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Abstract.Various interventions were made byltiegovernment to prevent t®VID-

19 spreadby controlling socioeconomic activjtidmit the effectiveness of the
interventions andtherfactors have not yet been fully clarifiguis, his study aim®
provide further scientific evidenceon those potentialfactors which affect the
socioeconomic activitieshangesduring the pandemic, by usispatial analysis on
atmospheric compositioBy taking Phra Nakhon Si Ayutthaya Proyihkailandhs the
case areResults of the government's COVID measures and statuses of industries were
compared with changes in aerosols, including Rihi2Ztbvasanalgedby Google Earth
Enginewith nine open dataseténcludingmeteorologicahnd hydrologicdhctors. The
analysis revealed that #eeosolndexin ueban area of the provirtecreasedt 28.03%

in 2020comparedn 2019. Besides, PM 2ifastically decreased from March 2626n
withoutthe influence of wind speed which as the highest causal relatmaskgnt low
level compared with previous years. The reason teihtttency would be explained that
other thargovernmeninterventiosincludingnationallevel state of the emergency decree,
reduct i on activitiesat Rojarta industeisriand reduction of the number of
tourists had significant influence to redneenearvalue ofPM 2.5
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1. Introduction implementation of activities; recommend and implement
penaltie$2].

In response to the unprecedented epidemic of In addition to the restrictions ingexl nationwide,
Coronavirus disease (COVID), the Thai governmentAyutthaya Province has been targeted for several
has implemented varioimerventions andheasures to additional industries, including golf courses, movie
control the spread of the diseadée first case of theaters, and sports, fitness, and heghled facilities. In
COVID-19 in Thailand was reported on January 13, 2@2e March, the coverage was further expanded to include
[1] It was listed as the first case outside Chitke following failities and services: food services such as
Subsequently, the pandemic spread within Thailand,ragthurants; department stores, shopping malls, and
as of June 1, 2020, the number of infected people totélddor eating places in convenience stores; weekend
3,082 and the number of deaths rose [B]5n response markets; beautglated services for people and animals;
to this serious situation, the Thai government has take€l childcare facilities, excluding hospitalsAyitthaya
seriousmeasures to collect itsaf prevent the further government has also enacted and implemented strict
spread of infection. These measures are, in other wanggsures to prevent the spread of infection in industrial
to restrictsoci@conomic activities by reducing humaemplex and surrounding residential areas and
contact. It hadeen found that changes in atmosphedormitories. The following actions were requested to the
composition can provide some indication of the econoinidustrial complex: check the pa@mperature of all
activity that has been adversely or positively affecte@rbployees before getting into a shuttismfect seats,
those government interventiof®]. For example[4] wear a mask, keep a enough distance between seats
analyzed the significant decrease in nitrogeidelievel shuttle,and from workers where many employees are
caused by COVIR19, and resulted that this was due working togethel6].
the government's suppression of economic activities.

Similarly, in Thailand, various interventions have bgenFactorsinfluencesa Change in Atmospheric
implemented to curb economic activities and prevent the Composition During COVID-19

spread of infectious déseg5], so it should be possible

to examinghe effects of interventions and other factors = since COVIB19 is the unprecedented pandemic and

