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Abstract

In hot-arid climates, educational buildings face significant challenges in maintaining thermal
comfort and managing high energy consumption due to extended operational hours and high
occupant density. Inthis context, leveraging passive strategies can serve as an effective approach
to reduce reliance on mechanical systems. The present study aims to evaluate the energy
performance of educational buildings through the integration of passive evaporative cooling
systems and high-reflectance “cool roofs” in a hot-arid climate. The Kianmehr School in Yazd—
one of Iran’s most prominent cities in this climatic zone—was selected as the case study. The
research methodology is based on a descriptive-analytical approach. Initially, the climatic
characteristics of Yazd and the key indicators affecting the cooling load of educational buildings
were analyzed. Subsequently, the base-case building was modeled within an energy simulation
environment to assess thermal performance and energy consumption across various scenarios.
This process examined the impact of evaporative cooling systems—a low-energy indigenous
solution—alongside the implementation of cool roofs with high solar reflectance. Finally, the
synergistic performance of these two strategies was analyzed in comparison to the building’s
base-case configuration. The results indicate that the integration of evaporative cooling systems
and cool roofs significantly reduces the cooling load of educational buildings and enhances
indoor thermal comfort. Furthermore, by minimizing solar heat gain through the roof and
maximizing evaporative cooling efficiency, these strategies play a crucial role in reducing the
annual energy consumption of the building. The findings of this research can serve as a practical
guideline forthe design and optimization of educational facilities in hot-arid regions.

Citethisarticle: Azemati,S. (2026). Investigatingthe Energy Performance of Educational Buildings Based on the Integration of Passive Evaporative CoolingSystems
and Cool Roofsin Hot-Arid Climates: A Case Study of Kianmehr School, Yazd. Joumal of Architectural and Environmental Research, 4(6), 205-227.
https://doi.org/10.30470/jaer.2026.2097247.1241

@ (¢ BCS A Print ISSN: 2588-6363
S ATEl Online ISSN: 2981-247X

Authors

https://jaerznu.ac.ir/

University of Zanjan


mailto:Saeed.azemati@iau.ac.ir
mailto:Saeed.azemati@iau.ac.ir
https://doi.org/10.30470/jaer.2026.2097247.1241
https://portal.issn.org/resource/ISSN/2588-6363
https://portal.issn.org/resource/ISSN/2981-247X
https://orcid.org/0000-0002-6410-6491

WV'QQ‘?{G@«\\"&)&{)@(\» «;b)u: \"b)&) 4]422‘05‘5)&:&: letb‘)uhﬁlv Al

Oledj ot

LI : % 3
%)U’/L"quﬁ//u‘"» Jf%& e

Hg-4

DOI: 10.30470/jaer.2026.2097247.1241

SR (5ilwda USG 31 o o390l Gl loid b 655w oy
‘_53)90 439.03 :&.&&9,@;,@93!):&& dts’bc.@.awgdﬂb’:é’ a.\;.S‘S.& Jl:ﬁ)ﬁ.c

332 Rt Rl Ao pdo

#Y) I‘:.\OA‘M

Saeed.azemati@iau.ac.ir ! 5 ¢ oMol 3] oSy ¢ 505 )05 5 6 lono 095 skl )

DASS
st slatle bl Vb ST 5 Vi (s bpene el b & (Bjgel (aclaiblo w St g o5 el
83550y e 5o Joby oSl J opSose e ) p i a2 lgm (65 (M B g i el (ol
Sl 55 gaw (poyp Bin b y3b gl 355 5 dg dyg0 (Sl (St & (Sidy (10 3 Se
015 Pl S g 2.5 ol > SIS (gl g (5505 2SS oyl (Slarptn (St Sy 2 o i
s ) .85 515 ol o e § 5 o 85 S35 i 2 S o s 3] 0
3t e clo bl 35 e ol (gloo Sg Ll il (Mod— oy 0,509, 2 (se 9 (ol 2 (35 gy
(S5 (s Lame 3 g5 el (il Jse g (S b e 85 )5 b 290 Sjgel (Sl islop
oS S (sl il 55 T op) 85 5 )90 iz (log s 9 (5551 Bpae o 9 3 Sls
Coles B (g Vb b oy b S (dlacin (6,5 NS D abpansS g op slofSal) | S e 55
i S o 3 o (5 gy ol 85 8 s 390 ol l o b duslie o JfSaly g (4l S 5 3 Skes
godb ials |y i (dlacleibl blopw b g b oty Mg o (S (sl g (53505 oSS (Glapptans
O £ 3 sy Sl il el el ol i 395 B (clald b il il Ll g4 e
Jgisas g5 o yiingy oyl sloaBly A8 0 o) ol ¥l (G551 B e ST 3 (5550 2 5y (g S S

3 JB ol 3,90 St g 5 cloredl o onl (o Joibloo silsisge 9 (S (A 2 oty

iy Ao

2 gm0 BNt 3 3
i s

Saeed.azemati@iau.ac.ir

V- Y sl el
VoY 57% sl Wil

158 B3l

il slaglele (G55l Gpas
SB glaciie (gp GlwSS
Kb g p S olll Syl sl punl,

oo g plons o iy s 3 R RS duoyla G2y90 i St 9.5 ol Sl g 6y 2SS Il irsiems St dSo y n B35 (bl 5y s oy (Vo) o il 2l ey e

YV-Y-0(8) F

https://doi.org/10.30470/jaer.2026.2097247.1241

Fuduy

YOMSYSY b U
@ 0¢
Nymlé“ﬁ)ﬂu“’ oy  NO

https://jaer.znu.ac.ir/

bbb


mailto:Saeed.azemati@iau.ac.ir
mailto:Saeed.azemati@iau.ac.ir
https://doi.org/10.30470/jaer.2026.2097247.1241
https://orcid.org/0000-0002-6410-6491

(solis £ o390 Syl b (65w (w2

3

dodio
J kg I8 ot 9 995 0 4Ll o o » (GG (BASBpae oy 5 Lol | (S (e p3] clnamy el i
Canl 045 w0908 (S g )5 dnogi g (il ol Ll (il (gjdliay M) a3 o elaSl 0B 4y 2l (55
Ahmed &) 1l (g9 4islS I i «Sid 9 p 5 sblio (glayeuiS 2 oirg b laibl (655l e (giludingy 4 dogi oS
Sojld ¢ SV g by el pogde 15 9l (ching oSl  jgal (sl il da gy lgl e > (Johnson, 2021
slaoygd > oo & 298 0 gl Shg pl it I baoro S g asbio s o Gl talel | Joib B s Lo
S (Mlte g dtdy S (larpins & 0B S Geled Ll cpb (el g 98 oo Yl iles o b Sl o5
oS ol (St 5 25 ol sl pioodoni e lio dy jidy Sy 9 (55l (1S (551 diajn (3Bl ) oatne Saly
(o Cagoy i) oo 3 Vb (g (slod e(sndyg b QB (g (o o Shg b 9l (Bpd 9 6550 sl (s
5o Gl (e S & e iy oS G S il gy (65 o 0 (s sl tlle ool (dlalols
P ol Cplls S o Sl e il Sl dlaid (gl o Cud o g o5 s Cagloy S0d (gm0 3l 9 9 0 (2B gk g £l
P ol o Jlbye (el lSal, 51 (g pS0 00l o p S o g il G tald o il S o oo St
IR Sdngl 425 )50 035 oty 13 sl Sl p S (glati 5 (g5 (S SE m Jubpd Spnly 9 (e
ooy yials ) lom (glod o s o iy 5l 3l b 505 0S5  clayginss (Chamni & Emamianfar, 2017 ) sl S
9 Sloso (Mo (Ml g ool 8 o w3 ]y Sl ptoll J Jod B o ( Slo (551 3b5 B Ui cigh g
Alwetaishi,) 3,5 odalio g o jbdes (calad o (cpes (dop by g bl e doySol 1) ] cladiges S o)l
Vg o (S Vb S iy b lan b oilijl (clo sty Sl (gySope b 5SS (claciio 503 (g9 1 (2021
o ol ol s (gl hg8 B jolocs g5 o sl ool 50 1y i yo i (5 | (b ol o il
(Baghbanianetal.,,2015) &S ¢,Ssl> b (slalad 4 )l il 4
e ot (S5 B 3 o] (il kS5 g (5 lalllan ¢ Jiiun 900 b fSaly ) 1S5 0 015 3k (gl oy g L
S i b (4505 (5 SB  5 2gy 0 il (55 58l faio 1687 b 5 sl 393000 o igel (sl lails (ol
g5 oo yier (55 b (5505 s 9 03 0 1 |y gl Sl b el (glod (ISl (SIS il 1S 0wl eSS il g
3 gy dily cpl 3 S oo (izg | S50l 93 (ol (lShom adllae ol 9d90 (u gl (il 1y LB b (6399 (Sl (e
A gy =S 5 o8 Wl o il Jeiblo S ) (a3l (iges lsiear—d) b RlS duple p 555 L
S Sy Ll b oyl lid (el by o ol (65 g p KB il g (57505 0SS i (gl b
005 duylio 5 (g3l Jho (5551 (giluins lazro 3 (Slo isio (glags fiaw g 9 005 L (93)90 digel (Sl (Sbojki 5 (o8
S5 Bpae pialS S i g (5P 0SS JWbpd ) 93 plojer 38las L) Limgk (il (el B
Cd St 95 ol o igel (sl o s
Wigd o (g ) S5 & gl SYlgw (ol (yen

