
 

 

40 

Published online : 25 February 2022 

 

IPEC Journal of Science & Technology 

Vol. 01 (01), Feb. 2022, pp. 40-46 

 

Efficacy of Statistical Rank Correlation Tests in 

Depicting Impact of Climatic Factors over the Spread 

of COVID-19 
 

Kshamata Muktavat
1*

, Poonam Agarwal
1
, Ritu Sharma

1
 and Vinay Kumar

2 

1
Department of Applied Sciences and Humanities, 

Inderprastha Engineering College, Ghaziabad, India 
2
Department of Physics and Geophysics, Texas A & M University, Kingsville, Tx-78363, USA 

 

Accepted on 24 February 2022 
 

 

Abstract: With the upsurge in the cases of the novel coronavirus disease-2019 (COVID-19), it was a natural course of study to 

establish connection between the emerging cases of the pandemicand the various factors/parameters which may be affecting it.  

Of late, a number of researchers have extensively applied Kendall rank correlation test in coherence with Spearman rank 

correlation test in an attempt to determine the impact of climatic variables on the transmissibility of the coronavirus disease-

2019. With the motive to contemplate whether these coefficients can actually be considered admissive to present a clarified and 

reliable picture of the association, in the present study, the authors have collected data for three different time zones (i) March-

June, 2020, (ii) for March, 2020- December, 2020, (iii) for March, 2020-May, 2021 for each of five distinct regions of India 

namely Andhra Pradesh, Chandigarh, Delhi, Kerala and Puducherry.The coefficients of correlations were computed for COVID-

19 cases and two climatic variables i.e.relative humidity and temperature using Kendall’s correlation coefficient and Spearman 

correlation coefficients and it was analyzed whether the data and computations are consistent with the forthcoming trends of the 

emerging Covid-19 cases. A detailed investigation suggests that without taking the other attributes into account the other factors 

such as population density, hygiene coefficient, immunity level and medical history etc., the correlation tests give ambiguous 

results for different time periods and would be insufficient in strategizing the further plan of action. 

 

 
Keywords -Climate, Correlation, COVID-19, Humidity, Temperature. 

. 

I. INTRODUCTION1 

Since December 2019, when its first case emerged from 

Wuhan, China (Zhu et al, 2020), coronavirus disease 

(COVID-19) has spread to almost all the countries affecting 

a large population of the globe. As of June 07, 2021, in the 

whole world a total number of 174,063,938 confirmed cases 

while 3,758,596 deaths have been caused by COVID-19 

(https://covid19.who.int/). The entire world is struggling 

against this disease.  

The difference in the pace at which the pandemic spread 

over different regions of world, prompted many researchers 

to seek out if climatic variables like temperature, wind 

speed and humidity along with air quality are also 

contributing to this difference.  

Several initial studies from China suggested that similar to 

other respiratory virus SARS and influenza, SARS-corona 
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virus-2 might have reduced activity at high temperature and 

high humidity (Oliveiros et al, 2020; Wang et al, 2020; Liu 

et al, 2020; Ma et al, 2020). Several other research-works 

also supported this finding that temperature is inversely 

connected with COVID-19 cases (Shi et al, 2020; Sahin, 

2020; Prata et al, 2020; Sajadi et al, 2020; Bannister-Tyrrell 

et al, 2020;Vinoj et al, 2020; Kaplin et al, 2021; Mecenas et 

al, 2020). But, a positive relationship of COVID-19 cases 

has also been shown by several researchers with the 

temperature for different regions (Bashir et al, 2020; 

Tosepu et al, 2020; Sharma et al, 2020, Singh et al, 2020; 

Gupta et al, 2020; Bherwani et al, 2020; Xie and Zhu, 

2020). Additionally, humidity has also been reported to be 

positively correlated with the cases of the disease in some 

studies (Oliveiros et al, 2020; Singh et al, 2020) while Yao 

et al (2020) found no influence of temperature on the count 

of the cases of the said disease in China. Muktavat and 

Kumar (2021) also tried to assess the influence of climatic 

factors over COVID-19 cases by considering the duration 

of second wave of this disease in India for five Indian 

regions and found that COVID-19 cases are positively 

linked with temperature while negatively with humidity on 
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the basis of statistical rank correlation coefficients.  But, the 

disparity in the correlation trends of climatic conditions and 

COVID-19 cases reported in previous studies on the basis 

of statistical methods prompted the authors to extend the 

work of Muktavat and Kumar (2021) further; to check if the 

rank correlation tests are reliable for giving right 

assessment of linkage between climatic variables and 

COVID-19 cases.  

 

Therefore, in present work non-linear rank correlation tests, 

i.e., Spearman rank correlation test in association with 

Kendall rank correlation test are applied for climatic factors 

(relative humidity and temperature) and COVID-19 cases 

(confirmed cases, deaths, new cases) of five Indian states 

and territories for three different time periods to analyze if 

the results obtained from rank correlation tests are similar 

over different time durations.   

