Statistical Assessment of Ambient Air pollutants and Air  Quality index in Agartala Smart City vis-à-vis Guwahati and Delhi in India



ABSTRACTBackground: The Air Quality Index (AQI), developed by the Central Pollution Control Board (CPCB), is used to communicate overall air quality by combining multiple pollutants into a single value with defined health categories.
Aim: The present study conducted a comprehensive data-driven statistical assessment of ambient air quality parameters in Agartala Smart City, with comparative analysis of Guwahati and Delhi, representing different levels of urbanization, emission intensity, and meteorological variability.
Study Design: The study adopts a comparative and analytical research design integrating environmental chemistry with statistical methods to examine spatial and temporal variations in air pollution.
Place and Duration of Study: The study focuses on three Indian cities—Agartala, Guwahati, and Delhi. Secondary data were collected for a defined study period from official monitoring agencies.
Methodology: The research considers major air quality indicators such as PM₂.₅, PM₁₀, NO₂, and SO₂, which are key determinants of the Air Quality Index (AQI) and public health risk. Data were obtained from the Central Pollution Control Board and respective State Pollution Control Boards. A structured statistical framework was employed, including descriptive statistics, coefficient of variation, correlation analysis, and time-series-based linear trend modeling. These techniques were used to evaluate pollutant concentration patterns, variability, interrelationships, and trends across the selected cities. Comparative statistical diagnostics were applied to identify regional disparities in atmospheric pollution characteristics.
Results: Both North-Eastern (NE) cities show a sharp 2020 dip COVID-19 lockdown effect  followed by rapid recovery. Delhi's AQI remains persistently 2.5× higher than Agartala's. Agartala sits above Guwahati in most years but gap is closing sharply post-2020 in PM2.5. PM₁₀ concentrations are driven primarily by road dust, construction, and industrial emissions. Guwahati's topographic trapping is especially visible — its PM₁₀ rose 31% from 2014 to 2023.
Discussion: The findings reveal significant inter-city variation in air quality. Delhi exhibits consistently higher by 11x according to WHO standards pollutant concentrations due to intense vehicular traffic, industrial emissions, and construction activities. Guwahati shows moderate pollution levels influenced by urban expansion and meteorological conditions. Agartala, although relatively less polluted, demonstrates increasing variability in particulate matter levels due to transportation, roadside dust, biomass burning, and seasonal effects. The coefficient of variation and correlation analysis indicate strong interdependence among pollutants, suggesting common anthropogenic sources and atmospheric transformation processes.
Conclusion: The study demonstrates that statistical analysis provides valuable insights into urban air pollution dynamics and regional variability. While Agartala currently maintains relatively better air quality, the observed increasing variability in pollutant levels indicates emerging environmental concerns. The findings highlight the need for proactive, region-specific air quality management strategies and reinforce the importance of data-driven approaches for sustainable urban environmental planning and policy formulation.
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1. Introduction
Air pollution has become a major environmental and public health issue in India due to rapid urbanization, industrialization, increasing vehicular traffic, and infrastructure development. Urban air pollution is mainly characterized by high levels of particulate matter (PM₂.₅ and PM₁₀) along with gaseous pollutants such as nitrogen dioxide (NO₂) and sulphur dioxide (SO₂). Among these, particulate matter is the primary contributor to the Air Quality Index (AQI) and is associated with serious health risks including respiratory and cardiovascular diseases (Bishoi et al., 2009; Suman, 2021; Patel et al., 2017).
The Air Quality Index (AQI), developed by the Central Pollution Control Board (CPCB), is used to communicate overall air quality by combining multiple pollutants into a single value with defined health categories. In most Indian cities, PM₂.₅ and PM₁₀ significantly influence AQI levels, while SO₂ and NO₂ generally remain within permissible limits (Bishoi et al., 2009; Basumatary et al., 2022).
Delhi, the national capital, is one of the most polluted megacities in the world due to high vehicular density, industrial emissions, construction activities, road dust, and crop residue burning in neighbouring states. These factors frequently lead to “Very Poor” to “Severe” AQI levels (Patel et al., 2017; Basumatary et al., 2022; Roy et al., 2018).
Guwahati, the largest city in Northeast India, has experienced rapid urban growth, resulting in increasing pollution from vehicular emissions, road dust, and construction activities. Although its pollution levels are lower than Delhi, rising particulate concentrations have been observed (Roychowdhury et al., 2021; Shubham et al., 2025; Mathur et al., 2025).
Agartala, a Smart City under the Government of India’s Smart Cities Mission, has traditionally maintained relatively better air quality due to limited industrial activity. However, increasing vehicles and urban development are gradually contributing to higher pollution levels (Roy et al., 2018; Guha et al., 2015; Roychowdhury et al., 2021).
Meteorological factors such as rainfall, wind patterns, and temperature influence pollutant dispersion. While higher rainfall in Northeast India helps reduce pollution, increasing particulate levels in Guwahati and Agartala indicate growing anthropogenic impacts. Comparative studies between northeastern cities and megacities like Delhi remain limited (Guha et al., 2015; Roychowdhury et al., 2021; Shubham et al., 2025).
2. METHODOLOGY

