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An Examination of Aesthetic Components in Urban Green Spaces and
their Educational Role in Environmental Conservation: A Case Study
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Original Paper Abstract

This study aims to investigate the aesthetic components of urban green spaces in
Shahinshahr and their educational role in preventing environmental degradation. A
quasi-experimental pre-test-post-test design was employed. The independent
variable was educational courses on identifying aesthetic components of green
spaces, while the dependent variable was the effectiveness of these courses in
preventing urban green space degradation. Sixty participants were randomly
assigned to experimental and control groups. The experimental group received 12,
45-minute training sessions, while the control group did not. A researcher-designed
questionnaire on women's environmental attitudes was used as the measurement
tool. Data were analyzed using SPSS, with descriptive statistics and a covariance
analysis. Results showed no significant difference between pre-test and post-test
scores. The effect size of the training was 0.075, indicating that only 7.5% of the
variance in attitudes towards preventing urban green space degradation was
attributable to group membership or the training effect, which was considered
negligible and non-significant.
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Fig. 1- The relationship between themes (Attride-Stirling, 2001)
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Fig. 2- Thematic Network of Aesthetic Components in Green Spaces
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Table 1- Descriptive Statistics of Age and Education Level in Two Groups and Two Research Phases

s oiales! Loy S e
\RINS YEIFY eSiles
‘ o
YIFY ¥/a4 e Bl
VEAY VEAY Sl
S
YIYA YI\g e Gl

Sl el o YYIOY 55 09,5 5 5 Jlo PEFY Ltolosl 05,5 55 e cuSolio o so odalie V Jpazr 10 45 4is% Lo
| o\.\A—‘ Cewd 4 JLM: \F/aY J;».»S 05; o9 JL..J YFAY QMJLO)T 09; )O}:J s.:){.:.»a.?u

ST Jgoz 0 J5S g Glalejl 0,8 S8 ay (6 0 s (sLad 0,59 5l (6,65 sl SWIgas 51 Sy el hrog (slo a3l
R PR W

SRR alo po 99 9 09,5 93 S 4 gy Al (S puitio Wl ped (ol @S LAY Jgu
Table 2- Descriptive Statistics of Dependent Variable Scores for Two Groups across Two Phases of the Study
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Table 3- Kolmogorov-Smirnov Test for Normality of Pre- and Post-Test Scores
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Table 4- Levene's Test for Equality of Variances of Research Variables
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Table 5- Results of Linear relationship between Pretest and Dependent Variable for Research Variables
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Table 6- Correlation Coefficients between Demographic Variables and the Research Variable
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Table 7- Results of Covariance Analysis Comparing Mean Attitude Scores Regarding the Prevention of Urban Green
Space Destruction Based on Group Membership
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Table 8- Adjusted Mean Attitudes towards Preventing Urban Green Space Destruction in the Post-test Phase for Two
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Table 9- Results of Covariance Analysis Comparing Mean Scores of Attitude Components Related to Preventing Urban
Green Space Destruction in the Dimension of Accessibility and Services, According to Group Membership
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Table 10- Results of Covariance Analysis Comparing Mean Scores of Attitude Components Related to Preventing
Urban Green Space Destruction on the Individual Health Index, According to Group Membership
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Table 11: Results of Covariance Analysis Comparing Mean Scores of Attitude Components Related to Preventing
Urban Green Space Destruction Based on Group Membership

- u—*—i‘l-*-" a0
ol lgs Slojlal  gylo gxe F ' a Slygdone Egesne Ol s ado oadlse
RAPREN ol
RYA ofe </a¥0 oo ofe e A \ ofe e A RIS
_ 2 oya> T S
RYA ofe AR <[\ f o/eYY \ o/eYY R3S Cugas
A o
V04 Yv fy/ave Uas
RN SRRV < IFYY <IYYA /¥ \ <Y RIS
[+ AN EAR BNV APNG AR \ AR RS Cugas
A 5 LogS
VIYEN Yy YeIveY Uas
N [+4) -/34 [oo) [oo) \ ey 09951 s
</YYA [+ OA AR VIFYD VIRV \ V/0a# RS Cugas Oyl el i b
< /A0Y Yy YO/VYY Uas
B eef JVOY /ey SNy \ SNy 09951 s ‘
- b o bl ol
<IYEY Y4 SARE VIVVY VYV Y \ VIVVE R3S Cugas
SR 5k
+/244 Yy Y#/arf Uas

e 5Lad Gy 5l T elr @ bgye (3,50 sleadlie asn 10 (905l ke Slied wgd e svalin V) oz p0 a5 b les
o 33 Sl pad 0ads Joasi (sl eSiloo (Dl (eizmen )l (gl cixe aAlyly Lo (el b 3l pelel (a3l )0 6500
Sl yed S 5 am) gl my Ay 50 Glai el (a3l )0 (654d o sLdd 55 5l (6Tl & bgrpe (5,55 loadle

(P>l 0) ol oanls Caws 4y o Sxe J S ‘J’L..{Lc)'] 09,5 90,0 (Qﬁ‘jiui’t-.i

LD 30 (6 5 juw (LS o 2 3l (6 pS ol 4 bgypo (0, (S Ad G0 Ol g (L Sl A Lo (il 5995 ki L —VY Jgue

RIS Cughs sy gudlS
Table 12: Results of Covariance Analysis Comparing Mean Scores of Attitude Components Related to Preventing
Urban Green Space Destruction in the Physical Index, According to Group Membership
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Table 13- Results of Covariance Analysis Comparing Mean Scores of Attitude Components Related to Preventing
Urban Green Space Destruction, Classified by Environmental and Ecological Indices, According to Group Membership.
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Original Paper Abstract

This study presents an innovative and comprehensive approach to optimal site selection
for Concentrated Solar Power (CSP) plants in Bushehr Province, Iran, integrating

Received: 5.21.2024 Geographic Information Systems (GIS), Fuzzy Multi-Criteria Decision Analysis
Accepted: 11.13.2024 (MCDA), and advanced artificial intelligence techniques. The methodology

encompassed processing Landsat 8 satellite imagery using the FLAASH algorithm for
Keywords: atmospheric corrections, calculating NDVI and LST indices, and land use classification
Optimal site selection, with an overall accuracy of 87% (Kappa coefficient 0.83). Criteria weighting was

performed using the Analytic Hierarchy Process, yielding a consistency ratio of 0.093.
Machine learning algorithms, including Random Forest and Convolutional Neural
Networks, were employed to enhance prediction accuracy, resulting in a 12.7%
improvement in model accuracy (RMSE: 0.089 vs. 0.102 in traditional MCDA methods).

