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This research is aimed to study the potential of green infrastructures
for rainwater management in urban areas, using the Faculty of Engineering,
Chulalongkorn University as a case study. Rainwater harvesting, green roof and porous
concrete, in this study, are selected for assessing the amount of drainage water could
be reduced as well as the level of greenhouse gases (GHG) emission reduction through
the reduction of wastewater generated, the saving of tap water consumption, and the
energy conservation. The last 10 years consecutive rainfall data of Bangkok metropolis
obtained from the Department of Meteorology was used in this study whereas the
Open Studio program with EnergyPlus v.8.9.0 database was used for simulating the
building's energy consumption. The findings demonstrated that among the 3 options
of green infrastructure, the best option was rainwater harvesting system with a
capacity of 40 m? as it helps reduce either the highest amount of drainage water or
the GHG emissions and provides a positive benefit in economic aspect throughout the
building service life of 50 years. Whilst Green roof requires a huge amount of
investment cost for contributing the great benefit to environmental performance,
and porous concrete is suitable option for rainwater management, but it is not

recommended for the purpose of GHG emission reduction.
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Wngenansinensa (Leggett, D. uavAnsy, 2001)

Rainfall
Key

——p Uisable water Mains top-up
""" * Discarded water /l |
CoBection E - + e Owerfiow
guitering
Supply
Cross flow |
fitber
Manhgcie .
cower H External use
Starage tank =
o = Greyiblack water to
= foul sewer system

Purw-—i— ¥

b J
T rnssnnnrannnnnnenna ) SOIKIWEINitration
Owerflow deVisE o SEWer
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fi1: (Roebuck, R., 2007)
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Dranage Aeraton Weter Siorage
#nd Root By
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‘17131’1: heatusa.com
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Lﬁaﬁqmu (Combined sewer overflow; CSO) lnnespeay 26 (PlaNYC Stormwater, 2008)
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g‘d‘ﬁ 2.3 waandealy Lancaster, Pennsylvania, USA.

#a: (UNEP, 2014)
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gneenuwuuniedanIsivtHuUsInaung Anfiunntdusuldls Wy auuareunin 9
SEUUNINYNTTUUNARUUTENOUMELEUN 1IN TTEU18U Tiutaandu Lasdnansse
agfiduNany AR ivaHUABUTENBUAIENYNTTUNLANUNUMUEIRUANILYN (WU

D a & v & A a < v U Y
weriuiles ansaRafide iuimasiy a1ulense WU aww Wudy walimaneiv

(%

N0 OALIDIINABINTT IINUNABULIINIY
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JUN 2.4 ety

fi: https://sailorstales.wordpress.com

JUN 2.5 eszungthinenssaunagy

fis: https://www.soils.org

2.25 ABUNIANTY

= i = <
ABUNIANTU (Pervious concrete, porous concrete %58 no-fines concrete) v

a

ABUNSMUNALUNY DN NwsREewaNa19InAaUNT el Aeneluilanaunsalisnsu

Y 9

1%

waglnseidetiaslulSnamnndwenliemeanseuidule danuaiuisalunisguun lu
UssmAgangy auisnT wasdidu ladnsfinduuasimunreuniansulduaslununeasaie
Snwdawindenunit 40 U dnvarinluvesnrsunsanjufiensunsanliiiinasinasidunvied
Tudnandndesdsazeyludiunanvosnad tnamadiazyimilenyssauuiasiumeny

YYYYy o v & = = % | ] = o '
Wlideiu dadupeuninnguisusenounie 3 @ lngdiunsnAsuiasiuveuniuunaly

oA = a . Y 1 a p= a A o oA
mewlles (Open grade) visavuInLAe (Single grade) laun #u n33n Wavsleda vietandug

a

fivsinadesaz 60 - 70 neUsung dwuiaesfediuiidumadviminiduiagdenuszea

wasmveudlimeiu Jeszneumeyudiuuduasindundn usenadidumauiiy W a1



15

anufivAy a@swaNtiy (Admixture) vsodanuauiiy (Additive) wWilldntdes rauniangull
YSunaunaniosay 15 - 25 lagd3uns wavdiuganepelnsagasing rsunsanguiiuaslvii
Inarulafsziivunvednssyaeing (Pore size) 9g5e1ine 60 - 70 Hadwns AUSuailnss

(Void content) agjseninosay 15 - 35 lagUsung lngreunsangulagmludednsinisiva

LY 1

H11Y89U" (Drainage rate) 0g581ing 0.14 — 1.22 WuURMIAT/ AU uaziiidsneguszan 2.8

- 28.0 wnzUrd@n1a (American Concrete Institute, 2010)

maun3anguatusainluUseynaldausuicmnssusazanrdaenssuliogis
PAINNANY LU ADUNSAN AU ABUNINAIUIDATONIDOUUTNNITIIIDT AU WULLIN N

a dy A o 1 a o 6 a go’ a dy
awnuwula WuSeuned IWlunuenudaivied uaaRiraedseuIgl AeuNSAYNUNI

wihilddsanishindssaugnmainte Wudu (Fude avee wae Usga Iuandsuiaiy, 2016)

2.2.6 AUUKASATINALIYA

LY [ 1

nsenvisegerludesdiulnginduiuniasisusneginiuninddudiuiiveod

Y

A3 UTE YU UTEWINTU INDBIUIEABNITITIDIVD I NNALN LT LANAUINAULNA
LRINUINGNSID AL NITUSNNTIAAIAUAT SIUDBNDNITUINITIANITANTIZUIIUT haznS

52UN8AIUTDUVDIDIAITUATEINDA5190U TUTzuINUU nsnunIevesvaslutiiowuinagil

(% ' £%
[ [ [y o

NuRRuAYanTanunluaursadusule Wy ssuznoswazaaunIs WudY w1zl

q

mgUszasAioliansnsz Uiy 5o Run off laeg1esiada uasielmvunziunisly

" & = a 4 a & = a
PIUNNUL WADE1ILINANTDAINUDVOIRUTMANTY 1TB91nHanTENUYa L URsuLUaImIa

v '
a !

