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Abstract

Nitrogen dioxide (NO,) is one of air pollution that Thailand has been affected for many years. The aims
of this study are separated into two objectives. First, to explain the situation of nitrogen dioxide concentration
in spatial temporal and analyze the relationship of factors affecting that led to generation of nitrogen dioxide
using by spatial statistic. Secondly, finding a suitable model to be estimated the concentration of nitrogen dioxide
from Sentinel-5P data and ground station data using linear regression model during January 2019 to December
2020 in Thailand. As a result, the average of nitrogen dioxide concentration in 2019 has higher than the nitrogen
dioxide concentration in 2020 the value was 10.95 ppb and 10.67 ppb respectively. The maximum total annual
average of nitrogen dioxide concentration occur during Dry season (between November and April) in January 2019
(18.37 ppb) the minimum average occur during Wet season (between May and October) in June 2020 (8.05 ppb).
In addition, the regions with the highest average of nitrogen dioxide concentration was central region during
the 4th week of January 2019 (40.69 ppb) and the lowest average concentration of nitrogen dioxide was found
in northern region during the first week of September 2019 (2.84 ppb). The suitable model for estimating
the concentration of nitrogen dioxide was Cubic model with coefficient of determination (R2) at 0.72 and it model

accuracy overall was 70.29 %

Keywords : nitrogen dioxide concentration ; regression model ; sentinel-5P
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Figure 1 Study area
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Figure 2 Conceptual framework
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2.1 nMamaaaupNdNutszudnedaunls Tnantstindieyaqaninainaaiiien Sentinel-5P 119U 6 WUUE
(Table 1) uazdiayaainanifinaadnniaiuiy TnevinnisiaenAinEa1eIA LLeanIHAIATAN ATWALY

a

U TR F8R TN THAN s L ANDANANINUF NeITA

Table 1 Data processing

Data Band Name
Near Real-Time NO2_column_number_density NRT_DEN
(NRT) tropospheric_NO2_column_number_density NRT_TROPO
NO2_slant_column_number_density NRT_SLANT
Offline NO2_column_number_density OFFL_DEN
(OFFL) tropospheric_NO2_column_number_density OFFL _TROPO
NO2_slant_column_number_density OFFL _SLANT

2.2 neasnalunafAnunlfninistindoudsiiaunismaseuanduiug dunaielunatagldannisnnes
9 Uszinm TAun wuL&umse (Linear model) LULA@ANTINN (Logarithmic model) uLUA28AIIANE (Quadratic
model) WULAYDA (Cubic model) WULBNNIAD (Power model) WLLFARL84E (S-curve model) WULWAT naTea

(Exponential model) il Inverse model Wazkill Growth model Imﬂﬁgmmmumimﬁ (Table 2)

Table 2 Regression model

Model Equations
Linear model Y=aX+b
Quadratic model Y=aX?+bX+c
Cubic model Y =aX®+bX?+cX+d
Logarithmic model Y=aln(X)+Db
Power model Y = axP
S-curve model Y = e@/X)+b
Exponential model Y = ab%
Growth model In(Y)=ax+b
Inverse model Y=(/x)+b
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— 2019 = 2020

(a) (b)
Figure 3 Nitrogen dioxide concentration (Monthly average) during 2019-2020 (a)

and the number of people infected with The Covid-19 virus (Round 1) (b)
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Figure 5 Nitrogen dioxide concentration (Eastern region)
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NOPPB)

Figure 6 Nitrogen dioxide concentration (Northern region)
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NOXPPBY

NOHPPBY

Figure 8 Nitrogen dioxide concentration (Western region)

-6t

NOUPPE)

Figure 9 Nitrogen dioxide concentration (Northeast region)

NN9AATIZIANANRUSIaTIAs e NdeNasa N A A NN uRT luins e laean s LT alszmna lne

1Y a v o

nsaaziainnstinlademniegetiasanen 3 Uszinm 1 deyaguumnil feyanuauduning deyaninuizoan

CYRS] al al

v 1 a o A

nndieneidndssAnsavduiufinesdu Inoutseaniilu 6 gilnna lHun Wuunianans Manzdueean nawl

'
v o o

AAlE AARZIURAN LaTN1ARTTURANLRENMTNE (Table 3) NUANTTARENHAMNANRAUSAD LB NIUAIAIN LT NT Y
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v o o a

