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Abstract
Weather factors are effective to transmission of various diseases. Middle East Respiratory Syndrome (MERS), Severe Acute 
Respiratory Syndrome (SARS), and kinds of influenza can be given as example these diseases. The novel corona virus which 
is called COVID-19 is the most dangerous problem all around the world in these days. Early studies have revealed that 
COVID-19 cases are affected by environmental factors. Therefore, the purpose of this paper is to examine the relationship 
between the number of novel coronavirus cases and several weather parameters in 81 provinces of Turkey. Mean incuba-
tion period of COVID-19 is in question. Thus, this paper also aims to provide better understanding of the exact incubation 
period in Turkey by employing four different timeframe which are on the day (lag 0), 3 days ago (lag 3), 7 days ago (lag 7) 
and 14 days ago (lag 14). We have considered population density as a control variable. The dataset cover COVID-19 cases, 
population density, average temperature, humidity, pressure, dew point, wind speed, and sunshine duration for 81 provinces 
of Turkey. We find that population density has a positive correlation with COVID-19 cases. We also find that in lag 3, all 
parameters except for sunshine duration are negatively correlated with COVID-19 cases and significant. However, only 3 
parameters, temperature, air pressure and dew point are negatively correlated with COVID-19 cases and significant for lag 0, 
lag 7 and lag 14. In addition, temperature, air pressure and dew point parameters are negative and significant in all timeframes.

Keywords COVID-19 · Environment health · Turkey · Weather · Population density

1 Introduction

The world health organization (WHO) announced on 31 
December 2019 that a novel type of pneumonia was detected 
in Wuhan, China (WHO 2019a; b). After this date, the world 

has been dealing with a virus pandemic that will be among 
the worst examples it has ever experienced before. This virus 
spread all over the world and has become the most important 
problem of today, since the first case was seen in Wuhan.

Coronaviruses are a kind of related RNA viruses and 
were detected many different types which are well known 
worldwide. It causes respiratory infections and other dan-
gerous illness like SARS, MERS, or COVID-19 (Hewings-
Martin 2020). A newly identified coronavirus which is called 
COVID-19 in Wuhan has caused a worldwide pandemic of 
respiratory illness.

The development of transportation opportunities in the 
twenty-first century has facilitated the spread of infectious 
diseases all over the world. SARS-CoV was outbreak in 
2002 and the first cases were detected in China. SARS-CoV 
spread rapidly and this disease was detected in many coun-
tries. It was transmitted to more than 8000 people and nearly 
1000 people died due to this disease (WHO 2020).

MERS-CoV epidemic first appeared in Saudi Arabia in 
2012. The MERS epidemic was more deadly than the SARS 
outbreak. MERS infected more than 2000 people, causing up 

 * Sakir Gormus 
 sgormus@sakarya.edu.tr

 Mervan Selcuk 
 mervanselcuk@sakarya.edu.tr

 Murat Guven 
 muratguven@sakarya.edu.tr

1 Research Center for Islamic Economics and Finance, 
Sakarya University, Esentepe Campus, Serdivan, Sakarya, 
Turkey

2 Department of Public Finance, Faculty of Political Sciences, 
Sakarya University, Esentepe Kampüsü, 54050 Serdivan, 
Sakarya, Turkey

3 Department of Statistics, Faculty of Arts and Sciences, 
Sakarya University, Esentepe Campus, Serdivan, Sakarya, 
Turkey

http://crossmark.crossref.org/dialog/?doi=10.1007/s41748-020-00197-z&domain=pdf


88 M. Selcuk et al.

1 3 Published in partnership with CECCR at King Abdulaziz University

Ta
bl

e 
1 

 S
um

m
ar

y 
of

 e
xi

sti
ng

 li
te

ra
tu

re

Re
fe

re
nc

es
St

ud
y 

ty
pe

C
ou

nt
rie

s
Pa

ra
m

et
er

s
Re

su
lts

A
de

do
ku

n 
et

 a
l. 

(2
02

0)
D

es
cr

ip
tiv

e 
st

at
ist

ic
s

W
or

ld
 d

at
a

Te
m

pe
ra

tu
re

Th
er

e 
is

 n
eg

at
iv

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
CO

V
ID

-1
9 

ca
se

s a
nd

 te
m

pe
ra

tu
re

W
u 

et
 a

l. 
(2

02
0)

G
en

er
al

iz
ed

 a
dd

iti
ve

 m
od

el
s

16
6 

co
un

tri
es

Te
m

pe
ra

tu
re

 a
nd

 H
um

id
ity

Te
m

pe
ra

tu
re

 a
nd

 h
um

id
ity

 a
re

 b
ot

h 
ne

ga
-

tiv
el

y 
as

so
ci

at
ed

 w
ith

 th
e 

da
ily

 C
O

V
ID

-1
9 

ne
w

 c
as

es
 a

nd
 d

ea
th

s
Li

u 
et

 a
l. 