anmniennAegTuLse waznnsiiiuiinennsensTuniuionvazdmaliinuiviauds

v ' TR
Y A a a v a1 @ =~ o

Tuiuild NuRavewmsenyesfiinsldTanifiddy vielunsdinlifisuin Adudnanmgnd
vl g vete1nAseus 91A15INgUL IngranauunffanufoINITNEIUN

Wududmsussuuszuiganuiou wieszsuuinanudureseinstaieindunsiiuduyu

[
a [

warAlddedmiuiussneunmsvsediveteinisiues uenaniloamgingedundudunis
d

Y Y
WHAINTULTITBIUTINGN1T0llA1EAI1UTBY %138 Urban Heat Island (UHI) M1@11158
neliAnkansgnusiegunmenievediosls nsenevesdilundudnuuiniudanilaign
o < ! (Y [ o A a = a A S e
WrnduuuinislunisiiedanisiuransenumaiiguuiAnnsenvieves e il
Y ' o v v & a A - = & dy v o ¥
Megeveiuinnssumulasa iUz Iudide) NTINaNUnlnAAeeToUs MIENITRAULL

safuiieinlmAnUszlevtinateusznis waztduni1slensn1as1suselesiluuaIATIN Lile
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& v w1 a A g a A A a v o
Junsuiuddenisiasuudasanimgiionnia uenaniuwiAnnsenysesesdiledlan
aal % v & P v o Y a ¥

Tnsulassaisiuguadedlunatg g suuuuanldimeliannisussaid munglusmunig

IANITUINY NM1TARANLTOU LarnN1TousnEndsny a1y

- syuuguthy (Rain-gardens)

- syuuuenuainfiutiey (Downspout disconnects and rain-barrels)
- mMsUaniwdusu (Tree-planting)

~ msesnuuuituituih (Landscaping and bio-swales)

- syuudeinuiuih (Cisterns)

- SyuUBRaA WYy (Eco-roofs) (Foster, J. wagay, 2011)

a

23 madasuwdasanmgiieniAnaziansenusauIuaiiu
2.3.1  msasuudasanngiiennie
nsidsundasaningiiennia (Climate change) Aon1silasunUasdnyazaIne
a A A4 24 o a = o & A v 1Y) |
wigluiunnis dnwageinieade nuiesiuddnvuenvuaiiieidesiueinia 1wy
gaumnd W ey WWudu Tupnuvunemunsevveseudyyritmenisildeuwdasgiiennie
FCCC (Framework Convention on Climate Change) nMsiUaguiUasaningiiennie fie n1s
Wasuwlasanimgfienniadudunaniinsanien1sdouainianssuvesuywd il
(3 a =] v a .
29AUTENBUYRIUTIEINIAAgULUaslUuanmTlaa N AU UL TN LS TIUYIR (United

Nations, 1992) ufadununenlslunuenssun1sseninasguiainnienisiudsunlasanin

niie1n1e IPCC (Intergovernmental Panel on Climate Change) n1stUABuLUaIanIn

]
=

QileniA Ao MaUasuwlasanmgiionnialiinagiliownneNURuwU TN ITUIR 1130
AanssuvesNyed (IPCC, 2001) AanssuveuywdninavilnanmgioniAudsuuwdas fie
a A o v a & & a = ] Y
AanssuviUTINUMesaunsean (Greenhouse gases) luussenniebiiuuIndu {Wumeli
ANZI3aUNTZaN (Greenhouse effect) JULTINIITNAITILTUAUNTITUNYIR wazdnali

(% [

gauniifiuiilangadu Sundt anglanieu (Global warming)

2.3.2 waﬂixwwaﬂmsmﬁauuﬂammwgﬁmnﬁﬂﬁiaﬂ%mmﬁﬂcJu

LuuIIaesanImgiienniAnuategUssme dinnelule.g. 2100 wgnisaliiiviog
a = a a X ] A A a X & |
EULWQ ?ﬂgﬂJﬂquﬂJQIUﬂqﬁLﬂmLWNGUuVaWEJLVH(\]']ﬂLN@ﬂ@u I@Uﬁ]glﬂ;@ﬂqalﬂﬂﬁﬂu 3-6 A IUGU'N

100 U vuznadonauniloniaiaies 1 a59lusau 100 U 1usLeLTensiuaantdgdtad
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¥ [V V]
= v a A

walduagiiadunnniln wagivianvesassty Mellidlosarnnansynuvesnisivdsunlas

[ [

anmgiiennia aazlandou vilainisazatsvesguuiiiulsautalaniiinundu 1Ju

a1 liUsuad luiidinagnsiaiinuniud1iu Tugae 30 Ysuun Nunigusuves

Y
Y

Ussinalnesinagdsvauiuilagmenndeovosads lnsdnlvgasAnlumguruiiseogluiiug
Aeoatoniningnnds TnsameunumeiafungfuoenuasmdlivesUssnadaisoging
wayns lumiladlugagne njumnuniuas walvg wazideslmifiuszauiymisiay
WY lnglanizyiegary faiidesnndTmnanhilinnndianuannsalunmsinifiv uas

syuussUnengaldtiusansSainme

(% '
o a

NANTENUINNNISIAAUIVILLNUNBIANUES NN U BE19UNNFNAR DT INLAENSWEEY UN
Tnavdvhuiuilaiarsdsmdulassadieiiugiu wu auy Fnead1enneg vatefivua

PNNTNUYNT VEANUTNAUYIARULEDNENTN 1HRN1SULTUTBIUN daNananITwnsYaelsa

o

& ¢ s 1Y) a a ff = ! !
53U’1@V]Q$LU3J‘L,!‘HEJ WULLAS NI NNﬁI‘Vi“LJ'i%GlﬂGUULﬂWJﬂi]ﬁﬁ/ﬂﬂ@'ﬁllmsmllNa@@ﬂqﬁﬂaﬂq%@’]ﬂiiu

g9 (89ANSUTMFIANTSABLITBUNTEIN, 2015)

N1159AN15UHU (Stormwater management)

N N =n.

