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a b s t r a c t
In this study; the effects of land use/land cover (LULC) changes, soil type and slope characteristics on 
surface water quality trends were evaluated for rainy and dry periods based on the riverside bound-
ary zone concept. The Mann–Kendall test demonstrated the degree and importance of tendencies 
in all water quality parameters for each riparian area between 2008–2015 and 1999–2015. The LULC 
changes (between 1999 and 2015), soil types and slope characteristics were demonstrated by geograph-
ical information system and remote sensing methods. Pearson correlation analysis was applied to 
determine the relationships between the variables of water quality parameters with LULC, soil types, 
and slope. Results show that urban and agricultural areas have a negative impact on water quality 
and vegetation cover areas play an important role in improving water quality. Negative correlations 
were found between bare areas and all parameters. LULC changes negatively affected water quality, 
especially in terms of NH4, NO3, total dissolved solids and total phosphorus parameters. Alluvial 
soils and 0%–2% slope group also negatively affected the water quality. This study demonstrated 
the spatial-temporal distribution of surface water quality across the watershed and emphasized the 
importance of the riparian area in determining the variables affecting water quality.
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1. Introduction

Rivers have an important role in water supply for agri-
culture and industrial sectors [1]. Dissolved compounds 
and suspended solids from mining, agriculture, settle-
ment and industrial sectors due to anthropogenic activities 
significantly reduce the water quality by being evacuated to 
rivers [2]. The surface waters, which are negatively affected 
by human activities, are highly susceptible to pollution for 
the disposal of wastewaters due to their features of easy 
accessibility [3]. General characteristics of surface waters 
may be due to the combination of geomorphological features 
related to climatic and human activities [4]. The quality of 
surface waters in a region depends highly on the quality and 

scope of the industrial, agricultural and other human-related 
activities in the watersheds of the specific area [5,6]. In recent 
years; there have been significant changes in the quality 
and quantity of these water resources due to the develop-
ment of sectoral activities such as agriculture, industry and 
urban areas around surface water sources [7]. Water pollu-
tion occurs as a result of anthropogenic activities involving 
population growth, urbanization, industrialization, and 
agricultural practices [8,9]. Dissolved minerals, microscopic 
algae concentration, insecticide and herbicide content, heavy 
metals and other pollutants are the factors that directly affect 
the water quality [10].

Patterns of land use have a significant impact on river 
water quality in a watershed and water ecosystems [11]. 
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Development activities such as agriculture, urbanization, 
forestry and industry, often require more intensive land use, 
and which increases the transport of pollutants directly to 
the rivers [12]. Improper land use practices such as urban-
ization, industrial and agricultural activities, which are 
directly related to population growth and anthropogenic 
activities, cause water quality problems in a river water-
shed. While agricultural land use has a very strong impact 
on river water nutrients (such as nitrogen and phosphorus), 
industrial and urban land uses are directly related to organic 
pollution as well as heavy metals and nutrients [13]. Due to 
the changing land use practices and changing climatic condi-
tions, overloading of organic matter and nutrients to surface 
water resources is of great importance for water resources 
managers [14].

From the past to the present, monitoring the water 
quality of rivers has been an important issue, due to the 
assessment of long-term changes in surface water quality 
and monitoring of water quality variables [15]. Sampling 
networks of river water quality is a major source of data for 
monitoring the water quality of rivers and determining the 
local and temporal vision of rivers [16]. In many countries, to 
determine the status of rivers and manage aquatic ecosystem 
resources; Chemical parameters such as dissolved oxygen 
(DO), pH, biochemical oxygen demand (BOD), chemical oxy-
gen demand (COD), total nitrogen (TN) and total phospho-
rus (TP) have been considered as the main criteria [17]. Water 
quality index (WQI) has been popularly applied in recent 
years to rapidly and easily obtain water quality information 
with a global vision [18].

The monitoring of water quality plays an important 
role in the development, implementation, and evaluation 
of watershed management policies [19]. Whether the water 
quality management policies that have already been made 
are adequate and whether these policies require regulation 
can be ensured by regular monitoring of water quality based 
on statistical trend analysis of water quality data [20]. Water 
quality in rivers is constantly changing. However, if there is 
a trend or change in water quality, it can be realized through 
trend analysis. The analysis of water quality trends for water 
resource managers, stakeholders, and regulators to assess the 
impact of natural and anthropogenic factors on water qual-
ity over an extended time period [21]. Evaluation of long-
term water quality trends has become a topic of interest in 
recent years [22]. The directive 2000/60/EC of the European 
Parliament and of the Council aims at achieving “good sta-
tus” until 2015 for surface waters and groundwater in all 
European countries. According to the Water Framework 
Directive; determination and evaluation of the tendency 
arising from anthropogenic activity is a fundamental issue. 
The determination of periods and locations where rising 
pollution trends occur will allow water management author-
ities to take adequate measures.

Land use, soil type, and slope characteristics have be come 
an important issues on water quality. Statistical modelings 
are widely used to determine the effects of land use on 
water quality. These models use land use matrices, such as 
percentage of an urban areas in a watershed and impervi-
ous surface cover [23]. To identify how watershed landscape 
characteristics are associated with the spatial and temporal 
variations of water quality, many researchers used statistical 

models combined with geographical information system 
(GIS) and remote sensed imagery data [24].

In recent years, the concept of the riparian area has been 
widely used to demonstrate the effects of land use changes 
on water quality. The riparian areas are defined as linear 
stripes of vegetation directly adjacent to the water bodies 
[25]. These are important regulators of the flow of organisms 
between and within organic matter, water, nutrients and 
landscape elements [26]. Riparian areas maintain many 
important ecological and biological functions by interacting 
with hydrologies, soils and biotic communities which have 
significant social benefits [27]. Continuous and ecologically 
functioning riverside corridors have been found to positively 
affect water quality and habitat as well as to improve the 
aesthetic features of the landscape [28]. The riparian areas 
have a significant impact on the protection of water qual-
ity. The riparian areas affect the water flows and the energy 
balance in waterbodies by mediating the flow of matter 
[29]. Replacement of coastal forests with other types of land 
cover leads to a decrease in water quality and consequently 
increase of nutrient and sediment loads against flow [30]. 
Riparian areas are thought to have the most important 
impact on river quality [31]. Land use in riparian areas has 
been used to assess the effects of land use on stream water 
quality [23,32].

Understanding the relationship between the watershed 
and the pattern of land use in different spatial scales such 
as all watershed, riparian areas, and monitoring areas, ratio-
nal planning of riverside land use in the watershed drainage 
area, effective watershed protection strategies and reducing 
non-point resource pollution are critical for management 
practices [33,34].