2.1 Study Area
The present study focuses on three Indian cities—Delhi, Guwahati, and Agartala—which represent different levels of urbanisation and air pollution. These cities differ in geographical location, climate, population density, and economic activities, all of which influence their air quality conditions
1. Delhi 
Delhi is located in northern India between latitudes 28°24′17″ N to 28°53′00″ N and longitudes 76°50′24″ E to 77°20′37″ E, covering an area of about 1,483 km². Situated in the Indo-Gangetic Plain, the city experiences an extreme continental climate with very hot summers (up to 45–47°C) and cold winters (around 5–7°C). As one of the most densely populated megacities in the world, Delhi faces severe air pollution due to heavy vehicular traffic, industrial activities, construction work, road dust, and biomass burning. These factors contribute to very high levels of PM₂.₅ and PM₁₀, making Delhi a benchmark city for severe air pollution in India.
2. Guwahati 
Guwahati, the largest metropolitan city in Northeast India, is located at 26°10′ N latitude and 91°45′ E longitude and covers about 216 km². The city lies on the southern bank of the Brahmaputra River and is surrounded by hills, which influence local air circulation. It has a humid subtropical climate with moderate summers (30–35°C) and mild winters (10–15°C). Although rainfall helps reduce pollution, rapid urbanisation has increased emissions from vehicles, road dust, construction activities, brick kilns, and small industries. The surrounding hills sometimes restrict air movement, causing pollutant accumulation, especially during winter.
3.  Agartala 
Agartala, the capital of Tripura, is located at 23°50′ N latitude and 91°16′ E longitude near the India–Bangladesh border and covers an area of about 76 km². The city experiences a tropical monsoon climate with warm summers (30–34°C) and mild winters (10–12°C). Compared to major Indian cities, Agartala has traditionally maintained relatively better air quality due to limited industrial activity. However, recent urban development under the Smart Cities Mission has led to increasing pollution from rising vehicle numbers, construction work, diesel generators, and urban expansion. This makes Agartala an important case for studying changing air quality in a developing Smart City.
	City
	Urban Type
	Pollution Level
	Role in Study

