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2 0zone Monitoring Instrument (OMI)
® Moderate Resolution Imaging Spectroradiometer
(MODIS)
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! Nitrogen Dioxide (NO2)
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® Digital Elevation Model (DEM)
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L Differential Optical Absorption Spectroscopy
(DOAS)
2 Airborne Prism EXperiment (APEX)
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! Normalized Difference Vegetation Index (NDV1)
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! Root Mean Square Error (RMSE)
2 Coefficient of Determination (R2)

VYV

$OMI S5 I oy L5 (6l 5 ~V—F
Sk

Sla Sy )3 (Fobl e BLS 6580 Sl
oeSilan Faslbily Ll 5o (Ss 1 laie 5 OMI
Jed a > o y0 Lo oSy (6l ool cwsa,
Olojyer oolaiwl ;o rw Giogh (pl jo .ol eolalul
5 Sl bl 5B sl a Y
(V) adal, 5l eplpl oo wloa o Sog Il
Sl 00 solawl jglate ol (sl

(1) akl,

WOMI=A*a+B*B+y

polie B g Ay (Sosdl e Woaka) ol o
Db o JaSy (Sobl 5l ea el cwsa
sasb-adoles 5l oS 3B g A polas adly jo
Ve Glisee OYslae Ojgody a5 willy o s
Gl a S os sy a8 5, Las ;o MODIS uob
Gl 2 ¥ o 5SS g, el 5] oy
50 0ol oolawl oy, 5l o5 0l wales colanul

(V) abaly) adbioo ) 200 4 I 0l

bi bi—b'

bi+b; ,b; — b; b, * b; 2,21
i » Vi » Ui ) ) y ue

J J J bj bi+bj

(V) akl,
Wb Y e (Saobsl 393 wYolse o by g by 4S5
YU o¥olse Jo .all oo MODIS WL V5l calize
B s A polie sl,mlanlas el &ygo pas
5 S3gn 485 I 3 il alsle lie glaesS
Jle Gl 05 o0 R0l (ol dolee o g
TV il ¥ 5,5 s b asb el 31 A5 o sl
polie o izad oal aalesd Cwody il Cl>
J—Sy (S5 plgieas OMI 5l 5l onel cmaay
solie oYolas Jo L Jlo gl oo a8 )3 lai (o
Slacss 4 A_Y@L;;ﬂ 3 .A_S.J‘é_.«o Cewddn &, B,Y
a S o Sb-a Joles a

Lo gl oS 5
)Owd_ud_l}fo)dudalrn Cwdd o


http://dx.doi.org/10.29252/jgit.6.1.171
https://jgit.kntu.ac.ir/article-1-569-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-21 ]

[ DOI: 10.29252/jgit.6.1.171]

Jowe

Jowe

0.4

0.3

0.2

0.1
0.1

15

0.5

IS0 Slelbl (5,9lid Suwsigo — Siusg fu Sole oyl

|}”ﬁVJleg.m6JlAﬂ.mdLm

NOZ - ¥ Luols NO2 - | Lusls
018
RMSE: 0.05 RMSE: 0.01
R2  :0.62 o1 | R2 :0.87
3
3
0.4
0.12
0.2 03 0.4 012 014 016
==l Sy
NO2 - ¥ s NO2 - ¥ uls
RMSE: 0.25 | Rusk: 0.3
R2  :0.53 15 | R2 :071
3
05
0
05 1 15 2 0 05 1 15
g =y
NO2 - & L5
1
RMSE: 0.11
R2  :0.99
i 0s
0
0 05
=y
Gl G WS jo wib-dole glacaS 3 (gl g ls amolio 1Y ST
o S WIS 61y ool Cawdds wil-alslro S 5 oy it 1) Jgu
RMSE | R2 B 4ol A dolro el
NDVI
N | AY exp(b3/b6) | Ln(b2+b7)/Ln(b2-b7) \
c20 | +#Y | Ln(b6+b7)/Ln(b6-b7) (b5-b7)/(b5+b7) Y
<AY | +¥Y | Ln(b1l-b4)/Ln(bl+b4) (b1-b4)/(b1+b4) Y
<YV | - 0Y Ln(b2+b3) | Ln(b1+b4)/Ln(bl-b4) ¥
<V | -2 | Ln(b2+b7)/Ln(b2-b7) b2+b7 O

1VA

0.18


http://dx.doi.org/10.29252/jgit.6.1.171
https://jgit.kntu.ac.ir/article-1-569-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-21 ]