(2
02

0)
N

on
-li

ne
ar

 re
gr

es
si

on
30

 p
ro

vi
nc

ia
l c

ap
ita

ls
 in

 C
hi

na
Te

m
pe

ra
tu

re
, h

um
id

ity
, a

nd
 m

ig
ra

tio
n 

sc
al

e 
in

de
x

Lo
w

 T
em

pe
ra

tu
re

, a
nd

 lo
w

 h
um

id
ity

 b
oo

st 
th

e 
sp

re
ad

 o
f C

O
V

ID
-1

9
M

a 
et

 a
l. 

(2
02

0)
G

en
er

al
iz

ed
 a

dd
iti

ve
 m

od
el

s
W

uh
an

 in
 C

hi
na

Te
m

pe
ra

tu
re

, a
nd

 h
um

id
ity

Th
er

e 
is

 n
eg

at
iv

e 
(p

os
iti

ve
) r

el
at

io
ns

hi
p 

be
tw

ee
n 

CO
V

ID
-1

9 
ca

se
s a

nd
 h

um
id

ity
 

(te
m

pe
ra

tu
re

)
Iq

ba
l e

t a
l. 

(2
02

0)
W

av
el

et
 c

oh
er

en
ce

W
uh

an
 in

 C
hi

na
Te

m
pe

ra
tu

re
Th

er
e 

is
 n

o 
re

la
tio

ns
hi

p 
be

tw
ee

n 
CO

V
ID

-1
9 

ca
se

s a
nd

 te
m

pe
ra

tu
re

Li
 e

t a
l. 

(2
02

0a
, b

)
Li

ne
ar

 R
eg

re
ss

io
n 

M
od

el
W

uh
an

 a
nd

 X
ia

oG
an

 in
 C

hi
na

Te
m

pe
ra

tu
re

 a
nd

 su
ns

hi
ne

 d
ur

at
io

n
B

ot
h 

va
ria

bl
es

 a
re

 n
eg

at
iv

el
y 

re
la

te
d 

to
 

CO
V

ID
-1

9
G

up
ta

 e
t a

l. 
(2

02
0a

, b
)

D
es

cr
ip

tiv
e 

st
at

ist
ic

s
50

 st
at

es
 in

 U
S

Te
m

pe
ra

tu
re

 a
nd

 h
um

id
ity

Th
e 

fin
di

ng
s s

ho
w

 th
at

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

w
ea

th
er

 v
ar

ia
bl

es
 a

nd
 C

O
V

ID
-1

9 
tra

ns
m

is
si

on
Ru

nk
le

 e
t a

l. 
(2

02
0)

D
ist

rib
ut

ed
 la

g 
no

nl
in

ea
r m

od
el

Ei
gh

t c
iti

es
 in

 U
S

Te
m

pe
ra

tu
re

 a
nd

 h
um

id
ity

Th
ey

 fo
un

d 
a 

ne
ga

tiv
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

CO
V

ID
-1

9 
an

d 
hu

m
id

ity
B

as
hi

r e
t a

l. 
(2

02
0)

K
en

da
ll 

an
d 

Sp
ea

rm
an

 ra
nk

 c
or

re
la

tio
n 

te
sts

N
ew

 Y
or

k 
in

 U
S

Te
m

pe
ra

tu
re

, r
ai

nf
al

l, 
hu

m
id

ity
 a

nd
 w

in
d 

sp
ee

d
Th

er
e 

is
 a

 si
gn

ifi
ca

nt
 a

nt
 p

os
iti

ve
 re

la
tio

n-
sh

ip
 b

et
w

ee
n 

CO
V

ID
-1

9 
an

d 
te

m
pe

ra
tu

re
Pr

am
an

ik
 e

t a
l. 

(2
02

0)
R

an
do

m
 fo

re
st 

m
od

el
Ru

ss
ia

Te
m

pe
ra

tu
re

, h
um

id
ity

, s
un

sh
in

e 
an

d 
w

in
d 

sp
ee

d
Th

e 
fin

di
ng

s s
ho

w
 th

at
 te

m
pe

ra
tu

re
 a

nd
 su

n-
sh

in
e 

ha
ve

 a
 si

gn
ifi

ca
nt

 n
eg

at
iv

e 
re

la
tio

n-
sh

ip
 b

et
w

ee
n 

th
e 

CO
V

ID
-1

9 
ca

se
s

M
en

eb
o 

(2
02

0)
N

on
-p

ar
am

et
ric

 c
or

re
la

tio
n 

te
st

O
sl

o 
in

 N
or

w
ay

Te
m

pe
ra

tu
re

, p
re

ci
pi

ta
tio

n 
an

d 
w

in
d 

sp
ee

d
A

lth
ou

gh
 te

m
pe

ra
tu

re
 (p

re
ci

pi
ta

tio
n)

 is
 

po
si

tiv
el

y 
(n

eg
at

iv
el

y)
 a

ss
oc

ia
te

d 
w

ith
 

CO
V

ID
-1

9 
ca

se
s

To
se

pu
 e

t a
l. 

