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ARTICLE INFO ABSTRACT

Keywords: COVID-19 transmission in London city was discussed in this work from an urban context. The association be-
Coronavirus tween COVID-19 cases and climate indicators in London, UK were analysed statistically employing published
COVID-19 data from national health services, UK and Time and Date AS based weather data. The climatic indicators
Humidity included in the study were the daily averages of maximum and minimum temperatures, humidity, and wind
]';er'lnd;)o;ature speed. Pearson, Kendall, and Spearman rank correlation tests were selected for data analysis. The data was
Urban context considered up to two different dates to study the climatic effect (10th May in the first study and then updated up
Transmission to 16th of July in the next study when the rest of the data was available). The results were contradictory in the
Lock down two studies and it can be concluded that climatic parameters cannot solely determine the changes in the number

City of cases in the pandemic. Distance from London to four other cities (Birmingham, Leeds, Manchester, and
Sheffield) showed that as the distance from the epicentre of the UK (London) increases, the number of COVID-19
cases decrease. What should be the necessary measure to be taken to control the transmission in cities have been

Transport

discussed.

1. Introduction

Corona virus disease (CO-Corona; VI-Virus; D-Disease; 19: year) was
first testified in 2019, Wuhan, Hubei province, China due to the severe
acute respiratory syndrome coronavirus (SARS-CoV) infection.
International Committee on Taxonomy of Viruses (ICTV) named the
virus as SARS-CoV-2. They both share 79% of sequential identity (Kong
et al., 2020; Zhou et al., 2020; Zhu et al., 2020). The first case was
reported due to the zoonotic transmission from a live wild animal trade
market (Tay, Poh, Rénia, MacAry, & Ng, 2020; Huang et al., 2020). The
first patient was hospitalized on 12th Dec 2019 while 80 deaths were
reported by 26th January 2020 (Zhou et al., 2020). Cough, fever, fa-
tigue, headache and myalgias, shortness of breath, and sputum pro-
duction, are the symptoms of the COVID-19 infection (Chen, Liang,
et al., 2020; Chen, Zhou, et al., 2020; Xu et al., 2020). COVID-19 is
primarily transmitted from symptomatic people to others who are in
close proximity through respiratory droplets (sneeze, cough, secretions
of infected people) or by contact with contaminated objects or surfaces.
However, evidence from different cases revealed that asymptomatic
transmission was also dominant (Hu et al., 2020; Li et al., 2020). In
general, asymptomatic infections cannot be recognized until Real-Time-
Polymerase Chain Reaction Test (RT-PCR) or other laboratory testing is

being carried out, and symptomatic cases may not be detected if they do
not seek medical attention (Nishiura & Kobayashi, 2020). Previously in
2002-03 because of SARS, more than 8000 people were infected and
774 died. In 2012, for MERS-CoV, 2494 persons were diseased and over
858 people lost their lives worldwide. COVID-19 outbreak is the sixth
public health emergency of international concern following HIN1
(2009), polio (2014), Ebola (2014 in West Africa), Zika (2016), and
Ebola (2019 in the Democratic Republic of Congo) (Chakraborty &
Maity, 2020). On March 11, 2020, WHO announced COVID-19 as a
pandemic due to 118,319 confirmed cases in a day including 4292
deaths.

As per BBC reports, by 16th April, the total infected number raised
to 2,063,161 infesting 185 countries/regions, which further elevated to
4,399,070 by 13th May (BBC, 2020e). Within two additional days, by
15th May 2020, 4,533,255 people were diseased by this virus globally
causing the total decease count to be ~303,388 contaminating more
than 188 countries. As of 16th of July, total cases globally reached
13,950,629, and death count is 597,601 and 213 countries and terri-
tories are affected (shown in Fig. 1). However, the locked-down and
social distancing strategy was employed in various countries to limit the
spread of COVID-19. First lockdown occurred in Whuan (Kupferschmidt
& Cohen, 2020). Within three months (Jan to April 2020) the virus has
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Fig. 1. Cumulative total COVID-19 casses globally as of 16th of July 2020.

spread globally and the rate of spread was high due to higher mobility
of people globally via air flight (Lau et al., 2020; Nakamura & Managi,
2020). Hence, it is considered that the transmission rate through people
to people transmission is very high. New terms are now prevalent to
hear such as “community spreading”, “social distancing (physical dis-
tancing)”, “self-isolation”, “14 days quarantine”, “lockdown,” “break
the chain” etc. All these are employed to stop spreading the virus by
creating social awareness (Shaw, Kim, & Hua, 2020). WHO recently
acknowledged the possibility of transmission of COVID-19 by aerosol.

