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Abstract

Globally, since the end of December 2019, coronavirus disease (COVID-19) has been
recognized as a severe infectious disease. Therefore, this study has been attempted to
examine the linkage between climatic variables and COVID-19 particularly in National
Capital Territory of Delhi (NCT of Delhi), India. For this, daily data of COVID-19 has
been used for the period March 14 to June 11, 2020, (90 days). Eight climatic variables
such as maximum, minimum and mean temperature (°C), relative humidity (%), bright
sunshine hours, wind speed (km/h), evaporation (mm), and rainfall (mm) have been
analyzed in relation to COVID-19. To study the relationship among different climatic
variables and COVID-19 spread, Karl Pearson’s correlation analysis has been performed.
The Mann—Kendall method and Sen’s slope estimator have been used to detect the
direction and magnitude of COVID-19 trends, respectively. The results have shown
that out of eight selected climatic variables, six variables, viz. maximum temperature,
minimum temperature, mean temperature, relative humidity, evaporation, and wind speed
are positively associated with coronavirus disease cases (statistically significant at 95 and
99% confidence levels). No association of coronavirus disease has been found with bright
sunshine hours and rainfall. Besides, COVID-19 cases and deaths have shown increasing
trends, significant at 99% confidence level. The results of this study suggest that climatic
conditions in NCT of Delhi are favorable for COVID-19 and the disease may spread further
with the increasing temperature, relative humidity, evaporation and wind speed. This is the
only study which has presented the analysis of COVID-19 spread in relation to several
climatic variables for the most densely populated and rapidly growing city of India. Thus,
considering the results obtained, effective policies and actions are necessary especially
by identifying the areas where the spread rate is increasing rapidly in this megacity. The
prevention and protection measures should be adopted aiming at to reduce the further
transmission of disease in the city.
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1 Introduction

Recently, coronavirus disease 2019 (COVID-19) has been recognized as an infectious
disease far and wide. The World Health Organization (WHO) has acknowledged its spread
as a public health emergency (WHO 2020). The outbreak of this pandemic has occurred
in Wuhan city of Hubei Province, China in late December of 2019, when a case of
unknown pneumonia has been testified (Zhu et al. 2020). The WHO has officially termed
the coronavirus disease as COVID-19 pandemic. This pandemic has not differentiated
between geography, ethnicity, religion, and politics and, therefore, has hit the world
severely and unexpectedly. This pandemic has quickly spread first within China and
then rapidly crossed the borders, infecting people across the world. Till July 06, 2020,
the WHO has reported that the disease has significantly affected 216 countries, areas, or
territories and has 11.32 million confirmed cases globally due to contact transmission with
an average incubation period from 6 to 14 days. Of these confirmed cases, 5,32,340 have
died (WHO 2020). Clinical findings pertaining to COVID-19 pandemic have reported that
fever, pneumonia, coughing, and difficulty in breathing are some of the early symptoms,
whereas it causes failure of kidney and even death in acute stage (Tosepu et al. 2020).
The major preventive measures with regard to pandemic encompass physical distancing,
regular washing of hands, and avoid the touching of nose, mouth, and eyes (WHO 2020).
Remarkably, the majority of the global population has been frustrated and endangered
owing to exponential increase in infection and mortalities (Asyary and Veruswati 2020).
The pandemic has severely affected the supply of goods and services, people’s lifestyle,
health and education system, environment, daily routine, business, sports, religious,
political, cultural, and economic activities. The global economic growth rate will witness a
decline to the tune of -3% in 2020 (Gopinath 2020).