by analyzing changes in atmospheric compositggyernmentsre responsible take countermeasures to
including nitrogen dioxide. Therefore, this saimigto  control the infection spread through various interventions
provide new insights into the factors that influenggcontrolsocieconomic activities evetithout knowing
changes in socioeconomic activities under the influencefctiveness and results of those acttarous studies
coronaviruses, including governmieérventions and have been conducted to elucidate the effects of
measureshroughspatiotemporainalysis that takes intogovernment intervention in preventing the spread of
account hydraneteorological observation data thaifections and the factors behind the related changes in
influence changes in atmospheric @mition. Phra  socioeconomic activisig, 8, 9]. Atmospheric conditions
Nakhon Si Ayutthaya Province (AyutthaVegilandis including density of pollutant materials, thermal
selectedas a case study aaceit hasvarieties of temperaturerland cover change clearly reflect situations
economic activities of society, truism, and industry whighsocieconomic activities and growSpatbtemporal
would result in providinginsights from diverse analysis with earth observation data, which can be used
perspectivelow thoseactivities have been affectsd globally, is a promising approach for understanding the
COVID-19pandemic as well esntrollecby central and atmospheric component changes. For example, reference
provincialgovernmerst idterventions [10] used highiesolution Earth observation data to
Due to the spread of the coronavirus infectiognalyze changes in the concentrationitrogen dioxide
various events, including Songkran Festival whicitgpounds around the world. As a result, the study found
known as New Years Day, have been cancelledcigntifically that the closure of environmentally
Thailand. Following the central government's respofseificient factories and vehicle emission regulations
Ayutthaya Province has also takenumesi$o restrict the contribute to the decrease in the concentration of nitrogen
operation of service businesses that involve close cogfia&ide Atmospheric changes in relatively in short period
with peopleto prevent the spread of the disease: thegf be also observed which enable us to understand
services include karaoke, video game arcades, masse@fic efficiency of government interventidegerence
parlors, health centers, fitness centers, boxing arg§@passessed the efficiency of strong meastraffic
cockfighting arenas, and training centers. Furthermorgoairol and temporary shutdown of polluting industries
the time the central government declare@ergency initiated by local authorities towards the 2008 Olympic
decree on March 26, 2021, the province also fO”OWGda-rhf Para|ympic Games in Be”mg through tropospheric
initial declaration of emergency has a total of \¥®2 column observations. The research fotimad
constraints; Prohibit entry to dangerous places, includipgroximately 60% of NO2 reducti@bove Beijing
areas where infectious diseases are spreading; closeddpig the Olympic period; tegongmeasure influences
areas where infeutis diseases are spreading; lock doMgguctionsof NO2 alsoat surrounding cities of Tianjin
throughout the country; prohibit gatherings; advise agadngf Shijiazhuang at 30%, and Shijiazhuang at 20%,
movement to other provinces; recommend and authof&epectively Although, the government interventions
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function appropriately a control economic activities,the main target of previous studies, to examine the factors
causal relationship still not clearly understgoghat that influence changes in socioeconomic activities.
kind of government interventionsr other factors
influence specifically on what type ofoci®@conomic 3. Materials andMethods
activities. In that regards, spesifici@conomic activitie
also should be monitored to assess how the interventions\yutthaya Province, the case area, is shown in Fig
restrict target activitieReference[11] quantitatively The province is the former capital of the Kingdom of
assessed the activity conditions of iron and steel factqtiegland and has an active tourism industry, as well as
by monitoring spatiotemporal changes in the internal Rgaferal major industrial complex in Thailand including
field of the plantsyhich was obtained from Land8at Rojana Industrial Park (IBgang Pdn, and Ban Wa (Hi
Thermal Infrared Sensdihis research makes it possiblEech) Industrial Estates (IE3hereare three outputs
to monitor and asseeperationatonditionof factories derived to understand an efficiency of government
without visiting the site or to contact person in chargeimterventions against CAW419 outbreaks through
the factory operation. controllingsocie@conomic activities: Vi s u a | comp
Characteristics of government interventions fofaerosolindéx, o0 Ti meseries compar
controllingsocieconomic activities during COVII® is a n dFactors influencesnean PM2.5 change during
unique compared tpreviousliteratures since types ofCOVID-1 9 6through  controlling soci@conomic
intervention$ e.g., travel restriction, curfew, and state@fc t i .vThet autkoss anticipate providing generalized
the emergendyare different frongeneratestriction of and less challengingnethoalogy sothat not only
environmental protective measures sudir gmollutant professionals who possess specialized knowledge and
emission, shutdown factoriesnd temporary traffic skillsetto conductanalytical approachesth specific
control Besides, various interventions are madeditasetsbut also people who are not familiar with
relatively short period of time for anticipating quigeospatial data analysis can utilize. To thahei@bogle
outcomego prevenispreading infectionis that context Earth Engine (GEE) was adopte@EE is clouebased
of the pandemic, referea{4] revealed abrupt decline oblatform, which combines a mugétabyte catalog of
nitrogen dioxide tropospheric vertical column deinsitysatellite imagery and geospatial datasets with ptanetary
China sinc€OVID-19prevailedNotable finding is that scale analysis capabiltlé} Aerosol was focused on this
the decline can be initiated by the Chinese government's
actions: the announcement of the first report in ec—
province and t he Thrreseaich|| Leena
enabledo assess efficiency of government interventiq = ndustial Estates/Parks
not onlya the study area but afeo other countries and
regionsince NO2 density can be monitored all over t
world by remote sensing technology
In addition to the previous studies, this research 4
to contributeto further understandingn factors which
influences on economic activities dur®d@VID-19
including government interventionsy adopting a
methodology that is very powerful, yet highdgsasible
Furthermore, this study will also focus on atmosphe
composition other than nitrogen dioxide, which has be — "’
Fig 1.Ayutthaya Province, Thailand