Samd o |y el ilos b b chod Mgi_so o o S5 s J eslizd )
b el ¥l (551 Bpao p (58l o laiier (505 oM S o
S ;s JoSo b LT 9 055 o Sl (6550 ko 3 39m0 Mo a0y 3 (4l 3
S8 028 05 SUid 9 25 8l () Sl L il S5 e (Sl (552w pliS



V€00 199 s 12 lons £ 290 o 9 (6 loxo SS9 ) pal

e sadyp Sl
Al a8

B gl SUA
ke e el
oIS S R

N S

kel fg s hue g el s it s |

Al el yiRgd oghde o) S5

2955 50 (5w g 4 B dboul el dldo > Cou )90 Ead9e yogad ) oA (s Y lgu (sliudy > (VSD) igh (ogrde Jde
55 (2 B (385 dy90 Ladpe (glb iSw > Al p oS

g5 bl g,

o0 plodl (ol (65 (il g J (5xS0e b o8 Cd (oi— oy unlo ) jl g (05 B L 5l S ingy
Jobyi (slodytly 3 oy g St g 2.5 ol 5 i (Glmnglailo 51 3,80oe (b3 3 e gl (ol 2,509y
o (G Sl Ll 290 5 (5551 B o 1l S (oo g (5505 (S SB s ol
Slappins 3,Slas 5 oo b 200 by clodml  sbigdl (glalobles o (655l Bpmnly Lo g a5 Sleo Lzl 0l o
5 (2SS (pingly Vo Sl ale glie () 9 GBS Cllas B b J S (oo 5 (5 lesS
B JB sip 390 basiye gad i
St 925 waldl 0 6x5 )8 M 33 e Al 03 e 13 Blg kS o (ol (gl eyl > ddllao 390 iges
S Cud 4B 5 90 (jold slod drg B g g (ol (o Cogly S Gy OB S S Sho I by g
s 2090 Jaiblo sosits Jio | o wl)8 S5 (el g (4505 (5SS (Gt 3,las (il cdlyy (glio Ll
sl g s iy 5 (555 0 bl g ool bl (clald o cbjel (clald Jolis ool (slapaiblos s o S il
oot e 5 gy (el Ss 9 pl o (bl dtungy pdlne g5 wlis £l dnlss sl s f ol S5
Sl 05 Ll
352 e (o8l (ol g 0 Sl (65 5l (il Bl 3 ol Sl o S Ll ozt (5 5,k oo polite
el (5551 3,Sloe clonyo oy 3 o iy 15 ] 5 ol clmonls s g Sy D ot s gy dy (clod i
Syl 5 gy s & g ol 005 e 220 (Sp s I 4 (w2390 S0ty o0l (ig gl Ll
Canl 035 Jloe! (glusand Jao > (o (gloogyfuw (551 s luoisge

539 S o ol o (glod 20l ol s (il B3 b S L sl e g s )

el 48518 b5 50 ol

p SiP Bpan p ol w6 g (bjgal (slalad yislopur (ol )3 (g5 (S i 3 Sl pgd (g lw



(solis £ o390 Syl b (65w (w2

S99 otlayer b 1S ol lihon 3 gy solaio 4 JSaly 55 o ] lojom oditd pgw (532w 3 leg T
el ¥l cdolop b b oo bl (giludnd @S (b5 polite 4 Cad 0nd b3 bl (551 5Slee
S50 S oislel edg10me 3 (4S8 lels a0y g aioel (glald B (dlod (oleyus s (555 Bpe e
SBS )5

ialS > adlao g0 (cladyaly 5 Sy 2 53 e 9005 duslie ;SIS0 b Cilien (gl s 3 (s I Sl b ¥
Sl Jaly a5 el ol bl aleg >l 003 o bl () Lol S50 9 (55 B
D9 0 ) St g 25 ol oy jgel sl ol g5yl B e gty

AR} dii 9 (6515 o
(o Sal, o5l 00 oo (SlSle (S 4y (Studly (IR )95 9 baloibles 3 (G Bpao Al 8] sl Sl 3
25 B Sl g d)90 (55 (Siludine SS9y (ot I e e Jbd
ot o G0 3 ot 5 S 15 ko oot st Il b 5 s S5 sty J i ol )
S (dachiu g (g pous 0SS i 4 g o Sl -yl des ;| (AmeriSiahuietal., 2024) 15 o b by lois L
B S 8 2 3)90 (g3t lllne > e yolody S 2 45755 o)L
SS90 waldl b b (8 g (el (53] By I &y (4505 0SS (i & Soob (i e (glo gl
ool oS wloaly s llllae S (Eghtedari etal., 2021) sl Jghio | wivlo o (glaypiunss (gl (auio (3 Sb Sily 0
505 el g M ooty |y (ol & (539)9 (g (slod Cad B (30ly (s o) b (3bbe 3 (6505 Sl S
(Omidvar &Shayani, 2016) s> yialS' 1, il 3590  islo s Yl s
Pl e g llaicl daoe atle (g5 glafSgilo  odlitd o8 amy o (i ol o2 (oo i 3 gy (icmen
ol 4S5 eslitl 3y50 (b (glaldd il il Laulyd doel gl 50 sl I (S loisds s s slalisd
ol oo yials 3 5he oyl il (S lgied 360 S glacatu jf edlai Sy oyl 1S” > (Jamshidzadeh et al., 2025)
L gl iy b dlano § oslizd b Ygome (S glaciies (Asadietal, 2012)cud 48,5 )5 dgi 390 el o gy
OBl 3l s BTy s A | (g BB i Sl oo oS g oo (Sl cunlio S S 0y 9 Vb B o5
€9 owl j ol &S Wlosh s o5 gble 3 odipldl clallas (Tavakoli & Emamiantfar, 2017)0iS” 5,59k b pdaws (lod
Ceinlopwr b g el B glad 4 o) sl dous o g oy el gk Mo B gy | pb pdaws (slod Sl o lacdis
[(Sohrabietal., 2023)a2> yialS' 1) 4065 (glaywismms
DM S gl AL () & Caliy ooy g HB i dlSaly cpl Sl Sy o e > daste Cldllao 3529
Plagl dacdls 5538 Sp Ao JKal) 9 (ol (5 2Sles (o & Jo p Masby S gl b gy
iz o5 Vb o159 0B s byepe 565 (S o8 il (ool 3 ofygt md e les (551 B e sl
(Azemati, 2025055 yio yijae  Slo (sl ) &l 4 Wl o b Syl lojen gl Llos
505 ol ly (jgel Juiblo S > S s g (4505 AT S ol (Sl S 2 Fpai b b gy ooyl
(S0 G505 (J5ied S e RS Aunylo dily (pl > 30 5 oy 2190 |y iy e 3 25290 S S 0 b oSt
2y JSaly 90 ol e 8B 60,8 0 )8 s 3y90 o e (clag s 5 il (5551 3,8les g ars b
S5 i) ool Sald 5 Lulys 29y 5 (4551 Do il



