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Abstract

Understanding the influence of meteorological parameters in relation to COVID-19 transmission may be a convenient way
to predict the ongoing pandemic towards its adaptive control measures. This study aims to explore the association between
COVID-19 cases and meteorological parameters and to predict COVID-19 transmission for an extended period covering dif-
ferent climatic patterns. The number of COVID-19 cases, daily records of rainfall, temperature, relative humidity and wind
speed data were collected for April and May 2020 from the eight major divisions in Bangladesh. The basic statistical analyses
and auto regressive integrated moving average (ARIMA) using SPSS tool were applied to evaluate and explore association
between meteorological parameters and COVID-19 cases and its transmission trend. A greater number of significant posi-
tive associations (r=0.24-0.58) is found to exist between the relative humidity and COVID-19 cases across the cities, while
with temperature both positive and negative associations (r=— 0.23 to 0.72) were revealed. Furthermore, both the rainfall
and wind speed exhibit positive correlations. ARIMA model portrayed predictive trend of COVID-19 transmission, from
its inception on 8 March 2020 to September 2020, in Bangladesh. The month of July showed the highest daily COVID-19

cases prior to lowering at steady rate till September illustrating the influnce of meteorological parameters.
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Introduction

The appearance and thrust of SARS-Cov-2 virus are harsh
reality in the world since its first appearance in Wuhan,
Hubei Province of China at the end of 2019. Till the date
of writing of this manuscript, over 3 million people in 185
countries with different climatic and geographical regions
have been affected by this virus. The novel coronavirus is
highly transmissible in by direct contact or staying closer
than 3—-6 m of infected person. Among a few measures to
avoid its transmission, maintaining social distance, wearing
masks, washing hands and cloths are being advised by the
World Health Organisation (WHO) and the respective health
organizations locally and internationally. With a baffling
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situation of coronavirus attack, different countries had initi-
ated lockdown measures at first instance against its spread-
ing and imposed health regulations advised by the WHO. In
relation to this, initially three cases of COVID-19 infection
were registered on March 8, 2020 in Bangladesh IEDCR
2020). Thereafter, considering the increased number of cases
and as advised by the WHO, the Government of Bangladesh
(GoB) declared an almost 10 days complete shutdown on 16
March 2020 to be executed from 26 March 2020 to 4 April
2020, at first instance. However, the lockdown continued till
30 May 2020 following six more declarations of lockdown
(Shawon 2020). While the lockdown measures resulted in
rejuvenation of environment, the country’s economy was
significantly during this period. Subsequently, a decision to
resume garment industries, a major economic head, main-
taining health regulations, on 26 April, 2020, eventually
put the lockdown measures and effects go in vain (Haque
and Ahamad 2020). Moreover, starting other businesses
as usual from 31 May 2020, Bangladesh saw its worst sce-
narios of affected cases with an average of approximately
3% of total tests conducted and 1.8% incremental rate of
total affected, along with the positive trends in death tolls
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(IEDCR 2020). The figures were not as hopeless as com-
pared with other countries, however, no positive picture is
visible even after 110 days since its arrival in Bangladesh. In
contrast, putting ban on people movement and closing down
the business activities during lockdown period, the benefits
to environment, in particular with lowering of air pollutants
were reported and are documented from different regions
(Kerimray et al. 2020; Masum and Pal 2021; Menebo 2020;
Shahzad et al. 2020; Tobias et al. 2020), illustrated the mag-
nitudes of benefits that are found to vary with different urban
settings, population density, income level and meteorologi-
cal backgrounds.