Artificial Intelligence,
Fuzzy,
Concentrated Solar Power,

GIS, Zonal analysis of the integrated Al-fuzzy MCDA model output identified ideal zones
Economic analysis, (approximately 5.37% of the province area) as highly suitable or optimal areas for CSP
Bushehr. plant installation. Cost-Benefit Analysis (CBA) using Monte Carlo simulation was

conducted for economic evaluation of CSP projects, with results indicating an average
Internal Rate of Return (IRR) of 13.2% across the identified optimal zones. Sobol
sensitivity analysis revealed that project Net Present Value (NPV) is most sensitive to
initial investment costs and electricity selling price. Risk assessment was performed using
Value at Risk (VaR) and Conditional Value at Risk (CVaR) at 95% confidence level,
providing a comprehensive understanding of the economic viability and associated risks
of CSP projects in the region. This research contributes to the field by offering a novel
framework that combines advanced spatial analysis, multi-criteria decision making, and
economic modeling, providing a robust tool for strategic energy planning and sustainable
development of renewable energy resources. The findings have significant implications
for policymakers, investors, and researchers in the realm of solar energy development
and can serve as a model for similar studies in other regions.
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o Syian Ghee A piay he) 99 5l samaiz laoshs Sl edumy lagSl glFul 5 (iladoe S5 v5p sl 4

Al gilwosly Vo S las Ges g pueal S0 B0l eslaiul b o oSl ol :(Random Forest) dolas S
o oiite (oo Camodl 28,5 & g0 (=10 L) k-fOld Blite o sLitel slacyges] bol s oyl )l ol Slses!
5 (YY) s (- IVA s o] L) DN (gl paiiie 45" sl )l guls o aloes GiNi e Ls 51 ool L
5,15 CSP slaolS' s Slast (gl calio @bl comend o |, 36 i (V) G5, Jlisl bl 5l alols
el Cwd 4y +/+AY Sl Jow 1, OOB sllas

s Lol RESNEt50 (s laxs L CNN 5 5l dbaosls SlSe conle 4y 35 L (CNN) _glgild e aSis
transfer oSS 5ol ools ijgel Landsat 8 jglas 5l JuuSs FFxPE z Ve e oo L aSes ol ol oolatwl
L ablio gl .o ooliiwl ImageNet sols acgame (55, » 0dss ojgel siw Jow 5l adgl slagyse b learning
3,5 oslizl Data Augmentation o (Jate bles slaasy ;5 +/0 &, L) Dropout slacssss ;I «overfitting
S oLl [, CSP o5 g, wlasl (gl cewlio 3ble (F1-score) 7.4Y/0 s b ceusles CNN- Jow

S 9,5 by, ol yo ol eolaul (Stacking) slasgess (5, S0l SLaST 3l oolinl b (oS 5 0,09, S 5lecales o

cpl S ols ol MeNemar (yge;] (sl .bods oS 5 onijgall,3 gz 4 XGBOOSE'  solizwl L CNN 4 RF (sla Jow

5 dF) Gos ySlas (Ve ) s o slawy) sla wel )by L XGBoost wilyé .(p < 0.001) cewl jlobins ool Ll 5l g
o N0l (giledigy w0 Blite oenliel § glaSll semmins Sl eolainl b g (gain S (V) LS 5 (+1Y) 5,50k
ol I el g sain,bale ol Jow (638 ojlsediz 0l B Loals (S8 coian yigr p s sl piu oSl aals

5 RMSE: 0.089) 53,5 MCDA s (sla s, & Carnd Jobe siusis 89 50 LAYV (ialidl ay pomie oS 5 5,505,

! Extreme Gradient Boosting

Yy



SOl o (gias ige 9 GIS-MCDA (45 5,55, Oen 5 (502

L XGBoOst ul,3 .(p < 0.001) cewl Jlobine (s,lel i 5l Sgmge ol 45 ols Les MeNemar ¢ge5l sl -1V + Y il
Sz 3l oolitnl b g (6o, S (C1V) LS 5 (V) 6,50k 25 «F) Goe Slam (V0 ) Lo o slax) sla sl by

Wl (5iluding plp O Blite (i el 5 (glaSin
5 058l 3blie ylgie 4 (e yoghS VYo F ) fliwl colus JS 51 EEIY sg0 Jolas (xbaw o0 Jool> gl Gubo

(¥ i) 90,5 luliss (CSP) 55 peie (o ysn 65, sloolSs i il Cu canlis

1| Freas eyt 550 0 ke i L)

o
“ 1’ ’ -"
' R Q." |-
3"5’.‘) %;)
f t . '..)-
W g

M Sif

CSP solSg yui 5yl dicn (sLrdige -0 JSis
Fig. 5- Optimal Zones for Locating CSP Plant

al)l ool plolid canlin laaigy el 51 280 obj,l aS Wloads osls plaz YOO U Y 5l 631 polae 4 gblis oyl
Jlows! slaasgs Zonal sla Judos (6 5,1 b aslsl ,o .(Malczewski & Rinner, 2015; Zakariazadeh, 1965) REXIPN
SaSS ] 0,5 (A dw) guwadds aig b caslie Jlaws bl olaie 4 adgl canlie 3blie 51 (ZO/YY u,m)
ol oyl T a5 BB sb g 0,5 @l |y calin Bhlie 1 (5558 il OISl el el id iy

iz 5,1 CSP (seolSg o )l il oz S

&bl gl el
3l legozme | CSP (slaelss i laxl (gl blie cosls Olyed )bl gj55 5 2lad slasll aalz b)) jskate &
s oolital azb i (s el sl Julos
A ool gl Moran’s | ezl 5lcwls Ol ed glad ol Sbs )l 6l p rolad Swnsgs Judow @
Sl (698 Cudie plad  Siwands> 3929 cdimslis (p < 0.001 <0.73)Moran’s | gYL 5 cuis jlais

