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ノIbs〃‘act　The　puη）ose　of　this　study　is　to　clarifシthe　ef丑｝cts　after　the　restora廿on　of　Cheonggye

stream　in　Seoul，　in　order　to　p－ffective　me血odS　to　miti蜘e　surnmer　themial　stress　in

mega－city．　The　resuks　of　field　observation　in　the　summer　of　2004　and　2007　summer　showed　that

the　stream－effect　as　a　cooling　source　was　confi　ned．　In　the　south　of　the　stream，　tempelature

changes　were　smaller　than　in　the　north　of　the　stre㎜．　The　asymmetric　pattem　of　temperature

distribution　across　the　stream　is　associated　With　wind　direction　as　well　as　urban　morphology．　In

particular，　around　19：30　LST，　the　maximum　difference　between　a辻tem即加re　on　the　bridge　and

surrounding　streetS　was　over　2．5°C．　The　appearance　of霊he　obvious　low　temperature　was

proportional　to　the　extent　of　stream－effect，　and　it　was　also　affeCted　by　wind　speed　and　direction．　hl

cloudless　nighちthe　temperature　difference　continued　until　the　sunrise．　In　19：30－0：00　LST，　the

temperature　difference　was　over　1°C　on　the　north　side　of　the　stream，　and　the　discemible　reduction

in　air　temperature　was　spread　to　the　extent　about　70－80　m。　On　the　other　hand，　the　temperature

difference　was　around　O．5°C　on　the　south　side　of　the　stream，　and　the　discernible　reduction　in　air

temperature　was　spread　to　the　extent　only　30－50　m．

　　From血ose　resuks，　the　authors　suggest　that　the　environment　desigrt　of　wind　path　over　the

stream　should　l）e　developed　in　order　to　improve　the　stream－effeqt．　In　addi廿on，　the　authors辻dicate

the　bank　along　the　stream　side　may　obstruct　the　di飾siqn　of　c∞ler　a血一mass　above　the　stream．

Key　words：　Seou1，　the　Cheonggye　stream，　restoration，　the　stre㎜一effect，　meteorological

　　　　　　observation

1．　introduction

　Seou1，　as　the　capha1　city　of　Korea　and　the　largest　city　in　Kore亀　rebuilt　its　capha1　i　1　the　shortest

tme　recorded　in　world　history　a丘er　the　Korean　War（1950－1953）．　Now，　the　area　of　Seoul

Metropoli伽city　is　605．52㎞2（1997）．　Seoul　MetropOlitan　city　as　a　mega℃ity舳1026　miIlion

pqpulations（2000）has　advanced　at　an　unprecedented　pace　in　urban　expansion　over　the　past　few

decades．　This　has　caused　the　amual　mean　temperature　increase．　Figure　l　shows　the　rise　in　armual
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mean　temperature　ih・Seoul　is　as　much　aS　that　in　Tokyo，　a　mega－cily馳with　l2．26　million

pqpUlations（2005）．　F磁h㎜ore，血e　mol曲ly　mean　temperature血t舳the　maximum　and

曲im㎜鯛rerature血J㎝町（血e　coldest　mon出）h闘hs㎝over　2．Q°c　since　1954（Fig．2）．
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　　　　　whereas　January　is　the　coldest　one。）．

　　Some　experts　reported　much　of　those　rises　may　be　related　to　the　increase　in　the　global　mean

temperature　as　described　by　772e　Japan　Times（Sept　24，2001）．　However，　the　global　mean　su血ce

tempemture　has　increased　by　between　O．3°C　and　O．6°C　since　the　late　19th　century，　a　change　that　is

unlil（ely　enhrely　natural　in　origin．　Actually，　many　Japanese　researchers　warn　that　urban　warming

in　large　ci廿es　continues，　due　to　the”heat　island　effectS”（e．g．　Mik㎜【i　2005；Ojima　2006）．

　　One　of　the　most　known　phenomena　associated　wnh　inadvertent　climate　change　is止e　ufban

heat　island（UHD，　in　which　the　air　temperatUre　in血e曲㎝c㎝opy　is　higher　th飢1肱㎞the

s㎜o㎜d㎞g㎜1肛ea．　The田1血tensity　varies　with　urban　siZe，　urban　suiface　characteristics，

anthropogenic　heat　release，　topography，　and　meteordogical　conditions（e．g．　LandSberg　l　981；Oke

l987）．　Currently，　many　studies　indicate　that　the　three　big　causes　of　ufban　wam血g　are　an　increase

in　heat　emissions丘om　human　activity，　a㈹（luction　of　green　spaces　・and　water　surface　area，　and
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he，at　retention　i血surfaces　such　as　concre1£and　asphalt．

