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EXTENDED ABSTRACT

Introduction: The increasing growth of population and as the rapid expansion of urbanization has
caused extensive changes in cities morphology, climate and natural environment. The continuation
of such a trend, increases the emission of greenhouse gases and leads to formation of heat islands
in urban areas. In the future, urban heat island effect will be one of the main challenges to be
managed in urban areas. To achieve sustainable development, it is very important to use long-term
benefits of ecosystem services in city planning and designing. Ecosystem services are defined as
“the cornerstone of sustainable development science” due to the focus on interaction between nature
and society. Therefore, the mapping and quantification of important ecosystem services is a tool for
decision-makers and country managers to manage and monitor the supply level of ecosystem
services. Urban cooling capacity is one of the benefits of urban ecosystem services that help
reducing urban heat island effects. The purpose of this research is to present the long-term benefits
of using nature-based planning approach in reducing heat islands effect in Tehran.

Material and Methods: In this research, Tehran is selected as the capital and also the most
populous city of Iran, which has numerous heat islands focused on different activity centers.
The cooling capacity of Tehran and its districts was evaluated using urban cooling capacity
model in InVEST software, by statistical techniques such as Moran’s correlation model and
Gates-Ord model.

Results and Discussion: 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, 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 services and increase vegetation and continuous green patches to control
temperature of big cities such as Tehran. At the end, Using nature-based planning approach and
integration ecosystem services in city planning will significantly reduce the heat islands effects
and bring long-term benefits to cities in different dimensions.
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land use data and/or land cover and reference data. approach to simulate
temperature, which can be used to evaluate scenarios  Using the InVEST urban cooling model and  yrhan heat mitigation
such as master plans, urbanization prospects, and climate estimating cooling capacity of urban based with InVEST
scenarios. on three biophysical mechanisms: tree
shade, evaporation, and albedo.
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Spatially explicit information about benefits of nature ~ Using open-source tool within the InVEST InVEST |38l 3 al., (2021)
software. Mapping the benefits ’

enhances urban management by economic valuation,
prioritizing land use change, and promoting inclusive =~ Computing biophysical and socio-economic with of nature in cities
planning and dialogue with stakeholders. metrics in data-rich or data-scarce contexts  software the IN'VEST
in china, France, and the United States.
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microclimate. Cooling east and west facades led to the

maximum net radiation reductions for the ground
surface. Furthermore, north and south facades had
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Eastern and western facades have the most impact on the High albedo materials were implemented on
facades with different orientations.
Computer simulations were employed to
calculate the insolation of different fagades,
negligible contributions to pedestrian thermal comfort. ground surface temperature, and surface

energy balances.
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Urban cooling: Which
fagade orientation has
the most impact on a
microclimate?
(Los Angeles Airport)
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Modeling cooling capacity in Milan for four ) i
historical periods using InNVEST software. ~ $455 o0 o213 1, Ispg00] al., (2020)
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Different urban planning approaches have affected the
design of urban green spaces, permeability, built-up
footprint, vegetation density and, as a result, the cooling
capacity of cities.
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Ronchi et

‘Which urban design
parameters provide
climate-proof cities?
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along major transportation corridors, while highest risk
areas were identified in the community areas of Fruit
ridge and North Sacramento.
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Assessing urban heat at the neighborhood
scale; used NASA Earth observation and

Landsat 8 Earth products to identify hot spots.
Using InVEST urban cooling model to
evaluate the effect of increased tree canopy
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Quantifying and
Mapping Urban Heat
to Support Urban

Initiatives in Planning
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1) large and regular green spaces have a greater cooling
distance than small and irregular ones; 2) An increase of
area can enhance the cooling intensity of a green space
when it is smaller than a certain threshold; and 3) reducing
the shape complexity of a green space can enhance cooling
intensity when greens paces are larger than 5 ha.
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Table 2. Data Layers used in this research
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Fig. 3- Urban cooling capacity in Tehran
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Table 3. Moran's correlation values for urban cooling ecosystem services

ohge sl SIS 590 Lo Ls obyly p-value Lscore &y
Moran's Index Expected index Variance Type
s 5
0.792214 -0.000017 0.000008 0.00 274.269546 Sy
Clustered

Ll ddlais 5 slaolslols 51 5 s e ool a5
e K Hbla ) El sleast e o i
loas) 4z LS, bl it 5 o1 310 55 5 A
I ol Gollae ool oaliadly 4l 35 e 0 0y
zhw LYY o VY 5 Ve gble Jols o,m gble
5 limebl mha 0o)s 24 LV dilaie 5 40 oliebl
s 0o A3 L F 5 VY bl o bolulols
Lok s 4o )3 B LD 5 ¥ 50 dilaie 5 Lol

