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Introduction: Climate change and global warming, caused by the increase in ﬂ‘:oncentratio
in the atmosphere, have garnered significant attention across various national and i
of greenhouse gases has long been recognized as one of the most pressing envi
concern. Since the Industrial Revolution and the subsequent changes in hu
the consumption of fossil fuels have escalated, leading to increased greenh
this industrialization period, atmospheric carbon dioxide concentration has ri
input and output of atmospheric carbon dioxide have traditionally
and carbon dioxide emissions have disrupted this equilibrium in rece

global warming. L \
.

Materials and Methods: There are various methods for m
Remote sensing technology, in particular, has emerge
measurement methods by offering continuous monitoring
absence of ground stations for
spanning 7,207,570 square kilo
concentrations of carbon dioxiiusi ata from s
period spans from 2003 to 2‘20.

greenhouse gases
ectors. The emission
s, sparking widespread
e demand for energy and
1ssions. Consequently, during
from 280 ppm to 419 ppm. While the
ained in balance with nature, human activities
ecades, giving rise to climate change and

.
ewl“tion of atmospheric carbon dioxide.

tiongovercoming the limitations of ground-based
d global coverage of greenhouse gases. Despite the
in the Middle East region, comprising 15 countries
es the monthly, seasonal, and annual atmospheric

.
Results and DiscusgioggThe fi
concentration over the@li8 ye
the average atmospheric co

d by all three satellites. From 2003 to 2011, as observed by SCIAMACHY,
of this greenhouse gas rose from 375.22 ppm to 391.32 ppm, representing an
pm. Subsequently, between 2010 and 2020, GOSAT data revealed an increase in
ppm to 411.55 ppm, with an average annual rise of 2.27 ppm. Moreover, from 2015
to 2020, the atmos centration of carbon dioxide observed by the OCO-2 satellite rose from 399.73 ppm to
age growth rate of approximately 2.55 ppm. In addition to examining annual changes, this
study also investigatgd seasonal and monthly variations in atmospheric carbon dioxide concentration. The lowest
concentrations of thisfgreenhouse gas occurred during the summer months, particularly in August and September,
while the highest congéntrations were observed during the spring months, specifically in April and May. Furthermore,
the analysis of diffgsfices in atmospheric carbon dioxide between seasons revealed the most significant changes from
spring to summer, with an average decrease of 6 ppm. Conversely, the highest increases in atmospheric carbon dioxide
between seasons were observed from summer to autumn, with a recorded average increase of approximately 4 ppm.

Conclusion: This research indicates a notable increase in atmospheric carbon dioxide concentration in the Middle
East region from 2003 to 2020, accompanied by seasonal and monthly fluctuations consistent with global trends of
this greenhouse gas. This long-term rise in greenhouse gas levels can lead to various detrimental effects in the region,
including temperature escalation, alterations in rainfall patterns, heightened drought severity, and damage to natural
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ecosystems. Consequently, the socio-economic stability of the region could be jeopardized, impacting agriculture,
water resources, human health, and biodiversity. To effectively manage and mitigate greenhouse gas emissions,
immediate action is imperative at both national and international levels. Such measures may involve promoting
renewable energy sources, enhancing energy efficiency, curbing industrial pollution, advancing emission reduction
technologies, and fostering regional and international collaboration in greenhouse gas reduction efforts. Moreover,
public awareness campaigns and policy interventions are essential to mobilize stakeholders and facilitate the transition
to a low-carbon economy in the Middle East, ensuring sustainable development and climate resilience for future
generations.

Keywords: Remote sensing, Climate change, Greenhouse gases, Atmospheric Carbon Dioxide, (‘bal warming




233 Wl
39 &;tho 6}9‘*““‘ clals 43[.0[.09 G.L»aé Ay Llw ub.ux J..l:ug )y
o ,laale slaosls ;I eolaiw! b ailw s ddkio
0CO-2 § GOSAT SCIAMACHY

"5 (6 3bail apmar M plad (2B yae dods  Ggmige crmino duw
Q‘ﬁ‘ ‘C)‘)‘Qj Cainr S oKl ‘L;la..,:u ‘aa,l.c omﬁk e L;>|)Ja 98Xy d.nb'ﬁ oj)f

Oyl ol (ool slails oKty S pud 0aSiidg’ ©

5 o calises sloidu 1o 1) ol a g il o Sl lals cdale zul8l ) oL 5 ol yss 1 Bad g alilu

Lgbl%)’ 6&@‘113 9 ol g (S Ja..:u N JSL....@ )'| ‘5% 6\431.7':.15 6L®) Lezsl o)19_o.a= S| o.))f p‘b &9..49.9 Q..v.l £y GU.Q.” O

el ol el (Lwd Glacs g glgil B ran 5 (65,3 LI Ll (S35 ,Hi ; sixivo M e 5l ] 08,91 05 4 1)

