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Obijective: This study aims to analyze greenhouse gas variations across Iran and to
identify the gases that exert the greatest influence on their overall dynamics. The findings
enhance understanding of atmospheric pollution patterns and support the development of
effective mitigation strategies. These results provide a scientific basis for climate-change
mitigation planning in Iran. The study relies on satellite-based remote sensing datasets.
Methods: This study analyzes the temporal and spatial variations of major greenhouse
gases including carbon monoxide, nitrogen dioxide, ozone, water vapor, and methane
across Iran from 2019 to 2024. Sentinel-5P satellite data were extracted via the Google
Earth Engine platform, and after filtering and removing low-quality observations, the data
were standardized using the Z-Score method to enhance comparability and correlation
analysis. Principal Component Analysis (PCA) was applied to reduce data dimensionality
and identify dominant variation patterns. Temporal and spatial trends were then
quantified using complementary statistical techniques.

Results:

Methane exhibited a consistent increasing trend from late 2021 through 2024 and
accounted for the largest share of total variance (R? = 0.87), likely reflecting intensified
anthropogenic activities and regional climatic shifts. CO, NO2, and Os were mainly
affected by seasonal fluctuations and nonlinear factors, and no clear long-term increasing
or decreasing trends were observed. Water vapor showed a direct relationship with
temperature variations, water sources, and atmospheric patterns, with its lowest
concentrations recorded during the cold months and increases observed in the warm
months. PCA analysis indicated that the first two principal components explained more
than 70% of the total data variance, with CHa, Os, and NO: contributing the most to the
overall variations.

Conclusions: The study results indicated that greenhouse gas variations in lIran are
simultaneously influenced by natural factors and human activities. The combination of
satellite data, statistical analysis, and PCA enabled a precise assessment of the temporal
and spatial trends of greenhouse gases, providing valuable information for planning
pollutant reduction and developing strategies to combat climate change.
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EXTENDED ABSTRACT

Introduction

Global warming and climate change resulting from increased greenhouse gas concentrations
have underscored the urgent need for a precise understanding of their spatial distribution across
different atmospheric layers. Lidar systems, recognized as advanced and effective remote
sensing tools, enable accurate monitoring, tracking, and analysis of greenhouse gas emissions
(Sadovnikov et al., 2024). Despite the critical role of greenhouse gases in climate change, the
main sources and sinks of carbon dioxide (CO:), methane (CHa4), and nitrous oxide (N-:O)
remain insufficiently understood. Improved knowledge of these sources is essential for
predicting climate trends and greenhouse gas fluxes in the 21st century (Bréon and Ciais, 2010).
Understanding emission patterns supports the assessment of environmental and public-health
risks and provides a foundation for developing evidence-based mitigation strategies.
Accordingly, this study examines spatial and temporal patterns of greenhouse-gas
concentrations across Iran using satellite-derived datasets and established scientific evidence.

Methods

This study evaluated monthly greenhouse-gas variations across Iran from 2019 to 2024 to
characterize their spatial and temporal patterns. Initially, to estimate greenhouse gases including
carbon monoxide (CO), nitrogen dioxide (NO2), ozone (Os), and water vapor (H20) in units of
moles per square meter, and methane (CH4) in terms of dry-air volume mixing ratio (unitless
fraction), Level-3 products from the Sentinel-5P satellite were used. These data were corrected
for systematic errors and resampled in Google Earth Engine (GEE) to a spatial resolution of
approximately 1,113.2 meters, with a temporal resolution of roughly every 1-2 days, ensuring
near-daily coverage of each region. To facilitate comparison of the trends in greenhouse gas
parameters, the acquired data were normalized using the Z-Score method. Remote-sensing and
atmospheric datasets were processed in Google Earth Engine (GEE) using satellite-image
analysis algorithms implemented through the JavaScript API. Furthermore, to better examine
the greenhouse gas variables, Principal Component Analysis (PCA) was applied using
XLSTAT software. PCA, as a multivariate statistical technique and a branch of machine
learning, is effective in dimensionality reduction. In this method, the principal components are
linear combinations of the original variables that explain the maximum variance in the data,
thereby preserving the most information. Finally, for enhanced visual interpretation, the
greenhouse gas maps extracted from Sentinel-5P via GEE were prepared and visualized in
ArcGIS software

Results

The results indicated that the highest concentration of carbon monoxide was observed in August
2021. The 2019 values were close to the mean, while an increasing trend was recorded in 2024.
Moreover, the linear trend of CO revealed that its variations were influenced by multiple
nonlinear factors. The highest nitrogen dioxide concentrations occurred in April 2023, with the
coefficient of determination further confirming the impact of several nonlinear drivers on NO-
changes. Similarly, the maximum ozone concentration was detected in August 2024. During
the initial years, the standardized ozone values (Z-Score normalized) were near zero or slightly
negative, reflecting lower deviations from the mean and lower retrieval sensitivity in the early
observations, rather than negative actual ozone concentrations. These values showed an
increasing trend in later years, and the coefficient of determination indicated that ozone
variations were largely influenced by nonlinear factors. The highest concentration of water
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vapor was recorded in January 2020. Water-vapor fluctuations were primarily controlled by
temperature changes and large-scale atmospheric circulation patterns. No clear linear trend was
observed in the study area during the investigated years. A marked increasing trend in methane
concentrations was recorded from late 2021 through the end of 2024, with the maximum value
observed in May 2024. The coefficient of determination (R? = 0.87) indicated a significant
linear trend in the rise of methane, which can be attributed to anthropogenic activities and
climatic changes. The results of the Principal Component Analysis (PCA) showed that the first
two principal components (PCA: and PCA>) accounted for approximately 71.27% of the total
data variation, with methane, ozone, and nitrogen dioxide contributing the most to the overall
variability

Conclusion

Considering the increasing trend of methane and the monthly and annual variations of other
gases, it can be concluded that Iran—particularly its urban and industrial regions—faces
significant challenges related to air pollution and climate change. The rise in greenhouse gases,
especially methane, is likely to intensify local warming and influence precipitation patterns.
Furthermore, the seasonal fluctuations of CO and NO., in association with stable winter
atmospheric conditions, can deteriorate air quality and pose risks to urban populations. The
results of this study demonstrated that variations in greenhouse gases in the study area are
simultaneously influenced by natural factors and human activities. The integration of satellite
data, statistical analysis, and PCA enabled a precise assessment of the temporal and spatial
trends of greenhouse gases, providing valuable insights for pollution mitigation planning and
the development of strategies to address climate change. Ultimately, the findings of this study
emphasize that greenhouse gas mitigation measures, fuel consumption optimization, water
resource management, and urban planning can play a crucial role in reducing the adverse
impacts of climate change in Iran.

Keywords: PCA, Sentinel-5P, Iran, Remote Sensing, Greenhouse gases

Author Contributions
The author has participated in data collection, preparation of the research report, and data
analysis.

Data Availability Statement
“The data used in this study are publicly available from Google Earth Engine. The scripts used
for processing and analysis are not publicly shared due to extensive development time.”

Acknowledgements
The esteemed reviewers are thanked for providing their structural and scientific feedback.

Ethical considerations
The author has adhered to ethical principles in conducting and publishing this scientific
research, and this has been confirmed by them.

Funding
This article was conducted with the financial support of the Research Deputy of the University.

Conflict of interest
According to the author, this article has no conflict of interest.


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsa¢h.12.3.7 ]

o O bl b Julow
YOAA —OVFF 3 Kig oI UL
Homepage: https://khu.ac.ir

N

ligtl
S oK s

Ol 39 Slalals b ) i1 b 1 g Jukxd

B b yho g

V.Safarian@uok.ac.ir :4sbbl, . )]yl rasiw ylwd S oKl ( oaubs golio 0380l ¢ cwliilon 5 O 09,5 ¢ Jotume ok g .)

KW LY

WJlio ol

e il e 55 ) elS calis 5 ol > SIS oS Sl sy Lig ol Bn HBAR
laasdly, oyl 5,8 Anlgs oS o ialS ola)Kaly 955 9 (9] Candg yp cAld & Guivs slaaiily
o glmodls jl Sl 3u85 )3 35 )18 558 3 @il pss ST S (sl iyl Slie Sl 0
A odlatwl g3

S dS gge Jols (SIS lajl5 (L g (Sloj Slyes (y 4yl GiagR 2 iokRg3 P9
lojlsale closly ad plBl YoYF YN el Jlo (b olal )5 oo s o b el eojori aeSliss
Gl sloodls Bl 5 0,8 ilid I g g NAd glyseinl GEE g cov ailolw I ealasl L Sentinel-5P
Gl o uad gilwdylilivn] (Swen Jlod g awglis dee sly Z-ScOre i, il eslatwl b cpnly cudsS
5 25 pbol (PCA) Lol slaadlse Juloo ajls cliis » 550 cboailpe (ololid o baosls sl zals
03,5 gyt ol oo 1 oolizl b Wajl5 SlSe 5 silej (slais,

o s b g 039y VoF UL B VYN 306l 51l aliil Lgy (elyls oo oS oy s b ddadly
csoalil i g Sl claegled I 3l Ylazs) a5 35 ool JS il)ls 1y 58l 05 RZ = AV
oSl g azsly JlE as e Jelse 5 Jad Cllog b cov 5 in Os  NO2 CO il o adhaio
oSl g O wlie dod @l i b 55 O Hl5o i sdalie bl 51 asttie e SYob  ialS b odol38]
O Gial8l 5 (slmole 1> 48 oy b b dp slmole 3 o CBlE (S g )15 s dlaly (g5
5 LB o gudg |y oy IS usbylg dop Vol iy Lol adlie 90 oS ol lis PCA oo e o
55 IS @l )3 1) whew (i NO2 5 O3 «CHa (gla35

5 b Jalse 53l o lojon ! )3 SIS (SIS lpis 45 3l (5 Al gl 25 g Al
5 g cog) 5:55 b)) oSl PCA 5 bl o csloylmle slaosls oS 5 sl (Ll slacled
9% g dmoan VT [1al (g5)alyy sl (stiadsy) SleMbl 5 038 wal B 1) (IS ol ol
W80 o )] Bl o35 b ablie (glao yual,

