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Land use/land cover (LULC) change, strongly affects surface water
characteristics, especially in urban watersheds. The aim of this study was to
determine LULC in the Samian Watershed and assessing its relationship
with water quality parameters. In this study, LULC maps was obtained by
ENVI software in four periods (1992 to 2016). Then, 9 water quality
parameters at five river gauge stations were selected for further analysis.
The Mann-Kendall test was performed to examine the trends in water
quality parameters and Pearson test was used to assess the correlation
between quality parameters and land uses. According to the results,
rangeland decreased by 9.75%, irrigated agriculture increased by 8.45%,
residential increased by 1.42% and rainfed agriculture increased by 3.29%
compared to the first period. Average of TDS and EC in the study periods
in Samian and Gilandeh stations, has been increased. The correlation
analysis using Pearson test between quality data and LULC also shows that
the EC, Ca, Cl, SO4, Mg and Na pameters of had a significant relationship
with increasing residential, irrigated and rainfed land uses.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

One of the important factors in sustainable
development in a region is the distribution of
available water resources for different uses with
suitable quality. Land use change is considered
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as an influencing factor caused by human
activities that causes changes in the quantity and
quality of surface and groundwater resources.
The effects of land use/land cover change can
alter the water quantity and quality in the
watershed scale. The purpose of this study was to

Vol. 9, No. 3, 2023

B
QS
EWE

VE-Y 5l o o)lass @ 690


https://doi.org/10.22034/jewe.2022.341548.1783
https://portal.issn.org/resource/ISSN/2476-3683
http://www.jewe.ir/
mailto:rasinezami@uma.ac.ir
http://creativecommons.org/licenses/by/4.0/

ff

Rasinezami et al. 2023

investigate and evaluate the effect of land use
change on surface water quality in the Samian
watershed in Ardabil province. In this regard, the
temporal trend and significance changes of 9
water quality parameters has been studied using
Man Kendall test. Also, the Pearson test has been
employed to explore the dependency of water
quality parameters and land use extent of
different land uses.

Material and Methods

Samian watershed located in the central part of
Ardabil with area of 3906.4 km? including
Ardabil, Nir, Namin and Sarein cities. The
average annual rainfall of the study area is 312
mm, and the average annual temperature is 8.2
°C. To determine the temporal trend of water
quality parameters during the study period, the
changes of 9 surface water quality parameters
including chloride, calcium, magnesium, sodium,
TDS, PH, electrical conductivity, bicarbonate
and sulfate measured at 5 hydrometric stations
has been assessed. The Landsat satellites images
has been used for land wuse/cover change
detection in for 1991, 2000, 2008, and 2016. To
classify satellite images, the supervised
maximum likelihood classification has been
employed. The Mann-Kendall trend test was also

used to determine the trend in the water quality
parameters. The correlation analysis has been
conducted to investigate the relationship between
the water quality parameters and different land
use classes. Next, the changes in water quality

parameters were evaluated using boxplot
diagrams at different stations.
Results

The accuracy of LULC maps has been
investigated using Kappa index. The Kappa
index were 0.73, 0.86, 0.75, 0.68, in different
studied years, respectively. In the studied time
period, the rangelands had the highest change
with 9.75% decrease in 1992 to 2016. Also,
irrigated agricultural lands had the highest
increase among land uses with 8.45% increase.
Residential area has been increasing in all
periods and has increased by 1.42% compared to
the first period. Rainfed agriculture has increased
by 3.29% in the studied periods. Also, forest land
use has been decreased by 2.25% in the study
area, and finally water bodies has decreased with
a declining trend in the studied years. The last
period has seen a decrease of 1.16%. The results
of trend analysis in water quality parameters of 9
water quality parameters in the 27-year period
has been presented in 5 river gauge stations.

Table 1 Pearson correlation test results for water quality parameters in Samian station

classes Regression EC PH HCO:s Cl SO4 Ca Mg Na
components
Irrigated Pearson 0.465*%*  -0.179  -0.001  0.419**  0.496**  0.512** 0.489**  0.327*
agriculture Coefficient
Sig. 0.0003 0.196 0.996 0.001 0.0001 0.0001 0.0001 0.015
Residential Pearson 0.33* -0.13 -0.05 0.32* 0.36** 0.31* 0.31* 0.27*
Coefficient
Sig. 0.01 0.34 0.71 0.01 0.007 0.01 0.02 0.04
Forest Pearson -0.22 0.18 0.16 -0.19% -0.26* -0.26 -0.287*  -0.127
Coefficient
Sig. 0.1 0.14 0.22 0.15 0.051 0.05 0.03 0.367
Rainfed Pearson 0.492**  -0.183  0.021  0.435**  0.522**  0.557**  0.53**  0.337%
agriculture Coefficient
Sig. 0.0001 0.092 0.44 0.0001 0.0001 0.0001 0.0001 0.006
Rangeland Pearson -0.508**  0.158  -0.063 - - - -0.52%* -
Coefficient 0.456**  0.531**  0.559** 0.363%*
Sig. 0.0001 0.254 0.645 0.0004 0.0001 0.0001 0.0001  0.0006
Water Area Pearson -0.26 0.05 0.0004 -0.27* -0.27* -0.19 -0.18 -0.25
Coefficient
Sig. 0.05 0.67 0.99 0.04 0.04 0.14 0.17 0.06

*: Correlation at 95% confidence level (0.05 significance)
**: Correlation at 99% confidence level (0.01 significance)