Nava Nakorn IE £

Tablel. A series of datasets used for analyzilugitiafactors oreerosolchangeduring COVID19

Dataset Abbreviation Type Purpose

1. SentinebP: OfflineQJV Aerosol Index UVAI Image collection Aerosol

2.Global Administrative Unit Layers GAUL Table Administrative boundary

3.MODIS Land Cover Type Yearly Global MCD12Q1 Imagecollection Land cover classification

4.ERA5Land hourly ECMWF Image collection Wind speed and direction,
temperature, air pressure

5.Climate Hazards Group InfraRed Precipital CHIRPS Image collection Precipitation

6.Global Land Datéssimilation System GLDAS Image collection Humidity

7.Copernicus Atmosphere Monitoring ServicicCAMS Image collection PM2.5

8. Satellite imagery Sl Image Verification of land use

9. COVID-19 situation Gl Text Government interventions
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studysince it well represents andaafhuman economic 3.2.1. Area of Interest (AOI) setting

and social activitieBesides, atmospheric components

tend to be influenced by meteorological conditions as Well Select the first image from the image collection of

as ground activities. Thesaditions wereonsideredbr

the analysis of efficiency of government interventions.
Nine types of data were usas shown in Table (1)
SentinebP:Offline UV Aerosol Index to assess aerosol
intensity  distribution and change(2) Global
Administrative Unit Layer§GAUL) to set the
ge@raphical boundary of analysis, (3) Moderate
Resolution Imaging Spectroradiometer (MODIS), Land
Cover Type (MCD12Q1) to identify urban areas including
industrial zone$4) ERA5Land hourly, ECMWF climate
reanalysis, to obtain, air temperature, pregfalespeed,
and wind directiofb) Climate Hazards Group InfraRed‘ﬂ
Precipitation(ECMWF) to obtain precipitation, (6)
Global Land Data Assimilation SystéBLDAS) to
obtain humidity, (7) Copernicus Atmosphere Monitoring
Service (CAMS) Global NéRealTime to obtain PM 2.5,

(8) satellite imageiyzoogle, CNES/Airbus, and Maxar
Technologies) to validate the extracted urban anea®)
COVID-19 situation to summarize government
interventions against COWAI® to control human social
and economic activitied detailed analytical flow is
describedbelow and stwnin Fig 2:

3.1. Visual Comparisonof Aerosol IndexDensity Il

Aerosol was adopted as @ase atmospheric
componenin this studyThe value is calculated as index

MCD12Q1 and select the class table "LC_Typel"
Set the Area of Interest (AOI) ljipping the
selected image with 'Urban and BuiltLands'
which is the value of 13 in the class table

To verify the AOI with the map data provided by
Google, CNES/Airbus, Maxar Technologies,
convert AOI to a vector, and mask it with the
boundary of Aytihaya Province.