Wl £o5

siagh dlie

V¥ EL0 18l ) & U
V¥ A iRy &,6
ARARA NI

1o jlgunls
PCA
Sentinel-5P
Wl

993 3 losies
B glasls

MANY () WY o ahbbie glad b olpl GBS il jlanl L) s Lbs (VFF) ass lbyie dliuwl
http//doi.org/10.66224/jsaeh.12.3.7

GO0

BY _NC ulfwy ©

il oy st



http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

PP of o lads I 0,50 o« axo colpblio oy Ldd Sl ARA

EVRYT

Sy bl ool (2lad @i 3:83 S50 ©ygps (AL S5 Gl I B el Gl 9 Sl piale)S
oly 3l el o 5o g 4y slolil Slgis s ) (slaetaes slate ol (gl sl 03,3 T Sy ) e |) g2 il
(ohSar 51 B5Siggol) wpgl o walyd |y ol Lzl 535 Jilow g (o3 ISl 5 Wi e Al SILUS slaj5 599
s 5 (N20) 5oy 3681 5 (CHa) (lie (CO2) ()5 2uSlisd SIS (glajl5 (alS (285 399 b (V- YF
5 oel8l Sy N9y b slp alie ol e S0 2 dgg ol ol ()jbe g i ) (3> COLS S« solld
2 gl i85 (GHG) (lailds slajls (Y23 e Tl 5 055) ol 900 YV 058 0 SIS sl slal >
Ol giaio claan] B 5 (63l Gulld ond (clacd g alox I o gite lie 5 A5 o ] porldl s
5 dgpis 5 03 5nS odliul 5 xo oM 5L Baas 5gym eeS] 5 oo (S dpnSlied ohash dajlS ol cdale
Clald oyl mio ez 3 hd s g sl oalial (1L (VYT ()lSen 5 T Satisld) canl (Ld o g
ol @l 1 (S lgieds g ydgs slailE Lol bl o 38> 58 diojls g canl iul38l Jls 3 g5 50 laildS ol
51 ookl 48 wimd o U5 Slillae 3yls onldl @l yui g Connjlaxe p (6 pSpie wb (UL lajlS g lgn Sl
b s el p il olasdl (Y70 o Kon 5 2ossd ) &8 Sa8 Wjl5 gl il 2l &y wilgi o By (sl dss
ol 03y yial38l 1) lacusbad pas g olon g Of Slis )by b 51,55 a5 Cunl 0d dnlge g (sladllig) g o ol s
ol Syt & e 5 505 A3 () talesS (ol Jelge 31 (S (it 4035 amd s o (sIeIS (slaglS L
slojg Cunnl il (IS SlajlS (St (St S SeSlied Ll Gl She Jalge o)y conlpli ol 0l
5 cod xSl (b Fed b g el (a8 b o] laams 3 () A (lSan 5 Jlss)) casl st
) Gy e «lods )l 5 LY wles gl S JE5 5 55 wcads aiilo od o gus jl ool il s en
g 03bol) Cowl 0 o) > 50 (LIS olaj8 Ll ialiEl Coge cdgw opl sl ol 4l il cusa mbe
VA 3905 55 ol el il slaclod 51 b S S5 s et 0ty SmSTed jl g e (VI FAA (S
(VY hlan g (b )S) )l ore i 9> ) ol cldale Jil38l 50 g ools olaisl ags 4y g (il SISl sy
Orskel olsar el G5 g it Glea 5 Ll wlie o e e alox 31 50 (g5)5liS S AU SIS (slajls
shas & SIS e Uil LEalS oy asldl Sl (T oY0 (o)) San 5 71y y55b) 29 se alis Ll ol Lols
5 okd o5yt e Slagilly (2555 51 (St 4 Iypa] Sl bl 4 53 )3 s 555 BB e
ojgrel (YA IV (I5) cuwl anily olyon 4 loar blie 5 bygiS | )b sl 1) lodpns Lo slasaly
o b (S s o554 cilises Bilias (ol o ol 3l 938 (lopalls Gam b (pu 5 (sloel VL
il e Wl o SOy oS Canl anld classly | lacgeme Jols oYL ja itus dewg b 4> cloasljh
$irgkiS iz 1 €Oy ol Ll (ials [PV ATAY (Ko g (A8lS) Bl Cunjlae 4 Sl slajl
ol g (sod8l CBlanl Glg5 0 &7 2l); SV quae IN20 HLics] 03394 ol adlie 2 AJg5 (sl panno (348> bl wiojls
sl g Wb oo 9 9 (o) gdaw ASp)S Carge SUS (a5 (V- Y0 o), Ko o Y3l8) amd 15 50 cou 1, lie
et 483 4 3935 55 e Jelse o 5 by o (aleyd o 5 Il i bl sosSl ot
SIS 51 gl 33 con 5 CO 5 NOX (slajls aloo 3l o (S35 51 (5 (hosag s ol Gielj3l o pased

- Sadovnikov

- Bréon & Ciais

- Greenhouse Gases (GHGS)
- Filonchyk

- Alrashydah

6 - Naturinda

7- Gao

[ N T


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

VoW 0‘3)-6-90 | d/}g/;é‘_;/dw‘_;bjb’)bﬁﬂ/dé)jlj‘kW'

qorldl (sl o slately g (g yhuogilyial Ggjgl Y (BCFC) Loy Sgsislig IS 3b calid ol 2 ogdle a5 oo i
B clale Il (VoA QS5 g obblel,) il KT 1, Lol Ol 5 liasd (slasis]p o o35 bls)
KWy U R Otbo ‘O.g)f A#“S]d) .))b OL...Jl S 9 W)Ja.ou ‘L;o._ﬁlél u]M 2 dh]é»)h J;ls Ql)ﬁ\ dlc\ib’df
izl ay omie SB 5 lacdy g yin (il g (olewd 425 daady) el (950 Sl s I (pl (n Pake
Bk Bane il & SB 1 0 oloye 3 5 ate 5 e Jose o5 € o] i 5 Sgdse 3 )
Sols a2 B LIl 4 a2 LAY O hlSen 5 (alime) 3980 ploml (S Chgzge saclld g uis
[RW) J:A...: uJa.ou’W) L L,.JL& S5 4 Lm).e(w OM'{ Doy O‘)i‘ 5 L;«_Lel L.J‘)A.AA:; ‘13.03 dhoJ.zi\fT )i».b 9 slalds
5 1S Lo palyd |y Jlein] @bl o) el ciliie slaise p bl b lise 5 kil slagSl cols ol
ool L» d"m O'.’.‘ 59 ‘L’xl)gt.g J...ub O])ﬂl 59 Lmox%\fi L}.’.‘ Ql)ﬂ u...mlf dl).f )4‘90 JPIgTRY: dhd)ﬁfmmaj dt.,.n J.;Iyuo

u.e)f )‘)5 ORI O‘)‘il 5 Slolds L3 )L.w.»‘ Camog dg>g0 L;"’Lc .Aml}w 9 o.\d.isd”i@q- d‘o)lybl.o Sosly )l

el GO a8 (b5l g Jlowi el dinej p> Slalllas g9 9 (S35 5l (S ek Oliios g Slodl (o)
Ol 35 Ay Slisl) ) Ml 990 nl 4 2lpl g (ol JBbre g dagi g Cuenl oiadlis 5 ()
093 3 oty 4 (Yo%) Ty g Lol sl ailee oyl 51 (350 o sl 4B S )15 )2 )50 e Slallas 1 (glas gacrs
e (ol 53 45 oy s 3o conat 153,88l in S 37 08 (ot o3l L (IS olajlS 55
y SIS 3> Jgion losealin i 52 35kl gy b g ol g3 o it S 52 2 O5 5 NiO (g
Uil a8 Ly 4 oyl Ay 9 053,88l (ggmdll 1 (U denST gy g ylie HLi 593 3l o 4 (Vo VAN 5o gl
4 bayyo lyyio udsay NOX Ll ials gl 55l oaimls Lol 51 odlisl 1 50 (Jlo 5 o5 ¥+ b ¥+ Joles) N2O
9 o2 s 9 35 sedle dugd oYL 93 )3 (IS (claj5 HLiss) ol jae 3590 4 (WYAY) ), ¢ 25l .ol NOX
oSV 95 ol 5 S el Ll 350y gl 5 03,8 Al Wyl s izl el can lles ol Sal, &)
ks CliReS > Cogw Bpas 9 oSVl 4 (93959 pB- S5 )3 39290 ()8 ST S (13,87 I8 oS wimd e (LS
e Silore 4 laddllas 55 (W) o)San 5 domaceolyo dizl o Clasty (S (slajl5 )Ll odas gio 555
OIS o Jop zuloy aolbe 500, el o wied ologwl Clgle o lalbds ;s L]
LT o] )3 ot o dunST wgyis HUs g (</FFA Jlo 1 )l 13 ) Jg953 oK) p3 ot Jdo ojlie Hls uS5kie
danl A5 s (VDY s 5 1S 3 5) by o] 55 00 Jo <Ko 325 a5 5 (o 55 S p3 5 /)
2 Mo Yo¥ 38l 5 dilaio b )5l Ll (2l (slagy b )0 5 SIS clajlE Ll a9l 4 (VE4Y) o)
oyt 255 @l 5 (M) 5180 VAID 3 &l il 15 (LI5S (clajl5 sl )Lt &S dpusy domes ol & 95,5 pladl (S
235l Jls 53 e Yy Al LS ol Gl g o IS (50581 by S g0k il Sl ) 5 VIV L
5 GOSAT (g lsnls clunlis (6,550 b oyl 5 CHa sto cble adlas 4 (VF+)) ohKan o wl)S 0
ssb 4 qplie clle (giloand > )l glad & Nspy dx cpl 4 g 03,8 BT WRF-GHG (s335 (glaggjluodns
gl g 498 (gl 0ad (gilwdnd oo clald lude Abl o PPD VDS o 5[0 cud§ a2y 5 p )5 e 93 o )3 Lawgie