PPm 3l (6 hail o SauS g clale lade Jl> 4 b o P %J;)‘Jdﬁb A el 0030 8 SlallS slajls
Be Lol e 009 u.v.u.lo Ll JOL\J B ‘SI.M.IQ )9.104J Lg,ﬂ.....a.:‘ QJ;AM.S t5>5)'> 9.599)9 )JQLM ] ailo w‘)s‘ 14 ppm <« YA
Ombe )T g o8l s ongay oll el g > o2y Jolss lgo [l 5 gludl lacdld oldl oy ol ans wi

el 00 (S’LP

3,00 3925 (5 pandl (S aSlgs clale (6 Sl sl ik lagts, gy 9 dlge
Sl ey oK RgS o dllle o5 adlaie )3 .l 03,5 ale ey o3Il lats, nle Cudgaze (Sl Slajl Sl
oolial Ly (31,5 S | NGRS 518 Al 5 Lo oo (g ool CALE oy anlllne () 55 130 5,005 095 (glallS (glagls by
ol gy yioskeS VY - VOYH colics U 1555 10 Lalis oo s ailaie 0 OCO-2 3 GOSAT SCIAMACHY glaslsale (slaools |

ROEIC JCUR % PITE P 0

BB ol o laale s yo gl b VA 0,90 ol [0 (6 tad] (p SannSTes I8 cdale aS ol lis Gadss cpl bl iéen g gl

S ol 6 yhmn] il Sl sl 05 SCTAMACHY  (glaosls aiso L5 a8 ¥+ V=Yoo ¥ Sloj o5l 4o sl anils (glazgs

* Corresponding Author Email Address: n_mobarghaee@sbu.ac.ir



Sl L ppm YooV T aVle o Silee ialisl a8 b Lial38l YoV Jlo yo ppm YAVXY & Yoo ¥ Jlo o ppm YVOXY 5l slal=ls
Jls ;o ppm FAVA0 4 YoV Jlo o ppm YAAAY 51 GOSAT o lsale o SanSlge cdale (Y Y-=YeV e Sloj ol ,o .Cewl oog
cdale Jlode Yo Y=Y+ 10 0,00 ;0 .l 00 PPM YTV (1 SunS 60 (6 pinas] cdale a¥lo 2ol 33l .Sl g ol azily o138l Y-V e
Ay el g cdl al38l VY. Lo yo ppm FATYY 4 V10 Jlo 0 YAAYY 510CO-2 g0 )lgnle glaildS 55 ) (g poues]

W R MJL]QAUJ)\))_Q‘SM‘ w;mléombuuswu‘w WYl Q‘M)JOEBLC R .>ippm Y.00 Sga> U‘

oS demSlgs chale lade o iy g prelips g gl laole jo 5 pliasli Jad o Jlo Jsb o slallS 515l g lie 0 eS
ilises Jgad (a6 kel (S 08168 NS dnslne mll uizmen 00,8 daline o0 5 Jiygl slaole 10 gl WS (6 sl
adly el ppm # Lawgle jobay SIS I ol Clale a5 el 39y Ll 4 o ) kgl Jad o SLEERE i o5 Ols Las
Ol Olyss S,k 5l el

3l bl 5l 50 (6 ped] S anSTg ialidl o i aS ol lis calize Jgad o

ol 00y 5 sga> o lade a5 o camlive

. , .
~ Li"L‘ﬁ shad Olpass b ol e 20153 ol ol

alex> )!;;p aisls aibie p gox ot Wig o slalxls

a8l Gl B YV YY) il gl adlaie jo &ngb’

.

38 Sae SYsb ialidl ol calhe glalxlS 518 ) Sl Ol sy

JERVIP JARYOR P ) PRSP FSCINUN S | PYRUION PR R TRV

o0l 950 (nl 4 ar Bz o Ghaeadl )3 QAL SajlS (e SIS S 4 Sler GlesS ohad g meldl s
ol 03,91 3429 @ I om malsz o |y gloo s sla 1,55 (Ghayoumi et al., 2023; Borhani et al., 2023)

Ololis )5 ax 530 50 oy glS 51 (S 4 GlaldS slajls lacsl a5 s ,9bbay (Fu et al., 2019; Darvishi et al., 2024)

S5 50 95 g i g Sao Ol 5T L (Koskela er al., 2011; Yousefi ef al., 2021) ol 00l Js0ud S jlaims

Cwl 0,8 Glalds slaslE el ol cow Jewd GlcSsw gyl Bras 5 il 4 e 5L ol

YA- ppm Jlaie 51 Y YY) Jlo 5 YA« Jlo 5l 0,8 sl 55 (6 pandl clile oSilos oS sk 4 (Jenn et al., 2019)



