energies

Article

Evaluation of Air Quality Index by Spatial Analysis Depending
on Vehicle Traffic during the COVID-19 Outbreak in Turkey

Kadir Diler Alemdar !, Omer Kaya 1, Antonino Canale 20, Muhammed Yasin Codur ! and Tiziana Campisi 2*

check for
updates

Citation: Alemdar, K.D.; Kaya, O.;
Canale, A.; Codur, M.Y.; Campisi, T.
Evaluation of Air Quality Index by
Spatial Analysis Depending on
Vehicle Traffic during the COVID-19
Outbreak in Turkey. Energies 2021, 14,
5729. https://doi.org/10.3390/
en14185729

Academic Editors: Benedetto Nastasi,
Meysam Majidi Nezhad and John
M. Cimbala

Received: 2 July 2021
Accepted: 9 September 2021
Published: 11 September 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Transportation Department, Engineering and Architecture Faculty, Erzurum Technical University,

25050 Erzurum, Turkey; kadir.alemdar@erzurum.edu.tr (K.D.A.); omer.kaya@erzurum.edu.tr (OK);
mycodur@erzurum.edu.tr (M.Y.C.)

Faculty of Engineering and Architecture, Kore University of Enna, Cittadella, Universitaria, 94100 Enna, Italy;
antonino.canale@unikore.it

*  Correspondence: tiziana.campisi@unikore.it

Abstract: As in other countries of the world, the Turkish government is implementing many preven-
tive partial and total lockdown practices against the virus’s infectious effect. When the first virus
case has been detected, the public authorities have taken some restriction to reduce people and traffic
mobility, which has also turned into some positive affect in air quality. To this end, the paper aims to
examine how this pandemic affects traffic mobility and air quality in Istanbul. The pandemic does not
only have a human health impact. This study also investigates the social and environmental effects.
In our analysis, we observe, visualize, compare and discuss the impact of the post- and pre-lockdown
on Istanbul’s traffic mobility and air quality. To do so, a geographic information system (GIS)-based
approach is proposed. Various spatial analyses are performed in GIS with the statistical data used;
thus, the environmental effects of the pandemic can be better observed. We test the hypothesis that
this has reduced traffic mobility and improved air quality using traffic density cluster set and air
monitoring stations (five air pollutant parameters) data for five months. The results shows that there
are positive changes in terms of both traffic mobility and air quality, especially in April-May. PM,
S0O;, CO, NO; and NOy parameter values improved by 21.21%, 16.55%, 18.82%, 28.62% and 39.99%,
respectively. In addition, there was a 7% increase in the average traffic speed. In order for the changes
to be permanent, it is recommended to integrate e-mobility and sharing systems into the current
transportation network.

Keywords: pollutant emission; traffic mobility; COVID-19; sustainable transportation; paired sample
t-test

1. Introduction

The terms energy, production and use of energy have started to be used in every field,
especially in recent years, as energy is a great power that directly affects all humanity. We
have to use this power in a correct, environmentally friendly, innovative and sustainable
way, otherwise the irreversible consequences of climate change and global warming will
endanger the future of humanity. In addition to this ongoing danger, as of March 2019,
humanity faced the Coronavirus (COVID-19) pandemic [1]. Countries have taken many
measures to fight against this pandemic; the most important of which is the lockdown,
which is thought to prevent contact and contamination. As the lockdown times increased,
some environmental analyses began to be performed. This process showed that there was
a great change in air quality, especially in crowded cities and areas with high mobility [2,3].
The main reason for this change is the decrease in the mobility of conventional motor
vehicles used in urban transportation and emissions caused by transportation [4—6]. The
reduction in emissions has many positive effects in terms of both human health and the
environment. However, in order to ensure this effect is permanent, it is vital to encourage
and expand the use of sustainable energy and transportation types in urban transportation.
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Istanbul, which has the highest human and vehicle mobility in Turkey [7], was selected as
the study area, and the change in air quality, traffic density and vehicle speeds pre- and
post-lockdown were analyzed.

The study seeks answers to two main research questions in which the pre- and post-
lockdown situation is discussed. These are:

e  RQI: What is the impact of the pandemic on traffic parameters?
RQ2: What is the impact of the pandemic on urban air quality?

In this analysis process, traffic density and vehicle speed data measured with the help
of sensors placed by the local municipality throughout Istanbul, as well as air quality index
values obtained from air quality measurement stations were considered. The data used can
be classified as big data. Geographic Information Systems (GIS) were used for both the size
of the data and the analysis results, in order to be more understandable. Although GIS is a
frequently preferred analysis tool in the literature in various analyses of COVID-19 and
monitoring the air quality of cities, remote sensing-based machine learning has also been
a very popular tool in recent years. GIS and remote sensing techniques are tools widely
applied to the energy field in various sectors, ranging from building construction [8] to
energy management [9], as well as to mobility [10]. In the mobility sector, the adoption of
new technologies related to vehicle traction (electric motors) is leading to improvements
in environmental impacts [11,12]. GIS maps are implemented in various areas, such as
in the monitoring, analysis of road accidents, identifying risk factors, in assessing road
congestion and in choosing mitigation strategies [13].

Optimal control and management of mobility entails starting with the inclusion of
electric vehicles in the national fleet and control by means of a series of sensors installed
in the infrastructure (such as video cameras, sensors for environmental and acoustic
parameters, sensors for measuring road flows, etc.) and finally the mapping of the results
acquired on a GIS basis in order to assess and draw up risk maps and consider the optimal
or most critical scenarios for a city as vehicle flows change [14-16]. The recent pandemic
has highlighted a number of critical issues and benefits brought about by the drastic
reduction of mobility that laid the basis for an assessment of mobility development in the
pre-pandemic phase, taking into account the sustainable and resilient aspect [17].

The paper is organized as follows: Section 2 presents literature studies on traffic
parameters, air quality and COVID-19. In Section 3, brief material and method information
about the study are given. In Section 4, there is analysis information of the GIS approach
by conducting a case study for Istanbul. In Section 5, the results of the study are discussed,
and sustainable transportation proposals were mentioned. Finally, it provides information
about the result of the study and future studies.

2. Literature Review on Vehicular Pollutant Emission Pre and Post Pandemic

In general, scientific or public questions about COVID-19 are discussed on social
media and related scientific studies. Some of the questions discussed, especially in terms
of transportation, are listed below [18]:

1. Isair quality related to virus spread?

2. How did traffic parameters such as traffic congestion and number of vehicles change
during the pandemic period?

Are public transportation sufficient and safe during the pandemic process?

How does air quality change pre- and post-lockdown?

