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WeobservedthemeteorologicalelementstounderstandthethermaIenvironmentinhumanIivingspaces･Ourre-

searchfbcusedoncommercialandresidentialbuiIdingtypesinOkayamaCitylWesternJapan・Measuredtempera‐

ture-humidityindices(THI)inthecommercialspacewere0.8-1.4higherthanTHIintheresidentMspacefDrl7-

19JSTThesedi伽rencewereconsideredstatisticallysignificant,whichcausednoticeablediscomfbrtfbroccupantsof

thecommercialspaces・Forinstance,atllJSmtheTHIsofthecommerciaIandresidentiaIspaceswere75.，and74.5,

respectively6Atl8-19JSmtherelativehumidityimthecommercialspacewasstiⅢ０％higherthanthatoftheresi‐ 

dentialspace,eventhoughbothbuildingtypeshadthesameaiMempeMure・Thisindicatesthatthecommercial

spaceMainshighspecifichumidityIongerthanresidentialspace・Whentheseabreezearrived,thespecifichumidity

atthecommercialspaceincreasedrapidlyimmostobserwutionsites・Thespecifichumidityintheresidentialspace

decreaseduntiltheeve､ing･ThedifYerenceswerecausedbythemoistairtravelingfmmariveraboutonekilometer 

awayfmmthecommercialspace･ThismoistairincreasestheTHIandenhancesariskoftheheatdisorderinthe 

commercialspace． 

Keywords：ＣＯ､Ⅱnercialandresidentialspaces；temperature-humidityindex；meteorologicalobservation；ｓｅａ 

breeze 

causedbytheartificiaUandsurfacesandanthropo-

genicheatrelease，hasbeenasenoussocialprob-

lemThisisbecausemanypatientsoftheheatdis-

orderoccurinurbanareasduringsununerseason・It

isconsideredthattheheatindexisusefilltoavoida 

riskoftheheatdisordenTherefbre,toevaluatethe 

heatindexintheurbanareaisimportantfbravoid-

mgariskoftheheatdisordenSincetheurbanarea， 

howevelBincludesvariousland-usespaces,itiｓ 

1.Introduction 

Theheatindices,suchastemperature-humidity 

mdex（THI）andeflbctivetemperature（ET),ａ１℃ 

usedtoevaluateacomfbrtoftheurbａｎｐａｒｋ(Bar‐ 

radasl991;SaaroniandⅥz2003),livestockstress 

(CasaandRavelo2003;SomparnetaL2004),and 

theheatstressinoutdooractivities(Hoshiandlnaba 

2005).InJapan,theurbanheatislandphenomenon， 
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Fig.１MapshowingthelocationofOkayamaCityinWesternJapan． 

(a）CommercialArea（CO） (b）ResidentialArea(RE） 
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500ｍ 

Fig.２Aerialphotographsofsmdyarea:ａ)connnercialandb)IcsidentialspacesmOkayamaCityNumerals 

representtheobservationsites,ThesolidcircleinFig・ZaindicatestheOkayamaMeteorologicalObservatoly．
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Ｆｉｇ,３TbnJporalvariationsof(a)(b)(c)airtemperatureand(｡)(e)(f)roadtemperaturemeasuredattheeightobserva‐ 
tionsitesasshowninFig,２.T11eleftandcentralpanelsrepresentthecommercialandresidentialspaces,respectively． 
Therigdltpanelsarespatially-averagedairandroadtemperatures． 

requiredtoclarifythedifferenceintheheatindex 
amongtheland-usespaces、Accordmglylwewill

reportthedifferenceinthetemperature-humidity 
mdexbetweencommercialandresidentialspacesof 

amiddlescalecityPkayamainWesternJapan・The

temperature-humidityindexwillbecalculatedhPom 
themeteorologicalelements，observedbytheau-

thorsandtheircoUeague,mtheurbanareaandsur-

rounding・

Theartificiallandsurfacesgenerallycausethe 

airtodlyintheurbanａｒｅａ(AidaandYajil979； 

Ｏｋｅｌ９８８；Givonil991；LemonsuandMasson 

2002),whichwillreduceariskoftheheatdisorden 

HoweveEourobservationshowsthatanurbanarea 

(ＣＯ､Ⅱnercialspace)inOkayamaismorehumidthan 

asurroundmgarea(residentialspace)壮omtheafL
temoon,Theurbanhumidconditionsremaintｉｌｌｔｈｅ 