So far, the influence of COVID-19 pandemic has been found more severe in the
temperate countries (mid-latitudes) where the temperature has been observed considerably
low (0-15 °C) in contrast to the warm tropical (low latitudes) and frigid polar (high
latitudes) countries (Scafetta 2020). In the light of above, it will be logical to know whether
geographical or environmental factors within a specific climatic zone are susceptible with
regard to spread of COVID-19 pandemic or not. In past, many studies have established
that the emergence and transmission of several infectious disease like pneumonia or
influenza depend on climatic conditions, for example, temperature, rainfall, humidity,
wind speed, pressure, sunshine, and evaporation (Dalziel et al. 2020). Likewise, many
researchers have studied the association between different climatic variables and COVID-
19 pandemic transmission and revealed a significant positive relationships, resembling
with the occurrence of past transmissible diseases (Tosepu et al. 2020; Bashir et al. 2020;
Gupta et al. 2020a; Liu et al. 2020a, b; Ma et al. 2020; Sahin 2020; Xie and Zhu 2020).
Remarkably, Shi et al. (2020) have reported a strong association among diurnal temperature
and diurnal count of COVID-19 pandemic confirmed patients in China and suggested that
temperature above 8§—10 °C would lead to a decline in confirmed cases. Similarly, a rise in
1 °C temperature would result a decline in diurnal confirmed COVID-19 pandemic cases
in Brazil (Prata et al. 2020). The other way around, no consistent relationships with the
cumulative cases of COVID-19 pandemic in relation to humidity (Shi et al. 2020) and the
warmer mean, minimum and maximum temperature have been witnessed (Xie and Zhu
2020; Briz-Redén and Serrano-Aroca 2020). Besides, several researchers have indicated
a reduction in number of COVID-19 cases and deaths with increase in temperature and
relative humidity worldwide (Wang et al. 2020a; Bannister-Tyrrell et al. 2020; Ma et al.
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2020; Wu et al. 2020). Overall, the scientific community and people have a belief that an
increase in temperature and humidity will reduce the number of COVID-19 cases.

India with its 1.3 billion population is highly overpopulated and is constantly at high
risk due to COVID-19 pandemic outbreaks (Minhas 2020). As of July 06, 2020, India,
after USA, and Brazil have the maximum COVID-19 pandemic confirmed cases in the
world in the wake of striking its first case on January 30, 2020 (WHO 2020). According
to Ministry of Health and Family Welfare, India have confirmed a total of 6,97,413 cases,
4,24, 432 recoveries, and 19,693 deaths all over India till July 06, 2020, with an increase
of over 20,000 confirmed new cases per day. Besides, suicides among people on account of
unwarranted panic of contacting and touching with coronavirus-infected patients have been
recorded (Goyal et al. 2020). Till July 06, 2020, Maharashtra has the largest number of
confirmed cases (2,06,619) accompanied by Tamil Nadu (1,11,151) and National Capital
Territory of Delhi (NCT of Delhi) (99,444). Further, the disease has been reported in
majority of districts in the country, though initially the degree of spread is small than other
nations but currently showing the signs of community spread at several locations.

Apart from the above, several researchers have focused on COVID-19 pandemic in
relation to climatic variables in India (Das et al. 2020; Dimri et al. 2020; Ghosh et al.
2020; Gupta and Pradhan 2020; Gupta et al. 2020a, b; Meraj et al. 2020; Roy 2020; Vinoj
et al. 2020). However, most of the studies have used short period of data and provided
the association of COVID-19 with two variables, i.e., temperature and humidity. In India,
so far, no comprehensive academic study has been reported, which can guide researchers
and policy makers about the influences of climatic conditions on the extension of COVID-
19 pandemic in the megacities. Therefore, to fill this research gap, this study has been
attempted to provide scientific evidences regarding the spread of COVID-19-infected
cases in relation to various climatic variables over NCT of Delhi, a megacity in India. The
present study has utilized the 3-month-long period data from March 14 to June 11, 2020
(90 days). This is the only study which has presented the analysis of COVID-19 pandemic
in relation to several climatic variables for the most densely populated and rapidly growing
city of India. The study will provide a holistic insight to researchers, academicians and
health policy makers to study the relationship of COVID-19 in relation to several climatic
variables. The findings of this study will also provide a base for future studies regarding
climatic variables and COVID-19 pandemic transmission over other megacities of India
located in tropical and sub-tropical zones.

