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Abstract 
In this paper, the assessment of seasonal water quality and land use land cover change in the Subarnarekha watershed in 
Ranchi stretch was analysed. Agricultural runoff along with climate change adds to the pollution risk to the Subarnarekha 
River of Ranchi stretch in Jharkhand. Water quality indicators, like acidity alkalinity (ALK), total dissolved solids (TDS), 
hardness (H), dissolved oxygen (DO), biochemical oxygen demand (BOD), chlorides (CL−), electrical conductivity (EC), 
salinity (SAL), resistivity (RES) and pH, were assessed as per the standard method. During monsoon season, acidity, alka-
linity, hardness, chlorides, salinity, pH and DO decreased, whereas EC, TDS, BOD and resistivity increased in comparison 
to pre-monsoon season. In post-monsoon, chloride problem was observed very high. Hardness was least in monsoon and 
maximum in post-monsoon season. EC and BOD increased in monsoon season in comparison to other seasons. Statistical 
analysis like HCA (hierarchical cluster analysis) and PCA (principal component analysis) also confirmed the problem of 
TDS, EC, chloride and hardness in the area. WQI (water quality index) analysis showed that the water quality was poor to 
unsuitable on all the sampling points throughout the study area in all seasons. LULC (land use land cover) and NDWI (nor-
malized difference water index) analysis had also concluded that due to high rate of urbanization, the area has undergone a 
massive change in terms of forest cover and water bodies. The need for afforestation, forest protection and wetland protection 
can be clearly seen from the result of this study.
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Introduction

Watershed hydrology is affected by various factors like soil 
properties, vegetation types, geology, terrain, land use prac-
tices, climate change and their spatial pattern of interaction 
among them (Tsegaye and Bharti 2022; Shaikh et al. 2023). 
The increase in anthropogenic activities and development 
is changing the land use and land cover of the global land-
scape (Baltodano Martínez and van Griensven 2023). These 
changes adversely affect the water quality of the rivers and 
lakes (Muhammed et al. 2022). Climate change enhances 

these problems and also causes the new one. Therefore, it 
is an urgent need to assess the water quality changes with 
varying temperatures and precipitations (Madhusudana Rao 
et al. 2020; Alamdari et al. 2022). The impact of climate 
change on river or stream flow is also dependent on the sea-
son change in the area. Freshwater resources may become 
vulnerable and highly affected due to climate change. So, it 
is evident that both climate and land use changes are impor-
tant driver of changes in watershed hydrology (Baltodano 
Martínez and van Griensven 2023).

The water quality parameters like pH, dissolved oxygen 
(DO), pathogens and nutrients are directly influenced by the 
rainfall and temperature. Excessive runoff in rainy season 
causes flood which increases water pollution by deteriorat-
ing the water quality of surface and ground water resources 
(Shaikh et al. 2023). The water quality also gets affected 
by drought. The concentration of contaminants increases 
because of less availability of water (Tsegaye and Bharti 
2022). People are forced to use contaminated water for 
self-use, crops and animals. This situation leads to various 
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water-borne diseases among plants and animals. Global 
warming leads to less dissolved oxygen in the water reser-
voir, and thus, increase in temperature adversely affects the 
quality of the water (Amanullah et al. 2020). Therefore, the 
monitoring and assessment of the water quality of surface 
waterbodies like river has become important to quantify the 
degradation. At the same time, it will also help in environ-
mental management (Baltodano Martínez and van Griensven 
2023).

In water quality assessment, lot of variables are responsi-
ble for influencing the water quality. Therefore, Multivariate 
statistical analysis is an important tool for the water quality 
assessment as it helps in better understanding of the spatial 
and temporal dynamics of water quality (de Andrade Costa 
et al. 2020; Varol et al. 2022). The relationship between the 
two parameters, its direction and strength can be assessed by 
the correlation matrix analysis. Through cluster analysis, one 
can group the data as per their nature. The similar param-
eters or homogeneous groups fall into the same group or 
class (Howladar et al. 2018). In Principal component analy-
sis, the data pattern is recognised which help in explaining 
the variance of a large dataset. It transforms the dataset into 
a smaller set of independent (uncorrelated) variables (Arora 
and Keshari 2021).

The water quality index (WQI) is a mathematical tool 
that significantly minimizes the complex water quality data 
sets into a single classifying value. This value describes the 
water quality status of water bodies or degree of pollution 
(Uddin et al. 2023). This method was introduced through 
mathematical equations to know the water quality status in 
the river (Horton 1965). The WQI is a rating, reflecting the 
combined influence of different water quality parameters on 
the overall water quality (Gautam et al. 2015; Akhtar et al. 
2021; Marselina et al. 2022).