[ DOI: 10.29252/jgit.6.1.171]

e gl onlaibwl b Ghiguo sl jgii > (592 NO2 [CRNYEATS)

OlSSo juSlle (5 pibo Lo jxozo (glses! Juadllgll

21 Sogll Jlade (i oo abgype wil-dlolas oS 5
Sl Gl 0,5 aulre ;505 slo Sy
e B v olal 1) e s o (Sgl] g alss
3ol wl U Lo Sy (o awdS el o3V lazy]
i ((N) JS—i) 0,5 pL I NDVI a5l
Al d dan JS ;2 50 (Sogll e sl
adolreail oS 5 5l oyle 18 LS slas” jo Sy
polie g oo oolatwl )] (glp sael Cavots ol s g
R alply 00,5 o drlms oSy o (S5l
sloolaiwl b ol mhaw (o calizee slajg, jo Sl

Also Cawsdy Jow opl

30 S 5 o i S ool Cawddy culps Y Jgu
W
¥ B a | NDVI s

—f¥ e Y. \
7S R N I P Y
UAE | SVEXY | ASY ¥
"
)

YA- | --a5| YAY
‘/?? ’/?\ﬂ —‘/’Y

Hes ks 33 (gl guai adgi Y- F
)J»)LQA J_»_‘B 4_L>).a o o..\_ai Ce—wdd o wb_.o
gl jloola Wl Sa sl oo b

NDVI le (35
ot
[y ot
[y o
0 f s
[0 o

NDVI 31 o0liciast U oyl st e gebans 53 U fuung (goimdnsdIS 1A S5

polas g NO2 iy polide sl K, 50,8 bl
aS asSlen il o S polie gl s 5y Sl
Jlacie Jol pgat 95 ;0 NO2  Sogll 05 oo samlive
S sy Jladio 515 (gamy jig—al 9 13 5 S
Sleasl cwoan polar cds cw)p lp il oo
o=l sl S eslaiul siwy slaolKins] sboosls
Ll (Sogll Glien 5 (seny sboelSin] Condpe jsliie

(O ) JK2) wo )5 asein pgal 9, 50
ey Slpolin] )0 090 co oumlice 45 4igSilen
oS Sosdl lade pslai a5 olajs, ¢l 5

1VAa

b Judxi g 4 32 -0

Sl aladsles oS 5 fn e e Sl
ld el Cawsts 5 (V) Jgaz Gillae) (OIS o
O35l 3590 S¥olas cnl (Sl (V) Jgu) abogs ye
IS a8 (SeSz pslas alaly (pl o285 1,8
() S8 50 a5 w0 5 oy dilizes slasg, ;0 NO2
Vede Jlw po G lizee 55, 0z 4 boye polas

ol 00 o0l QL“"’


http://dx.doi.org/10.29252/jgit.6.1.171
https://jgit.kntu.ac.ir/article-1-569-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-21 ]

[ DOI: 10.29252/jgit.6.1.171]

3 eman 55 0h pasein polal (wyp )3 wizen
5 o) 09— S (Sogdl e Lol
Cdllas po by gl & jgm pgai | osel Cussay
S el ol Gl poce ol Yo 51 Sy s
$ladhass &g oa LadKwl o Sogll 6,505l
bgiye Gy o)L o)laple Al )0 9,5 0 O )50
o1y Sosdl g o0, S sval el JuSy S as
sl ySos o (sl oo @] Sy o
pae 3l Sl oliwgl SO s o0t o Slasliw
YU slaay o a Sl o ail (Sogtl 04>y
loylsalo gl bwg g aiols 54 >9 Sog ]l

IS0 Slelbl (5,9lid Suwsigo — Siusg fu Sole oyl

|PﬁVJleg.m6JM.[nﬂu’bdhu

ebas a5 2las; sl g feS polie wims e lis
S ol s oo LS ) (g (SS9l ke
odd S polie 5380 gy gl el ool S
S0l pala 5l sael Cawsds mls § olliws! 5o
Cd S 18 auslie 0,90 (6008 O ygods ol Cawsdy
5 +/¥ ol odal Cawsds RMSE Slade ((V)) JSo)
Sl Joe aiily oo 2oy TYIY Ly s RMSE
5 (00,3 V0) o5 sl (glyls (SogtT ol polis
Vo) oy sbhas shls (Sogdl o5 polie sl
4SS Jiogia Gl Bas 4y dxgi b aS ail oo (do )
Al o comlin Cel 8b5 (Sogll 1l sblie prns

)

NO2 (ppm)

s High : 2.0

B ow: 0

NO2 (ppm)
o High: 2.0 [T
w0 mj o
-
.