4
4.1 nsivauivesun

1Y
o A

nshvaunvesdn (Surface runoff) agtinduliafiuRviariaRunTusuns o lua1uise

Fueuladudnlumein@ie1au191nNY Y1NN1InANEazaney UseN1NtLdsarane

' o
1Y a Y [ &Y

(Durrans, S.R. wag Dietrich, K., 2003) fiuiia1u1sagaduililaaufegadudidainty

[%
1%

Ysunadudiuiuazivauiluniuusdduaininigdugnem asgunasdisssunanlng

¥
A [

gn lneynduiitlazluedivuszianvesiu dnuziiusena vllavesiivuazdadluiiug

[ '
a

WAL n3IN1358M803U (Pierpont, L.H., 2008) anwagn1stduseloguiuiiloaduyue

T Y
= 1

aseanuiaiungurulile (Impervious surfaces) 917ltU A1AH11AT NUABUNTA ATUIDA
0 WAZOUUYNUEADY AUV LUV WLDITNINTUTRY ) iU uunsivaves
a a o % 1 & a o RS a{' =2 ] va =2
Afuliaududousazliidulunusssued davnsldlminduinnaunduasgvulaau 39
a Id a 96’ a a o A v [ d’lj a 1 < P
WNansazau T uUS U AU ILILLMAIa TR INNTTE UL 0aN N NUT DL 19 TIAT LD

TailiAnunviudssaly
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2.4.2  33UUNTINNITUIAEIATIHTINUFIUEN

Yaguuszuunisuimsdnnisuniauluiuidesunaivg drusndalusuveying

v
IS a A 1

flay (Conventional Stormwater Management) Jsfiuwafnfiugiuin “uriafududsilidig

Us2aaAfnadnn155zu1898na1niufed1959a15991ga ” (County Prince George’s, 1999)

o w [y

i%UUﬂ’ﬁﬁfﬂﬂ’]iﬂ’]ﬁﬂﬂﬁlW’Jiﬁﬂ’mllﬁ?ﬂﬁJﬂUUiBaVI%ﬂWWﬂ’Nmi’mL%D‘U@Qﬂ?ii%U’]ﬂﬁ’]@@ﬂﬂ’]ﬂ

>

¥

S Ay i a A =) @ v & 3 1 1% 1 v H
WUW‘IN’J’]?\]BNUﬁJ’]mNWﬂLWEJ\‘]GL@ﬂGﬂZLI AIUUBIAUTENDUAIY i IWLLﬂ AUU KA TWITUIYUN

YDUNTY 119U Aa1UIDATH FILASUNITBNMUUIAANNITOAALIUIRIAUDDNNNNUN LA DE N4

a o

sandaiian dfnfudiuiunaslnaasgviessuieiléiu doudideddugszuutitaiide
saawnlngfivaienng (end-of-pipe-system) LLazmadauUdaaaqgjLma'mfﬁmmssmma
FliAndymawndoununetisiades Taud vafivludeuluunanisssuwia vaivy
Uuﬂaﬂmmdaﬁﬂé’fﬁu LLazmsﬁmmzﬁmaﬁja (Ferguson, B.K. W France, R., 2002) s8UU
nsusmsdansuuueysneieud idalenalfszuugnninen (Hydrologic cycle) u

& A ° v A o Y A & a & A Y o
WumﬁquqiﬂmﬁlﬂuqﬂsﬂaﬂmjL@QI@@EJ'NW?TJ?Q%LUUC‘]W@JﬁiiﬂJGU'W] UBNITNULNDITUUITUIEUTU

18 0 & 1%

91N ndusedddavuszanadiuuumamalunisdeuusaviseneasislug uenanng

Vimihfiszuieiiesnanniiuiugs ssuuildaunsansvaueamsiduuanhdmiuldeulna

Y

daguieANazAINYeIYNYU (Community facilities) n15ilugivimififvesyuyunaanay

Juduiegvesdnivieaduluiuile (sl funesana, 2554)

1 Normal Flow

2 Downspout

3 Sewer line

4 Storm drain

5 Dam

6 Outfall to river

7 High flow

8 To treatment facility

1
(M \

S—

el' Y g (% 6&a
E‘UVI 2.6 ITUUNTINNTTUILUUBUYIN YUY

fan: (Johnson, A., 2013)
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¥
=~

2.4.3  STUUNISIANISUINIELASIES19NUS LTIV e

&9

o

sruunsdamsuslassassiugudidenduszuuidnisuneilassassiiugud
WeuUseyndldlun1sdnnisun Wy naanden aautiay maviiiaansaduiule wae
szuuiniiuiely lnenalnndnaesnislilassasisiugudidslunisdanisiidensudiag

fuazn1sinAvtduwatde drelunisanuSunutazsrantiduluaul wuinlasu

3

1o o

N309UNHIAY kaztigsnwAun NN lukiia 1A Judu (Gallet, D, 2011) wanannil
lassasefiuguderdalivseloviluauaue Meenudiay wswegha wasdsinaeudaly

aunsalasuatnsruumMIIanisiikuvey sy

1 Green Roof

2 Downspout

3 Cistern

. 4 To treatment facility

1 5 Permeable Pavement
6 Qutfall to river

2 7 Stormwater Flow

! 8 Infiltration

s SRR I

5

a o Y =1 a a
ETJ‘W 2.7 3$°U‘Uﬂ']if\]ﬂﬂ']iu’]ﬂ?ﬂiﬂﬁﬂﬂﬁWQWU§WUﬁLsﬂﬂ'ﬂ

fan: (Johnson, A., 2013)