V€00 199 s 12 lons £ 290 o 9 (6 loxo SS9 ) pal

A 98 (S5 Sl g Sy sl (slfSaly b lagpe glon ying} iy 40D N ot

2O e > i85 8 SRt g (gl gbaidly R 3 08 Epdye Jlw g osiunnrys
oyl o g Cpgpd cped (SHn Glrsians & Sy 08 Sy pash by nfSaly g sy (55 9Pk (5 )
ol Sl ol Jg Jodisd g S gp 5 ol (V79 oS
St (B I (8 5 Bpao S 655 i M Gl g S5 Sbleg (gt er g sfsd \
S lon (S5 b g 5 S (v
FoE oy dp B ooyl Gk p o dhp oy B A (650 il (Slygias 90 (V+39) (M g Jond ¥
(stloys ol (g ol
g cpg clofSaly o digy  bxd Pl b 5 o) s ol 50 Sl o Sl Sl g o (G one Don godjniar ¥
Sl oo S Sl (v-v9)
A (ol e Lot peb gl clasetopda (oA G5 g g ooty otieg (VW) e goad 0
Skt slog oo Jeslo S )
Spfio phao b b S5 P ) S 9 (Albedo) Kibceys b oS el p i Judy bgS (VW) goldd g S5 £
(s b daw (ded
SO0 bged ot p (fSeno Cople g b BO BB G Ofp Jid il S ol diog ()3 Sles o g e v
() 2P g gl (v-7%)
Spff dy e S paa M 2 o515 s smme s b il el 3 (g5 (hotiy (V+Y0) alee A
Gyl s b5l

o (ool g ol b B3l clo A (st CS o D908 5 il iS5l Bpae oiilis JiliEl 4 g
B35l Sl oo pl 3 Cd aas a3 polao (gl stmgls oo Slmygne § (Ko o foble e 5,Skes (gl
il o it gl Sl il (Sl ytabl Ll 4 oy Cmlus 9 fplS (Vb 1T SV (b el b &
bbasye g5 (o bl eyl s W) o1y (g5 L g (B laome CubS ( S (gt &) (Sindly 08 ol
5 el p3Y i (557 Gpaae 5 Sl b gl IS 06 g S5 (i (g e (3 (SS9 5 ol

S o ol gl (pl At (o i Sl ole

Sl 9 0,5 ol 5 ol 90 St e 13 (6531 B puso )
39 4y b 3 Bpas | ped B whew 939800 Cgucne o 2 (S5l (BUSBpa (955 )5 | (S it i
o ebdes it &8 WS o By |y dyan (5l IS I dopd Fo b Ye g Lol dinyguiS 3 (6ol y Do ol
» {Azemati & Jamshidzadeh, 2024) cul 485 5 sislopw ¢ yile)S claywiv B2k 3 iy Lialel Ly ol ) bogyyo
St plol b oo 3l aseiio odlitd lels g (S (Vb o815 ok (e o b 4 gl (sl il )
2o ) g o s 2lo Sy (shb (oo oig ( Sjgel (slapleilo )b g Comal ba 3 (5551 Bpae Cy o oS
balys Lai 2 5 g palie (j0e] (Slocdld dopd 3 el b (g0l 2 clajon s9 S oo latio Jleilo (g S
(Azemati, 2025) 35 el o) 3 (sl o il Crgo 13l oo o St o ales o S 5 5 sl
it Jyol g ol Ll & (S g ity el (ltons 5 (S lone (S g0 wlto g 2 0l 5 09D
9 e S 9 lloyw (SelSe (St 4 iy (Siandly g ot (Sl b el oo ol () oS Cad 05 plodl (65
3 sy i o ol ol oy (it Camtd ] oigel (Sl et 3 (5551 Bpae dltino (St 5 5 3ok
Ol (s Cago) (5l 9lod Clblurgs SVl e ey A (I (oo (A S b S o 2]y el (655 0
J ke JB il (o o laleidbe o Jaslys w  (Foruzanmehr, 2012) sg6 o 43U p5 g (SYob (gl bl o



(solis £ o390 Syl b (65w (w2

(kb & gl JUitl Gl o 3 9 do e 9 pl gt 26 Zobaw slod SN crge Mg o &5 )b B sy (55
J 550 5 018 > i el b s 53 a5 ey o G o i oty A 3 35
bl b o g gy pl oo sl (lapd (Gl S g 25 3bbie 5 25290 (Bjoel (slaglole (gl 53 (Sg0

935 el (S (glod (alidl g gy (B Ll LA Corge M o b Sy cpl < it W il ol

iy ip9  bjgdl Gk (g5 Bpao o) i g K 925 w8 S She ¥ o>

S5 By 3 S0y elos Gl 380 2
S5 By g ilope b Sl phojgtr (faslo (2 g o> G oo Jlo Jib o g G VD il e GG
by 9 i Jb »
(bl Shaywtun & o G4 Jeslo Bb e gy Ja pF S 2y ebo plp (W gl bl
Gy olS & 5 o o Sl g0 e P& st 5oy IS4 ol g Joy (gled dgf B IS Vb 9lod vy cial>
48 S8 g5 Fotlo
S35 St I JUIH Joolind (gl ko Lalys (A3 o218 I 2 b gy i Ol (i g
S35 S
el (> b 8 bog suygs sl <y i Jho Jgo 8 (el 35 o A 9 Sl lons!
el oo

Sy 5 (5551 Spao gy el (ol Lol JSaly fsicdy St sinlopr (sl i 038 osliil  Jald iz
Slo)Kaly 4 dogi da yills -yl 4 d>57 L (Rouhi & Mahdinejad, 2025) s o yiul38l g M8 joboas |y laislo (gl o e
il (Sl (55715, 8has 350 9 odilep b (EBE (ot 1B Vg 0 Sy (Slagtuu J eslitl g ol S
by Sl 0 IS sl by o3l ol S5 65t 1Sy (o 35 ) K5 o b
Jusl IS el o (sbopualy (65 S5 9 (3 9y ool J S o0 w2l B (555l Bpae inlS donit 3 9 (SelSle (St

ol 153 Sy Cuond | (Bjsel dmleables o S Lulyds 290 9 (shudygt L il tlS (ol

Sl 905 oal8l )3 (oulslopw b B Jixd s sld pua, ¥

o golio (gl 3 298 g0 Cgume (odlfl (b Slial (pinre I (o el il )b I8 (S 5 p S claedldl
it dig bawg Ol 8> dog B Gl cage lo)S Jad (09 (Voo 9 gy (o SV slod sy A Wb
Sy S 335 o 31 Bpnn ] e 38 i sl S8 (Sl i s (3 39
D5 ) S lsisa Jebye syl )yl J (Cengelet al, 2015) &S o wais 39 1y (Sl clipas a4 eidl
ey 5 93 25 395 ) 8 g & o (o o e Ul ) > (555 e 20 (s
S e bl Ly d5:00 4 (b pblosle 5 e el p  sodfl (Sl Sy 3l spSoe b g (Sl e
PO @ cdb wlidl g b s 4 o)y Jlal el didilb ol cdb s S dasaly ol Lol Gis S o
ol S ¢ sdblogw b ialS » Jasl pyiere j| (S (Pham Thi Lan Huong et al.,, 2023) cul il 5 S5 (slao g
350 ok 9 el 030 o Bl oo 3y s L | (36 (G b oo (gt 4SS 9 5 ol 3 gy
il o pd bzdaw (6,54 g (leiblo mono (S Car bl ko Bos (Al dagbarls odlitd Casl ()% 9 o5
onbino (yili C8b Dy i D 4y o leis b pl oo iy ialS ]y il e e Algi o oS Wi ol Kl ales I YL

(Ebrahimi &Hosseini, 2022) 3 )5 )l b il yiolidl 0 (oS s (i



V€00 199 s 12 lons £ 290 o 9 (6 loxo SS9 ) pal

ool it Vb (59,8l (2lod (g (Sl o Suid 9 25 Sl > sl bl G p (i R0 we 20,
P Sigo » Shy ol 48 S b p o bl g joy Jgb » Sl e 5o ko e B L s |
3 SJurSB g b gt 29 (S Llulop & b5 Sl g (BD (glod il Cage W o il diged uono
Cagby > 4 (Sadeghi & Davoudabadi Farahani, 2019) g co Cguore maldl cpl 1 550 (s yualy oo 36 SilSe e