Analulnsanlaaanlasd 1Hun AuTdudNs g lnanin1ANRAIANNENTUEI2UI19AT A NTUE NN ST TN

al

ArpaNdnduRTlulnseulnesnlangads lHwa ANAnate ANENUIEANTANENANUSIVINAD -0.9 70989: TwA

a9

a

o o

AARTIURN WATNIAURENANFNUILANTANANAUFVNAL 0.79 LAY -0.62 AMNAAL IABNIANANY LAZANALLS
= 1 v v Y e“ﬂl o 1 1 dgl o o '8 < ‘ﬂl [~}
FBuuAA N nduA g luTnsrulneen laa ALUsan fufa AN AN NTUENANS LarANBIaN HaIaInANEIaN
azannaisin i ldifianisnszansanasfinadenans (Eiminir, 2005) waziiaiBunuaauduluainialiiuuas
anamaindaziinnisuansazesinluennanallulansendausafAa (Hydroxyl radical) Tedsaamanng ulnsiau
laaanlas (Cros et al., 2015) Tuaniznnranzduaani3uiarranudinduinalulnsaulaeenlafulsdunss
Vo e o e A o A a Aa ’ \ o §v a &
FaANANTUANANS 1Hasannanyiusaninilssimanfagsdenziaaalneinliifanisssimaaaslenngs
wazinliiA A NTuANN S Tuan1Ageay denaliinaiiuniseinialiainnsnaesdaaullgdduussainimauls
(Bootdee et al., 2019) waznnaldinnasaaudinduigluingaulneen b T AN RS AaA AN NTUENANS

(Figure 10)

Table 3 The correlation between nitrogen dioxide concentration and meteorological data

Pearson Correlation

Regions Windspeed temperature Relative Humidity
Central region -0.53 0.02 -0.90**
Eastern region 0.24 0.55 0.79
Northern region -0.48 0.02 -0.62

Southern region -0.58 -0.28 0.31

**_Correlation is significant at the 0.01 level (2-tailed).

Northeast and Western cannot analyst because of Insufficient data
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aL0E

B reswerumoy  mom Nz P & s w & & o w7 B Reswerumoy  mmm Ne2

(a) (b)

- 3 ' RN | —
Al s b
T . . P . . P —— '
(c) (d)

Figure 10 Relationship between nitrogen dioxide concentration and relative humidity data (weekly
total average) during 2019-2020 central region (a) eastern region (b) northern region (c)

southern region (d)

maainluaalunistszanaianuduiuiglulasaulasenlas tnmlszmalng

e ' ¥ b4 24 & O a 7 a
meaielunalunistszanueanudnivinglulnsauleeanlad innsiwssiiaanisindeyaainanidl
AIIATANIANUAY LaTdayaqANINAINATILTLN Sentinel-5P AU 6 WULA A11au 120 gadeya WINFATITT
ANANAUS Iz I Fauls FaeRBnsdinsnsidulsc AT anduiusine F4u wuda A NdNTuS sz BunAn
Y v e & = o d” a v a . al o o &
pndindiuinglulnaulaeenlafainaniiinmadaniaiuiu wazdeyaainaiaiian Sentinel-5P HANAIINANTLE
494 1Aun wuud OFFL_SLANT Henduisr@nsanduiusiviniy 0.833 avdudann 1Hun uuusd NRT_SLANT uag

WU OFFL_DEN HANAu1s2@ndanduwusivindy 0.828 waz 0.825 anuansu (Table 4)

o :// ° ¥ Q‘I 1 o g v A

nasantuinfeyaniunimmaaeuanduiusunairslumalaaldannisannes 9 Uszinn (Table 5)
T fAnen livnanistiauuasaudsliun dauds Y e dannueipnudinduinglulnaaulaeenladieassadiland

v o

ananingaadaniaiuau uazfauls X Ae dayaniaiiion Sentinel-5P wlWs OFFL_SLANT filA2NANHY

a

o a

Audayaananifingaadaniafiufiusiuiugadeya 120 gadeya wudi lunaiaAdulszdnsnisfnaulagey

a9

ho)

L4

1#uwn Cubic model HAWINAU 0.72 9898941 18wA Quadratic model Wag Linear model HAdNUs@Anin1sdnanla

o

Wiy 0.70 waz 0.69 ana AU Taaguuuannisfasl

Y = 4196974330470.98(X)* + 2929078104.75(X ) - 466000.66(X ) + 28.26 (R-square = 0.72) (2)

Tnel Y Aa Bunasanpnudinduinglulnsaulaeenlbfeassnadilangg

X 7 dagannniiien Sentinel-5P uuus OFFL_SLANT
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Table 4 Pearson correlation coefficient
Pearson correlation
NRT_ NRT_ NRT_ OFFL_ OFFL_ OFFL_
Data NO, (ppb)

DEN TROPO SLANT DEN TROPO SLANT
No, (ppb) 1 .815** 787+ .828** .825** .803** .833**
NRT_DEN .815** 1 .970** 947 991 970" 931
NRT_TROPO 787 .970** 1 .931** 974 .995** .920*
NRT_SLANT .828** 947 .931** 1 946 942 .996™*
OFFL_DEN .825** .991** .974** .946** 1 Q7T .935*
OFFL_TROPO .803** 970" .995** .942** 977 1 .934**

OFFL_SLANT .833** 931+ .920** .996** .935** .934** 1

**_ Correlation is significant at the 0.01 level (2-tailed).

Table 5 Coefficient of Multiple determination from regression model

OFFL_SLANT Band OFFL_SLANT Band

No. Model No. Model
(R-square) (R-square)
1 Cubic model 0.72 6 Exponential model 0.45
2 Quadratic model 0.70 Growth model 0.45
3 Linear model 0.69 8 power model 0.45
4 Logarithmic model 0.61 9 S-curve model 0.40
5 Inverse model 0.49
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o o

Limear model Quadraiic model

T

S curve model

.

e

Logarithmic model Girowth model Invese model

Figure 11 9 Types of regression equations.