3.2.2. Dataset preparation

Air temperaturgoressurewind speed and direction

are selected from the image collection of ECMWF
The former two components aelected from the
bands o f temperature62ind osurface_pressure
respectively. The lattigevo were calculatday a trig
function from values in the bands of
ou_component_of _wind, ¥nd speed in a west

east directigna n d/_camponent_of wind, Idm
southnorth directionThe banchamedprecipitation

of CHIRPS is used for precipitation, and the band
OQair finét of GLDAS is for hu
Together with the values of PM2.5 which uses the

b a n dparticulaté®d matter_d_less_than_25 dm_surfac
of CAMS, al | bandsd® dat a
period from'2017/01/01" to "2019/12/31"

which is defined by European Space Agency asl a The alffiltered data is then clipped by the geometry
qualitative index indicating the presence of elevated layer$f AOI and the time series value is exported by CSV

of aerosols with significant absorpfitd).

1 Select the band namedbsorbing_aerosol', itldex
Aerosol Index (Al), from the UVAI image

collections, and the period to be analyzed is set to

January 1 to July 31 in 2019 and.2020

9 Calculate the Al density for both years and set
parameters of the visualization as follawsoff
equals to 3.585, minimum and maximum values
are 3.5ED5 and 8.2#05, respectively, and the colord!
to be used in the palette, in the order black, blue,
purple, cyan, green, yellow, and red

9 Select the provincial boundary of Ayutthaya Province
named'Phra Nakhon Si Ayudifrgam the table data
of GAUL and mask the visualization of Al index
distribution.

3.2. Comparison ofTime Series Changef Aerosols

There aréhreeprocessedirst one is to extract urban
area of Ayutthaya Province, as an éfréaterest (AOI),
which includes industrial estates and parks and conve
boundary of areas into compatible format for calculatiorm,

the second is to identify and calculate time series chang

of atmospheric components, and third is to select
meteoroloigal parameters which significantly influences
change of the air pollutant components.

190

format for further numerical analysis.

3.2.3. Statistical analysis

Density of atmospheric componeniscluding
aerosoltends to be influenced Hhyydrological and

M teorological conditions rather thsoci@conomic
activities controlled by government interventions. To take
the impact into account, following steps weretadop

Correlatiorbetween time series changmeanPM

2.5 and each atmospheric condition is anaftzed
each year from 2017 to 2088hce components of
atmospheric conditiorsrrelatedeach other, e.g.,
the higher precipitation the higher humidityjaart
correlation analysis was adopted to eliminate those
effects on change ofieanPM 2.5 Subsequently,
multiple regression analysigsed to consider causes
of meanPM 2.5 changes.

Time series change ahean PM 2.5 and
meteorological factors with which have significant
correlation are drawn into chart format.

it the
érg FactorsInfluences MeanPM2.5 Changeduring
LOVID-19

First, distributions of mean Al in urban areas of
Ayutthaya Province in 2020 and 2019 are visualized to

ENGINEERING JOURNAL Volume25Issues, ISSN 01288281 ittps// eng.ord)
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— Meteorological dataset

Datal. Data 2. Data 3. Data 4. ERAS5-Land hourly
Sentinel-5P: Offline Global Administrative Unit | | MODIS Land Cover Type Yearly (ECMWE)
UV Aerosol Index (UVAI) Layers (GAUL) Global 500m (MCD12Q1)
Data 5. Climate Hazards Group

InfraRed Precipitation with Station

Image collection Image collection
' v Data (CHIRPS)
1 Select.a band.from the image Table 6. Filter th(? image collection by Data 6. Global Land Data
and set time periods date range in the latest year Assimilation System (GLDAS)

\
Image collection in the latest year

Meteorological data

 Temperature
Aerosol Index 4. E{(tr'act the 7. Select a first image from the « Precipitation
during the time period administrative boundary of collection 4
Ayutthaya province * Humidity

* Air pressure
 Wind speed/direction

The selected image in the latest year

L v
2. Calculate mean- Data 8, Satellite imagery: | | 8. Select the band of urban and Data 7. Copernicus Atmosphere
Aerosol Index during the Google, CNES/Airbus, | | built-up land as AOI Monitoring Service (CAMS)
period Maxar Technologies \
The selected urban area in the latest year Image collection

v A
10. Set time period from "2017/01/01"
to "2019/12/31"