S5 By b g 45 i g0 I oS Wt odldl o ) ] (68100 5] olmtions ] st (g fome 3 (o olie
e 5 sy bl 3o J| et dtg e ol caps (el qyl oo 38 el |y s Sl Laulyd (iud
slod Mg o (yg) gobaw 9 03l (sl by o3l S o o] ol il alS g daws (glod 58 (oo i ccnlio
S paly egecme > (Pradono, 2019) i8S (5 ,S ek (S0 (glon (glod il il dons o g umd yialS pag B oo |y pb e

D)5 (ghtd ol ypo s 3 (i oy SdS 9 25 ol > bt

Gwdyg> gl el il
Jsbaofe Jad p,sb g ) ¥
(Sommeseetal., 2022) -lodbo o)l 28> il38l.Y

JB s b JoSepal) 93 lgicd S (lachio (xS K g (g p (giSiS Jodlatl ol cpl 1 A8 dige (5 )blixe yobody
B oy 0590 (paSS Coygods (S 4iSw 2 &S )b (S 9 )5 w8l  aly syl > tlopws b il oy w29
LSS

sy a8 o) (Scfaiblo 653 Bpao o] b 50 4l clofSaly X g

S35 Span p 3G
S S bl o)l & s lf 20 (el i (lidy 9 (Jols Jyiid sl oAl Cd p
J W .
S
b ol 35 als Audals ok 5l Sud ool Jodicd bl 5 skl
Sy Jid g ph o gl il Pl Vi oy b gty 5,5 S S oo odind s
L] g 399 o ey Vb 3 e b pne J kil IS
. o ikl g 59y Sl ol ey Wb i cub oL ool . e 5\
(B o> g 20 s hae Gl e G e
(il i & 13 L0l Sl Jal il Gy afd g 0 Bl J liid sy S BBk o St J S
L Jp 5 dom o> usbio (B (atlefls 9 mgh 3 o Jlgn (o Sl b
i By by o> 1l o o . . ol g pIH
! et (B bl plon s il (el Sy J ol S S

Ol (5550 (gl 2 B (Gloion g (55 (GjliSid (St T
S5 Bypan 5 (194 & sl gl | S0 00 4SS 525 laredBl > (GGl Bpue LA (6lad Sy w550 (S
P e 'S elaciio 5 (g5 S oo ol P b ]y (B (ol il Ll s gl Sl Uy ol
s 93yl 1S (Zalbaetal., 2003) uiS o ol b ot (65515 Shos (gildiarys 3 soko Ly a8 pageS— b (5ol
S5 S S sl drgf B s (il (gl Cagloy 9 005 G2 (Y5l (Sl (gl o8 355 ailo Bl 3 05



(solis £ o390 Syl b (65w (w2

St gp)S gblio 390 g0 lod il aoxs > g LI (gt jIlo)S s el U i S o oo b 3] 3 K (clise
i (9l (IS 2)Sloe 87 Joe Y (ol b S5 o wtiasms cpl g 092 yiudis il yody pnd bl ¢ i ooy (92 (b > 4

o UL (g3lghor ) oo po Loy G o 3l T 395
Jp guine dlo)S il 5 ) i 505 Y
(Zhangetal., 2025) lasxe s Cugloy il g (63959 (glop (glod inlS Y

S g J &S b 5 WS oo Bymn (508 s 532 45Ty slo oo (Sloinngen b duslis 3 (6505 Sl ¢ Jgone body

oot o> S o Jos (S5 Jol (o 4l 1 (So o 29 0 0tnlite BB s s 5 bloic] dn o> dy SO,
S ol bl g e ialS S sl @ WE A L |y (6299 (o (slod W55 so (6505 (g3l Ss- J odlitd ¢ ool
37 S5 (it sl S gl oS o Dl (S g g Aojm oS0d (sgu S w2l B S g g 0 oy (o

(Watchmanetal., 2021) ¢l (b)) BB ogbds
(S goomo ot 4 St g .5 oldl > 8lg 590 (sl ol (6551 By s o8s30 (5 gy pl (5 Shee o
bojy Suid g p)S waldl o go (Rl (g)bline yobot |y (pliloyes S RSy b ol 3 &l (608 5 (6 ¢ orlBl Jeloe ]
g (pl ofg) (ol dtag o o8 45 o bl s Al Sl Sl 5 il (s Caglo) (ShupgS oAb 1
h (555l e b Cuma 1515 5 b ol el b oo (608 (56N &S J 3 0985 0 il oS il > i oy 5
Jad S ol el il ol jo duw & a3 g0 (5 (oilop b SIS Jups cladpidly gy S oo 5
945 S3SBY JSal, 93 o (ol 3 it Jleb et Lo plos S o ompie ool 68 Gl g )l
Ol g ol djp il (ol 4 &b Jppndp (ol Lahd b odar (63Slee lale f b €SS (ot
658 5SS o (45 (gl S o Bl 551 B 108" (dlyy Sy bl o bjgel (dlofable o giluodly
Ol gace IS5 &y o (glod g5 g0 9 sl o3l sy (D (el (s gy b el )3 s ol S a3 o (5

Lt =

sl vt

2l WS

P e S R o e L ke e el 305 elar

aeggiicapS ol ol (el s it (58 Joo ¥ IS5



V€00 199 s 12 lons £ 290 o 9 (6 loxo SS9 ) pal

b Vb el it dolbo iz G el (el 4 5 g o gy (o b el (sl JoSls o (St oyl e
(sliloyw SLAB 18l Carge 5 WS g0 d930xe ) bl &) (63919 ()l b el g (glod Sl b S (o (o
Wgud oo )y gl el

oS I xS g el dlod 41l b S i 25 329 ] o o (ghlady o5 a0 (i ()98 90 () S5 o
S o b (6505 i (505l (g isllae adel Lyl (ol (JBsb (oY o e

So & prie  Hiie & (ol WS o0 o5 5]y i p o Dlo)S b sy (eSSl (86 (D (glod il 503 (g9
(e sapa i 0 S5 ) S el CatS o 5 a0 18] (555] B e o o 255 0 i (Seeioges 2
P e gy SIS Ll s LS5 Qleisa lSal, I S g ST oS o (LS piomen (Y JS) (5
Saedgione g alie Col clagsll & fpl Sts g o5 ol (Sjoel clagleiles )3 ohgar—a)ls 39 g a4 5 Sles
)b pasuio g5y

Blod 154 33 oS dupto 3 (5553 (5o o8 9030 o5 5 550 dog | 52 g bl g s 36 o
S (S o o IS pghody S ) ol cpl 3 ol Jul (Ao el (gindi (628 gt Sl o oS e S LB ol
2618 g ko gl K555 2 o paangS sl Mg 5 €l 3| (52909 S (ARISD 35S0y 93 Bl oS S 0 15T
5 ot slogy s (058 (slioe (Sigor (ol Dyl oo o0l iS5 25 Bl oo 0 iy (5] Bpao @ it
g 38l imgsy asbl > (g5l i) (sl padls Sl

ARy saadl
0oB Ll W 4 9 295 0 4Bl ol SS9 25 @Bl > Bly (Sl red cn ke I (S s 2 e A5 4 oS pdalen
S 350 0 e ol bl o o 4y lolobl > (55l e (g luing (sl Sy s (8l csbio (5t o g0 O ol
o b (Sl S5 55 s (Sl G ¢ o K5 oo > (65518 > 4 503 By il 5
eitlopw b Juo (g B (1150 p bbb o 398 o o (Jald (i o Jo) 9 b (e g JB (clod IS

il aslge el Mo 1B

cslod Sl el (sl Juab o o0 o8 Cd o o 3 gy (5 (Yl i 0 ol (clo S cx it I S
iy oSl b & Ol Jl (Gl pne cp5ivte I (o s ]y pb (4B i (] 2985 o0 (bl diang g ol o
o8l Lyl 295 0 guino 3 il eSS cla Shg I Jlw bl ik 2 lgn (b (o gl el ol S 0 S oo
Byan b ailgy g il b (g gioglas 3 Slos isloye Johiie (clappiunes b duglie > (43505 (G S Slapiuns 3915 0 s
5 wl)31) Gl bl bl e (55

J St 2 a5 joy slod IS & iS55 0 )Ll gyl (slod gy B g &y oo 32 wal8l (sl S 5503 |
Soble dnySol p a5 ol polic J odliid o 48,5 )5 drgi 3y90 5 33 (Hw (Silone 0 (kg (a5 B Jlo (sl
Cud 4B S PS5 aeo 5> Ll i (sl p VY S cd Bl dlan g 5 e

