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Abstract: This paper represents the anticipated monthly values of seven water quality indicators for the selected seven
monitoring stations along the Gomti River in Lucknow, India. Time series forecasting technique was used to predict the
water quality parameters. The outcomes showed that the suggested model was operating successfully. The Root Mean
Square Error (RMSE), Mean Absolute Percentage Error (MAPE) and Mean Absolute Error (MAE) values, for pH 1.56-
2.18, 0.15-0.22 and 0.12-0.17; for TDS 42.04-79.10, 14.47-19.96 and 30.63-58.99; for TH 12.28-14.85, 4.17-5.29 and 8.70-
10.32; for chlorides 1.41-2.60, 7.84-8.50 and 1.01-2.01; for DO 0.63-1.46, 7.46-45.07 and 0.46-1.06; for BOD 0.17-1.09, 3.65-
18.83 and 0.13-0.76 and for TC 510-21100, 10.13-42.68 and 421-16220, ranged respectively. The predicted water quality
parameter data for the study period (2013-2017) and the anticipated period (2018-2022) revealed a seasonal trend
pattern, indicating that the seasonal inflows significantly affect water quality. For all sampling stations, the observed water
quality parameter value increased from upstream to downstream, demonstrating the effects of rapid industrialization and
urbanization and showing the same behavior for the predicted period. The study results indicate the suitability of the time

series technique for predicting river water quality.
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I INTRODUCTION

Human well-being is always related to the availability of
fresh water. Water from rivers, lakes, and other surface
sources has long been the most prevalent option for municipal
uses due to its easy accessibility [1, 2]. Consequently, most
human advancements and settlements have occurred along
river banks [3, 4]. Water is such a precious resource that even
it cannot be replaced, and the benefits to humanity that come
from its proper management, even the devastating
consequences of its abuse, are undeniable [5, 6, 7].

Transportation, restitution, hydropower generation, and
numerous household, industrial, and commercial operations
all use river water in various ways [8, 9]. There is substantial
pollution in the water from these sources, making the water
unusable for beneficial uses and causing water-related
diseases [10, 11]. The population suffering from water
scarcity has increased sixteen-fold during the 1900s. As of
2005, more than 35% of the world's total population belongs
to countries with water stress ranging from moderate to high.
By 2050, this number is expected to rise to roughly 52%.
Population expansion has sped up in emerging countries,

IJISRT26JUN378

while environmental management systems have failed to meet
the demand [10, 12, 13, 14].

There are two important rivers in the Indo-Gangetic
Plain: The Ganga River and the Indus River, and their
tributaries are the Gomti, Beas, Yamuna, Sutlej, Ravi
Chambal and Chenab rivers. A significant source of drinking
water for the Gomti River Basin (GRB) cities, including
Lucknow, the Gomti River is a monsoon and groundwater-fed
river [15]. Concern has been raised about the growing
pollution load in rivers due to wastewater discharges from
both residential and industrial sources. The deterioration in
river Gomti's water quality due to the discharge of pollutants
is well documented in research publications [15, 16, 17, 18,
19].

To keep the pollution levels within acceptable ranges,
the prediction of river water quality is essential for effective
basin management [11, 12]. The water quality can be
modelled utilizing hydrochemical data and linear regression
and structural equations, as well as predictability, trend and
time-series analysis [20, 21, 22, 23]. Water quality managers
employ analytical techniques like regression equations to
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compare present water quality levels with predetermined
requirements [22, 23, 24].

Gomti River is one of the most contaminated bodies of
water in the region because of its extensive role in
transporting urban and industrial wastes and agricultural
runoff [1, 2, 18]. Therefore, comprehensive water quality
management research is required to maintain water quality
requirements. There have been estimations of water quality
parameters' namely; Normalized Bayesian Information
Criterion (BIC), Mean Absolute Percentage Error (MAPE),
Mean Absolute Error (MAE), and Stationary R-Squared
(RMSE) wusing statistical analysis, time series, Auto-
Regressive  Integrated Moving  Average (ARIMA),
Autocorrelation Function (ACF) and Partial Autocorrelation
Function (PACF).

1. MATERIALS AND METHODS
» Sampling Stations and Data Collection

The critical parameters that were considered for this
study include pH, Total dissolved solids (TDS), Total
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hardness (TH), Chloride, Dissolved oxygen (DO),
Biochemical oxygen demand (BOD), and Total coliform
(TC). Sampling has been done on monthly basis to obtain data
on the aforementioned parameters of water quality at all
selected seven sampling stations i.e., Station-1 Manjhi Ghat,
Station-2 Up Stream water intake, Station-3 Kuriyaghat,
Station-4 Downstream Mohan Meakins, Station-5 Nishat Ganj
Bridge, Station-6 Upstream Barrage and Station 7 met STP
Nala Bharwara of the Gomti river downstream named S1, S2,
S3, S4, S5, S6, S7 respectively by Uttar Pradesh Pollution
Control Board (UPPCB), Lucknow from the years 2013 to
2017. The first sample site, S1, was located on the outskirts of
Lucknow city, in a low-pollution zone. The remaining five
stations, S2-S6, were located in a high-pollution area in the
middle of the stretch inside the city. The final sampling site,
S7, was downstream of the city zone and suffered from
moderate pollution. Fig. 1 shows the features of the sample
stations.
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Fig 1 Sampling Stations in the River Gomti, Lucknow (Uttar Pradesh) India