United Kingdom's (UK) first COVID-19 case was reported on 31st
Jan 2020 (Moss, Barlow, Easom, Lillie, & Samson, 2020; Lillie et al.,
2020). Succeeding the advice from the Department of Health, the UK
government requested all individuals to undergo self-isolation or home-
quarantine (14-20 days) provided they visited the infected countries/
regions namely, Hubei province (mainland China), Thailand, Japan,
Republic of Korea, Hong Kong, Taiwan, Singapore, Malaysia, and
Macau (Sohrabi et al., 2020). To further prevent transmission, the UK
government requested quarantined individuals not to go to GP sur-
geries, community dispensaries, or infirmaries (symptoms observed:
unceasing cough, body temperature = 37.8 °C, or flu-like complaint)
but to call NHS 111 if the situation becomes worse. Unnecessary travel
to Mainland China and particularly to the Hubei Province were also
advised not to perform (Sohrabi et al., 2020). In the beginning, the UK's
approach was more towards social distancing and suggested people
over 70 to stay at home (self-isolation) (Mahase, 2020; Pollock,
Roderick, Cheng, & Pankhania, 2020). This attitude changed when re-
searcher from MRC Centre for Global Infectious Disease Analysis at
Imperial College London lead by Neil Ferguson indicated using a the-
oretical study that home isolation and the social distance still can result
in a death count of ~260,000 (Ferguson et al., 2020).

As per the report, on March 10, the number of deaths related to the
coronavirus was ~6. On 5th May death toll in the UK from COVID-19
was 32,313 (including suspect) which was highest in Europe as it ex-
ceeded the death toll of 29,029 (excluding suspect) in Italy (The

Guardian, 2020). This number drastically increased as 95,000 people
entered the UK from overseas on 13th May, since coronavirus lockdown
was imposed, (Guardian, 2020). Prime minister addressed the nation
advising to maintain social distance and work from home (since 16th
March) and steps to be taken while under lockdown (23rd march)
(Khan & Cheng, 2020). Additionally, experts also advised maintaining
2 m (or 6Ft.) distance from another person under any circumstances. As
of now a reduction in socializing proved to be the most appropriate
method to diminish the transmission of COVID-19 (Zhang et al., 2020).
In England, from 13th of May, people were allowed to exercise more
than once a day in outdoor spaces (parks), and interact with others by
maintaining social distance. From 1st of June, schools for reception,
year one and year six pupils were reopened while non essential retailers
had permission to open their store from 5th of June in England. From
23rd June, 2 m restriction was lifted and changed to 1 m plus to enable
people to meet their family and friends, help businesses get back on
their feet and get people back in their jobs. From Saturday 4th of July,
pubs, restaurants and hairdressers were allowed to reopen, providing
they adhere to COVID-19 secure guidelines (Office, 2020). The UK
government has also devoted £20,000,000 as assistance to develop a
COVID-19 vaccine (BBC, 2020c). London was reported to be the epi-
centre of the COVID-19 pandemic in the UK (London Loves Business,
2020). Fig. 2 indicates the COVID-19 spread in the UK.

Reason for transmission of COVID-19 is not yet clearly understood.
Several researchers investigated to understand how temperature (Wu
et al., 2020), humidity, air pollution (Contini & Costabile, 2020), wind,
people to people had an influence on COVID-19 transmission. Trans-
mission of COVID-19 due to temperature and humidity is a pertinent
question (O'Reilly et al., 2020). Previously it was reported that the
temperature range between 5 and 11 °C community outbreak occurs
(Sajadi, Habibzadeh, Vintzileos, Miralles-wilhelm, & Amoroso, 2020).
Another study reported that high temperature and humidity can de-
crease SARS-CoV-2 transmission (Wang, Tang, Feng, & Lv, 2020).
Araujo & Naimi, 2020 predicted that warm and cold climates are
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correlation with COVID-19 epidemic in the UK.

suitable for this virus spread while arid and tropical climates are not
(Araujo & Naimi, 2020). In Oslo climate, maximum and normal tem-
perature were positively and precipitation was negatively associated
with COVID-19 (Menebo, 2020). Collected data of daily confirmed
cases from the capital of 27 states in Brazil also confirmed that no
COVID-19 declined curve due to temperature above 25.8 °C (Prata,
Rodrigues, & Bermejo, 2020). (Xie & Zhu, 2020) investigated 122 cities
in China and reported that temperature has a positive linear relation-
ship with the number of COVID-19 cases but no evidence was found
which can support that COVID-19 cases counts could decline due to
warm weather. Also, Yao et al. (2020) announced that temperature and
UV radiation had no strong association with COVID-19 cases in Chinese
cities (Yao et al., 2020).

