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This study examines the relationship between mobility (a proxy for transport) and the COVID‐19 pandemic by
focusing on Turkey as an example of an emerging country. In this context, eight types of mobility and two indi-
cators of COVID‐19 were analyzed using daily data from March 11, 2020 to December 7, 2020 by applying
Toda‐Yamamoto causality test. The findings revealed that (i) there is cointegration between the variables in
the long term; (ii) there is an econometric causality between mobility indicators (mobility of grocery, park, res-
idential, retail, and workplace) and pandemic indicators; (iii) various mobility indicators have an econometric
causality with different pandemic indicators; (iv) neither driving mobility nor walking mobility has an econo-
metric causality with the pandemic indicators whereas some of the other types of mobility, such as grocery,
park, and retail do. These results generally show the effects of mobility and highlight the importance of appro-
priate mobility restrictions in terms of the pandemic.
1. Introduction

Common diseases rarely occur in all countries at the same time. In
the near past, some common diseases, such as SARS (Severe Acute Res-
piratory Syndrome) and MERS (Middle East Respiratory Syndrome)
outbreaks were observed before the coronavirus disease 2019
(COVID‐19) outbreak (Chen et al., 2007; Ezhilan et al., 2021). SARS
spread to 37 countries and MERS spread to 27 countries (Wu et al.,
2020). Currently, the world is facing a new common disease crisis
(AlAli, 2020). The COVID‐19 has spread quickly from China since
mid‐December 2019 and was defined as a pandemic in March 2020
(World Health Organization, 2020a). Such common diseases are gen-
erally evaluated as black swan (Gherghina et al., 2020).

The COVID‐19 pandemic has caused 123 million confirmed cases
and 2.7 million deaths since the beginning of the pandemic. To be pre-
cise, the United States, Brazil, India, Russia, United Kingdom, France,
Italy, Spain, and Turkey are the leading countries that are mostly
affected by the pandemic in terms of the confirmed cases (World
Health Organization, 2020b). Similarly, the COVID‐19 pandemic,
which was first defined on March 11, 2020, caused a total of 2.8 mil-
lion cases and 30 thousand deaths in Turkey (Ministry of Health of
Turkey, 2020).

While the pandemic spread, most economic and financial indica-
tors, such as foreign exchange rates and interest rates deteriorated
(Kartal, 2020a; Kartal et al., 2020). Since negative developments have
been seen through such indicators due to the pandemic effect, the
COVID‐19 pandemic is assessed as the most influential global phe-
nomenon that the world has ever faced (Bloomberg, 2020; Shehzad
et al., 2020).

The increasing number of the new cases, new patients, and deaths
from the pandemic has become a significant threat to public health. By
considering this threat, countries including Turkey have been taking
precautions to contain contagion and decrease the negative effects of
the COVID‐19 pandemic on economies and public health (Gherghina
et al., 2020; Narayan et al., 2020a, 2020b).

As mentioned above, the COVID‐19 pandemic has unprecedented,
destructive, negative effects on countries, economies, and economic
actors (Goodell, 2020; Rizwan et al., 2020). Therefore, the COVID‐
19 pandemic should be taken into consideration while conducting
an analysis concerning public health and economies.
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In summary, the first case of the COVID‐19 was recorded in Turkey
on March 11, 2020 and there is now a high number of patients and
deaths caused by the pandemic. In addition, some precautions like
mobility and transport restrictions have been applied to keep the pan-
demic under control so that public health can be preserved. Therefore,
it will be helpful to understand the effects of mobility as a proxy of
transport activities of citizens on the spread of the COVID‐19 (proxied
by the number of patients and deaths) in Turkey. Such an analysis can
contribute to the regulatory bodies while making decisions to sustain,
decrease or stop mobility restrictions. This is important because such
limitations have a negative impact on the economic development,
especially in terms of employment and welfare (Yılmazkuday, 2020a).

This study examines the relationship between mobility and the
pandemic by applying the Toda‐Yamamoto causality test and focusing
on an econometric view rather than real‐life mechanistic causality.
Daily data from March 11, 2020 to December 7, 2020 were considered
and eight different types of mobility and two pandemic indicators
were used. Including different types of mobility in analyses is impor-
tant because they are subject to different administrative precautionary
measures. Moreover, the study focuses mainly on Turkey as a pioneer-
ing, leading country, which has been highly affected by the pandemic
with a high total number of confirmed cases. Another motivation of
this study is to confirm whether the restrictions, which are to limit
mobility, are influential in spreading the pandemic.

The study hypothesized that a relationship between mobility and
the pandemic is expected, but this relationship may not be observed
for all types of mobility. In other words, not all types of mobility
may be related to the pandemic. To test this hypothesis, daily time‐
series data were used and the Toda‐Yamamoto causality test was per-
formed. The results showed that there are causalities between some
types of mobility (grocery, park, residential, retail, and workplace)
and the pandemic while driving and walking mobilities are not related
to the pandemic.

The contribution of this study to the evolving literature regarding
the COVID‐19 pandemic is that the study (i) is the first to examine
the relationship between mobility and the pandemic in Turkey's case
as an example for an emerging market. Although there are some stud-
ies dealing with mobility data and the pandemic in the literature, to
the best of our knowledge, no study has examined the Turkish case;
(ii) focuses on the relationship between different types of mobility
and the pandemic; (iii) performs the Toda‐Yamamoto causality test
to understand whether the relationship between the variables is at
the causality level; (iv) simultaneously considers the mobility data of
Apple and Google, calculated according to different approaches for
the first time, which increases the originality of the study.

The study is organized as follows. Section 1 introduces the subject
of the study. Section 2 presents the progress of the pandemic and
mobility in Turkey. Section 3 explains the variables and data. Section 4
describes the methodology. Section 5 presents the empirical results,
discussion, and policy implications. Finally, Section 6 concludes.
2. The progress of mobility and the pandemic in Turkey

With the rapid spread of the COVID‐19 pandemic, new data collec-
tion efforts have increased. Hence, international sources have begun to
publish mobility data because of the importance of mobility. Hence,
Apple and Google began to publish mobility data and the usage of
these data has been increasing each day. Fig. 1 shows the mobility
of Apple users in Turkey since the beginning of the pandemic.

