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Abstract 

The climate change may be mitigated, and intra air quality assessment and local human well-

being can benefit from a decrease in emission of pollutant content in the air. Monitoring the 

quality of the air around us is one way to do this. However, a location with various emission 

sources and short-term fluctuations in emissions in both time and space, and changes in winds, 

temperature, and precipitation creates a complex and variable pollution concentration field in 

the atmosphere. Therefore, based on the time and location where the sample is obtained, the 

measurement conducted are reflected in the monitoring results. This study aims to investigate 

one of India's most polluted cities' air quality measurements by greenhouse gas emissions. 

Using the Mann-Kendall and Sen's slope estimators, the research piece gives a statistical trend 

analysis of several air contaminants based on previous pollution data from Mumbai, India's air 

quality index station. In addition, future levels of air pollution may be correctly forecasted 

using an autoregressive integrated moving average model. This is followed by comparing 

different air quality standards and forecasts for future air pollution levels. 

Keywords: Air pollutants, statistical approach, air quality index, greenhouse gas, slope 

estimators 

 Introduction 

The Kyoto Protocol was the first treaty to acknowledge human-caused global warming. 

Climate phenomena such as heatwaves, cyclones, and heavy rain may cause catastrophes and 

damage because of their unpredictability. The target greenhouse gases include CO2, CH4, N2O, 

and fluorinated gases, according to the protocol's definition (F-gases), with the unit as Parts 

Per Million (PPM) respectively. There is a huge amount of carbon dioxide (CO2) equivalents 
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produced by human activity each year, most of which comes from fossil fuels used in the 

energy sector [1-5]. For example, cutting gas emissions from various sectors such as energy-

related projects and travel-based sectors and industrial smoke, changes the environment while 

improving air quality and public health. 

Regulated air pollution data are commonly used in worldwide population-based 

epidemiological investigations. Because of their limited geographic coverage, regulatory 

monitors tend to focus on locations with large population. Efforts to evaluate air quality have 

been stepped up, including the use of data sources like dispersion models and satellite imaging, 

in addition to monitoring measures [6-9]. Health effect and health impact evaluations 

increasingly rely on these data sets, frequently with better spatial-temporal coverage and 

resolution. Table 1 shows some standard indication of the presence of gases. 

Table 1. Standard indication of presence of gases 

Scale 
CO (ppm) 

(Realtime) 

SO2 (ppm) 

(Realtime) 

NO2 (ppm) 

(Realtime) 

Standard 

Indication 

Good 0 – 4.4 0 - 35 0 – 50  

Moderate 4.5 – 9.4 36 – 75 51 – 100  

Unhealthy for 

sensitive people 

9.5 – 12.4 76 – 186 101 – 350  

Unhealthy 12.5 – 15.4 187 – 302 351 – 630  

Very Unhealthy 15.5 – 30.4 303 – 605  631 – 1250  

Hazardous 30.5 – 50 606 - 1000 1251 - 2000  

Globally, urban air pollution concentrations have risen during the last year. According 

to the World Health Organization (WHO), more than 80% of people who live in metropolitan 

areas where air pollution is measured, are exposed to levels that exceed WHO standards. From 

2012 to 2020, the WHO estimates this rise to reach 8%. In major cities, air pollution is a major 

issue, increasing the risk of heart attacks, strokes, lung cancer, and other acute and chronic 

respiratory illnesses, such as asthma. Building materials and cultural artefacts may also be 

damaged [2]. There has been extensive research on the negative effects of air pollution and its 

sources, and the decline in urban quality is primarily due to an increase in traffic emissions, 

which account for most of the air pollution. 
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In environmental research, a variety of multivariate approaches are used since they give 

information on association, interpretation, and modelling of big ecological datasets. In order to 

determine the link between pollutants or other variables that impact air quality, a useful 

statistical technique is correlation analysis, and it is good to know or seek out the most 

important factors or sources of chemical components [10-14].  

This research article contains several sections to explain the entire flow of work; section 

2 provides past research work of trend analysis of air pollutants. Section 3 discusses the 

proposed research idea with statistical analysis. Section 4 delivers obtained results from the 

proposed work. Finally, section 5 concludes this research work with forthcoming 

enhancements. 