Considering the climatic variability exists in different
parts of the world and to address the question whether cli-
matic factors have influenced spreading of SARS-Cov-2
virus, a few recent studies are found reporting the relation-
ship coronavirus disease 2019 (COVID-19) with climatic
variables (Biktasheva 2020; Ma et al. 2020; Menebo 2020;
Qi et al. 2020). For example, Ahmadi et al. (2020) investi-
gated the effects of climatic parameters on COVID-19 out-
break in Iran and found that temperature and rainfall have
positive relationship, while that with the humidity, wind
speed and solar radiation were negative in terms of the num-
ber of infected cases. Another study by Biktasheva (2020)
found that local air humidity has negative correlation with
COVID-19 mortality in German federal states. In this line,
positive correlation for diurnal temperature (r=0.44) but
negative for relative humidity (r= —0.32) with COVID-19
daily mortality counts in Wuhan, China were reported by Ma
et al. (2020). This study also revealed that absolute humidity
has a positive correlation with the death counts. In contrast,
Qi et al. (2020) reported that both temperature and humid-
ity are negatively correlated with COVID-19 transmission
in Mainland China, and very similar findings with climatic
variables have been reported by Sahin (2020) for 9 major
cities in Turkey. Furthermore, Menebo (2020) noted the
maximum, minimum, average temperature, and wind speed
have positive connotation with daily new cases, while the
precipitation exhibited negative association in Oslo, Nor-
way. Another study by Tosepu et al. (2020) reported that
the temperature, humidity and rainfall exhibit positive asso-
ciation with the COVID-19 cases in Jakarta, Indonesia. All
these studies claimed the association of climatic factors on
COVID-19 cases and death tolls. It is clear from the out-
comes of these studies that the climatic parameters might
have associations with COVID-19 cases and the variabilities
in transmission and the death tolls are not unexpected in dif-
ferent regions; hence, a few more local/regional studies may
not only further help in consolidating the impact of climatic
patterns from the less reported countries/regions but also to
be a useful way for adopting appropriate control measures.
Hence, it is worth to investigate the effects of meteorological
parameters on cases and death toll to predict the probable
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scenarios. To best of our knowledge the prediction of the
ongoing pandemic pattern with climatic variables are not
yet to explored fully. Unlike other studies, this study also
explored precipitation influences as an additional climatic
variable along with other variables aligned with aforesaid
studies on COVID-19 cases. Also, study addresses whether
there exists the variability within the country with respect to
different climatic zones in eight administrative divisions in
Bangladesh. Furthermore, the study explores the probability
trend of COVID-19 transmission using statistical tools to
portray the association of COVID-19 cases with climatic
variables, that can be helpful to check, plan ahead.

Methodology
Study area

Bangladesh (as seen in Fig. 1) is situated in 20°34’ North
latitude and 92°41' East longitude. The country is sur-
rounded by the Bay of Bengal in the south, the Assam Hills
in the east and lofty Himalayas to the north. Bangladesh
is in the tropical monsoon region with warm temperature
and high humidity under with four major seasons namely,
pre-monsoon (March—May), monsoon (June—September),
post-monsoon (October—November) and winter (Decem-
ber-February). Except winter season, the annual maximum
temperature of the country ranges between 30 and 40 °C
during the dry, humid and warm period including rainfall,
whereas the average temperature is seen around 10 °C during
the winter season. The mean annual rainfall of the country
is about 2300 mm, whilst the majority of the areas receives
more than 2000 mm rainfall that confirms generally the even
distribution across the different regions. Bangladesh has
eight administrative divisions, namely Barisal (BAR), Chit-
tagong (CTG), Dhaka (DHK), Khulna (KHU), Mymensingh
(MYM), Rajshahi (RAJ), Rangpur (RAN) and Sylhet (SYL).

Data collection

Daily data of rainfall, temperature, relative humidity and
wind speed of 8 divisional cities in Bangladesh was col-
lected from the Bangladesh Meteorological Department
(BMD) for the months of April and May 2020 (BMD 2020).
The number of COVID-19 infected cases for the same period
was collected from the Institute of Epidemiology, Disease
Control and Research (IEDCR) and Directorate General of
Health Services (DGHS) (DGHS 2020; IEDCR 2020).

Statistical analyses

Descriptive statistics, such as mean, range, coefficient of
variation (CV), trend analyses were performed using SPSS
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Fig. 1 Map showing the eight
Divisions of Bangladesh
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version 20. Due to variable nature of different climatic
parameters, and as suggested by others for alike studies
elsewhere in Norway (Menebo 2020), Turkey (Sahin 2020),
Indonesia (Tosepu et al. 2020), Singapore (Pani et al. 2020),
USA (Bashir et al. 2020), the Spearman’s rank correlation
analysis was performed to evaluate the relationship between
the different climatic parameters (i.e., rainfall, temperature,
humidity, wind speed etc.) and COVID-19 variables (i.e.,
COVID-19 cases). During correlation analysis, along with
the current date COVID-19 cases with same day climatic
variables, the climatic parameters that are lagged by 3, 7,
14 days, were also considered based on the assumption that
the people got affected on date may not necessarily exposed

to same day climatic parameters, as symptom of COVID-19
positive cases initiation takes couple of days to 2 weeks.
The following equation was used to compute the Spearman’s
rank correlation coefficients (Spearman 2008).