Yy



\\°~VQU*4U.Y O)Lo.:JsY 0,90 w)lawdsvjw).«dad.ouas

*Getis-Ord Gi o)LJ eomb g Vb cls b plad sloaigs 5580 oLl glp i glad glades ol @
o oolaul

Kolmogorov-Smirmov yse;! ;| ccwls &lyes @395 09 Jloy (ol 6l romsls Olpai gyl goj95 (owyp  ®

Jloy &9 5l g loline jobo au ks slo b5, mujes a5 ols Las (p < 0.01 D = 0.089) zuls .ol eolaxul

el 0l 4> ¥ Jgaz 50 ol o)l Gl ol

*Getis-Ord Gi oLl 3l sslisw! b elad glades Judxi i -Y Jguo
Table 3- Results of Spatial Clustering Analysis using Getis-Ord Gi* statistic

abg> £ b Jokw olaws  adlaio J5 51 0o o
(Hot Spot) gls ases YYYo YAYNAY
(Cold Spot) sy ases \AYS JAYNR
ol i AYVA VigZht

gobaisl 2L 5
g TY) )'l LSJ’.’.‘foj'éf. L (CBA) o%[é—d.;i}m Sl « p4eig) QLL...;‘ 59 CSP elfjﬁs 6[@1:35)3‘ olazdl én‘.} @L).)’)l VLS
SOl cga Julow (pl Cdpds Ojge e e (50 cnls (355 0 5VL b ddlaie aw gl )15 Cige (g 5lans
18 Jelos cnl 5 solizal 550 Lol (gla ol p0,5 plowl Lo YO 655, yae 5 lgSe Vo v b s by 5,5 CSP olf's

obaidl fdexi 5o oolisiw! 090 ol s yalyby -F Jguo
Table 4- Main Parameters Used in Economic Analysis

ol Jladio Jleio! 2595 &b

S ale s 4y o
4500 $/kW (1=4500, 6=225) J;  IRENA (2023); IEA (2020); Yao et al. (2025

4yl
5 Slhles a3 , Yao et al. (2025); Mirletz et al. (2024);
Yo £e) cSlas
ol s 65 $fkwiyear e 7)ol Palladino et al. (2024)
Sllos aiy 50 i : :
LTy 3.5 $/MWh (F XD ¥y il Mirletz et al. (2024); IEA (2020); Feldman et
JULIRPRR & al. (2021)
s _ _ L. Abellé Sunyer, P. (2024); IRENA (2023);
G e, =478, 6=0.1) JL.; &
B oh98 e 120 $/MWh  (u 06=0.1) Jbo s Sy IEA (2020)
Ly 750 NS VI S910) ek World Bank (2021); IEA (2020); Steffen
(2020)
SR 41% (©0=8.2, B=11.8) Yao et al. (2025); Mirletz et al. (2024);

Palladino et al. (2024)

SLIE IS 5o Jodos ol zuls asays 8 aslxe suldS solaidl slo als g Lol giluacl Voo v slawy cadlaie o jo

T W

Ye



SOl o (gias ige 9 GIS-MCDA (45 5,55, Oen 5 (502

O S) NIV lab el 5 ) CRAWR) (LOOE) @0 ek ) J ain
7 >
) g
- g
] _/"'
- o _,-‘/
. "/
e
ar
A ooy P C o A nig " —
Qe ) (TR Al pe ol #4900 DRl TLLLL Ve = T o
n 1
_n - : ‘»_\.
= T~
a -_,-—-’ tin S
" { P
=S e T——
. /// 1 e
" '/ -
e
1
s "
P P, [ PR, —a gy
) i
1.
3 A [ o
147 -~ -l
L4 oy NPV (milhion $) 1587 « 123 1423 = 108 1369+ 115
.
=~ —c IRR ("w) 132407 12506 121 =08
- 5 P3P (years) T804 R3r 05 860006
134 = TR 424005 1374004 1.3%5 2006
Bt LCOE (SAMWHh)) B9 3 32 921+ 35 Q3R =37
'
A ha " A —a

i Gble cur ouli-ay 3o Juloxs guls -F S
Fig. 6- Cost-benefit Analysis Results For Selected Regions

ailate . 35 #5553 YL IRRT 5 coiia NPV Lol oo olin (solamdl lats 5l dilaie aw o a5 conl o)1 5 Sl s
Jeloe 3l ol e ol solamsl oFuss 5 aujF o polin dilopw iS5l 0)90 (o ieS s NPV 5L L A
3 Jelos ol gl (Sobol, 2001) wis aloxil SObol g, 51 esliiwl b Cnlis Jlos solasdl sl asls , cilise

] 00 a\.‘:‘)‘ \s JS..J

09
0.8
0.7 -+
0.6 +
0.5
0.4
03 +
0.2
0.1

e Camed Ay cad U T bar 22
el AT e e R Sy SN g Sy

o590 NPV (ol Sobol cawbus Jdxs P G W
Fig. 7- Sobol Sensitivity Analysis Results for the Project's NPV