The mobility of Apple users decreased drastically at the beginning
of the pandemic. Although a gradual increase in the mobility was seen
later, it decreased again with an increasing number of the cases.

Also, Fig. 2 shows the mobility of Google users in Turkey since the
beginning of the pandemic.
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The types of mobility of Google users had increasing and decreas-
ing trends over time. Moreover, mobility changed over time due to
the precautions which affected the mobility capabilities of citizens.

Besides, Fig. 3 shows the development of the main pandemic indi-
cators in Turkey since the beginning of the pandemic.

The first case of coronavirus was confirmed in Turkey on March 11,
2020. The number of patients (whose COVID‐19 tests were positive
and needed treatment in the health sector) and deaths (caused by
the pandemic) increased until April 20, 2020. With the effect of the
precautionary measures that were applied, the figures began to
decrease. The figures showed a horizontal trend for a while; however,
they began to increase again with the effect of the gradual normaliza-
tion steps in Turkey.

At the beginning of the pandemic, countries naturally applied var-
ious precautionary measures that affected mobility. Some of these pre-
cautions, which affect transportation both directly and indirectly via
limiting mobility, can be summarized as mobility restrictions, local
lockdowns, and weekend lockdowns, quarantines in residential areas,
ban on flights, isolation rules, and social distancing (Morgan Stanley,
2020). Such precautionary measures aim to decrease mobility includ-
ing transport so as to control the spread of the pandemic. Some of the
precautionary measures that Turkey apply can be exampled in Table 1.

The role of mobility has frequently been debated by policymakers
during the fight against the COVID‐19 pandemic. However, it is not
certain that there is a relationship between mobility and the pandemic
for all types of mobility in all countries. Hence, this study explores the
answer to this question by studying Turkey's case as an emerging mar-
ket case and as one of the most affected countries.
3. Data

The literature concerning the COVID‐19 pandemic has been devel-
oping each day (Akhtaruzzaman et al., 2020; Kartal et al., 2020; Loske,
2020; Phan and Narayan, 2020; Sobieralski, 2020) because the pan-
demic is a very recent significant phenomenon that all countries have
been faced with. Therefore, studies have been done to examine differ-
ent aspects of the pandemic day by day. In this context, this study
focuses on examining the relationship between different types of
mobility and the COVID‐19 pandemic indicators.

Various indicators of the COVID‐19 pandemic have been used in
the existing literature. Some studies consider the number of new cases
of the pandemic (Chen et al., 2020; Kartal, 2020a; Taquet et al., 2020)
while some others prefer to use the number of deaths from the pan-
demic (Kartal, 2020a; Roy et al., 2020; Woolf et al., 2020). Besides,
the number of patients and the presence of the COVID‐19 pandemic
have been used as pandemic indicators (Kartal et al., 2020;
Kronbichler, et al., 2020; Liotta et al., 2020). Moreover, daily and/or
cumulative figures have been considered. After evaluating all these
alternatives, we preferred to use the daily number of patients and
deaths.

In addition, we evaluated the mobility data in line with the aims of
this study. Apple and Google publish daily mobility data for almost all
countries by collecting data from the users of Apple or Google devices
and applications. Apple publishes mobility data for driving and walk-
ing sub‐details (Apple, 2020). Apple collects this data from the users of
Apple devices. As is known, Apple is one of the largest companies in
the world whose devices are used worldwide and there are over 1.4
billion Apple devices in the world (Google, 2021). Apple publishes
mobility data in which the mobility measures for every country or city
are indexed to 100 at the beginning of the series, so trends are relative
to that baseline (Apple, 2020). For example, driving mobility was
106.5 and walking mobility was 108.5, on March 11, 2020, in Turkey
when the pandemic was first declared.

Similar to Apple, Google also publishes mobility data but has differ-
ent details from Apple. Google provides more sub‐details of mobility



Fig. 1. Mobility of Apple Users in Turkey. Source: Apple (2020).

Fig. 2. Mobility of Google Users in Turkey. Source: Google (2020).

M.T. KARTAL et al. Transportation Research Interdisciplinary Perspectives 10 (2021) 100366
data. Google mobility data includes grocery, pharmacy, park, residen-
tial, retail, recreation, transit stations, and workplace sub‐details
(Google, 2020). As is also known, Google is one of the largest compa-
nies in the world whose applications are used worldwide and there are
over 2.5 billion Google devices in the world (Google, 2021). Google
uses a different approach for measuring mobility from Apple. Google
prefers to use a percentage change in relation to previous values
(Google, 2020). Specifically, grocery mobility increased by 21%, park
mobility increased by 15%, workplace mobility increased by 11%,
retail and transit mobilities increased by 3%, and residential mobility
decreased by 2% on March 11, 2020 in Turkey compared to the previ-
ous day (e.g., March 10, 2020).

Apple and Google consider only the data of the devices whose users
allow their location and moving information to be used anonymously.
Hence, Apple and Google can include those people’s mobility data in
the published mobility data. We know that Apple and Google mobility
data do not reflect all mobilities. Moreover, these data do not show
why (for which purpose) people move. It is known that people move
for a variety of aims, such as for a trip, on business, etc. Therefore,
we acknowledge that Apple and Google mobility data have some
3

shortcomings. However, we think that Apple and Google mobility data
can be considered in understanding how mobile people are in a com-
munity. Hence, we believe that these data can be used in the analysis
of mobility and transport as reliable and accurate.