ARRRVARYATA

ARRRVARVAN

NO2(ppm)

wm High: 2.0

B ow: 0

ARRRVARVENY

cilisio 5lo3g; 3 ol i e gl ;0 NO2 (glgn (SoglT pguai 4 JSCi

1Ao


http://dx.doi.org/10.29252/jgit.6.1.171
https://jgit.kntu.ac.ir/article-1-569-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-21 ]

[ DOI: 10.29252/jgit.6.1.171 ]

ceen Jl 038wl b iziuo sl ygid g 592 NO2 (530 sugy

OlSo juSlle (5 pibo Lo jxozo (glses! Juadllgll

ARARYARVAN
Gliso W3y 30 NO2 suwl Cawdds 5 guai 9 (o) (Loliums| (oIS dunslio : Vo JSio

ARRRVARIEN

NO2 (ppm)

RMSE : 0.29
RRMSE: 44.3 %

At

1 1.5 2

NO2 Juo ygbai 31 ool cowsds 9 Lo olms ! 30 i ' (oo dunns o 1 1) S

ol (V1) JS28) ol caillas w3b oo 5,5 &
zobw 5o (Sl Jl el ol b9 9900 U]
o 5d Al j0 a8 Wbl 3l S 4 9> YL
5 od aalys cud S  Fogll o] JuSo sl
&y (S35 (B ) ()5 sla Sy 6

IRV IRVA Y

1Al

aS ol las iy sools g pglal cw) i
Aol JuSy wix b (Sogll poai (595 50 bl oo
T
L gg050 (nl a5 duyo0 JB5 4y Canl 0l o0ls ol

©E Oygoh Ygene & Gl el p3 e ol e



http://dx.doi.org/10.29252/jgit.6.1.171
https://jgit.kntu.ac.ir/article-1-569-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-21 ]

[ DOI: 10.29252/jgit.6.1.171]

IS0 Slelbl (5,9lid Suwsigo — Siusg fu Sole oyl

|}“‘]VJ[@3.MOJM.[§JMLJLAU

Ol 35 L b e 1Y JSh

Bolse sy Ty 3blio (55 (nj (sloolSin
Bblis (ol jo aSol 4 ax g5 b aains oo lis 004l
50 LT e s wenl b5 9o jaﬂ Oliee Boes
Sl Jlie sl abl vie wslgy o i mhaws
‘Lrlaﬁzac,‘_w%)' @Lm)lm Qljssn oo5ﬂ Gbls oy

Sl ol slayll £935 b g dilage

robal gre 5l ooyl Bblis (ot jslaieds uizzen
Sl g o soliiwl calizes slagg, 4o ool Cawsay
0dd Cud polis mezd 3l Glojen bl () gy
polal Jolaw slajs, ;o ) slooliws! )0
S 4565k (V) JSi) cl 000,5 oolai il
Olsmeas adhio fpam cwl Lasin o S5 5o
aS Cowl ond S Lastin b mhaw o eogll sblie

ge "

Bblu 9 (Fwo) sollug! (gLodld dun lio — (Cawly Cuomw) ol o5 o b 50 NO2 sb; ;a,ﬂ L bl VY S

(e o) 00g)T

S9N s el g i8S )18 Sl G p0 0
OMI iz polaai o,las 0529 S>oS olal jo
gLt 3bl_to ;0 |, NO2 Sog T I
(e YO S y5— S o=l o
a5 i Bblie o plpla 0 uS o (6,50l
ool wl asls Sy SO 5l i8S solal baes
S)lBp b ragh oal 5o wiboes coslie nslal

AP

Wolesuian 9 (55 axi -
O Sl 4 295 b o mhans )3 T9n (Sogll (s
il o ye5 sk Caeal 1 Gl el
ookl (Fog T a3 Lo b, 5l (S0
51 Gt pglas aSoll jlall e 590 5l o
Glyls amo e i | lgn Sogll lpee 45 (5590


http://dx.doi.org/10.29252/jgit.6.1.171
https://jgit.kntu.ac.ir/article-1-569-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-21 ]

[ DOI: 10.29252/jgit.6.1.171]

e gl onlaibwl b Ghiguo sl jgii > (592 NO2 [CRNYEATS)