Many researchers [24,29,35–37] have used GIS, remote 
sensing (RS) and statistical analysis methods to demonstrate 
the effects of land use changes and watershed characteristics 
on surface water quality and its trends. Researchers’ results 
have shown that the forest cover played an important role 
in the cleanliness of the water, and that the agricultural land 
and urban areas caused a decrease in water quality.

Water quality is the focus of the research, which deter-
mines the spatial-temporal variations in water quality and 
trends in water quality due to the seasonal and regional 
characteristics of river hydrology. Therefore, it is necessary 
to investigate and evaluate the water quality of watersheds 
better. In addition to the spatial variations of water quality, 
it is inevitable to investigate temporal variations. The main 
purpose of this study is; (1) To reveal trends in surface 
water quality in Kızılırmak river basin, (2) to determine the 
effects of land use/land cover (LULC) change, soil type and 
slope characteristics on surface water quality and (3) to reveal 
the main factors affecting the variation in quality of surface 
water.

2. Materials and methods

2.1. Study area

Sivas is located in the upper parts of the Kızılırmak river 
within the central Anatolian region. In Turkey, the province 
of Sivas is ranked second in terms of surface area (28,488 km2) 
after the province of Konya and is located between 36° and 
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39°E longitudes and 38° and 41°N latitudes. This study was 
carried out in the vicinity of the city center of Sivas at 319000-
339000-4389000-4415000 Universal Transverse Mercator 
coordinates (Fig. 1). The study area covers the city center 
of Sivas and its immediate surroundings, it covers an area 
of approximately 206.13 km2. The vast majority of the study 
area consists of conglomerate-sandstone-mudstone, gypsum, 
and alluvial deposits, which are not suitable for settlement 
areas [38]. Considering the city center of Sivas; the city is 
located within the alluvial unit which is unsuitable for basic 
conditions and settlement conditions. The Kızılırmak river 
passing through the middle of the study area constitutes 
the most important surface water source of Sivas city and its 
immediate vicinity [39].

The average annual flow rate of Kızılırmak river is 
39.42 m3/s. Kızılırmak river bears the distinction of being the 
longest river emerging inside Turkey and flowing into the 
sea inside Turkey too. Kızılırmak with a length of 1151 km, 
evacuates the waters of an 82.181 km2 area to the Black 
Sea. The study area consists of Kızılırmak river and its side 
branches located in the vicinity of Sivas city center and covers 
the Kızılırmak Watershed located within the boundaries of 
the Sivas Province. 29.30% of the study area is residential, 
4.5% is urban green areas, 24.51% is bare areas, 11.93% is 
forest areas, 9.97% is industrial areas and 19.69% in agricul-
tural areas [40]. A large part of the study area is located in the 
1,250–1,300 m height class, including Sivas city center. A large 
part of the city center of Sivas and its close surroundings are 
located in the slope range between 0%–2% and 2%–6% [39]. 
The most common soil group in the study area is brown soils. 

Most of the alluvial soils covering 35.6% of the research area 
are located around the Kızılırmak river and the side branches 
of the Kızılırmak river (Fig. 2) [41].

2.2. Data and software

Surface water quality in the study area, data of water 
quality parameters belonging to observation stations, numer-
ical data of LULC changes, soil type, and slope characteris-
tics constitute the basic data of this study (Table 1). There are 
six water quality observation stations on the river branches 
within Kızılırmak watershed. Water quality data for stations 
1, 2 and 3 cover the time period between 2008–2015; water 
quality data for stations 4, 5 and 6 cover the time period 
between 1999–2015 (Table 2). While average values of water 
quality data for March, April and May were used in the 
rainy period, average values of water quality data for July, 
August and September were used in the dry period. Surface 
water quality data used in the study were obtained from 
the General Directorate of State Hydraulic Works (Ankara/
Turkey). Landsat satellite images with a spatial resolution of 
30 m were used to determine the LULC changes in the areas 
where the stations in the study area are located. 1/25.000 
scaled digital topographic and digital soil maps were used 
in order to reveal soil type and slope characteristics in the 
study area. In order to determine the effects of LULC change, 
soil type and slope characteristics on surface water quality, 
the units of these data were expressed in % (Table 1).

ERDAS 9.1 was used for the analysis of land use changes 
in the study area; ArcGIS 10.2 was used for obtaining soil 

Fig. 1. Location of study area: (a) Sivas Province in Turkey and (b) study area in Sivas Province.
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Fig. 2. Land use, topography and soil maps of study area and distribution of the water quality stations.
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types and slope maps of the study area; Statistical Package 
for the Social Sciences Statistics 23 software was used for 
trend analysis and correlation analysis.

2.3. Studying methodology

The basis of the study method is to reveal the effect of 
LULC changes belonging to vicinity of Sivas city center and 
watershed characteristics on water quality trends of Kızılırmak 
river. In this context, the method applied consists of the stages 
of: watershed and riparian area formation, determination of 
LULC changes for different years, identification of soil type 
and slope characteristics, and determination of trends in 
water quality. RS methods were used for LULC change anal-
ysis and the method of trend analysis was used to determine 
trends in water quality. Statistical methods were also used to 
determine the effects of LULC changes and watershed char-
acteristics on water quality (Fig. 3). The WQI values which 
are used in the analysis within the scope of the study were 
calculated according to the WQI calculation method [42,43].

All spatial and statistical analysis within the study was 
conducted according to the river watershed boundaries 
in the region where all stations were located (Fig. 4).

2.4. Determination of the river watershed boundaries and 
riparian zones

ArcHydro software, a hydrological toolset of ArcGIS 10.2 
software, was used to determine the river watershed bound-
aries in the Kızılırmak watershed in the study area. The Food 
and Agriculture Organization of the United Nations recom-
mends creating a buffer zone of 30 m from the riverside line 
in order to preserve the water quality of the riverside region 
[29]. In this study, a 30 m buffer zone was formed along with 
the river network. Based on this buffer zone created, the river 
watershed boundaries were determined using ArcHydro 
software and digital elevation model (DEM) (Fig. 4). The 
DEM used in the study was obtained from 1/25.000 scaled 
digital topographic maps [39]. ArcGIS 10.2 software was 
used for DEM model creation and buffer zone analysis.