　　　Now，　the　diverse　researches　on　monito血g　techniques　for　document　and　characterize　the

effectS　of　large　green　space　and　water　spaces　in　an　ufban　are亀including‘‘Klimaatlas”in　ufban

planning　such　as　creating”wlnd　paths”to　let　the　ocean　wind　cool　the　metropolis，　have　been

developed　to　mitigate　the　U匠｛Hn　Asian　mega－cities（Architectural　hlstitute　of　Japan　2000）．

Moreover，　in　areas　with　wat（油odies，　if　the　water　is　cooler　tham　the　air，　especially　mder　hot

we紬er　condi廿ons，　the　effect　appears　as　a　decrease　in　air　te即e伽e（Munn　et　al．1969；Naot　and

Mahrer　I　991）．　Li　addition，　the　discernible　reduction　in　air　temperature　may　be　spread　to　the　extent

abOut　150－500　m　fr（）m　the　river，．　is　estimated　in　Jal）an（e．g．　Murakawa　et　al．1988）．

　　　Apr（）ject　to　restore　arl　irmer－city　stream（called　the　Cheonggye　stre㎜）in　Seoul　began　on　JUIy

lst　2003，　was　completed　in　2005．　The　restoration　pr（）ject　involved　demolishing　the　elevated

highway，　ol舳g血e　cementiasphalt　pavement，　and　renewing血e　stream　environment．　Now，　The

Cheonggye　stream　has　been　recognized　as　an　ecological　city　stream　and　also　as　a　prototyT£f～）r廿1e

restoration　of　streams　in　cities　as　described　by　the・　Seoul　Metropolitan　Government　（Back　to　a

加re’　Seoul　2005）．　However，砒ect　observations　on　enviroumental　improvementS　after　reviv血g

the　city’s　landscape　are　ralre．　The　needs　to　analyze　and　predict血e　effectS　of　ecological　structure　of

the　city　in　order　to　find　the　most　ef〔bctive　methodS　to　recover　and　improve　the　changed　ufban

thermal　enVirOnment　are　aCUte．

　　　The　purPose　of止is　s加dy　is　to　clarifシ廿1e　effectS　aRer　the　restoration　of　Cheonggye　stream㎞

Seoul，血order　to　pursue　effective　methodS　to　mitigate　the　summer血ermal　s廿ess醜a－city，

based　on　field　meteorological　observations．　h　this　paper，　we　present　the　observed　changes　in　air

temperature　aro㎜d　the　stre㎜，　as　the趾st　repo貢．　The　study　will　give　appropda　e　guidelines　for

develop血g血e　urban・　planning　of　mitigating　UHI　in　Asian　Mega－cities．

2。Meteorological　Observations

StUdy　region

　　For　the　past600　years，‘℃heonggye－Cheon”（‘‘Cheon”means　river　in　Korean）had　been　the

ce血er　of　Seoul’s　s喩al　foundation，㎜血g　eas伽d　west　of　Har脚g（血e　name　of　forrner

⑳ongn㎎u
④Dongdaemun唱u
（聲おeongdong唱u

⑧Gwangiingu

Fig．3　Location　of　Cheoggye－Cheon．
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Seoul）｛md　comec血g　the　south鋤d　north（Fig．3）．　Cheoggye－Cheon　was　once　a　living　dver　used

fbr　everyday　by　the　pUblic　and　was　covered㎞1958－1961　to　solve　pollu纐on　and　floods　caused　by

increased　pqpu1蜘n．　Now，　the　restored　historical　Cheonggye　stream　has　a　water　depth　of　abOut