Study related to urban perspective and COVID-19 transmission is
rare. To predict the accurate impact of COVID-19, urban perspective
should not be ignored as cities are the place where the transmission
started. Highly populated cities and public transport of cities play an
influential factor for this virus transmission. Hence ignoring urban
context may not be rational. In 2018, 55% of the world's population (4-2
billion people) resided in urban areas, which is expected to be 68% by
2050. Infectious disease either originate or propagate rapidly in the
cities because of the urbanization (V. J. Lee et al., 2020). Human health
issues related to the urban context was previously investigated
(Orimoloye, Mazinyo, Kalumba, Ekundayo, & Nel, 2019; Wang, 2020)
and other work showed that property price reduced after pandemic
(Ambrus, Field, & Gonzalez, 2020). The change of residential-built
environment characteristics due to pandemic were also discussed
(Spencer, Finucane, Fox, Saksena, & Sultana, 2020). Effect of social
isolation for flu infection was also discussed before (Aiello et al., 2016).
How metropolitan area can be affected from flu pandemic due to the
biological, physiological, and geography, economic, and social reason
was revealed by (B. Y. Lee, Bedford, Roberts, & Carley, 2008). Recently
(Liu, 2020) has discussed the COVID-19 in the urban context

considering the Wuhan city in China from where the pandemic started.

In this work, we tried to investigate how COVID-19 pandemic pro-
liferated in London and four other UK cities (Birmingham, Leeds,
Manchester, Sheffield), giving the priority for the urban context. In a
city, the climate is a crucial indicator, hence, climatic data, particularly
ambient parameters such as maximum temperature, minimum tem-
perature, wind speed, and humidity were selected to realize the impact
on the transmission of COVID-19 in London. Also, how the distance
from London to Birmingham, Leeds, Manchester, Sheffield, had an
impact of COVID-19 transmission have been discussed. Emphasis is
given more on the urban context and possible policy with respect to the
urban city has been mentioned.

2. Research methodology
2.1. Study area

London (51.50642° N, —0.12721° E) is the capital of England and
one of the largest cities in the United Kingdom. The latest estimated
London population is 9,304,016. The City of London is 1.12 mile?
(2.9 km?) while the Greater London area counts 606 mile? (1569 km?)
(Population, 2020). Other investigated cities are Birmingham (52.48°
N, —1.90° W), Leeds (53.8° N, —1.54° E), Manchester (53.48° N,
—2.24° E) and Sheffield (53.38° N, —1.48° W).

2.2. Data collection

New death dataset for COVID-19 is acquired for March 13, 2020 -
July 16, 2020, from COVID-19 data archive from the National health
service (NHS, 2020) and data concerning daily average climatic in-
dicators which included maximum temperature, minimum tempera-
ture, humidity, wind-speed was attained from (AS et al., 2020). Cu-
mulative cases and new cases data for London and other cities till 28th
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April was collected from the NHS England. After 29th April, data were
collected from multiple sources and calculated by Public Health Eng-
land (Gov.UK, 2020a). All the data were updated at 2 pm every day
while confirmed death cases were included from the reported data from
the previous day at 4 pm. Hence there is a lag between the date of
actual cases and date of reporting. Also, this data includes only the
report case from hospital (NHS, 2020). Population density for four
other cities are 1438 (Leeds-314.7 Km away from London), 4264 (Bir-
mingham 205.3 Km away from London), 4781 (Manchester, 336.1 Km
away from London), 1590 (Sheffield; 259.1 Km away from London)
(For National Statistics, 2020).

2.3. Data analysis

Climate dependency with COVID-19 cases was evaluated using
Pearson (linear relation; shown in Eq. (1)), Kendall (shown in Eq. (2)),
and Spearman rank correlation (that access how two variables are
monotonically related, shown in Eq. (3)) tests to examine the correla-
tion between variables.