Ausudumausalld dWnaunisoanassanaiauidiasziivalssinA A ddinduinglulnsaulaaanlas

wagsadlandf (Figure 12)
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Dry season

The 1st week The 2nd week The 3rd week The 4th week
January 2019 (a) January 2019 (b) January 2019 (c) January 2019 (d)
Wet season

The 1st week The 2nd week The 3rd week The 4th week
June 2020 (e) June 2020 (f) June 2020 (g) June 2020 (h)
I s e W Unit : ppb
0 20 40

Figure 12 Nitrogen dioxide concentration (Weekly average) from cubic model between dry season (a-d)

and wet season (e-h)
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Taannsdsziduaanuusiudnresgadayanliainiuna ianisdsziduainaouduiugszndnafiunm

a a o

1 v ¥ ey e‘-ﬂl v 1 ¥ b4 23
ArANdndutnglulnsaulaeanlodiliannlumanisnaneauuuAsdatuiBunaAranudinduingluinsau

©

o

laeanlaANNIn19Aa3AANNANIRAIIATANIANUALANUIL 30 4015 Fail (Table 6)

Table 6 Comparison of the results from cubic model and data from ground station

No. Station R e No. Station NE(HE
Ground station Cubic model Ground station Cubic model

1 50t 55.08 44.31 16 28t 12.27 8.73
2 53t 47.79 37.75 17 77t 10.43 10.31
3 54t 53.16 43.64 18 76t 10.53 8.15
4 50t 39.22 44.18 19 37t 7.04 14.06
21t 26.48 25.68 20 40t 8.14 27.42
6 08t 33.71 42.83 21 67t 6.19 7.49
7 18t 43.44 34.55 22 75t 2.61 6.82
8 14t 36.08 39.46 23 57t 8.80 8.26
9 27t 46.54 32.84 24 35t 12.32 10.35
10 25t 27.20 43.19 25 58t 2.41 7.01
11 60t 20.77 8.37 26 62t 5.89 6.79
12 32t 15.76 20.28 27 63t 7.75 6.75
13 20t 23.22 22.41 28 80t 3.37 6.78
14 31t 19.50 28.28 29 42t 3.01 6.89
15 74t 22.0 21.74 30 46t 16.18 9.88

TaalunirlsviiumAnnudugaa9ldma wuqn TunangsieanndaunisannesuuAIta HANANNwHLEN TagsIN

14

winiueaaz 70.29 (Figure 13)

50t ost 1

60

50

40

30

No2(pph)

20

t 27t 25t B0t 32t 20t 31t 74t 28 77t 76t 37t 40t 67t 75t 57t 35t 58t 62t 63t 80t 42t 46t

|
50t 53t 54t 8t

- No2 (Ground Station) = No2 (Cubic model)

Figure 13 Evaluation of cubic model accuracy
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uaznAnzdueendamile Andluiesas 36.12 (Figure 14)
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Figure 14 Evaluation of cubic model accuracy (Regions)
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WHANEAAIUNTIH WATLTINNENT9T818FaTe4LH8s (Georgoulias et al., 2019) wananiwiniea L LEeggnia
=2 . . ! ! K2 ¥ Y ca o
n13AN®1284 Josipovic et al. (2010) wusdn UsnuAtaoutindufinglulnsianlaeanladiA1geqganseiy
1 dl b4 Yo = 1 4 ¥ 6’°I ¥
daanguue lwsneiiggien wazggluldsuiinimuttunuranuduiviuinsaulaeenlafin uazasnndes
AueWidaes Adame et al. (2020) ina1991 tnnuranudiniuinglulnsaulasenlasiirgegalugasgguing
| = o N = e 3 , = e 3 =
(ludaaheutuanan) AAnafeyiaiy 7.1 £ 2.1 ug m™ uarludaahaunnsANyiniy 5.9 + 1.2 ug m™ Tuamei
anaarpnudnininglulnsauleesnladiaingaludeanen gy uazdasggieunausiu (e au-tguiam)
FA1aaevindy 4 + 0.9 pgm”® TngudnadsenalnanudrBuamaiasnudndutgluinsaulaeenlas
UIIUNTUNNNNIUAT UazdandnszaasdiaAngegaludaenguuis (WgAan1eu-nuNA1uE) Tuamehliuin
g N ) T a A o o oA ] I o o A
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&Chaiyakarm (2019) wud1 asnuAtaandinduinglulnsaulaeanladisnningaunnumiuns da1gegalutgag
mRUUIAN (135 ppb) 1aluda9aauue (NgARNIEU-HWIAN)
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