(2
02

0)
Sp

ea
rm

an
 ra

nk
 c

or
re

la
tio

n 
te

st
Ja

ka
rta

 in
 In

do
ne

si
a

Te
m

pe
ra

tu
re

, h
um

id
ity

 a
nd

 ra
in

fa
ll

Th
er

e 
is

 a
 si

gn
ifi

ca
nt

 a
nd

 p
os

iti
ve

 re
la

tio
n-

sh
ip

 b
et

w
ee

n 
te

m
pe

ra
tu

re
 a

nd
 C

O
V

ID
-1

9 
ca

se
s

A
hm

ad
i e

t a
l. 

(2
02

0)
Th

e 
pa

rti
al

 c
or

re
la

tio
n 

co
effi

ci
en

t
Ir

an
Po

pu
la

tio
n 

de
ns

ity
, m

ov
em

en
t, 

te
m

pe
ra

-
tu

re
, r

ai
nf

al
l, 

hu
m

id
ity

, w
in

d 
sp

ee
d 

an
d 

so
la

r r
ad

ia
tio

n

Po
pu

la
tio

n 
de

ns
ity

, i
nt

ra
-p

ro
vi

nc
ia

l m
ov

e-
m

en
t (

w
in

d 
sp

ee
d,

 h
um

id
ity

, a
nd

 so
la

r 
ra

di
at

io
n)

 h
av

e 
a 

si
gn

ifi
ca

nt
 a

nd
 p

os
iti

ve
 

(n
eg

at
iv

e)
 e

ffe
ct

 o
n 

CO
V

ID
-1

9 
ca

se
s

Pa
ni

 e
t a

l. 
(2

02
0)

K
en

da
ll 

an
d 

Sp
ea

rm
an

 ra
nk

 c
or

re
la

tio
n 

te
sts

Si
ng

ap
or

e
Te

m
pe

ra
tu

re
, h

um
id

ity
, p

re
ss

ur
e,

 d
ew

 p
oi

nt
 

an
d 

w
in

d 
sp

ee
d

Te
m

pe
ra

tu
re

, d
ew

 p
oi

nt
, h

um
id

ity
, a

nd
 w

at
er

 
va

po
r d

em
on

str
at

e 
th

at
 p

os
iti

ve
 a

nd
 si

gn
ifi

-
ca

nt
ly

 a
ss

oc
ia

te
 w

ith
 C

O
V

ID
-1

9 
ca

se
s

A
ul

er
 e

t a
l. 

(2
02

0)
Li

ne
ar

 re
gr

es
si

on
5 

ci
tie

s i
n 

B
ra

zi
l

Te
m

pe
ra

tu
re

, h
um

id
ity

 a
nd

 ra
in

fa
ll

H
ig

he
r m

ea
n 

te
m

pe
ra

tu
re

s a
nd

 a
ve

ra
ge

 re
la

-
tiv

e 
hu

m
id

ity
 b

oo
ste

d 
th

e 
CO

V
ID

-1
9 

ca
se

s
Ro

sa
rio

 e
t a

l. 
(2

02
0)

Sp
ea

rm
an

 ra
nk

 c
or

re
la

tio
n 

te
sts

R
io

 d
e 

Ja
ne

iro
 in

 B
ra

zi
l

Te
m

pe
ra

tu
re

, h
um

id
ity

, s
ol

ar
 ra

di
at

io
n,

 
w

in
d 

sp
ee

d,
 a

nd
 ra

in
fa

ll
So

la
r r

ad
ia

tio
n,

 w
in

d 
sp

ee
d 

an
d 

te
m

pe
ra

-
tu

re
 a

re
 si

gn
ifi

ca
nt

 a
nd

 n
eg

at
iv

el
y 

aff
ec

t 
CO

V
ID

-1
9 

ca
se

s



89Impact of Weather Parameters and Population Density on the COVID-19 Transmission: Evidence…

1 3Published in partnership with CECCR at King Abdulaziz University

to 900 deaths (WHO 2019a). After these epidemics, a novel 
corona virus was detected in China at the end of 2019 which 
is named COVID-19. It is also a kind of corona virus. As in 
previous corona viruses, COVID-19 also has same mode of 
transmissions such as via droplets, sneezing or breathing. 
Common symptoms of COVID-19 appear within 14 days 
but mean incubation period of corona viruses approximately 
5–6 days (Lauer et al. 2020).

The first centre of the pandemic was China, but the dis-
ease has spread all over the world, and the new centre of the 
pandemic is the USA, Brazil and India which have number 
of confirmed cases 4 million, 2.2 million and 1.3 million, 
respectively. Total confirmed cases all over the world are 
15.2 million and number of global deaths are 624 thousand. 
The first confirmed COVID-19 case was detected in Turkey 
on 11th March. Nearly 230 thousand COVID-19 cases and 
more than 5.5 thousand deaths were recorded as the end of 
July 2020. (Johns Hopkins University 2020).