	Delhi
	Megacity
	Very High
	National benchmark

	Guwahati
	Regional metro
	Moderate and rising
	Northeast urban hub

	Agartala
	Smart City
	Low–moderate
	Emerging urban system


Table1. Compare in three City
2.2 Data Collection
We are collected the secondary data 
1. Central Pollution Control Board (CPCB)
The data used in the present study were obtained from the official database of the Central Pollution Control Board (CPCB), Government of India. CPCB operates and supervises the National Air Quality Monitoring Programme (NAMP) and Continuous Ambient Air Quality Monitoring Stations (CAAQMS) across various cities, ensuring standardized and quality-controlled air pollution measurements. Secondary data on major atmospheric pollutants, including particulate matter (PM₂.₅ and PM₁₀) and gaseous pollutants such as nitrogen dioxide (NO₂) and sulfur dioxide (SO₂), were collected for Agartala, Guwahati, and Delhi from the CPCB online portal. The dataset consists of routinely monitored pollutant concentrations recorded at regular intervals and publicly made available for research and policy analysis.
The CPCB monitoring framework follows uniform sampling, calibration, and validation procedures, which enhance the reliability and comparability of pollutant measurements across different cities. The collected data were systematically organized, screened for completeness, and processed for statistical analysis in order to ensure consistency and accuracy in inter-city comparison. These officially reported datasets form the empirical basis of the present comparative assessment of atmospheric pollutants.
2. Tripura State Pollution Control Board (TSPCB)
For Agartala Smart City, atmospheric pollutant data were obtained from the Tripura State Pollution Control Board (TSPCB), which functions under the provisions of the Air (Prevention and Control of Pollution) Act, 1981 and the Environment (Protection) Act, 1986. TSPCB is responsible for monitoring ambient air quality within the state and operates air monitoring stations in coordination with national regulatory frameworks. The board regularly measures key atmospheric pollutants, including particulate matter (PM₂.₅ and PM₁₀) and gaseous pollutants such as nitrogen dioxide (NO₂) and sulfur dioxide (SO₂), following standardized monitoring and quality assurance protocols.
The data collected from TSPCB are generated through approved sampling methods and validated monitoring instruments, ensuring reliability and consistency. These officially reported datasets were used as secondary data for statistical analysis and comparative assessment in the present study.
3. Assam Pollution Control Board (APCB)
For Guwahati city, atmospheric pollutant data were collected from the Assam Pollution Control Board (APCB), the statutory authority constituted under the Water (Prevention and Control of Pollution) Act, 1974 and the Air (Prevention and Control of Pollution) Act, 1981. APCB is responsible for monitoring, controlling, and regulating environmental pollution within the state of Assam. The board operates ambient air quality monitoring stations under national guidelines and in coordination with the Central Pollution Control Board (CPCB).
The monitoring framework of APCB includes systematic measurement of major atmospheric pollutants such as particulate matter (PM₂.₅ and PM₁₀) and gaseous pollutants including nitrogen dioxide (NO₂) and sulfur dioxide (SO₂). The data are collected using standardized sampling techniques and calibrated instruments to ensure accuracy, consistency, and reliability. The officially reported secondary data from APCB were used in the present study for statistical analysis and inter-city comparative evaluation of pollutant concentration levels.
4. www.data.gov.in 
5. aqi.in 
6. IQAIR
2.3 METHOD
1. Data Collection
The air quality data used in this study were collected from the official database of the Central Pollution Control Board (CPCB) and Tripura State Pollution Control Broad and Assam Pollution Control Broad. The dataset includes daily average concentrations of major atmospheric pollutants such as:
i) PM₂.₅ 		ii) PM₁₀		iii) SO₂			iv) NO₂
The study period covers the data 2013-2023. Data were obtained from continuous ambient air quality monitoring stations. We can’t collect the data of 2024,2025 because of ‘absence of average data’.
2. Calculation of Air Quality Index (AQI)
The Air Quality Index (AQI) was calculated using the standard methodology prescribed by the Central Pollution Control Board under the National Air Quality Index framework (Bishoi et al., 2009; Suman, 2021; CPCB, 2024).

AQI Formula:
For each pollutant, a sub-index (Iₚ) was calculated using:

Where:
· ( ) = Observed pollutant concentration
· (), () = Breakpoint concentrations
· (), () = Corresponding AQI breakpoints
[image: ]The overall AQI was determined by taking the maximum sub-index value among all pollutants.
Table2. AQI level Table
3. Statistical Analysis Using SPSS
All statistical analyses were performed using SPSS (Statistical Package for the Social Sciences) software.
(a) Descriptive Statistics
Descriptive statistical measures such as:
I. Mean			ii)  Standard Deviation
were calculated to understand the central tendency and dispersion of pollutant concentrations.
(b) Coefficient of Variation (CV)
The coefficient of variation was calculated to measure the relative variability of pollutants.
  
A higher CV indicates greater variability in pollutant concentration over time.
	Coefficient of Variation (CV %)
	Level of Variability
	Interpretation

	CV < 10%
	Very Low Variability
	Data is highly consistent and very stable around the mean.

	10% – 20%
	Low Variability
	Data shows small fluctuations and is fairly reliable.

	20% – 30%
	Moderate Variability
	Data has noticeable variation but still acceptable for analysis.

	CV > 30%
	High Variability
	Data is highly dispersed and shows large fluctuations around the mean.


List 1- Coefficient of Variation analysis
(c) Correlation Analysis
	Pearson’s correlation coefficient (r) was used to determine the relationship between:
· PM₂.₅ of different city’s with Agartala
· SO₂ and NO₂
· Individual pollutants and AQI
The correlation value ranges between -1 and +1:
List 2-Correlation Analysis
	Correlation Coefficient (r)
	Interpretation

	+0.70 to +1.00
	Strong positive relationship

	+0.40 to +0.69
	Moderate positive relationship

	+0.10 to +0.39
	Weak positive relationship

	0
	No correlation

	–0.10 to –0.39
	Weak negative relationship

	–0.40 to –0.69
	Moderate negative relationship

	–0.70 to –1.00
	Strong negative relationship


(d) Graphical Representation
Graphs were prepared for visual interpretation of pollutant trends, including:
· Line graphs of PM₂.₅, PM₁₀, SO₂, and NO₂
· Bar diagrams for monthly average concentrations
· Scatter plots for correlation analysis
These visual representations help identify seasonal variations and pollution peaks.
(e) Linear Trend Analysis
A linear trend model was applied to examine the long-term variation in pollutant concentration:

