VEoo ﬁhg?b)@:@db:kﬂ@l}l}u&wwﬁj&u
A= VY Slomis

Ol 39 198 o ¥T sy Pl Wl 4 O— S 51 0,41galo yglai 0 9,15

« o SIS ((cramd 2alio 0uSUG1D (nn § Jauxo 09 45« (ywo ) yw owbel g S (65O S9N ¢ oy Nguid
olpl
cOlyl e Mo oGS ¢ b 2alio 0uSLLG1S (Cnny jauxo 09,5 L oLl ¢ iy L ol el

Voo oY Y Aol b pe AR/ - allio el 5o

ol

o)lgale .ol Caod! Plo Cann) o b b o s ddgiy ol led oS Sl Cm (5590 )l Lhxiaw ool I colicwl

Lo ¥T cS13g 1 GEE jl soliiuwl b anfllae o3l 50 .od3 0 1y 655 soua¥T b, ool Tropomi saizus b 8- Jbgiiww
Sy b (G Hwadids YIA Jlw Sy 03l g ol p! S0 wlite jo bagT cdilé (mKilw 5 Slas1,8 Al 3 OF NOY SOY .CO
S8 ez s 00l GIS Luxo 18 0ui¥T 2 (5l Gi o )bl 31 15 glaasS lwbd 9 G ojlol jI (Guivdibgsd Cardy w2
W9y sl 20 3 (Shuldl wg) sl 10 Or 3 CO (slaowsu¥T cdilé @l (whul p .0 plxil (90 (ASLE b owss¥T isTy
adilio 30 Lowis¥T a5 old L G oylel gubs .S o5 Card ool (5951 5 NOv 3 SOv cllilé ol pund g ol asld indlS
Losia¥T g gomme (512 €10 GUasd Jalord siciand (+/V¥=( )90 (25L2) (5218 (Kinrodogs g1 5 gl aigs 22395 5951 Il
o9 7 9 3 goliuo i Bblio o ool CaliaSly g (ol R cdsgluns 9 pieblo (oo plol yady clgal (IOLT 45 ol (Ui
Sl 1 a5 0l oo adgi 1y Al LSOr (CO NOv alos 3l boaia¥T 3 cilizko £lgil 4 gl g piudlo o Suos plol yuiu jlgal ol
Ol 59 g 3B 4l Jolwg slods (ful331 Jdo @ 55 CO 9 NOY cdilé .o j1s gt sST g oLl codlw 2 s 2L ol
sloslgale yglai 3l oolisuwl b (Joso sloylejlu Ly 92 ooty ¥T slogiuly » andlian cnl sl uled 1o .amwl YU ey

