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HOW　MUCH　COOL　AIR　DOES　AN　URBAN　GREEN　PARK

PRODUCE？
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　　　　　　　　　　　　　　　　まk
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A　bstract　Synchronized　kite　balloon（kytoon）measurements　in　an　urban　pa止k　revealed　the

development　of　a　nocturnal　stable　layer，　which　coU　ld　mitigate　urban　heat　island　effects．　A　stable

layer　developed丘om　the　su血ce　to　71　m　above　ground　level　in　the　parK　although　neutral

stratification　lasted　throughout　the　night　in　the　surrounding　urban　area．　Ca㎞，　clear　sky　conditions

triggered　the　development　of　the　stable　layer　and　a　significant　cool　island．　The　cooling　energy　of

the　cool　island　f（）rmation　was　estimated　to　be　approximately　5　Wm－2．
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1．introduction

　　The　urban　heat　island　effect，　by　which　the　temperature　in　an　urban　area　exceeds　that　in

s㎜o㎜dng㎜1πeas，　can　be　considered　a　cli甑e　hazard．　ln　addition　to　stresses　on　human

hea1血，　warrner　urban　temperatUres　in　summer　resUlt　in　more　anthropogenic　energy　consumption

fbr　air　conditioning，　while　wamler　temperatures　in　wir庄er　may　allow　pests　to　overwinter．　One　of

the　approaches　’to　mitigating　these　and　other　problems　associated　with　urban　heat　islands　is　urban

“green血g．”A　number　of　previous　stUdies　have　revealed　that　coQl　islands　form　over　parkS　and

have　examined　the　air　temperatUre　distribution　in　and「around　ufban　parks（Hamada　and　Mikami

l994），　the　ooo1－island　formation　pr㏄ess（Sproken－Smith　and　Oke　1999），　and　park－breeze

characteristics（Naritaθ’al．2004）．　However，　the　amount　of　cool　air　hl　a　park　has　not　been

evaluated　q㎜亘励vely，　possibly　because　of　the　tec㎞ical　di伍cu1廿es　in　venical　prome

measurement．　The　amount　of　cooler　air　would　indicate　the　potential　energy　fbr　coohng　the

surrounding　ud）an　area　and　thus　is　esser面al　information　f～）r　ulban　planners．

　　　In　this　study，　we　measured　the　verdcal　and　horizor此al　distributions　of　ah・temperature　in　and

around　an曲an　green　park．　We　discuss　the　formation　process　of　the　coo1　air，　especially　itS　vertical

development，　and　evaluate　the　amount　of　cool　air　produced　over　the　pad（．

＊

National　Defense　Academy　of　Japan
＊＊

NipPen　lnstitUte　ofTechnology

一83一



2．Observation

　MeasurementS　were　taken　in　a　large　ufban　p雄k　in　To輩yo（Shinjyuku－gyoen）．　The　p賦

1甑ed　in　c曲1　Tokyo，　covers　O．58　km2　ahd　includes　open　lawn　areas　and　a　forest　whose　canopy

is　roughly　10　m　in　height．　The　terrain　is　almost　fiat，　except　for　a　small　valley　at　the　eastern　edge　of

the　park　and　some　pondS．　Sunounding　the　park　are　areas　of　taller　buildings　to　the　nonh　and　west

（average　height　40　m）and　reladvely　low－rise　residential　houses　to　the　east　and　south．　We

conducted　measurements　at　the　park　f（）r　nearly　2　months　fヒom　July　to　August　2005　to　obtain　the

venical　profile　and　horizontal　disUil）ution　of　ah’tempera加re．

Fig．1　0bservation　area．　The　shaded　area　shows　the　park（Sh切yuku－gyoen）．　Filled　ch・cles　indicate　the

　　　locations　of血e　air　temperatUre　measuromentS　at　2．5　m　AGL．　Filled　triangIes　rqr）resent血e蚊oon

　　　measurement　points（P　and　U）．　Filled　squares　mark　the　locations　of　the　temperature　profile

　　　measurements　inside　the　tree　canopy．

Vertical　pro皿e　measurement

　The　vertical　pro五1e　of　a廿tempera加re　was　observed　during　the　night　of　14to　l　5　August．　Two

sets　of　kite　balloons（kytoons）were　deployed丘）r　simultaneous　measurements　at　the　center　of　the

park（point　P　hl　Fig．1）and　at　a　schoolyard　outside　the　park（pOint　U　in　Fig．1；refヒrred　to　as　the

‘隆own”site）．　Te血ers　allowed　dle　k》rloons　to　rise　up　to　100　m；thermometers（HIOKB　632）were

attached　to　the　tethers　at　181evels　fbr　the　park　measurement　and　l　61evels　fbr　the　town

measurement．　Measurements　were　taken　evely　l　O　s，　and　data　were　averaged　at　l　O－min　intervals．

