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The Urban Heat Island during the Snow Cover Period (1)
—— Observation —

By Toshio HARIMAYA and Takashi TANIGUCHI

Department of Geophysics, Faculty of Science, Hokkaido University

Takahiro OHIRA* and Chikashi HIRAMATSU
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Graduate School of Environmental Science, Hokkaido University

(Received November 19, 1984 )

Studies on the temperature and humidity structures of urban heat islands were carried
out at Iwamizawa, Hokkaido, Japan, both from January to March and in November, 1983.
The horizontal distributions of temperature, relative humidity and water vapor pressure near
the surface were measured by means of thermistor thermometers through automobile
traverses across the city, the vertical profiles of temperature and relative humidity were
measured at two observational points by using a modified radiosonde equipment attached to
a tethered balloon, and wind speed profiles were obtained through the pilot balloon method.

The observational results were as follows. Heat islands existed both in the daytime and
in the early morning of all days when observations were made. Regarding the nocturnal
heat island, the intensity on clear days was strong in comparison with that on cloudy days.
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And the diurnal heat island depended on freshness of snow cover surface and whether there
was bright sunshine or not.

On typical clear nights, the heat island intensities were nearly equal in the shallow and
deep snow cover periods and the horizontal distributions of temperature were similar.

Relative humidity was generally lower in city center and dense residential areas than in
rural areas, but in some cases the patterns were complex. And water vapor pressure was
higher in urban areas than in rural areas.

A multiple regression equation was applied between temperature and parameters such as
altitude, land use and distance from the city center point. It was shown that in the daytime
a fresh snow cover surface, which was considered to have almost uniform albedo all over the
city, made the fine structure of the heat island simple and weakened the intensity. On the
contrary, an old snow cover surface made land use more distinct and strengthened the
intensity. It was also shown that in the early morning, snow cover of about one meter in
depth made land use uniform, and the fine structure became simple.
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Fig.1. Observational area {Iwamizawa, Hokkaido) and sites
where temperature and humidity were measured.
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Fig. 2. Categories of observations in the daytime.
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Table 1. Heat island intensity in the daytime.

date  time(JST) warmest(‘C) coldest(‘C) hfﬁ:;j;?t‘;‘%oc)

bright sunshine
fresh snow cover

27 Jan. 14:00 2.7 1.3 1.4

1Mar. 14:45 —1.0 —2.5 15

23 Nov. 13:30 6.4 4.8 1.6
old snow cover

28 Jan. 14:00 6.5 2.8 3.7

9 Mar. 14:30 0.9 —2.2 ' 3.1

29 Nov. 13:30 5.9 —1.4 7.3

no bright sunshine
fresh snow cover

16 Mar. 14:00 2.3 —-0.8 31
old snow cover
28 Feb. 14:45 -3.0 —5.8 2.8
Csnow fall T
1 Feb. 14:45 —-1.7 —3.2 1.5

21 Nov. 13:30 3.9 2.0 1.9
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Fig. 3. Horlzontal dlstrlbutlon of temperature under the condi-
tions that there was brlght sunshine and the surface was
covered by fresh snow.
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Fig.4. As in Flg 3 except for the conditions that there was
bright sunshine and the surface was covered by old snow.



6 BEEREE - B0 K- KF OEH-PR 8

BhH > COBBAIE, 1.4~1.6COMEERL, b— T4 T2 FIZHr o7, BEIH K
EhE AR, 3.1~7.3C THENE, -7z, 272, HEALWESE, HEIHE- T3 L
gy, HOWENL ELIHZRABETH - 7.

INLDBRFRDS L, ROZEHVHRTE B,

O FHZIEHEHE—FRCHIOT, HRID D L, HHLBEITIT LT A~ FiC
LT, =747 F2HHTNS

@ HOMETR, MHHPIEBITCBMIC AT, BHENH B & ZICELEITIET
NR—FENELLT, E— T4 T Fiiao M H 5,

E—= T4 7Y FERICBIT 2 ECREOER, HMEND L= (11H 29 H, 15cm) s,
BME»¥1mbsreE (1A28H, 3A9H) o, BBETH-72. Zhid, WEHH 1 m
HLEEL, RECPHELLICLE T, BRETIIEORIIEEEIIE ST L >Tn55, B
BN 2T BT LD IRERAT L E DA TSN HET L2012, S VEEC KL
Aol bFEZL LN,

(b) B
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(radiative cooling)
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(no radiative cooling)

shallow snow cover

Fig.5. Categories of observations in the early morning.
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tions that the weather was clear and the ground was covered
by deep snow.
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Fig.7. As in'Fig. 6 except for the conditions that the weather
was clear and the ground was covered by shallow snow.
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Table 2. Heat island intensity in the early morning.