Even though the transmission speed of COVID-19 is 
faster than SARS and MERS, the death rate of COVID-
19 is less than SARS and MERS. COVID-19 continues to 
transmission worldwide, and a second wave of COVID-19 
is expected to be appeared in cold temperature. Following 
the emergence of the COVID-19 pandemic, the health insti-
tutions of the countries are sharing statistical data on the 
spread of this virus. Researchers have done a lot of studies 
to determine which factors affect to transmission of COVID-
19 by evaluating these data together with various param-
eters. The weather variables are good indicators to forecast 
COVID-19 cases in following days (Gupta et al. 2020a, b; Li 
et al. 2020a, b; Rohrer et al. 2020; Wu et al. 2020). Table 1 
shows the results of existing literature.

Numbers of early studies were investigated the rela-
tionships between weather parameters, population density 
and COVID-19 cases. Iqbal et al. (2020), Liu et al. (2020), 
Ma et al. (2020), Shi et al. (2020) have studied these vari-
ables for China which is the first centre of the pandemic. 
Bashir et al. (2020), Gupta et al. (2020a, b), Runkle et al. 
(2020) have focused on US and they have employed similar 
variables.

Liu et al. (2020) have examined the relationships between 
COVID-19 cases and meteorological parameters in 30 pro-
vincial capital cities of China. The dataset covers number of 
confirmed cases, ambient temperature (AT), diurnal temper-
ature range (DTR), absolute humidity (AH) and migration 
scale index (MSI) for selected cities between January 20th 
and March 2nd, 2020. The findings demonstrate that low 
temperature, mild diurnal temperature range and low humid-
ity boost the spread of COVID-19. Shi et al. (2020) also 
examined how temperature has relationship with COVID-
19 cases in 30 provinces in China between January 20 and 
February 29, 2020. COVID-19 cases decreased slowly with 
higher temperatures.Ta
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The relationships between COVID-19 caused deaths and 
weather parameters were investigated by Ma et al. (2020) in 
period of 20 January-29 February 2020 in Wuhan, China. 
The findings demonstrate that a positive relationship with 
COVID-19 daily death counts was observed for diurnal 
temperature range, but negative relationships for relative 

humidity. Iqbal et al. (2020) aim to investigate the rela-
tionships between temperature and new COVID-19 cases 
in Wuhan in period of 21 January-31 March 2020 using 
Wavelet Coherence. They found that the increasing tempera-
ture is not important to slow down COVID-19 cases. This 
result is contrary to many earlier papers which demonstrate 
important role of temperature in slowing down the COVID-
19 transmission. Li et al. (2020a, b) also have examined 
that the correlation temperature and sunshine duration with 
COVID-19 cases for China. They found that temperature has 
significant and negative association with the COVID-19 and 
sunshine duration is in an inverse correlation.

After the pandemic spread all over the world, the United 
States has become the country with the highest number of 
COVID-19 cases. Gupta et al. (2020a, b) investigated the 
effect of weather parameters on spread of the COVID-19 
cases in more populated countries, like India. The dataset 
covers the daily new cases of COVID-19 cases in 50 states 
of US in period of 1 January-9 April 2020. The results dem-
onstrate that the association between weather conditions 
and COVID-19 transmission. The findings can be useful to 
project Indian provinces which would be weather caused 
transmission of COVID-19 in approaching months of 2020.

Table 2  Abbreviations of variables

Abbreviations Description

Density Population density (people per 
sq. km of land area)

Temperature Daily average temperature (°C)
Dew point Daily average dew point (°C)
Humidity Daily average humidity (%)
Pressure Daily average air pressure (hPa)
Wind speed Average wind speed (m/s)
Sunshine duration Daily sunshine duration (hour)
Lag 0 0 days ago, 1 April 2020
Lag 3 3 days ago, 29 March 2020
Lag 7 7 days ago, 25 March 2020
Lag 14 14 days ago, 18 March 2020