OlSSo juSlle (5 pibo Lo jxozo (glses! Juadllgll

bl il 5o Jae 3l ool ol cail o ol
loodls g polai (o) rizeed Wibioe Joud B
shls as Sleolliw! ol base a5 ols ylid o)
iz b (Sodll pgai 59) 50 widlbioe ol (Sl
o5 ol Sy (38 oo )3 alold oSy
o edle ol cum b ggoge pl icunl ouls ools ol
Ablbio Brb 4 0jf D jgot Voene &5 s 5l
Syl casllae

sl 28148 o ) ablin (a5l iz
bz slojs) 5o psbeal ez ) aiis (o]
o lea Sosll glls Sl 3blie 5 ot aaliral
209 )F aie jib is

NO2 Sogll ygai (ighy cnl 5o oad )l by o
LS SSs D)8 b g allys; g 0ed e 5o
L &S bl 5lodel cawsdy pglar .ael cawsay YL
shls o s jo Sog T o slaslKl
site oy 35 Sy (ol 2l e LL3)
Gildae (gl (g pian oosls 3 Jow cdo i3l
S35 g0 Lipe Joe Sl 59, 4 5 99 ool
A s 30 (S35l 59y 520k S BB oy i
S &S 2 o dil)] (ogas ;0 09h o0 Sleiiay o
g oo et a3 (S iy g S Jul)
Ol QB s Lags a5 (6 505 (R 40 e
R A (B Al o plamil Cons o allie
el ot 455 L5 1o la_Sogll e S

[1] A. Hejazi, “Investigating and Assessing the
Relationship Between Air Pollution of
Industrial Cities and Respiratory Disease
Casualties by Relative Determination of
Polluted Areas via MODIS Imagery (Case
Study: Tehran)” MSc thesis, K. N. Toosi
University of Technology, 2012.

[2] B. Brunekreef, and S. T. Holgate, “Air
pollution and health”, Lancet, Vol. 360,

1 AW

o5l pgai ( Faulisl 5 (Sogll e o b3
el Gty (550 00 0 Sy olul jo 0 caw ;o
A g geio ailaie fpaim bl sl cnl sl
MODIS ,55Lai 5l ool Cawsas Sonlisb b Jusy
oSy yo b Ly, 85 8 sy 0 )5
@iz glacdl glm g ol a8 5 a5 s NDVI
TS P e Sl 50 9 W3S (o) p wil-alolas
lacol s ad> e 40 0ld et i LS ;2 gl
MODIS LSy slal jo ol 5 s o (gamads
Ol 0ae] Cws an abog o ol s g wib-aolas
oIl @35 poa 5 dmlne JuSy o y3 (Sl
b5l sttty 3 el jo el Cunsty b mhaw 5o
oAl Cud @Lu L ija-‘ )‘ o] Cawdds Q;o}ﬂ u‘)m
Soe I G ey slmolKi ] jo
28,5 18 anslie 550

MODIS ,5lai a Sl au az g5 b ool &Sl,1 g, o
2 Sl poal o digd ge 331 Allyy, O g0
)‘ 0d—s! Cwddo )JsL@ MLGA ).’J..a Q&‘" 39y R
I L;‘)?J—‘ Oz soollis! slaosls b S bl
RMSE jlaie il oo LS| gl )ls o mha o
\cf/\ﬂ )_3|).3 G»_M.o RMSE 9 +¥a )_3‘)9 0dal Cawddy
sl (FosIToly; polie gl Joe 5005 duoyo
SOl o5 polie 6l g (o) VO) o (oo (sllas
Ol ol e (amoyo Ve o) 0l sldas (lyls
SO L blie crns ipgh Bas aSul 4 axgi b
&zl

1233-1242, 2002.

[3] J. N. B. Bell, and M. Treshow, Air Pollution
and Plant Life, Chi Chester, UK: John Wiley
& Sons Ltd, 2002.

[4] L. N. Lamsal, N. A. Krotkov, E. A. Celarier,
W. H. Swartz, K. E. Pickering, E. J. Bucsela,
J. F. Gleason, R. V. Martin, S. Philip, H.
Irie, A. Cede, J. Herman, A. Weinheimer, J.
J. Szykman, and T. N. Knepp, “Evaluation


http://dx.doi.org/10.29252/jgit.6.1.171
https://jgit.kntu.ac.ir/article-1-569-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-21 ]

[ DOI: 10.29252/jgit.6.1.171]

(5]

[6]

[7]

of OMI operational standard NO2 column
retrievals using in situ and surface-based
NO2 observations”, Atmos. Chem. Phys.,
Vol. 14, 11587-11609, 2014.