d?
o Ed
nn?-1)

where n indicates the number of alternatives, and d; repre-
sents the difference between the ranks of two parameters. In
this study, confidence intervals of 95% and 99% (p <0.05,
p<0.01) are considered for the acceptable levels of associa-
tion between any two variables.
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Prediction and forecasting of COVID-19 cases

In order to investigate the trends of COVID-19 cases in rela-
tion to climatic parameters, the Auto Regressive Integrated
Moving Average (ARIMA) model was used. The model is
simple yet powerful tool that depicts a stochastic time series
model that can be used to train with present data to predict
the future points. Autoregressive, integrated and moving
average are three key factors of ARIMA model that guide
to evaluate and select the coefficients in an iterative way
and recursively. The stationarity of the data is prerequisite,
and hence, the stationarity tests were conducted first for the
confirmed COVID-19 cases for the duration of the study
by plotting the residual Auto Correlation Function (ACF)
and residual Partial Auto Correlation Function (PACF) as
shown in Fig. 2. IBM-SPSS version 20 has been used as it
developed ARIMA model using Box—Jenkins’s algorithm
approaches. In ARIMA (p, d, q) model, three predictor vari-
ables are used to predict and forecast the data, as mentioned
earlier, where p refers the number of autoregressive orders, d
is the order of differencing applied to the series and q refers
to the number of moving average orders of the data series.
As seen in Fig. 2, the COVID-19 positive cases have been
found inconsistent and nonstationary in nature, as the spikes
have crossed the upper and lower boundary levels. Several
ACF and PACF have been evaluated as obtain from a num-
ber of trials for different p, d, and q values until the spikes in
ACF and PACEF fall within upper and lower boundary limits
prior to future prediction. The final trial in this sequence is
shown in Fig. 3.

Furthermore, the forecasting of future COVID-19 cases
based on present trend ARIMA (35, 0, 0) model was used
for future prediction. The stationary R squared (R?) and

ordinary R squared (R?) were used to determine the accuracy
of the model for each case. This study found the stationary
R squared (R?) is 0.941 in comparison to the ordinary R
squared (R?) of 0.828 for prediction of the COVID-19 posi-
tive cases. The stationary R? illustrates the better consist-
ency for predictive trends or seasonal patterns than ordinary
R2(Figs. 2 and 3).

Results and discussion
Descriptive statistics of climatic parameters

Table 1 presents the descriptive statistics of the temper-
ature (T), relative humidity (Rh), precipitation (R) and
wind speed (u) as obtained from the daily records for the
studied duration of eight divisions in Bangladesh. Along
with these, total number of COVID-19 positive cases for
March to May 2020 are also reported in Table 1. As seen
in Table 1, the weather is in general warm with relatively
high humidity with a few occasional precipitations across
the sites. The variation of the mean temperature, relative
humidity, precipitation and wind speed across the sites
are in the range of 28-32 °C, 49 to 67%, 0.3-2.1 mm
and 6.9-15.8 km h™!, respectively, portraying somewhat
variability across the sites. Based on the total registered
COVID-19 positive cases during studied duration (April
to May 2020), it has been seen that the cases are signifi-
cantly higher in Dhaka and Chittagong in comparison to
other major cities (see Table 1). This attributes to popula-
tion density, very unplanned urban settings and commer-
cial activities with these two largest cities in Bangladesh.
The relatively high temperature and humidity with little
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Table 1 Descriptive statistics

DHK CTG RAJ SYL MYM RAN BAR KHU

. ; X Parameters
of the climatic variables along
with COVID-19 registered Rainfall (mm)
cases in Bangladesh in April—-
May 2020
Relative humidity (%)

Temperature (°C)

Wind speed (km h™")

COVID-19 positive cases (No.)