Table 1
General characteristics of data sets used in the study

Data type Source Resolution/scale/period

Water quality
BOD, DO, NH4, NO3, TDS, TP (mg/L)

Ministry of Environment and Forestry  
General Directorate of State Hydraulic  
Works/Turkey

Monthly

Land use change
Water, vegetation, urban, bare land,  
agriculture (%)

U.S. Geological Survey
(Landsat satellite images)

30 m

Slope (%) Ministry of National Defense Map  
General Command/Turkey

1/25.000

Soil types
Alluvial soils; brown soils; reddish-  
brown soils; colluvial soils (%)

Ministry of Agriculture and Forestry  
General Directorate of Agricultural 
Enterprises/Turkey

1/25.000

Percentage of LULC 
(1999 and 2015) 

Data supply  

Satellite images 
(Landsat ETM+/OLI 

LULC change 
analyses 

Multi-variable 
statistical analysis 

Effect of LULC/watershed 
characteristics on water quality trends 

Water quality 
data 

Trend analysis 

Digital elevation 
model (DEM) 

River network, 
watershed and riparian 

zone 

Land use, soil and 
slope data 

Percentage of land 
use, soil and slope  

Fig. 3. Flow chart of the method applied in the study.
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2.5. LULC, soil type and slope maps

The basis of LULC change analysis is the controlled clas-
sification of satellite images of different years. In this study; 
Landsat-7 ETM+ dated 07.08.1999 and Landsat-8 OLI [44] 
dated 11.08.2015 satellite images were used to determine the 
LULC changes in the study area by controlled classification 
method [44,45]. According to the Anderson et al. and Cover 
Classification System [46], LULC class with five classes 
(agriculture, vegetation, settlement, water, and bare land) 
have been defined to determine the differences in LULC in 
the study area. Using the confusion matrix and kappa coef-
ficient [47] accuracy assessment analysis was performed to 
determine the accuracy of LULC changes [48]. For the accu-
racy assessment carried out within the scope of the study, 
512 and 526 ground control points were used for 1999 and 
2015 years respectively. Overall accuracy values for LULC 
change maps belonging to 1999 and 2015 years were deter-
mined as 90.43% and 94.11%, respectively. The kappa coef-
ficient values for the LULC change maps belonging to 1999 
and 2015 years were determined as 0.87 and 0.92, respec-
tively [44]. According to United States Geological Survey, 
the minimum required value for overall accuracy in terms 
of LULC changes from Landsat satellite images is 85% [49]. 
In this study; the overall accuracy of LULC maps was found 
to be excellent.

While soil types in the study area are classified as 3 cat-
egories; alluvial soils, brown soils, and colluvial soils, slope 
groups divided into 6 classes as 0%–2%, 2%–6%, 6%–12%, 
12%–20%, 20%–30% and 30%–50%.

2.6. Trend analysis

A trend test is applied to analyze gradual changes or ten-
dencies on hydrological and meteorological data [50]. Trend 
analysis methods are used to determine whether there is a 
tendency to decrease or to increase in a given data set [51]. 
Nonparametric tests are often used for data that is not nor-
mally distributed and is frequently encountered in hydro-
logical time series and is missing data [52,53]. The choice 
of nonparametric methods is advantageous because it will 
make the problem independent from the statistical distribu-
tion of data set [51,53]. In this study; Mann–Kendall trend 
test was used to determine changes in WQI trends and water 
quality parameters of all stations between the mentioned 
years.

2.7. Mann–Kendall test

Mann–Kendall test is a non-parametric test and is one 
of the most widely used trend monitoring methods in the 
world to identify important trends in hydrological and 
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Fig. 4. Riparian zones for stations in the study area.

Table 2
Summary of water quality monitoring stations

Station  
number

X coordinate  
(m)

Y coordinate  
(m)

Z  
(m)

Land use types Date  
range

1 3,31,566 4,406,063 1,335 Agriculture 2008–2015
2 3,28,634 4,406,147 1,387 Forest-bareland 2008–2015
3 3,25,362 4,398,837 1,252 Agriculture-residential 2008–2015
4 3,28,890 4,396,217 1,262 Forest-residential 1999–2015
5 3,32,263 4,397,958 1,255 Agriculture-forest-residential 1999–2015
6 3,35,655 4,402,163 1,260 Agriculture 1999–2015
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meteorological time series [50,52,54]. This test is widely 
used in environmental sciences, because it is a simple struc-
ture, reliable, can overcome missing data and handle data 
below a certain limit.[55] This test compares the relative size 
of the sample data [56]. The first advantage of this test is that 
the data do not require any special distribution [57,58]. The 
second advantage of this test is that it shows low sensitivity 
for sudden fractures due to non-homogeneous time series. 
The main focus of the Mann–Kendall test is to identify all 
binary differences between successive elements in a time 
series [57].

In this method, the existence of a trend is tested with a 
null hypothesis (H0). Depending on the acceptance or rejec-
tion of the null hypothesis, it is decided whether the trend is 
present [51]. The Mann–Kendall test statistic[59,60] is calcu-
lated using the following equation.

S x x
i

n

j i

n

j i= −( )
=

−

= +
∑∑

1

1

1

sgn  (1)

Here n is the number of data points.
In xi and xj, i and j time series (j > i), data values sgn (xj–xi) 

are the signal function and it is expressed as follows.

sgn

,

,

,

x x

x x

x x

x x

j i

j i

j i

j i

−( ) =
+ − >

− =

− − <









1 0

0 0

1 0

eger

eger

eger

�

�

�

 (2)

Variance is formulated as follows.
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Here n = is the number of data points, m = is the number 
of connected groups, ti = is the number of links in the scope 
of i. A linked group consists of a set of sample data with the 
same value. If the sample size meets n > 10 requirements, the 
standard normal test statistic value of ZS is calculated by the 
following equation [61]. Whether the variance of the deter-
mined Mann–Kendall test is significant, is determined by 
calculating the standard normal variable Z with the follow-
ing equation and by comparing critical Z value [62]. While 
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indicates an increasing trend [61].
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In the Mann–Kendall approach; if data have a series 
of positive correlations, the significance of the trend is at a 
considerable level, whereas the significance of the trend 

is at a negligible level if data have a series of negative 
correlations [63].

2.8. Correlation analysis

Pearson correlation analysis is used to determine the 
relationship between two variables and to determine whether 
there is a positive or negative linear relationship between 
two variables [12]. If the correlation coefficient is close to +1 
or –1, there is a linear relationship between x and y variables 
[64]. Table 3 shows the evaluation intervals of the correla-
tion coefficient (r) calculated from the Pearson correlation 
analysis. If the r-value is in the range of 0.5–1.0, this means 
that there is a high correlation between the two variables, 
indicating a strong positive relationship between the two 
variables. If r value is between 0.3 and 0.5, there is a moder-
ate correlation [12].

Pearson correlation analysis was applied to determine 
the relationships of LULC, soil type and slope characteristics 
of the study area with water quality. In Pearson correlation 
analysis, LULC changes, soil type, and slope properties are 
considered as independent variables and water quality com-
ponents are considered as dependent variables.