69,9 mbie glylo gl a8 )3 Jlai o s SO lgie 4 oy ST .(Dlugokencky and Tans, 2024) cewl oo, 19 ppm 4
S onS oMb B czse (2a plie s il 4 (S 0nSTgo 53,8 Aol s (095 @l allice (05 295 g
&l 51y 2l ) s 5 (hend Sl g Bras (S S (lalS S Jold (255 (699)9 @lie igd oo phanes]
Mac ) 5,5 o )Ll GlaliS inssid galiws 4 )] iz g phnnadl ;o LAl o ugildl g (0,8 i @ Glgice ()5 (75

s aas i (b bl il e ool Jols sl Jl> j0 ands b 4y S 25,5 9 (599,9 b (DOwe al., 2017

adbige g lmlee g paS bug gpSejlal b wil slag ; S I R L)

e 456 y5b s 0398 Sgamme ilSe Ll 51 Lol wims oo bl 1, ids slacs 5o 25y ol 4> 51 (O'dell et al., 2018)

L 9o 3l Lioxiw ole (Mousavi and Falahatkar, 2020) o,las o

) |
MOGA (:L‘>u‘ L""b)‘*"]"‘" LS‘)’ ‘) L{bd).fa)‘.b‘jod; A.J!J.ium

Falahatkar et al., 201 ousavi et al., 2017a,2017b, 2018, 2020; ) wilazd 3 |13 o) 5,90 aileo,gls g ol 0l jo calize

Golkar et al., 2019 Golkar and Shirvani, 2020; Mousavi and Falahatkar, 2020; Golkar and Mousavi, 2022; Mousavi

alale Yl Ol s sy 4 (3288 5 mol> O 90 4 Oladllas ol 5l plaS o Ll (e al., 2022, 2023; Safaeian et al., 2023

ol @315 15 diln gl adlate [0 S oS T60 GBS 5 (6 phunes] clale 5



SY Y B Yeo¥ Jlo sl il gloJlo Jsbo 50 6 il S onaSlgs lie 230 5 paly o)y dnlllas ol o 1)
anlllas pl 5o adlge Gloj 0)90 nl Job )0 Dl (ol Glacle (s rizren 5 o AVl 5 (L ilale S o)
5 OCO-2 g GOSAT SCIAMACHY (glaslsds (clajl5 Sty cso,lsnle duo (6 yimnns] 3,5 anSTiss slolsalo (sloools la
el 5 sy 5 Sloj 03k 0l sk o T 4Vl g (ad ailale Ol o Wiy ooy 41 G 220,505l YoV Y- ¥ Lo

. i

S azloy ol

‘)Jé.‘é ‘Qﬁ.‘a...l.é sOLQ.C EOL;-.AJ ‘ﬁo\.i}g GOQJ‘ cd‘).c 60‘)ﬁ‘ ¢ pan cw)JL" ‘SLQPL; L > LJ.AL.’:J MJUG.A \))5& 4.&‘4.;.&)

Elevation (m)
o High : 4949

— Low : -416

0 305 610 1,220 1,830 2,440
Kilometers




(ailoygl5) ardllae o590 adlaio Cuxdgo -) S
Fig. 1- Location of the study area (Middle East)
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Statistical Measures of CO2 Levels Over Years
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Fig. 5- Seasonal atmospheric carbon dioxide changes in the Middle East from 2003 to 2012 using
SCIAMACHY satellite data
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CO2 Levels in Iran by Season (2015-2020)
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Monthly CO2 Levels in 2003-2011
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Fig. 9- Monthly atmospheric carbon dioxide changes in the Middle East from 2010 to 2020 using GOSAT
satellite data



Monthly CO2 Levels in 2015-2020

—e— 2015
—e— 2016
—e— 2017
415 1 —&— 2018
—8— 2019
—e— 2020

405 1

CO2 Level

Month

sloslgalo glaosls 5l oslisuwl h ¥+¥+ B Y18 Jlggjlgilao ol ) 1S 9S50 ailalo ol puds —Ye S
wco

Fig. 10- Monthly atmospheric carbon dioxide changes\i
satélli

iddlefBasfifrom 2015 to 2020 using 0CO-2

|

AVl 5 MGl & s goains)lis aels jsb a4y JISal oyl

Jlo 5, (6 yas] AenSlgo clale Ol sy oS Slaus (o P 1 SO Olsieas 50 keeling  covs
ol S s

slale Sllugs s bl 58 5l 0,50 ol Jsb 1o cySumSTies el 0, s ogdle a wily o alinne

o3lail pl zls sl ool JI3 sy 0 50 lsle Mauna Loa s, > 0 (YY) B YA0A)