ol (SO J 7S g 6 iy ez (2S5 g (S5 CodS Sal38l 0

olhge L (SS9l Bl (o ylanle yglas « Jiiow dab susu¥T Jial :guuls sls olg

Email: k.shayesteh@malayeru.ac.ir Jstns 00iggi |



Olpl o ls swoasY] Sl gls slolis jo 0- i ¢l o)lsale pglai 0,18 \YWE

doddo
A1 coiS sllasl condg gl Gy o o8 wies azlse (e jlame SIS b Lo slo el 5l 6 ke 039!
5 Ologge (Lol (Ll s sols; yelola; LT ool o lg—a Sogll (Pirainoetal., Y+« ) colas 5
A Gy Ja oo ylaieniils o lolids mudl oy lulislga o (Wark and Warner, Y4AY) ool asls oludl sl ol )l
ks Sl g laoai¥T JLissl 5 aisi liee Jelos 5 p3Y sl suiiian plal b b aidgS (o (055 ol pan
& 192 S (VYA (en 5 Ol (g35050) atilas yy (- Sas (l30 (508 4 1) 192 S 5 slgp 5 T 5 08
oass¥T ot lomss o 2T5 5 (Kbl T35 Ll gmelil 5 lilyn Jolse dooscy¥T golio o Sl il Jolge
OYAY s 5 (gaame) w)lo 9o CuhsS p (hie il g lgm (Sogll (S IS 50 ols (L& Sope &5 o
Ngd e omieb (Sl bl o gmmb wuliolew) il e (G 5 mle wnls) (b cdls Ll 5l oasy
3,555 0S50 (CO) (S wnSsise g o lsn sl 0o ¥ oy egs 5l o (Tiwary and Colls, Y+ +9)
oo Sl 1 glyls plas” o aS 5 ab 1) (A Juog 5T 5 (Or) (5 50m5:9,5 o33l dNOY) (59— oSl 55 «SOv)
sz wile (05 5l slacSgw (@8l Elial Gk 5l 05 aeaSgige aiies ) Lo g L] cdle
et Olge 4 5y5390 4l hilog 5 aalio (WHO, Y00 +) 055 co wlsi i ci 5 gk S e (S 5
25 e 0T pl b dpaloe digd co ALl 6yud lodame 10 (S oS sige (5 il (Sogll ol mlio
.(Reboul et al., Y+)7) ai wals> (55 (msligen 5 6350 clasl g doay; (Sgpe — ol s 3,
ady B¥o a ol Ll e a5 col ks sBws Sy g Lol slemean¥T I S 0 555 o uSles
OB deolSy s alax 5l sob; mlie 51 g (Chenetal, YoV Ya) ol ioli8l Jl 50 (65,50 g, o oolatul 5 (solasl
sl o>l S 4 e g (Granahan, and Murray, ¥« «¥) oo 152 o)y (5, SU81S 5 K polio (36 gd
P 3 O3sr weSlgs (Chenetal, Yo TD) 005 oo oo 5 S ye g Dl (e (Rl (izen 5 (B 8
5 (LolSs,0) bl mlie po S gm il Sl iy ST lsp o a5 355 00 (ki ()lome DAl b S 4,
Chenet) 00,5 o yue g Syo ,has ol 8l 4y e 35 00V ol 0 oo yiiie (adis Jilug) S ie aolie
5 38 5 S Sl 005 45,5 LI o el o 955 51 5 slsn (Fosll msls lsie w5 @l Yo Ya
3,09 0975 o1 5 6V lacle (lanls Jab ;o (ogas o5 Cusl (6,500 o jlomr gloost VT 51 (S o5l (VWAA
oS «SlE ) )8 el is « ol Jols lae l,3 (Wilsonetal, Yo« ) el o i Sl glyls Jad opl jo g
Blae O3 L ae oligS agzloe oo, 5 5, ae; ,o (Daniel etal, Yo%) coul Sbyo Sai g 0,55, «spais
540 Ol 4 Dl Sl D)3 Ly e (Vs azlse 5 oad B by 50 (STt g el iy 4 e Wlgi e
oobol s ooiu VTl sl dice) 50 (6 ks ldllae (de Kok et al., Y+ T) vas o Lilidl ) wtis slogs Lo
5 Gl i) o sloylsale yslay 5l oolinul Ll col 48,8 & so Sogll Liomiw sloolius sl bl 5 ol
s el syl 4 (17 o en 5 550l ol Jle sl ol ous ploxil Sgamme j5b a4y broany¥T (g 5ol

Gl O3 Sl m 598 42 (VYAY) ) Kan g g3l g aisSlo s lhes sl [0 Gwoge oaiziw 5l oolaiul b gles