3. Results

3.1. LULC composition

Fig. 5 shows the changes in the LULC in the 17-year time 
period. In 1999 and 2015, the most dominant types of land 
use within the watershed boundaries of all stations are bare 
lands and agricultural lands. In 1999 and 2015, the bare lands 
were respectively 65.14% (station 2) and 51.44% (station 2) of 
the study area. On the other hand, agricultural lands consti-
tuted the second dominant land use type with rates of 46.32% 
(station 1) in 1999 and 49.98% (station 1) in 2015.

When the spatial distribution values for LULC belong-
ing to 1999 and 2015 are analyzed (Table 4), it is seen that 
urban settlement areas increase rapidly in all station areas. 
The highest increase in the urban settlement area was in sta-
tion 5 and the increase rate in urban settlement area in this 
region was realized as 13.86%. Other stations in terms of size 
of the increasing rates of urban settlement area were listed as 
follows; 2 (11.12%), 6 (7.25%), 4 (5.8%), 1 (3.79%) and 3 (3.76%). 
The bare areas of all stations in the study area decreased and 
the stations with the highest decrease in the bare lands were 
station 6 (% –25.33) and 3 (% –22.61). The agricultural lands 
within the watershed boundary of all stations increased. The 
highest increase in agricultural land was observed at station 
6 (21.74%), while stations 3 (16.4%), 4 (7.32%), 1 (3.66%), 5 
(2.88%) and 2 (2.15%) followed it respectively. In terms of 
vegetation; stations 1, 2, 3 and 4 showed an increase, while 

Table 3
Interpretation of the size of a Pearson correlation [12]

Correlation, r Negative Positive

None –0.09 to 0.0 0.0–0.09
Small –0.3 to –0.1 0.1–0.3
Medium –0.5 to –0.3 0.3–0.5
Strong –1.0 to –0.5 0.5–1.0
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there was a decrease in stations 5 and 6. Most of the areas 
in the nude land class within the watershed boundaries of 
stations 5 and 6 turned into agricultural and residential areas 
(Table 4, Fig. 5). This situation created a threat to surface 
water sources within the specified limits. It is thought that 
the main reason why most of the bare areas are transformed 
into urban settlements and agricultural lands is the transition 
from village to urban settlements that can be seen in Sivas for 
years [44].

3.2. Soil type and slope

The soil group with the highest distribution in the study 
area is the brown soils. The station where this soil group is 
most distributed in station 2 (95.9%) located north of the study 
area. Alluvial soils have the highest distribution (73.53%) in 
the watershed where station 6 is located. On the other hand, 
the colluvial soils have very little distribution (4.2%) in the 
study area and this soil group is present in the watershed 
where station 5 is located (Table 5, Fig. 6).

The slope range of the watersheds where all stations are 
located is classified into 6 groups. The slope group with 0–2% 
slope range is the dominant slope group in the study area. 
The watersheds where this slope group has most distribution 
by area (%) are the watersheds in station 4 (89.72%) located 
south of the study area and station 6 (82.18%) located north-
east of the study area. The watersheds where this slope group 
has lowest distribution by area (%) are the watersheds where 
station 1 (22.22%) and station 2 (23.24%) are located. In terms 
of spatial distributions, this slope group is followed by slope 
groups in the range of 2%–6% and 6%–12% slope. The slope 
group with the least distribution in the study area is the slope 
group between 30%–50% (Table 5, Fig. 7).

3.3. Trends in water quality

In order to determine the time-dependent changes in sur-
face water quality, trend analysis methods were applied on 
the calculated WQI values [65,66] and on the parameters of 
surface water quality for time periods 2008–2015 (for stations 
1, 2 and 3) and 1999–2015 (for stations 4, 5 and 6). Belonging to 
rainy and dry periods, the trend analysis results obtained with 
the Mann–Kendall test can be seen in Table 6 and the spatial 
distribution of the trends obtained can be seen in Figs. 8 and 9.

According to Table 6; if p < 0.05 and p < 0.01 conditions 
do not occur, the positive τ values of the water quality 

parameters show an increasing trend in the relevant water 
quality parameters, on the other hand, the negative τ values 
indicate a decreasing trend in the water quality parameters. 
However, in both cases, it is understood that these increasing 
and decreasing trends are not statistically significant. In case 
of p < 0.05 and p < 0.01 conditions, the increases, and decreases 
in trends of the parameters are statistically significant.

According to the Mann–Kendall test results (Table 6); in 
the rainy period, a negative decrease in the total dissolved 
solids (TDS) parameter of stations 1 and 2 and a positive 
increase in the NO3 parameter of stations 2, 4 and 6 were 
observed. In the dry period, a positive increase in the DO 
parameter of station 1; a negative decrease in the DO param-
eter of station 3; a positive increase in the BOD parameter of 
stations 3, 5 and 6; a positive increase in the NH4 parameter 
of stations 3 and 6; a positive increase in the NO3 parame-
ter of stations 3, 4, 5 and 6; and a negative decrease in TP 
parameter of station 3, were observed. A positive increase 
was observed in the TP and WQI parameters of stations 
4, 5 and 6 in both wet and dry periods. It was found that 
decreases and increases in these trends were statistically 
significant (p < 0.05 and p < 0.01). In general; WQI parameter 
in rainy (wet) period and NO3, TP and WQI parameters in 
dry period showed an increasing tendency at three stations 
(stations 4, 5, 6) with a significance level of 0.01 (p < 0.01) 
(Figs. 8 and 9).

3.4. Impact of LULC, soil types and slope on water quality

Hydrological behavior in a watershed is controlled by 
LULC, soil, and topography [67]. Changes in LULC and soil 
properties affect the hydrological processes, nutrient loads 
and surface water quality in watershed [68–70]. Land use in 
drainage watersheds is one of the most important man-made 
driving forces affecting the quality change in water environ-
ment. Land use patterns of different types and sizes have a 
significant effect on water quality of surface waters having 
receiving environment characteristics [71]. Urban land use 
causes major changes in surface water environments includ-
ing water quality, conductivity, nutrients, rivers habitat, riv-
erside ecosystems, and biodiversity [72]. Rivers and lakes are 
the receiving environment for pollutants originating from 
residential, agricultural and industrial areas. It affects water 
quality such as nutrient concentrations and sediment compo-
sition depending on the flows originating from agricultural 
land. Therefore, it is necessary to determine the effects of 

Table 4
LULC (%) of six watersheds for 1999 and 2015 in the Kızılırmak river basin

Station 
number

LULC – 1999 LULC–2015

AGR VEG URB WAT BAR AGR VEG URB WAT BAR

1 46.32 1.4 1.72 0 50.56 49.98 5.18 5.51 0 39.33
2 3.55 24.13 7.16 0.02 65.14 5.7 24.43 18.28 0.15 51.44
3 6.68 5.80 34.01 0.19 53.33 23.08 7.68 37.77 0.75 30.72
4 27.9 26.4 16.35 3.93 25.42 35.22 28.25 22.15 2.19 12.19
5 26.33 12.16 11.77 5.05 44.69 29.21 10.43 25.63 4.36 30.37
6 18.86 7.74 19.78 6.72 46.9 40.6 6.17 27.03 4.64 21.57

AGR: Agriculture, VEG: Vegetation, URB: Urban, WAT: Water, BAR: Bare land
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Fig. 5. LULC for six watersheds and riparian zones for 1999 and 2015 in the Kızılırmak river basin.