Table 3  Descriptive statistics of 
variables

Mean Median Max Min Standard deviation Observations

Cases 181.24 26 8852 2 985.95 81
Density 132.18 64.11 2986.77 11.39 333.32 81
Temperature 8.75 8.80 17.30 1.80 3.31 81
Temperature_3 8.49 8.30 15.30 0.90 2.78 81
Temperature_7 9.32 8.90 17.60 3.90 3.04 81
Temperature_14 3.23 3.70 15.20 − 6.00 4.37 81
Dew point 4.69 4.70 10.00 − 1.40 2.63 81
Dew point_3 5.18 5.60 10.90 − 1.50 2.70 81
Dew point_7 4.29 4.40 10.40 − 1.70 2.79 81
Dew point_14 − 1.81 − 2.00 8.90 − 12.40 5.23 81
Humidity 78.24 79.60 98.30 57.00 10.16 81
Humidity_3 82.16 83.20 98.80 53.70 9.17 81
Humidity_7 73.57 73.60 96.00 50.30 10.2 81
Humidity_14 72.48 73.10 97.10 23.40 17.82 81
Pressure 933.38 926.80 1017.70 813.20 61.88 81
Pressure_3 929.29 920.00 1010.50 808.60 61.41 81
Pressure_7 937.59 931.00 1022.40 817.90 62.36 81
Pressure_14 937.32 931.10 1027.00 812.60 65.13 81
Wind speed 2.01 1.70 6 0.60 1.11 81
Wind speed_3 1.82 1.70 5.80 0.50 0.92 81
Wind speed_7 1.97 1.50 7.40 0.50 1.30 81
Wind speed_14 2.34 2 9.8 0.50 1.58 81
Sunshine duration 3.38 2.90 10.10 0 3.19 81
Sunshine duration_3 1.33 0.1 6.70 0 1.95 81
Sunshine duration_7 3.50 3.40 10 0 3.42 81
Sunshine duration_14 2.97 0.40 11.60 0 3.89 81
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Runkle et al. (2020) investigated the relationship between 
COVID-19 cases and meteorological variables for selected 
8 cities in US. Empirical results show that humidity was 
positively related with COVID-19 transmission in 4 cities in 
short-term. Temperature and solar radiation results did not 
demonstrate a strong relation with COVID-19 cases. Bashir 
et al. (2020) studied the relationship between COVID-19 
cases and weather parameters in New York City, USA in 
period of 1 March-12 April 2020. The empirical findings 

show that average temperature, minimum temperature, and 
air quality have significantly correlated with the COVID-19 
cases.

Pramanik et  al. (2020) investigate the relationships 
between weather parameters and the transmission of 
COVID-19 in Russia employing the random forest model. 
The findings show that the effect of temperature and sun-
shine on the transmission of COVID-19 is a significant and 
negative relationship. They also observed the effects of diur-
nal temperature range, wind speed, and relative humidity, on 
the intensity of the COVID-19 spread. Menebo (2020) has 
studied that how COVID-19 cases are affected by weather 
conditions in Oslo, Norway using a non-parametric correla-
tion test in period of February 27–May 2, 2020. The data-
set cover temperature, precipitation level and wind speed. 
Empirical results show that temperature is positively associ-
ated with COVID-19 cases. On the other hand, number of 
infected people are affected negatively from precipitation.

Tosepu et al. (2020) have studied that how COVID-19 
cases affected by weather conditions in period of Janu-
ary–March 29, 2020 in Jakarta, Indonesia. Spearman-rank 
correlation test was employed for the analysis. Only temper-
ature average was significantly associated with COVID-19 

Fig. 1  COVID-19 cases of all provinces of Turkey in the day of lag 0

Fig. 2  Temperature of all provinces of Turkey in the day of lag 0, lag 3, lag 7 and lag 14
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pandemic. Ahmadi et al. (2020) examined the relationships 
between COVID-19 cases and selected weather conditions 
in Iran. Also, population density, intra-provincial movement, 
and infection days considered in the study. The results dem-
onstrate that the population density, intra-provincial move-
ment have a direct relation with COVID-19 cases. Unlike 
provinces with low levels of wind speed, humidity, and solar 
radiation reveal to a high rate of COVID-19 cases.

Auler et al. (2020) analysed that how meteorological 
parameters like temperature, humidity and rainfall affect 
the transmission of COVID-19 in five provinces for Brazil. 
Empirical result show that temperature and humidity have 
a positive relationship with COVID-19 cases. This result 
is also contrary to many earlier papers which demonstrate 
important role of temperature and humidity in slowing down 
the COVID-19 transmission. Rosario et al. (2020) investi-
gated that the correlation between weather parameters and 
COVID-19 cases in the State of Rio de Janeiro, Brazil. The 
results show that solar radiation has a strong negative rela-
tion with the COVID-19 case. In line with the general litera-
ture, temperature and wind speed have a negative relation-
ship with the number of infected people.

Pani et al. (2020) examined that the role of Singapore’s 
hot weather conditions in COVID-19 spread by analysing 
the relationship between meteorological variables and the 
COVID-19 cases. The result from Spearman and Kendall 
rank correlation tests show that temperature, dew point, 
humidity and water vapor demonstrated positive and signifi-
cant relation with COVID-19 cases. The effects of tempera-
ture and humidity on new COVID-19 cases and deaths are 
examined by Wu et al. (2020) for 166 countries (excluding 
China) on March 27, 2020. The empirical results show that 
temperature and humidity were both negatively associated 
with new COVID-19 cases and deaths. Şahin (2020) studied 
the relationship between weather parameters and COVID-19 
cases for 9 provinces in Turkey using Spearman’s correlation 
coefficients. The findings show that population, wind speed, 
and temperature associate with COVID-19 cases.

