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Introduction

ﬁ.mﬁmpn-genic heat gen!rated b:,r EnErgy oo
sumned in the cowrse of whan actiities-especially by
hmldir.g.'.,lrnl’fi:. and irrmurrplﬂys an impartant role
I wrban climates. It s one of the main causes of the
wihan heat island effect. which is respansible far nu-
mercas severe problems in urban areas. To be able to
couniter the effects of urban heat islands, we need to
deepen cur understanding of their variauws causes.

Lh present, the rnajﬂrity of the worlds' urhan dimate
studies are done in fapan Qe of our endeavors s to
share this accumulated knowledge with foreign re=
searchers. We hape ta help improve dlimate prablems
in other cities around warld, sspecially the rapidly
groving Asian mega-cilies.

Impacts on urban climate
Flany studies hawve addressed the impact of anthro-

pogenic heating on the urban climate of Tokyo. it has

been found that, in summer, the influence of shork
ware radiation is strong and the irflusrce of anthroe
pn-geni: Fieat is nel.mim:l].- small. bn winten, on the cone
trary, the irflusnce of shortwave radiation is relamﬂr
weak and the influence of anthropogenic heat pre-
wails.

Ini the 33 wards that comprise the inner-dty area of
Tokyo, the daily average value of anthropogenic heat
during surnmer is 32 Wim2 (Ashie et al,, 2004). That is
1fi% of the average daily imcoming solar radiation. In
winter in ceritral Tokyeo, the anthropogenic heat flux
exceeds 400 Wine during the daytime. The maximum
value was found to be 1590 WimPaen winter memings
when the area pxamined was divided into a grid of
250 = 250 m cefls [chinose et al, 1999). The sea
bresze in the Tokyo area is especially weak in wintes
fime, This mg:thcr with arﬂhrnpngrnic hr.ﬂl:irbg Causes
the farmation of a strong urban heat island.

EssHBNE

Sensinle (left) and ia‘re-nrlghli- anthropogenic heat in Tokyo (Ministry of Enaironment J003).
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L'nmp.ltrd k- mg'htwlnd directions araund Csaka mthlfrlghr_lzrbd mtl‘mrilzﬁjan:hmpn-g:nu: hesat
IMarurmi e al, 20020, The domain of these fiqures is dapicted by a red square in the left map.

Hlthough there are differences according to the sea
san. the ameant of anthropogenic heating at night is
lowwear than dunng the da:,rtime. Haorethele:s, because
nighttime shortwave radiation is nearly zeo, the ime
pact of anthropogenic heating an temperature is
three times as hr\ge as during dq't'rme (Mamwmi =t al..
0021 The imgpact of mgl'rﬂlne waste heat contmues
inta the early marnang. bn coastal areas such as Tokyo
and Osaka, when shormwave radiation weakens i the
aftermocn, anthrapogenic heating delays the regensti
tution of the land breeze.

Famous studies on anthropogenic heat conducted!
owrtsade af J-apan. such as those b].- O {1987, Grime
mond et al. (1961, and lﬂ:.lsik {1608}, have mainh' for
cused on wrban energy balances, anthropogenic heat
flux to the atmosphere compared with net radiation,
and sensible heat fiux from the ground surface to the
atmosphere. Annual average anthropogenic heat fluc
is about 20W mPar bess in Buropean and Monh Ameri
can cities (e.g. Oke, 1987), but 7 is greater than 30
Wi for the 23 wards of inner Tokya (2.9, Ashée at al,,
004).

0 the other hand, most studies on anthropagenic
heat in Japan hawve been arierted tawards the impacts
on urban climate and have aimed to find countew
measures fo mi!igahc wrban hmtingTht' b.rch.grmnrl
o this emphasis seems 10 be the fact that coastal
mega-cities in Japan show densely concentrated ur-
ban activity extending aver a very large area. Kimura
and Takahashi { 1951) used an!hmpn-gl:ni: he=at data as
inpul: fo a mesascale nurmerical sirmulation and deters
mined the eatent of urhan warming caused by anthro-
pn-geni: herat emissions in Tal:yr.\ jchinose era|.|:1§l;é|
gave high-resoletion time-series and spatial data for
anthropagenic heat in Takyo and estimated the tems

poral and spatial distributions of urban warming by
anthropagenic heat emissions. In this century, many
impal:r studies fallowed ie.g.. hhegawa et al., 2003,
OO, and 'arﬂhmpugenic Fesat” has becoare a charace
seristic keyword for Japanese urban climatalogy.

Ore of the few nnn-lapanm studies with a similar
focus s that of Sailor and Lu [2004), which showed a
reewy merthodological breakthrough against the limita-
sions af GIS datain urban and surounding regears.

Causes

Three main causes of anthropogenic heating have:
been identified: I:wilding:. rowd traffic, and mdustmal
activities. I:oa"n-g in summertime and i'u:uling im i
rertime are same af the main sources of anthropogens
ic bemat in office and residential buildings. Anthropo=
genic exhaust heat from buidings is concentrated in
the center of Tokyo. A clear relationship has been
frund between floor space and the ratio of lazent heat
#o tatal heat (ncluding sersible heat) released from air
:Dnditinning SySIETS and relaed devices [Ashie et al..
00X, Thas ma:,rbedue to the effect of Dcmlin-g Eowsers,
which are mainly used in large buildings. Using a G5
database of floar space, Ashie et al. (2002} estimated
the tatal amount of sensible heat released from air
conditioning systems and related devices in the 23
swards of Takyo, and they shawed it reached 13 10 14
GW in the daytime and 180 GWh per day. In addition,
latent heat released fram air conditianing systems and
related devices accounted for 25% to 28% of the total
dq;r!irne bt in the surmemer,

The fmpact of anthropogenic heating caused by
road traffic extends towards the suburbs, whereas the
effects of industrial activity are mainly lacated around
factories Increased mobilization hcurx!rfm Eo G

10
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