2 Study area

The study area, NCT of Delhi, extends between 76°50" E to 77°20" E longitudes and
28°24' N to 28°05’ N latitudes and covers an area of approximately 1483 km? (Fig. 1).
Being the national capital territory, it is among the vital centers for business, industries
and commerce in north India. It is also known as the legislative and second economic
metropolis of the country. It is the largest urban agglomeration of the country with a
population of about 16.8 million. According to the census of India 2011, the density of
population of NCT of Delhi is 11,297 persons/km?, which is highest in the country. The
decadal growth rate of population has been found about 21%. Delhi has been growing
by approximately 1000 persons every day for a number of years. Further, migration is
approximately 1.3 times of the natural growth in NCT of Delhi (Singh and Shukla 2005).
The urban population is approximately 97.5% of the total population. The average annual
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Fig. 1 Map showing the location of NCT of Delhi, India Source: Prepared by authors

growth rate of urban population is about 2.38% (Gol 2019). Overall, its growth is higher
than growth rate of other cities in India. Apart from this, the NCT of Delhi is characterized
by continental climate with warm and dry summers, and cold and dry winters. During
summers, the maximum temperature reaches up to 47 °C, whereas during winters, it
drops to about 5 °C (Kumar et al. 2017). Monsoon season (June—September) accounts
approximately 80% of total annual rainfall in the city (Perrino et al. 2011).

3 Data and methods
3.1 Data collection

For this study, daily data between March 14 to June 11, 2020, (90 days) with respect to
prevalence of COVID-19 pandemic corresponding to NCT of Delhi has been retrieved from
a source openly accessible through the https://www.covid19india.org/link, as this dataset
provides the detailed information of COVID-19 without any gap for the study period. In
this study, the initial date, i.e., March 14, 2020, has been chosen because NCT of Delhi has
been identified for its first confirmed COVID-19 pandemic case on this day. The COVID-
19 pandemic data on the website are preserved and maintained by a group of volunteers
and can be downloaded free of cost. The volunteers have extracted and homogenized
the COVID-19 pandemic statistics from various internet references associated both with
government and independent organizations. The dataset has comprised of the diurnal
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occurrence of COVID-19 pandemic confirmed cases, active cases, deceased and test
conducted. However, in this study, total confirmed cases and deceased data has been
considered as the values of these two variables have been found consistent throughout the
study period.

Apart from the COVID-19 pandemic transmission data, the daily climatic data with
respect to eight selected climatic variables for the same period (March 14 to June 11, 2020)
have been procured from the bona fide internet site of ICAR-Indian Agricultural Research
Institute, New Delhi (www.iari.res.in). In the present study, the selected climatic variables
have consisted of maximum, minimum and mean temperature (°C), relative humidity
(%), bright sunshine hours, wind speed (km/h), evaporation (mm) and rainfall (mm). The
climatic variables data has been found consistent without any gap during the study period.

3.2 Data analysis

The collected data have been analyzed by using Microsoft Excel Spreadsheet and
presented in tabular form and graphs. The values of various COVID-19 confirmed cases
and deceased have been found highly dynamic and changed rapidly every day. Thus, the
data has also been analyzed separately for 15 days intervals. The monthly averages of
different climatic variables have been computed by using their daily values from March
14 to June 11, 2020. Recently, correlation analysis has been extensively used to associate
COVID-19 pandemic confirmed cases with climatic variables (Bashir et al. 2020; Ma
et al. 2020; Prata et al. 2020). Therefore, to study the relationship among different climatic
variables and COVID-19 pandemic confirmed cases, Karl Pearson’s correlation analysis
has been performed by employing the Statistical Package for the Social Sciences. The non-
parametric Mann—Kendall test (Mann 1945; Kendall 1975) has been applied to detect the
trends in the daily data of COVID-19. The magnitude of trends has been estimated by Sen’s
slope estimator (Sen 1968). The presence of statistically significance has been considered
at 95 and 99% level of confidence.