To the best knowledge of authors, there is no study that 
examines the relationship between weather parameters, pop-
ulation density and the spread of COVID-19 for 81 prov-
inces of Turkey. This study will fill this research gap. There-
fore, this paper shows how COVID-19 cases are affected 
from population density, temperature, humidity, pressure, 

Fig. 3  Wind speed of all provinces of Turkey in the day of lag 0, lag 3, lag 7 and lag 14



93Impact of Weather Parameters and Population Density on the COVID-19 Transmission: Evidence…

1 3Published in partnership with CECCR at King Abdulaziz University

dew point, wind speed, and sunshine duration in 81 cities 
of Turkey using regression model. The results of the study 
provide useful information to policymakers when struggling 
with COVID-19.

In the first part of the paper, we examined the literature 
and the studies done so far. The relevant literature has shown 
that our study is unique in terms of topic. The econometric 
methods and data are stated in the second part. Empirical 
results are presented in the third section. The discussion and 
the conclusion are the fourth and the fifth parts of the study, 
respectively.

2  Data and Econometric Methods

2.1  Data

The data of COVID-19 case for 1st April 2020 are obtained 
from the Ministry of Health of Republic of Turkey for 81 
provinces of Turkey. However, the data of weather param-
eters are provided by the Meteorological Department of the 
Republic of Turkey and the population density data has been 
taken from the Turkish Statistical Institute. The dataset cover 

COVID-19 cases, population density (people per sq. km of 
land area) and daily weather parameters for 81 provinces 
of Turkey. Daily weather parameters are average tempera-
ture (°C), average humidity (%), average air pressure (hPa), 
average dew point (°C), average wind speed (m/s), and sun-
shine duration (hour). Abbreviations of variables are listed 
in Table 2. Because of the different geographical structure 
of provinces, weather parameters of 81 provinces in Turkey 
are different.

Researchers have not exact information about COVID-
19s incubation period. The incubation period is accepted 
within 14 days when viruses located in body (Lauer et al. 
2020). Each weather variable is controlled for 4 timeframes. 
The timeframes are on the day (lag 0), 3 days ago (lag 3), 
7 days ago (lag 7) and 14 days ago (lag 14). Hence, this 
paper aims to provide better understanding of the exact 
incubation period in Turkey. Table 3 shows that descriptive 
statistics of variables.

The highest number of COVID-19 cases (8852 cases) and 
population density (2986.77 people per sq. km of land area) 
in Istanbul. The descriptive statistics of the weather param-
eters demonstrate that a minimum temperature of − 6 °C and 
the highest maximum temperature of 17.6 °C, the lowest 

Fig. 4  Air pressure of all provinces of Turkey in the day of lag 0, lag 3, lag 7 and lag 14
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dew point of − 12.4 °C and the highest dew point of 10.9 °C, 
the lowest humidity of %23.4 and the highest humidity of 
%98.8 in the provinces of Turkey. In addition to that, the 
lowest wind speed was 1.5 m/s and highest wind speed was 
9.8 m/s. Figure 1 shows the COVID-19 cases of all provinces 
of Turkey on 1st April 2020 which is reference date of our 
study. Figures 2, 3, 4, 5, 6, 7 represent the weather param-
eters of all provinces of Turkey in the day of lag 14, lag 7, 
lag 3, and lag 0, respectively.

2.2  Econometric Methods

The relationship between the number of novel coronavirus 
cases, population density and several weather parameters 
can be specified as

where C is the number of novel coronavirus cases, D is 
the population density, W are independent variables that 
are the weather parameters like temperature, wind speed, 
air pressure, dew point, humidity and sunshine duration. In 

(1)C = F(D,W)

addition, these weather parameters are considered as lag 0, 
lag 3, lag 7 and lag 14.

We can express our regression model as follows:

In these models, C is the number of novel coronavirus 
cases, D is the population density and W are the weather 
parameters that are W

i0
 , W

i3
 , W

i7
 , W

i14
 showing the weather 

parameter on the day (lag 0), weather parameter 3 days ago 
(lag 3), weather parameter 7 days ago (lag 7) and weather 
parameter 14 days ago (lag 14), respectively. The subscript i 
is the individual and denotes the provinces of Turkey. �0 and 
�
i
 are intercept and disturbance. �1 represents the coefficient 

of D
i
 and �2 denotes the coefficients of W

i0
,W

i3
,W

i7
 and W

i14
.

(2)Model 1 ∶ C
i
= �0 + �1Di

+ �2Wi0
+ �

i

(3)Model 2 ∶ C
i
= �0 + �1Di

+ �2Wi3
+ �

i

(4)Model 3 ∶ C
i
= �0 + �1Di

+ �2Wi7
+ �

i

(5)Model 4 ∶ C
i
= �0 + �1Di

+ �2Wi14
+ �

i

Fig. 5  Sunshine duration of all provinces of Turkey in the day of lag 0, lag 3, lag 7 and lag 14
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In this study, we use ordinary least-squares linear 
regression (OLS) to investigate the effect of the independ-
ent variables on dependent variables (Angrist and Pis-
chke 2009). For this purpose, we use four different mod-
els depending on different timeframes for each weather 
parameters. Thus, we test the effect of temperature, wind 
speed, air pressure, dew point, humidity and sunshine 
duration with density on novel coronavirus cases in four 
different models.