W) 3)31).3

,o Getis Ord-Gi sla, Lol sanlccwsas b ¥ S
5y S10aS) 5 (50nlS (slodrgy) £l sloas) lulis
ol 010 (glaaS) e ol gillae wmo o i |
woys A9 5 i oliabl gl b lSe VYYV/FF
e 5l i olsabl mhi b ,lSa VY- V/AY 4 plans
4 4355 e il a5l Sloolols lyicds 0o,
sloas 1, aibhio l aoys Yo /) cams e olis ¥ S

a2 o S a0 5l i pliedsl mlaws b oy

Legend
[ Regions
Hot Spots and Cold Spots
Gi_Bin
I Cold Spot - 99% Confidence
[0 Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant
Hot Spot - 90% Confidence
[ Hot Spot - 95% Confidence
I Hot Spot - 99% Confidence

12 4 6 8 10 12
ey e mmm  Kilometer:

UC codommpngS| Cods 03,1 0y g £10 glaasd STy 5951 -F JC&
Fig. 4- Hot and Cold spots of urban cooling ecosystem service pattern

\F-f )LQ,) A o)La..f: Y 0)90 ;‘_,.vy‘_ga.a;ufgl.c aolilad



Ol 5 5,121 sobe

s slme bl & piacwsST Glos Jodas Sl oad
Gl oo prils (e allis (slalad oS 55
Comd g 039 5L 22l ok zhw Gl (b
ol 5o el b e byl s sobasle slalas
oSae > 1aS s les gy M| bl
9ol co o (sillale cope (A JSE) 8)ls 18
5 P Gls curd (BT G 5 pS Gyt
JAE1 5 e slos S o sy ondansle o o
sl 00 0,1 Jgaz 4o

s 40 5 ¥ O bl Jols oles Jb 3bl
B 5 e GLI (ol glos g Dol 5o (5,513
Dbgy shlo 0 ddlaie (Y JSO) s 6~.~JL1 &>
b blie 5 &g slaca o iz 5l eaiiS i (aLS
onl aitas Slelis)l 5 5 Sypm oS, Ghls ¥y
(b ganlpl dooysog; vszy Jodo 4 bl
sled o)lgen (Mg (FoSue S8l 5 rmy e slalad
TS elol (0 J58) aisS (oo y 1) (65T
Bl ee @bl p (Jlad bl piucnsST oS 5l
3 ol b o ol 208, B odgar cilo ¥ adlase
—aSd o b (5o 505, 392 g o leis L oS gla )|
s9ba) Wilioe e lalad (Kowsy 5 b sl
&S (pards obls ahulgay e gblad Jlasl Jlo
s9bme Bblis 4 0)lgen Lo fasd 1 Cenl oud g
WS Sg8d s

3L g e salad da 6,50 wald 10 VY ddlhis o
Sezs ol b om0 )lnS slajluscSle 5 s
bl 522l Sl lozen 3blie 2 o piaacansST Sl
~Sip e 0gzy y0 1) o s g o ‘J“’L’ S
coys s &S 0S5 g adhie (pl o elide
2 phie (il 8l A pgad) s YL o]
~aSI L e slaasd (SacSen,s Jold a5 5 A bl
aoe SElESy a4 e Wil cSloplal gl

ool ool 3l pl o Lo Jowd cetuwsST Cons

a4 azgi b SRS cud b ful

St (> rb sla polyly

Lles hals (ol slapianmsST 6 05 51 S5
A8 Ol e e plis dibaie SSE 4 >y
a5 Sl 004y gguino YY 5 F ddlaio jo (Sl sleo
S350 SlaisT g 00,08 e slalad vz 5l 8L
5 Kz Fymae 4zh)d Gewddaes S i
s 5 (VY ot o5 0 o (oalls L 3o
5 &y e slad ey sla B er S92y
Sl 009y (F adlaie) )l 03 3,0 ,0 oollas 3L slalad
aibhie 0y )0 (Loras slaazl s sezy (O JS)
a dadhis ol o ojls Lo basd )0 sege Jlwe i
5 60k e S 5 RSB Vb Gym g i o
S AT S fl oS Sl slalad ez (pizren
S99 (F US) Cawl ool iide 1, (g i C.Ia,g
L 2lBlen 5o YV ddhie ;0 S piem oS
Oy Lo VY adlais a5 ouds del K axl o
Lo baw setwewsS| Cwds as,e sbbolulole
bl ailss oo Sloy et S (P JSCo) wisly
e ol glils aS wies &) SausSs eud,b
Ronchi et ) wil ,LSe ¥V Sl colune b oo ud
4 yedids g o slaslugcsle e L (al., 2020
oy by Ak plimen wihie §yb R
S8 dibie glos fani 4 5l glalad 5 IS
LY o wmae sbilusesle sl eo,s gLl
ol 00,5 0S|y (ol sla o a5 4zl o Sgel
S5 1y rrbotass phassS] il slos o5
S i s K 15 F dalaie (Y JSC) el osls
ol 0ols plaisl o3 | orwy o, 5 ez g
~ kB (ST S e gz e §y5 5 S Cde g
ol gble o9y (Y JS0) coul ails 2
Comd &5 adhie 3,0 5 @i Ceew )0 03T