! Net Present Value
2 Internal Rate of Return

Yo



\\°~VQU*4U.Y O)Lo.:JsY 0,90 w)lawdsvjw).«dad.ouas

u.ujjﬁu_o.dguﬁ‘ §)|Jf®uru :L..v).Q )O U‘HMM‘) MLAM} u.u).u......t 0)5).: NPV ASM.)GA QL"“““ G‘L».! u.!‘
(lips g AL il he3) 5 5lew ol plosil g yliw oo 1L caliee Lol 5 o s (Il 25,1 Helate 4y 05le o0

el 00l G110 Jguz 0 A agy b s o o (0l s ad (8 gallS e el o s b

A dibaio b alayly 50 g9 )baw Judoxd i -0 Jou
Table 5- Results of the Scenario Analysis for Region A

Lo al e g2 L a4l g Lo alaway o150
NPV (Yo yaubie) YVo/f VOAIY VoYY
IRR (%) AT \YIY V. /5
PBP'(JL) £10 YIA ay
B/C’ VIOA VY A2

mhos b )b ojloand g, 5 CVAR 5 VAR arslzs (sl i bl CVaRT 5 VaR™ i ooliiul b Sy, b))
L s CVAR 5 ,¥s fealoa AV L il A dilate 15 055, NPV (gl VAR a5 ol Lt gl o eslinad 730 oLl
by wwls 515 Y eale AVIY 5l ods, b yiSTam A8 Jlazml b a5 ams oo lid gl ol el J¥s seles VYN
) OISl sl 5 sl ol o el (ol 33 bl o cppalen VI Lol 50 78 3 5l (e 5
ol Sune s (b sileainge  Wisie 5 35l e w8 | reds plisl )0 CSP slaogs p enils (55l 53

2,5 1,8 eolaiwl 050 oSy,
Sas bl ;o alin Sldllae plo @i b Jol> slaatdl (fagh (nl @S peesd Selil g Jliel mal (o)1 jskae &
b yglie pald 1) s 6,85k byl Gl Lot 4 anlio cnl (F Jga2) <85 )13 anlia o900 Sidans

s o )l Lo Al ladcz g S by, csladlate slagldl )50 5 (gied )l la i

Al Oldllo plo b gl zol> awslic —# Jouz
Table 6- A Comprehensive Comparison of Results with other Similar Studies

aslllas aibaie cwlio kol slojlne b b, ol s5ldoe @oladl b))l )
i (SEFRan (gt
[7A
B «rs DNI GIS-MCDA |, 5
ey - 3
ol anlls 9 Y ; RegC|6\/|4 Monte Carlo, RE NN
ol A Ay (g yiwsd ML RCPS 4.5 CBA

! Payback Period

2 Benefit-Cost Ratio

3 Value at Risk

4 Conditional Value at Risk

5 Regional Climate Model version 4
¢ Representative Concentration Pathway

1



SOl ;o (Eyvae Sh9a 9 GIS-MCDA (5 5 S0, NUL SRR
: 5" s DNI
;(Io?;%fllg Saen  fay S N GIS-AHP ;s - NPV «IRR -
. [Cadb)
i «¥55s DNI ; 3
Ammari et S SV F GIS-MCDA a5 Jebos LCOE -
al. (2024) oty DNI
Doorga et .
al (2019) D90 YIVO G5 e (il GIS-AHP - - -
Sanchez- ey DNI GIS-TOPSIS
Lozano et [ox{Pow VIvY . - PROMETHEE -
al. (2016) ' wbors <
i s 5,56 65 DNI GIS-AHP
Amirietal  oFF S ns ~ ) ol L PSO
(2024) SOgam S Sl

3l Slalllae ol ) S Jaler 5 b py (63,505, iz iz ;0 pol dalllas 4 080 o (LA pale duglia oy
ol asdlas ;o oI5 Cige (silwand 5l eslaiwl b (CBA) onsl-anjo Jdow g, cgolaidl obj)l s slcal oo ,S
olamdl la el )l )3 35290 slacuabd puc 3 Sug; (nl Sl 03,5 pal B, golaidl jailnddly 5 Seal> 2l Bl
ooliztul ilos s 0,45 LCOE Ly NPV uils ool (sla b, 5l Baae lalllas plo a5 o 10 0,05 o 5hii )0 o9 4 |,
asdllas (pl ;505 led azg ONN 5 RF aile (pile (55:50k slapi o8l o5ag 4 e ooran (oo atdyin slaseSS |
GIS-MCDA it slosis, 30 45 51 o0 wtld |, a1 5 yiodazmey (s mlolid Sl ailgl55 0,Sa5, ol o]
Bl 528 (5155516 | oS 5 45 il il 5 ooliinl 3,50 (6l lona ol 1S 0 5 4 3,90 o
Bgbged oualine plime cpl 4 oo Sllllas 5l (B 0 Comelr cpl Sl a2 BB S oS e 2 3 ) Blen) s
ol ) ol @l p iz laptall 3B e S50 Il caalllas cnl o SODOI by 5l esliil b ol ol

el 0025 plool psle IS ol 4,500 lilllas 11 50 sl ol 45 e 03,1
Lol aney ) sl a9, (S5 ez 5 wlyslss 60,505, SLI Lyl addllas a5 ws oo i angliie al cggezme 4o
g iy golatdl gla Jod (5 o sl iz Jlod GIS b i slagby) coS 5 99 s0 wgmins CSP (slaolss
Wlg5 0 45 983 0 ) pdyasaad slas) Sl arng e 3 (6 S preal Sz Sleiel BB 5 658 297 )l (an Shgo

ML: 059> U"‘ o aJuuT Sldlas 651”

S 4o g oy
A e Olesl 13 (CSP) g0y ) ooy atete (b0 sl alyslsi 5 ol 60 50s, @)1 b Gy !
6)l5 o)L;uu S ‘)...lm s(GIS) G)L._‘B‘)D SleMbs| W &_A.»S)J ] w\of )J\.\Ju\)«.\?U 6@6))4‘ d.u.uy Aoy 4O g0
ax LSS 0,509, onl el 0051wl 81 s bl 3580 slulis Sl o eotan (igo sl SuSS 4 (Fuzzy MCDA)
el oaid snalice S pl 4y L3 Olalllas jo aS ools &SI CSP sleolS g, b )5 sly pol> oo )l (gamaiz 4

w3 o0 Gl 1) (g BB lacd i legh (nl ety Sl L aslis o

&35 MCDA GIS oS 5 b idghs ol 03,5 oolitsl 55l GIS-AHP ;I L5 a5 (Y- A) Yousefi et al. aslas 55,

oli-a s Julod (ol ogdle el 0 )5l al 3 1) SIS (slagSl Sodiamy Jelod Il (esian Sisn ST
\\%