25 nsdidnulassadreiugudidealuiesana
2.5.1 Chicago

wnunsiaudiesdiduivendes Chicago Msumstuidaulaeanusiuiiosening
miwnusy ownshivamarlsuaznaensuiiensianisivhusasrudmansenui
mufouveniiodnge Snstnonmalulad@ideasieg ald Wy mahiivhannsadusiy
1¢ (Permeable pavement) n&aidien auiey uazasendiden Tnefiihwunendnlunns
vty 1wl .m.2007 o Chicago dnsen 30 wiiiAndmaindaianmsegurule
LLazﬂauﬂ%ﬁs&aEJaﬂUsfmgmsaiLmzmm%fau (high-reflectivity concrete) oALUUIINSU

Uelulmenaananszuusuidsiiaanni1sen1sinUnuds Fea1uisawentieulagnisnn
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% A

Wuldlulduslevdsiely wusniaulsl aresa Wudu fee Chicago aunsnannislondsau

I lunsvrdadndeveadladls 190,266 wneindnad

o I =

andiegranilavaailas Chicago ABndanTedfivuin 20,300 M1319HA UUNEIAT

91A13A18191N15VRUEY Chicago Tneldaulilds 20,000 fu n31 150 aneiug nasALeIl

£
Yal

Yr8Usuan1eInNAlngsaUlRTY d9NalrannIsLTAIBIINAINNS B ULALLASBIUSUBINA

19481713 wagdudufinimldmiuiauuuindafes iWufiaianisalimdanndeatagln

o [

Usgndanasnulnidlule 9,270 Alatnf-17lue wagnsan1esssusIRdInsusEUUinAINY

¥

Zou 740 U7 FeAaduNIsaAMIYISaUNTLANIINATT 6.3 Fulisuinasuaulaeanlassed

Y

(Foster, J. wazandy, 2011)

JUTN 2.8 nAeAT838491ANSANRIINTV0NEBY Chicago

‘17'im: (Foster, J. wazmaly, 2011)

2.5.2 Portland

Tuiiles Portland ﬁﬁiym‘fﬂNul‘wamaqejLLﬂﬁwéﬁmﬁaﬁmuﬁm'i‘UuLﬂyaumﬂ
prstuSounazauusTa e fidedunnainressuieinde fuduitouddaym
Preiu Tude.a. 1991 furaviesiuldldsuuszana 1.4 Wuduneaafanss Wousuuse
vigszursthidsvualngfiannsosessuiidslfunsdng Tulla.e. 2004 1os Portland
éfaqLm%@ﬁuwwqwumuwmimy}ﬁﬂLﬁuﬂd1mmmmmiumiizmaﬂfﬁlﬁamauﬁaqﬁq 50 1y
wan iyl AsUSIIN 2.8 duknaasu gnudesasguaitngiss alfuiives
lod Portland Uszanmsesay 50 ildaunsaduruld fuduauudesas 25 uasdl
ndsadszanmdesar 40 faduiilolduiuinidigualdinsatvayunianisduliiy
Uszrmulunisinsandinndeanazoensissudiduesnainszuudndy wazdadnis

YSuusenuulniianuilunasdnyue N uAudu g MEgULUUTEUUNIETTUYIANDT095Y
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wazanUiiutduiivsdlugvesuinge JestuldliiAnmanissiniousgradiag
Antuludaa. 2004 Fefeldindunsamululassadsiiugudiden 8 Sunoaasuazanunn
anmsamuluszuusesiutideluly 250 Suneaans uenanillasaireiugudiTerdaeli
odomuvindvoadiosliyarfisdudnie (Foster, ). uavamy, 2011)
26  doyavluvesiuiiildifunsdnm

NIUNNUNIUAT

nyammumuasiduiiomaranfuuasiifiussvnsuiniianvesusenelne 1Ju
gudnananisunases MsAnw MIALUIALTUAT M3RUASEUIANT MImdd n1sdeans
LAEAINNLATYVDIUTLLNA gﬂagﬂuu‘%t,’;mmﬂﬂawmaudwwawizmwﬂma U‘%L’smazag@ﬁ
13.45 a3ruviiio 0a33gn 100.28 asmmzuaen dfufivimuaUszanas 1,568 7a319Rlalns
wUseanidu 50 waunmses

dnwagiussmavesnsammuuasiduiisugy ﬁizé’ummqqmﬂszé’uﬁmzLamu
nansUszanas 1.50 — 2 s Tnefirmmndswesssduiufunniinmiioasaosy andesgen
Inevafielfuazsiameguulindmassmauansaregganinssdiutmaaliiu 1.50 wes dseg
Uuﬁuﬁ%ﬂumﬂg:ﬁmam%ﬁaﬂdm'%nmﬁumauammﬁsmmﬂLL&J&W%@Lﬁmmﬂﬁumzﬂauejmﬁwlﬂu
fuflgauauysaivmnzunmsmsUgnituasinussanine (quidoyansummenmuns, 2560)

LwAUuIY

wenndu 1y 1 1u 50 wansunasesweangammamiung eglungungamls sie

<

Juwagudnansgsia M3fn 115uin1s nsweuia Tausssu n1sAny) waznsye WWum
dl :-’l a

& Ao ' a o 28 edl a
Muqmwmagmmmfl,f\maﬂwq@‘umﬂgqmwmmum U UaNUEU1 8.369 MNSI9NLALUAST

wazdldwIuUsEyIng 50,673 au (duingnsaansuavUuseiiiung, 2558)

= LUMRHINT
((CTie ) ‘guﬁ"ﬁ

& River 'Cny Bangkok

BANG:RAK” ; '
“'l'l_“:\.k_{!)'\nh

G-

7 g bl gt Google v
JUT 2.9 UHUTAUMLTL NTANNUMIUAT

fan: Google map
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PRI TN NG

PamnsalumInetds Wuanituaaufnwiwiusnvessumdlne fdegiununy

v a 14

Tu nawmmEviuas dertinainlsaseudmsulndnividnsensiienaseu lnalasunsy

[

wmnganEAMIINNIZUIMANRINTEYavena 108 TTanga Tidetu nnelu
NTLUTUUYNITIVTY LD W.A.2442 NIDUTINTEIIVNIUNTEUTUIIV YN ATy “N3e