Pearson correlation coefficient

cov(X,Y)

X, Y)=
pPEY) Ox Oy (€9)

Spearmean correlation coefficient

_ _ cov(rgy, rgy)
7 Py = Orgy Org (2
X Y

Kendall

number of concordant pairs—(number of discordant pairs)

() @

Mixed-effects model (shown in Eq. (4) which include both random
and fixed effects) was employed to understand how COVID-19 case in
Birmingham, Leeds, Manchester, Sheffield, varied due to distances from
London. We consider the time points from 15th March 2020 to 30th
June 2020 (108 days). We have a Panel data here which is cross-sec-
tional time-series data.

Y
= by + bytime; + b, (timey)? + bsdistance; + bypopulation; + bs
distance X population;
+ Uy + uytime + uy; (time)? + e
@

where, Y;, represents the daily lab confirmed cases for city i (1 to 4) at
time t (1 to 108); time;, represents the time at which we calculate daily
lab confirmed cases for city i, distance; represents the distance from
London for city i, population; represents the population density of city i,
eir ~ N(0,0.%). We assume that the residuals are independent and
identically distributed, conditional on the random effects.

The distribution of the vector of the three random effects associated
with city i is assumed to be multivariate Normal: w; = (ug;, uj;,
uy;)" ~ Normal(0,D), where D is the variance-covariance matrix of the
random effects. b, by, by, b by and bs are fixed effects parameters and
Up,u; and u, are random effects parameters.

The parameters b0 through b5 represent the fixed effects associated
with the intercept, the covariates, and the interaction terms in the
model. The fixed intercept b0 corresponds to the daily lab confirmed
cases when all covariates are equal to 0, the intercept can be interpreted
as the mean predicted daily lab confirmed cases for cities at time 0
(here time 0 means 15th March 2020). The parameters b1l and b2 re-
present the fixed effects of time and time square. The parameters b3 and
b4 represent the change in daily lab confirmed cases for a unit change
in distance (in km) and for a unit change in population per square
kilometre respectively. The parameter b5 can be interpreted as the
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interaction effect between distance and population per square kilo-
metre. Here variable time? is included because a quadratic relationship
can be seen between time and the dependent variable daily lab con-
firmed cases.

Here the city is a random factor in the model and for those cities, an
intercept and a slope over time are the two random effects. Time is
considered in both fixed and random effects. The random slope for a
time at the city level indicates that the slope across time varies across
cities. In other words, the effect of time on daily corona virus cases (the
slope) is different for different values of cities. As this slope is a random
effect, this interaction was not measured through a regression coeffi-
cient which is suitable for fixed cases. Instead, measurement focused on
how much each city's slope differs from the average slope, then the
variance was found for these different measures. Hence, the variance
estimates the random slope. If that variance comes out to 0, it indicates
that the slope of time on COVID-19 cases is similar for all cities and they
don't vary from each other. uy is individual city-specific effect and u; is
a time-specific effect and u, is the random effect associated with the
quadratic effect of time for a city.

3. Result
3.1. Climate dependency

Fig. 3 observes a sharp increase, both in daily new cases and total
confirmed cases for London dated March 11, 2020, onwards. The total
confirmed case as of 11th March was reported ~104 which increased to
1221 by 19th March. New 13 cases were observed on 11th March,
which drastically increased to 1220 by 1st April. From 5th May on-
wards, the number of newly infected cases was =150, daily. From 25th
March to 16th April the number of deaths related to COVID-19 was
detected to be between 100 and 250. In fact, till 24th April, more
people were killed by coronavirus in London than died during the worst
four-week period of aerial bombing of the city during the Blitz in World
War Two (BBC, 2020d). As of 16th July total death count in London was
6123 which was maximum in the UK. It is interesting that peak cases for
London were during the lockdown condition. Overcrowded can be the
possible reason for spreading this COVID-19 s badly in London. Where
social distancing is essential, having space issue in a city like London
dominated.

Fig. 4 shows the maximum and minimum temperature, humidity,
and wind speed in London between 11th March and 16th July. The
highest maximum temperature was 28 °C on 25th June and the lowest
maximum temperature was 6 °C on 29th March. Humidity varied be-
tween 44% to 92%. Wind speed for those days speckled between 2 and
23 mph.