The use of mobility data has been increasing in the literature to
examine pandemic‐related issues each day (see Wang and
Yamamoto, 2020; Yılmazkuday, 2020a, 2020b, 2020c; Zhu et al.,
2020; Nouvellet et al., 2021). We used Apple and Google mobility data
based on these studies and considering the probable role of mobility in
spreading the pandemic. Hence, mobility could be used as a proxy to
reflect the effects of various precautionary measures on transport
(Eichenbaum et al., 2020; Elgin et al., 2020; Wielechowski et al.,
2020; Kartal et al., 2021). In addition, the data of mobility sub‐types
were included in this study because not all types of mobility may be
related to the COVID‐19 pandemic. That is why, there are different
administrative precautionary measures, which have been applied in
various parts of daily life and these may be effective on different types
of mobility in turn. For example, citizens aged 65 and over have been
restricted from going outdoors, which was expected to influence walk-
ing mobility. In addition, some places, such as schools and restaurants



Fig. 3. The Progress of the COVID-19 pandemic in Turkey. Source: Ministry of Health of Turkey (2020).

Table 1
Some Precautionary Measures in Turkey.

Dates Precautionary Measures

Mar 16 Schools went on spring break one week early.
Mar 17 Flights to 20 countries were canceled. Social areas excluding restaurants and shopping centers were closed.
Mar 19 All levels of education were suspended.
Mar 21 The flight ban to 46 countries was extended. All restaurants were closed except for takeaway services.
Mar 22 Curfews were imposed on citizens with chronic diseases and those aged 65 and over. Public employees were directed to work from home.
Mar 28 A partial curfew was declared in 12 districts. This was the first partial ban.
Apr 03 Travel restrictions were imposed in 31 cities and this restriction was extended for some time.
Apr 10 Curfews were declared in 31 cities between April 11 and 12. Later, curfews were applied for various

periods (in April, May, and June), in various scopes (local and national), and are still in effect on weekends in all cities in Turkey.
May 04 Some exams at the national level were postponed.
Sep 04 Wedding ceremonies were banned.
Sep 12 Going outdoors was banned for those aged 65 and over.
Sep 20 Shift work was implemented.

Source: Morgan Stanley (2020), Official Gazette (2020).
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were closed for a certain period of time, which was expected to have
an effect on driving mobility, mobility in parks, and residential areas.
Quarantines and local lockdowns were applied at different time peri-
Table 2
Summary of Variables.

Symbol Description Data Source

PATIENT Daily number of patients with the
COVID-19

Ministry of Health of
Turkey1

DEATH Daily number of deaths from the
COVID-19

DRIVING Driving mobility of Apple users Apple2

WALKING Walking mobility of Apple users
GROCERY Mobility of Google users in grocery and

pharmacy
Google3

PARK Mobility of Google users in park
RESIDENTIAL Mobility of Google users in residential
RETAIL Mobility of Google users in retail and

recreation
TRANSIT Mobility of Google users in transit

stations
WORKPLACE Mobility of Google users in workplaces

1 https://COVID19.saglik.gov.tr.
2 https://covid19.apple.com/mobility.
3 https://www.google.com/covid19/mobility.
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ods; hence, they had a significant effect on mobility at workplaces,
parks, grocery, etc. Also, other precautionary measures were applied
in many countries that affect different types of mobility (Morgan
Stanley, 2020).

Hence, two COVID‐19 pandemic indicators, two types of mobility
from Apple and six types of mobility from Google were included in
the study. Table 2 describes these variables.

The study included the period between March 11, 2020 and
December 7, 2020. Variables’ data were obtained from the Apple
(2020), Google (2020), and the Ministry of Health of Turkey (2020).
4. Methodology

The study performed mainly Toda‐Yamamoto causality test to
assess the relationship between mobility and the COVID‐19 pandemic
by considering the aim of the study and stationarity of the variables.
Therefore, the third‐step methodology was applied as follows. Firstly,
the stationarity conditions of the variables were tested by using the
Augmented Dickey‐Fuller (ADF) test (Dickey and Fuller, 1979). More-
over, Kwiatkowski‐Phillips‐Schmidt‐Shin (KPSS) test was employed
for the robustness check of the unit root test (KPSS, 1992). Stationarity
is the most basic and crucial issue in econometric analyses to prevent
spurious and misleading results.

https://COVID19.saglik.gov.tr
https://covid19.apple.com/mobility
https://www.google.com/covid19/mobility
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Secondly, Engle‐Granger cointegration test was applied to examine
the cointegration of the variables. Engle‐Granger cointegration test
focuses on long‐term relationships and explores the dynamic co‐
movements between variables (Engle and Granger, 1987; Mukherjee
and Naka, 1995).

Thirdly, Toda‐Yamamoto causality test was performed to deter-
mine whether there was a relationship between the variables at the
causality level (Toda and Yamamoto, 1995). The main advantage of
the Toda‐Yamamoto causality test is that it does not require all the
variables to be stationary at the same level (Dinçer et al., 2020;
Kartal, 2020b). The characteristic of the Toda‐Yamamoto causality
method is quite important because when the variables are non‐
stationary and using the first difference of variables lacks information
(Tayyar, 2018).

To avoid extending the article too much and for the sake of saving
space, the details of the methods used in the study (e.g. ADF test, KPSS
test, Engle‐Granger cointegration, Toda‐Yamamoto causality) have not
been discussed broadly. More detailed information related to these
models can be found in the original articles by Dickey and Fuller
(1979), KPSS (1992), Engle and Granger (1987), and Toda and
Yamamoto (1995), and in recent studies such as Kirikkaleli and
Ozun (2019), Kartal (2020b), Kirikkaleli (2021), and Kondoz et al.
(2021).
5. Empirical analysis

5.1. Descriptive Statistics

Table 3 gives the descriptive statistics of the variables.
Table 3
Descriptive Statistics.

Variables n Mean

PATIENT 270 2010.72
DEATH 270 55.54
DRIVING 270 122.67
WALKING 270 96.15
GROCERY 270 −1.32
PARK 270 11.04
RESIDENTIAL 270 8.08
RETAIL 270 −33.59
TRANSIT 270 −28.19
WORKPLACE 270 −25.4

Max: Maximum; Min: Minimum; n: Observation; SD: Standard Deviation.