Where:
· Y = Pollutant concentration
· t = Time
· b = Trend coefficient
If b > 0 → Increasing trend
If b < 0 → Decreasing trend
(f) Forecasting
Time-series forecasting was performed using linear trend projection in SPSS to estimate future pollutant concentrations and AQI values. This helps in predicting possible future pollution scenarios.
(g) F-Test for Two-Sample Variances 
The F-test is used to compare the variances of two populations and check whether they are equal.
Hypotheses
· H₀: σ12= σ22 (variances are equal)
· H₁: σ12≠ σ22 (variances are not equal)
Test Statistic
F = σ12/ σ22 
(Usually, the larger variance is taken in the numerator)
Degrees of Freedom
· ( df1 = n1 - 1 )
· ( df2 = n2 - 1 )
Decision Rule
· If calculated ( F > ) table value → Reject H₀
· Otherwise → Do not reject H₀
Assumptions
· Samples are independent
· Data is normally distributed
· Random sampling
Use
· To test equality of variances
· Important before applying t-test or ANOVA
4. Software Tools
· Microsoft Excel (for data cleaning and initial tabulation)
· SPSS (for statistical analysis and trend modeling)

Results & Discussion
5. Graphical Representation
In this part of the analysis, the average values of Air Quality Index (AQI) and major atmospheric pollutants such as PM₂.₅, PM₁₀, NO₂, and SO₂ for Agartala, Delhi, and Guwahati were compared using graphical representation. The visualization was carried out with the help of statistical and spreadsheet software such as SPSS and Microsoft Excel to clearly illustrate the differences in pollutant levels among the selected cities.
i) AQI












Fig 1- Air Quality Index (AQI) in Agartala, Delhi, and Guwahati 
Agartala vs Delhi:
Delhi records much higher AQI values, often around 300 or more, indicating severe pollution. In contrast, Agartala generally shows lower AQI levels (80–135), reflecting comparatively better air quality, though occasional increases above 200 were observed (Patel et al., 2017; Basumatary et al., 2022).
Agartala vs Guwahati:
Agartala also shows lower AQI than Guwahati. While both cities saw a decline around 2020, Guwahati generally records higher pollution levels. Overall, Agartala maintains relatively better air quality, though a gradual rise in AQI is noticeable (Roy et al., 2018; Roychowdhury et al., 2021; Shubham et al., 2025).
ii) PM2.5

                  Fig 2- PM₂.₅ level in Agartala, Delhi, and Guwahati 
Agartala vs Delhi:
Delhi records much higher PM₂.₅ levels (about 145–180 µg/m³) compared to Agartala (about 48–72 µg/m³) during 2014–2023, indicating much more severe pollution in Delhi.
Agartala vs Guwahati:
Agartala generally shows higher PM₂.₅ than Guwahati for most years. However, Guwahati’s PM₂.₅ has steadily increased, and by 2023 both cities show nearly similar levels.
iii) PM10
Fig 3-  PM₁₀ levels  in Agartala, Delhi, and Guwahati 

Agartala vs Delhi:
Delhi records much higher PM₁₀ levels (about 210–275 µg/m³) than Agartala (about 78–110 µg/m³), indicating far more severe particulate pollution.
Agartala vs Guwahati:
Agartala shows lower PM₁₀ levels than Guwahati throughout the study period. Guwahati records higher concentrations with a noticeable increase around 2019 and 2023.
iv) SO2

Fig 4- SO₂ level in Agartala, Delhi, and Guwahati 

Agartala vs Delhi:
Agartala records lower and more stable SO₂ levels than Delhi. While Delhi shows higher values initially, they gradually decline over time.
Agartala vs Guwahati:
Agartala generally shows slightly lower SO₂ levels than Guwahati. Although both cities saw a drop around 2020, Guwahati shows a gradual increase and higher values in later years.