II. RESEARCH METHODOLOGY 

The present study is done keeping in view the COVID-19 

cases of the Indian regions namely Andhra Pradesh, 

Puducherry, Chandigarh, Delhi and Kerala during March, 

2020-May, 2021.  The above regions have been chosen for 

this study, because the results of Muktavat and Kumar 

(2021) are available for the above regions for the duration 

January-May, 2021 to compare. The details of these regions 

like population density and geographical positions are given 

in Table 1 and more details of these regions may be found 

in Muktavat and Kumar (2021).  

 

Table 1: Population density and geographical location of 

the states/territories taken for study. 

 

 

State 

Latitude, Longitude 

 

Population 

Density(as 

per 2011 

census) (/km
2
) 

Andhra 

Pradesh 
15.9129° N, 79.7400° E 310 

Chandigarh 30.7333° N, 76.7794° E 9,258 

Delhi 28.7041° N, 77.1025° E 11,320 

Kerala 10.8505° N, 76.2711° E 860 

Puducherry 11.9416° N, 79.8083° E 2,547 

 

In order to the check the reliability of the results of rank 

correlation tests, the whole time period of March, 2020-

May, 2021 is divided in to three durations, i.e. 

 

Time Duration I- March 12, 2020 to June 30, 2020- This 

duration is of 111 days. It is taken because around this 

duration several studies for finding association with 

climatic variables have been reported earlier. 

TimeDuration II- March 12, 2020 to Dec 31, 2020- This 

duration is of 295 days. It is taken to analyze the correlation 

for COVID-19 cases in year 2020 w.e.f. the beginning of its 

cases in India.   

Time Duration III- Through this duration, which is of 430 

days, the complete period since the first cases of the disease 

in the region i.e., March 15, 2020 to mid-May, 2021 is 

considered.  

Since the aim of the study is to check the adequacy of the 

correlation test results in determining the influence of the 

climatic factors on the transmissibility of the disease, two 

climatic factors i.e., Relative Humidity and Average 

temperature only are considered for the present study. 

Kendall’s coefficients are calculated taking the data for a 

pair of variables e.g., Total COVID-19 cases and Humidity 

at a time or Case fatalities and Temperature etc. Spearman’s 

Coefficients are also calculated in the same way. 

 

The data for relative humidity (%) and mean temperature 

(
0
C) at 2 m height for the above selected regions are taken 

from https://power.larc.nasa.gov/data-access-viewer/ and 

the statistics of COVID-19 cases is procured from 

https://prsindia.org/covid-19/cases. 

 

 
Figure 1(a): Day-wise variation of the COVID-19 cases, 

total deaths and new cases for Andhra Pradesh and 

Chandigarh along with variation of Humidity and 

temperature from March, 2020- May, 2021. 

 

https://power.larc.nasa.gov/data-access-viewer/
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Figure 1(b): Day-wise variation of the COVID-19 total 

cases, new cases and deaths for Delhi, Kerala and 

Puducherry along with variation of Humidity and 

temperature from March, 2020- May, 2021. 

 

III. RESULTS AND DISCUSSION 

 

A graphical representation for day-wise variation of 

COVID-19 total cases, total deaths and new cases along 

with the variation of average temperature and relative 

humidity from March, 2020-May, 2021 has been rendered 

in figure 1(a) and 1(b) for all the areas taken for study. 

Table 2 gives the estimation of Kendall’s coefficients for 

mean temperature (at 2 m height) and COVID-19 total 

cases, daily new cases and case fatalities for three-time 

durations. 

 

For time duration I (March 12, 2020 to June 30, 2020), the 

trend of relationship between temperature and COVID-19 

cases (confirmed cases and deaths) is found to be positive 

for Chandigarh, Andhra Pradesh, Delhi and Puducherry 

suggesting growth in COVID-19 infected cases with the 

increment of temperature which is similar to the trend 

found by Muktavat and Kumar (2021) except for Kerala 

where a reverse correspondence is found in present study.It 

is worth to emphasize that Muktavat and Kumar (2021) 

considered the duration January-May, 2021 which is of 

nearly similar days as of time duration I in terms of climatic 

conditions and sample size. This trend is also in agreement 

with the studies done in Indian context (Sharma et al, 2020; 

Singh et al, 2020; Gupta et al, 2020; Bherwani et al, 2020) 

which were mostly done around March-June, 2020 

duration. For duration I, the new cases of the disease and 

daily temperature are found to have positive Kendall’s 

coefficient for Delhi and Chandigarh while negative for 

Kerala and non-significant for Andhra Pradesh and 

Puducherry. This is against Muktavat and Kumar (2021) 

where for the new cases and temperature, Kendall’s 

coefficients were found to be positive for all regions except 

for Kerala. 

 
 

 

On the contrary, for time duration II which has larger 

sample size (295 days, from March 12-Dec 31, 2020), a 

negative coefficient of correlation is obtained for day-wise 

mean temperature and COVID-19 total cases for all regions 

and the trend of relationship is found to be similar though 

weaker, for time duration III (430 days), for all regions 

except Kerala where the correlation is not significant.  

