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1 Introduction 
 

In order to control the rising crisis of air pollution, the research project focusses on the 

forecasting of air quality index for a north Indian city Gurgaon. The project has been 

implemented using several tools and software including Python Spyder from Anaconda 

Navigator, R Studio, Excel and Word. A total of eight forecasting models including novel 

Prophet have been compared as per Mean Absolute Error, Mean Squared Error, Root Mean 

Squared Error and Mean Absolute Percentage Error. After evaluation it has been found out 

that Prophet outperforms all compared models in terms of forecasting errors. The novel 

Prophet model also gave good performance on a new dataset of Delhi air quality.  

 

2 System Summary 
 

The project was implemented on a specific set of hardware and software configurations. This 

section mentions the system configurations used for this research. 

 

System Configuration 

 
Operating System : Windows 10 – 64 bit  

RAM: 8 GB 

Processor: Intel i5-8250U 

Hard Disk: 256 GB SSD 
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Software Used: The following tools and technologies have been used in this project : 

 

Windows 10 : Windows 10 has been used for the project implementation. The steps for 

windows installation has been discussed in the following url : 
https://www.windowscentral.com/how-do-clean-installation-windows-10 
 

R Studio: R programming language can be used by installing an IDE called R studio. It is an 

open source data analytics software. It has a user friendly design with separate variable 

window, console and terminal. R has been used for cleaning the dataset and imputing the 

missing values. It is available to download from https://rstudio.com/.  
 

 
 

 

Anaconda Navigator: Anaconda navigator is a GUI of collection of different IDE’s such as 

Python Spyder, Jupyter Notebooks and R Studio. The major benefit of using anaconda 

navigator is that it allows to install most packages directly without using the command line.  

 

 
 

 

https://www.windowscentral.com/how-do-clean-installation-windows-10
https://rstudio.com/
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Python (Spyder)(3.7): Spyder has been used for the data transformation, implementation and 

evaluation along with results. Visualisations have also been created in Spyder. It is an open 

source IDE for multiple platforms such as Windows and Linux. It can be directly accessed by 

installing Anaconda Navigator from 
https://docs.anaconda.com/anaconda/navigator/install/#:~:targetText=Installing%20Navigator,command%20c
onda%20install%20anaconda%2Dnavigator%20. 

 

 
 

Microsoft Excel: Excel is an software used by analysts to perform multiple calculations on 

data as well as creating visualisations. It is available at https://products.office.com/en-ie/excel.  It 

is not an open source software and a license is needed to fully use it. AQI calculation has 

been performed in Excel.  

 

 

3 Process Flow of the Project 
 

AQI Calculation: For this project, Air Quality Index has been used as the research variable. 

In order to calculate the AQI, the Indian AQI calculator has been used which is available at 

https://app.cpcbccr.com/ccr_docs/AQI%20-Calculator.xls. This calculator has been created 

by the Central Pollution Control Board of India. The formulas for different pollutants were 

taken from the calculator and used in Excel to get the sub-indices values for pollutants used.  

 

https://docs.anaconda.com/anaconda/navigator/install/#:~:targetText=Installing%20Navigator,command%20conda%20install%20anaconda%2Dnavigator%20.
https://docs.anaconda.com/anaconda/navigator/install/#:~:targetText=Installing%20Navigator,command%20conda%20install%20anaconda%2Dnavigator%20.
https://products.office.com/en-ie/excel
https://app.cpcbccr.com/ccr_docs/AQI%20-Calculator.xls


4 
 

 

 
  

 

 

R Studio: First, the dataset has been loaded into R and cleaning has been done. Libraries 

used are as follows :  

 

 
 

1) Library(readxl) has been used for reading the excel file with function ‘read_excel’. 

‘colnames’ has been used to modify the columns and ‘tidyr’ has been used to separate 

date and time from datetime column.  

 

2) Library(“imputeTS”) has been used to impute missing time series datapoints 

3) ‘Is.na’ function has been used to check for the null values.  

4) ‘as.numeric’ has been used to convert the datatype of columns to numeric 
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5) ‘na.seadec’ function has been used to fill the missing time series values by seasonal 

adjustment and linear interpolation (SINGH, 2019) 

 

 

 

 
 

6) ‘write.csv’ has been used to save the cleaned dataset into a csv 

The same code has been used to clean both Gurgaon and Delhi(testset) as well.  

 

 

Python: After imputation of missing values in R, Python has been used for more 

preprocessing, transformation and implementation. (Peixeiro, 2019) 

Libraries Used has been discussed below :  
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1) Pandas is used for data manipulation  

2) Numpy is a scientific library used for scientific calculations and mathematical 

funcitons 

3) Sklearn or scikit learn is a python library used to import various machine learning 

algorithm 

4) Matplotlib is the basis plotting library which has been used for visualisation 

5) Evaluation metrics like MSE,MAE,MAPE and RMSE has been imported from 

sklearn.metrics library 

6) ‘sqrt’ and ‘mean’ function has been used to calculate square root and mean 

7) Stasmodel library has been used for statistical plotting and tests such as acf and pacf 

8) Warning has been used to ignore the warnings 

9) Keras deep learning library has been used to import deep learning layers such as 

Sequential, Dense, LSTM and Dropout 

 

 

Process Flow : The output file from R Studio has been imported into Python, and 

‘pd.to_datetime’ function has been used to convert datetime column to the datetime format 

for python to understand. An user defined function ‘positive_average’ was created to 

aggregate all 8 hourly data to daily data as novel Prophet only takes daily data as an input.  

  
The dataset has been saved using ‘to_csv’ function with the name of ‘ready.csv’. Pollutant 

sub-indices has been calculated on this ready.csv dataset using excel and a new dataset with 

the name of ‘ready_new’ has been created and imported back to python. AQI has been 

calculated using ‘max’ function. ‘corr’ function has been used for correlation analysis and 

‘sns.heatmap’ for visualising it. (Brownlee, 2019) 

 

 
 

 

 

‘adfuller’ function has been used to perform Augmented Dickey Fuller Test  
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‘kpss’ function has been used to perform kpss test of stationarity  

 

 

 
 

 

 

 

Following Models have been applied:  

 

1) Exponential Smoothing 

 

 

 
 

 



8 
 

 

 

 

2) Auto – Regression (Order 1,2 and 19 )  

 

 
 
 
 
 

3) Auto-Regressive Moving Order 
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4) ARIMA 
 

 
 
 
 
 
 

5) SARIMA 
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6) Prophet (Facebook Research, 2019) 
 

 
 

7) TBATS 
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8) LSTM 
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4 Appendix  
 

Code is attached in a separate archived file 