YO VEe el o ojled et Jlo o ame ol bl glad Llow a8

SSIAY Jo Sentinel o o)lgale .055,5 dgs mdge sdizw 5l eoliiwl b oyl 45 sod Slgp 40 1) yieg,Seo Y/O ,had 4
Sogll slaaiis ailys, &g 4 TIOPOMI ooz .o o)l Lad 4 9o slaoos¥T 08 g (il gl Byo YNV
S503 0,8 gole (egil B =YV ) (Jie 00gdme (gl YV -YV o) el jsle slaail 5l g auS o ags 1) 9o
AYE el o olenle ol oS oo Slatiy (agil YYAD-YY0) obisS zge Jsb jo,dr90le 5 (agil YVO-FYO)
6yt GEE" aslijy .ol s Al 5 Or NOv SO+ LCO (clojls lulids 1o Jsed b6 55 s g 0,0 1,3 (o yroshsS
gl Slos 3l T3 Sl aeg0mme GEE o el (e 05 v (o ;o (Sl (sloosls Joloxi 9 4525 (sl
bee 5 <ol Cot APL (605 (pungi aslin Laily 825k 5l 5 ol (510 5 Syl odgamme 55 p2 55 slolsale sl
gl (b 5l ool b S (oo ool 3 1) @l e 5 e (S3ludiges Gl (09 p (e Slolsd axngs) IDE
SlacS1sgn 5 sloylgale nslai 5| slasgerme gdi oo 35 IS 3,90 (Slaaiid 5 w98 5 )2 g <o APL (ol
w5 b9t 3 S el 5 15 5 O Sl s e (clo e abox | (Vgamo Jolts GEE s oual s
Modis Sentinel 1, v, v, 6 Landsat Y-A Jels slojlsale pglas 5 Jol> golall slaosls 5 31,546
oo o1y o g cnl 0 deodnVT pl 938l 5g, o, 4 4> g5 L .ol GOES 3 GPM VIIRS (Aqua/Terra)
WAV ole oo 5l ol oliie 53 (Sl il slopysilS Glsis a9 slaoai VT rage (Sle cale (2 Silko b o
ety ol 55 lanl 5l ean¥T 0 . Silis bl 1 ol Slae,slS (s esell riman 058 glolis VFAA ole ,3T L
oyl 3 sy sled 4 olnl o Gleshy sl I slaeai VT Sl ath ags Cazr i o lsale 6515
STy 4 ag S GPW ol 5 i o lsale Lawgs lga sbaony¥T ol sUlgs ools olas asllhae ol 5l Gow

el Gl il Golide 5o b Gulsl sl Sre

S gy g ool

axdllan 590 (o3 L3l yrer gyl (I

Fr BTO sloor i 45 S pabin 15 (snp 5 rlie L il 3505 Ll o 40 8l el 5,528 o
Qo3 Ve lf (piyely ,9uS mhaw do,s OF/F dga () JSG) el azd )3 J13 8.5 4> o0 FF U Y Job o Jlod ax o
ool om0 JSis ple 5 (SoSs Bblin |y 0o )0 #IF 5 (65,5l (sloyue ) do )0 VVIY (IS wo 0 VIO (bl

' .Google Earth Engine



Olpl yo lsa YRRy sleggls ol ;o 8- i sl o)lgale pglas o,)lS \Y#

f.0 Ao $o0
:: oYerevan _Baku o Samar c;:
Al had
.
Homs Herat Kabu_
Esfahan
e v
Qandahar
o | | Lty o,
* . v
o
N
A §E b
[ ot 50 |
|
RS 5
‘:l st ArRiyad | Y A e e Rprach
GG ® Abu Dhabi °7|
P e \
! = S “-..__Masgat =
FeooYY. 5. a5, A YA