40cm　and㎜s　5．8　km　eastWard血ough　a　central　region　of　Seoul．　The　green　areas　and　wa】kWays

were　made　just　near　the　stream（Fig．4）．

（a） r（b） （c）

Fig．4　（a）Cheonggye　overpass（Date：Jm．2003）

　　　　　（b）Restored　Cheonggye　streamσ）ate：Aug　2005）

　　　　　（c）cheonggye　stream（pate：Aug．2007）

Observations

　　lntensive　observations　were　made　in　the　Cheonggy　stream　area　in　2003，2004　and　2007．　h

order　to　study　on　the　stream－effect，14｛hemlahecorders（data－10gge1）installations　were　deployed

across　the　stream　over　a　distance　of　about　120　m．

　　Therma1　recorders　measUred　temperature　and　humidity　every　10　mi飢es，　which　were　put　in

the　bree名y　shutters．　Figure　5　shows　the　photo　of　tliermal　recorder　installation，　which　was　attached

at　a　height　of　2．O　m　above　the　ground　level　to　trees　lining　the　street．　The　data－10gger　is　with　an

energy　saVing　device　and　the　installation　is　not　needed　maintenance．

　　Ih　addition，　su血ce　temper加re　of　the　vicinity　of　the　CheQnggye　stream　was　measured　using

therma1－graphy（Fig．6）in　2003　and　2004．

fig。5　　Thermal　recorder　installation．
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Fig．6　　（a）Surface　thermal　image　by　themia1－graPhy　and（b）picture　of　observation　location

3．Resuks　and　DiScussion

Tempera加re　mitiga髄on
　　According　to　a　project　report丘om　KMA（Korea　Meteorological　Administration　2001），　bef（）re

the　stream　restoradon，　the　temperature　in　the　stream　area　was　higher　than　the　averaged

temperature　over　Seou1．　Because　the　Cheonggye　stream　area　is　one　of　the　central　urban　areas　of

strong　ufban　heat　island　intensity　in　Seou1．　The　average　temperature　difference　was　1．0℃．

Furthermofe，　the　temperature　difference　was　1arger　in　the　eastern　part　ofthe　stream　area　than血the

westem　p飢．

The　resuks　of　field　observation　in　the　summer　in　2004（d曲g　the　stream　restoration）proved

that　the　stream－effect　as　a　cooling　source　was　confirmed．　Figure　7㎞dic説es　tha紬e　su血ce

temperature　around　the　Cheonggy　stream　changed　because　of亡he　restored　stream　The　drqp　in　ah・

temperatUre　above出e　stream　in　summer　created　the　surface　temperature　difference　between　the

water　surface　and　asphalt　pavement，　and　the　su血ce　temperatUre　difference　was　affected　by　the

meteorological　elements．

　　It　was　estimated　that　after　the　stream　restoration，　the　tempelature　difference　between　the

averaged　tempera加e　over血e　stream　area　and　the　averaged　tem即加re　over　Seoul　became
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Hg．7　Changes　of　surfaoe　ternpera加re．

　　　　（a）bef（）re　the　stream　restoration　（2003／06／2　112：00）

　　　　（b）during　the　stream　restoration　（2004／08／1112：00）
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smaller．　The　mean　temperatUre　difference　was　O．6°C　in　August　2005（the　stream　restoration　was

alrea（ly　completed　in　August　2005）．　The　temperature　deerease　has　been　caused　by止e　changes　of

su血ce　temperature　and　the　st【eam　wind．

　　Figure　8　indicates　that　the　stream　effect　on　air　temperatUre　is　evident　in　the　te叫）erature

disUibution　along　a　street　traversing　the　stream．　The　observatiopal　results　in　summer血2004　and

2007　showed　that　the　Cheonggye　stream　was　obviously　responsible　for　the　temperature　decrease

after　the　stream　restoration．　The　stream　effect　on　air　temperature　changed　with　distan㏄was

recognized．　In　the　south　of　the　stre㎜，　temperature　changes　were　smaller　than　in　the　nor〔h　of　the

stream．　The　asymmetric　pattern　of　temperatUre　distribution　across　the　stream　associated　wnh　wind

dir・ection　as　well　as　urban　mo荘）hology．
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Fig．8　Changes　oftemperature　difference　along　a　street　traversing　the　stream．　Above：du血g　the

　　　　stream　reStoration（a）2004／08／12／19：30・21：30　and（b）2004／08／12／22：00－0：00．　Below：

　　　　a丘er　the　strealn　restoration（c）2007／08／23／19：30－21：30　and（d）2007／08／23／22：00－0：00