Table 4
Toda-Yamamoto Causality Test Results.

Causality Path Estimation Degree (k + dmax)

DRIVING ⇒ PATIENT 9
WALKING ⇒PATIENT 9
GROCERY ⇒PATIENT 9
PARK ⇒PATIENT 9
RESIDENTIAL ⇒PATIENT 9
RETAIL ⇒PATIENT 9
TRANSIT ⇒PATIENT 9
WORKPLACE ⇒PATIENT 9
DRIVING ⇒DEATH 9
WALKING ⇒DEATH 9
GROCERY ⇒DEATH 9
PARK ⇒DEATH 9
RESIDENTIAL ⇒DEATH 9
RETAIL ⇒DEATH 9
TRANSIT ⇒DEATH 9
WORKPLACE ⇒DEATH 9

*: significance at 5% level; **: significance at 10% level.
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The patient figures show the number of Turkish citizens whose
COVID‐19 test results were positive and who needed treatment in a
healthcare facility. The death figures show the number of Turkish cit-
izens who died of COVID‐19. In addition, the data for the mobility
indicators show how mobility in the related areas changes over time.
All the observations covered calendar days.
5.2. Unit root test

The ADF and KPSS tests were applied to examine the stationarity of
the variables. The results of these tests are presented in Annex‐1. The
ADF test results indicate that all the variables are stationary at I(1).
However, KPSS tests reveal that PATIENT and DEATH are stationary
at I(0) at %1 significance level. Therefore, it is concluded that
PATIENT and DEATH are I(0) whereas the other variables are I(1).
Hence, we can conclude that the variables have different integrated
orders.
5.3. Engle-Granger cointegration test

The Engle‐Granger cointegration test was applied and the stationar-
ity of the residuals was examined after examining the stationarity of
the variables. The results of the unit root test for residuals are pre-
sented in Annex‐2. According to the results, the probability values of
the ADF test for the residuals are lower than 0.05, which means that
there is a long‐term cointegration between the variables. Hence, we
conclude that the variables move together in the long run.
SD Min Max

1519.53 0 7381
44.95 0 203
56.68 15.04 241.74
43.86 14.23 178.88
25.54 −86 57
42.53 −81 109
9.44 −7 39

22.97 −93 6
24.73 −90 6
18.98 −85 12

Chi-Square Test Statistics [p-value] Causality Relationship

10.89929 [0.2075] No
7.884090 [0.4449] No
16.39359 [0.0371] * Yes
10.88384 [0.20845] No
8.938973 [0.3475] No
16.92015 [0.0310] * Yes
7.790383 [0.4542] No
14.61808 [0.0670] ** Yes
10.40707 [0.2376] No
13.06792 [0.1095] No
10.00070 [0.2650] No
17.27682 [0.0274]* Yes
16.61616 [0.0344]* Yes
8.574832 [0.3794] No
6.472480 [0.5945] No
23.13137 [0.0032]* Yes
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5.4. Toda-Yamamoto causality test

The Toda‐Yamamoto causality test was applied by considering the
stationarity results of the variables. In this context, firstly lag lengths
(k) and maximum cointegration degree (dmax) were determined and
an estimation was applied by using “k + dmax” formula. The results
of the lag lengths and maximum cointegration degree determinations
are presented in Annex‐3. Hence, the estimation degree was deter-
mined as 9 by considering the results. After determining lag lengths
(k) and maximum cointegration degree (dmax), the Toda‐Yamamoto
causality test was performed using the VAR approach to examine the
relationship between mobility and the COVID‐19 pandemic. Table 4
presents the results of the Toda‐Yamamoto causality test.

According to the Toda‐Yamamoto causality test results, there is no
causality between walking & driving mobilities and the number of
patients & deaths. On the other hand, mobility in grocery, retail, and
workplace has an impact on the number of patients. Besides, mobility
in parks, residential areas, and workplaces has an impact on the num-
ber of deaths. The results are significant since they provide details con-
cerning the relationship between mobility and the pandemic in terms
of the spread of COVID‐19 and transportation in Turkey.

5.5. Discussion and policy implications

The results of Toda‐Yamamoto causality test show that there is a
relationship between some types of mobility and the COVID‐19 pan-
demic. Specifically, there is an econometric causality relationship
between mobility (grocery, retail, and workplace) and the number of
patients with COVID‐19. There is also an econometric causality
between mobility (parks, residential areas, workplaces) and the num-
ber of deaths from the COVID‐19 pandemic. Moreover, it was deter-
mined that neither driving nor walking mobility has an econometric
causality relationship with the number of patients and deaths from
the pandemic.

The analysis results indicate that various types of mobility have an
econometric causality on the COVID indicators (e.g. the number of
patients and deaths). The results obtained from the test are generally
consistent with the current literature (i.e. Wang and Yamamoto,
2020; Yılmazkuday, 2020a, 2020b, 2020c; Zhu et al., 2020;
Nouvellet et al., 2021). However, it was found that driving and walk-
ing mobilities did not have an impact on the pandemic, which was an
unexpected result. The analysis results demonstrate that although
mobility generally affects the COVID‐19 pandemic in Turkey, some
types of mobility did not seem to have an influence on the number
of patients and deaths from the pandemic.

In line with the analysis results, local or country‐wide mobility
restrictions may not be beneficial. Instead, re‐arranging local restric-
tions, which affect the mobility and transport of citizens can be much
more effective in controlling the number of patients and deaths with-
out causing unnecessary economic costs. In this context, mobility in
some areas, such as grocery, parks, residential, retail, and workplaces,
which influences the number of patients and deaths, should be strictly
managed, controlled, and followed up. However, transport restrictions
in other areas, such as driving, walking, and transit, can be decreased
gradually because an econometric causality relationship between these
types of mobility and the number of patients and deaths cannot be
determined. However, we do not suggest the removal of all the limita-
tions on such types of mobility. That is why, the mobility data,
obtained from Apple and Google, do not reflect all types of mobility
because they include only data of the allowed device. Instead, main-
taining mobility at low levels in such areas can be much more
beneficial.