Two different dates were selected to analyze the COVID-19 trans-
mission in London, UK. First, data up to 10th May (first writing of the
article) and then up to 16th July (writing during revision) and the
outcome from both results were interesting. Table 1 indicates the em-
pirical estimation using the Pearson correlation method. Both max-
imum and minimum temperatures have a moderate negative correla-
tion to the number of new confirmed and death cases(for study up to
16th July). Table 2 illustrates the Kendall correlation which indicates a
moderate negative correlation between the maximum and minimum
temperatures to the number of new confirmed and death cases (for
study up to 16th July). Further, Table 3 specifies the Spearman corre-
lation similarly hinting the moderate negative correlation between
maximum and minimum temperatures with the number of new con-
firmed cases and new deaths (for study up to 16th July). In all the three
tables there was a negligible positive correlation between maximum
temperature and new cases and new deaths and negligible negative
correlation between minimum temperature and new cases and new
deaths (for study up to 10th May). From three correlation using data till
10th May, it appeared that temperature has more or less no effect (due
to negligible correlation) on COVID 19 cases and deaths. However, for
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Fig. 3. Observed cases of COVID-19 in London, UK (dated: 9th Feb — 16th July 2020).

study up to 16th July the result shows that temperature has a moderate Table 1

negative correlation with the number of COVID-19 cases and deaths Empirical results using Pearson correlation coefficient.

which indicate that as temperature 1n.cr.eases, new. COVID-19 cases, as New case (10th  New case New deaths New deaths

well as new deaths, decrease. Humidity and wind speed were not May) (16th July) (10th May) (16th July)

strongly correlated with any of new cases or new deaths cases in both

studies. Maximum 0.052845 -0.5182 0.108409 -0.3238
temp

Till 10th of May data, findings were similar to the previously re-

. A . . Minimum -0.11075 —0.674 —0.09906 -0.4738
ported work, which performed a similar analysis for New York City temp
(Bashir, Ma, Bilal, & D. & Bashir, M., 2020) and Jakarta (Tosepu et al., Humidity —0.25156 —0.1664 —0.35567 —-0.1765
2020). Also, few reported works showed humidity and temperature Wind speed —0.13921 —0.1211 —0.16509 —0.078
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Fig. 4. Variation of maximum temperature, minimum temperature, humidity, and wind speed for 11th of March 2020 to 16th July 2020.
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Table 2
Empirical results using Kendall correlation coefficient.

Cities 106 (2020) 102928

New case (10th May)

New case (16th July)

New Deaths (10th May)

New deaths (16th July)

Maximum temp 0.03913 —0.3931 0.071174 —0.3238
Minimum temp —0.08045 —0.5203 —0.08165 —0.4738
Humidity —0.14541 —-0.136 —0.22247 —0.1765
Wind speed —0.09116 —0.067 —0.15008 —0.078
Table 3 Table 4
Empirical results using Spearman correlation coefficient. Fixed effect results for distance dependency from London to other four cities.
New case New case New deaths New deaths Fixed effects: Estimate Std. error t Value
(10th May) (16th July) (10th May) (16th July)
(Intercept) 32.93176 9.59686 3.432
Maximum temp 0.054483 —0.58 0.104025 —0.4919 Time 0.74978 2.33046 0.322
Minimum temp —0.11742 —0.7428 —-0.11137 —0.6893 Time"2 —0.01015 0.01657 —0.613
Humidity —0.24857 —-0.234 —0.34941 —0.2921 Distance —25.08761 5.01678 —5.001
Wind speed —0.13921 —0.1011 —0.20848 —0.1143 Population 4.89825 3.93665 1.244
Distance:population —9.84526 5.32608 —1.848

both have an impact on the transmission of COVID-19 (Sajadi et al.,
2020) and mortality rate from COVID-19 (Ma et al., 2020; Poole, 2020).
Wang, Wang, Chen, & Qin (2020) reported that the outbreak of COVID-
19 from Wuhan had a strong correlation between weather conditions
and disease transmission. Further wind speed, humidity, and air quality
have also impacted the transmission as reported by (Chen, Liang, et al.,
2020; Chen, Zhou, et al., 2020). Data set from Feb to 16th July 2020
showed a negative association between climatic parameters and
COVID-19 cases in London.