VF ¥ bl oF o lads ¥ 0,90 Gy daie 398> 5 oy delilad

bl el Sldllae s LCOE L NPV asile jsoske slo s, b duglin 1o o5 )5 Cige (g5loagns 5l solil L (CBA)
Sl el 5o 9250 slacaalad pae 18 5 Jlai 55 (Sl 5 S5, nl el osls il laegg n (galatdl g luky 5l s aslaadls
&5, (Kroese et al., 2014) sas o &5l laosgn Jbo slocus, 51 65585 pgad 5 0yl 0 pal,d |, (golatdl
GsSl Slolis Sl g 423,55 1,8 colatwl 5)50 (L8 Sladllas ,iST o a5 CNN 5 Random Forest sl ;451
B0 L0 TAYIV Liolidl 4 pomie cotan ybgn aib i slacSluSS 5l soliiwl pl sl 00,91 pal,8 1) Jas 1 g Seaum
st sl CSP (glaolSy 1 lal glys e 3blin lulids 1o amg LB Sgage 00ims L a5 el o ot s
Maxwell ) s)ls Slgan pdsanans Glassyl @bl )3 oedle (6 T3k 3 )15 a3 00l |2l Slalllae gl L axdly
Sl o cio i ;0 Codad pue s SO LB L3 slacosgase B ipgh opl Cossl> £, Je (etal., 2018
adllas ol gloyills alex 51 Ko 3- cloix| lo xS 5 JulS Ll poe g« dore (380 (gloools Codgasms o ool
llllas aiejl s Lasmme Sl el 5l Lol cilons Bl Joto 30 a5 daimo 5lo 53515 4z ST e pizmon iloss:
Lol § caass

3,5 Slstren CSP slaolSs, s b 5 slo il 5,50 4o (V+1#) Sanchez-Lozano et al. slaadl L baeusgass oyl
53R et sl Sl 5 55518 Glacdpiy wiile Jlalse aale (o) b osn] Slalllas 955 oo gy
3125 @, CSP (sleogsy (s luly 5 ydyanacs slacsh il ousy]

Sialsdl g bolins yeb & 1y (oildoe s L5 45 GIS-MCDA it cloeSiSs b osian isd (g clbbs, ekl
3,558 Ctl ol 03,5 a1 b lSe 5l )lons o oz Ealsd S5 sl shom sestie szl aSh (LA YIY) ool
Sl e Blie gla Sl 5 o e slosSIl glolis lSel i o oyLaILi et al. (2024) a5 jshailan « oS 5
2 Sise silwand Sl eslinul wdle 4 wivgs paris BB S oy 50 45 0y5lse ol 1, il
Maxwell .51 slaazsl L a5 ams o 4511 CSP (slaods s slaSiny, 5 ol pos 5l (53 o 5 0 e golazil gla Lo
31 Sloen pdyasass 6551 Glaeisn San; sildue a3 (V-1 A) et al.

bl a5 Ll pdyssans slass il 4 )38 @ pmd 55 ol b Wlgi oo g3 Crl @S 1555l S Celw e
Sl oot (37l s ome 5 (s0lal (18 SlMe (185 a5 40 b (il ol 1 ZOIFY) aige 3blis 350
Slagss 5 (SDGS) awie Yo lojles jlauly angsy Blawl b baaidly pl oo so &) (65,50 059> ;0 SOl ] (65,400
plnil gals s3ladl gla Ll o yeiman (IRENA, 2023) casl good lalalS sl Lacsl als e o lollips
iz 4y Wlgie (OYY Sike IRR) hL Gilie Luls jo CSP claodsy Jbo ol ools olid b o
WS S pdyna Slas Pl arng )3 pogad (it S Le Juted 5 sogat slag ISl s

15 ST losaas 3501 15 T Casls 4y Wlg3 oo gl ol amg LB iogdy ol il o,k 5 los Coonl
Suddge (Al 4 Wl oo soladl gala Julow 5 dnis Bblie 335 (005 SIS plhnaod sla sl anng ais)
9 bl plo )0 i Slalllas 6l (2581 Glyie @ Wlgs (oo 00l B (0S5 9,505, ST ST CSP slaejgp (55lnb 4
25 el 5 Wllss (60,5us, SLIL Ghaghy cnl ggorme 53 055 )18 ooliial 950 ndysan 3l slossld plo (>
Sl aiey o351 @l bl il pdyanacs Slass il lly aress Cuz ) wre (o CSP sloolsy s ool

LS S8 sl gt Glaal 4 ol 5 SIS laglS Ll zalS 4 Wl oo asdllae ol S slass il anwss

YA



SOl o (gias ige 9 GIS-MCDA (45 5,55, Oen 5 (502

63)-;‘ Lg)l.lfwl,}m Aoy 40 st 6&@6),5“,.,.\@ LS‘)‘T‘ ‘:L,..o A:‘y‘sc Od9%y CJ'i‘ sleasl (UNEP-WCMC, 2022)
ad S 5l s plinasd glag) sl Gbole Sldlas o (dihe abhaii lyie 4 5 wll CSP laossn jo (5 IS ale s 4
] 00 45‘)‘ d)i.’.‘) 6\4.3@)15 U‘\)W ‘o‘.\»’.‘a’] ul.m.c;u S Ogi

u] J)..a.o UM.MS 5‘)‘.’ Lg)LmS.‘} R dud)ﬁw ral.éd‘ °

le-Cl-i il 4z LS sjladae @

WolSg e o Sas 5335 S Sl B 50k 65 @

‘ScLQ.‘;.?]—ksol..a‘;ﬁ dl.:b%)b..» J...L;u °

Oﬂ‘ Ad ‘5—‘ Sldlas 6‘)-.‘ L_S\)LQAM Lng\.:..:..o)‘ :Ll.o:> )" w}m LS).’S, BN Ql.‘." L s dzwgi g @

(IRENA, 2023) cosl guod pdyasazs slass il Slados jo 90l (sbaaig, b Ololgainy

References

Abellé Sunyer, P. (2024). Top-down cost assessment and market regulatory conditions affecting BESS feasibility
in the spanish framework: Exploring the viability of utility-scale stand-alone battery energy storage systems
in Spain (Master's thesis, Universitat Politécnica de Catalunya).