The normalized difference water index (NDWI) has 
become a prominent and reliable tool in studying the surface 
water abstraction or availability patterns in land use–related 
analyses (Guha et al. 2020; Oad et al. 2023). It easily and 
explicitly differentiates all the land features like water bodies 
, land, soil and vegetation. The important feature of NDWI is 
that it removes any hindrance like soil and terrestrial vegeta-
tion elements and enlarges the existence of open water fea-
tures in remotely sensed digital imagery (Guha et al. 2020; 
Singh and Kansal 2022).

LULC study is a crucial component of global change and 
sustainable development strategies, as it has major impact 
on ecosystem and climate change (Santy et al. 2020). It is 
used to quantify changes in the natural environment and 
human activity (Tsegaye and Bharti 2022). LULC has 
greater impact on water quality as most of the surface water 
bodies get recharged from surface runoff (Wu et al. 2020). 

Land use causes habitat degradation and poor water quality 
(Hong et al. 2016). Various activities related to urbanization, 
agriculture and industries may often involve aggressive land 
use which ultimately increases runoff (Mandal et al. 2021). 
The runoff transports pollutants to the rivers which results in 
surface water degradation. The climate change variables like 
land surface temperature, precipitation and extreme weather 
condition will pose a greater threat to the agriculture as more 
pests and disease outbreaks may occur which will reduce the 
crop productivity (Shukla et al. 2019).

The better understanding of LULC and climate change 
dynamics will help in water pollution management and sus-
tainable land-use planning. Therefore, the objectives of the 
study are (1) to do seasonal water sampling and analysis 
by APHA (American Public Health Association) standard 
procedure, (2) to analyse water quality data statistically and 
WQI calculation, (3) to prepare NDWI for pre- and post-
monsoon seasons using ArcGIS software, and (4) to assess 
the change in LULC (land use land cover). The novelty of 
the work lies in the study of land use and land cover change 
on the water quality of Subarnarekha River in a small but 
representative stretch that lies in the Ranchi district of 
Jharkhand. As the area is getting urbanized at the increas-
ing rate, changes in LULC are very high. The comparative 
studies for water quality in all the three seasons like pre-
monsoon, monsoon and post-monsoon were done. WQI 
and NDWI maps help in understanding the impact on water 
quality and quantity. Thus, the observation of the study and 
inferences will help the decision makers in identifying major 
hotspots for environmental management.

Methodology

Study area

The Subarnarekha River basin is the smallest among 
the 14 major river basins of India. It passes through 
three states in eastern part of India like Jharkhand, West 
Bengal and Orissa (Madhusudana Rao et al. 2020). The 
total stretch of river is approx. 395 km before it finally 
merges into the Bay of Bengal. The selected area for 
study is the stretch passing through Ranchi district whose 
co-ordinates were 23°27′1.27″N to 23°16′52.39″N and 
85°39′51.98″E to 85°18′10.00″E. The total length of 
the river under investigation was 50.7 km. The basin is 
surrounded by Chota Nagpur Plateau. The origin of the 
river is near the village Nagri which is situated in Ranchi 
district of Jharkhand. The elevation of the area is 600 
m. Along the river side, there are human settlement and 
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industries. The river receives rainfall in the month of 
June-September. The river water is also used for irriga-
tion. Twelve distinct locations were selected for sam-
ple collection based on major water pollution sources, 

such as proximity to any industry or any human settle-
ment. The study area is shown in Fig. 1. The list of sam-
pling points and their latitude and longitude is shown in 
Table 1.

Map of India Map of Jharkhand state 

Fig. 1  Study area: showing sampling points at Subarnarekha River, Ranchi, Jharkhand, India

Table 1  List of sampling station 
with their latitude and longitude

Location Name Latitude (N) Longitude (E)

S1 Hundru waterfall 23.45035278 85.66443889
S2 Near Getalsud Dam 23.455775 85.55843056
S3 Mihir Bridge 23.42704722 85.446575
S4 Junction of Jumar 23.40660278 85.43864444
S5 Near Sun Temple 23.38065278 85.42674722
S6 Jorar Village 23.36494167 85.38143611
S7 Namkum Flyover 23.35040556 85.36935
S8 Namkum Muktidham 23.33415278 85.35991667
S9 Aarav Gas Godown 23.30644722 85.34406944
S10 Oberiya Tonko Bridge 23.28431389 85.31864722
S11 Near Hotel Saffron Heights Resort 23.2834 85.30875278
S12 Bridge near tata motors 23.28121944 85.30277778
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Data acquisition and analysis

The seasonal water quality data for 12 points (S1–S12) was 
obtained for statistical analysis and WQI calculation. The 
data is processed to assess the land use land cover change 
which subsequently leads to water quality deterioration. 
The source of satellite data which is used for calculation of 
NDWI and LULC is shown in Table 2.