Cel (Sl (551 Bpn x5 3 g 00s ol (6l Sg (o & S o cpoben bjoel (Slaloiblo I (s 0 S (0l b
sdyaly (G oyt (alyy (i s 33 1 @15 S5 ol o Sy 4 dogi b il (A Sl il Ll
D9 guine S (Gl § (4P (S Gl 039 piloy b (20K Jbyd



(solis £ o390 Syl b (65w (w2

3 9 (05 Sl (glwan LS Y
S o y2lS ol lSal, pl 36 i b 4B S )5 ) 3000 waldl ) 0 Bjael el S5 (6555 Shae gy ol
D9 asuiio  igel (glalad )l lald 3eu0 g

g3 398 5 b ol it ¥ Jyie

St g5 ol v s 35 o 2o Vs s clod (5o

csitlope g JB A 5 st a2 ¥ YA Ol glod ST Sk

W gl g o L5 IF o p Y 50 o (513 oo (i

S (S (ly cunio L)y Jop Y0¥+ 25 AW s Cagoy v Slo
S s ol PR NN W b e
Sy 65 B Yl ety Joo P @yese p Cebaclogh S0 5 Sy D o
g JB gy cllog 35 o dp Y= V020 39290 glod> NS

Ol A5 (siltinds g (Al et Luly 3 il bl o S5 L el 3,90 bigal el (g5l 0,Skoe o) pghste 4
S )P 55 (gt Slog iyl b duglio (Slise ] | ool ol g 005 4B a5 > g po Cumsg Jyieay o

o 1 (655 0 bl g (o clalsh dng ¢ b (sl DS lad dnlush dunsim ol ezl (08 et ¢ Jso oyl o
e g oo oty o o 28 (slfd S oo gy (slo Sy cioren A5 485 15 > bjoel (sloloblo s My
5 bl (gjloduns Joo 13 03 waldl > aliio _bjoel (sl el yo odliil 390 Jgliio

238 Bl Glalog s 9 35 485 a5 3 SB- o (698 3l odlatd (19 5 Jluto g0ty (el b el (g bs
st Cagoy do (glod Jol 33 e sodlfl (Sloooly 3,5 (gl Ja0 SS9 25 Sbbe oo (s 0 ) Ly el
85 I Mo 390 Jlo S Jolo 3 ol (551 3 Slae g 008 2)lg Jdo 3 soldl slyialh b g gy (B s
Jbo p5 (slaele > bl ) cpels & Joiblo (555 Bpao | gy B (i o5 M o o5 4l Je (silotend ol
x5 g 4l Gl el ol o (slod slindt b 3 lo (Vb (dlod 9 sy A (Vb o D 4 )b olais]
BB ol 3 9 A5 s (sliloy o G g e pl b oo I (BD sl a el )b Ol Sl e
29 (el (G55l Byas

pie Coygo 3 igal (S WS I3 (clod do)S gl el > o o s 3D (claliad Sl Lal s gy e
o1 &S il ol > oigm pgge cul g) S8 ) il o391 J Al o sloyus b 1S e (clad sl S ki
b 5550 S (Sl el Ll g (ool Laome CudS p M5 o 9 8 o Ly (6 5ty ol il Wl g0l s s
di0j P g I Gl LSS 525 ol o ool (gl faibls o 85wt g o aly o Sl oel sy ol ol
5 S (i dox J Sl b 1alS Sy (clasyaly J odial gyl | N 2lye (5551 Bpo g (sslopw b JS
oty ) 150 3 o stingy a3 8 o) e (513,80 39100 9 o0 I 0 (6555 (oSS (Slarpis
sl 4B, )5 duaglie g (03190 (5§ Crygods g g AL O 90



V€00 199 s 12 lons £ 290 o 9 (6 loxo SS9 ) pal

a2y 9 (s elaladd DS Jols

@b S o

(duoyla) 3jg0l

B4y syl Al dyge il al Jho clasuiio B Joi

ol g9

Kb g5 w8

Ay

Wl Cusige

e zh s

ail )

Olido ey

o pdS” Jgomo i)

yio Y398

b )

8 o o

&g e 29k

sjoel (slokad Juked

o Ax Y

B W slaf

S s (g gl b

oo 55 gl

PLEF

Joesa

AN

(Albedo) el 3l o

Bl e o3y Joliie

mLpo)L\?yo)zii

oy &5

o )9 b

Z\"o BV

923 40,2 g e

Auslio (4l g po Cndg

oo yinlo p s

sl g piangas

by i g Cogoyded Jolis

3 R ool L

(ol glosl>

—>x

B¥ung el adlas 390 ol alade N S

ol (65513, hos 59 ST Ciiew 31 o3l 5T 2 gl 599 ,lw ).
el > S i jlodliid (592w (5> b 1T S sladpual, jlodliiad 3B s joliaie 4 gl (g B
b copd b by Y S g ad oy yudi b Jlo 4 o ot pb Clasudio oy jlis pl 2 5 (gilusduds addllae 3y50
JUnl il 4o 13 g ol bawgs (sdudygd GIE ol (e (IS e ol ] B A 85 L )3 pl s Vb gy
Ol (gL Jude &y Jgese (clply Jgliio s jl ol s 3k oy ilotnd Jao 3 39 ol (B (gl ey ol
Ao 1 9 M5 (g yg> Lyl gl el b o (dlod ialS Cango pusi pl 03,5 (g lusdnd (S Cato S 3 Sos 1705 23>
it ] ool &8 B> o s (gilwdand | ol zols .cdl ials S (slalad 4y catw 3 )b jlend e gl b e
a Ol sl ial Coge pb pdaw (glod ials ey ials g 08 el 1 pb pdaw (slod pgr BB jobo @ Wl 0 SIS
e il B clald » Sl il bl Lis (dyy i a)g0 ablos b o 0 g s (djoel (sl M8 D
d.ul..o)w (o LS))" d).\m UA&K p&L S umuo)l ool ASMJL;Q ul.wu ulnblw AVl LS))" d)*a.o GL’ WP (e
Sl Vo oS Slooyg 5 Vb s3G5 5 85 3 (S5 5.5 ol 990 (5l 950 Sl 5 (Sl




(solis £ o390 Syl b (65w (w2

Ll 3900 5 905 Slapmsns (S il Coge Mg 0 (55l Bpme il pogMle tilopw )b (ST AS oo Ly gyt
25 el clalad 3 S sl
Al (gl S s g b Jo 9 peldy add 485 55 > pb Sl £ Sy

AWl wiolopw Jb b daw bawgio glod
— 100% 65°C ab Jw

70\ » 3915 ials 85-90% 45-50°C S s

A B8 92 )l;m

Wl o WSS Glw i

o
o
-
o
(o)}
N
©
o
n

Pl gl hagio glos Yl Lataloyu L

DYy 3 9ol S Lo ) g jluw 2ol dunlio ) ool

o las (651 3,Sho 3 6 el IS SIS itemans 31 031! 13 309 599 ,liww V.Y
ot | oditol (o)l 3y SS9 2 waldl b Bl (ilop (Sorpitans 3 Slae (qwyn pdaie 4 gy [ dbye oyl
DM S s Sy bl Jho Joltto ylalo s s gy s (p] 3 8 (Giluins adllae 3,90 (ol (gl (g s 0SS
o il oo e (sl 2087 T 505 ol ol 1 (5505 eSS s 3,8kos 10,5 (S0 (55 10 (555
(i) o i oyl F0 3, Skos (i (ool Ll ip )5 Jiad 1335 (dlop (aoly (o ooy 4 g5 b (il Jho 55 oS