el im0 plasl o3 4 ) s 5l 425 LB

VEF Lo o) o)leads YV 0,90 g hawone pole aclilad

AY



o sS| CasdS 5 58 n 605 0 lad s LI (S

able (pl 50 Lo Jow cotiwsS| Cwas rals
g, 2925 VY 5 1) Gblie )0 )50 (ggm 5l sl oas
e S Sl LS o Vb o515 e po g Al ol
nl 3 00,08 s slalad ( Faus il alS 4
FUSE 0 (0 JSB) cal oo o] gelpm g bl
5ol cotawsST Cwd oyw slaaST g5 o
oaalin zooga |; Gble (nl )5 jeS SausS S

2,5

2,5 odalive ULST alee jo (lgs oo |y yol (] diged
ailaie g VEB Y+ gblie Jold a5 145 655 0 bl
col () raxsl e ol 4sS g0 s sl e VY
6lad oljendy adponily CBL (V5 glis,loS 5 00,08
oSy hls VE g WY AV O Gble oo pls e
ol 5o i bolasle o elis,l b s oY
e SLS 05d oo saline (6065 e sLaS Gblee

@ e b gz e §5 5 pFS oy olpeady Sl

Tegend

:l Regions

ATD

¢

I 0.39- 0.61

I 030-0.38
0.24-0.29
0.19-0.23

I 0.00-0.18

2

4 6 8 W1
Kilomete

Legend
[ Regions
Avcrage Temperature
C
[ 20.46 - 20.60
I 2031 - 2045
[ 20.12-2030
[ 19.91-20.11
0 19.63-1990

12 4 & K W 12
SO Kilometers

AL ol (il slod @398 —F S

Fig. 6- Distribution of Average Temperature Decreased

b Lo @598 -0 S

Fig. 5- Average Temperature Distribution

Legend
|:| Regiony
Temperature Difference Tolerance
C
I 246-2.60
I 231245
B 2.12-2.30
191-2.11
1.63-1.90

hr2 4 6 & W o2
. Kilometo

Legend
D Regions
EVO
mm/year

.'High 112385

Low : 1061.7

hr2 4 6 8 W o
B Kilometo

Lo B il yoli & 97 —A JSCib

Fig. 8- Distribution of Temperature Differences Tolerance

&= sbod @ je -V S5
Fig. 7- Reference temperature (EV0) Distribution

\F-f )LQ,) A o)La..f: Y 0y90 ;u.vy‘_ga.‘;wpgl.c aollad

AA




Ol 5 5,121 sobe

29390 St (b o yelsl o o -Fgua
Table 4. Coefficient of urban planning parameters

lad o pb bl o b b B §85 9 iy o po
. . . o . 3
o bw 1%y 9o | Evaporation and & 3lwslag L Land use
Built-up Vegetation Albedo Transpiration Shading
Lo
0.99 0 0.13 0 0.10 &
Industry
s
0.70 0 0.15 0 0 =
Military
0.90 0 0.40 0.30 1 S
Residential
o b
1 0 0.50 0 0 >
Road
el
0.50 1 0.60 1 0.80 &
Garden
e sl
0.20 1 0.70 0.92 0.80 (easSly bz sl
Green Space (with scattered
trees)
ls .
0.40 1 0.60 0.85 0.60 et
Grass
6)&;5)5
0 1 0.70 1 1 (o35 5y (s10)
Arboriculture (with dense trees)
L
0 0 0.90 0.83 0.40 e
Lake

(Bosch et al., (2021); Hu et al., (2023); InVEST User's Guide (2024) :xs)

Ao ole Olgiee wpdber (B Swas nl (Lol
Jozee Juloy » (2l by il 5o &5 (Solaos
aS oled Oglas 95,135 o (g et slod ralS gl 04>
e BLS Ghbs ol dgzg pos g d9zy Dge o
Sro Lo hasd (ootunnsST Coad ploieas w9l oo
Py

2 aasls i o iagy ol 5 Jolo s
ot 08200l 45 bl AlS ool 15T 3blie
bl jo i Lo how cetwsST ooz (as
wilis S5 b eogame gt 4 wileads 55 ane
(YT hles 5 50iS Slallas b llas 595 oo
Sligaed lgn  Sogll gl)ls bl b wlowl oS 3blis
&5l oYL