Water sampling and parametric analysis

The sur face water  sampling was done in the 
year 2022–2023 for three seasons like monsoon, 

post-monsoon and pre-monsoon. The sampling started 
in the month of August 2022 and completed in April 
2023. The water samples were collected in a pre-rinsed 
polyethylene bottle and brought to the laboratory for 
analysis. The samples were analysed as per standard 
APHA methods in the lab. Twelve locations on the river 
stretch were selected for sample collection. The selec-
tion of sampling points was based on major milestones, 
such as proximity to any industry or any human settle-
ment along 50.7 km of Ranchi stretch of Subarnarekha 
River. The samples were seasonally collected like in pre-
monsoon (March–April), monsoon (August–September) 
and post-monsoon (November–December). The water 
quality parameter testing in laboratory was done for 11 
parameters such as alkalinity, acidity, TDS (mg/l), hard-
ness, DO (mg/l), BOD (mg/l), chlorides, EC (mS/cm), 
salinity, pH and resistivity based on the APHA standard 
method. The statistical analysis (like cluster analysis, 
PCA and correlation analysis) was done with the help of 
IBM SPSS Statistics 26 software.

Calculation of water quality index (WQI)

WQI calculated by Brown’s method, which is already used 
many times for region specific water quality index (Brown 
et al. 1972; Gorai et al. 2016; Uddin et al. 2021). WQI is 
a dimensionless unit, which can indicate the water quality 

Table 2  Details of satellite data used for generating maps

Satellite Sensor Path/Row Spatial 
resolu-
tion

Date acquired on

LANDSAT 8/9 OLI/TIRS 140/44 30 m Novem-
ber-28-2022

LANDSAT 8/9 OLI/TIRS 140/44 30 m February-13-2022
LANDSAT 8/9 OLI/TIRS 140/44 30 m Novem-

ber-30-2020
LANDSAT 5 TM 140/44 30 m February-20-2010
LANDSAT 5 TM 140/44 30 m Novem-

ber-23-2000

Fig. 2  Flow chart for making 
spatial distribution maps
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ranging from poor to excellent (Uddin et al. 2021). The 
selected parameter for WQI calculation was alkalinity, total 
dissolved solids, hardness, BOD, DO, chloride and pH. For 
the WQI calculation, BIS 10500 standards were used. The 
Brown formula is given in Eq. 1.

where Wn is the unit weight of nth water quality parameters, 
and Qn is the quality rating of nth water quality parameter. 

(1)WQI =
(� Qn Wn)

� Wn

Fig. 3  Spatial distribution map for TDS

Table 3  Descriptive statistics of pre-monsoon season

N Minimum Maximum Mean Std. Deviation

AC 12 15.00 270.00 77.0833 72.90898
ALK 12 40.00 70.00 50.8333 9.73124
TDS 12 245.50 300.40 276.1917 20.03644
H 12 27.50 112.50 74.7917 19.49529
BOD 12 2.16 13.56 0.3267 0.13412
DO 12 3.16 3.56 0.3533 0.12514
Cl 12 53.18 159.54 107.8362 32.47416
EC 12 517.20 612.00 571.9417 34.92055
Sal 12 254.00 354.00 321.8333 28.50146
pH 12 8.20 8.72 8.5667 0.14202
RES 12 1.63 1.93 1.7483 0.11408
Valid N (list-

wise)
12

Table 4  Descriptive statistics of monsoon season

N Minimum Maximum Mean Std. Deviation

AC 12 5.00 15.00 6.6667 3.25669
ALK 12 25.00 40.00 35.8333 4.68718
TDS 12 72.42 524.20 319.3392 212.11660
H 12 0.00 15.00 8.9583 6.78051
BOD 12 4.32 8.48 5.1733 0.68253
DO 12 3.16 4.68 5.0400 0.47144
Cl 12 17.73 88.63 44.3163 23.29719
EC 12 146.80 1057.00 622.0167 422.91099
Sal 12 123.00 569.00 368.0000 210.25223
pH 12 7.50 11.40 8.7142 1.80463
RES 12 0.96 6.81 3.2080 2.78548
Valid N (list-

wise)
12
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Quality rating of nth water quality parameters will be cal-
culated using Eq. 2.

where Vn is the actual value which can be found after the 
parameter analysis. Vs is the standard value of that param-
eter, and Vi is the ideal value of that parameter

The Vi value is 0 for all parameters except pH = 7 and DO 
= 14.6 mg/l.

Wn is the unit weight, which can be calculated by Eq. 3.

where k is the constant proportionality which can be calcu-
lated by Eq. 4.