Dy s
ool o8 3b (s (g ltd ol L 485 5 > duo > ADT V- 0dgime )3 (6 55 i £l ol gilusdd o 0
Sl (S0 s 3] 42 51255 0 it o ol &0 e (S350 (551 B e oy B 10 g (63655 s
S oye el ) (dodos it bl @ 5 Jloss] alel ogame » STy 51 (clod Mg oleis 0 olo)S gl el
S @ Bl W & (65 i VL (GGl Bpae o da3 0 (U (alilogus o b 3 o0 o) Jo JB 5 Slee

ol dogy B JaoraCun; (5l ke 4SS o by ials



V€00 199 s 12 lons £ 290 o 9 (6 loxo SS9 ) pal

A pgl (650 SIS SIS gl Jho g o ol Vo

) Otleyw ¥l (G551 S e
Spany Jy ok — 100% aly Jso
oo 81 J5b S LY ¥ s ol 60-70% PRI

d)ﬁ.?’:.:-s bA;:\s &15 9i)l:~.~0

| EEUNSIVENY FERTEN RN

o
S
i
o
~
wn
m
o

Gialapus 43Vl 5 53 G yuaa A‘ﬂkz.‘ Jow 4y Gawd aaild

Ry < 30% 833 oldl >
ol 35 (Wet-bulb Depression) 5 gles g i (glod oy OS5 aaad Wb (6355 yiolo o Jumasliy
I‘-nppt'y = Tfry l)(Ifry 1:,.,,,) J“SL;O W )") dja;b )‘ L_fl““") ;,MB L;L"') LJ“QK

.‘_j » &

i gl oty T

LS 0 o] g B dvlopw uuwilis &S sy ) ol s 3 VWY @ Wl o OByl gy il gl Ll o
CrOw s § S 20w 5| oS 7 53] 109w 99 sluw )Y

9 S i Jf (o8 5 o2zl (30 o o Sl b RIS b g Jlbye (sl pualy ljBlon (0 pkate 4 o ingh pgw dloye
b olyen i3 Cas (Wb Sulish (clay Sig el oyl 3 (gl ddlllas 3550 el (ly (6 you AIS S i

9 pb pdaw (glod avg b8 yialS Coge i3 Catw vl 0 3 blod leib (655 Jhe 3 (g5 yinle o piusee 3 Slos



ol Lo Dol S oibles (55 gans

@Al 308 el adel islopw b el el gasge cpl b el B dlad 4 ol Jlal e ialS dos
(6o s 2,8 Wl (BB (glod 358 > a5 85 b (ool &y 0 3y i3 (lgp ol by (5505 sAS K s
S el aw glod ials a2 dens e JB US4y sl (g5, 5 Slos Wlgi o 3yly 9 cpl S 5 &S D o i
(oS 5 S 3 45 103 o (S ol Ly (e Doy Ml Sigel claliad > 3 bl Ll Lais 4y 3B iS5
ltaso oyl il il (505 s o litl (gl 4 s Gl bl odgime > (B (glad (658 el
sl ey $5e 3yaly S g 4 WG o (6505 oIS S i 9 S il Jf (Jlojo oliil &8 a3 o U5 g ol

xS Yoy 390 St g8 ol > Wy Sjgel (sapletle Sl Gilol Lalyd dge 5 (555 Bpaao

Ay Lo s A5 dunllio A o>
Sjl B o il (555 By
— 100% 65°C g Al Js
10157 85-90% 45-50°C SA O
30-407. 60-70% 60°C 9> N
45-50/. 50-55% 45-50°C o5 5

idlo s (5551 AVl L pare dunlie

1800 100%
1600 90%
1400 80%
70%
1200
60%
1000
50%
800
40%
600
30%
400 20%

0%

iy ipgS oSl inlopes ilzs (clog i 3 (plslope (5551 &V B0 dulia ¥ oo




V€00 199 s 12 lons £ 290 o 9 (6 loxo SS9 ) pal

120
100 l@m @ & @8

80

60

G80 © O COOO B O O O B0 O @

40

20

0 10 20 30 40 50 60
Axis Title

i3 99 Lo oo dusli ¥ g0

ol S g b Ll s il (6550 5)8dos 290 g0y Jo 2 sl (B lie (g5 s dus o (il 5 ol
4 99 Sl b b gaw (dlod S8l g (i GIE Gl el L S i (gl g Cglite gl 3 g
S Bl W & 53 (65005 0SS (Wl (g2l Sl 90 |y ol (G5 B dons o 9 b ol el
238ke cpjiee JB 3 b S Sl S0y (G55l e 3 (g5t (R 5 b Sl 4y o] (S g oS5 0y
el algl Sl b o 9035 Jas iBlom gty JSal, o3 (pl ) 0 adaldio (4005 s + S Ll (S 5 (5 o
I cegon ol & a3 o S s (538> (e & b ly 5iaS (5l Byan L]y oble By sdilopus i o 5 3D ST,
P 35 G lebel odgiome )3 bigal (clald (6,88 el Ll 4 (55l o ugune (i p oMo oyl g3 )
(855 oo (Gl b (Siuogy Sy sl fSaly S 5 0y SS9 o5 wlll 0 & 08 x5 ool D o0

(B398l Sl foiblor (elyy o8l s 9 B a0 3,509y Sy

» Aes A w v wTa [ wR .
n k) Im Kb Im X o~ i
1~
o
150
§ o
3
=
3
<
a
>
3 20
<
"
&
o
3
“
S 03
4
W e
als

Sl iy o (sloyiall (ol sty polis J (ghacgaro B oges



(solis £ o390 Syl b (65w (w2

55 o ooy ( Saolid J18) (98T (s VLo (551 B e (ST danlio o 3l o (339 A Jgi> 0 (05 (Sloen 58Ty
e ) Colue g Sy Jiblo b galS dupte > 3l JS8 SS9 p)5 wldl Sj90] (Sl 1) (65513 Shoe Sy
G o9 pl paw (slod el o )3 2980 e o> Sl M & (sdilopw i 398 yume (podes (el el yeie
il slaldd b ]y (ol (i 5 o sy o IS s 2 50 2900 4y 35y eyt byl S S 0D i
a0 O J Y0 039000 4y pl e (glod ialS b olod dy KB (s (gilwodly LD o i g pPeine (slood> LS o Jreod
Jo cplb o olyer 4y exddpo dod Fr IV D000 (6508 wiuw &S Jb daals oy )b Jaop W0 I ol S ol
Ao 8Ly i e S5 e & By & s Gl Jlc i it s (530 > (o5 5 8y 43S 3 o ] o
(VW W) 15 gl el )3 (655 i el 3l glo cdir ogumo o Blos b o545 oo Jos gy (yialoyus sy S0
o Cudl (b ol (pl 4o o Gy Bk g 2o 00 JVO 4 gpdpo [ 8 Cudodd cage sl (ol 93 00
2B gy o 2 L Ayl Joe & orine (St 5 4l (Sloealfl 3 ((6505) ooz lo s (St oy B

e &) osbie i (ool ool < o 35 3l i (o) 9 2, (41)

Sl 9 O RS duoyto > (Giluty (g s (G5 Bpan 9 ) d8kee o fmatizr ) o A Jp

IVL 5 L e olop b Spaen
J 'L_f)P) ¥ S ok b (X~)L;.,a YA — POETRS ol Joe
(+¥ saudl) e pb 54k } ¥
b
.] l*é e P LO e -
S8 ialo i ol 5 . . <
$p o3k 3k AYAR 78+ 5 AD ey Jha o LYo
i Chis dlwgy ()l 380
S y5>
2 S i gjloSiE lie bl Jgid L 5 oo
. Ce i Aol e Iy s 0355) (S .
Cagby yuoud Cud)bs 2 oleily caél AT Ve b s ( £ dgds NPT
i
u.la.,_ym ).e‘.\on_gu.- Slel ;)_6_;‘,
b olee s das e Sligea plad )3 Jlul g digs .
ol s + & V) cotipdl el - b ¥ Ton v | L e
oloyw T dlwgy  wguro )u’“’)?“ < Al (A ST VIIARE a0 Y L:J AT [\ (A .
Ay dai > (6 e (\F kg

Swid g 05 aaldl o390 (SBLAD 1 Sl 1 diigy AT o] yodludas Jubo 9 (63l 335 oy
1) gress (S pSpmmna o o & By (gl i S, s 1 o s o8 ytingy (ol (y9m0 (5ygl55 9 (o dyghied
oo (il st (Sodigy 0 ad (SiS (Slaenldl 0] (6o U unuols s oy p5 ol potliadis J0P g5 o
duoylo (ol Lol 255 o JiSTy (SolSo (claalob bl Sl B & b S Sl o) 5 Stiles (ol b Ygono
o 85 iy iy > e ool gl dieo a2l joel el el > (o (5505 (slartans (3ol BT g oy S
5055 S oS XD _so et Lmoold el € Suolinge 5 Lo i S dlzio dy aSh 0jite e S g 4 by &5 S
2y 8955 ey 35 IS o 30,5 5,5 el e il bl o V) N 1 B Slebo b sy 5
il OIS Cunlen sl (ol Jodligind Sy e 4 Ve Jgie > ol il Ol cpl iy A8 oo Lai ol (o o3k