» Study Area

The Indo-Ganga-Brahmaputra Plain, where the GRB is
located, is the world's greatest alluvial tract. GRB is a
noteworthy geographic feature of the Indian sub-continent
because of its low altitude, low gradient, high rains,
exceptionally productive soil, and large population density.
The GRB experiences a dry hot summer from March to May,
very heavy monsoon from June to September and a very cool
winter from December to February like a humid subtropical
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climate. Approximately 75%-80% of the year's total
precipitation falls during the monsoon season, making it the
wettest time of year. The post-monsoon season is marked by
occasional rainfall and temperatures as high as 47°C and as
low as 2°C. The GRB receives around 75% of its rainfall in
the form of groundwater, while the rest evaporates or
evapotranspirates [1, 2, 18].
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Lucknow is situated at an altitude of 123 meters above
sea level, between 26.30° and 27.10°N and 80.30° and
81.13°E in the heart of the Indo-Gangetic alluvial plain.
December—February sees a chilly dry winter and April-June
sees a scorching dry summer. River Gomti covers a distance
of 980 km from Madho- Tanda to the Himalayan foothills, a
distance of around 50 km. It is common for the river to release
over 600 m¥/s of water during the monsoon, but this drops to
30 m3/s during the summer [15]. Lucknow's principal source
of water, the Gomti River, has been under severe strain due to
the city's growing population, which grew by 38% between
2001 and 2011 [19]. Drinking, industrial, and irrigating water
depend on this river's water. As a result, groundwater
production is affected by the over-extraction of subsurface
water through tube wells positioned near riverbeds; the river
water is a significant source of recharge [1, 2].

» Statistical Analysis

Different statistical tests (mean, median, mode, standard
deviation, kurtosis, skewness, and coefficient of variation)
have been performed to analyses the collected data.

e R-Squared and Stationary R-Square

R-squared is the proportion of the variance for a
dependent variable that measures how much the model can
describe the total variance in a series when it is stationary.
When there is a trend or seasonal pattern, the stationary R-
squared is favored over the ordinary R-squared. This is
because the stationary section of the model is compared to a
basic mean model using the stationary R-squared. Positive,
negative, or zero stationary R-squared values are possible.
Positive values mean the present model outperforms the
baseline model. In the current model, positive numbers
indicate better than the baseline model [22, 23, 25].

e Root Mean Square Error (RMSE)

The RMSE is a commonly used measure of value
differences. It determines how far a dependent series differs
from the predicted level [22, 23, 25]. The RMSE of an
estimator in terms of the estimator parameter is calculated
using equation 1

RMSE (8) = /E[(6 — 6)?] Q)

e Mean Absolute Percentage Error (MAPE)

MAPE is a metric for how far a dependent series
deviates from its modelled level. It doesn't matter what units
are used; therefore, it may be used to relate series come along
with different units. Accuracy is given as a percentage as;

M:

100% <n lAifFi
i=1

ai |l )

n
Where

Al - the actual value and
Fi - the predicted value.

MAPE = zero (for perfect fit),
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But it has no restrictions at the upper level [22, 23, 25].

e Mean Absolute Error (MAE)

The MAE is a metric that measures how far a series
differs from the level that its model anticipated. It is expressed
in the same units as the original series. In addition, the MAE
is a metric for determining how far forecasts or projections
differ from the final result. It is provided by;

_Llyn g _aAl=1lyn |a.
MAE = n Ei:llFl Atl " n Z]:l |'ell (3)

The absolute error is ei, the prediction is Fi, and the
determined value is Ai. In time-series analysis, it is a typical
measure of forecast error [22, 23, 25].

e Maximum Absolute Percentage Error (MaxAPE)

The highest anticipated error is measured by the
MaxAPE. It is used to imagine a forecasted worst-case
scenario [22, 23, 25].

e Maximum Absolute Error (MaxAE)

The MaxAE, is a metric that estimates the biggest
anticipated error in the same units as the series that it is reliant
on. It is possible to utilise it to imagine the worst-
case scenario while making forecasts. It's possible that
MaxAE and MaxAPE will occur at separate times throughout
the series. When the absolute error for a large series value is
somewhat greater than the absolute error for a small series
value, the maximum absolute erroras well as maximum
absolute percentage error occur at the smaller series value [22,
23, 25].

o Normalized Bayesian Information Criterion (BIC)

It is an overall measure of a model's fit that accounts for
its complexity. It's a score based on mean square error that
considers the model's number of parameters and the length of
the series [22, 23, 25].

BIC = x* + k.In (n) @)

It is used to assess the constant (k). It considers the
performance of a parameterized model in terms of its ability
to forecast data and penalizes the model's complexity, which
is defined as the total number of parameters it contains.

o Time Series

It collects data points taken at regular intervals and often
at successive times. Future projection methods are based on
known previous events to predict data points before they are
observed and included in the realm of time-series analysis.
The time-series model considers that observations closer in
time to one another are more tightly connected than those
further apart in Time-series models. On the other hand, they
are typically defined by a natural one-way ordering of time,
which means that the values for a current period are derived
from prior values instead of future values [26].
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e Auto-Regressive Integrated Moving Average (ARIMA)
Three terms characterize the ARIMA model of a time
series (p, d, ). The technique of detecting integer, generally
extremely small values as 0, 1 or 2 of model patterns p, d, and
g in data is known as time series identification. When the
value is 0, the element in the model is no longer necessary.
The middle element, d, is studied before p and g. The goal is
to determine if the process is stationary and, if not, to make it
stationary before deciding the values of p and g. A stationary
process has a consistent mean and variation across the
research period. AR (p) represents the time series of an
autoregressive model [22, 23, 25], is defined as;

Yt :Oco‘l‘ocl Yt—l +0C2 Yt—2 + - +0Cp Yt—p + €t (5)

Where the term €t is source of randomness which is
referred as white noise, ai denotes constants. It is supposed
that it possesses the following characteristics:

E= [Et] =0,
E=[ef] = o*

E[Etes] =0 for allt#s

Because autoregressive and moving average components
might coexist in a series, both forms of correlations are
necessary to model the patterns. To grasp this, if both
elements are present only at lag 1, consider the linear
equation;

Vi =X B+ & (6)
€ = PE—1 T V¢ )
Where

I<p<l

Where Vt is dependent and identically distributed (iid)
and from expectation values;

E(vy,Ve—1) =0 8)

In this approach, the disturbance follows a first-order
autoregressive model (AR1) process. As a result, the present
error mixes the previous error plus some shock. As a result,
the equation may be rewritten as follows:

Ve = X B+ pe—g + ¥ )

Also, we know that
Vi-1 = Xe-1B + €1 (10)
€-1 = Yi-1 — Xe—1P (12)
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From Eq. (9)

XeB+ p(Ye—1 — Xe—1B+ V¢

Yt
Vi = XeB + pYi-1 — PXe—1B + V¢ (12)

e Auto Correlation Functions (ACF) and Partial Auto
Correlation Functions (PACF)

ACF and PACF analysis are necessary to find an
appropriate model for a given time series data. The link
between the data in a time series is reflected in these statistical
metrics. Plotting the ACF and PACF across consecutive time
lags is typically beneficial for modelling and forecasting [23].
The sequence of AR and MA phrases can be determined using
these plots. This may be represented as:

For a time series {x(t), t = 0, 1, 2, ....} at lag k the
autocovariance is defined as;

vk = Cov (xt, xt+k) = E [(xt -p) (xt+k - )] (13)
At lag k the autocorrelation coefficient is defined as;

_ Yk
Pk =1, (14)

The mean of the time series is W equal to E [x t]. The
time-series variance is the autocovariance at lag zero, i.e.
v0. The autocorrelation coefficient k is dimensionless; hence
it is unaffected by the measurement scale, -1< pk < 1.
Statistics Box and Jenkins termed yk as the theoretical

autocovariance function (ACVF) and Pk as the theoretical
autocorrelation function (ACF).

After allowing for data at intermediate delays, the partial
autocorrelation function (PACF) is used to assess the
correlation between an observation k periods ago and the
current observation (i.e., at lags k). PACF (1) and ACF (1) are
similar at lag 1.

The real or theoretical ACF and PACF values cannot be
established since the stochastic process underlying a time
series is unknown. Instead, these values should be derived
from the training data, which is the most recent time series
available. Sample ACF and PACF are the estimated ACF and
PACF values from the training data, respectively. At lag k, the
most credible sample estimate for the ACVF is;

1 _
Cx = HZ?:]F(Xt - “’)(Xt+k - “’) (15)

Then the estimate for the sample ACF at lag k is given by;

Ck
gy = —
k™ g (16)
Here, {x(t), t =0, 1, 2, ....} is the training series of size n

with mean .
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HI. RESULTS AND DISCUSSION

Using statistical and time series analysis calculated by
SPSS 26, the water quality at sampling stations S1, S2, S3,
S4, S5, S6 and S7 of the river Gomti at Lucknow (India) has
been discussed. Tab. 1 depicts the mean, median, mode,
minimum, maximum, range, standard deviation (SD),
skewness, kurtosis, and coefficient of variation for the
parameters pH, TDS (mg/l), TH (CaCOs;, mg/l), Chlorides
(mg/1), DO (mg/l), BOD (mg/l), and TC (MPN/100 ml) at all
sampling stations. For all water quality parameters at all
sampling sites, Trend and time series analysis are explained in
Tab. 2 using the ARIMA model, stationary R squared, R
squared, RMSE, MAPE, MaxAPE, MAE, Ljung-Box Q (18),
ACF, and PACF.