Besides, some other policies can be applied by the regulatory
authorities. In this context, Turkey can re‐evaluate (i) intraday mobil-
ity restrictions rather than full lockdown or night curfew; (ii) transport
time intervals to go to workplaces; (iii) bans on certain types of mobil-
6

ity, which are defined as influential on the COVID‐19 pandemic indi-
cators; (iv) more restrictions on some types of mobility than others
by considering that some types of mobility in some areas can be riskier
than other types because of the contagion effect. Hence, considering
the realities of the country, Turkey can develop and apply different
policies from those mentioned above by using high‐frequency data,
which are presented by the Ministry of Health of Turkey but are not
available to the public. At the time of the application of such policies,
the relationship between the variables should always be considered.
Therefore, possible results of the mobility policies should be foreseen
before their implementation.
6. Conclusion

The relationship between mobility as a proxy for transport and the
COVID‐19 pandemic since the beginning of the pandemic in Turkey
was examined. Turkey was selected for this purpose because it is
one of the top countries that is highly affected by the pandemic. Eight
different types of mobility and the number of patients and deaths as
indicators of the COVID‐19 pandemic were analyzed using the Toda‐
Yamamoto causality test and daily data from date rage between March
11, 2020 and December 7, 2020.

The results showed that there was a cointegration between mobil-
ity and pandemic indicators in the long term. There was also a rela-
tionship between some types of mobility, such as grocery, parks,
residential, retail, workplaces and pandemic indicators (e.g. the num-
ber of patients and deaths). Whereas some types of mobility affect the
pandemic, the results showed that neither driving mobility nor walk-
ing mobility affects the pandemic indicators, which was surprising.
In addition, driving and walking mobilities were not significant
enough to be regarded as related to the pandemic indicators. For
example, social distancing can be the reason for this determination.
Although we show that there is no relationship between these types
of mobility and the pandemic according to the econometric causality
test, we still think that these types of mobility can be important for
the spread of the pandemic and aggregate‐level mobility data from
Apple and Google may have caused these results because of not includ-
ing all mobilities. In addition, the scope of the mobility data is an
important issue for such analyses because trip purposes can play a dif-
ferent role in spreading the pandemic. Therefore, we prefer to recom-
mend a follow‐up mechanism and gradual expansion of such types of
mobility so as not to cause a new peak or wave during the pandemic
rather than removing all the restrictions. New analyses can be con-
ducted in future studies if the mobility data include trip purposes in
the future.

By considering the results of the econometric causality analysis of
this study, Turkey can re‐arrange the policy set and manage mobility
as well as transportation activities more effectively. Such an approach
contributes to the controlling of the pandemic and supporting eco-
nomic activities without applying excessive restrictions in unnecessary
areas which cause unwanted, negative results. This is quite significant
especially in the transition period of the gradual re‐opening of the
economies. Applying precautions in unnecessary areas can delay re‐
opening the economy, result in low economic activity levels and slow
down economic growth, which is the last thing that policymakers and
people in charge of economic management want. Similar to other
countries, Turkey desires to start re‐opening the economy as soon as
possible. Considering all these facts, it is recommended that Turkey
follow up on the effects of mobility on the pandemic in all sub‐areas
while gradually re‐opening the economy. The results present signifi-
cant implications for other emerging countries as well as countries
mostly affected by the pandemic.

In addition to this study, which focuses on Turkey and some other
studies, which focus on the United States generally, new studies can be
prepared to work on the nexus between mobility and the pandemic in
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different countries like Brazil, India, Russia, United Kingdom, France,
Italy, Spain, Germany, Colombia, Argentina, and Mexico, which are
highly affected by the pandemic. Even county/city level analyses can
be applied if the data for the indicators of mobility, the pandemic,
and restrictions become available at country and city levels. In addi-
tion, comparative analyses between the most severely affected and less
affected countries can provide additional insights. Such studies can
provide contribution to the literature on the spread of the COVID‐19
pandemic in terms of mobility and transport.

While this study focuses on the effects of mobility indicators on the
COVID‐19 pandemic, the effects of the COVID‐19 pandemic (e.g. the
number of patients and deaths in this study) on mobility can be exam-
ined in future studies. In addition, other COVID‐19 pandemic indica-
tors like the number of cases and the number of patients recovering
can be included in the new analyses. Moreover, new methods in eco-
nomics and areas of finance, such as the wavelet coherence approach
and semi‐non‐parametric techniques, such as quantile regression and
machine learning algorithms can be used in future studies to examine
the nexus between mobility, transportation, spread of the pandemic,
and pandemic indicators. Hence, new insights into the nexus between
mobility, transport, and the pandemic can be obtained. The Toda‐
Yamamoto causality test focuses mainly on econometric causality
rather than real‐life mechanistic causality. For this reason, a new data-
set that presents much more details for mobility, transport, and the
pandemic including older, sicker residents, trip purposes, etc. can pro-
vide new contributions to the literature because this is an important
limitation of this study and the current literature on the mobility data.
Data from Apple, Google, and the Ministry of Health of Turkey are
published at the aggregate level. We acknowledge this condition as
an important limitation and hope that much more detailed datasets
will be shared with the public and researchers so that more compre-
hensive analyses can be conducted in the future.
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Annexes

Annex-1. ADF and KPSS Unit Root Test
Variable
 ADF Test
 KPSS Test
Level
 First
Difference
Level
 First
Difference
Probability
(t statistics)
Probability
(t statistics)
LM
Statistics
LM
Statistics
PATIENT
 0,7758
(−0.935588)
0,0025
(−3.888652)*
0.498713*
 0.223571*
DEATH
 0,8964
(−0.453546)
0,0012
(−4.083126)*
0.686521*
 0.355181*
DRIVING
 0,5742
(−1.416374)
0,0000
(−5.077401)*
1.059295
 0.153023*
WALKING
 0,4440
(−1.672657)
0,0003
(−4.484361)*
1.440027
 0.178914*
GROCERY
 0,4288
 0,0001
 1.535492
 0.085585*
(continued on next page)
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Variable
 ADF Test
8