\i'o)%Mc'lb}w‘ia”)‘hgbmsd,‘o&odlhuf}h,’kc\g’)ﬁ

Sl B g Aoy Sy (St o s €0y somaluannd 3,509, 11y ()i ko s gl oS 33,5 o oty oo
WSS oo Culid K g s

A3 pg8 1SS 9 25 il oo (gl > ailyedludis o s Slo g g ySmmen i Ve o

“xastEA

‘ - w a . . )
‘5"’"‘;““ LNM’ Volls) pill 7 _
o . K . 5 .
ol g 3lwgd (V€ I P
s g ol alsle . Sl Seb Blo g Ll )l 39y 5lee L
4 LSl €l o onk @l as Y o s (g Jlos! L e 1) olE
8 L) (Sl i w e oy ials g 4y Ve B0 hals N e e JwosB) @
. S ole por ciS5L . 3 gandl olis)l) s .
b wl)550 55 i 2 L o o)l AU e gled (dlaz (ol diwgy) (213
X ) B Sras Goh i . ) (Y0 (VL& - X
(395 12) Ojgelotsls i Cp )
09 thog e 513,050 ok @5yl Spas B s ol o o sl gl sl
- ) i a =
& yxio gy gl o S ey SO & Sao St SITEOREI msdilole 1Y ol
. olebs 3 iolul JAS it
5 Yl 593 b pglia 5,518 S ool o i Onk Cuagby Jously . (092 229%5)
. i . . 59> e 5 2l ; lop (2 Maidgn
Sgdise S (b, gl b 35
tdnog 30kl g o oS B0 JI¥D Lials olels ol s slos plgi zals i laee Silwdinga ¥ o5
! . . R LT i (lejed $el R
Obdily ppiiin & lswed e )l (gdop Oalol eb) (s> 5 (OT) (o2,8ke : boSis i) 133102
; . ‘ el Shaley b N
B bpan i S b P A Sy e 9 IS I bl Pkl 0sShe (b sl s — gy LSy
SnsS wll e clels (OFJ (MRT) o (bl

s g, T (CY) b e glos aStae
M el & S (%) e (554 OV gl
100% B (%) s e ol clels

52%

(615 oo 3 0 P) 53 Shos (G0 Bl

W2l 3 e ol g gt g, gl fas g ) s
lasree ) [Eis ) lyg e ]

Al i y9 D RS duryle  (Giluy (Sl s (G5 Bpan g ) d8kee olmatiz 3] sle £ Jp



(solis £ o390 Syl b (65w (w2

DA Ay il il ials 3 Jhe dangaly (S ey 3 Cat ool o8 3b i (gilwdud ) ol b
Coge S i (dlpl @l Jo b dulio oo pleible (plop )b (ARl o 3 g pb aw (clo> (12 3 (25 B
A ol b it ¥l (dilogus o 1l ] g 2 9 3,5 Bl 42 FA 5 de FD 3930 s s (lod pagame stalS
3 o el o J5S b aBlio o) cpizmon el (B (slid 4y s S 2l g ply syt Sk oy G o 4
il s oo o S iz oy 58 T uSiie ol (lod s b g 0 g 4l lelis 3 b p o plimg; i gl
S ol > S i jlodlaiad o 8,5 doxis i oo (i lei o oo (Sealigai i S gt 9 S 0 (559>
g o igume by G (A6 Sl b il (dly g (oSal, oSS 5 2. ol gl

S5 Bpae (il 3 oo B W o 5 Lo (455 0SS i o 30 (L5 gl gl p9d S (i
P (Sl o8 bl 4y (93959 (glgp (slod 2alS g o e il B ol s (3] 280ee S B el YL
Garge al Jho > Joluio sdiloy wias & G iy Jf ooliind o3 (L5 (gilusdend @l 20 (Vb G S
bl (glalad () Jod I8 il b Ll S5 e Sl a0 99950 bl a¥ls (45 B0 a5 B ytalS
(e DS 8l 9 VL j93 b i 35 cngo b gl el 3 s I 3l 399 gy £ (s (Sl (b S 023
25 o o el

ol 53,5l 3 30 s 56508 S S s 9 S35 i o 5 45 30 (L5 55 g pys S ek
x5 9395 0 el 4 038Dy (Sl b B8l Corge S i B P gdaw (slod IS gp i (p] 3 S o0 3l
3 i o3latud &y Copns oo o6 (5571 B ycne 398 0 sl Sl 3 (e liho (0] S o o (5508 b (4505 s
B e 355 dall )3 (655 i cdiaogy Loy (I b oo b ol > Al 3l (g ity Sl Wt (ol I o 2
ol &8 285 coxs i se (ol 9 ol (MRT) (5o (o285 (6lod oo 9 (OT) "cs0,8as (glod (fojon 8l 93,5, oo
2 Sy e 3,8 e Consd (6 5V A o] a5 5 005" oo oo g0 Sl 3

358as (e (6Pl oS S i § SIS s Jold (S 5 (sl o 3D (5 ol 5 gy ol S 4 ey
d9) a¥lo (G5l Bpme ISy 0gMle g s () S 0 o0])8 31y St 9 )5 0all )3 dunpde el ]y S5l 9 Sl
ki ol 2 ks 5 il el (G BB 5 Ll g g o b 4 i 20 a0 0 I YD
sl @l & sgbplon 05 e iloys (Slagiees 28 1018 5 25gd] lels a0 A+ J i & (ASHRAE 55)
P cusbio clacslind J (S ety (o8 5 Sl ol Jgee 9y ol ol Bl QB3 g o IS5 5 0 linoier (glauslie
2 e St 925 obio (Sjgel (slnplalo

6550 o 5 ol Laly b S5 o 5 S (S, ol o s o o iy ol Sty IS o
2096 (5505 QNS SE (glargins 9 S (el (lojon (6,5 8 A3k 4 (ool dalasle (4555 ,Sles 29
dunglis S5 3l 58 gl (] S S8 e 3 (5b o sladiy s 18K 5 aime (5)luk (S & g o (55 Bpme JlalS
Pl gy (il I8 o A oS 135 e (el gy D (Slyotlidis o g (55 pmmmnss sl (9% 4 S200
Pl oyl 4 g oot gl cpl o (655 walll ojlie 3 (o g ladlels Jub (il e (S it
s g0 iy |y oigel (Slolobl (giludingg g (S Ll > o8



V€00 199 s 12 lons £ 290 o 9 (6 loxo SS9 ) pal

ool (Shb > oo (adp S cyizan g kil Cliis (dly 5 clasleiiy il (v aselundd ml 4 gl
D550 4l Bjoel
it g (o 41505 G310kl slo Sy (gl fSaly plao b S5 s a8 5 ol sl ytingy 3 39 0 oty )
25 I8 woan g e Sl b L s
s & o ) SS9 2.8 Bl iz e 9 (Bjgel (sl ol plus o o fSaly )3 Sloe gy Y
el g 03 lf ]y (GGl ol B> Mg 0 Bjgel (slaplebl > Bl slagsySoil g Slwe o pbd T
A8 )3y (6o e (Bly Ll b Ao
15 oo sl 3 gy p285 5ol o o)t (3l Lol (g5 9 bt ot ko 9 9 0 ety
D9 485 L5 3 b (S lodyaly | (oi5u sisdr 6565 laloyw (St s Vb S0 L slapl J odlit o
S bl 2l g pl (gl Szl 2 3505 b ol oy gl ooy bt g (bl Il s im0
S S nlio (Gt B (Bl g (pde e S oo 4 Sl o0
s 18 > g s 53k 5505 3 ST b Sy s 5 (06 oo 390 iy
25 ) Sl sloinggy » (oso Sl pole



(solis £ o390 Syl b (65w (w2

(oSS Sl g B SllsMo

s (558 sy b 25 i 5 i by J g o g 039y Jimo yingy ol s (4 2elluas ol )b 51 85 5

CCudoSicdhy g Siagy b b Coles
ol o] g 5 gy bbb > i b s g g 3 0 5 o 5 o pDH] g lin 285

ud asti ol gicn Sigp Ji 5 | gl o) P 0 oYl (B thss? 3 S gm0 g (S5 5 oolinnd

o
- e

1.CoolRoofs

2. Envelope-FirstHierarchy
3.Thermodynamic Enabler

4. MeanRadiant Temperature (MRT)
5. Synergy

6. Operative Temperature
7.Neuroarchitecture



V€00 199 s 12 lons £ 290 o 9 (6 loxo SS9 ) pal

Ahmed, R., & Johnson, M. (2021). The impact of shading devices on energy consumption in educational
buildings, Energy and Buildings, 13(2), 112-123.