> pH

All sampling stations (S1-S7) recorded pH values
ranging from 6.89-8.59, 6.89-8.86, 7.11-8.59, 7.23-8.59, and
7.23-8.89 for 2013, 2014, 2015, 2016, and 2017 respectively.
According to IS 2296:1992, Class A, the permissible pH
range is 6.5-8.5. The pH of the Gomti river water ranged from
6.89 to 8.89, indicating that it is either mildly acidic or
alkaline. Igbal et al. (2019) [17] have also found the pH of the
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Gomti river in the range of 6.22 to 8.6. The mean, median,
and mode are close to each other and reflect normal behavior,
a standard deviation which indicates that the curve is
symmetrical and platykurtic because Kurtosis value is lower
than 3 at all sampling stations. The curve is moderately
skewed at S1, S4, S5, S6, and S7 while highly skewed at S2
and symmetrical at S3. The prediction model outperforms the
baseline model because stationary R squared and R squared
values behave identically. The dependent series is relatively
close to the level that the model anticipated because the
RMSE values are relatively low. Parmar and Bhardwaj (2015)
[23] observed a similar value and pattern in the Yamuna
River. Using Ljung-Box Q (18) model, the statistic value
ranges from 22.52 to 36.93, the significance level varies from
0.00 to 0.13, and the degree of freedom is 16 for all sampling
stations. For a period of 5 years, from January 2018 to
December 2022, a simple seasonal ARIMA model was used
for prediction, and it was discovered that the pH value ranges
from 7.20 to 8.83, and the quality of the water is nearly
constant at all sampling stations, as calculated at 95%
confidence limits. Fig. 2 depicts the plot of time series,
observed data, best fit, lower confidence limit (LCL), and
upper confidence limit (UCL) for pH at all sampling stations.
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Fig 2 Statistical Analysis of the Gomti River Water Quality Parameters
Table 1 Statistical Analysis of the Gomti River Water Quality Parameters
Parameters st | s2 | S3 \ S4 | S5 \ S6 | S7
pH
Mean 8.22 8.12 7.87 7.80 7.70 7.64 7.48
Median 8.29 8.21 7.83 7.77 7.69 7.64 7.50
Mode 8.29 8.42 7.82 7.71 7.69 7.62 7.43
Minimum 7.20 7.17 7.11 7.04 7.00 6.95 6.89
Maximum 8.89 8.58 8.38 8.26 8.15 8.09 7.82
Range 1.69 1.41 1.27 1.22 1.15 1.14 0.93
SD 0.36 0.32 0.29 0.25 0.23 0.22 0.19
Kurtosis 0.86 1.08 0.35 1.43 1.78 2.15 1.60
Skewness -0.77 -1.05 -0.23 -0.53 -0.80 -0.94 -0.92
Coeff. of variation 0.04 0.04 0.04 0.03 0.03 0.03 0.03
TDS
Mean 231.37 240.83 274.23 286.53 304.77 316.47 343.73
Median 233.00 240.00 255.00 266.00 282.00 293.00 314.00
Mode 184.00 192.00 224.00 232.00 274.00 254.00 312.00
Minimum 112.00 118.00 128.00 136.00 152.00 160.00 172.00
Maximum 332.00 346.00 482.00 496.00 538.00 554.00 616.00
Range 220.00 228.00 354.00 360.00 386.00 394.00 444.00
SD 47.21 49.84 84.81 85.77 88.70 89.24 99.63
Kurtosis 0.11 0.03 0.56 0.51 0.61 0.58 0.89
Skewness -0.10 -0.08 1.09 1.03 1.05 0.97 1.03
Coeff. of variation 0.20 0.21 0.31 0.30 0.29 0.28 0.29
TH
Mean 196.77 202.70 211.97 218.80 228.47 235.87 249.42
Median 206.00 212.00 220.00 228.00 238.00 244.00 258.00
Mode 188.00 232.00 236.00 244.00 254.00 258.00 258.00
Minimum 120.00 128.00 134.00 140.00 148.00 156.00 170.00
Maximum 236.00 244.00 256.00 262.00 274.00 282.00 294.00
Range 116.00 116.00 122.00 122.00 126.00 126.00 124.00
SD 30.16 31.70 31.90 32.14 32.25 32.24 31.90
Kurtosis -0.13 -0.21 -0.27 -0.23 -0.18 -0.18 -0.17
Skewness -0.79 -0.80 -0.72 -0.78 -0.80 -0.80 -0.76
Coeff. of variation 0.15 0.16 0.15 0.15 0.14 0.14 0.13
Chloride
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Mean 13.05 14.53 16.72 18.42 21.33 23.33 27.18
Median 13.00 14.00 16.00 18.00 21.00 23.00 28.00
Mode 13.00 14.00 15.00 20.00 24.00 25.00 29.00
Minimum 8.00 11.00 12.00 13.00 14.00 15.00 18.00
Maximum 17.00 19.00 22.00 24.00 27.00 29.00 33.00
Range 9.00 8.00 10.00 11.00 13.00 14.00 15.00
SD 1.73 1.86 2.39 2.59 2.93 3.23 3.44
Kurtosis 0.45 -0.54 -0.59 -0.74 -0.48 -0.41 -0.17
Skewness -0.10 0.31 0.25 0.12 -0.16 -0.39 -0.62
Coeff. of variation 0.13 0.13 0.14 0.14 0.14 0.14 0.13
DO
Mean 6.81 7.26 5.02 4.36 3.02 2.45 1.52
Median 6.90 6.70 5.05 4.20 2.80 2.10 1.20
Mode 2.80 6.50 3.50 4.20 3.20 3.00 1.00
Minimum 2.80 2.90 0.70 1.30 1.10 0.60 0.30
Maximum 11.40 10.90 9.50 8.40 6.00 5.10 3.80
Range 8.60 8.00 8.80 7.10 4.90 450 3.50