KPSS Test
Level
 First
Difference
Level
 First
Difference
Probability
(t statistics)
Probability
(t statistics)
LM
Statistics
LM
Statistics
(−1.702467)
 (−4.862919)*

PARK
 0,6351

(−1.289262)

0,0016
(−4.011469)*
0.779413
 0.205306*
RESIDENTIAL
 0,7502
(−1.010152)
0,0000
(−8.918180)*
0.879571
 0.126811*
RETAIL
 0,5629
(−1.438996)
0,0005
(−4.313476)*
0.926628
 0.145574*
TRANSIT
 0,5035
(−1.556207)
0,0013
(−4.060472)*
1.127002
 0.140320*
WORKPLACE
 0,2533
(−2.079344)
0,0000
(−7.743260)*
0.950480
 0.467946*
*: significance at 5% level.

Annex-2. Unit Root Test for Residuals
Variables
 ADF Test t statistics [p‐values]
PATIENT & DRIVING
 −3.264590 [0.0177] *

PATIENT & WALKING
 −3.970468 [0.0019] *

PATIENT & GROCERY
 −3.245993 [00186] *

PATIENT & PARK
 −3.916203 [0.0022] *

PATIENT & RESIDENTIAL
 −3.887169 [0.0025] *

PATIENT & RETAIL
 −3.259013 [0.0179] *

PATIENT & TRANSIT
 −3.242534 [0.0188] *

PATIENT & WORKPLACE
 −3.917047 [0.0022] *
DEATH & DRIVING −4.081999 [0.0012) *

DEATH & WALKING
 −4.075899 [0.0013] *

DEATH & GROCERY
 −4.096064 [0.0012] *

DEATH & PARK
 −4.080226 [0.0012] *

DEATH & RESIDENTIAL
 −4.084159 [0.0012] *

DEATH & RETAIL
 −4.081361 [0.0012] *

DEATH & TRANSIT
 −4.081276 [0.0012] *

DEATH & WORKPLACE
 −4.095225 [0.0012] *
* Significance at the 5% level.

Annex-3. Estimation Degree
Variables
 Lag Lengths (k)
 Maximum Cointegration (dmax)
 Estimation Degree (k + dmax)
DRIVING & PATIENT
 8
 1
 9

WALKING & PATIENT
 8
 1
 9

GROCERY & PATIENT
 8
 1
 9

PARK & PATIENT
 8
 1
 9

RESIDENTIAL & PATIENT
 8
 1
 9

RETAIL & PATIENT
 8
 1
 9

TRANSIT & PATIENT
 8
 1
 9

WORKPLACE & PATIENT
 8
 1
 9

DRIVING & DEATH
 8
 1
 9

WALKING & DEATH
 8
 1
 9

GROCERY & DEATH
 8
 1
 9
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Annexes 3 (continued)
Variables
 Lag Lengths (k)
 Maximum Cointegration (dmax)
9

Estimation Degree (k + dmax)
PARK & DEATH
 8
 1
 9

RESIDENTIAL & DEATH
 8
 1
 9

RETAIL & DEATH
 8
 1
 9

TRANSIT & DEATH
 8
 1
 9

WORKPLACE & DEATH
 8
 1
 9
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Dinçer, H., Yüksel, S., Pınarbaşı, F., Alhan, M.A., 2020. Risky financial assets in financial
integration and the impacts of derivatives on banking returns. Risk Factors and
Contagion in Commodity Markets and Stocks Markets. World Scientific Publishing,
Singapore.

Eichenbaum, M.S., Rebelo, S., Trabandt, M., 2020. The Macroeconomics of Epidemics.
National Bureau of Economic Research Working Paper, No. 26882.

Elgin, C., Basbug, G., Yalaman, A., 2020. Economic policy responses to a pandemic:
developing the COVID-19 economic stimulus index. Covid Econ. 1 (3), 40–53.

Engle, R.F., Granger, C.W.J., 1987. Co-integration and error correction: representation,
estimation, and testing. Econometrica: J. Econometric Soci. 55 (2), 251. https://doi.
org/10.2307/1913236.

Ezhilan, M., Suresh, I., Nesakumar, N., 2021. SARS-CoV, MERS-CoV and SARS-CoV-2: a
diagnostic challenge. Measurement 168. 108335.

Gherghina, Ș.C., Armeanu, D.Ș., Joldeș, C.C., 2020. Stock Market Reactions to COVID-
19 pandemic outbreak: quantitative evidence from ARDL bounds tests and granger
causality analysis. Int. J. Environ. Res. Public Health 17 (18), 6729.

Goodell, J.W., 2020. COVID-19 and finance: agendas for future research. Fin. Res. Lett.
35, 101512. https://doi.org/10.1016/j.frl.2020.101512.

Google, 2020. Covid-19 Community Mobility Reports, <https://
www.google.com/covid19/mobility>, (22.12.2020).

Google, 2021. Google Search, <https://www.google.com>, (22.12.2020).
Kartal, M.T., 2020a. The behavior of sovereign credit default swaps (CDS) spread:

evidence from Turkey with the effect of Covid-19 pandemic. Quant. Fin. Econ. 4 (3),
489–502.

Kartal, M.T., 2020b. Do activities of foreign investors affect main stock exchange
indices? Evidence from Turkey before and in time of Covid-19 pandemic. Nat.
Account. Rev. 2 (4), 384–401.

Kartal, M.T., Depren, Ö., Kılıç Depren, S., 2020. The determinants of main stock
exchange index changes in emerging countries: evidence from Turkey in Covid-19
pandemic age. Quant. Fin. Econ. 4 (4), 526–541.