This work has a limitation as several other factors that influence the
COVID-19 should not be ignored. This virus created disease needs more
depth analysis based on resistivity from viruses, population mobility,
endurance, individual health factors which include hand washing ha-
bits, personal hygiene, and use of hand sanitizers. It is more rational to
investigate worldwide meteorological data and COVID-19 cases to in-
vestigate if there is any strong relation or not. City-level factors which
include the feasible control policy of COVID-19, the urbanization rate
and the availability of medical resources, can affect the COVID-19
transmission which may influence the results.

3.2. Distance dependency

Fig. 5 illustrates the daily lab confirmed cases for London, Bir-
mingham, Leeds, Manchester and, Sheffield. London had the maximum
cases on 2nd April which crossed over 1000. For Birmingham Leeds,

Manchester and Sheffield, maximum cases were 132, 109, 73 and 110,
on 31st March, 22nd April, 6th April and 31st March respectively.

From the fixed effects (Table 4), it is observed that the estimate of
the coefficient of distance is —25.08761. To check whether the effect of
distance on COVID-19 cases is significant or not, null hypothesis was
employed (b; = 0) against alternative hypothesis (b; = 0), where b; is
the change in daily lab confirmed cases for a unit change in distance.
Since p-value for this test is less than 0.05, null hypothesis was rejected
at 5% level of significance and conclude that the effect of distance from
London (in km) on daily lab confirmed cases is significant. Also, since
the coefficient estimate is negative, it can be concluded that as the
distance increases from London, the number of cases decreases.

From the random effects (Table 5), it is observed that the standard
deviation of the intercept when grouped by city is 18.55223 which is
significantly different from 0. It is the variability of the intercept across
different cities. This shows that each and every city has its own in-
dividual specific effect on the number of COVID-19 cases reported
daily. On the basis of the data, it can also be concluded that all cities in
the UK will have their own individual effect on the daily cases con-
firmed since all cities are different from each other in a lot of ways. The
standard deviation across time is 4.65615 which is not very sig-
nificantly different from 0. It indicates variability in the slope of time
across cities. This shows that different cities will have more or less the
same variability in the growth of COVID-19 cases over time. Distance
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Fig. 5. Daily cases for London, Birmingham, Leeds, Manchester, Sheffield from 15th March to 30th June 2020.
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Table 5
Random effect results for distance dependency from London to other four cities.
Random effects Name Variance Std. dev.
Groups (Intercept) 3.442e+02 18.55223
City Time 2.168e+01 4.65615
I(time"2) 1.095e-03 0.03309

from epicentre Wuhan to other cities also showed the same outcome
(Liu, 2020).

4. Discussion

As previously coronavirus caused respiratory disease, temperature
and humidity came into the scenario to realize if it has any impact on
COVID-19 transmission or not. However, after several investigations
which were conducted in different places around the world considering
different cities, no concrete dependency on COVID-19 transmission and
climatic parameters were established. Also, in this work, two different
outcomes were observed. Till 10th of May, with temperature, a negli-
gible correlation was found while data till 16th July, the COVID-19 case
number decreases with temperature. Greater distance from London to
other cities showed a diminution of COVID-19 cases.

It is evident that London was the worst hit place from COVID-19 in
the UK. Also, other major cities in the world including Delhi, London,
Los Angeles, Milan, Mumbai, New York, Rome, Sdo Paulo, Seoul and
Wuhan had the noteworthy number of COVID-19 cases (Ghosh, Nundy,
& Mallick, 2020; Ren, 2020; Her, 2020; BBC, 2020b; Jones, 2020).
COVID-19 disease has been transmitted in all regions of the world, from
cold and dry, to hot and humid climates(Ghosh et al., 2020). Thus, the
reason for transmission may not be the climate but the high population
density (WHO, 2020a), which is a quite common factor in big cities.
According to WHO, COVID-19 spread easily through droplets from
mouth or nose from an infected person to another person if they breathe
in these droplets. These heavy droplets have the ability to travel at least
1 m. Hence, maintaining social distance is essential to limit transmis-
sion. Thus, the highly populated city (in this case London) posses the
maximum risk of transmission (Stier, Berman, & Bettencourt, 2020).
COVID-19 has a reproductive number (R) greater than 1, which is
above the threshold of an epidemic (Gov.UK, 2020b). Product of con-
tact rate and infectious period indicates the reproductive number.
Contact rate is a property of the population, essentially measuring the
number of social contacts that can transmit the disease per unit. Re-
duction of social contact, can significantly reduce the R and thus
transmission. Hence, it can be seen that London got success after im-
plementation of the lockdown measure.