3  Results

As of April 1st, 2020, a total of 15,679 cases were officially 
reported in 81 provinces in Turkey. The number of COVID-
19 cases in the 10 most contaminated cities is account for 
83% of the total number of cases which provinces are the 
most populated and have the highest population density. The 
55 provinces have less than 50 cases. Population density, 
temperature, dew point, humidity, pressure, wind speed, and 
sunshine duration are investigated for 4 timeframes which 
are lag 0, lag 3, lag 7 and lag 14. All population density 

results similar with each other and all of them are positively 
correlated with COVID-19 cases and significant as expected.

Table 4 shows the relationship between temperature and 
the number of total cases for different timeframes in all prov-
inces of Turkey.

In Table 4, we find that temperature variable is nega-
tively correlated with COVID-19 cases and significant in 
each timeframe as expected. In other words, while the tem-
perature is increasing, the number of COVID-19 cases are 
decreasing. Table 5 demonstrates the relationship between 
wind speed and the number of total cases for different time-
frames in all provinces of Turkey.

In Table 5, we find that there is a negative and significant 
relationship between wind speed and COVID-19 cases only 
in lag 3. Table 6 shows the relationship between air pressure 
and the number of total cases. Table 7 demonstrates the rela-
tionship between dew point and the number of total cases for 
different timeframes in all provinces of Turkey.

The results from Tables 5 and 6 show that air pressure and 
dew point variables are significant and negatively correlated 
with COVID-19 cases in each timeframe as expected.

Table 8 shows the relationship between humidity and the 
number of total cases. Table 9 demonstrates the relationship 

Fig. 6  Humidity of all provinces of Turkey in the day of lag 0, lag 3, lag 7 and lag 14
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between sunshine duration and the number of total cases for 
different timeframes in all provinces of Turkey.

In Table 8, only lag 3 is significant and negatively cor-
related with COVID-19 cases. Table 9 shows that there is 
no relationship between sunshine duration and COVID-19 
cases in all lags.

Table 10 summarizes the results of all models with all 
timeframes. That is, Table 10 shows that all weather param-
eters effects on COVID-19 cases with respect to lags.

We employed 6 different weather parameters. In lag 3, all 
parameters except for sunshine duration are negatively cor-
related with COVID-19 cases and significant. However, only 

Fig. 7  Dew point of all provinces of Turkey in the day of lag 0, lag 3, lag 7 and lag 14

Table 4  OLS Results of 
temperature models

The numbers in the bracket show the standard errors
*, **, *** Indicates 10%, 5% and 1% level of significance, respectively

Model 1 Model 2 Model 3 Model 4

Density 2.894***
[0.072]

2.903***
[0.073]

2.884***
[0.073]

2.934***
[0.069]

Temperature − 20.909***
[7.334]

Temperature_3 − 24.413***
[8.781]

Temperature_7 − 20.385**
[8.033]

Temperature_14 − 22.803***
[5.329]

Constant − 18.379
[68.606]

4.925
[77.974]

− 9.814
[79.185]

− 132.849***
[29.035]
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Table 5  OLS results of wind 
speed models

The numbers in the square bracket show the standard errors
* , **, *** Indicates 10%, 5% and 1% level of significance, respectively

Model 1 Model 2 Model 3 Model 4

Density 2.879***
[0.076]

2.894***
[0.075]

2.878**
[0.0762]

2.884***
[0.0761]

Wind speed − 15.446
[22.727]

Wind speed_3 − 47.763*
[27.095]

Wind speed_7 − 11.277
[19.482]

Wind speed_14 14.782
[16.038]

Constant − 168.278***
[53.318]

− 114.023**
[55.340]

− 177.007***
[47.369]

− 234.753***
[46.897]

Table 6  OLS results of air 
pressure models

The numbers in the square bracket show the standard errors
*, **, *** Indicates 10%, 5% and 1% level of significance, respectively

Model 1 Model 2 Model 3 Model 4

Density 2.972***
[0.070]

2.972***
[0.070]

2.971***
[0.070]

2.968***
[0.071]

Pressure − 1.768****
[.379]

Pressure_3 − 1.791***
[.380]

Pressure _7 − 1.735***
[.377]

Pressure_14 − 1.603***
[.364]

Constant 1439.022***
[352.011]

1453.317***
[352.165]

1416.094***
[351.726]

1292.111***
[339.943]

Table 7  OLS Results of dew 
point models

The numbers in the square bracket show the standard errors
*, **, *** Indicates 10%, 5% and 1% level of significance, respectively

Model 1 Model 2 Model 3 Model 4

Density 2.913***
[0.068]

2.956***
[0.069]

2.923***
[0.069]

2.896***
[0.071]

Dew point − 38.263***
[8.705]

Dew point_3 − 39.994***
[8.544]

Dew point_7 − 35.110***
[8.320]

Dew point_14 − 15.661***
[4.534]

Constant − 24.244
[46.731]

− 2.089
[48.550]

− 54.335
[42.267]

− 230.007***
[26.860]
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3 parameters, temperature, air pressure and dew point are 
negatively correlated with COVID-19 cases and significant 
for lag 0, lag 7 and lag 14. Moreover, temperature, air pres-
sure and dew point parameters are negative and significant 
in all timeframes.