Adler-Golden, S. M., Matthew, M. W., Bernstein, L. S., Levine, R. Y., Berk, A., Richtsmeier, S. C,, ... &
Chetwynd, J. H. (1999). Atmospheric correction for shortwave spectral imagery based on MODTRANA4.
In Imaging Spectrometry V. International Society for Optics and Photonics. 3753, 61-69.

Afshari, E., Ebrahimi, M., & Zare, H. (2024). Sustainable development spillover effects of China and the US on
Iran: analysis of integrated sustainability perspective. Environment, Development and Sustainability, 26(6),
15163-15175. [In Persian]

Akhbari, M., & Basiri Sadr, M. (2024). Mapping of Iran regions based on indicators of Climate Change impacts.
Journal of Climate Research, 1402(55), 78-57. [In Persian]

Al Garni, H. Z., & Awasthi, A. (2021). A hybrid fuzzy AHP-TOPSIS approach for evaluating concentrated solar
power technologies in Saudi Arabia. Renewable and Sustainable Energy Reviews, 135, 110279.

Amiri, A. A., Wahid, M. N., Al-Buraiki, A. S., & Al-Sharafi, A. (2024). A strategic multi-criteria decision-making
framework for renewable energy source selection in Saudi Arabia using AHP-TOPSIS. Renewable Energy,
236, 121523.

Ammari, N., Alami Merrouni, A., Mendyl, A., Chaabelasri, E., & Weidinger, T. (2024). Energy, Economic and
Environmental (3E) Analysis for an Optimal CSP Technology Integration in Morocco. Energies, 17(12),
3020.

Aydin, F., & Sarptas, H. (2020). Spatial assessment of site suitability for solar desalination plants: a case study of
the coastal regions of Turkey. Clean Technologies and Environmental Policy, 22, 309-323.

Azizkhani, M., Vakili, A., Noorollahi, Y., & Naseri, F. (2017). Potential survey of photovoltaic power plants using
Analytical Hierarchy Process (AHP) method in Iran. Renewable and Sustainable Energy Reviews, 75, 1198-
1206. [In Persian]

Brewer, H. (2022). The Effects of Placement and Ground Cover on Solar Panel Temperatures (Master's thesis,
University of Colorado at Denver).

Buckley, J. J. (1985). Fuzzy hierarchical analysis. Fuzzy Sets and Systems, 17(3), 233-247.

Y4



\f’VQL’J.....u‘U‘Y O)Lo.:JsY 0,90 w)lawd}»5quuLLas

Cui, Z., Ma, C., Zhang, H., Hu, Y., Yan, L., Dou, C., & Li, X. M. (2023). Vicarious radiometric calibration of the
multispectral imager onboard SDGSAT-1 over the Dunhuang calibration site, China. Remote
Sensing, 15(10), 2578.

Dixit, S., Poudyal, N. C., Silwal, T., Joshi, O., Bhandari, A., Pant, G., & Hodges, D. G. (2024). Perceived benefits,
burdens and effectiveness of a buffer zone programme in improving protected area—people relationships.
Environmental Conservation, 51(2), 141-151.

Doorga, J. R., Rughooputh, S. D., & Boojhawon, R. (2019). Multi-criteria GIS-based modelling technique for
identifying potential solar farm sites: A case study in Mauritius. Renewable Energy, 133, 1201-1219.

FAO. (2020). Global Forest Resources Assessment 2020: Main report. Rome. https://doi.org/10.4060/ca9825en

Feldman, D., Ramasamy, V., Fu, R., Ramdas, A., Desali, J., & Margolis, R. (2021). U.S. Solar Photovoltaic System
and Energy Storage Cost Benchmark: Q1 2020. National Renewable Energy Laboratory. NREL/TP-6A20-
77324,

Gastli, A., & Charabi, Y. (2010). Solar electricity prospects in Oman using GIS-based solar radiation maps.
Renewable and Sustainable Energy Reviews, 14(2), 790-797.

IEA. (2020). Projected Costs of Generating Electricity 2020. International Energy Agency, Paris.
https://www.iea.org/reports/projected-costs-of-generating-electricity-2020

IRENA. (2023). World Energy Transitions Outlook 2023: 1.5°C Pathway. International Renewable Energy
Agency.

Jahangir, M. H., Mokhtari, R., Salmanpour, F., & Yousefi, H. (2024). Urban energy planning towards achieving
an economically and environmentally optimized energy flow by 2050 based on different scenarios (a case
study). Environment, Development and Sustainability, 1-30. [In Persian]

Jiang, H., Shao, Y., & Tao, F. (2023). Machine learning-based multi-criteria decision making for renewable energy
site selection: A review. Renewable and Sustainable Energy Reviews, 177, 113092.

Jiménez-Mufioz, J. C., Sobrino, J. A., Skokovié, D., Mattar, C., & Cristobal, J. (2014). Land surface temperature
retrieval methods from Landsat-8 thermal infrared sensor data. IEEE Geoscience and Remote Sensing
Letters, 11(10), 1840-1843.

Khalid, M. (2024). Smart grids and renewable energy systems: Perspectives and grid integration challenges.
Energy Strategy Reviews, 51, 101299.