date time(JST) warmest(‘C) coldest(‘C) h?j‘ée‘i?tr;‘(‘,@

clear
deep snow cover

10 Mar. 05: 00 —5.4 —120 6.6
29 Jan. 06:00 0.8 —88 9.6
2 Mar. 05:30 —8.4 —16.0 7.6
17 Mar. 05: 00 0.7 -30 37
shallow snow cover
29 Nov. 00: 00 -13 —78 6.5
29 Nov. 05:00 —6.5 —11.6 5.1
Ccloudy T
deep snow cover
1 Mar. 05:15 —5.6 —86 3.0
shallow snow cover
24 Nov. 05: 00 3.6 14 2.2
30 Nov. 05: 00 49 —~3.6 8.5

SBINBHNL — 1 74 T+ FOME 2R L 12 0h Table2 Th 5. BNIHENE—FTA 7
S ENMERL, Bo2HOFHICHNTHEDS 72, FLTHEALZEAICOVTE, EE»E0E
Xy, ShVEELEHET D, BOCREOBHE— LT A I Fatn LD Thaa, I
HEHINBE P —ThE NI EA#EETIUL, MBIITEAEE > TR0 EARLTRETH S,
BB HOME e — L T4 5> FERIC S T T R8I, SVETR~NLNG, 2 BMEICA
A ROh A o2 2 SIZBL T, = P (KR - IBESE, 1985) <, MEEEIC Lo T
BEND,

2, BEOKEDH

B OMAHEE, 1061009 b 6 FlI3ERLER & B AR EMATIIM L~ TELC, 3R 46138
Motz RL 72, RHROMMNRER, 86109 b 4 FlUIEGER & BLEEBRD T HHEAD - 72,
Lo L, SICHEGER E B EBHDFHEL - 726155 1BH 1D, Fig. 8 & 5 oML %R
THI 3B B - 72,

KEBERETAS &, BPIZ 10 HD ) 5 6 BHIERGER & B EBMATIM NG - 7297, 3
BlUIRR LS H 2R L, B 1B ER.08 & B EBRD T A& - 72, B OKE
SR, 8BITNTFig 9k 5 ICHLERSE L EEBHATN L) & o 72,

INLDMRE E LD &, HAHEEIIELGES & OB L EER CRCEES S 55T, HHEL
ZERAHERT Z e S o7z, ZHZ Lid Oke (1978) b BN LN T3, KERTEIE, H
PSRRI L A5 2 RT L DOHEBID - 72755, BWLEHE L UBELEERN L EL -2, NG

(1983) = & tud, #TII ANFAECEEEE 2 K2k > T, SROKERIKRATICHS
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Fig. 8. Horizontal distribution of relative humidity.
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Fig.9. Horizontal distribution of water vapor pressure.
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Fig. 10. Vertical distributions of temperature, relative humidity
and wind speed.
ITRETH 723 A 10 HRHD L % Fig 10 1R, sV sY, #0100 m LITF,
HAT170m LUFICHFEL 72, TE 130 m 3 T, #OGankrsREr» &<, #250m BTl
BWT B (0.98°C/100 m) (ot » T 7z, FMHEEEIE, T/ 130 m % TIIELOFH 2K - 72,
BagiL, 250 mAHE TIZIZEL { B> T BiIniE, BLnFrhEh oz,

v, % =

HEBHND S BRI BT 2 KRB, WESAOEE, hEoLfE, #RorsnlElEL s
$oTELYS, 2L TLFIHOEIZ, BENHEL ST 2, ZOBEEY, FhoH HEE
CRIZT R L L DB TANS -0, Leducetal (1981) & FfENFEHET, BMEINRE

(BREEMIERA) &, WELOEE - LHFIA - o b NERD =D BMHZER L Hific, (1)
RTRENBHOEBBRRLBEAL 7.

T =by+ by-A+ b-C + b+ D (1)
ZZC TREEINLER (C), ARBESOEEREE (m), CEERMANSA7 (14
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Table 3. Partial regression coefficient and standard error.

date  time(JST) bo by be by o
bright sunshine/fresh snow cover
27 Jan. 14:00 2114 0.014 0.004 —0.186 0.261
1 Mar. 14:45 —1.371 0.004 0.048 —0.229 0.388
23 Nov. 13:30 5.893 0.009 0.046 —0.269 0.218
bright sunshine/old snow cover
28 Jan. 14:00 4.390 . 0.032 0.330 —0.541 0.597
9 Mar. 14:30 —1.119 0.019 0.272 —0.206 0.629
29 Nov. 13:30 0.585 0.018 0.822 —0.023 1.939
" no bright sunshine/fresh snow cover T
16 Mar. 14:00 1.314 —0.015 0.247 —0.368 0.476
no bright sunshine/old snow cover
28 Feb. 14:45 —4.463 0.017 0.192 —0.296 0.486
Csnow fall T
1Feb. 14:45 —2.996 —0.006 0.184 0.056 0.333
21 Nov. 13: 30 3.255 —0.003 0.125 —0.199 0.318
clear/deep snow cover
10 Mar. 05:00 —8.553 0.076 0.163 —-0.771 0.986
29 Jan. 06:00 —6.330 0.090 0.556 —0.257 1.703
2 Mar. 05:30 —13.701 0.056 0.721 —0.063 1.740
17 Mar. 05: 00 —1.911 0.035 0.386 —0.232 0.822
clear/shallow snow cover
29 Nov. 00:00 —4.983 0.051 0.459 —0.281 1.214
29 Nov. 05: 00 —10.161 1.170 0.336 —0.340 0.739
" cloudy/deep snow cover T
1 Mar. 05:15 —7.851 0.010 0.313 0.102 0.610
cloudy/shallow snow cover
24 Nov. 05: 00 1.610 0.028 0.169 —0.134 0.404
30 Nov. 05:00 —3.479 0.037 0.949 0.421 2.164