A paiows Ojg0ds Lo hawd seduwsST Cwds s e
s S 55 b sl S 5 oelil el 50
Lod bawi Cwods> aoye o Suadsg> azli alawlga,

el )| Jale g0 b cow o)l bl jo (SausSus
SraS olos WS 5 050 (608 gloo cglas )| yiol58l
yopdle (635 5o Bblin ;0 .08 o cdmlin 3bls oyl jo
odd 3 Syl oz oYL Gl les (2Sle
3 e slad g aLS idg 0g>g gy 4 0ed e
lopleislos ol o515 @5 ojle oo ST 1, ddlais
5 P Lidg (ST SIS Cwns Jl malS 4 e
Coos )3 e (2l D9800 (555 70 Bblis ;o o (sl
oD FieS (Fefms fiaS (ST e ioyf 5 5,0
50 Lo boaw cetiawsST Cwas 5105 51 5 09l 0
Joe pl jo 0sd e cdalin o9 a Jlgen 3blise
5yl lrosls lul 5 SausSis el sl
&z sbed b ol e los Dol Gizmen g (355

Sl Olsrer S oo dbml (Bl ilgy Sh a5 2lse

VEF Lo o) o)leads YV 0,90 g hawone pole aclilad

A4



o sS| CasdS 5 58 n 605 0 lad s LI (S

6 25 4o

S3beaz )bSe 9 3ledly wiasls wed 2 sl S e
bl b sl 2 3 et s
—SiE edyb al) o ol Lk bl e e
Wl oo el )y (ol a4z g8 ol Soglicta Sl (SuS
~ S S b b syl Gble (b gl (5,0 abaits
Cods @558 Candy (g (nl po SAL YL (Saus
Sloas e 5l (IS Cundg Glyieds 6500 slod Jrass
a5 L85 18 il )90 (6 S Cammjlame pilcnssS]
5 ol Glejen ST oleS gl 5l el s
Slp el oog (Sl ol yo 08 (b sla el
R (sosST Cods ST (o) 4 olate (]
5 e Bblie ) opd SN ool e
SIS Gl st Ak el 6,135
Sl ool aSlo

Jin el b o b S el
odd 2l INVEST l58le 5 )0 (g0 SausS Sis
Q2 oo sl b 4y (5,00 S SS Jdo (29,5 ol
Doy Ghals 50 garedy)l GBS (s ed 5l g e slalad
—4 ooz g plaizle ol oST5 wl ole)S 0y
SIS Py e ezl Lol YL whaw Jke
i 555 n Golin (A i 20l &
ol

ATy Sl phge Jao polol 2 ganadsS £95 (o)
50 a8 aad e plas ol - it o ) eolatul b ol
S b Jgol il a5l 0t 635 0 bl
bl s slos 5 S

s et 1B loglaz e (515 ialS oSl
Olge ey 058 (o) 5% slad>el, Wb
32l S8 Glp ) s Loy b g s slopl ol
SLUREPEIE SN RS R
30 a5 Sl s ol g e sloslgs0 sl 4 o yless L

ol ol BB sl asl s bl Wlg o o Sl

T gl A0S o8 (S9,m (SMLADS 5l 5 e o
ok yo 1) gl slaasd Carg a5 0,1 - &;;a)m 5
r....‘>u"‘ ’. as w‘ ol ob‘é ul.ma ‘sta Er u.l...?go

ompS] CedS Gl gl cle 4 b 655
SIS Ol 2 F5e b (b slaShs 5 Lo how
Gk sl SRy 5l wilee 4 LSy s laasd
e St YL o515 @ ol e Gble Cal st
o)Lt oxsbs laaS) o9 oS 5 oadazsly slas VL
oo 5k g s slaldd 5l rwg gl 0929 0,5
&S blirer g CAl Cans sl fSox daazl o
Lo s (ooitapmsST Cois ad e Lol (5 (lyea
YY gblio o gl cloaS o515 o cbigds oo a1l
o Zuo etal. (2019) Luogh ,o gaoge oyl ailoads ¥ g
e SLalad S925 aSy jsboay el 48,5 )18 a5 990
slalad 4 S gyt (SaS S phie 5 S)p
)ls plaels 5 S sS

s 40 5 ¥ o bl Jols ohes Jlad bl
G 9 P Sl ol sles 5 Sleli) jo 05,18
dooyd39; 352 Ll 4 bl nl aies ol a5
e Bl 5y o gl (b slaasly]
S spl S oo w25 1) 655 sled o)lgen (2D
Vadlhate i jlszpe sble p (Jlod 3l eS|
oS el 5 el nl o el Zu) BB zads 4 el
b S G (b lo g S S92 o len L
51 el 00 rgo 45 Wil oo o slalid  Stvgs 5
S a5 3 ygloee 3bolie 4 0)lgen Lo Jyouws

slalad slul Ronchi ef al. (2020) ol 5 cColed,o
3 i pilias 5 pte e Io2s0l (e gl S
2 e 9,859, 3 (plply il (Siw 654l p
s U a0 ol seinnsST Oleas
pleol (Sl 5 00,5 alde sw g5,a0l 5 slas,laslisl
o213 (55,46l Mijs 5 soimmpnsS | Sloos Sl

YW

VEF Lo o) o)leads YV 0,90 g hawone pole aclilad

q.