Table 5
Percentages of soil types and slope (%) in the six watersheds

Station 
number

Soil types (%) Slope (%)

Brown Alluvial Colluvial 0–2 2–6 6–12 12–20 20–30 30–50

1 93.93 6.07 0 22.22 25.44 27.05 20.61 4.51 0.18
2 95.9 4.1 0 23.24 17.43 21.99 17.01 14.11 6.22
3 66.67 33.33 0 26.83 31.25 29.04 10.51 2.30 0.07
4 28.77 71.23 0 89.72 7.09 2.52 0.62 0.05 0.00
5 45.8 50 4.2 50.35 33.51 10.34 2.49 1.40 1.91
6 26.47 73.53 0 82.18 8.84 4.05 2.76 1.73 0.42
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land use patterns on water quality, especially in areas where 
significantly anthropogenic existence is evident [73].

Land use varies according to soil types. while spruce 
forests dominate the mountainous areas, fertile soils on the 
plains are used agriculturally. Loose soils which are used 
agriculturally lead to high suspended particle loads and 
high nutrient concentrations in rivers because of surface 
flow and erosion [74,75]. In general, changes in land use, 
especially the conversion of forests or open land into agricul-
tural and urban land uses lead to deterioration of drinking 
water quality [76].

Topographic features such as slope and collection area 
are also important factors affecting watershed hydrology 
and river water quality [77]. When water quality is correlated 

with land slope, high slope values in the watershed increase 
erosion and as a result, water quality is deteriorated by 
increasing particulate matter entering waterbody [24,78,79].

In this study, while the data of 1999 and 2015 were used 
to determine the relationships between LULC and water 
quality parameters, the data of 2008 and 2015 (years of com-
mon data belonging to 6 stations) were used to determine 
the relationships between soil types and slope on the one 
hand and water quality parameters on the other. When cor-
relation analysis was performed between the variables used 
in the study, the areal values (%) were used for LULC, soil 
types, and slope variables, while for water quality variables, 
mg/L was used as the concentration unit of the variable. In 
this study; the correlation coefficients and significance levels 
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Fig. 6. Soil types for six watersheds and riparian zones in the Kızılırmak river basin.
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Fig. 7. Slope for six watersheds and riparian zones in the Kızılırmak river basin.
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Table 6
Results of the Mann–Kendall test for the water parameters of the stations on the Kızılırmak river basin in the wet and dry season

Station 1 (2008–2015) Wet season Dry season

Parameter t p Trend t p Trend

BOD 0.483 0.115 0.540 0.072
DO 0.143 0.621 0.643* 0.026
NH4 0.189 0.524 0.567 0.056
NO3 0.357 0.216 0.074 0.802
TDS –0.571* 0.048 –0.214 0.458
TP 0.154 0.608 0.463 0.123
WQI 0.286 0.322 0.500 0.083

Station 2 (2008–2015) Wet season Dry season

Parameter t p Trend t p Trend

BOD 0.454 0.140 0.231 0.444
DO –0.071 0.805 0.429 0.138
NH4 0.242 0.425 0.564 0.063
NO3 0.691* 0.018 0.429 0.138
TDS –0.714* 0.013 –0.286 0.322
TP 0.222 0.451 0.148 0.615
WQI 0.286 0.322 0.143 0.621

Station 3 (2008–2015) Wet season Dry season

Parameter t p Trend t p Trend

BOD 0.118 0.698 0.701* 0.023
DO –0.214 0.458 –0.071 0.805
NH4 0.416 0.161 0.691* 0.018
NO3 0.109 0.708 0.786** 0.006
TDS 0.214 0.458 0.357 0.216
TP –0.386 0.199 –0.593* 0.044
WQI 0.071 0.805 –0.071 0.805

Station 4 (1999–2015) Wet season Dry season

Parameter t p Trend t p Trend

BOD 0.053 0.771 0.342 0.061
DO –0.015 0.934 –0.385* 0.034
NH4 0.122 0.504 0.214 0.232
NO3 0.474** 0.008 0.529** 0.003
TDS –0.074 0.680 0.015 0.934
TP 0.435* 0.015 0.726** 0.000
WQI 0.632** 0.000 0.868** 0.000

Station 5 (1999–2015) Wet season Dry season

Parameter t p Trend t p Trend

BOD 0.090 0.619 0.521** 0.004
DO –0.199 0.266 –0.465** 0.009
NH4 0.023 0.901 0.191 0.284
NO3 0.237 0.187 0.598** 0.001
TDS –0.170 0.343 0.000 1.000
TP 0.428* 0.020 0.483** 0.007
WQI 0.500** 0.005 0.603** 0.001

Station 6 (1999–2015) Wet season Dry season

Parameter t p Trend t p Trend
BOD 0.197 0.280 0.363* 0.049
DO –0.207 0.248 –0.352 0.052
NH4 0.069 0.707 0.412* 0.023
NO3 0.468** 0.009 0.498** 0.006
TDS 0.029 0.869 0.221 0.217
TP 0.697** 0.000 0.721** 0.000
WQI 0.794** 0.000 0.721** 0.000

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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Fig. 8. Temporal trends of water quality for (a) BOD, (b) DO, (c) NH4, (d) NO3, (e) TDS, (f) TP, and (g) WQI for wet season in the 
Kızılırmak river basin.
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Fig. 9. Temporal trends of water quality for (a) BOD, (b) DO, (c) NH4, (d) NO3, (e) TDS, (f) TP, and (g) WQI for dry season in the 
Kızılırmak river basin.
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calculated for the relationship between LULC changes, soil 
types and slope on the one hand and water quality 
parameters on the other are shown in Tables 7–9.

In 1999; there is a strong negative correlation between 
agricultural areas and DO in a rainy period, while it is 
between agricultural areas and TDS in a dry period. In the 
same year, a strong positive correlation was determined 
between urban areas and TP parameter in a dry period. These 
correlations were statistically significant (p < 0.05) (Table 7).