5. Have the types of vehicles used and their purpose changed?

=

In this study, the authors focus on the second and fourth questions. Researchers have
conducted many studies on the air quality change and traffic mobility of the partial and/or
total lockdown imposed to struggle against the COVID-19 pandemic. Different methods
are used in current studies. In this section, studies on air quality change and traffic mobility
were presented. Finally, the contribution part of this paper to the literature was given.
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Celik and Giil conducted a study to measure air quality during the COVID-19 pan-
demic. Comparison was made considering seven different emission parameters on post
and pre lockdown. While improvements were observed in PM;jy, NOy, NO and NOx
parameters, it was found that there was a partial deterioration in O, parameter [19].

Sahin examined the impact of COVID-19 measures on air pollutants. In March 2020,
PM;o, PM3.5, NO,, CO and SO; from air pollutants were taken into consideration for the
Anatolian and European Side in Istanbul, and there were decreases of 32—43%, 19-47%,
29-44%, 40-58%, 38—69%, respectively [20].

Wang and Su analyzed the impact of the COVID-19 pandemic on air quality in China.
They observed that air quality in China improved, and global carbon emissions decreased.
The decrease of NO, parameter was seen first in Wuhan, and then in all cities [21]. Dantas
et al. conducted a study on air quality in Brazil. When the partial lockdown period and the
same period of the previous year are compared in terms of air quality, the median values
of NO, and CO are 24.1-32.9% and 37.0-43.6% lower, respectively [22].

Tian et al. examined the impact of the pandemic in Canadian cities in terms of urban
transportation and air pollution. Fuel consumption and CO, emission values were taken
into consideration. Due to partial lockdown, fuel consumption and estimated CO, values
declined to very low levels in April 2020. However, it started to rise again in May 2020.
Furthermore, while NO, and CO parameters are found to be strongly associated with
COVID-19, the situation is not the same for the SO, parameter [23].

Parker et al. observed that traffic mobility decreased by up to 50% as a result of the
pandemic in the Southern California region. When the 19 March-30 June period of the last
five years are compared with the same period in 2020, there are significant decreases in
PMj;.5 and NOy parameters [24].

Gualtieri et al. analyzed changes in pollutant and greenhouse gas emissions due
to pandemic restrictions. It was found that urban road traffic in Italy has decreased by
48-60%. For comparison, the NO,, O3, PM;.5 and PM; parameters on 24 February 2020-30
April 2020 and 25 February 2019-2 May 2019 were evaluated for six cities. There was an
improvement of 59.1% in the NO,, 17% in the PM3.5 and 32.1% in the PM;y. An increase of
14.7% was observed in the O3 parameter [25].

Marinello et al. examined the traffic flow and air quality in the case study (Northern
Italy). The consideration period is February, May 2019/2020. The results showed that the
number of vehicles in traffic decreased by up to 82% in 2020. The decrease of the NO, and
CO emissions is above 30% and 22%, respectively. On the other hand, an increase of 13%
was observed in the O3 parameter [26].

Chen et al. examined the effects of travel restriction on air pollution of 49 cities
in China. They found that the negative impact of usage private vehicle on air pollution
decreased during the pandemic. Significant improvements were observed in the parameters
PM,.5, PMjp, SO,, NO,, CO and O3 [27].

Patra et al. studied short-term changes in road traffic patterns in the city of Chennai
(India). It has been observed that non-compulsory travel has dropped. However, as
the lockdown measures eased, road traffic started to increase. It can be stated that total
lockdown is most effective in reducing road travel activity, but a partial lockdown can only
provide temporary benefits [28].

Hicks et al. examined the effects of lockdowns on exhaust gas emissions in London.
During the lockdown periods, a 32% decrease in the traffic volume on the Marylebone
road and 15% increase in the average speed were observed. Thus, it has been revealed that
vehicle emissions have also decreased [29].

Teufel et al. have developed several simulations to measure the effect of reduction
of traffic-related heat emissions on urban temperature characteristics in the COVID-19
period. As it clear from simulation results, it has been revealed that an 80% reduction in
traffic density will reduce the temperatures by 1 °C on average in the city of Montreal
(Canada) [30].
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Boroujeni et al. conducted a study to examine the public effects of the pandemic.
Impacts in terms of mobility, traffic, air pollution, noise pollution and waste generation
were studied. It was observed that between January 3 and February 6, mobility in public
transport centers decreased by 85%. PM,.5 parameter was decreased by 24% in the state of
Victoria (Australia) [31].

Doucette et al. examined daily travel and accident values in Connecticut during
COVID-19. After the lockdown, the distance traveled by the vehicles was reduced by
43%. When comparing the pre- and post-stay at home periods, single vehicle crash ratios
increased by 2.29 times. In addition, the fatal accident severity in a single vehicle increased
by 4.10 times [32].

Lee et al. examined the changes in traffic in the first three months of 2020 in South
Korea during the pandemic process. There was a 9.7% decrease compared to 2019. It
was observed that the number of vehicles in traffic increased after the number of cases
decreased [33]. Parr et al. conducting a similar study, observed that the traffic volume
decreased to 47.5% compared to 2019 [34].

During and after the pandemic, several studies have been undertaken to analyze the
environmental impacts generated by mobility. One study conducted in China states that
correlation analysis between measured data and the ArcGIS system was useful in revealing
the relationships between pollutants and seven different sources [35].

A study in Poland monitored emissions during pandemic phases by defining a heat
map, i.e., a graphical illustration of the value of the tested characteristic, depending on its
concentration level and size, presented with a selected color palette [36].

In addition, a study conducted in India in the cities of Kolkata and Howrah Municipal
Corporation, West Bengal was designed to assess changes in air quality from the pre-
closure period to the closure period. This study focused on the application of GIS-based
techniques (spatial and temporal distribution of pollutants) using the interpolation method
and statistical methods such as analysis of variance (ANOVA) to understand the changing
association of pollutants in the pre- and during-closure phases [37].

When the aforementioned studies are examined, it is seen that there is an improvement
in air quality and a decrease in traffic mobility as a result of partial and/or total lockdown.
In most of the current studies, the limited and insufficient data, the simple of the results, the
lack of spatial analysis to better understand the results and the lack of recommendations
for permanent solutions, are expressed as gaps in the literature. In order to fill this gap, in
this study, traffic mobility and air quality change were examined using GIS-based spatial
analysis. Permanent solutions are suggested for administrators for these.

The contributions of this study to the literature are as follows:

1.  Tomake it easier to understand and interpret the comparison of the periods before
and after the restriction in terms of air quality and traffic mobility, the relevant data
was comprehensively visualized.

2. Istanbul, a mega city, was chosen as the study area and the whole city was included
in the analysis and a huge traffic data was used. Hence, the study area was enlarged
and the integrity of the analysis was provided. Thus, robustness was ensured in the
change analysis of air pollutants.