2O e g 5o olo 55 (el (S a8 JMko iyt @S (il bl 56 5k 009 b




Sl i alie 55 5l (6 phenad] 1T denS |65 i aF Censl 00y, sanlice 35T 5 el olo
(NOAA, 2023) a5l o IS 55 oyl
Ol bl 5550 00 (6 phanad! (1,8 0peSTigs Cale wilale g s Ol yiS gy b oY VY) o), San g Cao

5 onl g oleole o ol cdale o i a5 wib o L;)WQL;\aquf}lfleL@ééuussanow

adls JI 3 cwym oyee |y Las S sl (6 tadl 0,5 0SSl 60 Glale 5 Jad YLy Glasillas o
)
Oty Cyabina Cpl 010 0929 (6 yauadl 1 S oS T 60 Lad Sllug g a5

oL 5an 5 Dhaka isges wdlel liasli Lad o 1, 0T oo oy S 5 U0 |, bS58 oyl cale

Oliwgria HoiS o .m""la),; Oliwgaia p SausT g0

}lfa1chbléqqqdijlsqio)fomm‘sa9‘ j .
e S ,
.M‘OW)JL»J#)Q)WO:{‘)QQP)‘M ﬂ‘5ﬁ5|6uou)05oo)§w@l§¢&ﬁ

w1y s S cpSasTes 5 g wlale clyoss Jl o )Kee g Buchwitz Ko glasllas o

21y alale g Juad Slilagy
| )

5 ot e T @0 Ll oo aw ol Ol 5o (Jy wols ()55 oldlae oy 4w 2

B pae yilid Jgas 1o oLS ey Ol 5l Blie Cdél o SanST 6o Lad Ol s woads &3l

A (6 yhal] S leeo il o oo iolidl pizman asll oo Jlo 0y Jaad jo Lwd laisgu

S yoal| 33 S 0SSN 60 Q> blae jo jLasl fpl (Ve oo o)) Ken g Soegaard) ol oo S ubid galiwg

S e GlocS g (ailjgu § b Giwgid (0 Slpnad el 009y 1zl (Ll Jad o lalS lawgs

oh,5e2 g Roobaert ¥« Y . ,Kan g Dargaville) ol oo oy SanSlgs dad Olpss Yo o ogeo

(YY) K2 g Halder ¢V VA ()] ,ISe g Shi V- 14



=

S 25 amas
Wl gl adlaio ;o (5 huall (9,5 dnS oo cdale ailale 5 Llad a¥ln Sow SYsb Ol s (Gudod () jo

oy S350 OCO-2 5 GOSAT SCIAMACHY (g6,lsale s slosls 3 ool LYY+ Y-+ ¥ Lo |

aghio JS )0 Glalbds 518 ol cdale b VA Sloj o3l ol Job jo aS ols lis sy Bhmls .cd)5 )8

oS was oo lis Lo VY ol o Ty G2ali3l YY.VE ppm gaze B wols las YY- Jlo o ppm $11.00
| Y
S AY.OF ppm il 5 OCO-2 o, lsnls cMals My &i‘g ppm T 4Vl l38l eSiles

G sST 4 doio g Fauals gla Jluses ( Sai)lb slasSl o oo o158l el J\ St ol il

Sl GHallire 5 o ok 50 50 5558 Dl g lais 5 a0l a5 sl (5558 ¢35, (nl 5 alli oo (o



O o pdy Ohge Al gl dihie o SuS e dlex I (lalRS slailS Lal palS g Co pos
S5 98 A taio Sogll 10lS 15551 IS Gl v slass il s Juls sl 2Ll
Qb glalls 6[(0)'[? udblf 30 c;J‘L"J‘u"‘" 9 Slaalais LSLQLS)&“"Q 9 ‘Q.g; ol g )L,.;"..Z.ﬂ melf

S 5wl

flnil MEVEYYSE! 6 La b 5l end 41,5 (INSF) L8 olyslid 5 o) Ktmgty 5l culos Gsiio gl oo 5 50l

ol 00

bedsi o
. Intergovernmental Panel on Climate Change
. Scanning Imaging Absorption Spectrometer for Atmospheric CHartograj
. Greenhouse Gases Observing Satellite
. Orbiting Carbon Observatory-2
. National Aeronautics and Space Administration
. Japanese Aerospace Exploration Agency
. Ministry of the Environment

. National Institute For Environmental Studies

© O N o g B~ W DN

10. Thermal And Near infrared SeRser for carbon

)

9
References | &l
L |

Bergamaschi, P., Frankergerg, C., Meirink, J. F., Krol, M., Villani, M. G., Houweling, S., ... & Levin, 1. (2009). Inverse modeling
of global and ﬁional CH4 emis\sion‘szing SCIAMACHY satellite retrievals. Journal of Geophysical Research:

Atmospheres, 114(D22).
Borhani, F., Ehsani

uirk, S. L., Shafiepour Motlagh, M., Mousavi, S. M., Rashidi, Y., & Mirmazloumi, S. M. (2023).
Examining and prediCting the influence of climatic and terrestrial factors on the seasonal distribution of ozone column depth over
Tehran province using satgllite observations. Acta Geophysica, 1-36.
Borhani, F., Pourezzat, ., & Ehsani, A. H. (2024). Spatial Distribution of Particulate Matter in Iran from Internal Factors to the
Role of Western
Environment, 8(1), 135-164.