The second wave in different cities is already in place. The Segria
region in Catalonia, Spain re-entered to an indefinite partial lockdown
on July 4, following a significant spike in cases and COVID-19 hospi-
talisations. The city of Leicester in the United Kingdom has gone into a
second lockdown after it accounted for 10% of all positive COVID-19
cases in the country at the end of June (Courten, Pogrmilovic, & Calder,
2020; Nazareth et al., 2020). From 31st July Manchester will experi-
ence another lockdown for the second wave. As the climate has not
found to be significantly responsible for COVID-19 transmission,
stringent urban policymaking is essential which can play a key role to
abate the transmission by allowing strict social distance measure.

Densely populated work environment, house and public transport
for commuting are the common features of every urban city. The influx
of people from rural areas results poor in housing condition with poor
sanitation facilities, an insufficient supply of freshwater and ineffective
ventilation systems, which in turn increase the outbreak risks. Rapid
urbanization can lead encroachment of natural habitats and create a
provision of closer encounters with wildlife which also provides op-
portunities for zoonotic infections (Lee et al., 2020). To avoid the
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second wave peek, maintaining the social distance and isolation from
mass gathering should be followed everywhere specially in the big
crowded metropolitan cities. Abiotic objects in the built environment is
a viral transmission reservoir (Ong et al., 2020). Corona virus which is
responsible for COVID-19 is active and can be detectable up to 3 h on
aerosol, copper for 4 h, carboard for 24 h and 2 to 3 days on stainless
steel and plastic (Doremalen et al., 2020). Hence, the improvement of
building environment is essential as closed and confined space increase
the chances of the COVID-19 transmission (Dietz et al., 2020). The
recent trend to enhance collaboration and innovation among em-
ployees, offices are made as open space type to increase connectivity
while private offices may decrease connectivity (Dietz et al., 2020).
This open space office idea should be changed because of the COVID-
19. Also due to urban sprawl, most of the buildings suffer from in-
sufficient daylight and fresh air, and building interiors rely only on
artificial light (Ghosh & Norton, 2018) which should be changed by
allowing the UV and visible spectral ranges to reduce bacterial activity
(Fahimipour et al., 2018; Schuit et al., 2020). WHO recommended that
building should have higher ventilation rate and if possible to open the
window as much as possible to allow external ambient air (WHO,
2020b). Thus, the growth of urbanization should be taken place by
keeping more green space and space between buildings to limit the
transmission for any infectious disease in future. Responsible transport
such as avoid crowded public transport and travel only if it is necessary
will play an indispensable task to break the transmission chain. Hence,
if possible walking and cycling can be an alternative mode of transport
from now on (Budd & Ison, 2020; De Vos, 2020). However, big cities
like London it's a real challenge where in every 15 min 325,000 people
use underground (BBC, 2020a). Use of walking and cycling has already
been increased in Budapest (Bucsky, 2020). As the disease is now well
established in the human population, efforts should be focused on re-
ducing transmission and treating patients.

5. Conclusion

Transmission of COVID-19 pandemic for London and other four
cities (Birmingham, Leeds. Manchester, Sheffield) was realized using
statistical analysis from the urban context. Climatic parameters de-
pendency on London's COVID-19 number and distance from London to
other four cities were evaluated using Kendall, Pearson, Spearman and
mixed effect model respectively. COVID-19 data were collected from
online data service of national health service UK, and climatic data
were collected from an online platform of Time and Date AS. Using
Pearson, Kendall, and Spearman correlation coefficient the collected
data from 11th March to 10th May and from 11th March to 16th of July
were studied empirically. More or less negligible correlation between
the number of confirmed new cases with minimum and maximum
temperature was established till the data of 10th May, while con-
sidering data up to 16th July, different outcome was observed. Hence, it
is clear that climatic parameter is not a useful tool to understand the
transmission of COVID-19. This hypothesis well matched with WHO
direction where it is clearly mentioned that there is no strong evidence
which can claim that weather (short term variations in meteorological
conditions) or climate (long-term averages) strongly influence COVID-
19 transmission. As transmission through person to person is well es-
tablished, for big cities attention should be paid for social distancing
and treatment. Also, a clear urban policy should be taken place now as
there is a threat for the second wave of COVID-19 and for any pandemic
in future.
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