Kloneters

& Wl adlaio 1) Ko

B el

GEE aslip Lumme 50 gl (omagiaalin oy 5l ool b adlon (hlod hrosi 5 slalslae 18 g9l anlllas
oylsale pslai 5l Jol> Al 5 Or NOx SOv (CO (slasan¥T glas s by o alisees slacSlag, Slas,8 4 pladl
e 9§97 oat VT (il cer olnl (e el 5o (Y01 0) 4238 Jlosly Sloj 0,99 Jsbo o O- Jiit
Clile (Sls @b o 0l iy yai 5 @b S 0= Jriis slocSlag 51 (S o sl dal jo s S eadll slagsilS
3309 Olsl 5 ool (8359 Gaiz S @ 8 S oo e Sloj 03k o 5 paeiie Slelllas 50 Sy ) onsyY]
e (YN V) bl ey S 5 (VAL V1) g oy S b cslolgnlo psls ol o5 ol Vool degozme
0315 acgazee 0a V1 o (sl (il iy 09l g0 Jlosl S5 e 00 VT sl degomo b Lad o 0305 3l (g3, 2 50 U0 2
5l ol ol Glel 3 lojlgale nolai (5 Caz 60 piie S0 3929 (V o)) Jguzr bl (patiine Wil
robal 5l slegorma 5 (2gy3 pite e300 W (Ol (Sllllas jpe Gull 2 1) nolal 45 09h ool ad Syl eite
el (6 foghsS Sy SSE g b odd s (Glnl 50 (S kS 5 (VN L) (Glej s p0 ead Slgs 5
O 390 00 dowline Wil b s Lo jo g alllas O g0 4 olo yo 6l ooV cdale Sles 51 Jool> 9>
eSilie 45 bigs o glo] oSl 5 25,8 1,3 Julows 3,50 ATC MAP l3ile 5 00 Waoai VT Cili eSSl 4t
2 o g dalip diges (V) JS& 50 ywizmen () Jga2) ab (5lo SPSS g lel 1dle 5 lags oo VT ol clale
YN d Jlo Jsb 5o olpl S eogame sl (5955 dumST (60 sa¥T cdale Sl aiss odg sl GEE asb

(Y JS5) Conl ouds 0ols ylid

' Data collection



\YYV VEe el o ojled et Jlo o ame ol bl glad Llow a8

(CO, SOY, NOY, AOD,0OY) Wy O)g0 ‘_ngaA.'\.."YT Sl O Jooscaw WY pazmo Wlasuio B Jgo

eSlag 0315 4 gozxo Wb aalyf Blas! @Slas! Slxwsss 9bas Slasy

Sentinel-°P NRTI CO:
Near Real-Time Carbon
Monoxide
CO

Sentinel-°P NRTI AER
Al: Near Real-Time UV

COPERNICUS  CO_column_number_density/ mol/mAY/ -
/SePINRTI/LY Yvax/ ¢,1¢*/ Vertically integrated CO AARR
_CO column density.

absorbing_aerosol_index/ -/ -Yo*/ Ya*/ A
COPERNICUS measure of the prevalence of aerosols in

/SeP/NRTI/LY the atmosphere, calculated by this YPVY
Aerosol Index _AER_AI equation using the Ye ¢/YAA wavelength
Al pair.
Sentinel-°P NRTI NOY: NOY_column_number_density/ mol/m”Y/
-Ti i COPERNICUS —+.o o o835 -.- - 982 Total vertical column YEYY
Near Real-Time Nitrogen /SeP/NRTI/LY

Dioxide NOY of NOY (ratio of the slant column density
- of NOY and the total air mass factor)

NOY
) OY_column_number_density/ mol/m"Y/
Sentinel->P NRTI O™ copgRNICUS +,+ + £Y*/ +,YVY*/ Total atmospheric foy.
Near Real-Time Ozone  /Sep/NRTI/LY  column of OY between the surface and the
_or top of atmosphere, calculated with

or the DOAS algorithm
Sentinel-°P NRTI SOY: . N
Near Real-Time Sulphur COPERNICUS SOY_column_number__densny/ mol/m _Y/ - Y.y

Dioxide /SeP/NRTI/LY £A*[ 4, Y £*] SOY vertical column density,
SOY _SOv calculated using the DOAS technique.