Buchwitz, M., Reuter, M., Schneising, O., Bovensmann, H., Burrows, J. P., Boesch, H., ... & Schepers, D. (2018).

acent Countries from Political Governance to Environmental Governance. Earth Systems and

Copernicus Climate Change Service (C3S) global satellite observations of atmospheric carbon dioxide and

methane. Advances in Astronautics Science and Technology, 1(1), 57-60.



Buchwitz, M., Schneising, O., Burrows, J. P., Bovensmann, H., Reuter, M., & Notholt, J. (2007). First direct
observation of the atmospheric CO 2 year-to-year increase from space. Atmospheric Chemistry and Physics, 7(16),
4249-4256.

Butz, A., Guerlet, S., Hasekamp, O., Schepers, D., Galli, A., Aben, 1., ... & Warneke, T. (2011). Toward accurate CO2 and CH4
observations from GOSAT. Geophysical Research Letters, 38(14).

Canadell, J. G., Mooney, H. A., Baldocchi, D. D., Berry, J. A., Ehleringer, J. R., Field, C. B,, ... & Bond, B. Y. (2000).
Commentary: carbon metabolism of the terrestrial biosphere: a multitechnique approah for improved
understanding. Ecosystems, 3, 115-130.

Cao, L., Chen, X., Zhang, C., Kurban, A., Qian, J., Pan, T., ... & Maeyer, P. D. (2019). The glo

distribution of the mid-tropospheric CO2 concentration and analysis of the controlling factors. Rem
94. '\
Cao, L., Chen, X., Zhang, C., Kurban, A., Yuan, X., Pan, T., & De Maeyer, P. (2017:. The temporal and spatial
distributions of the near-surface CO2 concentrations in Central Asia and analysis of their controlling
factors. Atmosphere, 8(5), 85.

Chhabra, A., & Gohel, A. (2019). Dynamics of atmospheric carbon dio

over different land cover types in
India. Environmental monitoring and assessment, 191(3), 1-10.

Cortesi, U., Del Bianco, S., Gai, M., Laurenza, L. M., C erini, S.,

Dargaville, R. J., Heimann, M., 1;/IcGuire, A. D.,‘Prentice, I..C., Kicklighter, D. W., Joos, F., ... & Wittenberg, U.
(2002). Evaluation of terrestrial cart& cycle model\s with Ltmospheric CO2 measurements: Results from transient
simulations considering incr:asing C22, cl{nate, and land-use effects. Global Biogeochemical Cycles, 16(4), 39-1.
Darvishi, A., Yousefi, M., S_chirr&ann, Mi& Ewert, F. (2024). Exploring biodiversity patterns at the landscape scale
by linking landscape eﬁrgy ?nd landu.se/land cover heterogeneity. Science of The Total Environment, 916, 170163.
Dhaka, S. (2018). Seasonal and Annual variation of AIRS retrieved CO2 over Indian region during 2003-2016. 42nd
COSPAR SEien\tiﬁc Assen@/ZZ,.Al—l .

Dlugokencky and Tans, 2024. E. Dlugokencky, P. Tans.Trends in Atmospheric Carbon Dioxide [WWW Document].
cgg/trends. (Accessed 15 January March 2024).

www.esrl.noaa.

Doelling, D. R., Lu

hin, C., Minnis, P., Scarino, B., & Morstad, D. (2012). Spectral reflectance corrections for
satellite intercalibrationis using SCIAMACHY data. IEEE Geoscience and Remote Sensing Letters, 9(1), 119-123.
Falahatkar, S., M01§avi, S. M., & Farajzadeh, M. (2017). Spatial and temporal distribution of carbon dioxide gas
using GOSAT data over IRAN. Environmental monitoring and assessment, 189(12), 1-13.

Frankenberg C., O,Dell C., Berry J., Guanter L., Joiner J., Kohler Ph., Pollock R., E.Taylor T., (2014). Prospects for chlorophyll
fluorescence remote sensing from the Orbiting Carbon Observatory-2. Remot Sensing of environment, 147: 1-12.