v) NO2

Fig 5-    NO2   level in Agartala, Delhi, and Guwahati 

Agartala vs Delhi:
The NO₂ graph indicates that Delhi consistently records much higher NO₂ concentrations than Agartala during 2014–2023. Delhi’s values generally remain between about 38 and 52 µg/m³, reflecting stronger emissions from sources such as vehicular traffic and urban activities. In contrast, Agartala maintains much lower NO₂ levels, mostly ranging between about 15 and 24 µg/m³, although a gradual increase is observed toward the later years.
Agartala vs Guwahati:
When compared with Guwahati, Agartala shows consistently lower NO₂ concentrations throughout the study period. Guwahati’s values increase steadily from around 20 µg/m³ in 2014 to about 33 µg/m³ in 2023, indicating higher pollution levels than Agartala. Although both cities experience a noticeable decline around 2020, Agartala remains comparatively lower in NO₂ concentration than Guwahati in most years.
6. Statistical Analysis
i) Descriptive Statistics

	Guwahati

	Average  PM2.5
	38.6
	SD PM2.5
	11.4717

	Average PM10
	159.7
	SD PM10
	29.93716

	Average SO2
	8.6
	SD SO2
	1.577621

	Average NO2
	26.4
	SD NO2
	4.501851

	Average  AQI
	135.6
	SD AQI
	29.94885

	
	
	
	

	Coefficient of Variation PM2.5
	29.71944
	
	

	CV PM10
	18.74587
	
	

	CV SO2
	18.34443
	
	

	CV NO2
	17.05247
	
	

	CV AQI
	22.08617
	
	

	


	Agartala

	AV PM2.5
	62.7
	SD PM2.5
	7.717944

	AV PM10
	93.4
	SD PM10
	10.29779

	AV SO2
	7.1
	SD SO2
	1.197219

	AV NO2
	18.7
	SD NO2
	3.335

	AV AQI
	111.9
	SD AQI
	18.32697

	
	
	
	

	CV PM2.5
	12.30932
	
	

	CV PM10
	11.02547
	
	

	CV SO2
	16.86224
	
	

	CV NO2
	17.83422
	
	

	CV AQI
	16.37799
	
	

	CV in Percentage




	Delhi

	AV PM2.5
	164.4
	SD PM2.5
	11.6065116

	AV PM10
	244.8
	SD PM10
	24.5709856

	AV SO2
	9.5
	SD SO2
	1.43372088

	AV NO2
	45.7
	SD NO2
	4.57165178

	AV AQI
	305.5
	SD AQI
	21.1305466

	 
	 
	 
	 

	CV PM2.5
	7.05992189
	 
	 

	CV PM10
	10.0371673
	 
	 

	CV SO2
	15.0917987
	 
	 

	CV NO2
	10.0036144
	 
	 

	CV AQI
	6.9167092
	 
	 

	CV in Percentage



List 3- Descriptive Statistics Analysis

The coefficient of variation (CV) is an important statistical measure used to understand the level of variability in relation to the mean of a dataset. It is calculated by dividing the standard deviation by the mean and multiplying the result by 100. Unlike standard deviation alone, CV helps compare the relative variability of pollutants across different cities even when their average concentrations differ. In this study, CV is used to examine the stability of pollution levels in Agartala, Delhi, and Guwahati.
The analysis shows that Delhi generally has lower CV values, indicating relatively stable pollutant concentrations over time. For example, the CV of PM₂.₅ and AQI is around 7%, suggesting very low variability and consistently high pollution levels. PM₁₀ and NO₂ show moderate variability with CV values around 10%, while SO₂ (about 15%) shows comparatively higher fluctuations.
In contrast, Agartala shows higher CV values, indicating greater fluctuations in pollutant concentrations. Although the overall pollution level is lower than Delhi, variations occur due to seasonal meteorological factors such as rainfall, wind speed, and regional air movement.
Guwahati represents an intermediate situation, with moderate CV values. Urban growth, vehicular emissions, and its valley-like topography surrounded by hills influence the dispersion and accumulation of pollutants (Roychowdhury et al., 2021; Shubham et al., 2025).
Overall, the CV analysis shows that Delhi has consistently high but stable pollution levels, while Agartala and Guwahati experience more variable pollution patterns influenced by environmental and seasonal factors (Gupta and Kapoor, 2014; Natarajan et al., 2024; Basumatary et al., 2022).
7. FORECAST
Fig 6- Forecast of AQI of Agartala 
i) Feature forecast of AQI of Agartala 
List 4- AQI FORECAST OF AGARTALA
	AQI FORECAST OF AGARTALA

	Year
	AQI
	Year
	AQI
	Forecast(AQI)

	2014
	82
	2023
	138
	138

	2015
	91
	2024
	 
	138

	2016
	104
	2025
	 
	143

	2017
	112
	2026
	 
	148

	2018
	118
	2027
	 
	153

	2019
	125
	2028
	 
	158

	2020
	96
	2029
	 
	164

	2021
	121
	2030
	 
	169

	2022
	132
	2031
	 
	174

	
	