ｅｖｅｎｍｇｉｎｓｐｉｔｅｏｆｔｈｅｓａｍｅａｉ'七temperaturebe-
tweenthetwoareas・Thiscausesadiscomfbrtenvi-

ronmentandariskoftheheatdisordertocontmue 

fbralongtimemtheurbanarea・Inthispaper,we

willdiscussamechanismthatproducestheabove 

findmgs． 

2.Observation 

OurinvestigationwasｍａｄｅｆｂｒｌＯＯＯ－２０００ 

ＪＳＴｏｎＳｅｐｔｅｍｂｅｒ３，ZOO4attheconmercialspace 

withthemulti-storiedofficebuildmgsandhuge 

hulnanactivities,andtheresidentialspacewithone 

andtwo-storiedhousingsinOkayamacity(Fig.1)． 

Weheremaftercallthecommercialandresidential 

spacestheCOandRE,respectively・Wemeasured

thedry-bulbandwet-bulbtemperatures,windspeed 

anddirection,road-surfacetemperatureasthesur‐ 

facemeteorologicalelements,ateightlocationsm 

eachspaces、TheobservationdomainintheCO

extendsover500-msquare,Ｗｈｉｌｅｔｈｅｄｏｍａｉｎｍｔｈｅ 

ＲＥｄｏｅｓｏｖer800-msquare､Theobservationsites 

werechosensoastoincludenorth-southstreets， 

east-weststreets，andcrossings（Fig.２),ａｎｄｗｅ 

ｐａｓｓｅｄｔｈｅｓｉｔｅｓｏｎｃｅａｎｈｏｕｒｂybicycletomeasure 

themeteorologicalelements・Whilethesbview

fhctorsof０．４－０．６mainlyappearintheCO,those 

ｏｆ０．７－０．８ｉｎｔｈｅＲＥａｐｐｅａｒ・Theobservation

spacesarelocatedａｔａｂｏｕｔｌ６ｋｍａｗａｙ危omthe
southcoastoftheSetoInlandSea､ＴｈｅＲＥｉｓｌｏ－ 

ｃａｔｅｄａｂｏｕｔ1.5kmsoutheastwardけｏｍｔｈｅＣＯ．
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Ｆｉｇ･４SameasFig.３butfbr(a)(b)(c)relativehumidityand(｡)(e)(f)specifich,umidity． 

SincetheJapanlslandwascoveredwiththePa-

cifichighpressureduringtheobservationperiod， 

theweathermOkayamaCitywasclearskyand 

calmconditions・hthemominghours，ｔｈｅｎｏｒｔｈ

ｗｉｎｄｏｆｌ－２ｍｓ~linspeedwasrecordedatthe 

OkayamaMeteorologicalObservatoly(Fig.２a).On 

theotherhand,ｔｈｅａｆｔｅｍｏｏｎｗｉｎｄｏｆ３－４ｍｓ~lin 

speedblew念omthesouth-eastdirection・Theair

tempemturereachednearly3０℃mtheearlyafL 

temooILThedaytimewｍｄｄａＩａｓｈｏｗｅｄｔｈａｔｔｈｅ 

ｗｍｄｓｐｅｅｄｓｈａrplyincreasedafterl310-1320JST 

andthenreachedthemaximumvalueatl350-

l400JSTTheairtemperamemeasu１℃datthistime 

showedtherapiddecreaseofnearly1.0℃ｂｅ‐ 

ｔｗｅｅｎｌ３４０ＪＳＴａｎｄｌ３５０ＪＳＴ;ｎｏｓｈａｄｅｅｆｆｅｃｔｓｏｆ 

ｃｌｏｕｄｓｏｎｔｈｅａｉｒtelnperatureappeaLffomthe 

analysisofthesunshinedurationdata． 

perame),rDadtemperature,relativehumiditylspe‐ 

cifichumidityThespecifichumiditywascalculated 

hPomthedly-andwet-bulbtemperaturesmeasured 

byourobservation,ａｎｄtheairpressuremeasuredat 

theOkayamaMeteorologicalObservatory・Theair

temperaturesmeasuredmtheCOareentirelylower 

thanthosemtheRE（Figs、３ａａｎｄ３ｂ).Ａｓｐａ‐

tially-averagedairtemperatureiｎｔｈｅＣＯｉｓ1.2℃ 
lowerthanthatintheREfbrl400-1600JSTatP 