Fu, L., Xu, Y., Xu, Z., Wu, B., & Zhao, D. (2020). Tree water-use efficiency and growth dynamics in response to climatic and

environmental changes in a temperate forest in Beijing, China. Environment international, 134, 105209.


https://www.sciencedirect.com/science/article/pii/S0048969720338560?casa_token=I_X2UR4BSVwAAAAA:qEuWYV10f4UpUjNU8dN6Gt3XeZOMBjAzSevmi8xEcKVu82ZWqfAU9B58w_1NnQYATVIT6QHiIEQ#bbb0055
http://www.esrl.noaa.gov/gmd/ccgg/trends

Ghayoumi, R., Charles, A., & Mousavi, S. M. (2023). A multi-level analysis of links between government institutions
and community-based conservation: insights from Iran. Ecology and Society, 28(2).

Golkar, F., & Mousavi, S. M. (2022). Variation of XCO2 anomaly patterns in the Middle East from OCO-2 satellite
data. International Journal of Digital Earth, 15(1), 1219-1235.

Golkar, F., & Shirvani, A. (2020). Spatial and temporal distribution and seasonal prediction of satellite measurement
of CO2 concentration over Iran. International Journal of Remote Sensing, 41(23), 8891-8909.

Golkar, F., Al-Wardy, M., Saffari, S. F., Al-Aufi, K., & Al-Rawas, G. (2019). Using OCO-2 satelli‘& data for
investigating the variability of atmospheric CO2 concentration in relationship with precipitation, relative humidity,
and vegetation over Oman. Water, 12(1), 101.
Guo, M., Wang, X. F., Li,J., Yi, K. P., Zhong, G. S., Wang, H. M., & Tani, H., (2013). Spatial distribu greenhouse

gas concentrations in arid and semi-arid regions: A case study in East Asia. J 01‘al of Arid E ments, 91, 119-
128.
Halder, S., Tiwari, Y. K., Valsala, V., Sreeush, M. G., Sijikumar, S., Jar‘ardanan, Ri& Maksyutov, S. (2021).
Quantification of Enhancement in atmospheric CO2 background due to I‘ngar@spheric fluxes and fossil fuel
emissions. Journal of Geophysical Research: Atmospheres, 126(13), ¢2021JD034545.

Huang, J., Zhang, G., Zhang, Y., Guan, X., Wei, Y., & Guo, R. (202 lobal desertification vulnerability to climate

80-1391.

change and human activities. Land Degradation & ‘V‘)pmen

IPCC. (2019). Climate change and land. Geneva, Switzerlal‘The rg ment: ﬁlel on Climate Chang.

Jenn, A., Azevedo, 1. L., & Michalek, J. J. (2019). Alternat{e\-ﬁl.el;vehicla)olicy interactions increase US greenhouse gas
emissions. Transportation Research Part A: Policy and Practice, 1 2‘4, 396-407.

Koskela, M. (2011). Expert {ews on envi\ronmental.impacts and their measurementin the forest
industry. Journal of Cleaner Production, 19(12), 1365-1376.

Kuze, A., Suto, H., Nakajir@l\’, Hamlagzaki, T., (2 . Thermal and near infrared sensor for carbon observation

Fourier-transform spectroffigter
Applied Optics, 48(
Mac Dowell, N., Fennell, P. S., Maitland, G. C. (2017). The role of CO 2 capture and utilization in mitigating climate

echhouse Gases Observing Satellite for greenhouse gases monitoring.

change. NatNmate Ch
Magazzino, C. (2017)‘Statiogrity of electricity series in MENA countries. The Electricity Journal, 30(10), 16-22.

Magazzino, C., & Ce‘rulli, G. (2019). The determinants of CO2 emissions in MENA countries: a responsiveness scores

approach. International J&umal of Sustainable Development & World Ecology, 26(6), 522-534.

Mai, B., Deng, X., Zhglg, F.,He, H., Luan, T., Li, F., & Liu, X. (2020). Background Characteristics of Atmospheric
CO 2 and the Potential Source Regions in the Pearl River Delta Region of China. Advances in Atmospheric
Sciences, 37, 557&8.

Miao, R., Lu, N., Yao, L., Zhu, Y., Wang, J., & Sun, J., (2013). Multi-year comparison of carbon dioxide from satellite
data with ground-based FTS measurements (2003—-2011). Remote Sensing, 5(7), 3431-3456.

Miao, R., Lu, N., Yao, L., Zhu, Y., Wang, J., & Sun, J., (2013). Multi-year comparison of carbon dioxide from satellite
data with ground-based FTS measurements (2003—2011). Remote Sensing, 5(7), 3431-3456.