SD 2.57 2.13 2.41 1.74 1.19 1.12 0.86
Kurtosis -0.81 -0.77 -0.50 -0.03 0.75 0.07 0.73
Skewness -0.13 0.23 0.19 0.55 1.07 0.83 1.11
Coeff. of variation 0.38 0.29 0.48 0.40 0.40 0.46 0.57
BOD
Mean 4.19 3.41 5.19 6.39 8.37 9.77 12.48
Median 3.00 3.30 4.60 6.00 8.50 10.00 13.00
Mode 2.90 3.30 4.00 6.00 8.50 10.00 13.00
Minimum 2.30 3.10 3.60 4.50 6.00 6.50 8.50
Maximum 11.00 4.20 9.00 10.00 11.50 12.50 18.60
Range 8.70 1.10 5.40 5.50 5.50 6.00 10.10
SD 2.57 0.24 1.49 1.48 1.49 1.53 1.70
Kurtosis 2.06 1.51 -0.32 -0.18 -0.86 -0.80 2.48
Skewness 1.89 1.23 0.96 0.92 0.25 -0.16 -0.07
Coeff. of variation 0.61 0.07 0.29 0.23 0.18 0.16 0.14
TC
Mean 2618 4015 15953 30583 74933 99450 151033
Median 2600 3950 9400 32000 70000 94000 150000
Mode 2800 3500 7000 22000 70000 94000 170000
Minimum 1400 2400 4900 13000 32000 70000 94000
Maximum 4000 7000 40000 58000 110000 130000 240000
Range 2600 4600 35100 45000 78000 60000 146000
SD 587 1047 11643 10488 15050 16377 30930
Kurtosis -0.12 1.42 -0.63 0.08 0.61 -0.42 0.47
Skewness 0.45 0.92 0.93 0.62 -0.09 0.02 0.39
Coeff. of variation 0.22 0.26 0.73 0.34 0.20 0.17 0.21
Table 2 Trend and Time Series Analysis of the Gomti River Water Quality
| s1 [ s2 s3 | s4 | s5 | s6 S7
Model Fit statistics for pH
Stationary R-squared 0.72 0.71 0.61 0.68 0.71 0.71 0.71
R-squared 0.69 0.70 0.42 0.45 0.49 0.46 0.39
RMSE 0.20 0.18 0.22 0.19 0.16 0.16 0.15
MAPE 1.96 1.71 2.18 1.96 1.66 1.61 1.56
MAE 0.16 0.14 0.17 0.15 0.13 0.12 0.12
MaxAPE 8.59 8.58 6.03 5.94 5.56 5.70 5.43
MaxAE 0.70 0.70 0.50 0.47 0.43 0.43 0.41
Normalized BIC -3.09 -3.31 -2.89 -3.21 -3.51 -3.51 -3.65
Ljung-Box Q (18) for pH
Statistics 24.88 24.19 27.98 35.77 36.93 22.52 22.98
DF 16 16 16 16 16 16 16
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Sig. 007 | 009 | 003 | 000 | 000 [ 013 | o011
Model Fit statistics for TDS
Stationary R-squared 0.73 0.73 0.66 0.67 0.68 0.68 0.68
R-squared 0.22 0.22 0.32 0.32 0.35 0.37 0.38
RMSE 42.04 44.32 70.46 71.33 72.20 71.40 79.10
MAPE 14.47 14.81 19.96 19.74 18.65 17.54 18.19
MAE 30.63 32.83 50.85 53.14 53.54 51.79 58.99
MaxAPE 109.44 106.48 117.05 101.96 99.88 104.83 100.93
MaxAE 122.57 125.64 217.30 205.61 209.28 230.16 227.40
Normalized BIC 7.61 7.72 8.65 8.67 8.70 8.67 8.88
Ljung-Box Q (18) for TDS
Statistics 19.94 18.94 23.56 24.92 22.28 21.16 25.68
DF 16 16 16 16 16 16 16
Sig. 0.22 0.27 0.10 0.07 0.13 0.17 0.06
Model Fit statistics for TH
Stationary R-squared 0.71 0.67 0.73 0.70 0.74 0.75 0.73
R-squared 0.82 0.83 0.86 0.84 0.85 0.84 0.79
RMSE 13.06 13.21 12.28 12.84 12.74 13.30 14.85
MAPE 5.29 5.13 4.47 4.49 4.22 4.17 4.31
MAE 9.57 9.47 8.70 9.13 8.97 9.26 10.32
MaxAPE 23.29 20.69 18.59 21.53 18.57 18.90 20.60
MaxAE 38.91 38.15 34.41 43.91 40.47 43.08 48.61
Normalized BIC 5.28 5.30 5.22 5.24 5.30 5.38 5.53
Ljung-Box Q (18) for TH
Statistics 16.53 20.35 22.30 21.35 23.80 18.70 22.05
DF 16 16 15 16 15 15 16
Sig. 0.42 0.21 0.10 0.17 0.07 0.23 0.14
Model Fit statistics for Chloride
Stationary R-squared 0.60 0.62 0.68 0.59 0.67 0.67 0.71
R-squared 0.35 0.38 0.49 0.50 0.46 0.46 0.44
RMSE 1.41 1.48 1.74 1.84 2.17 241 2.60
MAPE 8.09 7.84 8.32 7.93 8.34 8.50 7.84
MAE 1.01 1.14 1.37 1.44 1.73 1.90 2.01
MaxAPE 42.58 27.44 28.06 24.70 33.76 33.22 40.28
MaxAE 3.56 3.41 4.20 5.35 5.46 5.77 7.25
Normalized BIC 0.82 0.92 1.32 1.35 1.68 1.89 2.05
Ljung-Box Q (18) for Chloride
Statistics 22.01 25.84 10.96 11.12 9.36 10.62 18.24
DF 16 16 15 16 16 16 16
Sig. 0.14 0.06 0.76 0.80 0.90 0.83 0.31
Model Fit statistics for DO
Stationary R-squared 0.51 0.67 0.73 0.68 0.53 0.56 0.60
R-squared 0.79 0.92 0.64 0.71 0.49 0.36 0.33
RMSE 1.19 0.63 1.46 0.95 0.86 0.90 0.71
MAPE 14.53 7.46 37.56 20.74 24.60 32.78 45.07
MAE 0.81 0.46 1.06 0.70 0.66 0.69 0.54
MaxAPE 98.93 41.80 397.91 118.82 120.74 182.35 186.01
MaxAE 4.26 1.80 4.78 2.51 2.58 2.92 2.46
Normalized BIC 0.55 -0.71 0.96 0.11 -0.17 -0.07 -0.55
Ljung-Box Q (18) for DO
Statistics 16.50 30.65 15.7 26.13 37.97 16.86 17.28
DF 15 15 15 15 16 16 16
Sig. 0.35 0.01 0.40 0.04 0.00 0.40 0.37
Model Fit statistics for BOD
Stationary R-squared 0.59 0.52 0.65 0.63 0.73 0.72 0.70
R-squared 0.90 0.50 0.64 0.67 0.81 0.83 0.60
RMSE 0.82 0.17 0.90 0.86 0.67 0.65 1.09
MAPE 18.83 3.65 11.72 10.23 6.20 5.48 6.23
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MAE 0.64 0.13 0.63 0.66 0.52 0.53 0.76
MaxAPE 68.06 14,51 44.27 32.60 17.41 20.46 31.15
MaxAE 211 0.61 2.50 2.56 1.85 1.59 4.99