Get Link -I Save -. Run -I Reset -l Apps E
T Imports (1 entry) B

» var table: Table users/shivagharibi6g8/marz_iran

i1 NO2 pslesi Al 2
2 var NO2 = ee.ImageCollection(’ COPERNICUS/SS5P/NRTI/L3_NO2")
3 .filterBounds (IRAN)
a .filterDate('2018-01-01",'2020-01-01")
5 .select('NO2_column_number_density');
6~ var NO2_clip = NO2.map(function(img){
7 return img.clip(table).rename( ' Nitrogen Dioxide")
8 .copyProperties(img, [ 'system:time_start’, "system:time_end']);});
k<
i 109 NO2 Afele Sl pas Gl
11 ~ var monthly map = function(collection, start, count, interval, units){
12 var sequence = ee.List.sequence(©,ee.Number(count).subtract(1));
13 var original date = ee.Date(start);
14 ~ return ee.ImageCollection(sequence.map(function(i){
15 var start_date = original_date.advance(ee.Number(interval).multiply(i),units);
16 var end_date = original_date.advance(ee.Number(interval).multiply(ee.Number(i).add(1)),units);
17 return collection.filterDate(start_date,end_date).mean()
18 .set('system:time_start',start_date.millis())
i 19 .set('system:time_end’,end date.millis());}))}
20 var monthly_product = monthly_map(nO2_clip, '2e18-e1-e1', 24, 20, 'day');
21 print(monthly product);
22
23
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https://earth.esa.int/web/sentinel/technical-guides/sentinel-5p/level-2/aerosol-index
https://earth.esa.int/web/sentinel/technical-guides/sentinel-5p/level-2/aerosol-index
http://projects.knmi.nl/omi/research/product/product_generator.php?info=algo&product=Ozone&flavour=OMDOAO3&long=DOAS%20Total%20Ozone%20column

Olpl o ls swoasY] Sl gls slolis jo 0- i ¢l o)lsale pglai 0,18 \YA

alols uJAT Cawdy u.cla ‘Lmoolo JLA)J &')9" u,uLw‘ » 6)Lo—| u.us) u.:‘ | )49..44 SS9y » oa...;\ﬂ )L.\.a.a )..SL.\} 0D
wereies |y Olads o j e baools calae blas a5 59k 4y 098 o0 Slab (pl oo Solay ST L Seal wlads iy
5 bad Jloo jolate 4ol suome analib 09,5 0 )3 ol 0y Slib )l bl ol A0E e 5 0
g lagtisl 5,0 Ylast o 1l 5l eoliiwl b deoans¥T 5l plas™ jo 51 lagyliw o g lagybiw] mge 6kl (o)
Comoz (el Sl 0 gl Sl 0ty jo (sl oan VT (35)] (xSiles o)Ll g Sl ()5 aly lsie 4 bl o0
GPW' Jgams p)lez ased 4 bgye lojlsale pglai izmen 5 ol (s)ladd o Sledlbl o0 51 51 5 il 52
Folo loaSils o YoV g YN0 Vo) e Yoo Veve ol slp ) Sl Corex a595 GPW ol ool
slaaxly 35k 5l Cunax digy panass jleoliial b ook ;o Comer @i WS (o0 il (s eskS S Lo )&
3o 5o Gl SIS g o e )0 Shmaz (6959 sodls Lol 485 Do (6,0 Dlawnd 5 (5 lou pun
SaSis ool oo (6 yglaes Wl 00lo F, YNF B Y00 sl lo o a5 VoV e Jlo 6)leds s 51 o> b
W oD w uLC)’L.Fo‘ ‘;.a dLﬁb‘s)Lo.w)m la d.»Ua.a o )..o5l.5}.cu)o ..)‘15‘ Sloss )‘ 6&0)3]}» JALA Cozo> pS‘)J
ol ol L (V) Jgaz 4o paai oyl Sledbl as o )lo 0925 Caraz 1515 5 paad SO Jlo 2 sl Jow cpl jo il
5 le31s Gl US sl sloylgnle pgai cyuzil &)l 565 ailelus 5l eolal L (Earth Engine Data Catalog) <.l

8,8 18 Lo 5,00 ATC MAP [ s

ooz 1155 5l oo oolistwl 2 guai Glasien Y Jgur
Jyeazo nolai asgaze WU sty Jilas! pShas! Slrwsys

GPWv ) Y: Population Density
(Gridded Population of the World
Version £,1)Y)

POPULATION DENSITY

CIESIN/GPWv £ population_density/ -/ */ AY <13 ¢*/
V/GPW_Populati ~ The estimated number of persons per
on_Density square kilometer
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