& 9 ) d{' o a o a a = o 1 1 = 1
Wed” dluaseswmunelsednlsaseu msaiuaueeslsassuiinisiauiegrsmetdoady

Q:I QJIdI

a19U unTENuleudl 26 JuiAu W.A.2459 NIEUMANAINITZUNNANTI0EHT TinTe

<

UseAuguuluuming dy wagnsgsamnIuuid “Painsalumingtde”

Uaqiupnasnsaluminede Iiuivianun 1,153 15 lnguuseanidu 3 @ au

(%

AnwauensIaNun lakn NuRwani1sEned 595 15 Nuidiusivn1sely 184 15 wasiiuiiun

we 374 15

_____________ owssswi1 F

* =

@ e | =

000kbLMBINNY

# sumoogauton - ursamis

reuvussn'e

EY
S
=
=
2
>
e
ES
3
=
.
5
=

ujLfomu
yrnbsreu

‘z Nadnsnivm3nada

Chulalongkorn University

(00 1" bLME NNY

LmRuANIsANK

X o4 - e
LUANUNWIUTY

. wiegaiawasdwineuy

X 4, a >
wanufiguTns(@nuazidild)

JUN 2.10 wnudauiundnnisnauseleviusiannununu iy

fian; http://www.property.chula.ac.th
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o/ v [

2.7 uidenngatesiulaseaiianugiudiven

Zhang, Q. uagauy (2015) AnwiUszdndaimnisiniuiiwazauninvesdinulg

UlSeuiigundsaueaiiarivasnadinileinugnau Buddhanail (Sedum lineare) gy

o
a

AUUgNIAMUMLY 15 WwuRwns Usenauaiedung (Peat soil) viasiialadn weslad wazd
Ao ludnsidiu 4:3:2:1 ¥inisneasslneiausuiadulundas Suasusuainud
annsadnfvld 91nnsAneInudn wdemueaiiasiarunsadnfuiiduld 0.03 - 1.98
fiadiuns WwAe 0.42 fadwuns nioseuas 0.31 — 18.84 1waudavay 3.69 Lazndin Ty
annsafniuinuld 2.50 — 35.66 Tadwns Wi 11.61 Jadluns viedevas 35.5 — 100

\aYSeuay 77.2

Foster, J. wazanlz (2011) Anwiuszansanlunisiniiviineuvesndinleqtiioan
NansenUINNUIEUlaUn wurasRderiganusunateunlaassruvaIs s lena

Sovaz 50-90 Tuwguunnidn (25 faduns) wazedslieedosas 30 MMNWLIIALAG

Wang, X. wazauz (2017) Anwusgansnmnisinifivihuazaunimvesdinulnai
Wiguiguraeniliganugnaiedusesii 1 dunay 2 4u lnenaassmgyuianiely 43.2

54.6 76.2 uay 86.4 fadlunsuavuandu Sedum lineare WU N1sUgnAIETUTEINY 2 U

aeld duRudgnidu Turfy soil 5 lwufiwns wagld weslad audududuaziiesinlad Tu

Y

Py

(% (% 1%
o o

Jmsndau 2.5:5:2.5 wuRwesilutugedu aunsaanusunandulvauinasinunininig

Y

'
P

Pan Ingaunsaandsunuudulnatuilasesay 81.9 73.0 61.1 waz 47.7 ANUAGU LRAYSaY

q

¢ 65.9 fsuyulunisneadiaussana 105 Aoaa1s/mMIuuns vaien1sugnaietusosiny

D)

1Y 1

WeatuLien Fausenaualedu (Turfy soil) wweslas uagiiesiiala aednsidiu 1:1:1
AUV 15 wuRung zanansaanysunanidulvaunlddesas 71.4 58.3 44.1 uag 36.3

PINEIAU Wheseay 52.6 wavdnunulunisneasiauseunn 94 Aeaa1s/M13 19U

Guo, C. (2008) Anw1Us¥aANIAIMNNITUTENTANGIUVDINFIANTLINUGNAILNY
Sedum lineare Milaani19la7 Useinaau tagly DeST simulation Tun1s3tAsIgst 210

ASANINUIINSIANTLII8AANIT NS IUA NS USTUUUSURNAlueANS lespeay 3.83
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Sailor, D.J. (2008) Anw1USLENTAINNITUTENTANHIIUVDINAIANTLIVUDIANT
dtinausiaesitufindsaiauin 2,000 asraunsluiiedalnuaziiiesdradu Useina
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M13199 2.1 MTinidAgydmsuUseiiulassasisnugudiven

Categories Performance indicators

Ecological indicators Climate and microclimatic modifications
(e.. Urban Heat Island effect mitigation;
temperature moderation through
evapotranspiration and shading; wind speed

modification)

Air quality improvement (e.g. Pollutant removal;

Avoided emissions)

Carbon Emissions (e.g. direct carbon sequestration
and storage; avoided greenhouse gas emissions

through cooling)

Reduced building energy use for heating and
cooling (through e.g. shading by trees; covering

building by green roof and green walls)

Hydrological regulation
(e.g. flow control and flood reduction; regulation

of water quality; water purification)

Improved soil quality and Erosion prevention

(e.g. soil fertility; soil stabilization)

Waste decomposition and nutrient cycling

Noise level attenuation
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Biodiversity-protection and enhancement
(e.g. Communities; species; genetic resources;

habitats)

Health indicators

Improving physical well-being (e.g. physical
outdoor activity; healthy food; healthy

environments)

Improving social well-being (e.g. social interaction;

social integration; community cohesion)

Improving mental well-being (e.g. reduced
depression and anxiety; recovery from stress;

attention restoration; positive emotions)

Socio-cultural indicators

Food production (e.g. urban agriculture; kitchen
gardens; edible landscape and community

gardens)

Opportunities for recreation, tourism and social

interaction (community livability)

Improving pedestrian ways and their connectivity
(e.g. increasing safety; quality of path; connectivity

and linkage with other modes)

Improving accessibility

Provision of outdoor sites for education and

research

Reduction of crimes and fear of crime (comfort;

amenity and safety)

Attachment to place and sense of belonging

(cultural and symbolic value)

Enhancing attractiveness of cities (e.g. enhancing

desirable views; restricting undesirable views)

Economic indicators

Increased property values
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Greater local economic activity (e.g. tourism,

recreation, cultural activities)

Healthcare cost savings

Economic benefits of provision services (e.g. raw
materials; timber; food products; biofuels;

medicinal products; fresh water etc.)