OllSes 5 5 26 sobe

Sloos L)AAJS‘)J L: Goanod Lgs)l.e{w.») ‘5Lbo)9).s 9 LQ:WLM»

.CA:'>|.>)9: Qljej).er;bélol.;.a)o (s 95‘

S5l Fowlps
lacalem 5l a8 anls e p3Y 355 5 e HEainys

Q—.’.‘ 3O ShReks Q&A‘ Ls)’l..»p.‘b‘)é TS U)L.f oKisls
Wyl o Sl j08 5 S ang;

! Heat Island

2 Luke Howard

3 Provisioning Services

4 Regulating Services

3 Supporting Services

6 Cultural Services

7 Ecosystem Services

8 Nature-Based Solutions

® Performance-Based Planning
19 Cooling Capacity

1 Urban Cooling Island

12 Urban heat Island

13 Nature Infrastructure

14 Salience

15 Credibility

16 Legitimacy

17 Accessibility

18 Urban Cooling Model

19 InVEST User's Guide (2024): https://invest-
userguide.readthedocs.io/ /downloads/en/3.8.3/pdf/
20 Land Use/ Land Cover

21 Mantis and FAO method

eliliz (aly) dilhio o 4 (etagwsST Sloas Slwlols 7
S Lol 9 o A2 (atammssS] Sloas aj0) YU o, sllo
loss Glpe pyeS & ogdise bl bl 4 ol
oSyl (sl w35 Y a8 lme 2515 0 | (satampsST]
il 3 loline o lel L 5l g 998 b Slalle s le S
Gl aul wasyle )18 3l Slaws ;0 a5 o)l o2 g Si095 o
oS Lol G (2 lse 4 bgie polia ojlel ol il YU polie
Sl a2 o Lt |y Wzl o 0y b £l slaadiss & g0y a5
St 05 il s ine o by 6l AT 4o b Joho S, oS4
S asl o b gl oyl I3 ol Slawn ;0 4S5 5)lge g 05>

Bkl g s)lel Sl

References

Adhikari, K. and Alfred, E., 2016. Linking soils to
ecosystem services - A global review. Geoderma,
262. Elsevier B.V: 101-111. http://dx.doi.org/
10.1016/j.geoderma.2015.08.009.

Slolering cnl plil sl 5l 9,50 SUS 2L (5l 4t
5o wared adis blog ploojl 5l 6,55l auS ol )8 1,
S e 5y 00S S Wilgi oo 3 655 ye Bbolie
WS (oo S5 (2l Sl el g Led pelas 4 s
ol Sl ala; S, el g CoS oS
.MOLSA

VY adlhie wsle LS;z.laL..o N Q\gs‘so I o S5y, o
5 Syl 1y Lo polas Cwns mhaw o YL a5 c8 )5 i
wlosl Jlgl slaslugilo aihats ol 4 ops gla Lo
PSIVEL 7K CEUFCINUNI { FUVRCESTIT PORINL L SO PRV
S wddlaie ol o 5l g SKi cdils sales (5 40
O e s O ,KeanT a4 ks jle IS adlate
cbla> sla,)Kal) >k g 5 0d 2,800 )0 gg090
oy S Ll (64900 ijl Sloas 5l
oolw e )0 9 oo c;l"") L‘”C)] Los g oS )L g 5L
Fie slaySal,) dll g s0a5 pg3) as s 5 Lo b LG 5o
o IS glos JyuS Sy diwgn jew slrasd
b5 uo.:b:..f Sl Sl Sl e b eed
bl g b ol coaS 4 by sl yll
aalez 1y (5 g CJL.J Lo bawd @ bgs e sbbcwlow
dls

Sliis slp @ledl) Glom Slgee ol gl
bl ;o 8 (Phb s ,Ss) (owyn Sux son
25l 2l alir ST ol b g ol il
G mll aazgi b s pole gl aslol )0 ioren

awgi glag L &)l a4 ST iegh ;o olei oo ol

&bo

Baker, J., Sheate, W.R., Phillips, P., and Eales, R.,
2013. Ecosystem services in environmental
assessment — Help or hindrance? Environmental
Impact Assessment Review, Volume 40, Pages 3-13.

VEF Lo o) o)leads YV 0,90 g hawone pole aclilad

1)


https://invest-userguide.readthedocs.io/_/downloads/en/3.8.3/pdf/
https://invest-userguide.readthedocs.io/_/downloads/en/3.8.3/pdf/

o sS| CasdS 5 58 n 605 0 lad s LI (S

https://doi.org/10.1016/j.eiar.2012.11.004.

Bosch, M., Locatelli, M., Hamel, P., Remme, R.,
Chenal, J., and Stéphane J., 2021. A spatially explicit
approach to simulate urban heat mitigation with
InVEST. Geosci. Model Development, 14.
Published by Copernicus Publications on behalf of
the European Geosciences Union: 3521-3537.
https://doi.org/10.5194/gmd-14-3521-2021.