Normalized BIC -0.20 -3.29 -0.07 -0.09 -0.60 -0.65 0.38
Ljung-Box Q (18) for BOD

Statistics 41.92 22.93 22.05 25.45 19.76 30.31 12.42

DF 15 15 16 15 15 15 15

Sig. 0.000 0.09 0.14 0.04 0.18 0.01 0.65
Model Fit statistics for TC

Stationary R-squared 0.59 0.55 0.60 0.60 0.58 0.56 0.50

R-squared 0.26 0.28 0.55 0.51 0.46 0.43 0.54

RMSE 510 899 7909 7400 11117 12604 21100

MAPE 16.99 16.38 42.68 19.07 11.46 10.13 11.41

MAE 421 632 5488 5290 8049 9480 16220
MaxAPE 81.73 68.52 278.25 182.19 119.15 33.76 41.03
MaxAE 1144 2365 23557 23685 38126 40173 55087

Normalized BIC 12.61 13.74 18.09 17.96 18.77 19.09 20.05
Ljung-Box Q (18) for TC
Statistics 32.07 23.51 17.53 18.44 14.56 39.21 19.66
DF 16 16 16 16 16 15 16
Sig. 0.01 0.10 0.35 0.30 0.56 0.00 0.24
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Fig 3 Representation of Trend and Time Series Analysis by Observed, Best Fit,
LCL and UCL by Graphically of pH at all Sampling Stations for the River Gomti

» Total Dissolved Solids (TDS)

TDS concentrations were under the desired range of 500
mg/l at S1, S2, S3, and S4 but exceeded it at S5, S6, and S7,
according to the IS 2296:1992, Class A. The lowest TDS was
found at S1, while the highest was found at S7. Areas with
high population density release significant amounts of solid
waste, domestic wastewater discharge, encroachment, and
sewage, resulting in a gradual increase from S1 to S7 [17].
Mean, median, and mode values are not equal and the
Standard deviation is exceptionally high at all sampling
stations, indicating the values of the TDS are not comparable
to one another and the curve is not normal. The curve is
highly skewed at all sampling stations except at S6, which is
moderately skewed. RMSE number is extraordinarily high,
indicating that the dependent series is not even close to the
predicted level at all sampling stations. The time series model

IJISRT26JUN378

outperforms the baseline model because stationary R squared
and R squared values represent identical behavior. The RMSE
value is extremely high, indicating that the dependent series is
not near the model predicted level. Using the Ljung-Box Q
(18) model, the value of statistics for all sites ranges from
18.94 to 25.68, with a significant level of 0.06 to 0.27, degree
of freedom is 16 and a simple seasonal ARIMA model was
used for prediction for all sampling stations. Using plots of
ACF, PACF, lag, and time series, it is observed that the value
of TDS lies between 178.64 to 272.24 (S1), 187.81 to 286.20
(S2), 200.94 to 350.14 (S3), 215.78 to 366.98 (S4), 225.41 to
396.21 (S5), 221.10 to 396.30 (S6) and 255.36 to 441.36 (S7).
The water quality does not get affected at all sampling
stations, as shown in Fig. 3 for the forecasted period of
January 2018 to December 2022, which is calculated at a 95%
confidence interval.
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Fig 4 Representation of Trend and Time Series Analysis by Observed, Best Fit, LCL and UCL by Graphically of TDS at all

Sampling Statio

» Total Hardness (TH)

During the study period, the lowest TH values were 120,
120, 176, 132, and 128 mg/l at S1, while the highest values
were 294, 294, 276, 282, and 292 mg/l at S7. When advancing
from S1 to S7, TH concentrations increased significantly, and
the recommended limit for TH is 200 mg/l, according to IS
2296:1992, Class A. The Gomti river water is classified as
moderately hard to hard water-based on TH values [27]. The
behavior is consistent across all sampling stations. The data
spread is high for all sample stations, and the curve is
symmetrical and platykurtic. The model performance was
superior to the baseline model because stationary R squared
and R squared values reflect the same behavior across all
sites. Because the RMSE value is high, the dependent series is
not close to the model level predicted. Statistics range from
16.53 to 23.80 using the Ljung-Box Q(18) model, with
significance levels ranging from 0.07 to 0.42 and degrees of

ns for the River Gomti

freedom ranging from 15 to 16. The ARIMA (Simple
Seasonal) model was fitted at S1, S2, S4, and S7, while the
ARIMA (Winters' Additive) model was fitted at S3, S5, and
S6, with 95% confidence limits of boundary lines. ACF,
PACF, lag, and time series show that the value of TH ranges
from 149.12 to 229.92 (S1), 153.07 to 236.27 (S2), 169.87 to
265.27 (S3), 169.37 to 254.17 (S4), 187.06 to 281.15 (S5),
193.15 to 285.29 (S6) and 196.51 to 281.31(S7) (Fig. 4).
Water quality is affected at all sampling stations for the
predicted five years, from January 2018 to December 2022.