3. Changes in traffic speeds are included in the study to analyze traffic mobility more
accurately. The including of traffic speeds in the study provided a unique opportunity
for managers to analyze travel delay. By comparing traffic changes in the normal and
pandemic situation, the delays can be revealed realistically.

4. Permanent solutions are required for positive situations such as improving air quality
and decreasing traffic mobility. For this purpose, e-mobility service recommendations
are given in this paper.

3. Materials and Method

A GIS-based approach was developed to find solutions to the determined research
questions. Data were collected to analyze air quality and traffic mobility. Traffic mobility
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and air quality data were processed in the GIS environment, and changes were analyzed.
The study stages are briefly given in the framework given in Figure 1. First of all, data
were collected for the study. The collected data was transferred to the GIS environment.
Visualization of the data has been achieved thanks to analyses applied in GIS. After spatial
analysis, it is easier to interpret the effects of the pandemic.

Analyzing traffic Visuvalizing traffic
mobility and air mobility and air
quaility in GIS quaility in GIS
A
I 0
| 1
1 1
1 |
Idea Data Collection Analyzing GIS Visuailizing GIS Evaluation
Determination of research Collection of data sets to Interpreting the pandemic effects
questions to evaluate analyze changes in air via spatial maps and presenting
pandemic effeets quaility and traffic mobility new suggestions in the field of

transportation

Figure 1. Framework of the paper.

3.1. Study Area

Istanbul, with a population of about 16 million, is the most urbanized city in Turkey [38].
Naturally, human mobility is quite high, and this mobility is usually provided by road.
Percent of 20 the number of motor vehicles in the country are located in this city. Istanbul
has a total surface area of 5500 km?2. However, the total surface area of the regions with
high activity in Istanbul is 2000 km?. These areas are southeast of Europe and southwest of
Anatolia. The study area is given in Figure 2.

TR
N~ :
Al .\_,7""%\:.1- )
" S i r "ot . # o SO
1 > Y > Sz
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City of Instanbul

Figure 2. Study area.

Traffic parameters in Istanbul are different from many other cities in Turkey. The
reason for this is that despite its small surface area, it has a very crowded population
(although there are 16 million residents, this number increases significantly in the summer
season). To meet the transportation mobility of the crowded population, highway/seaway
and airline transports are all used together. For this reason, Istanbul is expressed as a
“transportation laboratory”. In addition, 25% of the motor vehicles in Turkey and most
other types of vehicles (motorcycles, shared vehicles, electric vehicles, etc.) are located
in Istanbul. Micro mobility and innovative vehicle transportation applications are first
launched in Istanbul. Since traffic congestion is a big problem in Istanbul, it is seen that
innovative micro mobility applications are easily adopted by the public. Another reason
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for this is that the young population and the number of people in Gen Z is very high. For
all these reasons, Istanbul can be shown as the city where the effects of the pandemic are
best analysed in the country.

Due to the high number of vehicles and other activities, problems in air quality are
observed. Automobile types constitute 69% of the traffic in Istanbul. Trucks have a large
share, with 16%. In addition, more than 50% of the vehicles used in Istanbul are diesel
vehicles [39]. In the “Air Pollution in Istanbul” report presented by the Ministry of Foreign
Affairs in 2018, the causes of air pollution are shown in the vehicle (traffic) and industry,
mining operations, agriculture and household sectors, respectively [40]; the biggest proof of
this situation is that Istanbul ranks first in the country in terms of carbon footprint. Because
of all these reasons, it is the city where most of COVID-19 cases seen in Turkey. In fact, the
first case and death in the country occurred in this city [41]. For this reason, the partial
and/or total lockdown, which is an important measure in fighting the pandemic, first took
place in Istanbul in the second half of March and in April-May (2020). During this period,
the authors think that traffic mobility decreased and air quality was improved. Traffic data
must be collected instantly to show the changes between post- and pre-lockdown. This
data collection process is not available in most cities, as it is costly. However, these data
are collected by the Istanbul Metropolitan Municipality IMM) and shared for academic
studies. In addition, there are 36 air quality monitoring stations actively in Istanbul and
seven emission parameters are collected at air monitoring stations. Considering all these
reasons, Istanbul was chosen as the study area. The first case in Turkey on March 11 and
the first death occurred on March 17. The partial and/or total lockdown was implemented
throughout the country from the second half of March to June. Within the scope of the
study, certain periods were considered to measure the effects of the restrictions/lockdowns.
Post- and pre-lockdown were considered equal times for consistency of results. To do
so, data in January—February—March—April-May were collected to show the changes in
traffic mobility and air quality. Since the normalization process started with June, the other
months were not included in the study.

3.2. Collected Data

In order to measure the change in traffic mobility and air quality pre- and post-
lockdown, the number of vehicles in traffic, average vehicle speeds and air quality measure-
ment data are needed. For this purpose, traffic density data for five months was provided
by IMM. Real-time traffic density data are collected 24 h a day in the city with the help
of 1455 sensors. Vehicle data are collected in terms of passenger car unit in terms of the
homogeneity of the data. These data consist of the number of vehicles in traffic and the
average vehicle speed values.

36 air quality monitoring stations were established in Istanbul by the Ministry of
Environment and Urbanization. Measurements are officially made by the Ministry of
Environment and Urbanization of the Republic of Turkey At these stations, measurements
of emission values such as PMjg, SO,, CO, NOy, NOx, O3z, PM;.5 are made instantaneously,
and their averages are stored hourly and daily. Due to inconsistencies in O3 and PM3.5
emission values, the parameters were not included in the study. Five months of data were
considered for the other five air pollutants. In order for the five air pollutant values to
be meaningful and to be used in the study, there should be a difference in the values pre-
and post-pandemic. This difference can be revealed by various statistical methods. In this
study, this difference was analyzed using the “Paired-Samples T Test”. There is a significant
difference between the air pollutant data used pre and post the pandemic. The values of
statistical analysis are presented in Table 1. As a result of the statistical analysis, the p-alpha
value was found to be 0.01. In the literature, this value should be less than 0.05. It states
that if the p-value is less than the value of alpha 0.05, this means has a significant difference
and strong correlations [42].
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Table 1. Statistical values of parameters.

Parameters De‘?itiion Stlc\l/'[e]iior Correlation T Value Sl(gr; é;leelf d
PMig 11.212 1.321 0.726 2.276 0.026
SO, 1.936 0.228 0.826 3.248 0.002
CcO 220.549 25.991 0.776 2.899 0.005
NO, 12.929 1.524 0.884 7.755 0.001
NOy 69.763 8.222 0.802 3.546 0.001

PMjj is a complex mixture in a solid or liquid state with a molecule larger than
0.0002 pm and smaller than 500 pm in the atmosphere or a gas mass. Particles below 10 pm
are called PMjg [19]. SO; is a highly harmful gas with one sulfur and two oxygen atoms
with a covalent-polar bond between them, colorless and pungent odor [43]. CO gas is a
colorless, tasteless, odorless, flammable and toxic gas. As the rate of CO in the air increases,
death can occur in a shorter time. Air basically consists of Nitrogen (78%) and Oxygen
(21%) [44]. The most common nitrogen oxides (generally defined as NOy) are NO and NO,.
NO; generally results from the burning of fossil fuels [45].