56) T, Leduc et al. (1980) D3 ¥ %M -7z, D i3#lES No. 11 (Fig. 1 28) » & 0l
(km) TH B, b, b, be, b IHRERFETH Y, FHERE L L iz Table 3Rl 2.

&5z, Rl & D DHAEK & OBEMHBIRE racy, il & 1EE & DRMEBIRE 7raco, KA

& A & DRAEBIREL 7rean, SR & B G & OBERE & DIRAEBIREL 7owe £FHH L, Table

41 L7, Rl & IR & DIRAHBIREL rrcan IKHEHT 2 &, UTOZ LML -1,

(a) B

OHECHRY  H-72Hi20.13~0.22 T, BEITh>7HD 0.48 L VIS ufBEZRL L2,
L72h - T, HHEIE, BBY»H 2550 3EMAREH—T5E w2 5.

QB TIIHE S -7 HI2 0.41~0.51 T, BEA LD -7 HD 0.39 & )RR KREVUR

3

BUREE TR TD, 0.27~0.82 TH N, 0.19 i L TRII NV KE W), Lid» T, H#EI,
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Table 4. Multiple correlation coefficient and partial correlation coefficient.

date time(JST) Yxacm Yracco) Yrcan Yrpac)
bright sunshine/fresh snow cover
27 Jan. 14:00 0.673 0.518 0.162 —0.440
1 Mar. 14:45 0.524 0.107 0.130 —0.375
23 Nov. 13:30 0.789 0.436 . 0.222 —0.644
bright sunshine/old snow cover
28 Jan. 14:00 0.816 0.511 0.509 —0.527
9 Mar. 14: 30 0.630 0.321 0.419 —0.219
29 Nov. 13:30 0.496 0.104 0.413 —0.008
"“no bright sunshine/fresh snow cover TS
16 Mar. 14: 00 0.795 —0.331 0.484 —0.468
no bright sunshine/old snow cover
28 Feb. 14:45 0.696 0.361 0.389 —0.385
Tsnow fall T
1Feb. 14:45 0.585 —0.210 0.508 0.114
21 Nov. 13:30 0.697 —0.100 0.388 —0.395
clear/deep snow cover
10 Mar. 05: 00 0.747 0.653 .0.174 —0.472
29 Jan. 06:00 0.596 0.510 0.320 —0.103
2 Mar. 05:30 0.539 0.339 0.405 -0.025
17 Mar. 05: 00 0.660 0.432 0.449 —0.190
clear/shallow snow cover
29 Nov. 00:00 0.600 0.425 0.375 —0.157
29 Nov. 05:00 0.795 0.729 0.437 —0.301
"“cloudy/deep snow cover T
1Mar. 05:15 0.527 0.178 0.481 0.114
cloudy/shallow snow cover
24 Nov. 05: 00 0.715 0.614 0.408 —0.222
30 Nov. 05:00 0.462 0.190 0.424 0.132

HE S B THARAIC L 2 B2 RESTBHAI DL L2 5,

(b) B#

BRDEAIR, BEHRHOETIC & » TRIESTHICRITTEEONEIENT S, 22T, K
FRAOEEL LT, [REBE L DRBERE raco Z RS (7racw PR EWIT RGN HID
GEV).

OE|EH» ¥ 1 m b - BT, BRSNS HIS A - 72 (rn(cn)=0.51~0.65)‘ i3, &
WA & DRAEBIMRE 7rcam 12 0.17~0.32 &/ 3 v, A THLBEHGHL T - 72 8 (raen =
0.34~0.43)1%, 7rcan 13 0.41~0.45 L RE (%D, 512, 8572 H (Fracn =0.18) 113, 7rcan
120.48 2 K& %D,

QOEH 0 ~20 cm & A% R TIE, BOHEHIVED 5 12 B (#raen=0.61~0.73) L 5b -
2B (7rac=0.19) b, %rcan 3FNFN0.41~0.44 & 0.42 TITTHL .
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