Kartal, M.T., Kiliç Depren, S., Depren, Ö., 2021. How main stock exchange indices react
to Covid-19 pandemic: daily evidence from East Asian countries. Global Econ. Rev.
50 (1), 54–71.

Kirikkaleli, D., Ozun, A., 2019. Co-movement of political risk and sovereign credit risk: a
wavelet coherence analysis for Argentina, Brazil, and Venezuela. Soc. Sci. Q. 100
(6), 2094–2114.

Kirikkaleli, D., 2021. Analyses of wavelet coherence: financial risk and economic risk in
China. J. Fin. Econ. Policy. https://doi.org/10.1108/JFEP-08-2019-0174.

Kondoz, M., Kirikkaleli, D., Athari, S.A., 2021. Time-frequency dependencies of financial
and economic risks in South American Countries. Q. Rev. Econ. Fin. 79, 170–181.

Kronbichler, A., Kresse, D., Yoon, S., Lee, K.H., Effenberger, M., Shin, J.I., 2020.
Asymptomatic patients as a source of COVID-19 infections: a systematic review and
meta-analysis. Int. J. Infect. Dis. 98, 180–186.

Kwiatkowski, D., Phillips, P.C.B., Schmidt, P., Shin, Y., 1992. Testing the null hypothesis
of stationarity against the alternative of a unit root. J. Econometrics 54 (1-3),
159–178.

Liotta, E.M., Batra, A., Clark, J.R., Shlobin, N.A., Hoffman, S.C., Orban, Z.S., Koralnik, I.
J., 2020. Frequent neurologic manifestations and encephalopathy-associated
morbidity in Covid-19 patients. Ann. Clin. Transl. Neurol. 7 (11), 2221–2230.

Loske, D., 2020. The impact of COVID-19 on transport volume and freight capacity
dynamics: an empirical analysis in German food retail logistics. Transp. Res.
Interdiscip. Perspect. 6. 100165.
Ministry of Health of Turkey, 2020. COVID-19 Numbers. <https://COVID19.saglik.gov.
tr>, (12.22.2020).

Morgan Stanley, 2020. EEMEA COVID-19 Impact & Response. EEMEA Equity Strategy
Research Report.

Mukherjee, T.K., Naka, A., 1995. Dynamic relations between macroeconomic variables
and the Japanese Stock Market: an application of a vector error correction model. J.
Fin. Res. 18 (2), 223–237.

Narayan, P.K., Phan, D.H.B., Liu, G., 2020a. COVID-19 lockdowns, stimulus packages,
travel bans, and stock returns. Fin. Res. Lett.. 101732.

Narayan, P.K., Devpura, N., Wang, H., 2020b. Japanese currency and stock market-what
happened during the COVID-19 pandemic?. Econ. Anal. Policy 68, 191–198.

Nouvellet, P., Bhatia, S., Cori, A., Ainslie, K.E.C., Baguelin, M., Bhatt, S., et al, 2021.
Reduction in mobility and COVID-19 transmission. Nat. Commun. 12 (1). https://
doi.org/10.1038/s41467-021-21358-2.

Official Gazette, 2020. <https://www.resmigazete.gov.tr>.
Phan, D.H.B., Narayan, P.K., 2020. Country responses and the reaction of the stock

market to COVID-19-a preliminary exposition. Emerg. Markets Fin. Trade 56 (10),
2138–2150.

Rizwan, M.S., Ahmad, G., Ashraf, D., 2020. Systemic risk: the impact of COVID-19. Fin.
Res. Lett. 36. 101682.

Roy, S., Ghosh, P., Li, Z., 2020. Factors affecting COVID-19 infected and death rates
inform lockdown-related policymaking. PLoS ONE 15 (10). e0241165.

Shehzad, K., Xiaoxing, L., Kazouz, H., 2020. COVID-19’s disasters are perilous than
global financial crisis: a rumor or fact?. Fin. Res. Lett. 36. 101669.

Sobieralski, J.B., 2020. COVID-19 and airline employment: insights from historical
uncertainty shocks to the industry. Transp. Res. Interdiscip. Perspect. 5. 100123.

Taquet, M., Luciano, S., Geddes, J.R., Harrison, P.J., 2020. Bidirectional associations
between COVID-19 and psychiatric disorder: retrospective cohort studies of 62354
COVID-19 cases IN the USA. The Lancet Psychiatry.

Tayyar, A.E., 2018. Endojen Para Arzının Politik Yönü: Türkiye İçin TodaYamamoto
Nedensellik Analizinin Uygulanması. Sosyal Bilimler Dergisi 5, 89–107.

Toda, H.Y., Yamamoto, T., 1995. Statistical inference in vector autoregressions with
possibly integrated processes. J. Econometrics 66 (1-2), 225–250.

Wang, H., Yamamoto, N., 2020. Using a partial differential equation with google
mobility data to predict COVID-19 in Arizona. Math. Biosci. Eng. 17 (5).

World Health Organization, 2020a. Coronavirus Disease (COVID-19) Outbreak
Situation, <https://www.who.int/emergencies/diseases/novel-coronavirus-
2019>, (12.22.2020).

World Health Organization, 2020b. Covid-19 Numbers, <https://covid19.who.int>,
(12.22.2020).

Wielechowski, M., Czech, K., Grzęda, Ł., 2020. Decline in mobility: public transport in
Poland in the time of the COVID-19 pandemic. Economies 8 (4), 78.

Woolf, S.H., Chapman, D.A., Lee, J.H., 2020. COVID-19 as the leading cause of death in
the United States. JAMA.

Wu, J.T., Leung, K., Leung, G.M., 2020. Nowcasting and forecasting the potential
domestic and international spread of the 2019-nCoV outbreak originating in
Wuhan, China: a modelling study. The Lancet 395 (10225), 689–697.

Yılmazkuday, H., 2020a. Welfare Costs of COVID-19: Evidence from U.S. Counties.
Working Paper, <https://papers.ssrn.com/sol3/papers.cfm?abstract_id=
3752163>, (12.22.2020).