E. J. Bucsela, E. A. Celarier, M. O. Wenig,
J. F. Gleason, J. P. Veefkind, K. F. Boersma,
and E. J. Brinksma, “Algorithm for NO2
Vertical Column Retrieval From the Ozone
Monitoring Instrument”, IEEE
TRANSACTIONS ON GEOSCIENCE
AND REMOTE SENSING, VOL. 44, NO.
5, 1245-1258, 2006.

J. P. Burrows, M. Weber, M. Buchwitz, V.
V. Rozanov, A. Ladstatter-Weissenmayer,
A. Richter, R. DeBeek, R. Hoogen, K.
Bramstedt, and K. U. Eichmann, “The
Global Ozone Monitoring Experiment
(GOME): Mission concept and first
scientific results”, J. Atmos. Sci., vol. 56,
151-175, 1999.

M. J. Bechle, D. B. Millet, J. D. Marshall,
“Remote sensing of exposure to NO2:

IS0 Slelbl (5,9lid Suwsigo — Siusg fu Sole oyl

1 Ale

|}”ﬁVJleg.m6JlAﬂ.mdLm

(8]

[0l

Satellite versus ground-based measurement
in a large urban area”, Atmospheric
Environment, Vol. 69, 345-353, 2013.

C. Popp, D. Brunner, A.Damm, M. V.
Roozendael, C. Fayt, and B. Buchmann ,
“High-resolution NO2 remote sensing from
the Airborne Prism EXperiment (APEX)
imaging spectrometer”, Atmos. Meas. Tech.,
Vol. 5, 2211-2225, 2012.

Y. Safavi, “Geographical factors in air
pollution of  Tehran”,  Geographical
Research, Vol. 58, 99-112, 2004.

[10] F. Boersma, E. Bucsela, E. Brinksma, and J.

[11]J. R. Acarreta, J.

F. Gleason “NO2”, in OMI Algorithm
Theoretical Basis Document, K. Chance,
Ed., vol. 4, ch. 2, 2002.

F. deHaan, and P.
Stammes, “Cloud pressure retrieval using
the 02-0O2 absorption band at 477 nm”, J.
Geophys. Res., vol. 109, no. D05204, 2004


http://dx.doi.org/10.29252/jgit.6.1.171
https://jgit.kntu.ac.ir/article-1-569-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-21 ]

[ DOI: 10.29252/jgit.6.1.171]

Joumnal of Geospatial Information Technology
Vol.6, No.1, Spring 2018

K N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING

Distribution of atmospheric NO2 in the industrial cities using OMI
and MODIS images
(Case study: Tehran metropolis)

Abolfazl Ahmadian™, Mohammad Reza Mobasheri 2, Ali Akbar Matkan *

1- PhD student of Remote Sensing in Department of GeomaticsEng., K. N. Toosi University of Technology
2- Professor in Department of Geomatics Eng., K. N. Toosi University of Technology
3- Professor in Department of RS and GIS, Shahid Beheshti University

Abstract

The atmosphere is a complicated and dynamic system containing natural gases as well as some extra gases produced
through different sources. Concentration of suspended particles in the atmosphere is one of the most important indicators of
air pollution. Tehran is among the most polluted cities in the world. Being able to determine the amount of pollution in the
city’s air, may lead to strategies being adopted for reduction of its negative effects. Commonly, measurement of the air
pollution is carried out by gauges installed in stations all around the city. These limited number of gauges can precisely
measure pollution within the station zone. However, the measured data is not valid for the regions far from stations. NO2 is
one of the most important factors in the air pollution; hence this study attempts to determine it in urban areas using remote
sensing. OMI images are routinely providing air pollution data on a daily basis. These images give the amounts of pollution
in large pixels which are not appropriate for urban areas. In this study, the concurrent images of MODIS and OMI were
used in order to find a relation between pollution and reflectance in different bands. At first, the relationship between
pollution and reflectance in industrial areas and large cities were determined. Then different combinations of equations
were considered for MODIS bands and the best combination was chosen. At the end, distribution image of pollution was
obtained in the city. Evaluation of this equation shows acceptable accuracy in prediction of NO2 by MODIS images. In
addition, critical and highly polluted areas were determined by accumulation of air pollution images on different days. At
the end, data of ground stations were utilized in order to evaluate acquired results (RMSE=0.29 and RRMSE=44.3%). The
model showed small relative errors (15%) for large amounts of NO2 and huge errors (100%) for low amounts of pollution.

Key words: Remote Sensing, Air Pollution, Nitrogen dioxide, MODIS, OMI.
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