Kroese, D. P., Brereton, T., Taimre, T., & Botev, Z. I. (2014). Why the Monte Carlo method is so important today.
Wiley Interdisciplinary Reviews: Computational Statistics, 6(6), 386-392.

Li, X. Y., Dong, X. Y., Chen, S., & Ye, Y. M. (2024). The promising future of developing large-scale PV solar
farms in China: A three-stage framework for site selection. Renewable Energy, 220, 119638.

Malczewski, J., & Rinner, C. (2015). Multicriteria decision analysis in geographic information science. Springer,
1, 55-77.

Maxwell, A. E., Warner, T. A., & Fang, F. (2018). Implementation of machine-learning classification in remote
sensing: An applied review. International Journal of Remote Sensing, 39(9), 2784-2817.

Mehrian, M. R., Qelichi, M. M., & Tahouri, H. (2024). Solar power plant site selection using fuzzy inference
system: a case study in Iran. International Journal of Environmental Science and Technology, 1-24. [In
Persian]

Mirletz, B., Vimmerstedt, L., Avery, G., Sekar, A., Stright, D., Akindipe, D & Hoffmann, J. (2024). Annual
Technology Baseline: The 2024 Electricity Update. National Renewable Energy Laboratory (NREL),
Golden, CO (United States).



SOl o (gias ige 9 GIS-MCDA (45 5,55, Oen 5 (502

Noorollahi, Y., Yousefi, H., & Mohammadi, M. (2016). Multi-criteria decision support system for wind farm site
selection using GIS. Sustainable Energy Technologies and Assessments, 13, 38-50. [In Persian]

Palladino, V., Di Somma, M., Cancro, C., Gaggioli, W., De Lucia, M., D’Auria, M., & Graditi, G. (2024).
Innovative Industrial Solutions for Improving the Technical/Economic Competitiveness of Concentrated
Solar Power. Energies, 17(2), 360.

Rezaei, F., Pourghasemi, H. R., Fallah Shamsi, S. R., Khosravi, R., & Kariminejad, N. (2024). Spatial modeling
and mapping of flood potential using machine learning algorithms (Case study: Bushehr province).
Integrated Watershed Management, 4(2), 81-96. [In Persian]

Saaty, T. L. (1980). The analytic hierarchy process: planning, priority setting, resource allocation. McGraw-Hill
International Book Co.

Salim, S. S., Luxembourg, S. L., Dalla Longa, F., & van der Zwaan, B. (2024). From Retrofitting to Renewables:
Navigating Energy Transition Pathways for European Residential Space Heating. Energies, 17(10), 2363.

Sanchez-Lozano, J. M., Garcia-Cascales, M. S., & Lamata, M. T. (2016). GIS-based onshore wind farm site
selection using Fuzzy Multi-Criteria Decision Making methods. Evaluating the case of Southeastern Spain.
Applied Energy, 171, 86-102.

Sobol, I. M. (2001). Global sensitivity indices for nonlinear mathematical models and their Monte Carlo estimates.
Mathematics and computers in simulation, 55(1-3), 271-280.

Steffen, B. (2020). Estimating the cost of capital for renewable energy projects. Energy Economics, 88, 104783.

Suh, J., & Brownson, J. R. (2016). Solar farm suitability using geographic information system fuzzy sets and
analytic hierarchy processes: Case study of Ulleung Island, Korea. Energies, 9(8), 648.

Tahri, M., Hakdaoui, M., & Maanan, M. (2015). The evaluation of solar farm locations applying Geographic
Information System and Multi-Criteria Decision-Making methods: Case study in southern Morocco.
Renewable and Sustainable Energy Reviews, 51, 1354-1362.

UNEP-WCMC. (2022). Protected Planet: The World Database on Protected Areas (WDPA). UNEP-WCMC and
IUCN, Cambridge, UK. https://www.protectedplanet.net/

Uyan, M. (2013). GIS-based solar farms site selection using analytic hierarchy process (AHP) in Karapinar region,
Konya/Turkey. Renewable and Sustainable Energy Reviews, 28, 11-17.

Watson, J. J., & Hudson, M. D. (2015). Regional Scale wind farm and solar farm suitability assessment using GIS-
assisted multi-criteria evaluation. Landscape and Urban Planning, 138, 20-31.

World Bank. (2021). World Bank Open Data. https://data.worldbank.org/

Yao, L., Guan, Z., Wang, Y., Hui, H., Luo, S, Jia, C., ... & Xiao, X. (2025). Evaluating the feasibility of
concentrated solar power as a replacement for coal-fired power in China: A comprehensive comparative
analysis. Applied Energy, 377, 124396.

Yousefi, H., Hafeznia, H., & Yousefi-Sahzabi, A. (2018). Spatial site selection for solar power plants using a gis-
based boolean-fuzzy logic model: A case study of Markazi Province, Iran. Energies, 11(7), 1648. [In
Persian]

Zakariazadeh, A., Ahshan, R., Al Abri, R., & Al-Abri, M. (2024). Renewable energy integration in sustainable
water systems: A review. Cleaner Engineering and Technology, 100722. [In Persian]

Zhao, Y., Li, S, Yang, D., Yahaya, I. I, & Pan, H. (2024). Assessment of site suitability for centralized
photovoltaic power stations in Northwest China’s six provinces. Journal of Environmental Management,
366, 121820.

¢



Journal of Environmental management and law, Vol.2, Issue 2, 45-53

Joarnal of Envlronmental

Management and Law

o j buxo B> 9 Ly oo aoliliad
https://sanad.iau.ir/en/Journal/jeml

Extraction of total precipitable water and the effect of fine dust on
its retrieval in the atmosphere of Mehrabad

Seyed Mahdi Pazhuhan
Department of Geography, Payame Noor University, Tehran, Iran.