Value of avoided CO, emissions and carbon

sequestration

Value of avoided energy consumption (e.g.

reduced demands for cooling and heating)

fan: (Pakzad, P. gz Osmond, P., 2016)
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Parameters Range Typical Value Default Unit
Height of plants 0.005-1.0 - 0.2 m
Leaf area index 0.001-5.0 - 1.0 -
Leaf reflectivity 0.05-0.5 0.18-0.25 0.22 -
Leaf Emissivity 0.8-1.0 - 0.95 -

Minimum 50-300 - 180 s/m
stomatal
resistance
(DOE, 2010)
a3 4.7 Fulsinedesiuiu
Parameters Range Typical Value Default Unit
Roughness Very Rough - - Medium -
Very Smooth Rough
Thickness 0.05-0.7 0.1 and 0.15 0.1 m
Conductivity of 0.2-1.5 0.3-0.5 0.35 W/(m-K)
Dry Soil
Density of Dry Soil 300-2,000 400-1,000 1,100 Kg/m3
Specific Heat of 1,200 J/(kg-K)
Dry Soil
Thermal 0.0-1.0 0.9-0.98 0.9 -
Absorptance
Solar Absorptance 0.0-1.0 0.6-0.85 0.7 -
Visible 0.5-1.0 0.75 -
Absorptance
Saturation 0.1-0.5 <0.5 0.3 -
Volumetric

Moisture Content

of the Soil Layer
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Residual 0.01-01 - 0.01 -
Volumetric
Moisture Content

of the Soil Layer

Initial Volumetric 0.05-0.5 - 0.1 -

Moisture Content

of the Soil Layer
(DOE, 2010)
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Parameters Value Unit Sourced
Height of Plants 30 cm Observed
Leaf Area Index 3.31 - (Yu, C., 2006)
Leaf Reflectivity Y22 - Default
Leaf Emissivity 0.95 - Default

Minimum Stomatal 180 s/m Default

Resistance
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Parameters Value Unit Sourced
Roughness Medium Rough - Default
Thickness 0.15 m Default

Conductivity of Dry 0.35 W/(m-K) Default
Soil
Density of Dry Soil 1,100 Kg/m? Default
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Specific Heat of 1,200 J/(kg-K) Default
Dry Soil
Thermal 0.9 - Default
Absorptance
Solar Absorptance 0.7 - Default
Visible 0.75 - Default
Absorptance
Saturation 0.3 - Default
Volumetric

Moisture Content

of the Soil Layer

Residual 0.01 - Default
Volumetric
Moisture Content

of the Soil Layer

Initial Volumetric 0.1 - Default

Moisture Content

of the Soil Layer
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Sudi VARSI piet{
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
1/5/60 0 0 0 0 0 0 0 0 0
2/5/60 0 0 0 0 0 0 0 0 0
3/5/60 0 0 0 0 0 0 0 0 0
4/5/60 0 0 0 0 0 0 0 0 0
5/5/60 0 1.4 26 0.4 0 0 0 0 27.8
6/5/60 0 0 0 0 0 0 0 0 0
7/5/60 0 2.2 1.2 0 0 0 0 0 3.4
8/5/60 0 0 0 0 0 0 0 0 0
9/5/60 0 0 0 0 0 0 0 0 0
10/5/60 0 0 0 3.6 0 3.5 0 1.3 8.4
11/5/60 0 0 0 0 0 0 0 0 0
12/5/60 1.8 0 0 3.5 14.1 13 0 0 32.4
13/5/60 0 0 1.2 0 2 0 0 0 9.2
14/5/60 0 0 0 0 0 0 0 0 0
15/5/60 0 0 0 0 0 0 0 0 0
16/5/60 0 12.7 18.2 1.5 0 0 4.1 0.3 96.8
17/5/60 25.4 13.6 0 0 12 1.2 0 0 52.2
18/5/60 0 0 0 0 0 0 0 0 0
19/5/60 0 0 0 0 7.5 38.8 0.5 3.8 50.6
20/5/60 0.5 0 0 0 0 0 0 0 0.5
21/5/60 0 0 0 0 0 0 0 0 0
22/5/60 0 0 0 0 0 0 0 0 0
23/5/60 0 0 0 0 0 0 0 0 0
24/5/60 0 0.7 0 0 0 34.8 0.3 0 35.8
25/5/60 36.5 5.9 11.4 0 0 0 0 0 53.8
26/5/60 0 0 0 0.8 0.1 5.6 0.8 0 7.3
27/5/60 0 0.8 0.1 0 0 254 25.2 2.5 54
28/5/60 0.3 0 0 0 0 0 0 0 0.3
29/5/60 0 0 7.5 0 0 0 0 0 7.5
30/5/60 0 3.6 3.3 17.3 8 0.7 0 0 32.9
31/5/60 6.7 1.9 0.3 0 0 0 0 0 8.9
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Sudi VARSI piet{
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
1/6/60 0 0 0 0 0 0 0 0 0
2/6/60 0 0 0 0 0 0 0 0 0
3/6/60 0 0 0 0 0 0 0 21 21
4/6/60 2.2 0 0 0 0 0 0 0 2.2
5/6/60 0 0 0 0 0 0 0 0 0
6/6/60 0 0 0 0 0 0 0 5.1 5.1
7/6/60 0 0 0 0 0 0 0 9 9
8/6/60 0.2 0 0 0 0 0 0 0 0.2
9/6/60 0 0 0 0 0 0 2.9 0.6 3.5
10/6/60 0 0 0 0 0 0 29.1 0.3 294
11/6/60 0 0 0 0 0 0 0 0 0
12/6/60 0 0 0 0 0 0 0 0 0
13/6/60 0 0 0 0 0 0 0 0 0
14/6/60 0 0 0.3 0 0 0 0 0 0.3
15/6/60 0 0 0 0 0 0 0 0 0
16/6/60 0 0 0 0 0 0 0 0 0
17/6/60 0 0 0 0 0 0 0 0 0
18/6/60 0 0 0 0 0 0 0 5 5
19/6/60 2 0 0 0 0 0 0 2.2 4.2
20/6/60 3.6 0.3 0 0 0 0 59 0.7 10.5
21/6/60 0 0 0 0 0 0 15.2 6.7 21.9
22/6/60 1.5 0 0 0 0 13.6 10.3 0 25.4
23/6/60 0 0 0 0 0 0 4.5 0 4.5
24/6/60 0 0 0 0 0 0.7 13.2 0 13.9
25/6/60 0 0 0 0 0 0 0 0 0
26/6/60 0 0 0 0 0 0 0 0 0
27/6/60 0 0 0 0 0 0 0 0 0
28/6/60 0 27.8 0 0 0 0 0 0 27.8
29/6/60 0 29.4 0 0 0 0 0 0 29.4
30/6/60 0 0 8.3 0 0 0 0 7.2 15.5
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LANYINNIIATID