3.3. Geographical Information Systems

GIS is an integrated system where collection, storage, association, query and visualiza-
tion processes of geographic data are carried out [46]. GIS was preferred to analyze traffic
mobility and changes in air quality. The ArcMap 10.5 program was used in this study.
To ensure the consistency of spatial analysis, the data and data sources must be reliable
and accurate. The authors were very sensitive in this regard and the data were obtained
from official sources. The five-month traffic density data were transferred to the GIS. By
transferring the data to the GIS environment, it was possible to visualize the data. The
point density analysis type was used for spatial analysis of the number of vehicles and
average speed values. Emission values were also transferred to GIS and spatial analysis
was performed with Inverse Distance Weighted (IDW) analysis. An interpolation process
needs to be applied to air pollutants, vehicle numbers and vehicle speed data. In order to
visually present the analysis to the readers, the IDW interpolation method offered by the
ArcMap 10.5 program was preferred. When the studies in the literature are examined, it
is seen that there are many interpolation methods [47-50]. IDW is one of these methods
and is frequently used in the literature. In this study, IDW was used to obtain predictive
values between stations and to perform analysis. Thanks to the IDW method, which is
based on Tobler’s First Law of Geography, values in two distances and two value ranges
can be estimated [51,52].

Thanks to visualization within the borders of Istanbul, the effects of the pandemic can
be better analyzed. To accurate comparisons of these analysis results for five months, the
same interval was used in all analyses. The pixel values of the maps obtained are 900 m?
(30 x 30).

GIS is frequently used in the literature to analyze, visualize and interpret the change of
emission values and traffic parameters. Having proved its usability in this field, GIS is very
useful in terms of understanding the relevant data more easily during the pandemic period.
In this context, both researchers and administrators have used GIS-based approaches
quite widely.

4. Results

The key part of the study is the correct transfer of data to the GIS environment and
the implementation of the necessary analysis. Point density analysis was applied to show
the change of traffic density data over the five-month period in the most robust way. Both
the number of vehicles and the average vehicle speed data were used for this analysis. The
classification intervals must be the same in to provide a clear representation of the change
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in the five-month period (to not mislead the readers and to transfer correct information to
the literature).

The change maps of the number of vehicles and average vehicle speeds are given in
Figure 3. While red indicates congestion in the number of vehicles, green indicates free
flow. Red color on average vehicle speed indicates high speed. As is clear from Figure 3,
traffic density measurement sensors are located in road networks with high mobility and
dense traffic.

Changes of Number of Vehicle Average Vehicle Speed Traffic Density Average Speed
Value Value
0 - 7908 o280
- 7909 - 25310 [ 220 6674
5 [ 25.320 - 47.450 [0 8675 - 14.960
E :| A7 460 - T1.960 I:l 14.970 - 20 820
= [ 71.970-99640 [ ] 20830-27.320
I 99550 - 131300 [ 27350 - 34.700
I 131400 - 201,700 [ 34.710 - 55500
Value Value
. B o-7744 G- 2842
E‘ B 774525560 [ 2.843 - R.963
E [ 25570 - 47240 [0 $.964 - 15.080
< [ 147.250-70470  [115.090 - 20.990
= 17048097580 [0 21.000 - 27.550
I 97.590- 129300 [ 27.560 - 34.760
B 129400 - 197500 M 34.770 - 55.750
Value Value
0 - 5065 0 -3.061
I 8.066 - 26.390 I 3.062 - 9.401
= [0 26.400 - 49.850 [0 9.402 - 15.960
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= [0 75.520 - 102,600 [ 22.090 - 28.860
I 102,700 - 132,700 [ 28 870 - 36.290
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Value Yalue
O -6.857 0 -3339
W o858 -21.820 [ 3.340- 10240
= 21,830 - 41,140 [ 10.250 - 16.920
= 141,150 - 61.090  []16.930 - 23.820
! 161100 - 81,660 [0 23.830 - 31.830
0 81.670 - 107.800 [ 31.840 - 40.740
R 07.900 - 159.000 WM 40.750 - 56,770
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B 0 -6.468 Bl 0-3.003
Bl c.460-21.990 [ 3.094-9.719
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= [l41410-62740 [ |16.580-23.410
=
[le2750-84730 [ 123.420-31.370
[ 24.740 - 112,500 [ 31.380 - 39.980
I 112.600 - 164.900 [l 39.990 - 56.330
l 20 10 0 20 Km

Figure 3. The maps of number of vehicles and vehicle speed’s changes.

As can be seen from Figure 3, there are significant changes in both the number
of vehicles and the average vehicle speed, especially in January-February—-March and
April-May.

Partial/total lockdown in April and May significantly reduced the density of vehicle
traffic in the city center. In fact, this situation shows us that there will be a significant
improvement in traffic density if the use of private vehicles is reduced.

There has been an increase in average vehicle speed due to the improvement in traffic density.
Average vehicle speeds by months are 57.50, 55.20, 56.90, 59.00 and 58.56 (km/h), respectively.

The effect of restrictions on traffic also affects air quality. We used Interpolation
(IDW), a type of spatial analysis, to better show this effect. Five-month changes of five air
pollutants from 36 air quality stations established in Istanbul were analyzed. An important
part of the change in air quality occurs due to transport mobility. In Figure 4, changes
according to months and pollutants are given.
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Figure 4. The maps of changes of air quality.

The red color indicates the positive situation and the blue color the negative situation.
However, the improvement ratios of air quality parameters are presented Table 2.

Table 2. Month-based air quality values.

PMo (ng/m®) SO, ug/m®) CO pg/m3) NO,ug/m3) NO, ug/md)
January 36.265 3.632 385.298 40.254 114.483
February 38.873 4.157 361.411 42.407 108.067
March 44.984 3.547 433.284 41.385 117.692
April 33.160 3.148 338.846 30.519 72.110
May 29.935 3.159 299.790 28.509 63.993
Improvements—% 21.211 16.546 18.817 28.622 39.997

Therefore, the individual concentrations are shown in comparison in Figure 4 using a
better/worse display scale depending on the regulatory threshold values for each individ-
ual concentration. One of the biggest reflective pollution parameters of traffic mobility is
NOs,. In this context, both temporal and spatial changes of NO, parameter are given as
examples in Figure 5.

When Figure 5 is examined, there is a serious decrease in NO, parameter values in
May and April. When the maps in Figure 3 are examined, it is seen that the traffic mobility
decreased considerably in April and May. Thus, it can be said that NO, air pollutant
increases and decreases in relation to traffic mobility.