(2)Qn = 100
(Vn − Vi)

(Vs − Vi)

(3)Wn =
k

Vs

Table 5  Descriptive statistics of post-monsoon season

N Minimum Maximum Mean Std. Deviation

AC 12 4.00 12.00 7.0167 2.45017
ALK 12 21.00 75.00 38.6667 14.16355
TDS 12 114.40 450.20 294.1333 105.88068
H 12 60.00 97.50 71.0417 11.30458
BOD 12 0.5 6.00 0.3933 0.09316
DO 12 4.16 5.68 0.5800 0.10854
Cl 12 70.91 159.54 106.3590 25.06906
EC 12 232.40 756.40 510.7250 201.88089
Sal 12 158.00 414.00 305.4167 99.29337
pH 12 6.50 12.48 9.6017 1.52040
RES 12 1.25 4.30 2.1138 1.01608
Valid N (list-

wise)
12

Table 6  Correlation analysis of pre-monsoon

*Correlation is significant at the 0.05 level (two-tailed); **correlation is significant at the 0.01 level (two-tailed)

Correlations

AC ALK TDS H BOD DO Cl EC Sal pH RES

AC Pearson correlation 1
ALK Pearson correlation 0.407 1
TDS Pearson correlation −0.086 0.454 1
H Pearson correlation 0.194 −0.011 0.365 1
BOD Pearson correlation 0.248 0.274 0.401 0.487 1
DO Pearson correlation −0.184 0.035 −0.187 0.085 0.540 1
Cl Pearson correlation 0.176 0.531 0.557 0.147 0.530 0.019 1
EC Pearson correlation −0.094 0.209 .839** 0.225 0.557 −0.148 .607* 1
Sal Pearson correlation 0.046 0.287 .804** .810** .600* 0.040 0.530 .654* 1
pH Pearson correlation −0.186 0.249 0.043 −0.376 −0.533 −0.173 −0.177 −0.279 −0.308 1
RES Pearson correlation 0.052 −0.130 −.756** −0.284 −.635* 0.085 −.604* −.984** −.656* 0.419 1

Table 7  Correlation analysis of monsoon

*Correlation is significant at the 0.05 level (two-tailed); **correlation is significant at the 0.01 level (two-tailed)

Correlations

AC ALK TDS H BOD DO Cl EC Sal pH RES

AC Pearson correlation 1
ALK Pearson correlation −0.397 1
TDS Pearson correlation −0.091 −0.343 1
H Pearson correlation 0.446 0.030 0.208 1
BOD Pearson correlation −0.354 −0.072 0.420 0.037 1
DO Pearson correlation 0.166 0.230 0.064 .637* 0.347 1
Cl Pearson correlation 0.531 0.000 −0.155 0.472 0.130 .610* 1
EC Pearson correlation −0.163 −0.191 .976** 0.148 0.443 0.036 −0.190 1
Sal Pearson correlation −0.065 −0.396 .997** 0.220 0.418 0.052 −0.166 .959** 1
pH Pearson correlation 0.428 −0.125 0.142 .697* −0.116 −0.017 0.288 0.110 0.155 1
RES Pearson correlation −0.086 0.441 −.981** −0.274 −0.359 −0.083 0.080 −.946** −.983** −0.209 1
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The obtained index value was matched with the given 
quality status range. Thus, the water quality can be fixed 
for a season.

Calculation of normalized difference water index 
(NDWI)

NDWI is an index, calculated by the satellite data derived 
in the form of near infrared and shortwave infrared channels 
(Guha et al. 2020). NDWI helps in assessing water stress 
in the vegetation and monitoring any change in the water 
availability. The NDWI value is basically an image ratio. 
The raster pixel of same functional form is divided by their 
corresponding values. The result of which gives the infor-
mation related to change in water content. It was extracted 
from Landsat 8 satellite data and put them into Eq. 5. The 
preparation of NDWI maps for seasonal water quality was 
done with the help of Arc-GIS and Google Earth Pro. This 
procedure is shown in the flowchart in Fig. 2. NDWI maps 
help in determining the coverage of water in any region. The 
NDWI ranges between −1 and 1 (Nikam et al. 2020). The 
values more than 0.5 represent water body, and very low 
values represent vegetation. The cloud coverage was kept 
less than 10%. For NDWI calculation, raster calculator was 
used (Gebrechorkos et al. 2020).

(4)k =

⎡
⎢⎢⎢⎣

1

�

�
1

Vs

� = 1, 2, 3…… .n

⎤⎥⎥⎥⎦

(5)NDWI =
(NIR − SWIR)

(NIR + SWIR)

where NIR is near-infrared (band 5 for Landsat 8), and SWIR 
is short wave infrared (band 3 for Landsat 8).