Maximum 5.1 33 29.8 16.7 9.8 18.1 3.7 7.0
Minimum 0.0 00 00 00 00 0.0 00 0.0
Mean 0.9 0.5 1.1 21 1.0 1.4 0.3 0.7
SD 1.4 0.8 39 35 17 32 0.6 1.3
CV (%) 1.7 1.8 35 16 18 22 23 2.0
Maximum 75,5 855 89.5 885 873 940 753 763
Minimum  27.8 603 12.0 235 223 13.8 395 143
Mean 56.8 76.1 487 655 58.0 525 66.6 64.6
SD 9.1 4.9 169 15.1 145 202 6.5 9.0
CV (%) 0.2 0.1 03 02 03 0.4 0.1 0.1
Maximum 345 30.8 36.0 323 338 333 343 340
Minimum  27.0 265 250 245 260 228 260 265
Mean 315 281 31.8 288 29.8 293 302 305
SD 1.9 1.0 26 18 18 22 1.7 1.6
CV (%) 0.1 00 01 01 0.1 0.1 0.1 0.1
Maximum 373 373 373 150 295 46.8 30.0 31.8
Minimum 4.8 9.5 65 33 53 5.0 60 6.0
Mean 140 158 129 69 11.0 127 140 14.1
SD 6.4 54 56 25 43 6.4 5.7 5.7
CV (%) 0.5 0.3 04 04 04 0.5 0.4 0.4

01 April-31 4690 1590 294 307 210 239 66 94
May 2020

or no rain causes sweating and thus enhances COVID-19
transfer and number of COVID-19 cases may be through
sweating droplets from person to person in densely popu-
lated cities Dhaka and Chittagong, or infected person’s
clothes or other surfaces. Similar reasons are reported

earlier as well (e.g. Ahmadi et al. 2020; Menebo 2020;
Tosepu et al. 2020; Pani et al. 2020). Although the num-
ber of positive cases is different in different places, but in
general follow temperature and relative humidity trends
(see Figs. S1 and S2). Furthermore, (Figs. S1 and S2), it
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has been seen that the COVID-19 cases were substantially
low until 18 April 2020 since the first three positive cases
registered on 8 March in Dhaka, while in contrast, the
dramatic increased rates were found thereafter, following
the pattern of increased temperature and relative humidity
across the cities in Bangladesh. Among the cities, Dhaka
and Chittagong accounted the greater numbers than others
(Fig. S2) primarily due to relatively high temperature and
humidity with little rainfall, unplanned urban settings with
number of informal settlements with a dense population in
comparison to other cities.

It is noted that in March, with the inception of COVID-19
cases in Dhaka, the typical weather pattern was seen just like
post winter with temperature around 25 °C, relatively low
humidity, wind speed and no precipitation. The complete
shutdown declared to avoid spreading of COVID-19 trans-
mission from 16 March to 16 April 2020 further controlled
the COVID-19 cases. However, resuming business, offices
and other activities since 16 April 2020, increased numbers
of COVID-19 positive cases in Dhaka and Chittagong, as
these two cities are business hub in Bangladesh. The fail-
ure to implement controlled lockdown measures in many
cities and increased pressures of resumptions of business
ultimately saw incremental rate of COVID-19 transmis-
sion with lack of health regulations, as reported by similar
studies elsewhere (Ahmadi et al. 2020; Menebo 2020; Pani
et al. 2020; Tosepu et al. 2020). A very similar happen-
ing was observed in Bangladesh after 16 April 2020 along
with incremental increase of temperature, relative humidity,

which further confirms the observations in aforesaid studies
done in other parts of the world.

Correlation in between COVID-19 cases and climatic
parameters

The result of Spearman’s rank correlation analysis between
climatic parameters and the COVID-19 positive cases have
been tabulated in Table 2. A couple of considerations have
been taken before correlating the climatic parameters with
COVID-19 pandemic. Firstly, the tests were conducted
instantly without requirement of any symptoms of COVID-
19 or a public mass testing campaigns, and for which, the
results were given instantly; hence, affected date and cli-
matic information on the same day are valid. Secondly, the
tests were done based on symptoms followed by incubation
periods as suggested by IEDCR. For example, testing has
been conducted for the people having COVID-19 symptoms
(e.g., coughing, fever or respiratory difficulties) and keeping
one or more symptoms in consideration, the climatic param-
eters are evaluated for three timeframes, namely, 3 days,
7 days, 14 days before being reported COVID-19 positive.
In this line, due to limited kits and testing laboratories in
Bangladesh, the test results were delayed in some cases even
couple of weeks or so, and hence, it is well understood that
the patients got infected earlier than reported date. There-
fore, climatic information of 3 days, 7 days or 14 days before
declared positive for COVID-19 were considered for the cor-
relation analysis.