The　vertical　interval　of　measurement　averaged　a　few　meters　and　was　smaller　at　lower　levels．　The

thermometers　were　calibrated　bef（）re　the　observation，　and　fluctuation　of　kytoon　height　was

periodically　corrected　by　the　pressure　sensor．
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HO血Ontal　diStribUtiOn　meaSUrement
　　Air　temperature　at　2．5　m　abOve　ground　level（AGL）was　measured　at　90　pOintS　in　and　around

the　park　for　almost　2　months　in　July　and　AuguSt　at　measurement　intervals　of　2　min．　The

themiometers　were　placed　in　forced　ventilation　radiation　shieldS　and　mounted　on　street　lamp　poles．

Data　were　corrected　for　the　insm㎜ental　error　and　averaged　f（）r　l　O－min㎞tervals．

Other　measuremen的
　　Four　components　of　radiadon　nux（upward　and　downward，　shortWave　and　longwave）were

measured　on　the　lawn　su血ce　in　the偉k．　Wind｛lt　the　roo丘op　level（28　m　AGL）was　measured　at

poi皿Lin　Fig．1　by　Life　and　Business　Weather，　Inc．（Tokyo）．　Using　the㎜㏄ouples，　temperature

profiles　were　also　measured　below　the　tree　crowns　in　the丘）rest　of　the　park　（poi耐s　S，　A，　and　N　hl

Fig．1）．

3．Results

　　Figure　2　shows　the　measured　profile　of　poter【tial　tenΨerature．　At　O3：00　Japan　Standard　Time

（JST），　a　stable　layer　developed　e　nd　remained　near　the　ground　su血ce　of　the　parら　with　a　neutral

layer　occur血g　above　it．　The　large　sky　view　factor　and　relatively　low　heat　capacity　of　the　la㎜

su血ce　would　have　led　to　more　radiative　cooling　followed　by　the　formation　of　the　stable　layer．　h

the　fbrest　area，　a　stable　layer　also　developed　below　the　tree　．crowns（Fig．3）．　This　stable　layer　can

be　explained　by　ho血onta1　advection　from　the　lawn　area（Narita　et　al．2004）．　Ad山donally，

radiative　cooling　at　the　tree　crown　would　have　created　colder　ah’，　which　would　have　moved
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downward　and　accumul前ed　on止e　forest　floor．　The　stable　layer　at　point　N・　was　more　sigriificant

than　others，　maybe　because　point　N　was　located　in　the　pathway　of　cold　airflow　into　the　small

valley　at　the　eastern　edge　ofthe　park．

　　　On　the　other　hand，　at　the　town　site，　nearly　neutral　stratification　formed　below～40　m　AGL，

with｛m㎜stable　layer　above（Fig．2）．　The　average　height　of　buildings　around　point　U　was　abQut

43m．　Mixing　occurs　as　circulation　fiows　in　the　urban　canopy（Baik　and　Kim　2002），　causing　a

neutral　layer．　The　large　deviation　in　the　neutral　layer　at　O3：00　JST　and　later　reflects　weaker

circulation　because　the　wind　speed　above　the　roof　level　decreased　in　this　period（Fig．5C）．　Local

anthropogenic　heat　sources　are　attdbuted　to　the‘‘k㎞ks”in　the　profiles．　A　stable　layer　also　occurred

at　the　town　site　after　O4：00　JST　and　can　be　explained　by　radiative　cooling　at　the　schoolyard

observation　site，　which　is　a　small　open　space（～5000　m2）．　A　key　question　is　whether　the　ufban

stable　layer　formed　by　horizontal　a（lvection丘om　the　pad（．　To　explore　this　issue，　the　horizontal

temperature　distribUtion　is　shown　in　Fig．4．　A　small　but　isolated　cool　island　occurred　around　point

U．The　advection－like　contours　at　the　right　side　of　Fig．4were　probably　caused　by　the　lack　of

observation　points　around　this’ ≠窒?＝@ahd　Cannot　be　considered　real　featUres．　The　cool　island飴㎜ed

eve口in　the　small　open　space．

　　　The　accumulation　’of　cooler　air　in　the　park　s倣ed　at　03：00　JST（Fig．5A），面ggered　by血e

decrease　in　wind　speed（Fig．5C）and　the　decrease　in　cloudiness，　as　seen　in　the　large　negative　value

of　net　longwave　radiation（Fig．5D）．　The　acc㎜咽on　of　cooler　air　resulted　in　a　cool　island（Fig．