In 2015; according to the evaluation interval of Pearson 
correlation coefficient (Table 3), the urban areas showed a 
strong correlation (–1.0 < r < –0.5) in the negative direction 
with DO, and positive correlation with the other parameters 
in both periods. The negative strong correlation between 
urban areas and DO was found to be statistically signifi-
cant in a dry period (r = –0.902*, p < 0.05). In rainy and dry 
periods, the strongest positive correlations of urban areas 
(0.5 < r < 1.0) occurred with the NH4 and TDS parameters. 
Especially in a dry period, strong positive correlations 
between urban areas and NH4 and TDS parameters were 

found to be statistically significant. In both periods, agri-
cultural areas showed positive correlations with all water 
quality parameters. The strongest positive correlations 
(0.5 < r < 1.0) with agricultural areas were observed with 
TP parameter in a rainy period; while they were seen with 
BOD parameter in a dry period. In rainy and dry periods, 
the strongest positive correlations (0.5 < r < 1.0, p < 0.05) 
were observed between agricultural areas and NO3 and 
TP parameters. In addition, strong positive correlations 
(0.5 < r < 1.0) were observed during rainy period between 
agricultural areas and TP; while in a dry period, they were 
observed between agricultural areas and BOD. Urban areas 
and agricultural areas were also observed as land use pat-
terns affecting the WQI parameter in both periods. There 
was a “strong” positive correlation between urban areas and 
WQI in rainy period and a “moderate (0.3 < r < 0.5)” posi-
tive correlation in a dry period. There was a “weak” positive 
correlation (0.1 < r < 0.3) in rainy period while there was 
a “moderate” positive correlation in a dry period between 
agricultural areas and WQI. While there was a positive 

Table 7
Pearson correlation coefficients between the water quality parameters and LULC for six stations in 1999 and 2015

Sampling 
Period

LULC classes (1999) LULC classes (2015)

AGR VEG URB BAR AGR VEG URB BAR
Wet season BOD r 0.448 0.900 0.300 –0.951 0.311 0.026 0.430 –0.781

p 0.704 0.287 0.806 0.201 0.548 0.961 0.394 0.067
DO r –0.999* 0.563 0.751 0.669 0.156 0.589 –0.810 0.441

p 0.031 0.448 0.459 0.534 0.768 0.218 0.051 0.382
NH4 r 0.970 0.621 –0.866 –0.510 0.201 –0.186 0.766 –0.211

p 0.156 0.574 0.334 0.659 0.702 0.724 0.076 0.688
NO3 r 0.995 0.852 –0.642 –0.773 0.770* 0.467 0.130 –0.548

p 0.066 0.351 0.556 0.437 0.039 0.350 0.806 0.261
TDS r 0.815 0.690 –0.182 –0.985 0.027 0.119 0.805 –0.834*

p 0.393 0.064 0.883 0.110 0.959 0.822 0.053 0.039
TP r 0.841 0.337 –0.981 –0.207 0.870* 0.120 0.076 –0.630

p 0.364 0.781 0.126 0.867 0.344 0.822 0.886 0.180
WQI r 0.992 0.710 –0.800 –0.609 0.298 0.014 0.628 –0.919**

p 0.080 0.498 0.410 0.584 0.566 0.979 0.182 0.010
Dry season BOD r 0.203 –0.436 –0.827 0.553 0.491 –0.547 0.151 –0.361

p 0.870 0.713 0.380 0.627 0.322 0.262 0.775 0.482
DO r –0.302 0.420 –0.447 0.890 0.340 0.380 –0.902* 0.083

p 0.805 0.388 0.705 0.302 0.510 0.457 0.014 0.875
NH4 r 0.956 0.579 –0.891 –0.464 0.075 –0.315 0.854* –0.362

p 0.190 0.607 0.300 0.693 0.888 0.543 0.030 0.481
NO3 r 0.634 0.974 0.083 –0.996 0.890* 0.273 0.289 –0.740

p 0.563 0.146 0.947 0.060 0.021 0.600 0.579 0.093
TDS r –0.997* –0.746 0.768 0.649 0.103 –0.351 0.853* –0.616

p 0.047 0.464 0.443 0.550 0.845 0.495 0.031 0.192
TP r 0.672 0.081 0.998* 0.054 0.940* 0.038 0.115 –0.720

p 0.531 0.948 0.041 0.966 0.414 0.944 0.829 0.107
WQI r 0.111 –0.518 –0.771 0.628 0.394 –0.053 0.378 –0.834*

p 0.929 0.654 0.439 0.568 0.440 0.921 0.460 0.039

AGR: Agriculture, VEG: Vegetation, URB: Urban, WAT: Water, BAR: Bare land
*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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correlation between the bare areas and only DO parameter 
in both periods, negative correlations were found between 
the bare areas and all parameters except the DO (Table 7). 
In both periods of 1999 and 2015, vegetation cover and DO 
had the highest positive correlation values and the correla-
tions in a rainy period were represented as “strong” and the 
correlations in a dry period were represented as “moder-
ate”. In view of the riparian area boundaries in rainy and 
dry periods in the 17-year period between 1999 and 2015, 
it is seen that urban and agricultural areas are related with 
deterioration of water quality (Table 7) due to the increase in 
urban and agricultural areas (Table 4).

When the correlations between the water quality param-
eters of 2008 and soil types are examined; there were neg-
ative correlations between brown soils and TDS parameter 
in a rainy period and between brown soils and NO3, TP and 
WQI parameters in a dry period. These correlations were 
statistically significant at p < 0.05 and p < 0.01 levels. In the 
same year, there were positive correlations between alluvial 

soils and TDS and WQI parameters in the rainy period and 
between alluvial soils and NO3, TP and WQI parameters in 
a dry period. These correlations were also statistically sig-
nificant at p < 0.05 and p < 0.01 levels. Colluvial soils were 
positively correlated with NH4 only in a dry period, this 
correlation was also significant at p < 0.01 level (Table 8).

When the correlations belonging to 2015 between 
the soil types and the water quality parameters within 
the boundaries of the riparian area are examined; it was 
seen that especially alluvial soils have a negative impact 
on water quality. In the rainy period, positive correlations 
were determined between the alluvial soils and BOD, TDS 
and WQI parameters (0.5 < r < 1.0) and these correlations 
were found as statistically significant (r = 0.818*, r = 0.849*, 
r = 0.898*; p < 0.05). While in a dry period, positive cor-
relations were determined between alluvial soils and 
NO3, TP and WQI parameters. In this period, the correla-
tions between NO3 and TP parameters and alluvial soils 
were statistically significant at p < 0.05 level; while the 

Table 8
Pearson correlation coefficients between the soil types and slope on the one hand a water quality parameters on the other for six 
stations in 200

Sampling 
period

Soil types Slope (%)

Brown 
soils

Alluvial 
soils

Colluvial 
soils

0–2 2–6 6–12 12–20 20–30 30–50

Wet  
season

BOD r –0.645 0.607 0.799 0.845* –0.008 –0.733 –0.736 –0.355 0.038
p 0.167 0.201 0.056 0.043 0.988 0.097 0.095 0.489 0.943