4 Results and discussion
4.1 Description of COVID-19 and meteorological parameters

Figure 2 exhibits the daily count of COVID-19 pandemic confirmed victims and deceased
persons along with their cumulative numbers. The figure displays that the COVID-19
pandemic cases has been very less up to March 28 in NCT of Delhi. However, from March
29, 2020, a sharp rise in the count of COVID-19 pandemic patients has been witnessed. To
represent a comprehensive picture of COVID-19 pandemic spread, the 90-day study period
(March 14-June 11, 2020) has been divided into 6 periods of 15 days each. During March
14-28, March 29 to April 12, April 13-27, April 28 to May 12, May 13-27, and May 28
to June 11, a total of 49, 1105, 1954, 4531, 7618, and 19,430 COVID-19 pandemic cases
(total 34,687) have been reported in the city, respectively. Only during May 28 to June 11,
2020, approximately 56% confirmed cases and 72% deceased cases have been reported.
Also, the cumulative number of deceased persons has been increasing rapidly in the NCT
of Delhi. The results of trend test have shown significant increasing trends in the COVID-
19 cases and deaths, significant at 99% confidence level.
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Fig.2 a Daily number of cases confirmed, b cumulative cases, ¢ daily deceased and d cumulative deceased
due to COVID-19 during 90 days period from March 14-June 11, 2020, in NCT of Delhi, India
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Moreover, Fig. 3 exhibits the daily pattern of climatic variables during 90 days period
from March 14 to June 11, 2020, over NCT of Delhi. A rise in temperature (maximum,
minimum, and mean), relative humidity, and evaporation has been observed from March
14 to June 11, 2020, in NCT of Delhi. Also, wind speed has shown slight increase with
large fluctuations. Bright sunshine hours have shown almost constant pattern, whereas
almost negligible rainfall has been experienced during this period. During 90-day period,
the mean temperature has been recorded as 27.8 °C (lowest mean temperature 16.2 °C and
highest mean temperature 38.0 °C), mean maximum temperature has been 35.3 °C (lowest
maximum temperature 23 °C and highest maximum temperature 46.5 °C) and mean
minimum temperature has been experienced as 20.3 °C (lowest minimum temperature 9.5 °C
and highest minimum temperature 30.0 °C). The mean relative humidity has been observed
to be 57.5% (maximum 86.5% and minimum 40.5%). The mean bright sunshine has been
recorded as 8.1 h (maximum 11.0 h and minimum, 1.6 h), whereas the mean evaporation
has been 4.8 mm (highest 10.0 mm and lowest 2.0 mm). The mean wind speed has been
measured as 5.2 km/h (maximum 16.6 k m/h and minimum 1.1 km/h). Similarly,
the mean rainfall has been gauged to the tune of 1.5 mm (maximum 63.2 mm and minimum
0 mm).