Yılmazkuday, H., 2020b. Stay-at-home works to fight against COVID-19: international
evidence from google mobility data. J. Hum. Behav. Soc. Environ., 1–11.

Yılmazkuday, H., 2020c. COVID-19 spread and inter-county travel: daily evidence from
the US. Transp. Res. Interdiscip. Perspect. 8. 100244.

Zhu, D., Mishra, S.R., Han, X., Santo, K., 2020. Social distancing in Latin America during
the COVID-19 pandemic: an analysis using the stringency index and google
community mobility reports. J. Travel Med. 27 (8), taaa125.

Assoc. Prof. Dr. Mustafa Tevfik KARTAL is a capital market professional. He received
a Ph.D. degree in banking from Marmara University, İstanbul/Turkey in 2017, and
received an Associate Professor degree in banking from Inter‐Universities Board,
Ankara/Turkey in 2020. His research interest focuses mainly on banking, central
banking, economics, finance, capital markets, financial institutions, financial markets,
and financial legislations. He has authored 1 book, 2 book reviews, 20 book chapters, 59
articles, and 12 proceedings in Turkish and English, some of which are indexed in SSCI,
SCOPUS, and ESCI indices. Besides, his 4 articles have been accepted for publication and
13 articles have been under review. Also, he works on various articles related to CDS
spreads, commodities, FX rates, interest rates, NPL, and stock market index currently.

http://refhub.elsevier.com/S2590-1982(21)00073-7/h0005
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0005
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0005
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0010
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0010
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0010
https://covid19.apple.com/mobility
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0025
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0025
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0025
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0025
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0035
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0035
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0035
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0040
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0040
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0040
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0040
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0040
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0040
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0050
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0050
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0050
https://doi.org/10.2307/1913236
https://doi.org/10.2307/1913236
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0060
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0060
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0065
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0065
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0065
https://doi.org/10.1016/j.frl.2020.101512
https://www.google.com/covid19/mobility
https://www.google.com/covid19/mobility
https://www.google.com
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0085
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0085
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0085
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0085
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0090
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0090
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0090
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0090
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0095
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0095
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0095
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0095
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0095
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0095
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0100
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0100
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0100
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0100
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0105
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0105
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0105
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0105
https://doi.org/10.1108/JFEP-08-2019-0174
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0115
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0115
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0115
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0120
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0120
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0120
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0120
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0125
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0125
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0125
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0125
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0130
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0130
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0130
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0130
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0135
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0135
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0135
https://COVID19.saglik.gov.tr
https://COVID19.saglik.gov.tr
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0150
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0150
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0150
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0150
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0155
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0155
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0160
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0160
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0160
https://doi.org/10.1038/s41467-021-21358-2
https://doi.org/10.1038/s41467-021-21358-2
https://www.resmigazete.gov.tr
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0175
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0175
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0175
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0175
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0180
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0180
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0185
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0185
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0190
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0190
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0195
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0195
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0200
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0200
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0200
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0205
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0205
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0205
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0205
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0205
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0205
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0210
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0210
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0210
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0215
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0215
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0230
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0230
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0235
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0235
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0240
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0240
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0240
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0240
https://papers.ssrn.com/sol3/papers.cfm%3fabstract_id%3d3752163
https://papers.ssrn.com/sol3/papers.cfm%3fabstract_id%3d3752163
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0250
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0250
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0250
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0250
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0255
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0255
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0255
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0260
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0260
http://refhub.elsevier.com/S2590-1982(21)00073-7/h0260


M.T. KARTAL et al. Transportation Research Interdisciplinary Perspectives 10 (2021) 100366
Moreover, he has a referee role in 53 national and international journals indexed in
SSCI, SCOPUS, and ESCI as well.

Dr. Özer DEPREN has been working as an Analysis and Decision Support Manager at
Yapı Kredi Bank in İstanbul/Turkey for 10 years. He received the Ph.D. degree in
Statistics from Marmara University, İstanbul/Turkey, 2014. His areas of interest are the
Entropy, Performance Measuring Systems, Customer Experience Analytics, Advance
Statistical Models, and Machine Learning Algorithms. Dr. Depren has more than 20
national/international publications in different journals indexed in SSCI, SCOPUS, and
ESCI as well, and has authored 1 book chapter.
10
Assoc. Prof. Dr. Serpil KILIÇ DEPREN works at Yıldız Technical University (YTU)
Statistics Department, İstanbul/Turkey. She received the Ph.D. degree in Statistics from
Marmara University in 2012. Her areas of interest include Hierarchical Linear Models,
Generalized Estimation Equations, Mixed Models, Machine Learning Algorithms,
Entropy, Data Analysis, and Multivariate Statistical Methods. Dr. Kılıç Depren has 36
international and 7 national publications in different journals indexed in SSCI, SCOPUS,
and ESCI and has authored 1 book and 3 book chapter. Additionally, she has partici-
pated in 20 proceedings in international conferences and 4 proceedings in national
conferences; as well, she won 7 academic awards from TUBITAK and YTU.


	The relationship between mobility and COVID-19 pandemic: Daily evidence from an emerging country by causality analysis
	1 Introduction
	2 The progress of mobility and the pandemic in Turkey
	3 Data
	4 Methodology
	5 Empirical analysis
	5.1 Descriptive Statistics
	5.2 Unit root test
	5.3 Engle-Granger cointegration test
	5.4 Toda-Yamamoto causality test
	5.5 Discussion and policy implications

	6 Conclusion
	Disclosure statement
	Ethics approval and consent to participate
	Funding
	0 Declaration of Competing Interest
	ack17
	1 Acknowledgment
	2 Consent for publication
	3 Author contributions
	Annexes 
	Annex-1. ADF and KPSS Unit Root Test
	Annex-2. Unit Root Test for Residuals
	Annex-3. Estimation Degree

	Annexes 1 
	References
	Annexes 3 