＜０.OLForinstance，ａｔｌ５ＪＳＴ，３０．２℃ａｎｄ 

31.4℃wererecordedfbrtheCOandRE,respec-

tively・Althoughtheair-temperatureincreasesinthe

COstopatl300JST，mostofair-temperatulesin 

theREincreaｓｅｔｉｌｌｌ４００ＪＳＴ・Also，thespa-

tially-averagedroadtemperature(Fig.３０intheCO 

is3､5-5.3℃lowerthanthatmtheREdurmgthe 

sameperiod(withＰ＜OO1atl500JSTandl600 

JST).hthemornmgandevenmghours,however， 

theairandroadtempcraturesareslightlydifferent 
betweentheCOandＲＥ． 

3.ResultS 

Figures3and4showthemeasuredmeteoro-

logicalelements-airtemperature（dly-bulbtem‐ 
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JST 

Fig.５ 

tion： 

THI＝0.81Ｔ＋OO1RH(0.99Ｔ-14.3)＋46.3（１） 

whereTistheairtemperatureandRHtherelative 

humidity・ThisTHIproposedbyNationalAstro‐
nomicalObservatory(2004)isadoptedfbrJapanese 

discomfbrtindex・ＡｓｃａｎｂｅｓｅｅｎｍＦｉｇ６ｃ,ａｓｐａ‐

tially-averagedTHImtheCOis0.8-1.4higher 
thanthatintheREfbrl700-1900JST(withＰ＜ 

OO5atl700JST,andＰ＜０.O1atl800-1900JST)． 

Forinstance，ａｔｌ９００ＪＳＴ，７５．９ａｎｄ７４５ｗｅｒｅｒｅ‐ 

ｃｏｒｄｅｄｆｂｒｔｈｅＣＯａｎｄＲＥ，respectively、Atother

times,ｔｈｅＴＨＩｉｎｔｈｅＣＯｉｓａｌｍｏｓｔｔｈｅｓａｍｅａｓthat 
inthcREThisisbecausethereislittledifferentin 

temperaturebetweenbothspacesdespitethatthe 
largerabsolutehumidityiskeptintｈｅＣＯ 

ＴｈｅＴＨＩｉｓａｈｅａｔｉndexwithoutinfluenceof 

windeffbcts・Accordingly，wealsocalculatedthe

ETinthebothspaces(Figs､６．－６f)hPomtheeffbc-

tivetemperatureChart,Aspatially-averagedETin 
theCOis0.5-0.9℃higdlerthanthatintheRE 

（withＰ＜ＯＯ５ａｔｌ７００ＪＳＴａｎｄＰ＜0.01atl900 
JST).Formstance,atl900JST,２３．８and2Z9were 
recordedfbrtheCOandRE,respectively､Similarly 

withtheTHI,thereisnodifferenceinETsbetween 

theCOandREuntiltheevening(exceptllOOJST)． 

Thisiscausedbythefactthatthespatially-averaged 

windspeedsareslightlydifferentbetweenCOand 
RE,ａｓｃａｎｂｅｓｅｅｎｉｎＦｉｇ５ｃ． 

ＡｓｃａｎｂｅｓｅｅｎｉｎＦｉｇ４ｃ,aspatially-averaged 

relativehumiditymtheCOis9-１２％higherthan 
thatmtheREfbrl400-1600JSTatP＜0.01．For 

instance,ａｔｌ５００ＪＳＴ,４５．８％ａｎｄ35.0％werere-

cordedfbrtheCOandRE,respectively・Moreover，

therelativehumiditymtheCOisl0％higherthan 
thatmtheREatl800-19Ｏ０ＪＳＴａｌｓｏｗｉｔｈＰ＜ 

001．Formstance，ａｔｌ９００ＪＳＴ，５４％ａｎｄ４４％ 

ｗｅｒｅｒｅｃｏｒｄｅｄｆｂｒｔｈｅＣＯａｎｄＲＥＴｈｅｓｅfeatures 

arenotonlyattributedtolhediffCrenceof 

air-temperaturebutalsothediffbrenceofwa‐ 
ter-vaporcontent・Ａｔｌ５００ＪＳＴ,therelativehumid‐
ityintheCOis10.8％higj1erthanthatintheRE； 
８．３％ｏｆ10.8％isduetothewatervapormcleaslng， 