- Ramanathan & Feng
- Shavrina & Veles

- Fourier

- Gélfalk & Bastviken

S


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

PP of o lads I 0,50 o« axo colpblio oy Ldd Sl VoF
ez ;> WRF-Chem o & sl 5l byl gol g ol odid 3)5] 24t GOSAT (sla ySojluil b dulio 3 logas
2 glaalllas 3 (VF-Y) ylSon 5 (gyu a8 oo Jas (gl ole) p)5° b ) jine (o)lel (slallas: 4y drgi L (498 olo) o
Dol ool o o8 Sl (i ol sy, ol (65,58 sy WIS (glaglS Ll b JLSis sl sl o
ity 5 pm5g s yy3lio 45 5y 1 3)5 gl s (clopaldl )3 (el (elajlS Lzl I3l b (gl sixe bl
Jlo > Gl glajls Ll o 5wz 1> 0L |y ()l gme L9y addllan ()3 gy 3)90 laJle (b 5
b st 55 SIS Sl iy (slaofgale 3Slas (Y-YF) oliSan 5 'Sl 43 (IS5 5 grlee FFY Jolo Y14
o35 il ;3 EM27/SUN (elagicish a8 ol L axlllas gl 63,8 adlllas |y oo LB ine peiascishs 51 oslizuol
WAt Dgaote il b b dazee 3L loj 390 Yok s s (glojlanle (claodly 45T sl ¢ ot joub WS > glaildS
sbils e lackle 355 < lp bl s 3:383 Logos (slo)lale (slacs pSojluil ax ST 0 0o Joo S5 s
28093 OPO Jlud (Sl g (b @ (o )3 (YVVF) e 9 Tbeiggale s S50 4 b (slailsds
Caol B o syl jlad w3 lis sl win S pldl o > LlAbdS a5 e ofy Lol (gl AUen
Sie g aEislefl eloyilojl 5 1S lolis egil Y-AYVAF- _ab odgiome ) Y cds b1, CO2 b}l (slo JiSw
Bblie 5 ixtio 1o S Gialejl slacolis 0 (532 Gl lp WP oo el il 028 1B 1) ] (3350 3 Shes
(sligpgs (IS nil5 Ll (sl (shuglio sy & (siniod 55 (V+V0) lSa 5 o 350 onlizal 53,
&l el B gyylies 5 5t slalanMo L5 Uil woes (cls A gyl 4 am oo ol ults 153, plEl 5 g Jese
Cannd Cgdgima ety bl el Lol gy (0 3bolio 1 iyt duoyd B0 b ol sblio )3 PMY/8 Ll dalCEV

2oy3 BY bl B lias; 5l g cudly Hl8 Lad Ol b cov a4 CO2 HLisl Dg 5aS Moy FO gl 4
@ yioghS o glil a4 1o )d OA 5 2o A L iy 4 ) N20 9 CO2 jlil wilgs o b BEV 3l LS eolaiwl L cdly il
)L.\.\.A." u,u.b:K 2D e U LS)"L’ b ‘_5_9)., LSL°°9)395 cwl).fu.} RS u.\.a.»lf 2l 55 olfaxj @l.;.n )1 odlawl Ooyguo 33 0319
SIS (olojl5 Ll dolidius y 2 (o 55050 40 (s )3 (Y- VD) (e 5 Tty 1S o Ll 85 g oo (i 5l Lo
sbajl8 Ll & Kapwy aidly cpl 4y g 23,8 pladl pling ¢y w9y (U ) geime slagye; 13 gy My I Jol>
Ll 3 1) e i lie ol o)l Sl 5k g8 alienll CulS ) (oS aeSlied 9 e Jie) lalS
oo 3l S (Jg wad o S 1y ba Lol 1 iy pa N2O 55 jLisl g 365 51 ealaiwl ¢ 515 ba 5L 51 glbdS la;8
g Ny a8 (63,500 olaisds egtas [Sen g 593 oly jl Giodiw j edlawl a5 Wby LS (YY) oK ¢ 0l ,5b cusl
WS o pald 1) el (pl 5l 06 (lOIST glajl5 SLisl g el Camenr s ebide (a5 39l el ckel IS
adlllas 4 (VoY) o, e 5705590 Adl e souldl lyuis Ol BT idlS g Il (65,9liS 3yt )3 Wlg o 45 (63,559,
QD IS glajlS 00 S il (sl (OP-FTIR) 5L pise )98 Jods & pugyd (ot b (e 593 51 homins
bl G lad 1 (U ouldl Syt s S 4y (Y-Y0) oylSom 57y S (alslid |y (298 B8lo (S35 )5
FoYe BV la Jlo oy a8 3l LS guls 63,8 phidl Wiko 5 L) 51 (5b pegeS po p3 b Jug il g (sl (clans5
oamlia lo)S 51 (i oS0 (12 GRS o Juog 51 S i 10lS 5 SIS Slals (3l (S 5 51 s

'~ Park

- Sadovnikov
3 - Alrashydah
*-Dinh

5 - Naturinda

¢ - Schitze
7-Wan


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

A UE‘)‘.’-’@ | dbgljd‘jldl;&b’&l@jb’)was@jjlj‘j:«lzf

b ool als Jeils § Sl oMe &V game 5 56 CO2 e (lailxlS clajl5 Lzl 4 (Y+Y0) o), Ken o ' g5 s
2 N2O jlasl yials gy oS 2g cpl dalllae opl dons dlos jl izl y o8l Glpss 5 olie Cuiel (slagy s pleal
295 (phb Jpaxe yo g dibie o ol sladyaly Ll b oS st e sl Kol S 4 Glgi e (gl
@Bl pac g 43 .30 03,9l ouldl Clanl oa g 3¢ Lais L1E g v a5 39 plul (iS4 Wb il galS
SIS o5 adg o Lad clypuss 4 (VV0) o) Kan 5 TS5 bl dalgd ioliél laea Vede Jl EN2O lisl
&S 1) g, Sue Cullad putins jobds g Cunl (Lad Jole oy nre bod a8 b lis zuls wo S plidl b dsle clgw) jo
M5 b s ool g o b s (Stuan oS (eizon 5 0 olsl 5 0 35S 1, S SlaslS 15
spaSlied Mg Ll s g 09 St o GHG A adl 5t ool dape (in o)l Cute alayl, (IS (slajls
polo g 3 o plosl Clallas & 455 s 39 o 505 CO2 Ay A3l 5 ey S35y img 35 (sitn )y ()5
Gy v dlolw bass j3 a0 I Giomiw glaoald jleslaiwl b lpl o sl slajlE olad o Jloj slaoSIl pwyp 4
w5 Ll dasye o)l ola Judow g (sloylgale (claodls Julow b a8 o oW adlllas ol b pladl sl &)l 568

LS olwlid 1) calisee Sloj slaojl jo slaslsds

o9 (wlwi gy

Al 8 90 ILE! y2> g pold .

Sy 9 alad gl ()5l cosds 4y pslate &y (il )5S ) IO (3 Sl g Gl b)) &yl Gelos
gyeld )3 adlllae  Slidss o3game b plaS] wilale Cygo 4 Yo NA-YYY Sloj o5l 55 ,5oden b o] ks, uisen g

(V JSK8) Canl oas @8ly oyl (oLl jas

45°00; SO0 5501 6001
; ; A A
£ e v |2
g 4 ! 2
\
e = s
Y
Z I
z ] =
& i
e g
T Gl
0 Wy z
|l spiglast 2
PO S JUPYC I RV | S i 3 W
Value k NS ;
o  High : 5610
B w28 W
7o w5 HKkmy 7z
&l g 7 B s
y ! g
o T T T 15 o
45°0'T 50°0°T. 55°0T 60°0T

g3 45 andllae 3,90 alllaie ) S

)b‘ 6.";3) 9 osls .Y

!-Gao
2-Zheng


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

JEeF o o ylads Y 0,90 o axo Sl pblio oy ld i \of

) 9 g 2 e ey Jge 33ly b O e el et 2euS1isd oS danS gige SIS SlajlS 395 (ol 1z
Silotugw glallad goeas Jloel jl uy Siid slop 4 (e Connsd o> (ygt0 ol | lie (slpr 9 (YL T (e edaws
b e S5 ya8  wlie L Sentinel-5P" o)lgale ;| Level-3 &V gmme B 53 g ygiw 55 T g0 (g8 350y b
Y 52) %59, Y B Y ya Ly loj Lolide b g yie VWYY Ly b ol GEET 15 saome (6 pdiges b (gl Sy ol
5 okl (398 g0 Pl (61520003 (350 59y Lol ddlaie p 5l LSy o, VU

oylgale 511y (CHa) (ke 55 slaodly o COPERNICUS/S5P/OFFL/L3_CH4 Joase 45" cuwl S5 bLs
S ol 00 (6 S Hga33k g il VY s (claodls wll a8 ol Y plaw Jguamte S5 caad e 41| Sentinel-5P
6 yhamnod] bl b ol ol byl (6 0S0jl0) cuiS a8 asl o Waodly jl ol yiso Gl ¢ Jgamo pl pie o Sig 5
ol ¢ SlwnsS bl dlon | Lols bl > ojhg 4 bodly Bls plamd o) 585 slaodly zlscuwl ojlal  sdaw o
(oiSab 5 iRl VY (e 5 M) 350 onlio i st ol (s Ll b blis 5 Jolul 8 5§
2ol 38l sl b GBS § Nad o Bl JolS job & by JuSy sl 508 00l CuaS a5 Lablie o o o (VoY
S5P-) cal (o513 9 39 o0 pll (L2 — L3) Y grdaws 0 ¥ gl s yo ,d il a3 ) 395 0 00> i (39,3 i
v-vo PAL