NDWI was calculated for pre- and post-monsoon seasons 
of the year 2022. The NDWI classes were classified in five 
groups such as impervious surface (−0.18 to −0.06), moder-
ate vegetation (−0.26 to −0.22), healthy vegetation (−1 to 
−0.26), sparse vegetation (−0.22 to −0.18) and water bod-
ies (−0.06 to 0.2). Healthy vegetation includes forest cover 
and high plants. Moderate and sparse vegetation means the 
agriculture and uncultivated lands, respectively. The imper-
vious surface includes hardened soil, road pavement, rocks 
and urban areas.

Land use and land cover (LULC) maps

LULC change was determined by using satellite data. The 
study area image was procured for the years 2000, 2010 
and 2020 from the USGS earth explorer. Data collection 
was done from Landsat-8 OLI for the years 2000, 2010 
and 2020. The flow chart for making spatial distribution 
maps ire shown in Fig. 2. The data were pre-processed for 
radiometric correction. This data set was used for LULC 
map preparation. The obtained data were converted into 
a composite band. This data can be viewed with false 
colour composites (FCC) for the land feature identifica-
tion. The FCC formed by bands 5, 4 and 3, which can 
be called composite band image, was classified by the 
ISO unsupervised classification method in Arc GIS map 
10.5.1 (Yu et al. 2021). The five land features can be 
identified to assess LULC change. They are water bod-
ies, vegetation, built-up area, agriculture and barren land. 
The unsupervised classification method does not need 

Table 8  Correlation analysis of post-monsoon

*Correlation is significant at the 0.05 level (two-tailed); **correlation is significant at the 0.01 level (two-tailed)

Correlations

AC ALK TDS H BOD DO Cl EC Sal pH RES

AC Pearson correlation 1
ALK Pearson correlation −0.510 1
TDS Pearson correlation −0.116 −0.153 1
H Pearson correlation −0.349 0.045 −0.239 1
BOD Pearson correlation 0.498 −0.399 −0.161 0.163 1
DO Pearson correlation −0.056 0.558 −0.229 −0.419 −0.446 1
Cl Pearson correlation −0.189 0.100 −.738** 0.483 0.110 0.047 1
EC Pearson correlation −0.059 −0.033 0.509 −.581* −.648* 0.385 −.583* 1
Sal Pearson correlation −0.293 0.087 0.548 −0.168 −.725** 0.326 −0.386 .855** 1
pH Pearson correlation 0.451 −0.141 −0.159 0.047 0.200 0.052 0.312 −0.183 −0.167 1
RES Pearson correlation 0.102 −0.008 −.784** 0.226 0.540 −0.166 .583* −.760** −.900** 0.099 1



 Environmental Science and Pollution Research

1 3

any prior knowledge of land cover types. Class assign-
ments to each pixel were done by the interpreter (Nordin 
et al. 2022). Unsupervised classification was developed 
through different clustering methods such as K-means and 
interactive self-organization data analysis (ISODATA). 
This study uses unsupervised classification method for 
the different land cover classifications with the use of 
Landsat satellite image and GIS software (Ali et al. 2019).

Results and discussion

Water quality analysis

During monsoon season, acidity, alkalinity, hardness, chlo-
rides, salinity, pH and DO decreased, whereas EC, TDS, 
BOD and resistivity increased in comparison to pre-mon-
soon season. The electrical conductivity at S2, S3, S8, S9, 
S10 and S12 was very high. The highest EC observed was 
1057 micro S/cm. at S10. TDS was found very high at many 
sampling points. The three sampling points like S2, S10 and 
S12 had recorded TDS beyond permissible level. Sampling 
points S3, S8, S9 and S11 had recorded TDS beyond 450 
mg/l. The pH values were observed in the standard range, 
i.e. 6.5–8.5, but mostly in between 7 and 8.5.

In post-monsoon, chloride problem was observed very 
high. The calcium and magnesium chlorides were the main 
component causing chloride problem in water. Sampling 
points like S7, S8, S10 and S12 had recorded chloride 
towards higher value than other points. EC was more at sam-
pling points S1, S2, S3 and S4. At S3, the least pH value, i.e. 
6.5 was observed. The rest of the points observed pH values 
in the standard range, i.e. 6.5–8.5. On an average, TDS val-
ues were more than 250 mg/l at all the points. The acidity 
was least in post-monsoon season. In pre-monsoon, acidity 
was higher at points S5, S8, S10 and S12. Hardness was 
found maximum at S12. Chloride problem was observed at 
sampling points, S3, S4, S7, S8, S10 and S12. The pH values 
were observed in the standard range, i.e. 6.5–8.5.