Miller, C. E., Brown, L. R., Toth, R. A., Benner, D. C., & Devi, V. M. (2005). Spectroscopic challenges for high accuracy retrievals
of atmospheric CO2 and the Orbiting Carbon Observatory (OCO) experiment. Comptes Rendus Physique, 6(8), 876-887.
Morino, 1., Uchino, O., Inoue, M., Yoshida, Y., Yokota, T., Wennberg, P., ... & Rettinger, M., (2010). Preliminary
validation of column-averaged volume mixing ratios of carbon dioxide and methane retrieved from GOSAT short-
wavelength infrared spectra. Atmospheric Measurement Techniques, 4(2),1061-1076.

Mousavi, S. M., & Falahatkar, S. (2020). Spatiotemporal distribution patterns of atmospheric methane using GOSAT data in
Iran. Environment, Development and Sustainability, 22(5), 4191-4207.

Mousavi, S. M., Dinan, N. M., Ansarifard, S., & Sonnentag, O. (2022). Analyzing spatio—temporaﬁatte&s in
atmospheric carbon dioxide concentration across Iran from 2003 to 2020. Atmospheric Environmena X, ]4.,100163.
Mousavi, S. M., Dinan, N. M., Ansarifard, S., Borhani, F., Ezimand, K., & Naghibi, A. (2023). Examw the Role
of the Main Terrestrial Factors Won the Seasonal Distribution of Atmospheric Carbon Dioxide Concentration over
Iran. Journal of the Indian Society of Remote Sensing, 51(4), 865-875.

Mousavi, S. M., Falahatkar, S., & Farajzadeh, M. (2017a). Assessment of seasonal

carbon dioxide
concentration in Iran using GOSAT data. Natural Resources Forum, 41, 83—
Mousavi, S. M., Falahatkar, S., & Farajzadeh, M. (2017b). Monitoring of monthly and seasonal methane amplitude in
Iran using GOSAT data. Physical Geography Research Quarterly, 49(2), 327-340.
Mousavi, S. M., Falahatkar, S., & Farajzadeh, M. (2018). Concentration in changes of CO2 and CH4 greenhouse

. : . - - -
gases relation to environmental variable in Iran. Iranzai Journ\al oleed AE_coAlogy, 6(4), 65-79.
Mousavi, S. M., Falahatkar, S., & Farajzadeh, M. (2020). The role of wind flow on sources of carbon dioxide

w B -

concentration in the provincial scale. Journal of Environmental Science and Technology, 22(6), 147-160.

National Aeronautics and Space Administration., (2018). http://neo.s@i.gsfc.nasa.gov/view .php?datasetld=

MOD17A2 M_PSNé&year. Last visite
NOAA (2023) National O&nic
go/trends/elobal.html (a‘essed 1
Noel, S., Bovensme&}., Wuttke,

Atmosp Administration. https://www.esrl.noaa.gov/gmd/cc
ember 2023).
., Burrows, J. P., Gottwald, M., Krieg, E., ... & Muller, C. (2002). Nadir,

ith SCTAMACHY. Advances in Space Research, 29(11), 1819-1824.
O'dell, C. W., Eldering, A., Wennberg, P. O., Crisp, D., Gunson, M. R., Fisher, B., ... & Velazco, V. A. (2018). Improved retrievals
- -—

limb, and occultation meas
|

of carbon dioxide fr\om O.rbiting Carbon Observatory-2 with the version 8 ACOS algorithm. Atmospheric Measurement
Techniques, 11(12), 6539-6576.

Osterman G., Eldering &, Avis Ch., Chafin B., O, Dell Ch., Frankenberg Ch., Fisher B., Mandrake L., Wunch D., Grant R., Crisp
D., (2016). OCO-2 Data Ptoduct Users Guide, Operational L1 and L2 Data Version 7 and 7R, Jet Propulsion Laboratory, Copyright
2016 California Institute®f Technology. U. S. Government sponsorship acknowledged, 1-73.

Pan, G., Xu, Y., & Ma, J. (2021). The potential of CO2 satellite monitoring for climate governance: A review. Journal of
Environmental Management, 277, 111423.

Parker, R., Boesch, H., Cogan, A., Fraser, A., Feng, L., Palmer, P. L., ... & Wunch, D., (2011). Methane observations
from the Greenhouse Gases Observing SATellite: Comparison to ground-based TCCON data and model calculations.
Geophysical Research Letters, 38(15),1-20.

Parkinson Claire L., Ward Alan., King M.D., (2006). Earth Science Reference Handbook.orbi NASA. 199-203.


http://neo.sci.gsfc.nasa.gov/view

Pillai, D., Gerbig, C., Marshall, J., Ahmadov, R., Kretschmer, R., Koch, T., & Karstens, U. 2010. High resolution modeling of CO2
over Europe: implications for representation errors of satellite retrievals. Atmospheric Chemistry and Physics, 10(1), 83-94.
Roobaert, A., Laruelle, G. G., Landschiitzer, P., Gruber, N., Chou, L., & Regnier, P. (2019). The spatiotemporal
dynamics of the sources and sinks of CO2 in the global coastal ocean. Global Biogeochemical Cycles, 33(12), 1693-
1714.