Table 2 The correlation coefficients between climatic parameters and COVID-19 positive cases

Variables DHK CTG RAJ SYL MYM RAN BAR KHU

R (Rain on day) 0.406%** 0.360%* 0.252%* 0.283* 0.271* 0.279%* - 0.107 0.121
R3 (Rain 3 days lag) 0.279* 0.431%* 0.386%* 0.497%* 0.316* 0.321%* 0.028 0.283*
R7 (Rain 7 days lag) 0.241%* 0.364** 0.050 0.3471%* 0.299* 0.145 —0.094 0.131
R14 (14 days lag) 0.214 0.338%* 0.128 0.131 0.123 0.245%* —-0.167 0.117
RH (Humidity on day) 0.581°%* 0.145 0.400%* 0.311* 0.390%* 0.411%* 0.265* 0.295%*
H3 (Humidity 3 days lag) 0.525%* 0.056 0.568%** 0.492%* 0.303* 0.443%x* 0.176 0.357%*
H7 (Humidity 7 days lag) 0.404%* 0.015 0.402%* 0.502%%* 0.275* 0.390%* 0.231* 0.209
H14 (Humidity 14 days lag) 0.432%*  —0.01 0.241%* 0.242%* 0.337%* 0.422%x* 0.078 0.248%*
T (Temperature on day) - 0.187 0.609**  —0.087 -0.214 - 0.272% 0.067 —0.045 —0.063
T3 (Temperature 3 days lag) -0.124 0.721**  —0.233% —0.357%* —0.086 —0.058 - 0.058 —0.018
T7 (Temperature 3 days lag) -0.13 0.676%*  —0.051 - 0.229* - 0.137 —0.032 0.024 0.153
T14 (Temperature 14 days lag) -0.119 0.674*%*%  —0.068 0.031 -0.193 - 0.089 0.161 0.034
W (Wind speed on day) 0.082 0.081 0.067 —0.048 0.279%* 0.234 - 0.076 0.027
W3 (Wind speed 3 days lag) 0.065 0.191 0.132 —0.049 —0.082 0.033 —0.099 0.098
W7 (Wind speed 7 days lag) 0.090 0.141 0.246* 0.140 0.017 0.076 0.317%* 0.241*
W14 (wind speed 14 days lag) 0.156 0.117 0.293* 0.132 0.151 0.253* 0.369%* 0.255%*

**Correlation is significant at the 0.01 level

*Correlation is significant at the 0.05 level
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As can be observed from the data in Table 2, the cor-
relation coefficients are found to be varied among the cities
in Bangladesh. The association of climatic parameters with
COVID-19 cases exhibit both positive and negative rela-
tionship with their magnitudes vary between poor to strong.
Similar findings of positive and negative correlation coef-
ficients are also reported in previous studies from different
cities (Ahmadi et al. 2020; Menebo 2020; Pani et al. 2020;
Tosepu et al. 2020) as presented in Table 3. For example,
Ahmadi et al. (2020) has investigated on the effects of cli-
matology parameters on COVID-19 outbreak in Iran and
found that temperature and rainfall have positive relationship
and humidity, wind speed and solar radiation have negative
effects on COVID-19 outbreak in terms of infected cases.
Another study by Biktasheva (2020) found that local air
humidity has negative correlation with COVID-19 mortal-
ity in German federal states. In this line, positive correlation
for diurnal temperature (r=0.44) but negative for relative
humidity (r= —0.32) with COVID-19 daily mortality counts
in Wuhan, China were reported by Ma et al. (2020). This
study also revealed that absolute humidity has a positive cor-
relation with the death counts. In contrast, Qi et al. (2020)
reported both average temperature and average humidity are
negatively correlated with COVID-19 transmission in Main-
land China and very similar findings with climatic variables
have been reported by Sahin (2020) for 9 major cities in
Turkey. Furthermore, Menebo (2020) noted the maximum,
minimum, normal and average temperatures, alongwith wind

speed have positive association with daily new cases, while
precipitation exhibits negative association in Oslo, Norway.
Another study on similar criteria by Tosepu et al. (2020)
reported that the temperature, humidity and rainfall have
positive association with the COVID-19 cases in Jakarta,
Indonesia.