Hardness was least in monsoon and maximum in post-
monsoon season. EC and BOD increased in monsoon season 
in comparison to other seasons, although BOD was well 
within the permissible limit. Dissolved oxygen was com-
paratively less in monsoon than in other seasons. Chlorides 
were less in monsoon than in pre-post-monsoon. The pres-
ences of chlorides were related with industrial pollution. pH 
was highly alkaline in nature in post-monsoon. pH always 
has a very important role in altering the aquatic environ-
ment. The pH of natural waters usually remains around 7, 
but the presence of pollutants causes it to change.

The BOD level varied in both seasons like in monsoon 
as well as in post-monsoon season. During monsoon, BOD 
increased, although it was well within permissible limit. 
These occurred due to the mixing of surface runoff with 
the river water (Jiménez-Navarro et al. 2021). Occurrence 
of heavy rainfall can lead to increased runoff, which had 
carried pollutants into waterways and increased BOD lev-
els. The water quality was worst in pre-monsoon. There was 
high temperature and least rainfall during pre-monsoon. 
Changes in temperature can affect the solubility of miner-
als in water (Giri and Singh 2014; Jain and Singh 2020). 
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As the solubility of minerals increased due to increase of 
temperature, it had led to higher levels of dissolved calcium 
and magnesium in water (Gautam et al. 2015).

Water hardness was least in monsoon than pre-
post-monsoon season. The hardness of water impacts 

significantly to the human health, environment and 
infrastructure. During monsoon season, the temperature 
of ambient environment decreased; it might be a reason 
for decreased hardness in water. Water hardness in post-
monsoon had also increased because of less rainfall (Gaur 

Fig. 5  Cluster analysis of pre-
monsoon (a), monsoon (b) and 
post-monsoon (c)
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Fig. 6  WQI values on seasonal 
basis at 12 sampling locations
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et al. 2020). Water hardness got affected by the changes 
in precipitation patterns. Drought conditions caused 
increased concentrations of minerals in surface water and 
groundwater due to reduced dilution. Conversely, heavy 
rainfall increased dilution and reduced water hardness, 
acidity, salinity, electrical conductivity and alkalinity. 
The drop in ambient temperature reduced chloride content 
in water (Wang et al. 2020). A higher value of hardness 
referred to more inflow of runoff water in the river. TDS 
may also contribute to hardness of water. More surface 
runoff and hardness cause increase in pH.

In monsoon season, the runoff carried pollutants like 
sediments, nutrients, fertilizers and pesticides from agri-
culture and industrial areas. The increased concentration 
of such pollutants resulted in decrease dissolved oxy-
gen levels, pH and increased BOD, turbidity and total 
suspended solids (TSS). During monsoon season, more 
runoff and erosion of sediments took place because of 
excessive rain. Therefore, higher TDS was observed in 
this season. In pre-monsoon season, higher TDS was 
observed because the higher temperature increased the 
rate of chemical reactions which led to increased solubil-
ity of minerals in the water. Land use land cover changes 
also led to increase in TDS. Deforestation and unscien-
tific agricultural practices led to increased erosion and 
sedimentation in the waterways (Garg et al. 2016).

Figure 3 shows the spatial distribution of total dis-
solved solids in Subarnarekha River as per the sampling 
location in pre-monsoon. In pre-monsoon season, tem-
perature is at its peak and the pollutant gets concentrated, 
so TDS problem becomes more pronounced in compari-
son to the other. Higher TDS infers to city and industrial 
releases to the river. TDS changes with more dilution or 
addition to the natural water. Naturally, the river water 

temperature changes are attributed to the atmospheric 
changes.

Statistical analysis

The descriptive statistics of dataset are given in Tables 3, 
4 and 5. Among the obtained data in the pre-monsoon sea-
son, a strong positive correlation was found between TDS 
and EC (0.839), salinity and TDS (0.804), and hardness 
(0.810). A strong negative correlation was found between 
resistivity and TDS (−0.756) as well as EC (−0.984). The 
increment in TDS is usually associated with increase in 
salts in water samples, which also increases the EC of 
water. The correlation analyses for all the three seasons 
are given in Table 6, 7 and 8. During summer season, the 
surface water evaporates and the concentration of salts 
and ions increase tremendously. In the monsoon season, 
the strong positive correlation was found between EC 
and TDS (0.976), salinity and TDS (0.997), as well as 
salinity and EC (0.959). In monsoon season, the influx 
of soil fines and agrochemicals in form of runoff is a 
common phenomenon in the water bodies. A strong nega-
tive correlation was found between resistivity with TDS 
(−0.0981), EC (−0.946) and salinity (−0.983). Similarly, 
in the post-monsoon season, the strong positive correla-
tion was found between salinity and EC (0.855). A strong 
negative correlation was between  Cl− and TDS (−0.738), 
salinity and BOD (−0.725), resistivity and TDS (−0.784), 
EC (−0.760) and pH (−0.900).