whiletheremaini､９２．５％isduetothe 

air-temperaturedecreasmgAtl900JST,therela‐ 
tivehumidityintheCOis10.0％higherthanthat 
intheRE；ａｌｌｏｆｌＯ､0％isduetothewater-vapor 

mcreasing,becausethevaluesofairtemperaturｅａｒｅ 
ｔｈｅｓａｍｅｂｅｔｗｅｅｎｔｈｅＣＯａｎｄＲＥＩｎｆａｃｔ，ａｓｐａ‐ 

tially-averagedspecifichumiditymtheCOgradu‐ 
allyincreasesafterl300JST，Whereasthatinthe 
REdecreasescontinuously(Fig4f)． 

ThewindspeedsmeasuredintheCOanｄＲＥ 
ａｒｅｓｈｏｗｎｉｎＦｉｇ､ＳｈｔｈｅＣＯ,themagnitudesof 

windspeedwidelyvarywiththesites；theex-
tremelyweakandextremelystrongwindsaremeas-
uredatthesaInetime(Fig5a).IntheRE,sucha 

spatialvariationofwindspeedisnotmeasured 
throughouttheobservations（Fig.５b)．Ａｓｐａ‐ 
tially-averagedwindspeedsare，however，almost 
thesamebetweentheCOandRE(Fig.5c)． 

WecalculatedtheTHIusingthefbllowingrela-
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Ｆｉｇ,６SameasFig3butfbr(a)(b)(c)temperature-humidityindex(THI)and(｡)(e)(f)effectivetemperature(ET)． 
ThelightstraightlinesinFigs､6d-6eindicatetheboumdaryvalueofcomfbrtdefinedbyOhara(1975)． 

1900 

４.Discussion 

４．１ＨｕｍａｎｄｉｓｃｏｍｆｂｒｔｉｎｔｈｅＣＯａｎｄＲＥ 

ＴｈｅboundalyvalueofcomfbrtdefinedbyETis 

representedbythelightstraightlinesinFig6・In

Japan，thecomfbrtvaluesofETareconsidered 

within20.0-24.0℃（Oharal975)．AtllOO-

1200JSntheobservationsitesoftheoveNimitET 

appearalotsmｔｈｅＲＥｄｕｅｔｏａｗｅａｋｗｉndinthis 

spaceasshowninFi9.5b・Then,afterl700JSmthe

COhasmanysitesoftheoveNimitETalthough 

therearealmostcomfbrtablesitesintheＲＥ；this 

resultissimilartotheTHIthatthewindspeedis 

unrelatedtoahumancomfbrtfbrbothspaces・

KawaharaetaL(1994)proposedaguidelinefbr 

theheatdisordersundertakingexercises・They

alertedadangerofocculTenceofheatdisorders 

whenthe〔ky-andwet-bulbtemperaturesｓｈｏｗ２８

－３１℃ａｎｄ２１－２４℃，Iespectively〉ａｎｄｓｕｇ‐
gestedmakingeveIyeffblttorest､Ａｓｃａｎｂｅｓｅｅｎｉｎ 

ｍｂｌｅｌ,althoughsuchalertconditionsappearatthe 

ahostsitesofCOuntill600JST;safeconditions 

alreadyappearataｌｌｓｉｔｅｓｏｆＲＥａｆｔｅｒｌ４００ＪＳＴ 

(exceptonesiteatl600JST)． 

ThesediscomfbrtconditionsintheＣＯａｒｅａｔ‐ 

tributednottothehighaMemperaturebuttothe 

highabsolute-humiditymentionedintheprevious 

section,andbringadangerofheatdisorders． 

４．２Watervaporsource 

Wewillhereconsiderthewatervaporsourcein 

theCO､Thelocalwatervaporiss叩pliedけomthe

vegetationorwatersurface(sea,riveLandsoon)． 

Additionallyltheartificialsourcesofwatervapor 

exist:automobilesandcoolingtowers・Theincrease

ofspeciflchumidityduetoanthropogenicla‐ 

tent-heat,includingautomobilesandcoolmgtowers， 

ｉｓａｂｏｕｔＯ２ｇ/kgintheTbkyometropolitanarea 

whichisthegreatestcityofJapan(FUjibe2002)． 

nlerefbre,thespecifichumiditydifferenceoｆｌ－２ 

ｇ/kgbetweentheCOandRE,showninFig､４fis 

difTiculttoconsidertheinHuenceoftheanthropo‐ 
geniclatent-heat・MoreoventhetrafTicsmeasuredin