Offline jbg, ,> a0 4l) OFfline” 3 (NRT") g, 93 L Iy (IS slajl5 slayuiie Sentinel-5P o lsnle
oS sl 5 5YL cias (JolS (bjlsy b jeSie (slmodly o)l dg>g laosly d90 g guonal sl ke Ol 052
Offline g, jl juo a8 ol ) 2ib o otedily (sla Judos g 38> Slalllas (gl cawlio Offline b, L5 (5 )glges
o> Comd b JeSg0 dlasd & ygods H20 5 CHa (CO 03 « NO2 slajl5 S pdlie oS cunl ,S5 &y 3 0 oolituwl
— it (g8 psS) Cul Sglite gl 3 S pl @ g wload 5 pSejlul g2 (YL B (o) a2 (gt JS
(DY XY gy o O Jinias (ogSpsS £AV VY T ps o 0 0

€O NO2 Os) ()2 390 )5 yolie plos gl clajl5 sbojial)ly Sy slasiy) yiae amglio jghaio &

Oglate glaojl g Lasly b Ll o dwlis Kl U s (g5lwdjlsbuel Z-Score i, 5l eoliiwl b (CHa ¢ H20

GSlysol s @ clls cpl oS Wsd jals jao Soop b bie (oS i 3 lilis] polie (Bl S cpl by Dgd oaly8
sl Gl s S (Blg clale (39 (i (dne s d2g g 4 g Cunl Boodl> (B350 b (65505l il ¢ SSlis ]
g shojlgale polai (ol slaei ol 5l s pSepe b sgo slaosls 5 95 5l homiw slaosls jlimghs 5l (i ol
A odlizul JavaSeript API™ o giaely oybs 5 58,5 ope0 b 9 GEE™ Laxe )3 (s gidS 3oyl 5l bl (o5lwodly

e )3 (PCAY) (ol (slaadlye Jlow (b jl ol gl ) (IS ajl5 sl pusie yi oy 2 Sl izen
RS )3 0 pate wi> ile (63050L ple I ladls g ()lel be) G plgie 4 (PCA) (g b o3\l XLSTAT I3l

- mol/m~2

2~ Mol fraction

3 - Sentinel-5 Precursor
* - Google Earth Engine
5

- Revisit Interval 2 Days
6 - Level-3
7- Level-2
8 - Veefkind
9 - Schneising
10 Near Real-Time
11 Offline Processed
12 - Copernicus Sentinel-5 Precursor
13- Google Earth Engine
14 Application Programming Interface
15 - Principal Component Analysis


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

A% 0‘3)-6-90 | d/}g/;é&/ﬂlﬁ&b"jbjb’)u&ﬁdé})/;‘jfw'

3o gewis |y osly il gyl &S witd Lol (sla yuite 5 s S 5 badlge gy ol 5 sl sige Waosls asy
SIS S (o lgale sl sladids yigs sy 43 gl Cales > S o s baodly 3 |y SleMbl o S o
G gy i ad ATCGIS Yl38le 5 > GEE lawgs Sentinel-5P o)lgals ;| 2l scinl jlax izl cpl )0 dslllas 3y50

5 LY JS3) 3 pB el ©je0 4

Lrosla il 8 5 w2 Jgl o8
el Jbod g il il 2 oI5 G gy pE Gl Wigy Level-3 Sentinel-5P: CO, N0, 05, H;0 & guaasa v/
dlale ikoj slawigy v (mol/m?)
byl Lol slaaidio g by oSimscts v/ CH, (mole fraction) g

(YU 2ok (ol iae) 20ffline iy ¥
TIR-ToTF 1o 0gg0 v

{}

GEE ;3 Wosls 518 33 0 190 ol
o] 52 i By ol i 3l Sy i
Wigui ot > 0313 Wil 5o s DMissing Data Gy v

ST LM 3 1o Jgue ol faged 1,1

i

wotlel Sl augi sy ol
bl Al ke gl ArcGIS 31 ooliiet v
GEE ;1 odw & luilis! Z-Score glaosls 1 gsgq v

Saitiia duilio g 315 0 5159 5y SlaRE 1a2g 5 ¥ g0 i 53 belSy sl (resampling) g digeih
Laoals Juloxi 2 slgz ol 315 j30ie g3k yhiliaat tpgu plS”
Sl 31 5 sl Y L g 4ilalo gl eilo dmelowo ¥/ :II Z-Score normalized yolic 4 pl glaosts Joad v
oukii 3 ilinl glrosts g3, PCA glyal v/ wyliio gzl g Basly b slail o dwdlio 1des v/
08 ot et 5y S Ll iy v Gl o2l i il glinn & pio 3033 b oin prolin angd v

BT (g, pB el Wy, Y UK

Sy TC

Cygods VoYY B YN sl Jlo (b olpl Sladlas 0dgume ;3 (laildS slajl5 Sl o Jloj il s Mgy ¢ yidgs oyl 52
o5 (slasbgy olyen a4y (lojlsmle 93 5l (homiw laodly (38> s 4 (oliwd jolateds (285 )18 (Db 2)90 ol
il St g toobiS oyl llugs st b 1 plool Glale Slo olie )3 gy b 48,8 S &b iy (L]
b 13,5 4] £gite slaylages 5 Jois B 3 o ulos ol 5 ol (slaatibl 3,8 ubows g ol lojon ysbods |, anjls
Olys B a8 o2latul 3 ledod (sloalds 9 g par slaalodil Jl el 2 0938l 255 w2l @l Jige Guesd 5 dulie (Sl
Sl Julow 5l oel cawd 4 (laasl oluly g 03 Lioles w3 bB g gy JSKb 4 (laldS clajlS cdale S
sl 035 Hho pli b jho 4 S5 LoyE Bod () 3 GRS Sl sl dea glaosly (:S0le (huos
bohe oo g il sl 9 VoY bl o B 5 039558 30uSTisd s S denS e slaslS sl sluno Byl iz on
b 5nS ol Jbu e IVYF ol b 50S op)S S gig0 55 (sloodly o yd VO wuoyd jlade Llod I el cavd a0 V/+-8
il IVEY Golus b 568 05l 5 IV (sgluno b 308 olio /7Y (glunn b 30 (55955 dumSTis e [OVY gglus
) Jgie) 85 o ams Jlo g gy o 1Ly lnodls s o

YOV -Y oV 093 (b 53 (oo 9 0w il 50 5 IS 163 (S b 390) (IS sj5 o jlof Y Jgo

(CHa) oo | (1:0) ol | (03) o5l | (NO:) g9y aemS1sd | (CO) op2,S S gige
VY/+ oo VY[ oo YY/+on VY/eee \ATRRR s b Syl 8
feee feee — ofes = ofees —ofees oSibe
Vs Veey \RYe Vv Vv slhro Bl
- ¥y - ¥/FW - YWY - YIAY - YIv¥Y NEIKES



http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

PP of o lads I 0,50 o« axo colpblio oy Ldd Sl VoA

(CH) oo | (1:0) OF 5w | (03) o5 | (NO:) (55955 samSTis3 | (CO) (32,5 spmS gigo
- -/yva Al — /5 24 - -/ Percent 25
RN — o[y —«[eeA o[-0Y <Y Percent 50
+IYY favy <IYFY «[5N VY Percent 75
AAR YIYAA \ARS /Y5 YIvYY B JKS

adllas 3550 (sl o )3 oy S gige (LS I Clale lyis Wiy, Ao sy jl o] Cawd 4y sl olusl

AV Jlo > dies (155ke 4 S35 5 508 & abvole 5 Z-Score giluloy gl 4 425l (V4N —VAYY)
Jade oy YL )l lmodls bwgie jlade b (o3l ciglas oas (g pS ol jlude a5 ail o ol o Ui oyl 45 el Cnd
Cuto gl yiol3al Jlade cpl bl o VoYY Lawlgl 3 ale jlade oy 5wl 5 VoYY CansSl g sVe slale Jlos jd Cute
slaole ST aile ol polie .abl ol (con Lulpd b 5 i (sxio (slaculled w3 S slagjgm T 5 (iU Sl oo
it ) ()5S 5ige 5y 9 4o &5 oo lulypd b (n)SanSgise Mg wle (il > 4 wlgie VoYY Jlo
ol 58l &ma)ymw&Iulﬂxabe V¥ Jlo jo (Cue) YU 4 g cudS 3L W9, Ll disly bls,l s’ e
o) (o3 s 33 (5959, R oo &y a5y a3k By o5 lmge Ll b dincsgions Jf (Sl slnc e
929% 3l ot (sboodly 5l ()39 i8 AaSTi6d S pate (wyp jl0dd 3] gols & dxgs L (Y - I JS) i osalie S
AenSTied 1 ialS b olbeygd adllas 3590 Sloj o3y &8 cusl )] 51 Sk Z-Score (gjlwJloy gys lade claail
ol5 slaole wilo) s il b olaoygs o (Yo blgl U YN Jlo yuolivw olo jl aisle b i Z-Score) 59,0
Jyad slacdld ywlibl s 4 0l o oy5e0 aemSTied il cde o ssmlie (YoVYF yrolwd g VVY ayglf V)
Sl o Slocgu 3] eslital > & izen 5 ixko (ol sy, silosS ol J) s eolitel ke 3
bgye (Sloj s sl3905 (poll A8 (00 5 ‘) Woa V1 gors (liuwe 53 Lod (Sg)ly olSel il o 9331 3l (il S
313 YA s (ool Cawd 4 RZ = o /VA ] s o pus Jlade YoV B YN cla Jlo Jgb 53 )59, anSTien &
ol 1553 Jolge 131 ot Ol i j1 Ao d AY g ol gusgi BB (lo; caiiS) das Koy bawg )30yt Aol 63 Ol puss
o 0adleys e YA Jlo cclaole asdllan 3y90 (6 lel 0y9 53 oyjl 5 el s uios @l L Y — o JS3)
SoS oS 5 e yolie YoVY ool BY-Ye Jlu oo obo ;Mtf@u),mgwbaad&;;l,@m;
Jbs yeolgi ole I g ol w—i’L"“-‘wu)‘ 5 oals o lis a8ty o =Y 3l 5wl 4 ole 51 an 40 g a0
Bl ool olde a5 (gygbo 4y el VoVF Lol o d‘ z9l 45 g oo odalie a5 JB ialidl B9, YoVF Jlo Joyol G Y-VY
ol odalie sla ials )l bled Cuie (oS g yho Caows 4y pdlde F oYY zol | day iy 0 Z-Score aslg ¥ 5l i 4
il asb il g gl sl s Lulyd b o claoan VT Ay plio il L & Wlgice loysd (S 5
s Ll ubygs G5 Gl 1 b ol San YTE Lo slaole 1515 YT Jlo L slaolo > a5 6
Gy 305 b Nl e )l o) gess 4 e &5 M3l ol claolys gss b bl lacyld )58l 5 sl
VA LS iy 5 ol RZ = /N ] (3 gy e &S 05 sy YoVF B YN el Sl Jsb 53 00jf & bgyye sl
Cusl 105 Jolse 18l cot sl doyd AY g Conl sy BB (o cuddS) as x4y buwg w‘l Olyass 5l asyd
2L o oyl oaimd olis Ol Jlw « Z-Score (gilo by b Ol Hlo g, Juos 5l sdel cowd 4 gl wlulp (Y = o JSi)
dbge Y oYL g polio b ol Hlo ol jlade (s YoYF cangST ¥ o¥+ ool ¥V 18T e Loy Jlo g aole (3 p a5
Somly ol b Ol sy dogs LB 215 L o8 o Jao YoXY (o g VoVY 555 XY 8] sslo o Jlo g ool 5
ddaia Jolge 35l ot g 3> g (b s5b 4 (6 pimail Ol JBu 45 ABba cpl Sl bl cpl 0 e2alia — ¥
Oial33l0yls 5138 con slagSl Ol lio dod 3l cow a5 Wil o g O Jby b bl sxims s S e ol
St g bl b JSis Lo ialS 13 & Yymne ol sy 2alS 5 5l s 5 Lod (il o & Btae o e