DO r 0.027 0.001 –0.490 0.258 –0.618 –0.202 0.021 0.187 0.131
p 0.960 0.999 0.324 0.621 0.191 0.701 0.968 0.723 0.805

NH4 r –0.511 0.515 0.022 0.494 –0.410 –0.535 –0.404 –0.131 –0.035
p 0.300 0.296 0.967 0.320 0.419 0.274 0.427 0.804 0.948

NO3 r 0.070 –0.058 –0.221 –0.305 0.418 0.511 0.046 –0.199 –0.311
p 0.895 0.912 0.674 0.557 0.410 0.300 0.932 0.705 0.548

TDS r –0.889* 0.873* 0.453 0.697 –0.116 –0.702 –0.907* –0.634 –0.330
p 0.018 0.023 0.367 0.124 0.827 0.120 0.012 0.177 0.523

TP r –0.806 0.834* –0.333 0.874* –0.763 –0.735 –0.648 –0.532 –0.501
p 0.053 0.039 0.519 0.023 0.078 0.096 0.164 0.277 0.312

WQI r –0.804 0.826* –0.229 0.878* –0.660 –0.719 –0.738 –0.648 –0.556
p 0.054 0.043 0.662 0.021 0.153 0.108 0.094 0.164 0.252

Dry  
season

BOD r –0.739 0.712 0.630 0.731 –0.269 –0.882* –0.831* –0.379 0.016
p 0.093 0.113 0.180 0.099 0.606 0.020 0.040 0.459 0.976

DO r 0.015 –0.017 0.042 0.284 –0.550 –0.473 0.005 0.368 0.467
p 0.978 0.974 0.937 0.586 0.258 0.344 0.992 0.473 0.350

NH4 r –0.436 0.387 0.959** 0.251 0.368 –0.446 –0.556 –0.364 –0.002
p 0.387 0.448 0.003 0.632 0.472 0.375 0.252 0.478 0.997

NO3 r –0.813* 0.822* –0.004 0.953** –0.745 –0.926** –0.777 –0.492 –0.296
p 0.049 0.045 0.994 0.003 0.089 0.008 0.069 0.321 0.568

TDS r –0.697 0.699 0.108 0.475 –0.073 –0.382 –0.639 –0.542 –0.417
p 0.124 0.123 0.839 0.341 0.891 0.455 0.172 0.267 0.411

TP r –0.989** 0.985** 0.271 0.952** –0.465 –0.928** –0.962** –0.720 –0.450
p 0.000 0.000 0.603 0.003 0.353 0.008 0.002 0.107 0.370

WQI r –0.997** 0.993** 0.261 0.925** –0.424 –0.888* –0.969** –0.727 –0.461
p 0.000 0.000 0.617 0.008 0.402 0.018 0.001 0.102 0.358

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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correlation between WQI and alluvial soils was found to 
be statistically significant at p < 0.01 level. There were neg-
ative correlations between brown soil and TDS and WQI 
parameters in the rainy period, and between brown soils 
and NO3, TP and WQI parameters in a dry period. These 
negative correlations were identified as statistically signif-
icant correlations (–1.0 < r < –0.5; p < 0.05, p < 0.01). There 
were generally negative correlations between the colluvial 
soils which show the least distribution in this study area 
and water quality parameters. On the whole, the negative 
impact of colluvial soils on water quality in the study area 
was found little to be negligible (Table 8).

The slope groups within the boundaries of the riparian 
area are categorized into 6 categories and the effect of each 
slope group on water quality was demonstrated. According 
to correlation analysis; in rainy and dry periods of 2008 
and 2015, the slope group which affects the water quality 

negatively was 0%–2%, slope group. In both years, there was 
a strong positive correlation between 0%–2% slope group 
and BOD, TP and WQI parameters in the rainy period and 
between 0%–2% slope group and NO3, TP and WQI parame-
ters in a dry period. These correlations were statistically sig-
nificant at p < 0.01 and p < 0.01 levels. The negative effects of 
all slope groups except 0%–2% slope group on water quality 
were found to be low in stated years (Tables 8 and 9).

4. Discussion

LULC change, soil types and land slope are the most 
important factors affecting surface water quality. In order to 
fully understand the effect of LULC change on surface water 
quality, the effect of each land use pattern on surface water 
quality parameters should be demonstrated. Accordingly, it 
is necessary to emphasize the importance of contaminants 

Table 9
Pearson correlation coefficients between the soil types and slope on the one hand a water quality parameters on the other for six 
stations in 2015

Sampling 
period

Soil types Slope (%)

Brown 
soils

Alluvial 
soils

Colluvial 
soils

0–2 2–6 6–12 12–20 20–30 30–50

Wet season BOD r –0.787 0.818* –0.402 0.814* –0.709 –0.638 –0.644 –0.525 –0.507
p 0.063 0.047 0.430 0.048 0.115 0.173 0.167 0.285 0.305

DO r 0.462 –0.457 –0.191 –0.140 –0.364 –0.008 0.441 0.645 0.589
p 0.356 0.363 0.717 0.791 0.478 0.988 0.381 0.167 0.219

NH4 r –0.082 0.088 –0.089 –0.175 0.418 0.372 –0.127 –0.338 –0.380
p 0.877 0.868 0.867 0.740 0.409 0.468 0.810 0.512 0.458

NO3 r –0.643 0.614 0.641 0.632 –0.142 –0.753 –0.770 –0.430 –0.054
p 0.168 0.194 0.171 0.178 0.789 0.084 0.073 0.394 0.918

TDS r –0.847* 0.849* 0.127 0.683 –0.188 –0.550 –0.872* –0.716 –0.505
p 0.033 0.032 0.811 0.135 0.721 0.258 0.023 0.110 0.306

TP r –0.649 0.678 –0.393 0.829* –0.887* –0.744 –0.475 –0.336 –0.341
p 0.164 0.139 0.441 0.041 0.018 0.090 0.341 0.514 0.508

WQI r –0.880* 0.898* –0.156 0.899* –0.442 –0.606 –0.799 –0.760 –0.666
p 0.021 0.015 0.767 0.047 0.380 0.202 0.057 0.080 0.149

Dry season BOD r –0.501 0.515 –0.150 0.474 –0.378 –0.413 –0.319 –0.343 –0.372
p 0.311 0.296 0.777 0.342 0.461 0.415 0.538 0.506 0.467

DO r 0.203 –0.189 –0.288 0.138 –0.526 –0.198 0.290 0.251 0.133
p 0.700 0.720 0.580 0.795 0.283 0.706 0.577 0.631 0.801