theCOweresmallerthanthosemtheREthrough‐ 
outtheobservation． 
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Tnble2ParametervaluesusedmEqs2and3fbrcal-

culationofthesourcearea(fomSchmidl994)． 

TｎｂｌｅｌＴｈｅｎｕｍｂｃｒｏｆａｌｅｒｔｓｉｔｅｓｍｔｈｅ 

comnercialandresidentialspaces、Thealert

conditionsaredefinedasshowing28-31℃ 

and２１－２４℃ｆｂｒｄｎノーandwet-bulbtem‐

peratures,respectivelyibyKawahara(1994)． 
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distantBomthecoast,atl300-1400JSTThesea 

breezeisconsideredtoalTiveattheCOandRE,at 

l340-1350JST，withrapiddecreaseofairtem-

peratura 

nlisarrivaltimeofseabreezeatinlandwas 

consistentwiththetimeofrapidmcreaseofspecific 

humidityintheCOasmentionedinFigs4dand4f 

Therefbre，itissuggestedthattheafternooncold-

andhumid-airintheCOissuppliedbythecooland 

moistsea-breeze・ＨｏｗｅｖｅｎｔｈｅＲＥ，whichisex-

tremelyclosetotheCO,seemstobenotmfluenced 

bysuchaseabreeze・Wewilltrytofindareasonfbr

thisinthefbllowmgsection Manynaturalsurfacessuchasbaresoiland 

vegetationsexistmtheREasｃａｎｂｅｓｅｅｎｉｎＦｉｇ､Zb 

EspeciallybtherearemanyilTigatedricepaddiesin 

theobservationperiodAlthoughtheCOalsohas 

thepalksandtree-linedstreets，manynatural 

sourcesofwatervaporexistintheRE，compared 

withthoseintｈｅＣＯ・

Consequentlylitisconsideredthatthewa-

teIwaporsourceswithintheobservationspaceare 

poorermtheCOthanintheRETY1atis,thehumid 

airmtheCOissupplied廿omexternalareas．

4.4Estimationofsourcearea 

Wenextconsiderupwmdareasthatmfluence 

themeteorologicalfieldsoftheobservationsites、

Schmid(1994)estimatedaso""ｅαｱ℃α,Whichin‐ 

Huencesobservationdata,withuseofthebackward 

trajectolyconsidermgeffectsoftheturbulentdiffil‐ 

sion､TheparaIneters,Ｄ１ａｎｄＤ２,ofthesourcearea 

varywiththeatmosphericstability： 

DF鬮仙(二丁叩ﾄ(三丁１の
and 

4.3Effectsofseabreeze 

SmcetheCOislocatednotfarhPomtheRE(about 

２km),aninfluenceofthemesoscalemeteorological 

fieldsonthemicroscaleｏｎｅｓｉｓｐｒｏｂａｂｌｙｔｈｅｓａｍｅ 

ａｌｍｏｓｔｍｂｏthspaces・TheseabreezealTivalis

judged症omarapidchangeofthewmdspeedand

directionThischangeindicatesthattheseabreeze 

hPomthecoastgraduallypenetratesmland；thesea 

breezebegaｎｔｏｄｅｖｅｌｏｐａｔＯ９００－１０００ＪＳＴｎｅａｒ 

ｔｈecoastsoutheastward壮omtheobservationarea，

andthenalTivedattheobservationareas，１６ｋｍ 

､~α(ニルニア (3) ， 

wherezoistheroughnesslength，andLthe 

Monin-ObIdlovstabilitylengthThesymbolsaI， 

α２，α3,anda4arelistedinnble2Althoughz 

istheactualobservationheight，weregardthis 

heightastheseabreezeheightovertheCOcanopy 

layer(i､e､,ｚ＝３０ｍ).Ｄ１ｍＥｑ.(2)isequaltoα(､） 
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understableandunstableconditions,andｅ(､)ａｎｄ 
Ｘ,，,(､)understableconditions,wherecJisthedis‐ 