The main emissions (air pollutants) from traffic are known as NOx, PM and CO.
When the parameters are examined, it is seen that PM;y parameter density in city centers
decreases. However, the news of partial lockdown in March caused people to migrate to
rural areas. Therefore, a serious increase was observed in PM7( in March.
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Figure 5. Change of NO, parameter according to months [53].

The SO, parameter has generally remained stable except for February. The main
reason for the increase in February is the energy consumed for warming due to the cold
air temperature. A significant improvement is observed in the parameters of CO, NO,
and NOy during the partial lockdown period. The decrease in the number of vehicles
in traffic can be shown as the main reason for this decrease. These parameters have a
significant impact on human health. Emission values occur intensively in urban areas.
Different sustainable transportation practices can be developed for urban areas to achieve
permanent emission values during the pandemic period. These applications, which are not
very suitable for rural areas, will be fully integrated with urban transportation systems.

5. Discussion

Air quality is an important indicator for urban sustainability. On the other hand,
poor air quality has a very negative effect on human health and its consequences. The
World Health Organization announced that three million people die each year due to air
pollution, and billions of people are adversely affected. Recently, significant changes in
air quality have been observed due to pandemic. In particular, the restriction measures
applied in the fight against pandemic have seriously affected both people and vehicle
mobility. This situation has created a positive change in air quality. In other words, the
reduction in emission values as a result of reducing the use of private vehicles gives us
an important message. As is clear from Figure 3, a decrease in traffic density and an
increase in average traffic speed are observed, especially in April, compared to previous
periods. Since the emission values originating from transportation have decreased, the
positive change in air quality is clearly seen in Figure 4. However, positive situations lost
its effect with the normalization period, and even got worse. To make the improvements
permanent, especially in the areas marked in red, various micro mobility solutions need to
be implemented. It may be necessary to prohibit individual motor vehicles from entering
areas with poor air quality or central areas, or to introduce paid entry (congestion charge),
as has been done in various cities (Singapore, London, Milan, Stockholm). As with the
rest of the world, the devastating effects of climate change can now be seen concretely in
Turkey. Flood and fire disasters in July and August are the best examples of this situation.
While fire disasters were seen in 49 of the 81 provinces, flood disasters were seen in various
provinces simultaneously. In a two-month period, approximately 100 people died in these
disasters. These events show the dimensions of climate change. The phrase “climate change
in our lives” is now more appropriate instead of “climate change is at hand”. Sustainable
practices should be implemented in order to permanently ensure positive change in air
quality in our living spaces. In this direction, sustainable transportation modes should be
quickly integrated into the existing transport system to reduce traffic-related emissions.
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The most popular sustainable practices in recent years are e-mobility and sharing system.
E-mobility applications of transportation systems with electrification are increasing, but
currently insufficient. In addition, a demand-responsive transport (DRT) approach should
be expanded in urban transportation, considering passenger demands. In this context, the
suggestions for sustainable transportation are:

i Providing electrification in public transportation vehicles

ii. Promoting electric vehicles instead of conventional motor vehicles (developed
countries such as Germany-France-Norway currently provide these incentives)

iii. Developing car sharing services

iv. Reducing the use of private vehicles and encouraging shared mobility

V. Disseminating the bicycle and e-bike sharing network

vi. Implementation and dissemination of e-scooter services

vii.  Promotion of DRT for weak demand areas

With the implementation of such suggestions in urban transportation as soon as possi-
ble, positive changes in air quality will be achieved permanently. In addition, a decrease
in traffic density will be observed with the dissemination use of sharing transportation
modes.

The study has a few limits to be discussed. The fact that the traffic sensors used to
measure traffic mobility are only located on the road networks with high mobility and dense
traffic, prevents the analysis of the change in other transportation networks. However,
most mobility in Istanbul is in 2000 km? (total surface: 5500 km?). Therefore, most of
the sensors are located in these areas. A total of 44 air quality-monitoring stations have
been established in Istanbul to measure air quality by the Ministry of Environment and
Urbanization. Eight of stations were not included in the study due to the data discontinuity.
Since there is no correct data flow for O3 and PM; 5 air pollutants, these parameters were
not used in the study.

6. Conclusions

The GIS information system related to the comparison of scenarios and related emis-
sions from vehicle traffic can be the starting point for the definition of a permanent technical
table, a meeting point for all the operators in the sector, i.e., local authorities, mobility
service providers, researchers, etc.

In this way it is possible to share knowledge and experience and to define timely,
effective and efficient actions to combat the phenomenon.

The information system for the evaluation of vehicle flows and environmental emis-
sions ensures. The information system for assessing vehicle flows and environmental
emissions ensures easier and more reliable recognition of environmental risk factors and
can be associated with other useful information, such as accident risk. In addition, such
tools allow an assessment of scenarios in different traffic and disaster contexts (such as
the recent pandemic) and enable a definition of solutions to improve the resilience and
sustainability of transport in the examined area.

In the absence of pharmaceutical interventions for the COVID-19, governments have
taken drastic steps like social distancing, quarantine, limited transport, partial/total lock-
down to prevent the spread of the virus.

The rapid change in vehicle flows in Istanbul from January to May 2020 showed a
change in vehicle emissions. The number of vehicles and the average speed were the
parameters evaluated not in a hotspot way;, as it happens in several literature works but
on a map through the use of GIS. This made it possible to determine the real structure
of vehicular traffic on the road and its influencing factors, thus hypothesizing a possible
reduction in emissions.

Starting from the 2020 autumn-winter season, several countries have been facing a
slow and progressive worsening of the epidemic. Although the epidemic trend during
the summer of 2021 is showing reductions in some parts of the world, it is essential to
strengthen monitoring and mitigation activities in light of all possible epidemic scenarios
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that may arise. This paper lays the groundwork for assessing the environmental effects of
reducing vehicle traffic during the 2020 lockdown period in Turkey. After reconstructing
the activities carried out since the start of this pandemic event, the document takes stock of
several pollutants and the comparison of concentrations during the period examined.
The paper identifies the GIS and potential mitigation of impacts by proposing a shared
approach to remodelling containment/mitigation measures according to the assumed sce-
nario and risk classification. The aim of this study is therefore to show the changes on traffic
mobility and air quality of the restrictions applied during the pandemic process. To do so,
a GIS-based approach was proposed. A five-month period was considered to visualize the
change. As can be seen from the spatial analysis results, there are improvements in traffic
mobility and air quality in April-May. The parameter values in air quality are divided
into two as the averages of January—February—March and April-May. Thus, the change in
values pre- and post-restriction can be interpreted more easily. PM;g, SOz, CO, NO;, NOy
parameter values are improved by 21.21%, 16.55%, 18.82%, 28.62% and 39.99%, respec-
tively. In addition, there was an increase up to 7% in average traffic speed. This positive
development in a short period time is very important, and new sustainable transportation
practices should be included in the transportation system in order to become permanent.
The results showed that:

e Rigorous short-term control measures during the COVID-19 pandemic drastically re-
duced both traffic flow and emissions. However, as the COVID-19 pandemic situation
and the resumption of social and economic activities, traffic flow and emissions will
tend to recover.

e  Regardless of the pandemic phase, the largest circulating vehicle fleet has always been
medium and small passenger vehicles.

e In the spatial distribution, in Istanbul, the southeast of the European side and the
southwest of the Anatolian side has been the biggest contributor to emission intensity
due to a large cumulative volume of vehicles.

e  The likelihood of road congestion has been reduced.