Botham, M. D., Recktenwald, G. W., and David J.
S., 2015. Thermal footprint effect of rooftop urban
cooling strategies. Portland State University, made
available under the Elsevier wuser license.

http://www.elsevier.com/open-access/userlicense/
1.0.

Bratman, G., Anderson, C., Berman, M., Cochran,
B., Vries, S., Flanders, J., Folke, C., Frumkin, H.,
Gross, J., Hartig, T., Kahn, P., Kuo, M., Lawler, J.,
Levin, P., Lindahl, T., Meyer, A., Mitchell, R.,
Ouyang, Z., Roe, J., Scarlett, L., Smith, J., Bosch,
M., Wheeler, B., White, M., Zheng, H., and
Gretchen C., 2019. Nature and mental health: An
ecosystem service perspective. Science Advances
5) eaax(0903, Social ScienceS.
https://www.science.org on December 21.

Chen, S., Yu, Z., Liu, M., Da, L., Faiz Ul Hassan,
M., 2021. Trends of the contributions of biophysical
(climate) and socioeconomic elements to regional
heat islands. Sci. Rep. 11, 12696. https://doi.org/
10.1038/s41598-021-92271-3.

Debbage, N., and Shepherd, M., 2015. The urban
heat island effect and city contiguity. Computers,
Environment and Urban Systems, 54. Elsevier Ltd:
181-194. http://dx.doi.org/10.1016/
j.compenvurbsys.2015.08.002.

Elmqvist, T., Setala, H., Handel, SN., van der Ploeg,
S., Aronson, J., Blignaut, JN., Go mez-Baggethun,
E., Nowak, DJ., Kronenberg, J., and Groot, R., 2015.
Benefits of restoring ecosystem services in urban
areas. Current Opinion in  Environmental
Sustainability, 14. Elsevier B.V: 101-108.
http://dx.doi.org/10.1016/j.cosust.2015.05.001.

Geneletti, D., 2012. Integrating Ecosystem Services
in Land Use Planning: Concepts and Applications.
Journal of Working Papers Center for International
Development at Harvard University.
http://www.hks.harvard.edu/centers/cid/publication
s/research-fellow-graduate-student-working-
papers/cid-research-fellow-and-graduate-student-
working-paper-no.-54.

Ghosh, S., and Das, A., 2018. Modelling urban
cooling island impact of green space and water
bodies on surface urban heat island in a continuously
developing urban area. Modeling Earth Systems and
Environment. Springer International Publishing AG,
part of Springer Nature, 1-15. https://doi.org/
10.1007/s40808-018-0456-7.

Grizzetti, B., Lanzanova, D., Liquete, C., Reynaud,

A., and Cardoso, A.C., 2016. Assessing water
ecosystem services for water resource management.
Environmental Science & Policy, 61. Elsevier Ltd:
194-203. http://dx.doi.org/10.1016/j.envsci.
2016.04.008.

Gunawardena, K.R., Wells, M.J., and Kershaw, T.,
2017. Utilising green and bluespace to mitigate
urban heat island intensity. Science of the Total
Environment, 584. Elsevier B.V: 1040-1055.
http://dx.doi.org/10.1016/j.scitotenv.2017.01.158.

Hamel, P., Bosch, M., Tardieu, L., Lemonsu, A.,
Munck, C., Nootenboom, CH., Viguié, V., Lonsdorf,
E., Douglass, J., and Sharp, R., 2023. Calibrating and
validating the Integrated Valuation of Ecosystem
Services and Tradeoffs (InVEST) urban cooling
model: case studies in France and the United States.
Geoscientific Model Development, 17, 4755-4771.
https://doi.org/10.5194/gmd-17-4755-2024.

Hamel, P., Guerry, A. D., Polasky, S., Han, B.,
Douglass, J. A., Hamann, M., Janke, B., Kuiper, J.
J., Levrel, H., Liu, H., Lonsdorf, E., McDonald, R.
I., Nootenboom, C., Ouyang, Z., Remme, R. P.,
Sharp, R. P., Tardieu, L., Viguié, V., Xu, D., Zheng,
H., and Daily, G. C., 2021. Mapping the benefits of
nature in cities with the InVES software. npj Urban
Sustainability, Published in partnership with RMIT
University (25) 1-10. https://doi.org/10.1038/
$42949-021-00027-9.

Harirforoush, H., and Bellalite, L., 2019. A new
integrated GIS-based analysis to detect hotspots: A
case study of the city of Sherbrooke. National
Library of Medicine, National center for
ciotechnology information, 130. Elsevier Ltd: 62-74.
https://doi.org/10.1016/j.aap.2016.08.015.