4.2 Correlation between climatic variables and COVID-19 pandemic

The association among selected climatic variables and COVID-19 pandemic cases has
been demonstrated in Fig. 4 and Table 1. A strong positive relationship of maximum
temperature, minimum temperature and mean temperature with the count of COVID-19
pandemic confirmed victims and deceased persons (significant at 99% confidence level)
has been witnessed. It indicates that the count of COVID-19 pandemic confirmed patients
and deaths have increased with increasing temperature in NCT of Delhi. These results
are in agreement with Gupta and Pradhan (2020), who have observed that the COVID-
19 cases are likely to increase with increasing air temperature in India; however, the role
of humidity is not clear. Gupta et al. (2020b) have examined the climatic records of air
temperature, rainfall, actual evapotranspiration, solar radiation, specific humidity, wind
speed with topographic altitude and population density and suggests that comparatively
hot and dry regions in lower altitude of the Indian territory are more prone to the infection
by COVID-19 transmission. Tosepu et al. (2020) have also shown a significant positive
association among COVID-19 pandemic victims and mean temperature in Jakarta,
Indonesia. Bashir et al. (2020) have observed a noteworthy positive correlation of mean
and minimum temperature with COVID-19 pandemic cases in New York city of USA.
Interestingly, the results of present study have been found consistent with Tosepu et al.
(2020) and Bashir et al. (2020). Benedetti et al. (2020) have not found a significant
correlation between average monthly high temperatures and number of deaths per million
people in the month of March. However, a statistically significant inverse correlation
has been observed in the month of April between average monthly high temperatures
(»=0.0043) and latitude (p=0.0253) with number of deaths per million people. They
have also observed a statistically significant correlation between population density and
number of deaths per million people. Prata et al. (2020) have shown a negative association
among the temperature and COVID-19 pandemic confirmed victims in tropical cities of
Brazil. Several other studies have also shown a negative link within COVID-19 cases and
temperature for different parts in the world (Sahin 2020; Nuafiez-Delgado 2020; Zhu and
Xie 2020).
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Table 1 Correlation between

number of confirmed COVID-19 Meteorological parameters Cases Deceased

cases and df:ceased with different Maximum temperature (°C) 0.455* 0.326*

meteorological parameters

during 60-day period from March ~ Minimum temperature (°C) 0.634% 0.498*

14-June 11, 2020, in NCT of Mean temperature (°C) 0.562% 0.423*

Delhi, India Relative humidity (%) 0.394° 0.381°
Bright sunshine (h) 0.007 —0.005
Evaporation (mm) 0.738 0.602%
Wind speed (km/h) 0.222° 0.225°
Rainfall (mm) -0.020 0.025

Significant at 99% confidence level

®Significant at 95% confidence level

Apart from the above, a positive correlation has been observed between relative
humidity and COVID-19 pandemic confirmed cases and deceased (Table 1). These
results are not consistent with Gupta et al. (2020a), who have witnessed the maximum
transmission of confirmed COVID-19 pandemic cases within the states having wet and
extremely wet climatic conditions. However, Oliveiros et al. (2020) have discovered a
significant affirmative relation between COVID-19 pandemic spread and temperature,
although a negative relationship has been identified with humidity in China. In addi-
tion, Sahin (2020) has shown an inconsistent negative relationship among humidity
and COVID-19 pandemic transmission in Turkey. Bashir et al. (2020) have shown a
non-significant negative correlation among humidity and COVID-19 pandemic con-
firmed cases for New York city of USA. Ma et al. (2020) have reported a negative rela-
tion among humidity and COVID-19 pandemic victims in Wuhan region of China. Also,
a positive correlation among the evaporation and count of COVID-19 pandemic con-
firmed victims and deceased has been observed over NCT of Delhi.

Further, a positive correlation has been witnessed among COVID-19 pandemic
confirmed and deceased cases with wind speed. However, the value of correlation has
been found weak (Table 1). Similarly, Sahin (2020) has shown that the count of COVID-
19 pandemic victims surges with an increase in wind speed in Turkey. Islam et al.
(2020) have shown inverse relationship of COVID-19 incidences with the temperature,
humidity and wind speed world over. Adhikari and Yin (2020) have found that cloud
cover, precipitation, and wind data are significantly associated with one-day lagged
COVID-19 confirmed cases in Queens, New York. Contrastingly, Bashir et al. (2020)
and Oliveiros et al. (2020) have not observed any correlation of COVID-19 pandemic
spread with wind speed in China. Abdollahi and Rahbaralam (2020) have also witnessed
a weak correlation of wind speed with COVID-19 in Spain. Again, rainfall has not been
found associated with COVID-19 pandemic spread in NCT of Delhi (Table 1), which
has been found consistent with the results reported by Tosepu et al. (2020). Raina
et al. (2020) have shown that the countries with higher number of cases have cold
weather. These are also the countries with low humidity which could be favoring the
transmission and survival of COVID-19. The bright sunshine hours have not shown any
association with the COVID-19 pandemic spread in NCT of Delhi. Likewise, Asyary
and Veruswati (2020) have not observed any noticeable trend of sunlight exposure with
the transmission rate, but reported a significant recovery rate under sunlight exposure in
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Indonesia. Gupta et al. (2020b) have shown a significant positive correlation between
high solar radiations during daytime and COVID-19 transmission in India.