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

Vo9 Obsao | lpf 0 lailals clojl5  Liil ol 5y 5 dor

or @l 2o 4 g b (Y - O JS) 358 e sanlite o iloj sy 50 (5239, R? Jhe 4 g L Ll o 3l
595 YR b aygil5 ol 5l 4wl e ol S ok Z-Score gjls oy sloassly Loluly oo 8 clale @i S,
oygd cpl o lio 1wSle & S35 b 503 Hlade saiad lis a5 W)l jao & Siop L et Z-Score jluds 1;5\ YoV
YoVY o VoY o Jlo slaols )0 039 4y oS o0 &8 > Cuto pdlie Cuows 4y Lgy day 4 VoV o slrole Bl 1Ll
do VoYY Jlo leig 4 ylub [ 5 oyl ilidl pl bl e cseddy (1Ske 4 Cus o opl (b o>y lie
Sk S Sgy sl o3kl 51 VY laie b (Yes olo 13 YoYF L 093 35l 53 jlaie ol 5 L3b o (wguce WolS
i b Bl o IS peb 4 e Lol caol YeYF B YN e (b g o e dasMe LB g oo, il
Ol 5 256 Wlg3 o reoligS (sbaojl By 0 lie pdlie Lalasl oles o of Olpss @l Sladl claedls
Copd ylie &S A5 w5 VeVF B YN o Jls Job 3 lie & bgsye (Sloj (6w jlages il jlisl mlie inlS ¢ Lad
W g ol sy BB (loy cusiS) ad X9y bawgi e Ol jl doyd AY s gm el Cwd 4 RZ = JAY )] s

(V= & JSs) el )53 Jelge 8l con @l 5 as)d


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

1EF oF o lod )Y 0,90 ( Aaxo Ol pblio g lad Ll K

Time Series of CO with Trend Line (h—ﬂ."

l..,I_I[rl_l!“J rI]“-IJ,I..IJ ']'""I"l"l[[l'll‘m"m"m

Nomalized Anomaly

2
P S S = . S S o5 i _ o S o> o> S
N =3 o L~ i *2s S N = s
@BV &GN T S o8 BN oFF Y & N \,a" <Y @ < \r’\ N
Date
Time Series of NO=2 with Trend Line (u.
v 3 1 Cr 18)
= ~ (Monthiy)

Nomalzed Anomaly
-
=
—
—
K ﬁ
‘A ——
-
s
——
—
|
|
|I
|
|
|
|
-
-
-
l
l
-
-
=R
-
-

R - =

Time Series of O. with Trend Line

y = 0.021x 736 -n
= ____.__l
o N -———a
2 o o e wlal.l_ .!_..—Jl.-..——'; l—-—l_- - p I R i-ln_.
5 Pkt 1 I\ 1 '
E
E —a
=
2
a
R I R B N R -
<Y @ GV o eV @ GV o eV @ Y o oY @ oY o Y @ oY o eV & oY o o
Dat -
(ﬁ—a
Time Series of H>O with Trend Line
v 0.00)
2 hiv)
g
= [ l JJu L _alliag
gy W MEE & REARES
= l"" I’l‘"‘ -
E
=S
=
ST ST ST S S \v T SV SV ,‘“\" S T T ™
o B T ‘4»‘ == - o N vo*" @BV & N S Y
Date -~
Time Series of CHa with Trend Line
Yy - 245 rul
I"I” Il |"| ['J' § oy i IT ;ll#ll--_uﬂll"n |.|I""""II"
1 u
1
—z
=5 e B P Pt S U 2 P LS I S0 g0 S St S S P g e
A : SV A5 SV o s oSV - ASSV : : : : :
O vv" v\\\ “;\ @ ST B T T N kT o T T T T T b g e

ToIR =Y YF 0598 (b y3 (oo g il ‘o)‘i (39758 SmS16D ¢S 3mS iga) SIS S Sloj (gm0 (sl lages Y S
5 oSy STy b 38§ OIS clals (slapine 551 (PCA) ol (sloailze Jos 5 ol gl ol

e e 039555 demS1id 5 il e sl yiallh S e g9y adllae 3590 (sla L slasle Jgb 5 (o385,
dgds a5 3y L ol clvadge Jdow zuls losls olaid! 38 (g)lol oo g 4o 50 IS wib,lg el 1,
SlOdS gl sl ol )l s copin o Gl g5 LB (PCA2) 5 (PCAI) (gadlho 93 b« JS &l puss 5 o jd YV/YY
laols ;5 1l 09,5 .0 @l Ciliseo (slaog,S JB 3 PCA _2gys o Babl olol e Jlsio slo o slools Jsbo
oyh e Jaysl) slolo o oY+ (18T g poolipu) (slmole ¥R Sl (psolgs g ople gl cussST (¥ g cty5b caysil)
5 odalie 2 YL U (yej o Sl g2 g JS 50 IS slajl5 clals dlie (30 508 VoVY (0555 5 2gil5 eppalud
Jan yn oS ol dog b m A5 o1 sSie glaols b o s clale Jd, 55 phite Lyyis bl Sy 09,5 ol
sl 3 Sl g5 SIS Gajl5 1 (S clale (il ol U Glie 1351 Lo ji5) £)5" (sloole Cow 2 3 (slolo


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

AR Obsao | lpf 0 lailals clojl5  Liil ol 5y 5 dor

1o 09)S (Fmdll ) i odalie BB o> (e S ) LIS G5 jlade (508 09,5 (nl g3 culnlie o s
o) cole epalisd ol o unsST oSV 5n (995) (slmole ¥ N Jlo (45T 5 jealiod (g0 epralipes < 395) sloele
3 om ) GlbdS clajls clale Sliss liee 2908 365 09,5 02l oYY (osle 9 (o0) slmole 5 V-V (a5l sl
Lo Ll b b Logasia (GlalsdS clajls ol polaisl 395 a0 2 Vb B e g 51 g2 g IS 3 il 0,8
S35 i j5Sha 035 )3 ulpl ol 4B, g5 4y taljBl Ly (o9, 5 slaole Coms @ 3 s (sl I
09,5 ot VoV Jlo gl olo o ol oy Clale 5t it bl Fite Al 0g)S & s 0 b (Sl
sy S8 lanl Jlod gl b @l)] dgns plgis 4 olo ol 3 Of By (lojlgale juguai g (F-ill JSL2) A odnlie
b ol oy Sl 55 clul gz (50 4 a0 o adllas 3,90 allats 3 YY+ Jlo arsl ole sl
2 el ot ol b clle T glales 5 o e a4 (S5 J 4 plo)S iz 9 sl 5 Gl (oliojos
Ol g lten lsd S (ot iyl Byd Ll Glagll Jols ol (655 peleds g (pE Jledd solie «lie
P JS) aizen Ol B ieS cble (gl 3Sis gox lulyd 5 (o @be Sl Soke dhol ol bl S &
Jls cassSTolo 15 Gl g 2SS gige S 9 edlie (5 st i 41 09)5 nl PPCA Jogai (298 Bib i 09)5
) o> gt JS 3 S aSgise (o Cuni b J5Slge clale Jlaie o cunl cpl S0l g9590 (nl A5 oamliie VoY
Mo cp Foie raed ilie omb Al 3590 Sl (b IS lajlS ol b avolie )3 (52 (VLT (300 gdaw
Sges &l S amSgige olo (ul dlojlsple g 5 (Pl JS5) 45 oanliio YoV Lo CongST olo 1> (S s 5ige
1830 S VTN sl ola 3 (S S sige Sl L st ecslolonle slmodls 5 Jols s Lubul 5 .15 L)
5 Brd 2 B Ot 0pdS s 5 g ) 5 lh o Glagel dedlSul ialo (2l olo 3ble oS
(Hlis 13 8lod e (05 S ige sy CALE 5 2 5011 oy ) b syt slodptls 5 Lo g, MS
crl omly s (gonmd L) Hopdyy SOy L eeiye (Aly (A g 2 led ) placiend (g0 O I olaise
Sl olyon 4 G 5 s Clpslo sbaaill daandypy doolli Yl wds glio 39503 (f-o JS) Wsdso 0 (5
SpuS gige Cale (I8l Jelse oot 3l s e Camex SV o515 g ooy dmolSgd s 53 Bl CS g (S
229 S0l 0955 02l 10 09,5 (VoV0 (ohlSam 9 TG VXY () lKan 5 'S in) 9500 Mot 4 Gbbe ool >
bl 48 (ol JS8) ol YoYE oo olo b o350 B ¥ ¥Y Lo cslmole 531g) 5 Loy com st IS 13 el 5 ot sl
1295 48 1 b Vo VF CangST olo 15 j] Jltie 5yt 9 VoV o (oo ol 3 bt jliis 5yt POA Jlogas gy
A ¢ glojlonle polas (slaosly wlwl p.dd 03l Lisled imgh )0 diged (sl joSde oo 93 j0 3l g ylie (! (sloylsnle
il il e g cpgred aiblie 3 515 ol VL Al &S md e s Vo VF Jlus o olo (sl e olsd L]
@y (B 9 g slaglivl) o) @dd (e dslsw ohujle Gd oRs) )35 b ol | lagise
Olol (liaws b 0938 5 Wile alaplinl 3 555 Ml gz g pliwjss G2 G5y (Pl ples by JBlge ]
Gblie 5le) Bloads (yasuie sl S5y b a8 adds | oo isu 45 ol S5 4 p3Y ol ol odalie (B,d lub,dl
030> 38 (535 o nl 5l alots g 5yl oo 4 Sl alayisn oyt Jlod Jl (bbisu pf 9 She 055 5> s
5 95w Sl ials g ol sled s & adllas 390 dilaie ()2 Jlod 5 0)8) pwdp Sleli)l (Jlio )3 lodg:
03l 35 & gy (sloadly (F-o JS5) e oo ) s omb Sl (b G5 5 e )i plio 95 sloncs 40
0513 Briogz 5 G5 0 g (b i 5l b (s 5 655 e oyt 4 ol L Y YF CusgSTolo 5
(B30l J) gy (slo S s hlho 3 iz o ol CLALE G5 58S 555 3 (slosiSly LS (ized 9 (0 5 Sos
P ol Sl oot i i 1y S5 cul bagie Al 95 Cpiogis Sl (i g o o ySTy g5 e Bbobie

