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quantification of important ecosystem servica'ia too

manage and monitor the supply level of ecosystéf servi

an@fgt?The purpose of this research is to
nning approach in reducing heat islands effect in

of urban ecosystem services that help reducing ur
present the long-term benefits of using nature-based
Tehran.

| |
Material and Methods@ this r
of Iran, which haShifaerous
Tehran and its districgwa 3

cl\Tehran is selected as the capital and also the most populous city
ds focused on different activity centers. The cooling capacity of
d using urban cooling capacity model in INVEST software, by statistical
rrelation model and Gates-Ord model.

Results and Disgussion: Evaluating the Moran's correlation model showed the spatial pattern of
temperature adjustment ecosystem services in Tehran is structured and clustered. The identification of
ecosystem service hotspots using Gates-Ord model showed, Cooling in Tehran areas is influenced by two
factors: altitude and vegetation cover. The presence of natural infrastructure and vegetation reduces heat
island effect and also reduces urban temperature in some areas; which have large green and open spaces
(including districts 4 and 22). The high density of population, building and traffic in streets (including
districts 10, 11 and 12) has led to a decrease in cooling capacity of these areas, which shows the necessity
of redefining urban features to control temperature. The northern areas of Tehran, including districts 1, 2
and 5, have low reference evaporation and transpiration due to their location at high altitudes and low

temperatures. These districts always experience lower temperatures due to the rivers, natural waterways,
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large green spaces and low-rise residential structure. We can see the effect of northern regions ecosystem
on neighboring regions such as district 3. The reason is low height of buildings, natural corridors between
natural spots and the green spaces cohesion, which has caused the effect of temperature adjustment

penetrate to adjacent areas.

Conclusion: The output of urban cooling model shows urban green and open spaces play a valuable role
in reducing the heat island phenomenon. The high density of buildings and population, in other words, the
high level of built-up lands in the central regions, has led to a decrease in cooling capacity of central
districts. It is important to develop effective solutions to maintain ecosystem serviges and increase
the end,

vegetation and continuous green patches to control temperature of big cities such as Tehrar.
Using nature-based planning approach and integration ecosystem services in city planning
reduce the heat islands effects and bring long-term benefits to cities in different dimergio

)

Keywords: Ecosystem services, temperature adjustment, sustainable deve rban form, INVEST

software



;.w.b" 93 AJlo

Joad oot oS Lo Ad pe 1 (6 e 0y (LS oI Ol T SSeRey
Ol s 33 INVEST (6 s (ST S5 Joo 31 ooliseu! b Los

¥ yis aluas < 59lg0 36 e Iyl olie dnuls

ol ey (LT oSl o (g5lu 05 5 (5 Lons oSl eg5lused 05,5 P

Q\ﬁ‘ ch.QJ e S PIERS cLAa..:.'x.o PBLC 05\5\&:&5}3‘ oo ‘_g}g,)d.oliﬁ 9 L?‘)Ja og

-

Lo g o8l (555098 )90 50 (slod S Sl ysd el (s p - @ e 0 S 5 e )y 0oy 1 Sud g alylaw
Sy e Bblis 1o ey nlim JuSts 5 S glagls izl il o 00 oy prob

c)‘d.:l.: A.v_uy L G)L..._wo d‘l).v .\)9.3 M‘? 6;&—“ w).n.\.a 6‘).3 ‘}J_.o‘ Lﬁswjb )‘ éi 6)Q_w @Lc)f °)'~'~)"~’ ).a‘ ‘o..\.ui )o

651 Sleaz Sawaily sblye 5l eolawl
.

Wi anslr 5 coneb o Jalss 0 35505
Slrse 5 OlneSmreal 6l )l e sotagsST Dlons

R{ICIIRERIHISIE I AVIL L SERTNCR TN
el ol e 5o 2le S

S 5o ol ol 5 s i lemez Olsieds Gl b GRegy (ol 5o (B g Slge
ol 00 sasie B b olo)S i 51 gl (oS USLE 4y ymeie 45 A lS Capmaz i ADAS 1Y+ Joles 1YY
ool 5 (5 ey (SouS s Jom 5l osliiul b o1 blis g ol 43 e (FouS Sas cod s
AlS 5 ol Sl glay Ko sl 00 b5l INVEST J58la 5 55 aglos il 5 sles slaaslis cam yo (555 5y ¢ o)
3 )50 e (SIS S painassST a3 0y nS e 5 g0 (Simen T 4 a2 b dilate y0 il