The comprehensive analysis of changing air quality and average speed can help the
government assess make corresponding strategy for sustainable transportation in the future
with help of this study. The findings of this paper provide some positive improvements
information to evaluate in understanding the effects of reduced traffic in urban areas on
air quality.

Author Contributions: Conceptualization, K.D.A., OK, T.C.and M.Y.C.; methodology, OK,KD.A.
and T.C.; software, K.D.A. and O.K_; validation, O.K., K.D.A. and T.C.; formal analysis, OXK,KD.A.
and M.Y.C.; investigation, OXK,KD.A. and A.C.; resources, O.K., K.D.A. and M.Y.C.; data curation,
OK. and KD.A; writing—original draft preparation, K.D.A., OK., T.C.and M.Y.C,; writing—review
and editing, K.D.A., OK, T.C. and M.Y.C.; visualization, K.D.A. and OK; supervision, T.C. and
M.Y.C.; project administration, T.C. and M.Y.C.; and funding acquisition, T.C and A.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available on request due to restrictions eg privacy or ethical.

Acknowledgments: In the providing of data, the Istanbul Metropolitan Municipality and the Repub-
lic of Turkey to thank the Ministry of Environment and Urbanization.

Conflicts of Interest: The authors declare no conflict of interest.



Energies 2021, 14, 5729 13 of 14

References

1.  Heyd, T. Covid-19 and climate change in the times of the Anthropocene. Anthr. Rev. 2021, 8, 21-36. [CrossRef]

2. Allen, D.W. Covid Lockdown Cost/Benefits: A Critical Assessment of the Literature; Simon Fraser University: Burnaby, BC, Canada,
2021.

3. Layard, R; Clark, A.; De Neve, J.-E.; Krekel, C.; Fancourt, D.; Hey, N.; O'Donnell, G. When to Release the Lockdown? A Wellbeing
Framework for Analysing Costs and Benefits; IZA Discussion Paper; IZA: Bonn, Germany, 2020.

4. Le Quéré, C.; Jackson, R.B.; Jones, M.W.; Smith, A.].P.,; Abernethy, S.; Andrew, R.M.; De-Gol, A.J.; Willis, D.R.; Shan, Y.; Canadell,
J.G.; et al. Temporary reduction in daily global CO, emissions during the COVID-19 forced confinement. Nat. Clim. Chang. 2020,
10, 647-653. [CrossRef]

5. Liu, Z,; Ciais, P; Deng, Z.; Lei, R.; Davis, S.]J.; Feng, S.; Zheng, B.; Cui, D.; Dou, X.; Zhu, B.; et al. Near-real-time monitoring of
global CO, emissions reveals the effects of the COVID-19 pandemic. Nat. Commun. 2020, 11, 5172. [CrossRef]

6.  Andreoni, V. Estimating the European CO, emissions change due to COVID-19 restrictions. Sci. Total Environ. 2021, 769, 145115.
[CrossRef] [PubMed]

7. Netherland Enterprise Agency. Smart and Green Mobility in Istanbul; Netherland Enterprise Agency: Hague, The Netherlands,
2020.

8. Ebrahim, M.A.B.; Mosly, I.; Abed-Elhafez, 1.Y. Building Construction Information System Using GIS. Arab. ]. Sci. Eng. 2016, 41,
3827-3840. [CrossRef]

9. Tiba, C.; Candeias, A.L.B.; Fraidenraich, N.; Barbosa, E.M.d.S.; de Carvalho Neto, P.B.; de Melo Filho, J.B. A GIS-based decision
support tool for renewable energy management and planning in semi-arid rural environments of northeast of Brazil. Renew.
Energy 2010, 35, 2921-2932. [CrossRef]

10. Pietro, D.; Ferdinando, D.M.; Salvatore, S. A GIS as a Decision Support System for Planning Sustainable Mobility in a Case-Study.
In Multicriteria and Multiagent Decision Making with Applications to Economics and Social Sciences; Springer: Berlin/Heidelberg,
Germany, 2013; pp. 115-128. ISBN 978-3-642-35635-3.

11. Kaya, O.; Tortum, A.; Alemdar, K.D,; Codur, M.Y. Site selection for EVCS in Istanbul by GIS and multi-criteria decision-making.
Transp. Res. Part D Transp. Environ. 2020, 80, 102271. [CrossRef]

12.  Kaya, O.; Alemdar, K.D.; Campisi, T.; Tortum, A.; Codur, M.K. The Development of Decarbonisation Strategies: A Three-Step
Methodology for the Suitable Analysis of Current EVCS Locations Applied to Istanbul, Turkey. Energies 2021, 14, 2756. [CrossRef]

13. Akeem, A.A.; Olufemi, EI.; Ayobami, A.P.; Bamiji, M.A.; Samuel, M.; Choene, M.; Nunyi, B. The application of geographic
information system as an intelligent system towards emergency responses in road traffic accident in Ibadan. J. Transp. Supply
Chain Manag. 2021, 15, 17. [CrossRef]

14. Li, W,; Batty, M.; Goodchild, M.F. Real-time GIS for smart cities. Int. J. Geogr. Inf. Sci. 2020, 34, 311-324. [CrossRef]

15. Li, M.; Lenzen, M.; Wang, D.; Nansai, K. GIS-based modelling of electric-vehicle-grid integration in a 100% renewable electricity
grid. Appl. Energy 2020, 262, 114577. [CrossRef]

16. Aman, K;; Ekta, S.; Rahul, M.; Sunil, K. Monitoring of Land Use/Land Cover Changes by the Application of GIS for Disposal of
Solid Waste: A Case Study of Proposed Smart Cities in Bihar. In Sustainability in Environmental Engineering and Science; Springer:
Singapore, Singapore, 2020; ISBN 978-981-15-6886-2.