 Related Works 

There are many studies on air pollutants through ozone level concentric regions 

worldwide. Liu et al. deliver the various regression models used to find the change of ozone 

and temperature in Taiwan. Besides, tree planting has been shown and tested to increase the 

air quality measurement [15]. Wang et al. found that air quality improvement zones in Taiwan 

may reduce global warming by capturing CO2 and storing it. There is some disagreement on 

the long-term effects of Electric Vehicle (EV) penetration on Taiwan's air quality, although Li 

et al. found that traditional fuel-based cars are responsible for a significant portion of the 

emissions of air pollutants. A correlation between dry eye illness and air pollutants (such as 

CO and NO2), as well as temperatures, was also discovered [16,17]. 

The ARIMA modelling was used to anticipate the pollutants' values with high accuracy 

after the M-K test and Sen's slope estimator tests were performed to determine the presence of 

a trend in the pollutants' time-series data. Using data from an Air Quality Index (AQI) station 

in Varanasi, India, the research investigated the trends and anticipated pollutant concentrations 

[18]. 

Using AQI pollution data, many statistical modelling approaches are available for trend 

analysis and forecasting purposes. The proposed statistical modelling techniques of Zuma 

Netshiukhwi et al. do not rely on traditional environmental predictions or pollutants 

formulation through chemical with absolute values to use old data of air pollutants data, for 

estimating the air quality in the near future [19]. 
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For the suggested research, nonparametric tests are used for statistical analysis. 

According to Watthancheewakul et al.'s research work, nonparametric tests don't have to 

adhere to the standard distribution of independent data as parametric tests do [20]. 

 Proposed Statistical Trend Analyses 

3.1 Collection of Air Quality data 

The pollutant data from Mumbai, India, is used in this research. Located in the western 

Maharashtra area, Mumbai is a significant commercial centre with a big port. Mumbai's air 

quality was found to be the worst in India in a recent assessment, and according to the municipal 

pollution control board's 2017 statistics, there was not a single day of "excellent" air quality 

[21 – 25]. Figure 1 shows the overall proposed architecture for future prediction air pollutants. 

 

Figure 1. Simplified proposed architecture for future prediction air pollutants 

3.2 Statistical Test Approach 

When it comes to testing, this study uses a method known as the Mann–Kendall (M–

K) test, which was first developed in 1945 by Mann and then revised by Kendell (1975). To 

reject the null hypothesis, no monotonic trend is assumed in the data. The alternative hypothesis 

indicates that a monotonic trend exists, either positively or negatively. It is commonly agreed 

that the M-K test is a proper statistical technique for predicting and analysing various 



ANALYSIS OF STATISTICAL TRENDS OF FUTURE AIR POLLUTANTS FOR ACCURATE PREDICTION 

 

ISSN: 2582-2640  264 

contaminants' statistical patterns over time [26-29]. For the M-K test, the P statistics value is 

derived in the following manner: 

3.3 Calculation of AQI in Mumbai  

Currently, the AQI in Mumbai’s unhealthy air pollution level is shown in table 2 & 3.  

Step 1 

𝑆𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 =  ∑ ∑ |𝑥𝑗 − 𝑥𝑖|

𝑁

𝑗=𝑖+1

𝑁−1

𝑖=1

 

Pollutant data points with "j" being more significant than “i" is found in time-series, 

where N is the number of data points in the time-series. According to null hypothesis H, all 

individual pollutant levels for each day of the year across the year are not in a trend. Alternate 

hypothesis H claims that pollutant data points show a monotonic trend. 

Step 2 

|𝑥𝑗 − 𝑥𝑖| = {

1    𝑖𝑓 𝑥𝑗 − 𝑥𝑖  > 𝑍𝑒𝑟𝑜

0    𝑖𝑓 𝑥𝑗 − 𝑥𝑖 = 𝑍𝑒𝑟𝑜

1    𝑖𝑓  𝑥𝑗 − 𝑥𝑖  <  𝑍𝑒𝑟𝑜

 

Step 3 

For the powerful Sen’s slope estimation with trend estimation,  

𝑃𝑖 =
𝑥𝑗 − 𝑥𝑖

𝑏 − 𝑎
 ; 𝑓𝑜𝑟 𝑖 = 1,2,3 … . 𝑁 

Step 4 

The accurate prediction is defined as, 

𝑃𝑎𝑣𝑔 = {

𝑝𝑚𝑒𝑎𝑛+1
2

𝑝𝑚𝑒𝑎𝑛
2⁄

2

+ 𝑝𝑚𝑒𝑎𝑛+2
2

2

 

The M-K test uses a significant level prediction average to anticipate the trend of 

contaminants, although there is the potential for alternative significant levels. Sen's slope 
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estimator is used to determine the rate of change for contaminants that do not move in the M-

K Test. 