Mean value of -
A I Index _Verification—|

i 9. Convert the AOI to vector
during the time period ]

\
Boundary of A Vector of AOI Image collection in the time period
Ayutthaya Province v

11. Filter the data and Extract all values and export to CSV

3. Set parameter for

visualization Time series values of "PM 2.5 " and "meteorological data"

___— 12.Significant correlation and causal correlatloN
\\ between each meteological value and PM 2.5 e
No

Bevens e S

—

AOI in vector

Coloured mean value of
Aerosol Index during
the time period

Yes

|

‘ 13. Change the time period to "2020/01/01 to 2020/07/31"

Discard meteorologicall dataset
® which has no/less causal and

corelation with PM 2.5

5. Mask the visualization area with the
provincial boundary

Mot enlared mean va{ue o . Time series values of "PM 2.5 " and "meteorological data"
Aerosol Index during the time period l

1) Visual comparison of Aerosol Index in different years 2) Timeseries comparison of PM 2.5 and corelated meteorological data

Geographiclal distribution of Aerosol characteristics Time seriese chaneg patterns of PM 2.5 at AOI

3) Efficiency of government interventions against COVID-19 through controlling economic activities

Types and timings of government interventions with COVID-19 situations

Data 9. Government interventions (GI) and COVID-19 situational reports

Fig 2. Analytical flow of the study

understand the tendency of spatiotemporal changesernment interventisrand situains of COVID19
Second, time series changes in PM2.5, one of afeediscussed based on the numerical refsthlesspatial
compositions of aerosols, are statistically analyzeanatysiand the survey resulideteorological factors are
pairedsample -test to confirm significandifferences also considered to detail causes of iR&h5change.
among selected year. Third, the factors influencifigerview wasalso conducted with the Director of
changes in atmospheric compositibBM 2.5 including Tourism Authoity of Thailand (TAT) Phra Nakhon Si
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Ayutthaya Officen March 20210 understand tourism < 0.001, p < 0.001). Other three factors of precipitation,
situations in the study area air temperature, and humidity were resulted in similar
causal relation with the mean value of PM 2.5.
4. Result
4.3. Efficiency of Governmentinterventions
4.1. Visual Comparisonof Aerosol IndexDensity
The timeseries comparisonnaéanPM 2.5change

The visualization results of the mean Al in 2019 atfl air pressuie the urban areaf Ayutthaya province,
2020 are shown in Fi8 It was confirmed that the clas#cluding industrialcomplex with the government
t ab lUban aril Builp Lands o f t 261 Wtergentionandannouncementssuedreshown in Fig.
adequately represented the actual urban areas 44apwith the time series change of humitiitgre was a
industrial complex in Ayutthaya Province. Industitable declineobserved inmean PM2.5 in 2®0
complex, one of the main sources of air composité#mpared to other years, especfaliythe period of
substances, account for about 25.4% of the urban ard4arehl toJuly3l; with 209 (paired t =8.102 df = 152,
Ayutthaya Province; the total urban argheprovince P <0.001)2018paired t =17.151, df = 152, p < 0.001),
is 134.6 ki Rojana IE is 24.0 Rf17.8%), Ban Wa IE and 2017 (paired t<15.308, df = 152, p < 0.00The
is 3.8 krd(2.8%), Saha Rattana Nakorn IE is 3.3 kfmeanvalue of PM 2.5 density the periodn 2020was
(2.5%), and Bang HalE is 3.1 krd(2.3%)[14, 15]In  5.83e8, and significantly declined from 2017, 2018, and

I hn

(r:]oimrgohn (;NIttJTbZ?itha}rﬁglrfﬁ’uﬂ \Il_illﬁ(?{z weerlenf%und Ito cTable2. Th.e result ofm:rrelat!oranalysis of PM2.5 ¢
oCroplands, Savannas Smssla@ls Al s o, meteorological and hydrological factors
of Al at the urban area in 2020 is 28.3% smaller thai PM25 PC TMP HUM AP WS
2019. Two areas with high Al values identified: Rojané
and some parts of Ayutthaya city, and north of Na