	
	
	

	

	
	
	
	


ii) Feature forecast of PM2.5 of Agartala 
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Fig 7-   Forecast of PM2.5 of Agartala 


List -5- PM2.5 FORECAST OF AGARTALA
	PM2.5 FORECAST OF AGARTALA

	Year
	PM2.5
	Year
	PM2.5
	Forecast(PM2.5)

	2014
	48
	2023
	65
	65

	2015
	52
	2024
	 
	66.93333333

	2016
	59
	2025
	 
	68.86666667

	2017
	63
	2026
	 
	70.8

	2018
	66
	2027
	 
	72.73333333

	2019
	68
	2028
	 
	74.66666667

	2020
	73
	2029
	 
	76.6

	2021
	69
	2030
	 
	78.53333333

	2022
	64
	2031
	 
	80.46666667



3. Correlation Analysis	
	Correlation Analysis

	 
	Delhi
	Guwahati

	PM2.5
	0.610514
	0.480396

	PM10
	0.905833
	0.899668

	SO2
	-0.22656
	0.964773

	NO2
	0.831523
	0.970967

	AQI
	0.413591
	0.973229



list 6- 	Correlation Analysis showing pollutants in Agartala with Delhi and Guwahati
The table shows the correlation analysis of atmospheric pollutants in Agartala with Delhi and Guwahati. The correlation coefficient (r) indicates the strength of the relationship between pollutant levels in these cities.
When compared with Delhi, PM₂.₅ (r = 0.61) shows a moderate positive correlation, while PM₁₀ (r = 0.91) and NO₂ (r = 0.83) show strong positive correlations, indicating similar trends between the two cities. However, SO₂ (r = −0.23) shows a weak negative correlation, suggesting different variation patterns. The AQI (r = 0.41) indicates only a moderate relationship.
In comparison with Guwahati, most pollutants show very strong positive correlations, including PM₁₀ (r = 0.90), SO₂ (r = 0.96), NO₂ (r = 0.97), and AQI (r = 0.97). PM₂.₅ (r = 0.48) shows a moderate correlation.
Overall, the results indicate that Agartala’s pollution pattern is more closely related to Guwahati than to Delhi, particularly for PM₁₀, SO₂, NO₂, and AQI (Guha et al., 2015; Roychowdhury et al., 2021; Mathur et al., 2025).
Table 3: F-Test Analysis Between Agartala And Guwahati 
	 
	PM2.5 Agartala
	PM2.5 Guwahati 

	Mean
	62.7
	38.6

	Variance
	59.56666667
	131.6

	Observations
	10
	10

	df
	9
	9

	F
	0.452634245
	

	P(F<=f) one-tail
	0.126665311
	

	F Critical one-tail
	0.314574906
	 



Hypothesis 
H0: the variance of this two cities PM2.5 is equal 
H1: the variance of this two cities PM2.5 is not equal
The test shows that the test is not significant at 5% level of significance.