» Chloride

During the years 2013, 2014, 2015, 2016, and 2017, the
average chloride concentration in selected water samples was
10-32 mg/l, 11-32 mg/l, 10-31 mg/l, 11-33 mg/l, and 8-33
mg/l, respectively.
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Fig 5 Representation of Trend and Time Series Analysis by Observed, Best Fit, LCL and UCL by Graphically of TH at all

Sampling Stations for the River Gomti
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The observed chloride levels were well below the
recommended limit as IS 2296:1992, Class A i.e. 250 mg/I.
The minimum and maximum chloride concentrations at S1
and S7 during the study period were 8 and 33 mg/l,
respectively. It behaves normally; however, the data spread is
large across all sampling stations. The curve is symmetrical
and platykurtic for all sample stations, and stationary R
squared and R squared values reveal similar behavior,
indicating that the prediction model outperforms the baseline
model. The RMSE value is high; therefore, the dependent
series is not close to the model predicted level. The Ljung-
Box Q(18) model yields statistics ranging from 9.36 to 25.84,
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a significance level of 0.06 to 0.90, and a degree of freedom
of 15 to 16. All sampling stations except S3 have ARIMA
(Simple Seasonal) models fitted, whereas S3 has ARIMA
(Winters' Additive) models fitted and the boundary lines are
at 95% confidence limits. ACF, PACF, lag, and time series
show that the value of Chloride ranges from 11 to 15 for S1,
14 to 17 for S2, 17 to 24 for S3, 18 to 23 for S4, 20 to 26 for
S5, 21 to 28 for S6, and 25 to 33 for S7 (Fig. 5) and that the
water quality is unaffected at all sampling stations for the
predicted 5-year period from January 2018 to December
2022.
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Fig 6 Representation of Trend and Time Series Analysis by Observed, Best Fit, LCL and UCL by Graphically of Chloride at all
Sampling Stations for the River Gomti

» Dissolved Oxygen (DO)

DO lewels at S1, S2, S3, S4, S5, S6, and S7 were 2.8-
11.4 mg/l, 2.9-10.9 mg/l, 0.7-9.5 mg/l, 1.3-8.4 mg/l, 1.1-6.0
mg/l, 0.6-5.1 mg/l, and 0.3-3.8 mg/l, respectively, during the
study period. The minimum value observed at all sample
locations during the summer and lean rainfall periods was
significantly below the permitted limit of 6 mg/l as per IS
2296:1992. Except at S4, the mean, median, and mode are not
the same at all sample stations; hence, they only perform
normally at S4. Data dispersion is high and asymmetrical at
all sample stations, and the curve is platykurtic. The time
series model outperforms the baseline model for all sample
stations because stationary R squared and R squared values
have comparable behavior. Except for S1 and S3, RMSE
values appear to be low and dependent series near the model's

IJISRT26JUN378

anticipated level. Parmar and Bhardwaj (2015) [23]
discovered a similar value and pattern in the Yamuna River.
For all sampling stations, the value of the statistic is between
15.7 and 37.97, the significance level is between 0.00 and
0.40, and the degree of freedom is between 15 and 16. S1, S2,
S3, and S4 were fitted with the ARIMA (Winters' Additive)
model, while S5, S6, and S7 were fitted with the ARIMA
(Simple Seasonal) model, with the boundary lines at 95%
confidence limits. Fig. 6 shows that the value of DO ranges
from 7.53 to 15.63 (S1), 2.53 t0 9.77 (S2), -2.79 to 6.13 (S3),
-1.03 to 5.49 (S4), 0.96 to 3.24 (S5), 0.93 to 2.39 (S6), and
0.19 to 1.27 (S7), and the quality of water is affected at all
sampling stations except S1 over the predicted period of 5
years from January 2018 to December 2022.
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Fig 7 Representation of Trend and Time Series Analysis by Observed, Best Fit, LCL and UCL by Graphically of DO at all
Sampling Stations for the River Gomti

» Biochemical Oxygen Demand (BOD)

At S1, S2, S3, S4, S5, S6, and S7, respectively, BOD
values in river water varied from 2.3-11.0 mg/l, 3.1-4.2 mg/I,
3.6-9.0 mg/l, 4.5-10.0 mg/l, 6.0-11.5 mg/l, 6.5-12.5 mg/l, and
8.5-18.6 mg/l. The BOD value observed at all sampling
stations during the study period was unacceptable, according
to IS 2296:1992, Class A (2 mg/l), and it increased from S1 to
S7. Except for S1 and S3, all sampling stations have a high
dispersion of data points. BOD behaves symmetrically. For all
sampling stations, the curve is platykurtic. The model
outperforms the baseline model because stationary R squared
and R squared values display identical behavior. Because the
RMSE is minimal, the dependent series is close to the
model predicted level for all sampling stations. Parmar and
Bhardwaj (2015) [23] also discovered a similar value and

Q(18) model, statistics range from 12.42 to 41.92 for all
sampling sites, significance ranges from 0.00 to 0.65, and
degrees of freedom range from 15 to 16. The ARIMA
(Winters' Multiplicative) model was fitted at S1, the ARIMA
(Winters' Additive) model was fitted at S2, the ARIMA
(Simple Seasonal) model was fitted at S4, the ARIMA
(Winters' Additive) model was fitted at S5, the ARIMA
(Simple Seasonal) model was fitted at S6, the ARIMA
(Simple Seasonal) model was fitted at S7, and the boundary
lines were at 95% confidence limits. ACF, PACF, lag, and
time series explain that BOD values range from -3.42 to 3.23
for S1, 3.34 to 4.04 for S2, 5.31 to 7.35 for S3, 7.57 to 12.44
for S4, 9.01 to 14.86 for S5, 10.19 to 16.10 for S6, and 12.26
to 18.09 for S7 (Fig. 7) and that water quality is affected at all
sampling stations for the predicted period of January 2018 to

pattern in the Yamuna River. According to the Ljung-Box December 2022.
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Fig 8 Representation of Trend and Time Series Analysis by Observed, Best Fit, LCL and UCL by Graphically of BOD at all
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Sampling Stations for the River Gomti
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» Total Coliform (TC)