Herischian, M., Mahmoudzadeh, H., and Ghorbani,
R., 2024. Investigating the Effect of the Cooling
Ecosystem Service of Urban Green Infrastructure on
the Mitigating of Environmental Heat Load and
Energy Efficiency in Tabriz Metropolitan.
Geographical Urban Planning Research Quarterly,
11 4, 175-203.  http://doi.org/10.22059/
JURBANGEO.2024.363482.1850.

He, B. J., 2018. Potentials of meteorological
characteristics and synoptic conditions to mitigate
urban heat island effects. Urban Climate, 24.
Elsevier B.V: 26-33. https://doi.org/10.1016/
j.uclim.2018.01.004.

Helming, K., Diehl, K., Geneletti, D., and
Wiggering, H., 2013. Mainstreaming ecosystem
services in European policy impact assessment.
Environmental Impact Assessment Review, Volume
40, Pages 82-87. https://doi.org/10.1016/
j-eiar.2013.01.004.

Hongyu, D., Xuejun, S., Hong, J., Zenghui, K.,
Zhibao, W., and Cai, Y., 2016. Research on the
cooling island effects of water body: A case studyof
Shanghai, China. Ecological Indicators, 67. Elsevier
Ltd: 31-38. http://dx.doi.org/10.1016/j.ecolind.

VEF Lo o) o)leads YV 0,90 g hawone pole aclilad

ay



OllSes 5 5 26 sobe

2016.02.040.

Hu, Y., Wang, CH., and Li, J., 2023. Assessment of
Heat Mitigation Services Provided by Blue and
Green Spaces: An Application of the InVEST Urban
Cooling Model with Scenario Analysis in Wuhan,
China. Land, 12, 963, 1-21. https://doi.org/10.3390/
land12050963.

Karina, A., Elspeth, G., Nicole, K., and Anjelica, P.,
2020. Sacramento Urban Development; Quantifying
and Mapping Urban Heat to Support Urban Planning
Initiatives in Sacramento, California. NASA
DEVELOP National Program Virginia — Langley,
Development Technical Report, and Final Draft-
November 19.

Keshtkar, M., Heidari, H., Moazzeni, N., and
Hossein, A., 2021. Analysis of changes in air
pollution quality and impact of COVID 19 on
environmental health in Iran: application of
interpolation models and spatial autocorrelation.
Environmental Science and Pollution Research, 29.
Springer-Verlag GmbH: 38505- 38526.
https://doi.org/10.1007/s11356-021-17955-9.

Kraemer, R., and Kabisch, N., 2022. Parks under
stress: air temperature regulation of urban green
spaces under conditions of drought and summer

heat. Frontiers in Environmental Science, 10,
849965. https://doi.org/10.3389/fenvs.2022.849965.

Kosmus, M., Renner, I.,, and Silvia U., 2012.
Integrating Ecosystem Services into Development
Planning. Environment and Climate Change, A
cooperation of Programme Implementing the
Biodiversity Convention on behalf of the Federal
Ministry for Economic  Cooperation and
Development (BMZ) and Future Innovation Project
Biodiversity and Ecosystem Services.

Kunapo, J., Fletcher, T. D., Ladson, A. R,
Cunningham, L., and Burns, M. J., 2018. A spatially
explicit framework for climate adaptation. Urban
Water Journal, 15(2), 159-166. https://doi.org/
10.1080/1573062X.2018.1424216.

McDonald, R. 1., Kroeger, T., Boucher, T., Wang,
L., & Salem, R., 2016. Planting Healthy Air: A
global analysis of the role of urban trees in
addressing particulate matter pollution and extreme
heat. The Nature Conservancy, Arlington, Virginia,
USA.

Mohajerani, A., Bakaric, J., and Tristan J.B., 2018.
The Urban Heat Island Effect, its Causes, and
Mitigation, with Reference to the Thermal Properties
of Asphalt Concrete. https://www.researchgate.net/
publication/323249649.

Notte, A., D’Amato, D., Mikinen, H., Paracchini,
M., Liquete, C., Egoh, B., Geneletti, D., and Neville,
D. C., 2017. Ecosystem services classification: A
systems ecology perspective of the cascade
framework. Ecological Indicators, 74. Elsevier Ltd:
392-402. http://dx.doi.org/10.1016/j.ecolind.2016.

11.030.

Phelan, P. E., Kaloush, K., Miner, M., Golden, J.,
Phelan, B, Tii, H. S., and Taylor, R. A., 2015. Urban
Heat Island: Mechanisms, Implications, and Possible
Remedies. Annual Review of Environment and
Resources,  285-309. https://doi.org/10.1146/
annurev-environ-102014-021155.

Qiu, K., and Baoquan, J., 2019. The roles of
landscape both inside the park and the surroundings
in park cooling effect. Journal Pre-proof, Published
by Elsevier (19), 1-26. https://doi.org/10.1016/
j-5¢s.2019.101864.