Interestingly, Wang et al. (2020b) and Araujo and Naimi (2020) have reported a lower
survival rate of COVID-19 at higher temperatures and humidity. Middle East respiratory
syndrome-related coronavirus cases have also shown an increase with high temperatures,
coupled with high ultraviolet index, low wind speeds, and low relative humidity (Altamimi
et al. 2019). Harmooshi et al. (2020) have observed that the COVID-19 can survive for
up to 9 days at 25 °C, and if this temperature rises to 30 °C, its lifespan will be shorter.
Likewise, the COVID-19 is sensitive to humidity, and lifespan of viruses in 50% humidity
is longer than that of 30%. Bu et al. (2020) have concluded that a temperature range of
13-19 °C and humidity of 50-80% are suitable for the survival and transmission of
COVID-19. Yuan et al. (2020) have presented a comprehensive review on the impact
of temperature and humidity on the transmission of COVID-19. Ujiie et al. (2020) have
observed higher infectivity of COVID-19 pandemic patients during the winter season in
Japan. Igbal et al. (2020) have shown that most of the countries located in the relatively
lower temperature region have shown a rapid increase in the COVID-19 cases than the
countries located in the warmer climatic regions despite their better socioeconomic
conditions. They identified that the regional meteorological parameters (aerosols,
maximum and minimum temperature, day length, etc.) are among the contributors to the
fast spread of coronavirus over most countries of the world. Shahzad et al. (2020) have
witnessed that the increase in average temperature and bad air quality have significantly
enhanced the COVID-19 new cases in all regions of Spain. Interestingly, Yao et al. (2020)
have not shown any relationship between transmission of COVID-19 pandemic cases and
temperature in Chinese cities. Ahmadi et al. (2020) have performed the sensitivity analysis
and shown a direct relationship with the infection outbreak with population density, intra-
provincial movement, whereas the areas with low values of wind speed, humidity, and
solar radiation exposure to a high rate of infection that support the virus’s survival. The
correlation has disapproved their initial hypothesis that the extensive spread of COVID-19
may be limited by temperature and humidity.

Additionally, Xie and Li (2020) have found a positive correlation of population density
and old-age people (65+) with both the infection and mortality rates of COVID-19 in
USA. Moreover, the counties that are percentage of rural, farm-dependent, or mining-
dependent population have high mortality rate of COVID-19, which may be attributed to
the poor preparedness and medical systems in rural areas for the COVID-19 infection. This
finding should be alarming since rural areas have limited medical resources to respond
to this pandemic and treat COVID-19 patients. Vardavas and Nikitara (2020) and Liu
et al. 2020a, b have found a negative association between percentage of smokers with the
infection rate of COVID-19. However, other studies showed that smoking could worsen
the health outcomes of COVID-19 patients (Vardavas and Nikitara 2020; Liu et al. 2020a,
b). Sarmadi et al. (2020) have shown the higher COVID-19 cases and deaths rate per lakh
population over the northern areas of the globe, including some parts of North America
and approximately the entire Asia and Europe which are located in higher latitudes and
have a colder climate and better socioeconomic conditions. The higher rates of COVID-19
cases and deaths over these areas could be related to the availability of diagnostics kits and
health care facilities (Bi et al. 2020). In addition, both colder climate and more densely
populated areas could contribute to the spread of the disease in European and Asian
megacities (Xie and Zhu 2020; Sajadi et al. 2020). Sannigrahi et al. (2020) have found a
heterogeneous distribution of the COVID-19 confirmed cases and deaths across Europe.
This uneven distribution could be attributed to many corresponding factors, including
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demography, climatic, cultural, or socio-economic differences among the countries. For
both COVID-19 cases and deaths, the maximum records (actual values) have documented
in the western European region (Spain, Italy, France, Germany, UK, Belgium, the
Netherlands). The cases and deaths have been found lower (actual values) in the Eastern
(Romania, Bulgaria, Greece, Estonia, Latvia, Lithuania) and Northern European region
(Norway, Finland, Sweden). This can be attributed to the sociodemographic composition of
these countries as Italy has the second oldest population (23%) in the world and the oldest
in Europe (population ages 65 and above). A study on COVID-19 patients from China and
other countries showed that the older age group (above 60 years) had significantly higher
death rate than the younger age group (below 60 years) (Verity et al. 2020). Mahajan and
Kaushal (2020) have noticed that among all confirmed cases, about 60% cases are of 20-49
age (median age of Indian COVID-19 patients is 39) which is working age in India and
76% cases are reported for men.