Ｉａｎｃｅｆｒｏｍｔｈｅ叩ｗｉｎｄｅｄｇｅｏｆｓｏｕｒｃｅａｒｅａｔｏｔｈｅ

ｏｂｓｅｒvationsite,ethedistanceBomthedownwind 

edgeofsourceareatotheobservationsite,andJrm 
themaximumsourcelocationhmanobservation 

site､Ｂｙｔｈｅｗａｙ;eandXmunderunstableconditions 

arecalculatedbyuseofEq.(3).Underunstable 

conditions(4.0×10斗≦‐z/Ｌ≦１),α＝３５－５６

（31-47)ｍｅ＝551-2553(473-2192)ｍ,andx,,， 
＝150-376(127-317)mwerecalculatedfbreach 

observationsiteintheCOwherezO＝１．０ｍ(zo＝ 

2.0ｍ)wasassumed;understableconditions(2.0× 

１０~４≦ｚ/Ｌ≦0.1),α＝５２－５５(44-47)ｍｅ＝ 
2107-4495（1797-4259)ｍ,ａｎｄ恥＝336-478

(277-393)mwerecalculated 

Ontheotherhand,fbreachsiteintheREwhere 

zO＝0.2ｍ(２０＝０．５ｍ)wasassumed,α＝５２－８１ 

(42-66)ｍ,ｅ＝785-3637(642-2973)ｍ,and恥

＝226-563（179-448）mwerecalculatedunder 

unslableconditions;α＝７７－８１（62-65)ｍｅ＝ 

3052-7233(2472-5858)ｍ,ａｎｄ恥＝527-750

(408-580)ｍwerecalculatedunderstablecondi‐ 

tionsFigure7showstheregio、includingｔｈｅｕｐ－
ｗｉｎｄｅｄｇｅｔｏｔｈｅｄｏｗｎｗｍｄｅｄgeofthesourcearea 
fbreachsite・

ThePasquillstabilityclasses(PasquiUl961),at 
thetimewhentheseabreezearrivｅｄａｔｔｈｅｔｗｏ 

ｓｐａｃｅｓ,wereestimatedatthesiteAshownmFi9.L 

Theclassesaredetenninedbytheshortwaveradia-

tionandwindspeedWhentheseabreezecovered 

thesiteＡ,thePasquiUstabilityclasswasBorＣ 

(unstableorweakunstableconditions).Thishnplies 

thattheunstableconditionsstillappearinthe 

sea-breezestagelhatis,thesourceareashownm 

Fig7b,includingtheA-classrivernearbyintheCO， 

ismoresuilableduringtheobservationperiodCon‐ 

sequently§theseabreezeefficientlyintendstotrans‐ 

portthecoldandmoistairsupplied丘omtheriver

intotheCOspace・

ＩｎｂｏｔｌｌＣＯａｎｄＲＥ,amostthenorth-southward 

andwest-eastwardstreetscrosseachothｅｒａｓｃａｎｂｅ 

ｓｅｅｎｉｎＦｉｇ・zBecausetheseabreezewiththe

moistairpenetratesnorthwestwardoverthese 

spaces，theculTentdirectionoftheaircrossesthe 

streetdirectionsTherefbre,thehorizontaladvection 

ofthemoistairtransportedbytheseabreeze,which 
passesthroughthestreetcanyon,issmallwithinthe 

COandREcanopylayers、

Therefbre，themoistairisprobablymixed 
downwardhmthe叩peratmosphereintotheur‐

bancanopylayel：Then，ａｍｅｃhanicalmixinggen-
eratedbybuild、gsismoreactiveintheCOthanin

theＲＥ,becausethebuildmgsaretallerandｄｅｎｓｅｒ 

ｉｎｔｈｅＣＯ・AdditionallXtheけeeconvectionunder

denseandhighbuildingsismoreactivethanthat 

undercoarseandlowbuildmgs(Kondoandlshida 
l997)． 

５.ConcluSions 

Weinvestigatedafbnnationmechanismofthe 

discomfbrtconditions，Iong-continuedtilltheeve-

ning，inthecomnercialspaceofOkayamaCity§ 
Japan､Asaresult,ｔｈｅ叩peralrovertheconnner‐

cialurbancanopylayerwasmechanicallytrans-
portedtothesurfaceduetodenserandtallerbuild‐ 

mgs、Additionally，thesurfaceailztemperaturebe‐

camelowerandtheabsolutehumiditybecame 

highenbecausethecoldandmoistairorigmated 
丘omtheriverwastransportedbytheseabreeze，
ThismoistairincreasedtheTHImtheconⅡ､e1℃ial 

spaceande血ancedariskoftheheatdisordertill

theeveninginthisspace． 
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