Ren, Z., Zhao, H., Fu, Y., and Xiao, L., 2021. Effects
of urban street trees on human thermal comfort and
physiological indices: a case study in Changchun
city, China. Journal of forestry research 2022 v.33
no.3 pp. 911-922. DOI: 10.1007/s11676-021-01361-
5.

Ren, Z., Fu, Y., Dong, Y., Zhang, P., and He, X.,
2022. Rapid urbanization and climate change
significantly contribute to worsening urban human
thermal comfort: A national 183-city, 26-year study
in China.Urban Climate, Volume 43, 101154.
https://doi.org/10.1016/j.uclim.2022.101154.

Ronchi, S., Salata, S., and Arcidiacono, A., 2020.
Which urban design parameters provide climate-
proof cities? An application of the Urban Cooling
InVEST Model in the city of Milan comparing
historical planning morphologies. Sustainable Cities
and Society, 63. Elsevier Ltd: 1-11. https://doi.org/
10.1016/j.5¢5.2020.102459.

Ruhl, J.B, Kraft, S., and Christopher, L., 2008. The
Law and Policy of Ecosystem Services. Journal of
Island Press. https://www.researchgate.net/
publication/40777463.

Shamsipour, A., Mahforuzi, M., and Hosseinpur, Z.,
2013. Analyzing the spatial changes of the core of
Tehran heat island. Natural geography researches
44, vol 3 (81) 127-146. (In Persian)

Solecki, W., Rosenzweig, C., Parshall, L., Pope, G.,
Clark, M., Cox, J., and Wiencke, M., 2005.
Mitigation of the heat island effect in urban New
Jersey. Environmental Hazards, 6. Elsevier Ltd: 39—
49. doi:10.1016/j.hazards.2004.12.002.

Taleghani, M., Swan, W., Johansson, E., and
Yingchun J., 2021. Urban cooling: Which fagade
orientation has the most impact on a microclimate?
Sustainable Cities and Society, 64. Elsevier Ltd: 1-
10. https://doi.org/10.1016/j.s¢cs.2020.102547.

Vaughn, C., 2017. Ecosystem services provided by
freshwater mussels. Hydrobiologia, Springer
International Publishing Switzerland, 1-13. DOI
10.1007/s10750-017-3139-x.

Wang, C., Ren, Z., Dong, Y., Zhang, P., Guo, Y.,
wang, W., and Guangdao B., 2022. Efficient cooling

VEF Lo o) o)leads YV 0,90 g hawone pole aclilad

qy



o sS| CasdS 5 58 n 605 0 lad s LI (S

of cities at global scale using urban green space to
mitigate urban heat island effects in different
climatic regions. Urban Forestry & Urban Greening,
74. Elsevier GmbH: 1-14. https://doi.org/10.1016/
j-ufug.2022.127635.

Wang, C., Ren, Z., Chang, X., Wang, G., Hong, X.,
Dong, Y., Guo, Y., Zhang, P., Ma, Z., and Wang, W.,
2023. Understanding the cooling capacity and its
potential drivers in urban forests at the single tree and

cluster scales. Sustainable Cities and Society, 93
(104531), https://doi.org/10.1016/j.scs.2023.104531.

Yang, L., Qian, F., Song, D.X., and Zheng, K.J.,
2016. Research on Urban Heat-island Effect. 4th
International Conference on Countermeasures to
Urban Heat Island (UHI). Procedia Engineering,
169. Elsevier Ltd: 11 - 18.
http://creativecommons.org/licenses/by-nc-nd/4.0.

Yang, J., Yang, J., Xing, D., Luo, X., Lu, S., Huang,
C., Hahs, A.K., 2020. Impacts of the remnant sizes,
forest types, and landscape patterns of surrounding
areas on woody plant diversity of urban remnant
forest patches. Urban Ecosyst. 24, 345-354.
https://doi.org/10.1007/s11252-020-01040-z.

Yu, Z., Yang, G., Zuo, S., Jergensen, G., and Koga,
M., 2020. Critical review on the cooling effect of
urban blue-green space: A thresholdsize perspective.
Urban Forestry & Urban Greening, 49. Elsevier
GmbH: 1-11. https://doi.org/10.1016/j.ufug.2020.
126630.

Zardo, L., Geneletti, D., Prez-soba, M., and Eupen,
M., 2017. Estimating the cooling capacity of green
infrastructures to support urban planning. Ecosystem
Services, 26. Elsevier Ltd: 225-235. https://doi.org/
10.1016/j.ecoser.2017.06.016

Zhou, W., Shen, X., Cao, F., and Yuan, S., 2019.
Effects of Area and Shape of Greenspace on Urban
Cooling in Nanjing, China. Urban Plann
Development, 145(4): 1-9. 10.1061/ (ASCE)
UP.1943-5444.0000520.

VEF Lo o) o)leads YV 0,90 g hawone pole aclilad

af