- Hendrick
2 - Tavella


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

PP of o lads I 0,50 o« axo colpblio oy Ldd Sl Y

I 53 50 Jelse anl 0 osnlio 3,8 Jlad 5 3 e Bl By 5 e s ol Sl o5 sl ol
).) wﬁ] DLo ..\.u.’l.} u‘l""’ d?} .L‘ul)w 9 ‘Juuu))? ..\.s..\w ‘JMJU ‘DMDJ‘SA&A—’ :LJ5| .)‘9.0 )Lw.u" g',us)J QLQL.A ..\.’]9.’(50 u)i )Lu.dl
23 e il ) olendsnd (cla STy cas pus 4 sl olya (UV) i3 Sl eVl s by Yoo aslllas 390 dilaie
3 S8l Jin) oS 5 4o Ylais! ) 35 5 w’i SYL cdale (VoVF (o, Ken ¢ T Klg ¥ VA g pole 9 S jogn)
(Jlie jd WS o Cuods | d)’i B8k w2 g i op a5 ol )] o Lalyd g YU (clod cgis (il clinods (slanyguiS
oS5 glize g9n Lyl 0y VT mlie 385 5 o8 Cal S (655 yo M 5 by bly wile Liblio 15 ol by cldale
Slgi o s gl S Shy b 4 olend S iSTy S iz en A8l Bblie (pl (92 (ixionS g Cumex oS
Ot IS 03 (15958 deS1i (g s b J9Sge daai s 09,8 (o JSB) 0l (g5 el 55 ol HLasl (tals ede
gli oo (595 )yg8) slaole TNV Jlo (el g 38T pnolizer (S g2) (sloole )3 92 YL (oj o jl g2
(ssolipms 5 0595 a9 uwsST gV g o0 cymslo ctrsilf e Jaygl) csloolo 5 VoYY (oo g ST epralsi ST e palis prolund
dg3g (godmd s 45 15,5 sanlie Ol Jbu clale Jlde (1 5eS daole pen 53 .ad < VoYY Jlo polwd olo g VoYY
P S PCA Jfogei 5 o (il JS8) ol (05 3ouSgign 5 o 50 b (305 20uSlesd (o (pogSnn A
by ol csloylanle yiglad (slodly yulwl p FYY Ji)BT olo (gl 39y dSlied S mje 4 by (slaaisl .ud
g Wle ol cwl SV (gag JB joba mio (plp g b Bble dagid NS 3 58 ol clle oS
Crl Foter Slodgr 0 U lawgie glaclale (s pliwjos g o)l il Sl alagizn 5 olo)S (S (ol (ladee]
g s glio daolgys s flug des 3l ¢5g50 auSlen jlinl Lol plie b dmio 9 Syp slojud «sblie
IARE el.uo 3929 9 &3\).; <YL > L ‘)9..5).@(.» CprCuze>p g mb Ob.:.c L ‘()])-Qﬁ Mu% A Lmli.:b"\./l,g
Sl 9 (Sl 9 S 295 (P CumonnS 9 03L8l193 3blie ¢ Jilie )3 398 o0 g S pl YLl STye (2 Sere S S
@ bl cpl s 55t beuSl 60 BB L oS jlaw clale gl aiS Gy Jlad g 0yl By Jlosd B Bble I
(F—z JS8) )b b Hlasl mlie wgisme sixiuo cullad 5 Sl Cures S

Oied 3590 slaole Jobo 3 (1395 A3 g i ¢ SIS clajl5 clale S jgloas osalcusda; gl ol
cble oS 8,5 doui o e gu o 0anlie e pxdaw (slas pSolul yd asl M5« NO2  Sgiw (slaodls & ds g5
Sl Jols (PCA) ol sloadlye Juloo b sollae aes (ol fcanl adl, iol38l gYL clod b glaole jo 59500 ST 6o
O59xw AT 6> Olpsd bod aws il b ylojon YU cugby b cslaole Sy 0 cpizped g sl (gloylaale (slaodls
ol 03,5 Iy ol 381 (1S midis yobas O JBu e wugby g Lod 3 c8leiSs ol B3I L blie 3 .cowl oad sanlie  Sgiw
clale YU zolaw 4 lawgio zolaw jl Lod iol38l L aS” s o lis Wodld copinpd > © g w0g)S )0 lov o |y ouy oyl
S8l 5 15 )l bl s 156 S ol g3dge cnl S e by Il slalas Mo BB psboa; 5 e g o]
Gl o> 3 5 ol

! - Hodzic & Madronich
2 - Wang


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

VY Obsaue | o/l y0 SllalS sloj 5 jLiil b j,) 5 Jedoei

Biplot (axes F1 and F2: 71.27 %)

P

F20326%)

z
i g
(u
v
Ol T e
z
£ Mean_CO_August_2021 &
O ks R
®
L
* o
z
o 178 350 z
i ™
wor O aso . o © r i

£ 43 3
(z (=
O oM e - Ol T pilie
g Mean_NO2_April_2023 §§ Mean O3 August 2024 £
S of ol 2 & s 2
&~ o~
@ & s
* U *
£lo 350 Py s 3se z
/ e S

2193 b 53 (e 9 10 ol (1390 3amS15D 0325 o ig0) (SIS (oI5 il 3 Lad ol s 5 PCA laged F JSU
\RAR 28 45

Lalguin 9 (o5 4

hnl > e 9 ST )50 o] (e 3emSIisd (S anS gige i Jols SIS Slofl5 o)) 5 adllae & 3o 0l 3
pl28] (PCA) ooz s)lel ooy 5 SENINEI-5P o lsale ¥ guasco jl ool L Y+VF 15 Y14 (la Jlu (g,lel 0y53 L
Jlo polie 03 oanlin VoYY CangST 13 o yS S gige clale 5 i &5 3 ol IS )5 b)) ol s
Olyass a8 ol lis joShe 55 dad g, e b sdaline dul38l (6005, YoVF Jlu 50 g 009 (pNle 0 SO0 35 V4N
Oy g a5 odalie YoVY sl olo 3 (50,0 unSTied palie o sV sl lad pé dasie Jelge y3b co CO
o 353 YoVF Jlos CassST oo oo 53 il clale ST i o sl NO2 s ad o st Jolos il Sl of
Ol o oo oS aih il bgy SLL cladle )3 g e o35 L bt adgl claJls b o Z-Score sl
O Yo Sllog b s YoVe Jlo gl oo o O Jbo clale 5 i -l o e Jolge odes 3l snims L
3ys0 sl 1 adllas 3y50 dibain j3 paseie ad Sy, Cusl s> oS 5 O mlis dos @i Ll Cod Baas
YoVY oo )0 e op 5 e oAb <l YoVY LL B YV Blol 5l jascin jobay lie oiulj8l Mgy s sdmline Buiod
o5b Klg5 oo 48 el o ial33l 3 dng BB das 1, oaima L R% = oAV e b ysShe 55 s o pd oS S
25l g g Ol Sl g Sl clacJlad


