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Abstract - Surface Water quality is gradually 
deteriorate due to population growth and a faster rate 
of industrialization. Rivers in India are the country's 
primary source of water. Half of India's population, 
including two- thirds of the country's poor, lives in the 
Ganga River Basin, which is the most populous region 
in the world. This paper highlights the utility of 
statistical techniques for evaluating, interpreting 
complex data sets and recognizing spatial differences in 
water quality for effective management of river water 
quality. Time-series data and statistical analysis are 
used by the Autoregressive Integrated Moving Average 
(ARIMA) model to understand the data and forecast the 
future. 6 water quality parameters Dissolved Oxygen, 
BOD, pH, Temperature, Electrical Conductivity and 
Total Coliform are analyzed and predicted. In this work 
4 monitoring station is taken for the prediction analysis 
in Allahabad and Varanasi, data is taken from the CPCB. 
In this work ARIMA model is giving the better 
prediction of BOD, total coliform and conductivity in 
compare of other water quality parameter pH, 
temperature and DO. The max value for correlation 
coefficient for Dissolved Oxygen, BOD, pH, Temperature, 
Electrical Conductivity and Total Coliform are 
respectively 0.65, 0.90, 0.68, 0.68, 0.86 and 0.84 

Key Words: ARIMA model, surface water quality 
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1. INTRODUCTION 

Since ancient times, the river Ganges has been 
revered as one of the most sacred and holy rivers in the 
world. Since the beginning of time, people have revered 
the Ganges as one of the most holy and sacred rivers in 
the world. The evaluation of river water quality is a 
critical element in the assessment of water resources. 
The quality of water that is consumed defines the base 
line of protection against many diseases and infections. 
The Ganga, with over 2,525 km long main-stem along 
with her tributaries has constantly provided material, 

Spiritual and cultural sustenance to millions of people living 
in and around its basin. The riverine water resources 
provide irrigation, drinking water, economical 
transportation, electricity, recreation and religious 
fulfilment, support to the aquatic ecosystem as well as 
livelihoods for many stakeholders. This river has both 
emotional and spiritual value among Indians. The water of 
Ganga carries religious sentiments and is considered as the 
purest water which can wash off all the sins of the human 
being. However, present study is carried out with an 
objective to assess the water quality of the Ganga water at its 
descendent point on the plains where it is supposed to be 
least polluted. The river Ganges in India is regarded as the 
most holy and sacred rivers of the world by Hindus from 
time immemorial. Bhagirathi is the source stream of Ganga. 
The river has been the focus of national and international 
intervention and study for past several decades to identify 
and establish causes and impact of anthropogenic activities 
on river water quality. 

1.1 Study Area 

Ganges River, Great River of the plains of the northern Indian 
subcontinent. Although officially as well as popularly called 
the Ganga in Hindi and in other Indian languages, 
internationally it is known by its conventional name, the 
Ganges. 

In this paper we have selected four locations in the upper 
Ganga stretch in the Uttar Pradesh. These locations are given 
below:- 

1. GANGA AT ALLAHABAD U/S (1046) 

2. GANGA AT ALLAHABAD D/S (1049) 

3. GANGA AT VARANASI U/S (ASSIGHAT) (1070) 

4. GANGA AT VARANASI D/S (MALVIYA BRIDGE) 
(1071) 

 



              International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

  Volume: 09 Issue: 08 | Aug 2022                 www.irjet.net                                                                       p-ISSN: 2395-0072 

 

© 2022, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 1945 
 
 

 

Figure 1; location of station in Uttar Pradesh 

3. Materials and methods 

Time series forecasting is one of many data analysis 
techniques that is often utilised in a variety of fields. 
One of the most significant and often used time series 
models is the autoregressive integrated moving 
average (ARIMA) model. ARIMA models can also 
implement a variety of exponential smoothing 
techniques. It is also referred as the Box-Jenkins 
methodology, which consists of a series of steps for 
identifying, estimating and diagnosing ARIMA models 
with time series data. ARIMA models have proven to be 
capable of producing precise short-term estimates. 

Every component achieved are provided as a 
parameter in this model. ARIMA (p, d, q) is a standard 
notation in which the parameters are replaced by 
integer values to immediately indicate the ARIMA 
model being utilized. The ARIMA model's parameters 
are (p) it defines the number of lagged observations in 
the model, also referred as the lag order, (d) it can be 
understood as number of raw observations 
differenced, also referred as the degree of 
differencing, and (q) it is referred as the moving 
average order or the size of window in moving 
average. 

In this work ARIMA (1, 1, 1) is used for the prediction 
of the surface water quality. 

Mathematically, 

Yt = α + β1Yt-1 + β2Yt-2 + ⋯ + βpYt-p + ϵt + ∅1ϵt-1 + ∅2ϵt-2 + 
⋯ + 

∅qϵt-q 

lagged error term 

a. Data source 

The data used in this research and prediction is from the 
Central Pollution Control Board (CPCB). Monthly data is 
taken from the 2016 to 2020 for the 6 surface water quality 
parameter and it is arranged in the MS Excel for the further 
calculation and the analysis. Dissolved oxygen, BOD, pH, 
temperature, electrical conductivity, and total coliform are 
the next parameters that this study is measuring. 

b. Data statistics 

The following data is observed on the stations:- 
 

 Figure 2; Stastical analysis of station S1, S2, S3 and S4 

4. Result and discussion 

 

Model performance was estimated by RMSE, MAPE, AIC and 
R2 for the water quality parameters Dissolved Oxygen, BOD, 
pH, Temperature, Electrical Conductivity and Total Coliform. 
In summary, the ARIMA model performed significantly 
better prediction of temperature, total coliform and 
conductivity in compare of other water quality parameter 
pH, BOD and DO. Furthermore, different prediction 
performance can be found for the four sites. The results for 
monthly surface water quality are shown in Figure 3, 4, 5 
and 6. 

Where, Yt is the predicted value, Yt-1 is the lag 1 of the series, β1 is the coefficient of lag 1, α is the constant or the intercept term, ϵt is the random error at t, ϵt-1 is the 
at t-1, ∅ is the coefficient of lagged error at t-1. 
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The prediction of station S1 are – 

 

Figure 3; Performance of ARIMA model for station S1 
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The prediction of station S2 are – 

  

Figure 4; Performance of ARIMA model for station S2
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 The prediction of station S3 are – 

  

 

Figure 5; Performance of ARIMA model for station S3 
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The prediction of station S4 are – 

 

  

Figure 6; Performance of ARIMA model for station S4 
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5. CONCLUSIONS 

The study displays prediction accuracy and error for all 
chosen sites for which analysis is conducted. The results 
shows for S1 station that this model is able to predict the 
best value for the conductivity with 0.83 R2 value and pH has 
lower value 0.52 R2 . However, station S2 has highest 
efficiency 0.86 for the conductivity and min value 0.52 for 
the pH. Station S3 has highest efficiency .75 for the total 
coliform and min value 0.54 for the temperature. Station S4 
has highest efficiency .90 for the BOD and min value 0.55 for 
the temperature and conductivity. 

 Figure 7; Performance of ARIMA model for 
different water quality parameter 

In conclusion, it is clear that the ARIMA 
model performs better in predicting BOD, total 
coliform, and conductivity than other water quality 
parameters such as pH, temperature, and DO. This 
complete analysis provides an information base to be 
used by regulators and policymakers for reconciling the 
competing interests in the Ganga river through 
delivering solutions to improve, monitor clean up, 
maintain water quality and restore its ecosystem. 
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