17. Rothengatter, W.; Zhang, J.; Hayashi, Y.; Nosach, A.; Wang, K.; Oum, T.H. Pandemic waves and the time after Covid-19—
Consequences for the transport sector. Transp. Policy 2021, 110, 225-237. [CrossRef]

18. U.S. Food & Drug Administration. COVID-19 Frequently Asked Questions. Available online: https://www.fda.gov/emergency-
preparedness-and-response/coronavirus-disease-2019-covid-19/covid-19-frequently-asked-questions (accessed on 10 April
2021).

19. Celik, E.; Gul, M. How Covid-19 Pandemic and Partial Lockdown Decisions Affect Air Quality of a City? The Case of Istanbul,
Turkey. Environ. Dev. Sustain. 2021. Available online: https:/ /link.springer.com/content/pdf/10.1007/s10668-021-01328-w.pdf
(accessed on 8 August 2021).

20. Sahin, U.A. The effects of COVID-19 measures on air pollutant concentrations at urban and traffic sites in Istanbul. Aerosol Air
Qual. Res. 2020, 20, 1874-1885. [CrossRef]

21. Wang, Q.; Su, M. A preliminary assessment of the impact of COVID-19 on environment—A case study of China. Sci. Total Environ.
2020, 728, 138915. [CrossRef]

22. Dantas, G,; Siciliano, B.; Franga, B.B.; da Silva, C.M.; Arbilla, G. The impact of COVID-19 partial lockdown on the air quality of
the city of Rio de Janeiro, Brazil. Sci. Total Environ. 2020, 729, 139085. [CrossRef]

23. Tian, X,; An, C; Chen, Z,; Tian, Z. Assessing the impact of COVID-19 pandemic on urban transportation and air quality in
Canada. Sci. Total Environ. 2021, 765, 144270. [CrossRef]

24. Parker, H.A.; Hasheminassab, S.; Crounse, ].D.; Roehl, C.M.; Wennberg, P.O. Impacts of Traffic Reductions Associated with
COVID-19 on Southern California Air Quality. Geophys. Res. Lett. 2020, 47, e2020GL090164. [CrossRef] [PubMed]

25.  Gualtieri, G.; Brilli, L.; Carotenuto, F; Vagnoli, C.; Zaldei, A.; Gioli, B. Quantifying road traffic impact on air quality in urban
areas: A Covid19-induced lockdown analysis in Italy. Environ. Pollut. 2020, 267, 115682. [CrossRef]

26. Marinello, S.; Lolli, F.; Gamberini, R. The impact of the COVID-19 emergency on local vehicular traffic and its consequences for

the environment: The case of the city of Reggio Emilia (Italy). Sustainability 2021, 13, 118. [CrossRef]


http://doi.org/10.1177/2053019620961799
http://doi.org/10.1038/s41558-020-0797-x
http://doi.org/10.1038/s41467-020-18922-7
http://doi.org/10.1016/j.scitotenv.2021.145115
http://www.ncbi.nlm.nih.gov/pubmed/33477052
http://doi.org/10.1007/s13369-015-2006-1
http://doi.org/10.1016/j.renene.2010.05.009
http://doi.org/10.1016/j.trd.2020.102271
http://doi.org/10.3390/en14102756
http://doi.org/10.4102/jtscm.v15i0.546
http://doi.org/10.1080/13658816.2019.1673397
http://doi.org/10.1016/j.apenergy.2020.114577
http://doi.org/10.1016/j.tranpol.2021.06.003
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/covid-19-frequently-asked-questions
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/covid-19-frequently-asked-questions
https://link.springer.com/content/pdf/10.1007/s10668-021-01328-w.pdf
http://doi.org/10.4209/aaqr.2020.05.0239
http://doi.org/10.1016/j.scitotenv.2020.138915
http://doi.org/10.1016/j.scitotenv.2020.139085
http://doi.org/10.1016/j.scitotenv.2020.144270
http://doi.org/10.1029/2020GL090164
http://www.ncbi.nlm.nih.gov/pubmed/33349735
http://doi.org/10.1016/j.envpol.2020.115682
http://doi.org/10.3390/su13010118

Energies 2021, 14, 5729 14 of 14

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Chen, Z.; Hao, X.; Zhang, X.; Chen, F. Have traffic restrictions improved air quality? A shock from COVID-19. J. Clean. Prod. 2021,
279, 123622. [CrossRef]

Patra, S.S.; Chilukuri, B.R.; Vanajakshi, L. Analysis of road traffic pattern changes due to activity restrictions during COVID-19
pandemic in Chennai. Transp. Lett. 2021, 13, 473-481. [CrossRef]

Hicks, W.; Beevers, S.; Tremper, A.H.; Stewart, G.; Priestman, M.; Kelly, FJ.; Lanoisellé, M.; Lowry, D.; Green, D.C. Quantification
of non-exhaust particulate matter traffic emissions and the impact of COVID-19 lockdown at London Marylebone road. Atmosphere
2021, 12, 190. [CrossRef]

Teufel, B.; Sushama, L.; Poitras, V.; Dukhan, T.; Bélair, S.; Miranda-Moreno, L.; Sun, L.; Sasmito, A.P,; Bitsuamlak, G. Impact of
COVID-19-related traffic slowdown on urban heat characteristics. Atmosphere 2021, 12, 243. [CrossRef]

Boroujeni, M.; Saberian, M.; Li, ]. Environmental impacts of COVID-19 on Victoria, Australia, witnessed two waves of Coronavirus.
Environ. Sci. Pollut. Res. 2021, 28, 14182-14191. [CrossRef] [PubMed]

Doucette, M.L.; Tucker, A.; Auguste, M.E.; Watkins, A.; Green, C.; Pereira, FE.; Borrup, K.T.; Shapiro, D.; Lapidus, G. Initial
impact of COVID-19’s stay-at-home order on motor vehicle traffic and crash patterns in Connecticut: An interrupted time series
analysis. Inj. Prev. 2021, 27, 3-9. [CrossRef]

Lee, H,; Park, S.J.; Lee, G.R; Kim, J.E.; Lee, ].H.; Jung, Y.; Nam, E.W. The relationship between trends in COVID-19 prevalence
and traffic levels in South Korea. Int. J. Infect. Dis. 2020, 96, 399-407. [CrossRef]

Parr, S.; Wolshon, B.; Renne, J.; Murray-Tuite, P.; Kim, K. Traffic Impacts of the COVID-19 Pandemic: Statewide Analysis of Social
Separation and Activity Restriction. Nat. Hazards Rev. 2020, 21, 04020025. [CrossRef]

Han, L.; Zhao, J.; Gu, Z. Assessing air quality changes in heavily polluted cities during the COVID-19 pandemic: A case study in
Xi’an, China. Sustain. Cities Soc. 2021, 70, 102934. [CrossRef]

Rybak, A.; Rybak, A. The Impact of the COVID-19 Pandemic on Gaseous and Solid Air Pollutants Concentrations and Emissions
in the EU, with Particular Emphasis on Poland. Energies 2021, 14, 3264. [CrossRef]

Sarkar, M.; Das, A.; Mukhopadhyay, S. Assessing the immediate impact of COVID-19 lockdown on the air quality of Kolkata and
Howrah, West Bengal, India. Environ. Dev. Sustain. 2021, 23, 8613-8642. [CrossRef]

Turkish Statistical Institute (TSI). Population Statistics. Available online: http://www.tuik.gov.tr/PreTablo.do?alt_id=1047
(accessed on 12 April 2021).