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

PP of o lads I 0,50 o« axo colpblio oy Ldd Sl V¥

s 1 20> VWYY Ly (PCA) 5 (PCAL) Lol sailye 35 & 3l olis (PCA) Lol cboadlge oo mls
W5 cnl ol 35l U7 by 3 1y waew Cr it 03958 dSTied 9 0l lie sajB g wad Juld ) Laodls JS
b eiitiane JS5 &y Ailg5 g0 I ol 51 G s l8IL ials 5l ddlaie )3 lon CudiS g codldl Clyss )3 S
Onied bl S0 LS ulitlgn slaoty £58g s iz g ughy 5 G5y (slagSll (lxe (slod it
dy90 LSUAJL» &leo 9 Dy sole 3 lllS olajE clale u’)’r”f &S sl uLW ol Lg.\;gog)f Slalo JJ% 9 4>
cloodls 9 glol (sla o ccily o5 4 5y (slaole 5 isljdl W9, Lod iulisl s 4 O Jlu g b sanlie aslllas
3 bl slacld ¢ anb Joloe 15l cov adllas 50 adlate 1 lbS (glajl5 oy oS sl L 93 1 iomins
Lol oxms s YoVE LU B YYY 3l 5 el tlidl bg, b (CHL) slie ) slite co)kd, coST 5 o 4 5,1
(CO wile b5 b sl (IS (el Ltz s liwd (cbcgu 5 (gylaols (55l siile ] clbcadled yosas
il a5l s gy g 351 JLE GseslieS slaslgy 5 ad clleg y5b cov i HaO 4 05 <NO»
Os clale oS Jb jo il o (il38l 0 slaJuad D NO2z 9 CO jolie oS ol lid Juad wyp 85)l0 cno Yob
sl V0o g Slale lynis 5 obie ialidl Bgy ) dag b aiS oy cipdyss Ll 5 Lo il cod baes H2O
5 5 lom (Sagll aie; 3 s B sla e b a5 s 0b bl oag 4 ol & 285 wn e dajl
9 bl gl 3 e 5 Sl iale S 205 el S5 sm s oz & SIS (£AlS Il el 5, ol
@y s g 03l LaalS | g i o biuws) sl gor Ll b 115 o NO2  CO (slajl5 b il e puiz ot
LS bl A Caro>
Simgg ] il Gilises (ela g o cIUBHS clajlS dipe) 3 oyt Slasios ) ond ploul Clalllas & da g b

plo @l b 3dog opl 3 odelcwnsd slaal b asly olpl p Glabdls a5 Lbs)) g Judoo (b 4 pols
oMl L &S sty (il 03,5 (oS g JeloS oy 3)90 059> (oode Ay L)l 2 9 05 (2Ll g Awalie (S SR
b8 Caesdly o &by Jlboo el Offline LIS (53ly o ¥ daw &Y game L Sentinel-5P glojloale (slaodls ;I
wiliseo glaglas)l 0 5 o ew JS 0 I St clale £,50jll ol o 5YL CurS g Cdd wd)S waly8 |y slailds
> Sy ke 0dd (cungidalyy (B]1 b olpen GEE lame (635,54 bidu o d9me 1) (Sleoj 5 (2ldd (sasly) (o)
oilS gy Lol cadie oo daosls (gilw Jle s cuS 5 cpl pogMe amd o GiulEl ) ot ce s g odly pulace
(Jolse opl A8 o ol )81, Feel> Julos 1l g less (sl oS! Cl)éd.wl Ol o pxiodis pudlo (6,50 (slapis oSl g sl
Se olyis 4 dlgie Shgy ol djliee silate e Slalllas 4 s Jlow bl g wlid g, S 51 T) ol gl
2590 gl 2p9n dilate )3 ouldl iy Sl slaculad ;3B bl g lgn (Sgll st iy (sl a8 13
Gpae (jldingy (S elols il Ltmls ol oS w8 o 15T adllas 1) gl wculys )3 5 51,5 odlisl
L e O 3 S
Capte Sy 9 ool JIS 51 1935 adlfl Sy 5 lgm (5391 1 ploiod bt o Ll 5 Slusl (slales o 5
23905 g0 Sy o3 b Sal,y pols 3uind 1 oel Cuwd 4 (sloaidl a4y dngi b djlu oo diw p 1) 585 (32 )40b o g Miowign

comile (6350L (sl )6l 5 (slolanle (slaosly I edlaiwl b Niadigh g yotiwo il -

ol s slaoy g lsn (Sagll @y sluie (slodilols drwg -

2d VT (glajl5 il (sl (e (SUdb drgi g (3l) s p)S Copte -

S oMo

bl il 30l 3,90 g0 ol g 03905 Culey ale Ligly ol Uil g plsl )3 1, (BUS] Sl odbun s


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

ARIA) Obsao | lpf 0 lailals clojl5  Liil ol 5y 5 dor

St S

el 03,5 8 lie Waodls Julows ¢ jimgis 5135 amg dmodly (yglaes 5> odiwn g
&bo P,

b o>

A plosl olRisly dagh Coglee o coles b ol dllis

S 35wl

Db &yliSwlw ale 5 ()l Lo sl jlas )l LB & p e oyl ]

&b

Mo Yo¥e 38l 5> dilaie b ,55le jlisl galS clag b wyp g S clajl8 Liasl 5yl ((VF)) e ¢ o8 (gren]
http://ijhe.tums.ac.ir/article-1-6617- A\YFAYY (WO Cugjlomo 5 oM (olp) (NS il 106350 dalllas)
fa.html

adllas) oyl y3 &y 313 LalL Wgs o Sl (ol o abaly oy (MWAA) o)l ¢ coliae] 5 lucs] cuvgd 35 fhuon codle]
FYV=Y A (YOR o goliaid] doliiang s ()8 deanSl 65 (8390

doliliad ) ) y> Lisl galS o Juil 5 (GHGS) (slaslsdS slajl jLisl o 530 Jolge oo g 305 (VWAA) odljl o g5
http://iiesj.ir/article-1-985-fa.html .\« 0-VYV ($ VD < s/ dlaid] clalllo

SipgliS s SIS sl Lisl b Jlsis clajadls dail) (VY (sage ¢ Saxld (oo g dpms (Byd o5 ()0

https://dor.isc.ac/dor/20.1001.1.20087942.1402.17.2.6.2 XYO-Y&\ (Y)Y «lu/ K ; 5 (cplo] 4 puiti ) )

sl gnbad pis s 4SB L lal )3 08 eSlisd il 1 5o Jolss (luss) (VFF) pladl (g 5 st ol oo (S5
https://doi.org/10.22034/em;j.2024.714147 A=\ (Y)Y « xub (slopiussST o pito . sdlaidl

SIS gl jl8 Ll e 550 (VWWAY) ol e ¢ g g dabld da SIS tdabold o K> K5g3,065 s 55 ¢ 555 bl ¢ aslS
https://dor.isc.ac/dor/20.1001.1.25885251.1397.5.2.6.1 .A-

Slaalie 6,86 1lpl g5y CHA g clale adllas (VF+)) doxe ;! 5 e doidry {opms ( I9le Hyans o wl)S
IY=Y (O NVF N (wlidods] clo ying s WRF-GHG (ose sl silwanis s GOSAT sholsale

Ot i sliel Glel (o GaldS ool Lial 5 (g5le Jao (IVAR) jguais ¢jgi i g olmoMe ¢ g o] 8 oMb € oy panss cdomo g0l yo
https://doi.org/10.22059/jne.2021.302857.1987 AYY-MA (FIVY  xub Cu ) Laso 4 puiti
https://dor.isc.ac/dor/20.1001.1.23456205.1400.9.2.1.0 .Y - ¥-VAY (YR ¢ 3/ o pito .l slajl5 Lics]


http://ijhe.tums.ac.ir/article-1-6617-fa.html
http://ijhe.tums.ac.ir/article-1-6617-fa.html
http://ijhe.tums.ac.ir/article-1-6617-fa.html
http://iiesj.ir/article-1-985-fa.html
https://dor.isc.ac/dor/20.1001.1.20087942.1402.17.2.6.2
https://doi.org/10.22034/emj.2024.714147
https://dor.isc.ac/dor/20.1001.1.25885251.1397.5.2.6.1
https://doi.org/10.22059/jne.2021.302857.1987
https://dor.isc.ac/dor/20.1001.1.23456205.1400.9.2.1.0
http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

JEeF o o ylads Y 0,90 o axo Sl pblio oy ld i \Rl4

References

Ahmadi Orkomi A. (2022). Greenhouse gas emission inventory and quantifying regional compatible
mitigation plans-horizon 2030 (case study: Guilan province, Iran). ijhe; 15 (1), 121-136. (In persian)
http://ijhe.tums.ac.ir/article-1-6617-fa.html.

Alrashydah, E., Algahtani, T., & Al-Sabaeei, A. (2025). Emissions of conventional and electric vehicles:
A comparative sustainability assessment. Sustainability, 17(15), 6839.
https://doi.org/10.3390/su17156839

Amadeh, H. , Haghdoost, E. & Azami, A. (2009). Survey the Relationship between Greenhouse Gas
and GDP Per Capital in Iran (Carbon Dioxide Gas). Economics Research, 9(35), 209-337. (In
persian)

Bréon, F.-M., & Ciais, P. (2010). Spaceborne remote sensing of greenhouse gas concentrations. Comptes
Rendus Geoscience, 342(4-5), 412-424. https://doi.org/10.1016/j.crte.2009.09.012

Copernicus Sentinel-5 Precursor. (2022a). Algorithm Theoretical Baseline Document for Sentinel-5
Precursor/TROPOMI Methane Retrieval.
https://sentinels.copernicus.eu/documents/247904/2476257/Sentinel-5P-TROPOMI-ATBD-
Methane-retrieval.pdf

Copernicus Sentinel-5 Precursor. (2022b). Sentinel-5 Precursor/TROPOMI Ozone Profile Algorithm
Theoretical Baseline Document.
https://sentinels.copernicus.eu/documents/247904/2476257/Sentinel-5P-TROPOMI-ATBD-
Ozone-Profile.pdf

Dinh Thi Hai Van, Oanh, N. T. K., & Yen, N. T. B. (2025). A survey-based emission inventory of
greenhouse gases released from rice production on consolidated land in the Red River Delta of
Vietnam. Atmosphere, 16(7), 794. https://doi.org/10.3390/atmos16070794

Filonchyk, M., Peterson, M. P., Zhang, L., Hurynovich, V., & He, Y. (2024). Greenhouse gases
emissions and global climate change: Examining the influence of CO2, CH4, and N20O. Science of
The Total Environment, 114048. https://doi.org/10.1016/j.scitotenv.2024.173359

Galfalk, M., & Bastviken, D. (2018). Remote sensing of methane and nitrous oxide fluxes from waste
incineration. Waste Management, 75, 319-323. https://doi.org/10.1016/j.wasman.2018.01.031

Gao, Y., Han, Z., Li, Z., & Deng, X. (2025). Global grain crops non-CO: greenhouse gas emissions and
mitigation potential integrating food security and climate change scenarios. Resources,
Conservation and Recycling, 212, 108543. https://doi.org/10.1016/j.resconrec.2025.108543

Hendrick, C. D., et al. (2023). Within-City Variation in Ambient Carbon Monoxide Concentrations.
Environmental Health Perspectives, 131(5), 057009. https://doi.org/10.1289/EHP10889