The mean, median, and mode for all sampling stations
exceed the permitted limits of IS 2296:1992, Class A (50
MPN/100 ml), exhibits abnormal behavior, the standard
deviation is large, and the spread is high and asymmetrical. At
all sampling stations, the curve is platykurtic. TC values in
river water ranged from 1400-4000 MPN/100 ml, 2400-7000
MPN/100 ml, 4900-40000 MPN/100 ml, 13000-58000
MPN/100 ml, 32000-110000 MPN/100 ml, 70000-130000
MPN/100 ml, and 94000-240000 MPN/100 ml at S1, S2, S3,
S4, S5, S6, and S7, respectively, because stationary R squared
and R squared value operate similarly, the model outperforms
the baseline model. The RMSE values are incredibly high,
which indicates that the dependent series is not even close to
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reaching the level that the model anticipated. The value of
statistics in the Ljung-Box Q(18) model is between 14.56 and
39.21, the significance level is between 0.00 and 0.56, and the
degree of freedom is found between 15 and 16. All sampling
stations except S6 have ARIMA (Simple Seasonal) models
fitted, whereas S6 has ARIMA (Winters' Additive) models
fitted and the boundary lines are at 95% confidence limits.
Using plots of ACF, PACF, lag and time series, it is
discovered that the value of TC ranges from 2064 to 3224
(S1), 3018 to 4978 (S2), 15908 to 31348 (S3), 25013 to 45413
(S4), 56755 to 94555 (S5), 89578 to 140387 (S6), and 150600
to 218600 (S7), as shown in Fig. 8, and the water quality is
affected at all sampling stations for the predicted period of 5
years from January 2018 to December 2022,

w——Observed
5000 —Fy
.-..UCL
4000 Q—Forecast
o I
2 O
£ 0 g
z 2
A G el il ol 1 % & 3
R R A R A R R LR A R LR R A
§33§33§33@33333§33§3333§§33§33
PR erratandaavsuPpnPs0o33="RRRRR
Date
w—=(Obsermved
8000 ad 1
. 6000 .'(3 = Forecast
o i
£ o
£ o g
z 3
1
2000
0 - - > -»
ST TE SR G ESCESEFLCFIREY
888888888838 dnREny
PR rr e N nd e RBSRRNRN
Date

IJISRT26JUN378

WWW.ijisrt.com

1249


https://doi.org/10.38124/ijisrt/26jun378
http://www.ijisrt.com/

https://doi.org/10.38124/ijisrt/26jun378
s Observed
——Fit

International Journal of Innovative Science and Research Technology

s (Observed
**UCL
LCL
=s=CL
LCL

—Fn

k7
]
L.LN
0D 3
UWF

S3_TC-Model_1 S4_TC-Model_1 S§5_TC-Model_1

w—Foracast

w——Observed

w— it
w— Forecast

Sep 2022
May 2022

e [den2022
o |Sep 202
Yy May 2021
Jan 2021

May 2020
Jan 2020
Sep 2019
May 2019
Jan 2019
Sep 2018
May 2018

Jan 2018
Sep 2017
May 2017
Jan 2017
Sep 2016
May 2016
Jan 2016
Sep 2015
May 2015
Jan 2015
Sep 2014
May 2014
Jan 2014
Sep 2013
May 2013
Jan 2013

Date
Date

2 B B ‘I

JaquinN JaquinN JaquinN

100000
75000
140000

Volume 11, Issue 6, June — 2026
ISSN No:-2456-2165

1250

Date
WWW.ijisrt.com

IJISRT26JUN378


https://doi.org/10.38124/ijisrt/26jun378
http://www.ijisrt.com/

Volume 11, Issue 6, June — 2026
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/26jun378

180000 w—Observed
e it
- e LCL
w——Forecast
140000 .82
- —«
Pl o
£ 120000 Z
= a
- e
100000 ‘ LI
80000 : "1
SR A i A i s LR A R L R L
2u3E88ERRERREREERERRERREnREny
PR N AP aa NNl PO B3 "RR2NRY
Date
w—Observed
e 4 ||
‘ .8 SN “===UCL
: v = Forecast
’ - - \J
8 W '3
£ 200000 | MW Z
= ‘ a
4 ! =
A. ¢ =
0‘.
SE T ST ST TR GFLEFLFLSELEES
SRBE3EnuEn sy ENRERREsy
PR R rrr N AT ud P OB =RRERE
Date

Fig 9 Representation of Trend and Time Series Analysis by Observed, Best Fit, LCL and UCL by Graphically of TC at all
Sampling Stations for the River Gomti

V. CONCLUSIONS

The different monitored water quality parameters (pH,
TDS, TH, Chlorides, DO, BOD, and TC) for five years (2013-
2017) at all seven selected sampling stations by UPPCB,
Lucknow, India, have been used to conduct this study.
Various statistical tests are used to analyses the model's
performance. The ARIMA model was used to make
projections regarding the monthly values of water quality
parameters for the subsequent five years (2018-2022). The
time series model outperforms the baseline model for all
sampling stations because stationary R squared and R squared
values showed similar behavior. The value of the RMSE for
pH, DO, and BOD is comparably low, which indicates that
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the dependent series is close to the model-predicted level,
while high for TDS, TH, Chloride, and TC, indicating that the
predictive model is useful at 95% confidence limits. As a
result, the data does not need to be differentiated, which
means that the series are independent of each other serially.

As the river approaches Lucknow’s metropolitan area,
the water quality metrics’ observed values rise from upstream
(S1) to downstream (S7), and they continue to do so
throughout the anticipated period (2018- 2022). The water
quality deteriorates across the board for all parameters at all
test stations, except for pH, TDS, and chloride levels.
Statistical modelling will be of enormous use to legislators,
managers of water quality, and scientists as they develop the
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strategies for managing the water quality of water body. The
accuracy of the model is dependent on the user's ability to
assess the water quality at various locations utilizing the data
that is available to them.
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