For this time duration, non-significant or weak relationship 
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is obtained for temperature and daily new cases for most of 

the regions. The inverse correspondence of temperature and 

the cases of this disease has been reported in many previous 

studies done for different parts of the world (Mecenas et al, 

2020).  

In the present study, while the trends of correspondence 

between temperature and COVID-19 cases are positive for 

smaller sample size (for duration I), for larger sample size 

(for duration II and III) these are mostly negative. Not only 

this, it sometimes depicts no correlation between these 

factors. In total, there is disparity in the trends obtained 

from correlation tests for temperature and COVID-19 cases 

for different time periods. 

 

 

 
 

 

Table 3 lists Kendall’s coefficients for Relative Humidity 

(at 2 m height) and COVID-19 cases for the above three-

time durations. 

For time duration I, Kendall’s coefficients calculated for 

relative humidity and the cases of the disease have positive 

value for Andhra Pradesh and Kerala while have a weak 

negative or non-significant value for other three regions. 

The correlation of relative Humidity and the cases of the 

disease is assessed to be positive for Kerala only out of the 

above regions by Muktavat and Kumar (2021) for the 

duration January-May, 2021. 

For time duration II, Kendall’s coefficient for humidity and 

COVID-19 cases for Andhra Pradesh, Kerala and 

Puducherry are positive while negative for Chandigarh and 

non-significant for Delhi. For duration III, a negative value 

of the Kendall’s coefficient is obtained for the humidity and 

the cases of the disease for three regions, i.e., Chandigarh, 

Delhi and Kerala while it is positive for Puducherry and 

non-significant for Andhra Pradesh.  

Overall, it is observed that these statistical non-linear rank 

correlation tests proved to be insufficient in providing 

consistent results to establish an association of relative 

humidity with COVID-19 cases for different regions in 

different spans of time. Spearman’s rank correlation test 

also could not provide consistent results for association of 

COVID-19 cases with temperature/humidity over the above 

three-time durations (Appendix).  By taking into 

consideration aforementioned points altogether, it can be 

concluded that the rank correlation coefficient approach 

creates an ambiguous picture which is not reliable enough 

in an attempt for policy making to reduce the growth rate of 

COVID-19 in India. 

The disparity in the outcomes of rank correlation tests for 

the association of climatic factors (Humidity and 

temperature) and COVID-19 cases over different time 

periods and regions may be interpreted in the below 

mentioned ways: 

(i) There are various other factors which affect 

the transferal of the disease directly, e.g. 

(a) The strategies made for the containment 

of disease (like lockdown measures and 

its duration) 

(b) Strict enforcement/implementation of the 

protocols. 

(c) Swift testing facilities and proper 

isolation or quarantine of the suspected 

cases, patients and their families. 

(d) Density of the regions and more/less use 

of public transport for movement by 

people.  

The above factors may have variations over 

different time durations and regions due to 

which there may be difference in the trends of 

coefficients of correlation calculated for 

different regions and different time durations. 

 

(ii) Though the survival time of the SARS-CoV-2 

virus depends on humidity along with 

temperature (Riddell et al, 2020; Biryukov et 

al, 2020), but the dependence of the spread of 

this disease on the factors given in point (i) is 

much more.  

(iii) As it is a multivariate problem, Kendall’s 

coefficient calculated simply by taking two 

variables only may be ambiguous. 

Since for different time durations, the statistical rank 

correlation tests (applied for two variables at a time) results 

in different trends, these tests are inconsistent in concluding 

the dependence of transmissibility of the disease on 

temperature/humidity. The crucial examination of the data 

of the present study and a number of independent studies of 

the same lineage, lead the authors to suggest that the 

correlation – coefficient approach is not sufficient until the 

influence of other controlling variables is taken in to 
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account. Mecenas et al (2020) also found that most of the 

studies reporting the connection of seasonal factors with 

COVID-19 cases have low certainty of results. As of now, 

no clear dependence of surge or drop in the cases of the 

disease on temperature/humidity has been confirmed. 

 

IV. CONCLUSIONS 

 

The analysis of multifaceted data with the help of 

correlation tests contemplates it with vagueness, 

emphasizing the implementation of more broadly applicable 

and robust statistical techniques. It is supported by the fact 

that the non-linear rank correlation tests conducted for 

temperature/humidity with the cases of COVID-19 disease 

considering five Indian regions for three time periods had 

come out with different results for different periods. These 

differences may be as a result of the fact that the other 

factors in coherence with the climatic factors are also to be 

considered responsible for the transmission of the disease. 

It is therefore concluded that the results of the rank 

correlation tests seem to be inadequate for deriving any 

conclusion for the impact of temperature or humidity on the 

transferal of the disease.  

For more accurate results, the authors therefore suggest the 

implementation of other more suitable statistical techniques 

such as regression analysis - a procedure equipped with the 

inclusion of many factors at a time to arrive at a more 

reliable, decisive and worthwhile conclusion. 
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Appendix 

 

Values of Spearman Rank Correlation Coefficients 

calculated for COVID-19 Cases and Temperature/Humidity 

over different durations for five Indian regions. 
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