*Corresponding Author: M.pourbagher@pnu.ac.ir

Original Paper Abstract

The distribution of precipitable water on the scale of the earth is needed in order
to increase the understanding of the hydrological cycle, the interaction of the
biosphere and the atmosphere, the changes in the energy balance, and the
monitoring of climate changes caused by greenhouse gases. Knowing the total
amount of precipitable water is very useful in predicting floods, rainfall volume,
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total precipitable water, important factor that causes errors in estimating total precipitable water from
MODIS, . ) satellite images is the presence of fine dust. The purpose of this research is to
:jg?}srz:);; fine particles, recover precipitable water from MODIS satellite images and the effect of fine

dust in its recovery. The most important materials of this research are MODIS
sensor images from Tehran province, ENVI processor program and the method
of this quantitative-applied research. The results of the study show that the
precipitable water vapor obtained from band 19 to 2 in the upper atmosphere of
Mehrabad, Tehran is equal to 4.69 mm on average. Also, studies show that the
effect of fine particles on water vapor measurement depends on the intensity of
surface reflectivity. Particulate matter weakens the reflected solar radiation in
atmospheric openings and as a result reduces the radiation reaching the sensor.
Also, the direct radiation of the sun is scattered towards the sensor and increases
the input signal to the sensor. Also, one of the most important limitations of
using this method is the cloud free and calm and almost stable atmosphere.
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Fig. 1- Study area in Tehran Province. Brighter areas indicate higher reflectance, while darker areas represent
lower reflectance.
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Fig. 2- Spectral transmittance in the polar, tropical, and mid-latitude atmosphere. Solid lines passing through the
curves indicate the amount of suspended particles in winter and summer. This curve is related to the
LOWTRANY atmospheric model calculations at a solar zenith angle of 45 degrees and a satellite overpass view.
Black rectangles at the bottom of the figure show the position of the absorption bands and water vapor windows
(redrawn from Kaufman & Gao 1992).
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dust aerosol concentrations with visibilities of 23 and 5 kilometers (mid-latitude tropical atmosphere) (adapted from
Kaufman & Gao, 1992).
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Original Paper Abstract

As one of the vital components of the environment, protected areas play an essential role in
storing water resources, preventing soil erosion, and preserving biodiversity. However,

Received: 8.24.2024 despite the existence of legal criminal policies in the field of environment, we still see the
Accepted: 11.19.2023 illegal occupation and destruction of these areas. This shows the ineffectiveness of some

existing policies and the necessity of revising legislative and executive approaches. Using
Keywords: the descriptive-analytical method and within the framework of environmental criminology,
Environment, this article critically examines the challenges of criminal policy in the face of the destruction

of protected areas from a legal point of view. The destruction and occupation of these areas,
due to its multidimensional characteristics and complexity, has a distinct nature compared
to other environmental crimes and requires the adoption of more comprehensive and
specialized policies. In the theoretical framework of environmental criminology, this
research focuses on the inefficiency of current criminal policies and identifies the
shortcomings in Iran's legal system. The findings of the research show that one of the most
important challenges in this field is the lack of guarantee of effective implementations in
proportion to the severity of environmental damage. Weakness in the design of deterrent
punishments and inadequacy of legal tools are among the factors that cause the continuation
of environmental violations. Based on this, the necessity of developing comprehensive and
efficient criminal policies that are proportional to the amount of environmental damage is
felt more than ever. While preventing violations, these policies should play an effective role
in responding to damages and play a real deterrent role by guaranteeing firm executions.
Finally, the development and implementation of new criminal policies that are based on the
principles of sustainable development, maintaining sensitive ecosystems and strengthening
executive guarantees, should be considered as one of the main priorities of legislators and
policymakers. This approach, in addition to improving the protection level of protected
areas, will be a guarantee for the sustainable survival of these areas.
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Original Paper Abstract

Air pollution in industrial areas is recognized as one of the major environmental
challenges, and land use and its physical characteristics play a key role in the
dispersion of pollutants. The present study was aimed at investigating the impact
of physical land use parameters such as albedo, surface roughness, and surface
moisture on the dispersion of air pollutants in the Sirjan industrial area. The
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Keyvyords: AERMOD model, a validated dispersion model, was employed to model the
Plf;)ysdlcal parameters of land, dispersion of pollutants using five years of meteorological data and relevant land
albedo,

use physical parameters as input. Based on the results, albedo and surface
roughness significantly affected the dispersion of pollutants such as NOx, CO, and
PMio. Areas with lower albedo (such as barren and industrial zones) exhibited
greater pollutant dispersion due to higher solar energy absorption and the creation
of air currents. In contrast, regions with higher surface roughness (areas with
vegetation cover) demonstrated increased accumulation of pollutants, as the wind
speed was reduced. Besides, the concentration levels of pollutants in the study area
were found to be within environmental standards. This study revealed that the
physical parameters of land use may effectively influence pollutant dispersion and
can serve as useful tools in environmental management and air pollution reduction.
Finally, it is recommended that greater attention be given to these parameters in the
design and development of industrial areas in order to improve air quality and
decline the negative effects of pollutants.

surface roughness,
pollutant dispersion,
AERMOD modeling.
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Original Paper Abstract

In recent years, Invalidation to fulfill obligations under climate change treaties has
become a significant issue in international law in dealing with the climate change
crisis. For this purpose, this study aims to investigate the most prominent factors
behind the Invalidation to fulfill the obligations of climate treaties in the series of
United Nations climate change meetings. This assessment is carried out with the
approach of facilitating the restoration of the right to a sustainable climate. In
organizing this research were conducted an examination of international legal
documents related to climate change and the use of an expert survey. This study
concluded that the issuance of non-punitive rulings by international courts despite
proven non-compliance with the provisions of the agreements and pollution
production, the lack of transparency in the distribution of benefits of international
cooperation, and the lack of stability in the commitment of developed countries,
including the US government, are among the obvious factors affecting the
ineffectiveness of climate change treaties. This trend has led to the unwillingness of
governments to implement climate justice and realize the right to climate
sustainability for societies. Therefore, aligning the series of international meetings
with the issue of climate justice will be able to commit the international community
to achieving the right to a sustainable climate.
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