Safaeian, S., Falahatkar, S., & Tourian, M. J. (2023). Satellite observation of atmospheric CO2 and water

storage change over Iran. Scientific Reports, 13(1), 3036. >\

Schneising, O., Buchwitz, M., Burrows, J. P., Bovensmann, H., Reuter, M., Notholt, J., ... & Warneke, 008). Three
years of greenhouse gas column-averaged dry air mole fractions retrieved from satellitegPart Carbon
dioxide. Atmospheric Chemistry and Physics, 8(14), 3827-3853.

Shi, K., Chen, Y., Li, L., & Huang, C. (2018). Spatiotemporal variations of urban C£)2 emission;in China: A multiscale
perspective. Applied Energy, 211, 218-229.

Smith, N. G., & Dukes, J. S. (2013). Plant respiration and photosynth

¢ models: incorporating
acclimation to temperature and CO 2. Global change biology, 19(1), 45-63.
Soegaard, H., Nordstroem, C., Friborg, T., Hansen, B. U., Christensen, T. R., & Bay, C. (2000). Trace gas exchange
in a high-Arctic valley: 3. Integrating and scaling CO2 fluxes from cz{opy to landscape using flux data, footprint
modeling, and remote sensing. Global Biogeochemical _Cycles, 14(3), 725-744.
Wang, T., Shi, J., Jing, Y., Zhao, T., Ji, D., & Xion@C., mbi XCO2 measurements derived from
SCIAMACHY and GOSAT for potentially generating rr@ witlé

ONE 9(8), 1-9.
Watham, T., Padalia, H., Srinet, R., Nandy, S., Verma, P. A., & Chauhan, P. (2021). Seasonal dynamics and impact
A N AN a

igh spatiotemporal resolution. PLoS

factors of atmospheric CO2 concentration over subtroeical forest canopies: observation from eddy covariance tower
and OCO-2 satellite in Northwest Himalaya,‘lndia. Environmental Monitoring and Assessment, 193(2), 1-15.
Watson, A. J., Schlw:r‘L!Sh Holding, T., Ashton, 1. G., Landschiitzer, P., ... & Goddijn-Murphy, L.

(2020). Revised estim@tes
communic@ns, 11(1), 4422%

osphere CO2 flux are consistent with ocean carbon inventory. Nature

WDI (2024). World Development Indicators Databank, https://databank.worldbank.org/home.aspx#advanced
A N

DownloadOptions, sed 05 January 2023).
‘
WRI (2023). World Resources Institute, https://www.wri.org/data/greenhouse-gas-emissions-over-165-years,

(accessed 25 Decemb‘2023).
Wunch, D., Wennbe%P. 0., Osterman, G., Fisher, B., Naylor, B., Roehl, C. M., ... & Eldering, A. (2017). Comparisons of the

orbiting carbon observatory-2 (OCO-2) X CO 2 measurements with TCCON. Atmospheric Measurement Techniques, 10(6),
2209-2238.

Yin, S., Wang, X., Santoso, H., Tani, H., Zhong, G., & Sun, Z. (2018b). Analyzing CO2 concentration changes and
their influencing factors in Indonesia by OCO-2 and other multi-sensor remote-sensing data. International Journal of

Digital Earth, 11(8), 825-844.


https://databank.worldbank.org/home.aspx#advanced DownloadOptions
https://databank.worldbank.org/home.aspx#advanced DownloadOptions
https://www.wri.org/data/greenhouse-gas-emissions-over-165-years

Yin, S., Wang, X., Tani, H., Zhang, X., Zhong, G., Sun, Z., & Chittenden, A. R. (2018a). Analyzing temporo-spatial
changes and the distribution of the CO2 concentration in Australia from 2009 to 2016 by greenhouse gas monitoring
satellites. Atmospheric Environment, 192, 1-12.

Yoshida, Y., Ota, Y., Eguchi, N., Kikuchi, N., Nobuta, K., Tran, H., ... & Yokota, T., (2011). Retrieval algorithm for
CO 2 and CH 4 column abundances from short-wavelength infrared spectral observations by the Greenhouse gases
observing satellite. Atmospheric Measurement Techniques, 4(4), 717-734.

Yousefi, M., Darvishi, A., Tello, E., Barghjelveh, S., Dinan, N. M., & Marull, J. (2021). Comparisor&f two biophysical
indicators under different landscape complexity. Ecological Indicators, 124, 107439.




