 21:13 2307 0 0 X 0 0 0
23 2005/5/21 20:46 22:54 10 10 10 10 9 8

*: Observations were made during either ascent or
descent of a balloon. X: Observations were not made 40
successfully. @ Case in which the crossover phenom-
enon appeared, @ Case in which urban area was
warmer than rural area only in a surface layer.
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Fig.4 Frequency distribution of nocturnal wind speed
at a rural observation point.
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Fig. 5 Vertical profile of mean temperatures in urban and rural areas during all seasons except summer. (Horizontal
axis denotes the temperature difference from the temperature at 10 m ahove the ground.)
a: 3 hours after sunset, b: 4 hours after sunset, c: 5 hours after sunset, d: 6 hours after sunset.
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Fig. 6 Vertical temperature profiles in urban and rural
areas when the crossover phenomenon appeared
(Cloud cover 0, West wind, about 23 o'clock,

August, 2004).

39



Hosei University Repository

1o e ; 100
Ol o R 90
» Usban O ! 80
120 {y SRR SRS S i
& i 70 F
5 € E
z = = 50 +
5 80 = 50
# i B
= 2 i 2 40 ¢
£ 80 ¢ . o
2 O | 30 b
;;,—_) 40 or . ,“_! 50 b
3 C = ! )
20 T — ; 10 -
o & ! 0
0 W i ) ~ R
7 8 g 10 11 1 (.05 0 0.05 0.1 0.15
Ternperature { 'C) Lﬂpse rate(K/m)
Fig.7 Vertical temperature profiles in urban and rural Fig. 8 Mean vertical profile in lapse rate of potential
areas when urban area was warmer than rural temperature.
area only in a surface layer (Cloud cover 0, (DCase in which crossover phenomenon appeared,
North wind, about 22 o'clock, 15 April, 2005). (2)Case in which urban area was warmer than rural area
only in a surface layer.
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Fig. 9 Relation between heat island intensity and rural
lapse rate.

@®: Case in which crossover phenomenon appeared, []:

Case in which urban area was warmer than rural area

only in a surface layer, +: Others.
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