NH4 r –0.298 0.312 –0.195 0.048 0.196 0.174 –0.277 –0.432 –0.476
p 0.566 0.547 0.711 0.928 0.709 0.742 0.595 0.393 0.340

NO3 r –0.913* 0.901* 0.392 0.913* –0.474 –0.974** –0.935** –0.530 –0.195
p 0.011 0.014 0.442 0.011 0.342 0.001 0.006 0.279 0.712

TDS r –0.707 0.714 0.006 0.481 –0.080 –0.331 –0.655 –0.607 –0.508
p 0.116 0.111 0.991 0.335 0.881 0.522 0.158 0.201 0.303

TP r –0.880* 0.874* 0.275 0.912* –0.541 –0.953** –0.819* –0.557 –0.312
p 0.021 0.023 0.598 0.011 0.267 0.003 0.046 0.251 0.547

WQI r –0.962** 0.964** 0.142 0.927** –0.521 –0.884* –0.882* –0.676 –0.469
p 0.002 0.002 0.788 0.008 0.290 0.020 0.020 0.140 0.348

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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affecting the water ecosystem such as dissolved ions, solids, 
nutrients and organic carbon in the evaluation of surface 
water quality. For example; high DO values indicate better 
water quality as they are essential for the survival of aquatic 
organisms. Therefore, all water quality parameters, such as 
DO, are good indicators for assessing water quality-related 
with land use [80].

Many previous studies have demonstrated the relation-
ships between land use changes and surface water quality. 
Huang et al. [81] have found a positive relationship in their 
study between cultivated land (%) and NH3–N and DO 
parameters depending on improved agricultural activities 
and chemical fertilizer use in Chaohu region. The research-
ers also have emphasized that there is a negative correlation 
between TP and TN concentrations and cultivated land (%). 
The researchers who stated that forest areas and pasture 
areas have a positive effect on water quality have determined 
that these areas and TP, TN, NH3–N, and COD parameters 
are negatively correlated, while they are positively correlated 
with DO. According to the researchers; while TP, TN, NH3–N 
and COD were positively correlated with residential areas, 
DO were negatively correlated with them and the increase 
in the residential area decreased the water quality. Ding et al. 
[82] and Wang et al. [83] have found a positive relationship 
between water quality and pasture area, which means that 
both forests and pastures have a positive impact on water 
quality. The increase in forest land and pasture area reduces 
the concentration of TP, TN and oxygen-consuming sub-
stances, increases the concentration of DO and consequently 
improves the water quality [81]. Kibena et al. [12] have found 
strong positive correlations between agricultural areas and 
TN, TP and total suspended solids parameters. Mello et al. 
[29] have suggested that forest areas within the riverside and 
watershed boundaries improve water quality, while urban 
areas and agricultural areas deteriorate it. In the study con-
ducted by the researchers, there was a positive correlation 
between forest areas and DO, whereas there were negative 
correlations between forest areas and solids, TN and TP. 
According to the researchers; while there was a negative cor-
relation between urban areas and DO, there was a positive 
correlation between urban areas and other parameters. On 
the other hand, agricultural areas showed positive correla-
tions with all parameters. The study conducted by Ye et al. 
[84], has put forward the effects of land use and topography 
on the water quality of the Xiangxi River. According to the 
researchers; The water quality of Xiangxi River was nega-
tively affected by topography and land use. Many studies 
similar to these studies [72,85–87] have demonstrated the 
impact of land use patterns on water quality.

In this study; at stations 4, 5 and 6 located in the south 
and northeast of the study area, WQI parameters showed an 
increasing tendency, thus the surface water quality was very 
low. it is thought that the reason for this decrease in water 
quality originates from settlement, industry and agricultural 
areas which have been developed in these regions over time.

The results obtained in this study on the effects of LULC 
changes on water quality support the many studies men-
tioned above. According to the results obtained; between 
1999 and 2015, while the settlements and agricultural areas 
increased within the boundaries of the riparian area where 
all stations were located, bare lands decreased. In general, 

bare lands in these areas have turned into settlement and 
agricultural areas. While areas covered with vegetation 
within the boundaries of riparian area where stations 1, 2, 
3 and 4 located were increasing, vegetation in areas where 
stations 5 and 6 located decreased. In rainy and dry periods 
especially in the regions where stations 4, 5 and 6 located, the 
values of BOD, NH4, NO3, TP, and WQI parameters increased 
and increasing trends in NO3, TP, and WQI parameters were 
found as statistically significant. While there were positive 
correlations between residential areas and BOD, NH4, TP and 
WQI parameters due to the increase in settlement areas, DO 
values showed negative trends in the specified time interval 
and negative correlations were obtained between residential 
areas and DO. BOD, NO3 and TP parameters showed increas-
ing trends in the mentioned time interval with the increase 
of agricultural areas and positive correlations between agri-
cultural areas and especially NO3 and TP parameters were 
found to be significant. LULC changes negatively affected 
water quality, especially in terms of NH4, NO3, TDS, and TP 
parameters.

When the soil types in the study area and the surface 
water quality data of 2008 and 2015 are evaluated together; 
positive correlations between alluvial soils and especially 
NO3, TP and WQI parameters were found and alluvial soils 
in the study area negatively affected water quality. The slope 
group, which has the highest distribution in the study area 
(especially in stations 4, 5 and 6), is the slope group in the 
range of 0%–2% and this slope group negatively affected 
water quality in the study area.

5. Conclusion

This study shows the effects of LULC change, soil type 
and slope characteristics on surface water quality trends 
in the regions where surface water quality stations located 
within the boundaries of riparian area near Sivas city cen-
ter. Results obtained from the study; LULC, soil types and 
slope variables have shown that have a very high impact on 
the deterioration of water quality. Considering the LULC 
changes; the increase of settlements and agricultural areas 
in the study area has affected the water quality negatively. 
Sewage and industrial discharges originating from resi-
dential and industrial areas have deteriorated water qual-
ity within the boundaries of riparian area. Fertilizers used 
together with the increase in agricultural areas will con-
taminate the river water together with the surface flow. On 
the other hand, the vegetation in the surface soil of agricul-
tural land can also play an important role in the retention 
of pollutants. Areas covered with vegetation have played an 
important role in improving water quality. Alluvial soils that 
show a very high distribution within the boundaries of ripar-
ian area in the study area and 0%–2% slope group are other 
factors causing the deterioration of water quality. The impact 
of all three factors (LULC, soil type, and slope) on water 
quality can be better explained by riparian area boundaries 
obtained by micro-scale. In this study; there is a significant 
relationship between the LULC change, soil types and land 
slope on the one hand and the increasing trends of water 
quality parameters on the other. This relationship revealed 
that LULC change has been one of the most important factors 
affecting surface water quality.
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