The　stream　effects

　　MUrakawa　et　al．（1988）pOinted　out　that　the　discernible　reduction　in　air　temperatuire　could　be

spread　to　the　extent　about　l　50－500　m　fbom　the　river．　As　the　Cheonggye　stream　is　an　urban　stream

㎜血g血ou些血e　center　of血e　capital丘om　east　to　west，　it　can　not　be　practically　restored　as　a

na加ra1　stream　so　that　the　water　su血ce　is　not　wide，　its　average　depth　is　only　40　cm（amount　of

water　supply：120，000　m3／l　day；average　speed　of　water：0．25　m／s）．　After　the　strearn　restoration，

the　discernible　reduction　in　air　temperatUre　has　been　only　spread　to　the　extent「 ≠b盾浮煤@50　m（south

side）－80　m（north　side）丘om　the　stream（Fig．8）．　But，　the　ah暫temperature　along　the　street　within　80

m　on　the　nonh　side　of　the　stream　decreased　obviously．　This　result　is　due　to　the　action　of　bOth

sol血erly　wind　and　w血d丘’om　the　stream．
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　　Afしer　l　9：30　LST，　the　stream　effects　becq　e　evident　on　both　side　of　the　stream．　In　cloudless

ni帥t，血e　maxi　lum　air　temperatuire　difference　betWeen　air　temperatUre　on止e　bridge（over血e

s舳）鋤don止e　no血side　of　the　stream　was，　over　2．5°伽und　19：30　LST　in　the　summer　in

2007．The　apPearance　of　the　obvious　low　temperature　was　prQPo而onal　to　the　extent　of

stre㎜一effect，　and　it　was　also　affected　by　wind　speed　and　direction．　Ih　pardcular，　the　temperature

difference　coninued　unti1　before　the　sunrise．　In　19：30－0：00　LST，　the　tempera加re　difference　was

over　1°C　on　the　north　side　of　the　stre㎜，　and　the　discemible　reduction　in　air　tempera加re　was

spread　to　the　extent　about　70－80　m．

　　On　the　other　hand，　the　extent　of廿1e　stream－effect　on　both　sides　is　different（Fig．8）．　Thelre　is

little　effect　of　the　wind丘om　the　stream　when　the　wind　is　in　the　south．　The　temperature　dif〔brence

was　around　O．5°C　on　the　south　side　of　the　stream，　and　the　discemible　reduction　in　air　temperature

was　spread　to　the　extent　only　30－50　m．　It　was　also　cleared　up　by　the　residents－interview　thai　the

char，ges　in　loca地e㎜al　env廿o㎜ent舳e　so曲side　of血e　s柱e㎜were　li田e

　　It　is　specul批ed伽an　imer－city　stream　or　river　will　modify　itS　nearby　i曲an　cli燃e．　Howβver，

㎞出is　s加（ly，　changes　．血local’　thermal　environment　associated　wi舳e　resto蘭on　of　an　imer－city

stream　appeared　along　the　street　within　80　m丘om　the　stream．　Although　the　，width　ofthe　stream　is

only　16　m，　the　effect　of　the　wind丘om　stream　is　evident　on　the　north　side　of　the　stream，　the

stre㎜一effect　may　become　wider　spread　after　a　wel1－ventilated　building　distribution　conducted

along　the　strealn．

　　From　these　resultS，　the　authors　suggest　that　the　environment　design　of　wind　path　over血e

stream　shoU　ld　be　developed　in　order　to　improve　the　stream－effect．　ln　addition，　the　authors　indicate

the　8　m　high　bank　along　the　stream　side　may　obstuct　the　diffusion　of　cooler　air．mass　above　the

strealn（Fig．9）。

　　Even　though　the　．　pr（）ject　was　completed　in　September　2005（although　the　stre㎜、restoration

was　aiready　completed　in　August　2005，　the　o缶cial　almomceme血of　its　completion　was　not　made

until　September　2005），　the　public　has　tried　their　utmost　to　make　an　apprqpriate　new　waterside

space　and　mar（irniZe　the　usage　of血e　changed　environment．　All　field　observations　will　con血ue．

Further　stUdy　is　certainly　．needed　to　explore　the　complicated　relationship　betWeen　the　10cal　urban

heat　island　mitigation　and　the　effect　of出e　wjnd丘om　the　Cheonggye　stream．

F喀．9　1mage　of　cooler　air－mass　above　the　stream．
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