Heydari, F. , Sharafi, S. & Mohammadi Ghaleni, M. (2023). The relationship between drought indicators
and greenhouse gas emissions in Iran's agricultural sector. Iranian Journal of Irrigation &
Drainage, 17(2), 261-275. (In persian) https://dor.isc.ac/dor/20.1001.1.20087942.1402.17.2.6.2

Hodzic, A., & Madronich, S. (2018). Response of surface ozone over the continental United States to
UV radiation declines from the expected recovery of stratospheric ozone. npj Climate and
Atmospheric Science, 1(1), 45. https://doi.org/10.1038/s41612-018-0045-5

Karbasi, S. , Malakooti, H. , Rahnama, M. & Azadi, M. (2022). Study of CH4 column concentration on
Iran: Application of GOSAT satellite observations and WRF-GHG numerical simulations. Journal
of Climate Research, 1401(50), 1-22. (In persian)

Kashefi, K. , Nodle, T. , Goodarzvand-Chegini, F. , Zajakaniha, F. & Asghar Mahjoubi, A. (2019).
Estimation of Greenhouse Gas Emissions in two Refineries of Hasheminejad and Fajr Jam and
Providing Operational Solutions to Reduce Emissions. Iranian Journal of Gas Engineering, 5(2),
68-80. (In persian) https://dor.isc.ac/dor/20.1001.1.25885251.1397.5.2.6.1

Mirzai, M. , Gorji, M., Moghiseh, E. , Asadi, H. & Razavi toosi, E. (2022). Sustainable soil management
and its role in mitigating greenhouse emissions. Land Management Journal, 9(2), 187-204. (In
persian) https://dor.isc.ac/dor/20.1001.1.23456205.1400.9.2.1.0

Moradimajd, N. , Fallahghalhari, G. A. & Chatrenour, M. (2021). Modeling the amount of greenhouse
gas emissions of gardens in Khuzestan province. Journal of Natural Environment, 73(4), 819-833.
(In persian) https://doi.org/10.22059/jne.2021.302857.1987

Naturinda, E., Kemigyisha, F., Gidudu, A., Kabenge, 1., Omia, E., & Aboth, J. (2025). Quantification



http://ijhe.tums.ac.ir/article-1-6617-fa.html
https://doi.org/10.3390/su17156839
https://doi.org/10.1016/j.crte.2009.09.012
https://sentinels.copernicus.eu/documents/247904/2476257/Sentinel-5P-TROPOMI-ATBD-Methane-retrieval.pdf
https://sentinels.copernicus.eu/documents/247904/2476257/Sentinel-5P-TROPOMI-ATBD-Methane-retrieval.pdf
https://sentinels.copernicus.eu/documents/247904/2476257/Sentinel-5P-TROPOMI-ATBD-Ozone-Profile.pdf
https://sentinels.copernicus.eu/documents/247904/2476257/Sentinel-5P-TROPOMI-ATBD-Ozone-Profile.pdf
https://doi.org/10.3390/atmos16070794
https://doi.org/10.1016/j.scitotenv.2024.173359
https://doi.org/10.1016/j.wasman.2018.01.031
https://doi.org/10.1016/j.resconrec.2025.108543
https://doi.org/10.1289/EHP10889
https://dor.isc.ac/dor/20.1001.1.20087942.1402.17.2.6.2
https://doi.org/10.1038/s41612-018-0045-5
https://dor.isc.ac/dor/20.1001.1.25885251.1397.5.2.6.1
https://dor.isc.ac/dor/20.1001.1.23456205.1400.9.2.1.0
https://doi.org/10.22059/jne.2021.302857.1987
http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24237892.1404.12.3.6.7 ]

[ DOI: 10.66224/jsaeh.12.3.7]

VY Obsao | lpf 0 lailals clojl5  Liil ol 5y 5 dor

of greenhouse gas emissions from livestock using remote sensing & artificial intelligence. Artificial
Intelligence in Geosciences, 5, 100147. https://doi.org/10.1016/j.aiig.2025.100147

Park, H., Jeong, S., Sha, M. K., Lee, J., & Frey, M. M. (2024). Comparisons of greenhouse gas
observation satellite performances over Seoul using a portable ground-based spectrometer.
Geophysical Research Letters, 51(14), e2024GL109334. https://doi.org/10.1029/2024GL.109334

Ramanathan, V., & Feng, Y. (2008). Air pollution, greenhouse gases and climate change: Global and
regional perspectives. Atmospheric Environment, 42(34), 834-840.
https://doi.org/10.1016/j.atmosenv.2008.09.063

Rezvani, M., Pendar, M. & Vafaei, E. (2025). Evaluating factors affecting carbon dioxide emissions in
Iran by emphasis on Economic Policy Uncertainty. Management of Natural Ecosystems, 3(4), 1-
11. (In persian) https://doi.org/10.22034/emj.2024.714147

S5P-PAL. (2025). Methane (CH+) maps based on Sentinel-5P L2 products [Data set]. Copernicus Data
Space Ecosystem. Retrieved August 11, 2025, from https://maps.s5p-pal.com/ch4/

Sadovnikov, S. A,, Yakovlev, S. V., Kravtsova, N. S., Romanovskii, O. A., & Tuzhilkin, D. A. (2024).
Dual-channel infrared OPO lidar optical system for remote sensing of greenhouse gases in the
atmosphere: Design and characteristics. Sensors and Instrumentation, 2024, 100307.
https://doi.org/10.1016/j.sintl.2024.100307

Schneising, O., Burrows, J. P., Buchwitz, M., Reuter, M., Bovensmann, H., Notholt, J., & Franco, R.
(2014). Remote sensing of atmospheric methane by SCIAMACHY on board ENVISAT: Methods
and first results. Atmospheric Chemistry and Physics, 14(15), 10653-10665.
https://doi.org/10.5194/acp-14-10653-2014

Schitze, C., Lau, S., Reiche, N., Sauer, U., Borsdorf, H., & Dietrich, P. (2025). Ground-based remote
sensing with open-path Fourier-transform infrared (OP-FTIR) spectroscopy for large-scale
monitoring of greenhouse gases. Sensors International, 6, 100153.
https://doi.org/10.1016/j.sintl.2025.100153

Shavrina, A. V., & Veles, A. A. (2004). Remote sensing of some greenhouse gases by Fourier-
spectrometry in Kyiv. Journal of Quantitative Spectroscopy and Radiative Transfer, 88(1), 345—
350. https://doi.org/10.1016/j.jgsrt.2003.12.036

Tavakoli A. (2019). Decomposition and Analysis of Driving Forces of GHG Emissions and Emission
Reduction Potentials in Iran. QEER; 15 (60), 77-105. (In Persian) http://iiesj.ir/article-1-985-
fa.html.

Tavella, R. A., da Silva Janior, F. M. R,, Santos, M. A., Miraglia, S. G. E. K., & Pereira Filho, R. D.
(2025). A Review of Air Pollution from Petroleum Refining and Petrochemical Industrial
Complexes: Sources, Key Pollutants, Health Impacts, and Challenges. ChemEngineering, 9(1),
Acrticle 13. https://doi.org/10.3390/chemengineering9010013

Veefkind, J. P., Aben, I., McMullan, K., Forster, H., de Vries, J., Otter, G., ... & Levelt, P. F. (2012).
TROPOMI on the ESA Sentinel-5 Precursor: A GMES mission for global observations of the
atmospheric composition for climate, air quality and ozone layer applications. Remote Sensing of
Environment, 120, 70-83. https://doi.org/10.1016/j.rse.2011.09.027

Wan, K., Gampe, D., & Hajat, S. (2025). Disentangling the contributions of anthropogenic climate
change, greenhouse gases, and aerosols to heat-related mortality in Great Britain: A climate change
impact attribution study. The Lancet Planetary Health. https://doi.org/10.1016/S2542-
5196(25)00050-6

Wang, Q., Chen, J., & Zhang, Y. (2024). Ozone formation potential related to the release of volatile
organic compounds (VOCs) and nitrogen oxide (NOx) from a typical industrial park in the Pearl
River Delta.  Environmental Science and Pollution Research, 31(1), 1-12.
https://doi.org/10.1007/s11356-024-22000-0

Zheng, H., Feng, Y., Wang, Y., Gao, C., Xing, D., Li, Z,, He, H,, Liu, Q., Yin, Z., & Lin, X. (2025).
Seasonal variations in greenhouse gas production in coastal sandy sediments. Marine Pollution
Bulletin, 205, 118573. https://doi.org/10.1016/j.marpolbul.2025.118573


https://doi.org/10.1016/j.aiig.2025.100147
https://doi.org/10.1029/2024GL109334
https://doi.org/10.1016/j.atmosenv.2008.09.063
https://doi.org/10.1016/j.atmosenv.2008.09.063
https://maps.s5p-pal.com/ch4/
https://doi.org/10.1016/j.sintl.2024.100307
https://doi.org/10.5194/acp-14-10653-2014
https://doi.org/10.1016/j.sintl.2025.100153
https://doi.org/10.1016/j.jqsrt.2003.12.036
http://iiesj.ir/article-1-985-fa.html
http://iiesj.ir/article-1-985-fa.html
https://doi.org/10.3390/chemengineering9010013
https://doi.org/10.1016/j.rse.2011.09.027
https://doi.org/10.1016/S2542-5196\(25\)00050-6
https://doi.org/10.1016/S2542-5196\(25\)00050-6
https://doi.org/10.1007/s11356-024-22000-0
https://doi.org/10.1016/j.marpolbul.2025.118573
http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html

WA

1FeF F o,las Y 0,50 o Aamo Ol pblio oy lad Ll

[ 0T-90-920Z uo J1rJenyyyges| wo.j papeojumoq ]

[£9€2Tv0rT 268.€2¥2 T'TOOT'0Z :HOd |

[ 2 €2 yeesireeo90T :10a ]


http://dx.doi.org/10.66224/jsaeh.12.3.7
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.3.6.7
https://jsaeh.khu.ac.ir/article-1-3516-fa.html
http://www.tcpdf.org