Alonso, M., Ruiz, E., & Fernandez, T. (2022). Geometrical optimization of roofs for maximizing solar energy capture
in humid zones, Energy and Buildings, 258, 111834. https://doi.org/10.1016/j.enbuild.2021.111834

Alwetaishi, M. (2021). Impact of Window to Wall Ratio on Energy Loads in Hot Regions: A Study of Building Energy
Performance, Energies, 14(4), 1080.

Ameri Siahui, H., Reisi, M., & Takhti, M. (2024). Investigating solar energy in the architecture of Iran’s hot and arid
climate with a focus on mechanical science, First International Conference on New Approaches in Engineering
and Basic Sciences. https://civilica.com/doc/2171184. [in Persian].

Asadi, E., da Silva, M. G., Antunes, C. H., & Dias, L. (2012). Multi-objective optimization for building retrofit
strategies: Amodel and an application, Energy and Buildings, 44, 81-87. [in Persian].

Azemati, Saeed. (2025). “Evaluating the Efficiency of Double-glazed Windows and Awnings in Improving the
Performance of Educational Land uses (Case Study: Mehrayin and Afarinesh Elementary Schools in Rasht).” New
Ideas inthe Geographical Sciences, vol. 3, no. 10, pp. 99-122. [in Persian].

Azemati, Saeed., & Jamshidzadeh, Kimia. (2024). “Analysis of the amount of natural light and the effect of
photovoltaic cells in green educational buildings using the native architecture of Gilan (Case study: Imam Ali Boys'
High School, Rasht).” Sustainability, Development & Environment, vol. 5,no. 1, pp. 85-101. [ in Persian].

Baghbanian, M. H., Cheraghi Kootiani, R., & Yousefi Nouraldinvand, M. (2015). Thermal comfort assessment of a
room equipped with a radiant ceiling cooling system for different coverings, activities, temperatures, and ceiling
heights, International Conference on Air Conditioning and Heating-Cooling Systems, SID.
https://sid.ir/paper/833303/fa. [in Persian].

Chami, B., & Emamianfar, A. (2017). Investigating the role of windcatchers as a passive cooling system in
traditional architecture (Case study: Ostadan Historical House, Aran and Bidgol), Annual Conference on
Architecture, Urban Planning, Geography and Civil Engineering, SID. https://sid.ir/paper/897298/fa/

Chen, L., & Zhang, M. (2023). Optimal tilt angle for photovoltaic panels in regions with high humidity and cloud
cover, Solar Energy, 230, 412-423. https://doi.org/10.1016/j.solener.2022.12.011

Cengel, Yunus A., & Michael A. Boles. Thermodynamics: an engineering approach. Ed. Mehmet Kanoglu.
McGraw-Hill Education, 2015.

Ebrahimi, S., & Hosseini, M. (2022). The role of traditional sloped roofs in climatic adaptation: A case study of Gilan
architecture, Journal of Sustainable Architecture, 75(3), 145-160. https://doi.org/10.1234/jsa.2022.01503. [in
Persian].

Eghtedari, M., Mehruvan, A., Ansari-Manesh, M., & Nouri, S. A. (2021). Creating thermal comfort conditions in
buildings using a hybrid stationary cooling system, Environmental Science and Technology, 23(4), 157-172. SID.
https:/sid.ir/paper/958911/fa/ . [in Persian].

Pham Thi Lan Huong, Nguyen Van Quang, Nguyen Thi Huyen, Ha Thu Huong, Duong Anh Tuan, Manh Trung Tran,
Quang Vinh Tran, Ta Ngoc Bach, Nguyen Tu, Van-Duong Dao. (2023). Efficiency enhancement of photocatalytic
activity under UV and visible light irradiation using ZnO/Fe304 heteronanostructures, Solar Energy; Volume 249,

Pages 712-724, ISSN 0038-092. https://doi.org/10.1016/j.solener.2022.12.011

Foruzanmehr, A. (2012). Summer-time thermal comfort in vernacular earth dwellings in Yazd, Iran, International
Journal of Sustainable Design 2 (1), pp.46-63. [in Persian].


https://doi.org/10.1016/j.enbuild.2021.111834
https://sid.ir/paper/897298/fa/
https://doi.org/10.1016/j.solener.2022.12.011
https://doi.org/10.1234/jsa.2022.01503
https://sid.ir/paper/958911/fa/
https://doi.org/10.1016/j.solener.2022.12.011

oy Sl ol g3 Sl ol Jgf STogis: ol tellio i

Jamshidzadeh, kimia., Azemati, Saeed, & Labibzadeh, Razieh. (2025). “Feasibility of using optimization solutions
for mid-rise residential buildings in temperate and humid regions with the aim of achieving zero energy.”
Sustainability, Development & Environment, vol. 6, no. 3, pp. 89-107. [in Persian].

Omidvar, A., & Shayani, H. (2016). A review of active and passive direct evaporative cooling systems, Journal of
Renewable and New Energies, 3(1), 29-37. [in Persian].

Pradono,B. (2019). The Interiority of Proximity Between Nature and Architecture in Contemporary and Tropically
Contextwith Cases Studies, Journal of Teknik Arsitektur, 3(2), 129-143. http://dx.doi.org/10.30822/artk v3i2.212

Rouhi, S., & Mahdinejad, J. (2025). Evaluating the efficiency of indigenous passive cooling systems in traditional
Iranian houses: A quantitative and qualitative analysis in hot and arid climates, Journal of Urban and Regional
Sustainable Development Studies, 6(2), 1-22. [in Persian).

Sadeghi, A., & Davoudabadi Farahani, S. (2019). Thermodynamic and economic optimization of a cooling system
in a residential building, Sharif Journal of Mechanical Engineering, 35(3), 107-116, SID.
https:/sid.ir/paper/370616/fa/ . [in Persian].

Sohrabi, S., Asgari, A., & Ghaffari, S. (2023). Thermal performance of the internal geometry of the Garmkhaneh
and Sarbineh in traditional bathhouses in the hot and dry climate of Iran, Interdisciplinary Studies of Iranian
Architecture, 2(3), 21-37. SID. https://sid.ir/paper/1063271/fa/ .[in Persian].

Sommese, F,, Badarnah, L., Ausiello,G. (2022). A critical review of biomimetic building envelopes: towards a bio-
adaptive modelfrom nature to architecture, Renewable and Sustainable Energy Reviews, ScienceDirect, Elsevier,
169, 112850. https://doi.org/10.1016/j.rser.2022.112850

Tavakoli, Y., & Emamianfar, A. (2017). Investigation and analysis of roof covering patterns in traditional bazaars: A
comparative study of hot—dry and hot-humid climates, Proceedlings of the Annual Conference on Architecture,
Urban Planning, Geography; and Civil Engineering, SID. https:/sid.ir/paper/897299/fa/. [in Persian].

Watchman, M., Demers, C. M., & Potvin, A. (2021). Biophilic school architecture in cold climates, Indoor and Built
Environment, 30(5), 585-605.

Zalba, B., Marin, J. M., Cabeza, L. F., & Mehling, H. (2003). Review on thermal energy storage with phase change:
Materials, heat transfer analysis and applications, Applied Thermal Engineering, 23(3), 251-283.
https://doi.org/10.1016/51359-4311(02)00192-8

Zhang, A., Xiong, Y., Zhao, Y., WU, Y., Xu, Q., & Ding, Y. (2025). A review of passive building thermal management
with phase-change materials, Renewable and Sustainable Energy Reviews, 211, 115334.
https://doi.org/10.1016/j.rser.2025.115334



http://dx.doi.org/10.30822/artk.v3i2.212
https://sid.ir/paper/370616/fa/
https://sid.ir/paper/1063271/fa/
https://doi.org/10.1016/j.rser.2022.112850
https://sid.ir/paper/897299/fa/
https://doi.org/10.1016/S1359-4311(02)00192-8
https://doi.org/10.1016/j.rser.2025.115334