UN RN
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
1/7/60 0 0 0 0 0 0 0 0 0
2/7/60 0 0 0 0 0 0 0 0 0
3/7/60 0 0 0 0 0 0 52 22 7.4
4/7/60 0 0 0 0 0 0 26.7 0.2 26.9
5/7/60 0 0 0 0 0 0 0 0 0
6/7/60 0 0 0 0 0 0 42.8 24 45.2
7/7/60 0 0 0 0 0 0 5.6 12.2 17.8
8/7/60 13 0 0 0 0 0 0 0 13
9/7/60 0 0 0 0 0 0 0 0 0
10/7/60 3.7 4.1 3 0.1 0 0 0 0 10.9
11/7/60 0 0 0 0 0 0 0 0.6 0.6
12/7/60 54.7 4.7 0.8 0 0 0 0 0.3 60.5
13/7/60 6.1 23 0 0 0 0 0 0 8.4
14/7/60 0 0 0 0 0 0 0 0 0
15/7/60 0 0 0 0 0 0 0 6.8 6.8
16/7/60 0 0 0 0 0 0 0 0 0
17/7/60 0 0 0.6 0 0 0 0 0 0.6
18/7/60 0 0 0 0 0 0 0 0 0
19/7/60 0 0 0 0 0 0 15.6 18.7 34.3
20/7/60 0 0 3.8 0 0 0 0 0 3.8
21/7/60 0 0 0 0 0 0 0 0 0
22/7/60 0 0 0 0 0 0 0 0 0
23/7/60 0 0 0 0 0 0 0 80.8 80.8
24/7/60 0 0 0 0 0 0 8.6 0 8.6
25/7/60 0 0 0 0.2 0 0 0 0 0.2
26/7/60 0 0 0 0 0 0 0 0 0
21/7/60 0 0 0 0 0 0 0 0 0
28/7/60 0 0 0 0 0 0 55 0 55
29/7/60 0 0 0 0 0 0 0 0 0
30/7/60 0 0 0 0 0 0 0 0 0
31/7/60 0 0 0 0 0 0 0 0 0
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Sudi VARSI piet{
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
1/8/60 0 0 0 0 0 0 0 0 0
2/8/60 0 0 0 0 0 0 0.5 0 0.5
3/8/60 0 0 0 0 0 0 6 0 6
4/8/60 0 0 0 0 0 0 9.4 0 9.4
5/8/60 0 0 0 0 0 0 0 1.6 1.6
6/8/60 0.8 0 0 0 0 0 0 0 0.8
7/8/60 0.9 0.8 0 0 0 0 0 0 1.7
8/8/60 1.8 0.2 7.9 0 0 0 0 0 9.9
9/8/60 0 0 0 0 0 0 0.6 0 0.6
10/8/60 0 0 0 0 0 0 0 0 0
11/8/60 9.8 0.4 0 0 0 0 0 0 10.2
12/8/60 0 0 0 0 0 0 0 0 0
13/8/60 0 0 0 0 0 0 0 0 0
14/8/60 0 0 0 0 0 0 4.5 0 4.5
15/8/60 2.5 0 0 0 0 0 0 0 2.5
16/8/60 0 0 2 0 0 0 0 46 48
17/8/60 1.2 0 28 2.3 0 0 7.8 23 62.3
18/8/60 4 0.5 0 0 0 0 0 0 4.5
19/8/60 0 0 0 0 0 0 0 0.8 0.8
20/8/60 0 0 0 0 0 0 0 0 0
21/8/60 0 0 0 0 0 0 0 0 0
22/8/60 0 0 0 0 0 0 0 0 0
23/8/60 0 0 0 0 0 0 30.5 0 30.5
24/8/60 0 0 0 0 0 0 15.6 0 15.6
25/8/60 0 0 0 0 0 0 0 0 0
26/8/60 0.1 1 0 0 0 0 0 17 18.1
27/8/60 105 8.7 0 0 0 0 0 11.6 125.3
28/8/60 4.2 1 0 0 0 0 0 2 7.2
29/8/60 2.6 0.9 0.4 1.2 0.5 0.1 0 0 5.7
30/8/60 0 0 0 0 0 0 0 0 0
31/8/60 5 0 0 0 0 0 0 0 5
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UN RN
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
1/9/60 0 0 0 0 0 0 0 0.4 0.4
2/9/60 0.5 0 0 0 0 0 11.6 0 12.1
3/9/60 0 0 0 0 0 0 0 0 0
4/9/60 0 0 0 0 0 0 0 0 0
5/9/60 0 34.2 0 0 0 0 0 0 34.2
6/9/60 223 33 0 0 61 15.4 0 0 102
7/9/60 0 a5 57 1.8 0 0 0 0 12
8/9/60 0 0 0 0 0 0 0 0 0
9/9/60 0 0 0 0 0 0 0 0 0
10/9/60 0 0 0 0 0 225 0 0 225
11/9/60 0 0 0 0 0 0 0 1.3 13
12/9/60 0.5 0 0 0 0 4.5 0 0 5
13/9/60 0 0 0 0 0 22.7 0 0 22.7
14/9/60 0 0 0 0 0 0 0 0 0
15/9/60 0 0 0 0 0 0 0 46.3 46.3
16/9/60 0 0 0 0 0 0 0 1.6 1.6
17/9/60 0 0 0 0.1 0.8 0.7 0 0 1.6
18/9/60 0 0 0 0 0 0 0 0 0
19/9/60 0 0 0 0 0 0 0 0 0
20/9/60 0 0 0 0 2.5 7.8 0 0 10.3
21/9/60 0 23 0 0 0 0 0 49 51.3
22/9/60 0 0 0 0 0 1.7 0 0 1.7
23/9/60 0 0 0 0 0 24 43 2 a7.4
24/9/60 0 0 0 0 0 0 0 1.8 1.8
25/9/60 0 0 0 0 0 0 0 0 0
26/9/60 0 6.6 0 0 0 0 0 0 6.6
27/9/60 135 0 0 0 0 0 0 0 13.5
28/9/60 0 0 0 0 0 0 0 31.2 31.2
29/9/60 131 0.4 53 0 0 0 0 0 18.8
30/9/60 0 1.5 0 0 0 0 0 0 15
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Sudi VARSI RV
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
1/10/60 0 0 0 0 12.3 0 0 0 12.3
2/10/60 0 0 0 0 24.2 0 0 2.5 26.7
3/10/60 0 0 0 0 2.7 11.1 0 0.4 14.2
4/10/60 1 0 0 0 0 0 12.3 0 13.3
5/10/60 0 0 17.8 0 0.9 0 0 0 18.7
6/10/60 0 0 0 0 0 0 0 0 0
7/10/60 0 0 0 0 0 124 0 0 12.4
8/10/60 0 0 0 0 0 0 0 0 0
9/10/60 0 0 0 0 0 0 0 0.6 0.6
10/10/60 13.1 0 0 0 0 0 0 0 13.1
11/10/60 0 0 0.5 0 19 0 0 0 19.5
12/10/60 0 0 0 0 0 0 0 0 0
13/10/60 0 0 0 0 21.5 0 0.7 0 22.2
14/10/60 20.6 120.5 25 0 0 0 0.9 2.3 169.3
15/10/60 0 0 0 0 0 0 0 0 0
16/10/60 0 0 0 0 0 0 0 49 49
17/10/60 0 0 0 0 0 0 0 0 0
18/10/60 0 0 0 0 4 10.1 0 0 14.1
19/10/60 0 0 0 0 0 0 0 0 0
20/10/60 1.3 0 0 0 0 0 0 0 1.3
21/10/60 0 0 0 0 1.4 53.1 0 0 54.5
22/10/60 55.8 58 1.8 0.1 0 0 0 0 61
23/10/60 0 9.3 0.5 0 0 0 0 0 9.8
24/10/60 24.2 3.8 0 1.2 2.1 0 12.3 54 49
25/10/60 0 0 0 0 0 0 0 0 0
26/10/60 0 0 0 0 0 0 0.3 0 0.3
27/10/60 0 0 0 0 0 0 0 0 0
28/10/60 0 0 0 0 0 0 0 0 0
29/10/60 0 0 0 0 0 0 0 0 0
30/10/60 0 0 0 0 0 0 0 0 0
31/10/60 0 0 0 0 0 0 0 0 0
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JUN 2.2 LUUT0IaUAana I uTDImIaIALTe)