4.  Recent Scenario (Agartala)
	 

	Date
	Colour
	AQI
	Major Pollutant
	Date
	Colour
	AQI
	Major Pollutant

	Feb-26
	Yellow
	115
	PM10
	08-Mar
	Yellow
	162
	PM2.5

	Feb-25
	Red
	356
	PM10
	09-Mar
	Yellow
	146
	PM2.5

	Feb-26
	Orange
	251
	PM2.5
	10-Mar
	Yellow
	191
	PM2.5

	Feb-27
	Orange
	263
	PM2.5
	11-Mar
	Orange
	231
	PM2.5

	Feb-28
	Orange
	216
	PM2.5
	12-Mar
	Yellow
	175
	PM2.5

	01-Mar
	Yellow
	161
	PM2.5
	13-Mar
	Yellow
	117
	PM2.5

	02-Mar
	Yellow
	132
	PM2.5
	14-Mar
	Light Green
	68
	 PM2.5

	03-Mar
	Orange
	213
	PM2.5
	15-Mar
	Light Green
	66
	 PM2.5

	04-Mar
	Orange
	252
	PM2.5
	16-Mar
	
	--
	 

	05-Mar
	Orange
	239
	PM2.5
	17-Mar
	
	--
	 

	06-Mar
	Orange
	225
	PM2.5
	18-Mar
	Yellow
	102
	PM10

	07-Mar
	Orange
	206
	PM2.5
	19-Mar
	Yellow
	107
	PM10


List 7- Present State of AQI due to Major Pollutants in 2026
4.1 Seasonal pollutants
Seasonal variation of atmospheric pollution in Agartala, Guwahati, and Delhi can be understood by examining how pollutant concentrations change during different seasons of the year. For this purpose, the year is generally divided into four seasons: winter (December–February), pre-monsoon or summer (March–May), monsoon (June–September), and post-monsoon (October–November). Major atmospheric pollutants such as PM₂.₅, PM₁₀, NO₂, and SO₂ are analysed according to these seasonal periods to observe how their concentrations vary throughout the year. Meteorological conditions such as temperature, rainfall, humidity, and wind speed play an important role in determining the dispersion and accumulation of pollutants. During the monsoon season, rainfall often helps remove particulate matter from the atmosphere, which usually results in comparatively lower pollution levels. In contrast, during the winter season, lower temperatures and weaker wind movement allow pollutants to remain trapped near the ground, leading to relatively higher concentration levels.
Apart from seasonal meteorological factors, human activities and cultural festivals also contribute to short-term increases in pollution levels in these cities. In Delhi, major festivals such as Diwali and Dussehra often involve the extensive use of firecrackers, which release large amounts of smoke and fine particulate matter into the air. Similarly, in Guwahati and Agartala, festivals such as Bihu, Diwali, and Lakshmi Puja may also lead to temporary increases in pollution due to the use of firecrackers and increased social activities. These festival-related emissions often cause short-term spikes in pollutants such as PM₂.₅ and PM₁₀. Therefore, the seasonal analysis of pollution across these cities should consider both meteorological influences and festival-related human activities, as together they play a significant role in shaping the overall pattern of atmospheric pollution (Guha et al., 2015; Roychowdhury et al., 2021; Handhayani, 2023).
The analysis shows clear differences in pollution patterns among Agartala, Guwahati, and Delhi. Delhi records the highest pollutant concentrations, indicating consistently high pollution levels. In contrast, Agartala and Guwahati show lower mean values, but their pollution levels vary more over time (Patel et al., 2017; Basumatary et al., 2022; Mathur et al., 2025).
The coefficient of variation suggests that Delhi has stable but continuously high pollution, while Guwahati shows high variability due to seasonal and environmental factors. Agartala reflects moderate and relatively stable conditions. Correlation analysis indicates that some pollutants are related, suggesting common sources such as vehicular emissions and road dust (Gupta and Kapoor, 2014; Basumatary et al., 2022; Roy et al., 2018).
Seasonal patterns reveal higher pollution during winter due to poor dispersion and lower levels during monsoon because of rainfall. Short-term increases are also observed during festivals due to firecracker emissions (Guha et al., 2015; Roychowdhury et al., 2021; Roy et al., 2018).
Overall, while Delhi faces severe and constant pollution, Agartala and Guwahati show moderate but changing pollution patterns, highlighting the need for proper monitoring and control measures (Roychowdhury et al., 2021; Mathur et al., 2025; Shubham et al., 2025).

4 Conclusion
This study analysed the air quality condition of Agartala by examining major pollutants and their statistical behaviour during the study period. The data were obtained from the Central Pollution Control Board (CPCB) and included pollutants such as PM₂.₅, PM₁₀, SO₂, NO₂, and the Air Quality Index (AQI). Various statistical techniques, including descriptive statistics, correlation analysis, coefficient of variation, graphical analysis, trend analysis, and forecasting, were used to understand pollution patterns.
The results indicate that particulate matter (PM₂.₅ and PM₁₀) plays a major role in determining AQI levels in Agartala, while gaseous pollutants remain comparatively lower. The coefficient of variation shows that pollutant concentrations fluctuate over time due to seasonal and meteorological factors. Correlation analysis suggests that some pollutants are related and may originate from common sources such as vehicular emissions and urban activities (Roy et al., 2018; Guha et al., 2015; Natarajan et al., 2024).
Trend analysis indicates a gradual increase in certain pollutants, particularly particulate matter, while forecasting suggests that pollution levels may rise in the future if urban development continues without effective control measures (Maltare and Vahora, 2023; Yenkikar et al., 2025; Pahari and Kumain, 2025; Natarajan et al., 2024).
Overall, although Agartala currently experiences moderate pollution compared to larger cities, continuous monitoring, effective environmental policies, and public awareness are necessary to maintain healthy air quality in the future.