Hierarchical cluster analysis (HCA)

Hierarchical cluster diagram is to recognize the source and 
similarities between the water chemistry factors. HCA is a 

Fig. 7  (continued)
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prevalent data analysis technique that displays the results in 
the form of a tree diagram known as a dendrogram (Taşan 
et al. 2022). The parameters can make a cluster based on 
their origin types. In pre-monsoon, parameters were classi-
fied into two major clusters at the mean distance, whereas 
overall eleven clusters were formed to combine all the 
parameters (Arora and Keshari 2021).

In pre-monsoon, the cluster-1 composed of parameters 
at mean distance BOD, DO, RES, pH, ALK, hardness, 
chloride, acidity, TDS and salinity indicating similarity in 
parameter variation. Out of all BOD, DO, RES, pH, ALK, 
hardness, chloride and acidity, these parameters showed the 
maximum similarity and formed a cluster at the minimum 

distance. All these parameters were closely correlated and 
formed a cluster, whereas TDS and salinity showed the 
lesser distance and more similarity between them. Cluster 2 
composed of only one parameter, i.e. electrical conductiv-
ity (EC). A cluster, with a single member, showed that the 
parameter holds a considerable distance from all the other 
remaining parameters. They have different rates of change 
than other parameters. In monsoon, also the two clusters are 
formed and similar results were observed as in pre-monsoon. 
In post-monsoon, three clusters were observed. The clus-
ter 1 composed of BOD, DO, RES, Acidity, pH, Alkalin-
ity and hardness. Cluster 2 composed of chloride. Cluster 3 
composed of TDS, salinity and EC, where TDS and salinity 

Fig. 8  a LULC maps of Ranchi 
region for past two decades. b 
Comparative analysis of LULC 
features in two decades
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were closely correlated. EC has different rates of change 
than other parameters. The cluster analysis is shown in Fig. 5 
a, b and c.

Principal component analysis

PCA was important to extract the hidden information for the 
proper understanding of the datasets. A seasonal PCA was 
done on the obtained data. It used rotation of the components 
to obtain optimal distribution of variances in among vari-
ous components. Therefore, varimax rotation was applied to 
obtain optimal distribution of variances in various compo-
nents (Arora and Keshari 2021).

In the pre-monsoon months, the first four factors contrib-
ute to 84.577%, 89.365% for monsoon season and 86.055% 
for post-monsoon season with a significance higher than 1. 
The number of factors (clusters) can now be selected based 
on principal components showing eigenvalues above one or 
number of principal components forming the cliff in scree 
plot (Nguyen and Huynh 2022; Varol et al. 2022). It can be 
observed from the scree plots (Fig. 4a–c) for three seasons 
that only four clusters are needed to group the water sam-
ples. Using the varimax rotation, it was determined that for 
pre-monsoon season, the factor 1 consisted of parameters 
indicating presence of salts, metals and other impurities like 
TDS, EC, salinity and  Cl−. Factor 2 consisted of hardness. 
Factor 3 included the pH determining components such as 
acidity and alkalinity. Factor 4 had biological components 
such as BOD and DO. For monsoon season, the factor 1 con-
sisted of TDS, EC and salinity, factor 2 consisted of DO and 
 Cl− and factor 3 consisted of hardness and pH, while factor 4 
consisted of alkalinity. For post-monsoon season, the factor 
1 included resistivity, factor 2 consisted of alkalinity and 
DO, while factor 3 consisted hardness and factor 4 consisted 

of pH. Therefore, it is clear that the water sample data for 
three seasons can be clustered into four groups (Fig. 5).

WQI analysis

The WQI is an indicator of health of aquatic bodies as there 
use for human consumption. Knowledge of the water quality 
and evaluation of water quality index (WQI) plays a significant 
role in water quality control and management (Marselina et al. 
2022). Water quality can be treated as excellent, good, poor and 
very poor if WQI lies in the ranges 0–25, 26–50, 51–75 and 
76–100, respectively (Syeed et al. 2023). In this study, it was 
found that the water quality was poor to unsuitable on all the 
sampling points throughout the study area in all seasons. In the 
pre-monsoon season, the water had higher pH, EC, chlorides 
and alkalinity. This lowers the water quality. Increased pH, EC 
and alkalinity indicate the presence of carbonaceous salts in the 
water bodies, which get highly concentrated in summers with 
lowering of water table. In the monsoon season, the WQI fur-
ther deteriorates to unsuitable category as the surface erosion is 
common phenomenon in monsoon period (Azhari et al. 2022). 
This leads to flushing of soil fines and metals in the water bod-
ies making it quite high with TDS and EC. High TDS values 
make water unfit for drinking. Similarly, in the post-monsoon 
season, TDS and salinity values are high in water bodies along 
with hardness and EC. A WQI value in all seasons at every 
sampling point is shown in Fig. 6.