4  Discussion

While some of our results are in line with the previous stud-
ies, some are different. Our findings show that COVID-19 
cases have a positive and significant association with popu-
lation density. Ahmadi et al. (2020) and Şahin (2020) also 
found same result which population density has significant 
effect to spread of COVID-19 cases. It is understood why 

policymakers decided to the social distance rule in public 
places (Zhang et al. 2020).

We also find that in lag 3, all parameters except for sun-
shine duration are negatively correlated with COVID-19 
cases and significant. However, only 3 parameters, temper-
ature, air pressure and dew point are negatively correlated 
with COVID-19 cases and significant for lag 0, lag 7 and 
lag 14. In addition, temperature, air pressure and dew point 
parameters are negative and significant in all timeframes.

It is observed that the number of COVID-19 cases 
decrease as temperature increases. Our results are in line 
with the studies of Adedokun et al. (2020) and Liu et al. 
(2020). Air pressure and dew point negatively associated 
with COVID-19 cases and significant. Our air pressure find-
ings are consistent with Pani et al. (2020) but dew point 
results are not. We find that humidity has a negative relation-
ship with the spread of COVID-19 which results are similar 
with result of Auler et al. (2020). Although sunshine dura-
tion is not a commonly used weather parameter to explain 
the spread of the COVID-19. It is not significant in our 
models.

Table 8  OLS Results of humidity models

The numbers in the square bracket show the standard errors
*, **, *** Indicates 10%, 5% and 1% level of significance, respec-
tively

Model 1 Model 2 Model 3 Model 4

Density 2.880***
[0.076]

2.908***
[0.075]

2.896***
[0.076]

2.877***
[0.076]

Humidity − 1.801
[2.496]

Humidity_3 − 6.056**
[2.728]

Humidity_7 -3.557
[2.491]

Humidity_14 − 0.438
[1.437]

Constant − 58.509
[197.165]

294.428
[224.075]

60.104
[183.781]

− 167.294
[108.816]

Table 9  OLS Results of 
sunshine duration models

The numbers in the square bracket show the standard errors
*, **, ***Indicates 10%, 5% and 1% level of significance, respectively

Model 1 Model 2 Model 3 Model 4

Density 2.885***
[0.076]

2.892
[0.075]

2.896***
[0.076]

2.877***
[0.076]

Sunshine duration 5.313
[8.001]

Sunshine duration_3 18.077
[12.943]

Sunshine duration_7 10.676
[7.423]

Sunshine dura-
tion_14

− 5.152
[6.505]

Constant − 218.227
[39.189]

− 225.341***
[32.662]

− 239.009***
[38.452]

− 
183.852***

[33.530]

Table 10  Summary of all models

“−”, “ + ” and “S” indicate that negative, positive and significant, 
respectively

Weather Parameters Lag 0 Lag 3 Lag 7 Lag 14

Temperature -S -S -S -S
Wind speed − -S −  + 
Air pressure -S -S -S -S
Dew point -S -S -S -S
Humidity − -S − −
Sunshine duration  +  +  + −
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5  Conclusion

This paper mainly aims to contribute the existing literature 
by investigating the relationship between several weather 
variables for 4 different timeframes, population density and 
COVID-19 cases in Turkey. In addition to the previous stud-
ies, we employed cross section model to understand how 
COVID-19 cases are affected from several weather param-
eters in 4 different lags for 81 provinces of Turkey.

Our findings show that all of the parameters except for 
sunshine duration are negatively correlated with COVID-
19 cases and significant in lag 3. But only 3 parameters, 
temperature, air pressure and dew point are negatively cor-
related with COVID-19 cases and significant for lag 0, lag 
7 and lag 14. At the same time, temperature, air pressure 
and dew point parameters are negative and significant in 
all timeframes. Active precautions should be taken to curb 
the spread of COVID-19. There are some different and sig-
nificant factors that may affect the transmission of COVID-
19. Social activities such as weddings, funerals and enter-
tainment, which are important cultures of Turkish society, 
accelerate the spread of the virus. Therefore, policymakers 
have banned and took action, since the virus was outbreak. 
In many provinces, it is compulsory to wear a mask when 
people leave the house. Ensuring social distance is also an 
important factor to prevent the spread of COVID-19.

On the other hand, policymakers should consider that 
these kinds of studies demonstrate preliminary works and 
they have several limitations. We encourage researchers to 
revisit this study in recent months, considering wider data 
for 81 provinces of Turkey by a deeper understanding of the 
relationship between weather parameters and the spread of 
COVID-19.
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