Moreover, in general, temperature (except in Chittagong
city), showed negative association with positive cases
although the number of statistically significant correlations
are few (Table 2). In contrast, strong positives and greater
number of associations with all four times frame in Chit-
tagong city put the opposite impression in comparison to
other cities. The relatively strong easterly wind may carry
the contaminated air droplets in addition to temperature and
relative humidity might explain the significant positive cor-
relations with the temperature and COVID-19 positive cases
in Chittagong in comparison to other cities. Considering
relative humidity, the greater number of significant posi-
tive correlations with a magnitude range 0.231-0.581 were
seen across the cities. In general, 3 and 7 days earlier rela-
tive humidity data has shown a greater number of relatively
strong correlations with the positive cases than on date and
14 days earlier data. The result indicates that higher humid-
ity favors the transmission of COVID-19. Similar findings
were also reported by Pani et al. (2020) in their study in Sin-
gapore. Temperature and humidity both are well documented
with both positive and negative associations, portraying dif-
ferent forms of thoughts and influences on transmission of

Table 3 Association of climatic parameters with COVID-19 cases reported in different studies

Study area Rainfall inmm Temp in °C Relative humid- Wind speedin ~ COVID-19 Time period References
(Coef.) (Coef.) ity in % km h™! cases
(Coef.) (Coef.)
Cities in Bang-  3.3-29.8 22.8-34.5 12-94 3.3-46.8 7490 (Total) 8 Mar-31 May  This Study
ladesh (0.241-0.497 (- 0.229 to (0.241-0.581) (0.241-0.369) 2020
+0.721)
Cities in Iran 20.03 + 8.37 8.32+4.55 - 12.73 +2.30 660 + 906 19 Feb-22 Mar  Ahmadi et al.
(0.029) (0.028) (—0.358) 2020 (2020)
Wuhan, China  n/a 7.44 +3.96 82.24 +8.51 n/a n/a 20 Jan-29 Feb  Ma et al. (2020)
(0.30) (-0.32) 2020
Oslo, Norway 1.19 4.76 n/a 11.95 37 27 Feb—2May Menebo (2020)
(—0.285) (0.224) (0.174) 2020
Mainland China n/a —1691t019.3 17.93-86.20 n/a 3125 (max) 20 Jan—11 Feb Qi et al. (2020)
(n/a) (n/a) 2020
Cities in Turkey n/a 11.8-17.7 93.6 (max) 49.41 (max) 16,787 (Total) 21 Mar-03 Apr  Sahin (2020)
(—0.483) (- 0.317) (- 0.217) 2020
Jakarta, Indo- 1.1-88 26.1-28.6 75-93 - 61 1 Jan-29 Mar Tosepu et al.
nesia (0.139) (0.392) (0.002) 2020 (2020)
Spain - 15.44 +2.63 - - 618.4 +648.04  April 2020 Shahzad et al.
(0.234) (2020)
India 1445 + 855 22.30+7.33 - 597+ 1.764 949 + 1728 April 2020 Gupta et al.
(—0.285) (0.269) (0.178) (2020)

Correlation coefficients are kept within bracket
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COVID-19 cases. While, Pani et al. (2020), Tosepu et al.
(2020), Xie and Zhu (2020) reported positive linear rela-
tionship between temperature and the number of positive
cases from China, Indonesia and Singapore respectively, the
inverse relationship was noted by Holtmann et al. (2020),
Liu et al. (2020), Méndez-arriaga (2020) from their stud-
ies in China, Mexico, Spain and Germany, respectively. On
the contrary, Yao et al. (2020) reported no such significant
correlation between temperature and COVID-19 transmis-
sion. This study revealed that both high temperature and
humidity can explain better positive association in case of
COVID-19 transmission in warmer regions. Unlike other
studies, this study also investigated the influence of precipi-
tation on COVID-19 transmission, as in Bangladesh June,
July and August belong to monsoon period receiving signifi-
cant amount of precipitation. As seen in Table 2, precipita-
tion in general, showed positive although poor to fair asso-
ciations (r=0.241-0.341) with COVID-19 cases for 3 and
7 days earlier than reported positive cases. This illustrates
that precipitation may further increase the transmission if
social distancing and health regulations are not maintained
in flood shelters. Similar positive correlation with precipita-
tion was reported by Ahmadi et al. (2020) from Iran. In the
case of wind speed, positive correlations (r=0.241-0.369)
were found with the COVID-19 confirmed cases for 7 and
14 days earlier than reported cases. Similar to this study,
Menebo (2020) in Oslo, Norway, Bashir et al. (2020) in New
York, USA and Sahin (2020) in Turkey reported positive
correlation with wind speed and COVID-19 cases. However,
negative correlation with wind speed of 14 days before the
reported positive cases was also noted by Menebo (2020)
and on day wind speed by Pani et al. (2020).