8518

T Corresponding Author Email Address: saly.ebady@gmail.com



g 4l sl 8 50 (e (SAS SS pinwsS| Coas  olad oSl aS ols lis ol jee  Siwed Joo 1éexs g g bd
SALSSis wols i o, S Joe 5l ool b (g, SaiiS Sis Ceosss Slealls Lol ol glades & s
shls &8 (VY 5 F Gblis aloxsh b (Sgm Bblio y0 -l (LS ity 5 el Jole 90 236 o Gls @blie 5o
I SaIT S Gl g ale 59,5 0ol b (8L (b 5 sl sl S Lo serg il Sl 5 s gy slalid
S §55 o Bblie ;0 ((Byb jliiulon S SS st slod a5 5 2le)S 0nix Fl falS @ G 9 w3 G
S G0aSI 5y 0975 b cied Lo plls gV (Sl 5 il 5 Copmaz 6Yb w515 gl)s a5 O 511 )+ alaxs)
s b Sl Gyl gy 5 i 4 ] il alS 3blie (l y SAisS Sis wsj‘b

SIS el slos 5 el )| 5 (6,053 Lds & (0 5 ¥ ) 3blie) a3 oy (3blis ol o o S Ca

S Sl g gy o slaliad o anl slaaal T dao o0y, 092 Jdo 4 BLLa! wis SIS o 55 5 S
@l Vadlaie po b loee sblie p (Jlood bl pisST a5 (5 51 WS o0 25 LS slod o)l500 22
Swg 9 b 1A o b la s S sgzg da LSl oS glas

IS 3985 55 pglome 3blie 4y o)

e
)

QJJ-.\JU ).)‘ 03 g0 ASMLV‘SA).W LSLQLAB

L L

By GelS 5o gl i (6 d b g e slalad s oo Lnﬁs,»eéi’ SIS S e (79,5 1§ S ATl

oealS 4 e (655 50 2les 0 sagaislu ol QYL e Bhleds cComez g Gless b ob o515 a5l Lo )5 0y 5

‘Sablafuwywb.‘i‘j‘s&;awﬁ&u Ja.a.>‘_g‘).:).a a|)dMyw|oM6;]adbL~o;A~5&og~d)b

3l eolaiwl o, by %aa‘: ; I3l s asile (55 s sloo JyiaS (sl disgn juw sloaST 4
S F R e 4 '-‘b,-gf’ 2540b 5 59 prsS T Dloas (gilwaz LG 5 Sl (e (5,000 5 0,50,

Loy cilises bl ;5 njeds (sl 1 Sowails sllse g ools zals 1, glo Sl il

INVEST « (6,05 o>yb ool dnssd o FoiS Sis o potpsST Slons 1 goudS sWojly



doddo
223 FA 4 Y00 Jlo b og oo il a8 (o cisS (0 (S5 6 b Bblie 10 (e Cumez 00,0 O 09 4l
@y polee slo,gd il o ab, b saig, o> (EImquist et al., 2015; Ghosh and Das, 2018) wb ji!;3!
4 e a5 (Bosch et al., 2021) coul 05,5 hows slaubS slasls el ¢ jlaileis Ol Lol aie SO

alo> | L“’Q] S59998,90 50 Lo po Ol psi g o g b NS ohgar 9 S5 slejs o (HD \g_;‘.L")f opy> JuSis

oy il eadly,s (Ronchi etal., 2020) coul oads (ygol o slbivg, daseo b dslie ;o Jon BB 5 Sogll il

Yuetal., 2020; ) 59 o (ascive o]y bl liws, Gblis b duslio ;o b YU )l sl
545 8,05 Lsme (6 ko (shie Sl il Wlgs oo £9540 ! (Mohajerani gl 2018; nd Das, 2018
YU) &5, Bpan VU & oS Tlgo ()5 jlasl 2ol58l alex 5l «Zhou et al., S8 ol (Sopd e

Botham et) lse 5 o il s doolfins ; 38, oy 5l (et al., 2020; D Shepherd, 2015; He, 2018

Bons 6,08 oleF oz 55l oy .(Ren et al., 2022) olo SHae; oS> 5 6,05 slos ial3l «(al., 2015