Turkish Statistical Institute. Number of Vehicles. 2019. Available online: http://www.tuik.gov.tr /Prelstatistik Tablo.do?istab_id=
362 (accessed on 10 March 2021).

Nur Kara, O. Air Pollution in Istanbul; Netherlands Enterprise Agency: Hague, The Netherlands, 2018.

Zontur, E.C. Turkey Confirms First Death from Coronavirus. Available online: https://www.aa.com.tr/en/health/turkey-
confirms-first-death-from-coronavirus /1769849 (accessed on 10 April 2021).

Bhatti, N.B; Siyal, A.A.; Qureshi, A.L.; Bhatti, I.A. Socio-Economic Impact Assessment of Small Dams Based on T-Paired Sample
Test Using SPSS Software. Civ. Eng. J. 2019, 5, 153. [CrossRef]

United States Environmental Protection Agency. Sulfur Dioxide Basics. Available online: https://www.epa.gov/so2-pollution/
sulfur-dioxide-basics (accessed on 10 April 2021).

United States Environmental Protection Agency. Carbon Monoxide (CO) Pollution in Outdoor Air. Available online: https:
/ /www.epa.gov /co-pollution /basic-information-about-carbon-monoxide-co-outdoor-air-pollution#WhatisCO (accessed on 10
April 2021).

Environmental Protection Agency (EPA). Nitrogen Oxides (NOx); Epa-456/F-99-006r; EPA: Frankfurt, Germany, 1999; p. 48.
Wieczorek, W.E.; Delmerico, A.M. Geographic information systems. WIREs Comput. Stat. 2009, 1, 167-186. [CrossRef] [PubMed]
Siddiqui, A.U.; Jain, M.K.; Masto, R.E. Pollution evaluation, spatial distribution, and source apportionment of trace metals around
coal mines soil: The case study of eastern India. Environ. Sci. Pollut. Res. 2020, 27, 10822-10834. [CrossRef] [PubMed]

Liu, D.; Zhao, Q.; Fu, D.; Guo, S.; Liu, P; Zeng, Y. Comparison of spatial interpolation methods for the estimation of precipitation
patterns at different time scales to improve the accuracy of discharge simulations. Hydrol. Res. 2020, 51, 583-601. [CrossRef]
Quaret, R.; Birregah, B.; Jaafor, O. Spatial patterns of the French rail strikes from social networks using weighted k-nearest
neighbour. Int. J. Soc. Netw. Min. 2020, 3, 52. [CrossRef]

Sekuli¢, A.; Kilibarda, M.; Heuvelink, G.B.M.; Nikoli¢, M.; Bajat, B. Random forest spatial interpolation. Remote Sens. 2020, 12,
1687. [CrossRef]

ArcGIS Pro. How Inverse Distance Weighted Interpolation Works. Available online: https:/ /pro.arcgis.com/en/pro-app/2.7/
help/analysis/geostatistical-analyst/how-inverse-distance-weighted-interpolation-works.htm (accessed on 2 September 2021).
GISGeography. Inverse Distance Weighting (IDW) Interpolation. Available online: https:/ /gisgeography.com/inverse-distance-
weighting-idw-interpolation/ (accessed on 2 September 2021).

Ministry of Environment and Urbanization. Air Quality Monitoring Station Data. Available online: https://sim.csb.gov.tr/STN/
STN_Report/StationDataDownloadNew (accessed on 4 September 2021).


http://doi.org/10.1016/j.jclepro.2020.123622
http://doi.org/10.1080/19427867.2021.1899580
http://doi.org/10.3390/atmos12020190
http://doi.org/10.3390/atmos12020243
http://doi.org/10.1007/s11356-021-12556-y
http://www.ncbi.nlm.nih.gov/pubmed/33506421
http://doi.org/10.1136/injuryprev-2020-043945
http://doi.org/10.1016/j.ijid.2020.05.031
http://doi.org/10.1061/(ASCE)NH.1527-6996.0000409
http://doi.org/10.1016/j.scs.2021.102934
http://doi.org/10.3390/en14113264
http://doi.org/10.1007/s10668-020-00985-7
http://www.tuik.gov.tr/PreTablo.do?alt_id=1047
http://www.tuik.gov.tr/PreIstatistikTablo.do?istab_id=362
http://www.tuik.gov.tr/PreIstatistikTablo.do?istab_id=362
https://www.aa.com.tr/en/health/turkey-confirms-first-death-from-coronavirus/1769849
https://www.aa.com.tr/en/health/turkey-confirms-first-death-from-coronavirus/1769849
http://doi.org/10.28991/cej-2019-03091233
https://www.epa.gov/so2-pollution/sulfur-dioxide-basics
https://www.epa.gov/so2-pollution/sulfur-dioxide-basics
https://www.epa.gov/co-pollution/basic-information-about-carbon-monoxide-co-outdoor-air-pollution#WhatisCO
https://www.epa.gov/co-pollution/basic-information-about-carbon-monoxide-co-outdoor-air-pollution#WhatisCO
http://doi.org/10.1002/wics.21
http://www.ncbi.nlm.nih.gov/pubmed/20717487
http://doi.org/10.1007/s11356-019-06915-z
http://www.ncbi.nlm.nih.gov/pubmed/31950415
http://doi.org/10.2166/nh.2020.146
http://doi.org/10.1504/IJSNM.2020.105745
http://doi.org/10.3390/rs12101687
https://pro.arcgis.com/en/pro-app/2.7/help/analysis/geostatistical-analyst/how-inverse-distance-weighted-interpolation-works.htm
https://pro.arcgis.com/en/pro-app/2.7/help/analysis/geostatistical-analyst/how-inverse-distance-weighted-interpolation-works.htm
https://gisgeography.com/inverse-distance-weighting-idw-interpolation/
https://gisgeography.com/inverse-distance-weighting-idw-interpolation/
https://sim.csb.gov.tr/STN/STN_Report/StationDataDownloadNew
https://sim.csb.gov.tr/STN/STN_Report/StationDataDownloadNew

	Introduction 
	Literature Review on Vehicular Pollutant Emission Pre and Post Pandemic 
	Materials and Method 
	Study Area 
	Collected Data 
	Geographical Information Systems 

	Results 
	Discussion 
	Conclusions 
	References