Analysis of NDWI results

From Fig. 7 a and b, it was seen that in the year 2022, there 
was 1% reduction in impervious surface (from 452.14 to 
392.45  km2) and 13% reduction in sparse vegetation (from 
2393. to 1772.66  km2) from pre-monsoon season to monsoon 
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season. This usually occurs as the surface soil moisture drop 
significantly. The ambient temperature change affects the 
water availability (Oad et al. 2023). The clayey loam soil 
(rich in kaolinite and Illite clay) which is dominantly pre-
sent in Ranchi City becomes quite hardened and appears 
as impervious surface. In the post-monsoon period, the 
vegetation cover flourishes as the soil regains its moisture 
(Jean Milien et al. 2023). Due to low water availability, the 
agriculture is dependent on rain. Most croplands are left bar-
ren in summers. In case of healthy vegetation and moderate 
vegetation, there was a slight increase, i.e. 4% (from 575.05 
to 763.016  km2) for healthy vegetation and 10% (from 
1431.62 to 1906.67  km2) for moderate vegetation respec-
tively. Commercial cropping period starts from monsoon 
months (June–July), and harvesting occurs in post-monsoon 
months (October–November). Weed growth is high in post-
monsoon months and thus increases in the vegetation cover 
observed. The area of water bodies increased from 30.66 
 km2 in pre-monsoon to 48.21  km2 in post-monsoon season. 
Ranchi City has an average rainfall of 1200 to 1400 mm 
annually. The water level rises in major water bodies, while 
the rainfed tributaries and ponds are also filled significantly 
in monsoon and post-monsoon months compared to pre-
monsoon months (Deoli et al. 2022).

LULC analysis

The land use land cover pattern played a crucial role 
in land degradation analysis (Tsegaye and Bharti 2022; 
Alshehri et al. 2023; Sadhwani et al. 2023). In this study, 
a two-decade study showed that surface water body 
increased from 156.01 to 326.71  km2 (2000 to 2010) and 
then reduced to 267.28  km2 in 2020. This could be due 
to climate variation, i.e. due to change in precipitation 
and temperature pattern. The significant reason in the last 
decade was speedy urbanization (Sadhwani et al. 2023). 
The construction of residential houses and commercial 
buildings took place mostly at the cost of agricultural 
land and water bodies (Hoang et al. 2020). The changes 
in the LULC are mainly due to anthropogenic activities 
(Malede et al. 2022). Similar is the case of uncultivated 
land, which has increased from 617.83  km2 in 2000 to 
971.61  km2 in 2020. Lack of rainfall or irrigation water 
leads to agricultural land left uncultivated. The land is 
reserved for future construction work. The forest cover 
and agricultural land have dramatically reduced in past 
two decades from 1130.967  km2 in 2000 to 551.833  km2 
in 2020 and 2188.67  km2 in 2000 to 1969.27  km2 in 2020 
respectively. The LULC analysis is shown in Fig. 8 a and 
b. Forest cover has been deforested mostly for infrastruc-
ture development and mining activities in Jharkhand. Loss 
of agricultural land is attributed to urbanisation solely.

Conclusion

The main aim of this study was to understand the impact 
of land use land cover changes on the water quality. As 
the area is under the speedy urbanization, the construction 
of residential houses and commercial buildings took place 
mostly at the cost of agricultural land and water bodies. 
Subarnarekha is the longest river in the north-east region. 
The human settlement and industries alongside the river 
pollute the water also. Strong scientific proof supports the 
anthropogenic origin of climate change, and impacts on nat-
ural and human systems have already been detected (IPCC 
2018). To analyse the impact on water of Subarnarekha 
River, 12 sampling points were selected. Samples were 
taken seasonally and sent to the lab and analysed for 11 
water quality parameters. The seasonal data obtained was 
statically analysed with correlation analyses, HCA and 
PCA. It was observed that TDS, chloride, EC and hardness 
were the major problematic parameter. WQI analysis was 
also done and observed that the water quality was found 
poor to unsuitable on all the sampling points throughout 
the study area in all seasons. LULC change rapidly alters 
the hydrologic process with an increase in urbanization. 
LULC and NDWI analysis had also concluded that due to 
high rate of urbanization, the area has undergone a mas-
sive change in terms of forest cover and water bodies. Also, 
due to uncontrolled urbanization, the enormous growth of 
population and industrialization, most of the city has now 
been covered with concrete as the housing has become the 
important issue. Due to impervious nature of the concrete, 
the infiltration of water has stopped which led to depletion 
of groundwater table. The analysis of the LULC data also 
suggested the similar view. It is the utmost demand to man-
age the environment by planting more trees and protecting 
forests in the area.
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