fi3: (Sailor, D.J., 2008)

aunanaeuluguly

OfEGEFO
Ff = Gf[Ié’(l - O(f) + Eflilr — EfGTf‘}] + fsglf (Tg — Tf4) + Hf+ Lf

aunsil 4.1
uaz of Wuilsidures LAL
or= 0.9 — 0.7 exp —0.75LAI aun1sfi 2.2
aunandsnulutufu
Fg = (1 - 09[1(1 — ) + gl — g Tg] — =5 (T¢ = T¢) + Hg +
0T =
Lg + K x a_zg aun1s 2.3
e

F¢ @@ net heat flux to foliage layer (W/m?)
Fg A9 net heat flux to ground surface (W/m?)

Hf  fo foliage sensible heat flux (W/m?)

Hg f® ground sensible heat flux (W/m?)
Ii A9 total incoming short wave radiation (W/m?)
Iilr Ao total incoming longwave radiation (W/m?)



Ao foliage latent heat flux (W/m?)

fo ground latent heat flux (W/m?)

79 leaf area index (m?/m?)

7o leaf temperature (Kelvin)

A9 ground surface temperature (Kelvin)

79 albedo (short wave reflectivity) of the canopy

Ao albedo (short wave reflectivity) of ground surface
fie € + & — EfEg

Ao emissivity of canopy

A emissivity of the ground surface

A9 the Stefan-Boltzmann constant (5.699x10% W/m? °K?)

Ao fractional vegetation coverage
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9197 2.1 Aunuszuuinfiuin

S18A13 e 511 i
(UN/%UY)
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9 5,000 4n3 www.bp-tanks.com
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3. ld@nsoeun PP LA 200 | USEMIamas dwwane

www.filtersupply.in.th
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www.dtsood.com
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www.onestockhome.com
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3. AUy M54, 50 TyAiTmInanaAu Yy
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(Uda, M. uagatug, 2013)
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