4.3 	Limitations of the Study
•	The study is mainly based on secondary data collected from official monitoring sources such as the Central Pollution Control Board (CPCB) and State Pollution Control Boards. Therefore, the analysis depends on the availability and accuracy of the recorded data.
•	The number of monitoring stations in some cities is limited, especially in Agartala smart city, which may not fully represent the overall spatial variation of pollution across the entire state.
•	The research focuses on selected atmospheric pollutants such as PM₂.₅, PM₁₀, NO₂, and SO₂, while other pollutants like O₃, CO, and NH₃ were not included due to limited data availability.
•	The study does not include detailed meteorological parameters such as wind speed, humidity, and temperature variations, which can influence pollutant dispersion and concentration.
•	Since the research compares only three cities (Agartala, Guwahati, and Delhi), the findings may not represent the complete pollution scenario of other regions in India.
•	Although seasonal and festival-related pollution patterns were discussed, detailed event-based analysis for each festival period could not be carried out due to limited high-resolution data.
· And a limitation is the data between 2024-2025 is not available on the official and unofficial sites.
•	In several cases, complete daily pollutant data were not available, and due to this limitation, it was not possible to obtain or compute the daily air quality values for all dates, which may affect the continuity of the analysis.
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Appendix A
Data 
5.3.1 Agartala
	Year
	PM2.5
	PM10
	SO2
	NO2
	AQI

	2014
	48
	78
	5
	15
	82

	2015
	52
	82
	6
	16
	91

	2016
	59
	88
	7
	17
	104

	2017
	63
	92
	7
	18
	112

	2018
	66
	95
	8
	19
	118

	2019
	68
	102
	8
	20
	125

	2020
	73
	85
	6
	14
	96

	2021
	69
	98
	7
	21
	121

	2022
	64
	104
	8
	23
	132

	2023
	65
	110
	9
	24
	138





5.3.2 Delhi

	Year
	PM2.5
	PM10
	SO2
	NO2
	AQI

	2014
	48
	78
	5
	15
	82

	2015
	52
	82
	6
	16
	91

	2016
	59
	88
	7
	17
	104

	2017
	63
	92
	7
	18
	112

	2018
	66
	95
	8
	19
	118

	2019
	68
	102
	8
	20
	125

	2020
	73
	85
	6
	14
	96

	2021
	69
	98
	7
	21
	121

	2022
	64
	104
	8
	23
	132

	2023
	65
	110
	9
	24
	138











3.         Guwahati
	Year
	PM2.5
	PM10
	SO2
	NO2
	AQI

	2014
	24
	120
	6
	20
	96

	2015
	28
	128
	7
	22
	104

	2016
	32
	135
	8
	24
	118

	2017
	35
	142
	9
	26
	126

	2018
	38
	150
	9
	28
	134

	2019
	41
	205
	10
	30
	162

	2020
	30
	160
	7
	21
	112

	2021
	45
	172
	9
	29
	148

	2022
	52
	185
	10
	31
	171

	2023
	61
	200
	11
	33
	185



AQI
Guwahati 	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	96	104	118	126	134	162	112	148	171	185	Delhi	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	302	290	310	319	325	337	260	311	305	296	Agartala	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	82	91	104	112	118	125	96	121	132	138	



PM2.5
Guwahati 	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	24	28	32	35	38	41	30	45	52	61	Delhi	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	153	146	159	169	175	181	155	178	168	160	Agartala	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	48	52	59	63	66	68	73	69	64	65	



PM10
Guwahati 	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	120	128	135	142	150	205	160	172	185	200	Delhi	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	210	220	235	248	260	275	210	265	255	270	Agartala	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	78	82	88	92	95	102	85	98	104	110	



SO2
Guwahati 	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	6	7	8	9	9	10	7	9	10	11	Delhi	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	12	11	10	9	10	9	7	8	9	10	Agartala	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	5	6	7	7	8	8	6	7	8	9	



NO2
Guwahati 	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	20	22	24	26	28	30	21	29	31	33	Delhi	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	42	40	44	46	48	52	38	50	48	49	Agartala	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	15	16	17	18	19	20	14	21	23	24	



AQI	82	91	104	112	118	125	96	121	132	138	Forecast(AQI)	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	138	138.02169842686087	143.1230991510069	148.22449987515296	153.32590059929902	158.42730132344508	163.52870204759111	168.63010277173717	173.7315034958832	



pm2.5	48	52	59	63	66	68	73	69	64	65	Forecast(pm2.5)	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	65	66.933333333333337	68.86666666666666	70.8	72.733333333333334	74.666666666666671	76.599999999999994	78.533333333333331	80.466666666666669	
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Table 1: PM,5 Air Quality Breakpoints
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