Md;@duﬁjao;gs?l)dw)?;;@asaﬁ ool Le (o5 lsle Lo
: poe :
il o s ) ed lSle molel § Cudlw onofs et al., 2020) WS oo O3] xbs o ka0 @
5t wlidesddl sl TS lsla ) (YU et al., 2020)
) 2950 et Bl (e (5550 Jol coale Lags
2lo)S 0 p iy SISl g o STy ogas )3 Aree SliENS Gl pul i 3
bylyd g ¢ D91 ein) g Sl 5 Ple st sloyF JLasl b ple)S o il aS
Gl ol sl ) s 6t lesT opsm il ean] s (Yang etal, 2016) s ls Soop abal, olsasc]
Olti b 6,550 (e ,S 052 5l Gals Cya oles ) 3sl 4 jls aS 0g wales (5 et 3ble jo Co s
«(Solecki et al., 2005) s ls slasls slajl5 Ll zals 5 olse g ol
(Ruhl et al., 2008) wa so 4l b ludl & peiis e 5 puiiene Hsbas Slsls Sleos sl i), biumsS]
Sleas (V 1,5 gomdid 4w Yoz 0l o] 5l Jols Gleas 5 lapiaawsST Y+ +0) 0,58 giwwsST ob5)|
(i lge a5 52 wile 5 ules Slaas (¥ s lows g S S aiile T oot loas (Y o 5102 awile T iy
Vaughn, ) S )8 5 20,85 (ssire bl sl 7 (Ko )b Sloas (F g S 0 p2ld S lp 1) bl aS

5 Oloeiils biwgs L3 sla b ;o (ES) VeS| Sloas popas (2017; Adhikari and Hartemink, 2016



Cands o Joles 35 03 Judo 4 g (Notte etal., 2017) el 423,57 1,8 oolaiwls g0 08 51uS job 4 138 ol
(Geneletti, 2012) ol oais i 5 " ol drwgs ple slo K" lgicds ansl> 4
2 pamwsST Sloss (gilwax LS g canbs lopw Sowaily Gblye 38,5 i o (Grizzetti et al., 2016)

0)5.3.5) )| oolazwl ‘u_v‘).»l.u .(Kosmus et al., 2012) Sl 6)51.0 )L.\)Ll 9 asYole d.:...ua.' 9 J...u) (5‘)" 4.&...49.' 6;»4.&[4,»

w3 oo )] aroe Cas i elotzl s 4 a4z L0 5 Faelr (550 (s 0t S ytelin sigptasS] Sloss

ol o (Baker etal., 2013) wib 3o W 1S moas 5 Hlaind 1 6 N G o Jols Llod 5l o, ki 4 45

decaslow Jlasl gl 1, S i (gaine) ‘)""9"6" Lo Jiawi (ygzmen ij‘ Sleas sleacasloolaiul Ll
|

Sl iz lawg golpiing slacislbow (Jlulscas S ol 8 o) 5,8 X5 olad g5 ,aely

it 3550 Slusl o3 35 5 pitacwsST 0 Shee (59, 2 byl Sl g %S 5o eyl | L8 il

«28lg,o (Helming etal., 2013) 5 .5 - 1,3 o.)L&_‘;‘% &\ )ww Gl gad 3 )18 Lo o

“u%lﬁ‘(NB& Neapb 5 ive gl ol

@2l 68 Slyyhe pelal (S B S )
b el wrais gl 1 s Slogs

R

ks q")S-L"-“' 2 s S pytelip 0,509, S o
al., 2020) 3.5 ;L )3 s yaebn slo)lne 5 5 02

5 passST Slads sLlje 5l (K (CC) V' (6 e (FanS s bbb

S Syl Sly s o Joadlygiws 5l oslaiul cons 5w ay (Qiu and Baoquan, 2019) o455 oo Bl,bl Laes
Loy 1) baome Lesas oalS il ol (2le)S 052 Sl alS (6l Laoly cn 550 5l (S0 608 e sLA3
(wang et al., 2022) oS o Ll Lo 2alS 10 (5 950 (i oy 5umS] (g5ldl] § anSTg0 (0,8 i b S o
S5 or 55 5 e s ) (FOS S il 5 b o5l eald b AL by 5 Tl slacslo

Wl oo BLS by [Lsle g Jlake 4 axgi b (64w lad oS SIS sd 2b)S opi Sl nels @



4ol Jagi (6508 o sl (b (SoSa S50 S hawi | 6 4ed le ) 05z Sl g 08 slml S bl
A s, g aLS by ax e Renetal, 2021) el Sl 608 (b See S xS Ol
AT Gl wilgi oo oz JKE b e e 6L s cnl 2 opdle 0 e Higed o] (SanS S
wrb Lelse alozjl oo else 45 ams_e ol 3l clallae (Yang et al., 2020) asl axsls e
OSoe (Samez o515 5 (s 0 Bblie (Jluaglyiea) GLuil Jalse 5 (b e 5 ailale (Sl oo (Jlaglgiee)

F g oo Cushy (r (Kimrad 03 (Chen etal., 2021) w558 ,05b (5,08 o slad GRS S

Sl 5 (ol Jalse 3 ol b il Sglite Sl Wlgi g §~‘~5~5-‘> Alesgla 7o b gla e
1S 5 ol g & s g il e 5 T Bokis (sl Jobe o 5 15 o5 il
aloz 5l sl azils ikt JICa Wl o sens sl (Wang et al., 2022 > ot oSl 1