3.4 Forecasting of estimation by Autoregressive mode 

This Auto Regressive Integrated Moving Average (ARIMA) was developed by Box 

and Jenkins, initially used to forecast and estimate future values in univariate time-series data 

(1976). Besides, this technique uses various time series methods to represent better and analyze 

time-series data. With the ARIMA model, p is the order of the autoregression, d is for 

differencing order integration, and q is for moving average order. The first stage in the 

modeling process is to determine whether the time series data is stationary. 

 Results and Discussion 

In this portion of the research, the Mann-Kendall test, Sen's slope estimator test, and 

ARIMA modeling of time-series pollutants from the Maharashtra state [30 -32] AQI sampling 

station data are used. From the AQI station, the results of the Mann-Kendall test for various 

pollutants are computed and shown in Table 1-3 for the period from 2017 to 2021. 

Table 2. Computed gas values by statistical trend analysis 

Year 
SO2 (ppm) 

(Realtime) 

CO (ppm) 

(Realtime) 

NO2 (ppm) 

(Realtime) 

2018-19 3.12 0.32 13.62 

2019-20 2.38 0.31 11.57 

2020-21 2.81 0.32 13.20 

2021-22 3.41 0.41 14.31 

Several factors may impact the air quality in Mumbai, including the city's fast growth 

based on pollution by smoke creation factories, fire-based power plants in various weather 

situations etc. In addition, the massive number of automobiles and pollution creating factories 

multiply the pollution while receiving the dust from desert storms. 
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Table 3. Year-wise prediction of the status of Mumbai’s AQI  

 

Year 

Annual Average  

Moderate 

 

Unhealthy for 

sensitive people 

 

Unhealthy  

PM10 

 

NO2 

2009 -10 178 99 20 123 222 

2017-18 121 60 85 154 126 

2018-19 129 75 121 181 63 

2019-20 95 47 180 145 40 

2020-21 130 71 105 143 116 

2021-22 142 79 140 115 110 

According to an exploratory investigation, many contaminants seem to be uncorrelated 

after accounting for greenhouse gas emissions in the mean structure. Consequently, the 

multivariate spatial model is fitted to groups of contaminants that are linked to one another. As 

a result, it is difficult to establish which contaminants are highly connected. 

 

Figure 2. Year-wise Healthy and Unhealthy situation  

Consequently, Indian pollution control boards have implemented several legislative and 

administrative actions in the recent decades. In Table 3, the yearly mean of variation in the air 
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quality of Particulate Matter (PM10) and nitrogen dioxide (NO2) from 2017 to 2020 is shown. 

Specifically, during COVID–19 pandemic, a declining trend was found for all air contaminants 

related to Mumbai city's AQI. 

 

Figure 3. Various gas values in real time 

Figure 2-3 depicts the proper prediction parameters for the statistical trend analysis that 

has been proposed here. The different harmful gas readings rise after the COVID-19 lockdown 

period, owing to the large number of cars on roads, which caused the values to rise as seen in 

the graph. For sensitive and ordinary groups of individuals, the chart depicts the number of 

days during which harmful substances are prevalent in the air as well as for good and unhealthy 

people. 

 Conclusion 

This research article's statistical approach may provide the period's aggressive planning 

for various equipment and boiler, and air polluted device replacement, such as changing from 

petrol or diesel engine to natural gas engine. The smoke control equipment is used to increase 

the air quality in the region with widespread burning boiler devices, and other measures to 

reduce air pollution must be taken. This research article contains an accurate prediction of air 

quality in the present and future of Mumbai city, India. The statistical test through the mean 

and median approach has been conducted for various past resultant data, proving to be accurate. 
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These steps to improve air quality must be put in place in the future. With the recent 

establishment of several nations' sustainable development objectives, the competent central 

agency established the sustainable development targets for air quality and net greenhouse gas 

emissions shortly. Polluted countries did not see any substantial repercussions from COVID-

19, even though it had a worldwide influence on many aspects, including economic activity, 

dietary habits, air quality, and public health in the year 2020. It is thus possible to achieve 

sustainable developmental targets within a short period. 
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