PM25 1.00 -0.10 0.2 -0.2 013 -0.B

Nakorn IE. PC -0.10 1.00 -0.21 0.26 -0.14 -0.2
T™MP -0.2 028 1.00 0.8 -0.2 -0.16

4.2. TimeseriesComparisonin Urban Areas HUM 011 026 0GB 100 -0.5 -021
The value of PM 2.5 and all meteoritical factors: AP 083 -014 -02 -0% 100 -0.21

temperature, pressure, precipitation, humidity, wind sgWS 0.2 -0.2 -0.16 -0.21 -0.21 1.00
and wind direction, were filtered with the geometry

AOI, theurban area of Ayutthaya province, angdtied

2017 to 201%Results of correlation analysis is shown Table3. The result ofmultiple regressioranalysis
Table2. Wind speed has relatively higiwerelation with  PM2.5 and meteorological and hydrological factors
the Al (r=0.381=19.764, g 0.00). Other factors were

appeared to desssignificantncludingair pressurhich Std. Error  tvalue  Pr(>[t])

was rated in the second most core(at®d 126,t=7.024 PC 392E-04 3.9 732E04 ***

p < 0.001)Result of multiple regression analysis is sho

in Table3. As same as the result of correlations analyTNIP 13%-03 3.8 144E04 =

wind speed rated highest causal relation (t = 19584, HUM 113 -3.7 17504 ***

0.003, p < 0.001) followed by air pressure (t = B8, AP 1.16E05 4.13 3.95E05 ***
WS AVF-NR -10R 2 7TNR74  ***

-1.15

-1.65
Fig 3. Aerosol Index comparison in 2019 and 2020 in Ayutthaya Province in Withiltellocations of industrie
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Fig 4. Time series change of mean BNhZrom 2017 to 2020 with other meteorological factors.

2019 at 354, 66.88%, and 53.43%, respecti2€i®0 The higher speed of wind flothgless mean value of PM

showed lowemean PM 2.8ompared t®019.Besides, 2.5 becomes.

even before the government declared a state of emergencyhe mean PM2.5 dropped drasticallyamuary 20

and other stringemheasures were issued, the time sefldss tendency seems to be the same with previous years

value in 2020 showed a tendency to maintain notablydspecially 2019et differences was that the value in 2020

compared to other yea#sday beforefficial recognition did not bounce back to the higher values afterward while

of COVID-19 as deadly contagious disease, and first detithr years didThe same tendency was observed on

case reportthemean PM 2.%8ensity droppednd was March 26There were no major government interventions

then maintained at a low level wsttmefluctuation issued such as the natideakl state of emergency decree

during early April to early May nor curfew instructions. The windiethhas higher causal
Wind speednd its direction at each day is also shoearrelation with the mean value of PM 2.5 |laas

in Fig 4 (b). Tendency of wind direction was that it flondifferent between 2020 and 2017 to 2019, in both January

from easter® East (E)eastsoutheast (ESE), and easto February, and March to July; 2020 to 2019 (paired t =

northeast (ENE) and a bit of northern (North (N), 0.851, df =58, p=0.199) and (paired2.483, df = 152,

north-northwest (NNW), and norhortheast (NNEY p = 0.07), to 2018 (paired t = 3.025, df = 58, p = 0.002)

from the beginning of January to March and be dominand (paired t = 1.528, df = 152, p = 0.064), and to

by southern wind south (S) southsouthwes{SSW,) 2017(paired t =1.075, df =58, p < 0143) and (paired t =

southsoutheag SSEP until about June and subsequently. 780, df = 152, p = 0.039), respectively.

wind from westerd West (W), westouthwest (WSW),

and weshorthwest (WNW)3 increasesWind speed 5. Discussion

showed stronger correlation with the mean value of PM

2.5 as derived from statistical analygiseinous section. The mean value of PM 2.5 in 2020 was drastically

decreased especially January 23 to February 20 comparing
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