5 laciin 5 Jiig o slag,al, ails (cogas ol daaily s Loobls Gl )s Lol w5 s sla S

. . . _
%} c!ﬁ‘”’ 92l Slti g 50l ole)S 0>

2ilg oo laLls catdbanwg slo el jo 0lb b S e )] Lol sla Sl 5 (S e Lls LS
39 polioms il malS ‘f‘f Bl LRl 3l A e LSS 1) eges slalad aops Al 5l i

Renetal.,) m*‘%!g

Sod Gale S als

L 555 Srae als 5 bobls LS sbaglaislo g ol 8l 4 ol o=
- Al e & glees Gl e et sl il i yaely (2021
L@QT S S Sy Hal S 0l sl K> sl Shg mle g JSE ol as” Wlesls ylid Sldlas & 00 S5
S350 slass BB ms Gla Shg b s abal) col (See 600 G Sz (FaSSeE ] b e
slafSor SauS B 5l lp w5 (550 laaisT ol @5 ol ple Bl 4ty slasgs ulde o
Shlie a0 9 05 S5 5 00 Sl iz ln e (o oo Sleladl ail ] 4y Wlgi oo aS 09l 48 5 L5 )3 (6 00

[(Wang, 2023) ass i3l 1 o o Sir Sy5e)sST
Gilodse warsge (LA 400 Gl i )0 Gt (ST S o)l e 5o oalplxil slaiaghy 2 s)s,e
@) Jouz o a8 Sl 03,8 Qi 353wl () Keegh 5l (6ol 4295 INVEST 33l 5 0 (608 (Sous s

9009 >, ae; ol 5o eadplisl slatagh LI g oo edalive a5 jgblen il sos o)Ll o] 51 Sy



Lol yol> iagh Eadee 0 o baims Ll geose (pl il ssls plaisl sg3 4l (xS Cladsd ol e
O, les g (g, wenS )0 Dl psd AiSe WS oo pend A5 aiud s e8 il i INVEST (sla Jos
(Bratman et al., 2019) s,l3 o ;53U jlleir o wliw )0 piaswsST Sleas (55l s Gby> 2 piaamsST o
b S oo oo |y solamdl - claim] qinss 5 Coebs g 45 Sanl (5,8l0 5 acgame S INVEST
oS e S plesl 608 S yaeln 9 bl 5o ) piensST Slead wlss oo 1)l l38le 5 Gl 5l esliiu

S5l 3551 Caz o1 655 54 el azlge o ille b Gl 1555 55 50 (SN S (s3lo e

ol Glcaiise 4 s se |y sShe 33l 5 6,65 54 cde ol s o3, INVEST (6 s SIBS S Joe

O Lol O Sz a8 ol Cad s j0 sleosls g o wlide jo 53 SUPPIRWIN IPEIPR I



9 5 iy =) 9> °
Table 1- Research background

Azl o9 ol &
Conclution Method Title Refrence
AN 9 00,5 Jor 955 4 0)90 A p0 @l S pliz a5 50 5y A AVEY (Gloj o) a0 i ol Sgli el S oSl Caad 36 )
WY ladle M p V) Jlo jo 5y ole)S plim mals olsjls )3 lls b edls o 5o b el op e ) wysa o Sl ) (SauS Sis 3 Oz 2
00t L 3,50 il 4 0351 Ssk 5 clasd £5 5| yiaS 5 4S5 4S5 g5 5 i \WAY 5 i) 3,90 INVEST l5dla s 5 cheme gl b oS e OSSR
ol o S sS g ASIAST 428058 31,05 o sy 45 el o S5 IS s (655 65000 R
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three periods and is in the worst condition. The pattern of mitigation of heat  all three periods of 1984, 2002, and 2022 was evaluated ~ Cooling Ecosystem Service of ot al
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Consideration of the cooling effect of water evapo n can improve the
simulation accuracy to some extent. In Wuhan, there were regional
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Assessment of Heat Mitigation
Services Provided by Blue and
Green Spaces: An Application
of the INVEST Urban Cooling




Conclution

differences in heat mitigation patterns and the heat mitigation effect was
significantly higher in the suburbs than in the city. Additionally, urban parks,
lakes, and mountains with surface or block distribution had noticeable
cooling benefits.

The scenario simulation results demonstrate that green space was more
efficient at mitigating heat, while blue space was more critical for the
geographical partitioning of the UHI.
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Urban cooling model works better than spatial regression of satellite data.
This model helps to understand the emergence of urban heat islands. The
model only needs land use data and/or land cover and reference temperature,
which can be used to evaluate scenarios such as master plans, urbanization
prospects, and climate scenarios.
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Computing biophysical and socio-economic metrics in
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