According to the Mann-Kendall test, which was
performed separately for each station and each
parameter, the TDS and EC parameters have a
similar and increasing trend in all studied river
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gauge stations. It should be noted that the amount
of some water quality parameters has increased
during the study period due to the entry of
wastewater and point source pollutants from
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residential areas and agricultural lands with the
entry of non-point source pollution. The trend of
sulfate parameters also had a similar trend with
TDS and EC during the study period. This
parameter has had an increasing trend in
Gilandeh, Nir and Samian stations and no
significant trend has been observed in Aladizge
and Atashgah stations. Finally, all water quality
parameters in Gilandeh station have increasing
trend, which can be attributed to the proximity of
this station to Ardabil city downstream. A similar
trend has been observed in Samian river gauge
station. The trend of water quality parameters in
Atashgah, Aladizge and Nir stations, which are
located in the upland parts of the watershed, is
different with the Samian and Gilandeh stations.
The correlation analysis has been used to
investigate and determine the correlation
between water quality data and the extent of each
land use in the region. The correlation analysis
showed that increasing the quality parameters of
EC, Ca, CI, SO4, Mg and Na have a significant
relationship with increasing residential uses,
irrigated agriculture and rainfed agriculture. It is
necessary to explain the significant relationship
between water quality parameters, forests and
rangeland are also exist in some parameters
(Table 1).

Conclusions

During the study period, irrigated agricultural
area had the highest increase with 8.45% and
rangeland land use had the highest decrease with
9.75%. Agricultural activities and increasing
residential use are the most important sources of
non-point source pollution. Reduction in river
flow discharge, inflow of effluents from
municipal wastewater and proximity to
agricultural lands are other factors that increase
TDS and EC. The average TDS values in the
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study period in Samian and Gilandeh stations,
which is located downstream of Ardabil, is
higher than other stations. According to the
results, it can be said that due to the increase in
irrigated agricultural use and residential area in
the Samian watershed, as well as Man Kendall
tests for quality parameters, there is a significant
and increasing trend in EC, TDS and SO4
parameters. The reduction of water discharge as
well as the entry of pollutants, such as fertilizers
can affect the changes in Ca and Cl parameters
that are affected by land use and the type of
geological formations. It is noteworthy that land
use change, especially agricultural land, will
release chemical and nutrient in surface waters.
Since water quality parameters related to
nutrients and chemical fertilizers are not
measured in river gauge stations, monitoring the
concentration of these elements in key
watersheds is essential. Measuring water quality
at the inflow and outflow of rivers from urban
watersheds is one of the issues that should be
emphasized.
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Table 3 Changes in the area of land use classes during the study period

Classes Area (km?) Area (km?) Area (km?) Area (km?)  Percentage change
Year 1992 2000 2008 2008 of the total
Irrigated 556.93 605.38 732.38 886.86 +8.45
Agriculture
Rainfed Agriculture 937.50 930.81 1001.87 1065.81 +3.29
Forest 126.06 131.56 157.49 38.11 -2.25
Rangeland 2146.03 2103.76 1878.88 1765.73 -9.75
Residential 86.80 120.27 122.71 142.56 +1.42
Water Area 53.04 14.58 13.03 7.29 -1.16
Total 3906.369 0
(<) (all)
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Fig. 2 The land use/land cover maps over different years in Samian watershed a)1992, b)2000, ¢)2008 and d)
2016
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Table 4 Trend of changes in qualitative parameters in the studied stations using Mann-Kendall test

Parameters

Aladizghe Atashghah Samian Nir Ghilandeh

EC decreasing increasing increasing non-trend increasing
Ca decreasing increasing increasing increasing increasing
Cl non-trend increasing increasing increasing increasing
HCOs3 decreasing non-trend non-trend decreasing increasing
Mg decreasing increasing increasing non-trend non-trend
Na non-trend non-trend non-trend decreasing increasing
pH increasing decreasing decreasing decreasing increasing
SO4 non-trend non-trend increasing increasing increasing
TDS non-trend decreasing increasing decreasing increasing
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Fig. 3 Box-plot of water quality parameters changes at Samian station (Horizontal axis studied years)
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Table 5 Pearson correlation test results for water quality parameters in Samian station

Classes Regression EC pH HCOs Cl SO4 Ca Mg Na
Components
Pearson ko - _ sk ok ko ok *

Irrigated Coefficient 0.465 0.179 0.001 0.419 0.496 0.512 0.489 0.327

Agriculture Sig. 0.0003 0.196 0996  0.001  0.0001 0.0001 0.0001  0.015
Pearson % * sksk * * *

Residential Cocfficient 0.33 -0.13  -0.05 0.32 0.36 0.31 0.31 0.27
Sig. 0.01 0.34 0.71 0.01 0.007 0.01 0.02 0.04
Pearson 2022 018 0.6  -0.19%  -026*  -026 -0.287* -0.127

Forest Coefficient
Sig. 0.1 0.14 0.22 0.15 0.051 0.05 0.03 0.367
Pearson sk - sk *ok sk Hok *

Rainfed Coefficient 0.492 0183 0.021 0.435 0.522 0.557 0.53 0.337

Agricultu

gricuture Sig. 0.0001 0.092 044 00001 00001 0.0001 0.0001  0.006

Pearson - - - - - -

Rangeland Coefficient 0.508%%* 0.158  -0.063 0.456** 0.531** 0.559%* -0.52 0.363**
Sig. 0.0001  0.254 0.645 0.0004 0.0001 0.0001 0.0001 0.0006
Pearson « «

Water Area Coefficient -0.26 0.05 0.0004 -0.27 -0.27 -0.19 -0.18 -0.25
Sig. 0.05 0.67 0.99 0.04 0.04 0.14 0.17 0.06
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