5B），　which　became　more　distinct　at　04：00　and　later．　Afヒer　sunrise（05：00），　the　p証k　stable　layer

vanished　unti106：00．　The　profile　shape　at　the　town　site　was　almost　unchanged　fヒom　O5：00　to　O6：00，

aresult　that　is　attributat）le　to　the　large　heat　capacity　of　the　buildings　and　vertical　transport　of　heat
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more　than　100　m．

　　When　we　compared　the　profiles　of　the　town　and　park　sites（Fig．5A），　the　stable　layer　dept　l

was　normally　35　m（O　l：00　to　O3：00）but　ranged　up　to　71　m（04：00）．　Relative　cooling　energy　2g

（Jm“2）stored　over　the　pafk　was　estimated　by　the　dif驚rence丘om　that　at　the　to㎜site（Fig．5A）：

9，イ・Pρ（T，。．、一乃一海

，

（1）

where（］p　is　the　specific　heat，ρis　the　air　density，　and　Tt。vv“and　Tpa，k　are　the　temperature　profiles　for

the　town　and　pafk　sites，　respectively．　The　top　of　the　stable　layer　is　represented　by　Z｝，　which　was

det㎝ined舳e　cross　poi耐of血e樋o　pro且1es．　Table　1　lists血e　Zt　and　2g　values　at　1－hr　intervals．

The　maxirnum　value　of∂2pt　was　approximately　5　Wm冒2，　which　is　roughly　the　same　magnimde

as曲e　measurelnent　error　of　radiation　flux　and　turbulent　nux；thus，　direct　measurement　of　this

cooling　flux　is　almost　impossible．　Note　that　2g　representS　the　diffgrence　betWeen　the　park　and　the

town．　Therefbre，（？g　includes　the　anthropogenic　heat　in　the　ufban　area　as　well　as　the　negative

sensible　heat　flux　at　the　pad（surface．

／

　　　　　　　　50m2臼05ノ日ノ150450－05：00

A　　　e　　at・2．5　asし

25　　　　　2s　　　　　z　　　　　　28

Fig．4　Horizontal　distribution　of　air　temperatUre　at　2．5　m　AGL．　Filled

　　　　circles　indicate　the　measurement　points．　The　aerial　photo　was

　　　　taken　by　the　Geogr律phical　Survey　Institute　of　Japan．
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Fig．5　Time　series　ofpotential　temperature　profiles（A），　ho血onta1　distribution　of　air　ternperature　along　the

　　　　　l血eX－Y　in　Fig．1（B），　roof－level　wind　speed（C），　and　net　longwave　radiation　flux　at　a　lawn

　　　　　surface　in　the　park（D）．

Table　1　Time　series　ofthe　stable　layer　height　and　cooling　energy

LST 1 2 3 4 5

Stable　layer　height　Zt，m　35

Cooling　energy　2g，Jm’2　6893

　　　∂　∂t，Wm－2

　35　　　35　　　　71　　　　55

5099　　1020ブ　29682　49903

－0．5　　　L4　　　　5．4　　　　5．6

　　Ifwe　assume　a　horizontally　homogeneous　temperatUre　field　over血e　park，　as　suggested　by　Fig．

3，then　2gS　is　the　total　coo1血g　energy　6f　the　park　where　S　is　the　su血ce　area　of　the　park．　Thus

∂g団ン∂t，which　was　estimated　as　approximately　3．2×106　W，　indica　es　the　ability　of　the障k　to　cool

the　sunounding　warrn　town．　The　typical　room－scale　air　conditioner　has　a　cooling　ability　of

2．8×103W．　Therefbre，　the　cooling　ability　ofthe　park　is　eqUivalent　to　roughly　1000　air　conditioner

units．
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4．Condusion

　　The　vertical　profile　and　horizonta1　distributions　of　air　temperature　were　observed　in　an　urban

i）arl（and　the　neafby　ufban　area，　and　the　accumulation　process　of　relatively　cooler　air　in　the　parl（

was　examined．　A　surface　stable　layer　developed　up　to　71　m　abOve　the　lawn　su血ce　of　the　park

The　stable　layer　also　formed　inside　t　le　forest　of　the　park．　Calm，　clear　sky　conditions　Uiggered　t　le

development　of　the　sねble　layer　and　the　significant　cool　island．　At　the　town　site，　neutral

stratification　lasted　throughout　the　night　inside　the　ur｛）an　canopy，　although　an　unstable　layer

continued　to　exist　above　the　urban　canQPy．

　　The　maximum　cooling　energy　ofthe　cool　island　formation　was　estimated　to　be　5　Wm’2．　Given

the　horiZontally　homogeneous　temperature　field　in　the　parK　the　park　cooling　energy　correspOnded

to　1000　units　ofroom－scale　air　conditioners．
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