Ghosh et al. (2020) have observed that the major COVID-19 outbreak clusters are
located in western and northern India and they are associated with major cities. Besides,
approximately 42% people sustain their life in slum area in India, and they have no option
to maintain social distancing rule due to their unhygienic and congested ambience.
Manzak and Manzak (2020) have observed that the counties having high percentage of
African American black populations show a high infection rate and high mortality in USA.
Remarkably, the temperature, hours of sunshine, and white population percentage has a
non-significant negative correlation with COVID-19. Das et al. (2020) have highlighted
that the risks of COVID-19 tend to be higher in areas with low socioeconomic status over
the northeastern part of Chennai megacity. Bhopal and Bhopal (2020) have examined the
sex differential in the COVID-19 mortality and found that the male to female mortality sex
ratio is 1.4 per 1,00,000 population over northwestern Europe, however, ratio is not equal
at all ages.

5 Conclusions

In the present study, an attempt has been made to examine the association between climatic
conditions and COVID-19 pandemic transmission victims over NCT of Delhi. The daily
data of COVID-19 and eight climatic variables such as maximum, minimum and mean
temperature, relative humidity, bright sunshine hours, wind speed, evaporation, and rainfall
have been analyzed for the period March 14 to June 11, 2020 (90 days). To study the
relationship among different climatic variables and COVID-19, Karl Pearson’s correlation
analysis has been performed. The Mann—Kendall method and Sen’s slope estimator have
been used to detect the direction and magnitude of COVID-19 trends, respectively. The
analyses have shown that the COVID-19 is significantly associated with the climatic
variables over the NCT of Delhi. The COVID-19 pandemic spread is positively related
with the maximum temperature, minimum temperature and mean temperature, relative
humidity, evaporation and wind speed. No link amid bright sunshine hours and rainfall has
been witnessed with the COVID-19 pandemic spread in NCT of Delhi. Apart from this,
COVID-19 cases and deaths have shown increasing trends, significant at 99% confidence
level.

The finding of this study may represent the impact of climatic variables on the high-
density cities located in a warmer tropical climate. This study will also provide a base
for other studies regarding climatic variables and COVID-19 pandemic transmission
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Fig.5 Daily number of COVID-19 test conducted during 90 days period from March 14-June 11, 2020, in
NCT of Delhi, India
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over other megacities of India located in subtropical zone. These results may be useful
for researchers and health policy-makers. Despite this, the current study may have some
limitations. For example, these results are based on only one city. Also, a sharp increase in
count of COVID-19 pandemic confirmed patients may be anomalously due to an increase
in number of tests conducted during the last 30 days of this study than the initial outbreak
of pandemic in NCT of Delhi (Fig. 5). Also, this study has not considered the non-climatic
factors such as density of population, population by age-group, sociocultural factors, move-
ment of people, urban—rural settings, gender, education and economic level, lifestyles and
the size of household. These factors can help to transmit this disease. Therefore, further
studies are needed on these shortcomings.
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