Table 3 presents summary of few studies highlighting
effects of climatic parameters on COVID-19 transmission.
The results indicate that an increase in unit of any param-
eters that are positively correlated with the COVID-19 cases
may pose relatively greater risk of transmission. As seen in

Table 3, the correlation coefficients associated with the dif-
ferent climatic variables for the present study are better in
magnitude than other studies elsewhere. The differences are
due to the number of records, heterogenity of the climatic
parameters, lockdown periods, urban landscape, population
density etc., as reported by studies tabulated here. In relation
to Bangladesh climate, this is a warning for warmer weather
and for other regions of the world with similar weather pat-
terns elswhere. Bangladesh may face severity of COVID-
19 transmission at community scale unless necessary health
regulations and control measures are taken. Furthermore, in
Bangladesh, the effectiveness of lockdown, people’s percep-
tion to COVID-19, willingness to follow the health regula-
tions were hardly seen to work so far and hence, increased
rate of positive cases are found with the increasing tempera-
ture and humidity. The harsh reality of COVID-19 thurst is
yet to be seen if it continues as usual.

COVID-19 pandemic: future trends for Bangladesh

This study investigates the COVID-19 pandemic trends in
relation to climate, and to forsee the transmission simulating
present trends assuming that the lifestyle may continue as
usual in Bangladesh. This investigation may not only assist
health care policymakers but also local council/upazilla
administration in order to prepare tasks ahead with neces-
sary measures to avoid loss of lives and widespread COVID-
19 cases. For forecasting and prediction of COVID-19 cases,
ARIMA model has been established with a data of 60 days
starting from 1st April 2020, and is shown in Fig. 4.

The model shows daily mean values along with upper
and lower bound confidences while estimating the number
of COVID-19 positive cases ahead. As seen in Fig. 4, the
forecasting of COVID-19 spans for 190 days from April
1, 2020 to September 10, 2020. The highest positive cases
are predicted by the model on day 91, i.e., 31 July 2020
with a magnitude close to 4000. This daily rate is seen to

Fig.4 Future trends of COVID-
19 cases predicted for Bangla-
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last for another 10 days to 10 August 2020, and thereaf-
ter is seen falling gradually to the 171th day, that is Ist
September 2020. The model predicted the value of daily
cases in the month of June 2020 with a deviation of + 10%
with respect to mean in few cases, and hence were found
in good agreement with the climatic variables and daily
reported COVID-19 positive cases. This study, therefore,
presents a new insight, providing an estimated COVID-
19 cases in addition to the influences of meteorological
parameters on COVID-19 transmission. It is anticipated
that the study will assist policymakers and people in Bang-
ladesh to declare warning systems and adoption of best
management practices for vulnerable groups, while in case
of failure to do so the rate may follow the upper confidence
level, where it is seen almost doubled than mean daily
rate and the country may see the worst situation ever for
COVID-19 cases. However, this study also acknowledges
the limitations, such as genome structure and variations of
SARS-Cov-2 virus and its adaptability to various climatic
patterns of different regions, consideration of gender spe-
ciation of the data alongwith different age groups, popu-
lation density, economic variables, willingness to follow
health guidelines declared time to time by WHO and local
health care departments, which can be investigated in rela-
tion to COVID-19 pandemic. Nevertheless, the study may
help to forecast the ongoing COVID-19 pandemic for
Bangladesh and also for regions with similar weather pat-
terns in South East Asian belt.

Conclusion

This study explored the effects of daily temperature, rainfall,
wind speed and relative humidity on COVID-19 cases in
Bangladesh with four different time frames, and investigated
their association with the registered cases. Moreover, this
study demonstrates a model for prediction of COVID-19
cases in relation to climatic parameters. The findings sug-
gest greater number of relatively strong positive associations
between the relative humidity and positive cases than are
with rainfall and wind speed, while temperature showed both
positive and negative associations. In context of predictive
trend of COVID-19 cases, ARIMA model potrays a total
span of almost 7 months from its inception on 8 March 2020
in Bangladesh. The peak of positive cases are in the end of
July associated with rainfall, humidity and temperature. It is
therefore reasonable to take appropriate health regulations
based on climate to contain COVID-19 cases and death toll
in Bangladesh.
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