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Abstract. In this article, the response of surface water quality to land use/land cover changes studied. We
investigate the impact of land use changes on quality of water during three decades in the Razavi
Khorasan Province of Iran. Detecting of LULC changes has done using Landsat satellite images
belonging to the years 1987 (TM), 2001 (ETM*) and 2015 (OLI). In the study area based on RS and GIS
standard techniques, sixteen land use classes were defined: barren, rocky, residential, swamp, water,
dunes, salt marsh, irrigated cultivation, garden, dry farming, desert, good rangeland, medium rangeland,
poor rangeland, wooded rangeland, and watercourse. Also, the water quality data from 1987 to 2015 in
the stream gauge station located at the outlet of the 36 catchments analyzed. In this study, 13 parameters
included K, CI, Ca, Mg, Na, CO3, HCOs, SO4, EC, pH, TDS, SAR, and Hardness investigated. After
removing variance, non-parametric tests performed and trends of water quality variables in the time series
evaluated. Then, using a multivariate linear regression model was trying to link water quality variables to
land use changes. Results demonstrated that the models estimate water quality parameters with an
acceptable degree of accuracy (P-value < 0.05) except calcium, potassium, carbonate, and bicarbonate.
The results showed the relationship between land use and the water quality indicators that can be applied
in environmental protection and land use planning.
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Introduction

Ecological and human health directly affect by water attribute and for this reason, the
quality of water is as important as its quantity (Zamani et al., 2013). In the past few
decades, surface water characteristics deteriorated in numerous countries. The major
environmental worry is the deterioration of stream water quality due to unsustainable
activities of human (Chen and Lu, 2014). Also, the quality of water is momentous to
assess the health of a watershed and to make necessary management decisions to control
current and future pollution (Walling and Fang, 2003). Water carries the particles from
the land, as flows from the land surface and be enriched with different kinds of
contaminants when flows from various types of land use (Tong, 1990). Rivers are
vulnerable to land use and land cover (LULC) change and ubiquitous exploitation
(Withers and Jarvie, 2008; Vordsmarty et al., 2010) and comprehending the relationship
between land use and surface water quality is essential for effective water management
(Ding et al., 2015).

Watershed is a topographic region of natural space that encompasses the correlation
of water, its physical appearance, along with the related movement of elements
connected with water resources usage. Thus, the best unit for water-related research at
the regional scale is catchment (Li et al., 2012). The relevance between the quality of
water in rivers and land use, despite its significance for the watershed, is not well
described (Ding et al., 2016). Many studies derived that a significant relationship exists
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between the water quality parameters and land use and land cover at a basin scale
(Kibena et al., 2014; du Plessis et al., 2014), while others demonstrated that are
dependent on the depth of studies (Miserendino et al., 2011; Dabrowski et al., 2013;
Namugize et al., 2018). Because of its reiterative data, digital format appropriate for
processing, and precise geo-referencing approaches, satellite imagery is the most
common data source for detection and mapping of land use changes (Minaei and Kainz,
2016). LULC change detection has become the main usage of RS data, due to repetitive
coverage at short intervals and consistent image quality (Joorabian Shooshtari et al.,
2012).

In relation to ecology, deforestation, desertification, urbanization, sustainable
management of natural resources, identifying and modelling the impacts of weather
events and climate change, etc land use change is monitored (Rafiee et al., 2009).
Geographic Information System (GIS) provides many various methods to analyze and
evaluate land use changes. These methods developed by using Remote Sensing (RS)
and image processing techniques. For example, in the Beijing, (in China) (Wu et al.,
2006) applied a combination of GIS and RS to find land use changes and found a
significant increase in urban areas and a decline in rangeland from 1986 to 2001. Or in
another research, in the north-western coastal region of Egypt from 1987 to 2001,
(Shalaby and Tateishi, 2007) monitored land use changes used the post-classification
method and maximum likelihood technique to generate the maps, detect land use
changes and report on the effects of development projects in tourism and agriculture on
vegetation cover region. In the west of Nile River (Egept), (Abd El-Kawy et al., 2011)
applied Post-classification comparisons to investigate land use changes. And numerous
similar studies conducted using GIS and RS combinations.

To specify whether the measured values of a variable increase or decrease during a
period, generally trend analysis apply. Many methods are available for the
quantification and detection of trends: regression analysis, T-tests, graphical methods,
etc. Trend analysis method for water quality data should consider some of the
specifications generally found in the water quality data (Zamani et al., 2013).
Seasonality, non-normality, missing values, outliers, autocorrelation, and dependence
on other variables such as river flow are some of these specifications (Zamani et al.,
2013). (Esterby, 1996) provided a comprehensive review of statistical approaches that
are using for trend analysis of water quality time series.

The intricate relationships of land use, water quality in various geographical regions
under different scales are yet to be clarified, although there are some studies on the
impacts of land use on water quality. The common procedures for predicting water
quality in river basins based on land use types are still developmental. In a study, Huang
explained the major participants to the increase of nutrients and sediments in freshwater
ecosystems are increasing in agricultural and civil areas (Huang et al., 2016). Results in
another study by (Mello et al., 2018), showed that organic matter and nitrogen were
more influenced by the riparian zone composition, while fecal coliforms, phosphorus,
sediment, and dissolved oxygen were affected by land use types at the watershed scale
(Shi et al., 2017) in their research found that the land use composition in a riparian area
is a superior predictor of water quality than in the whole basin, while (Zhou et al., 2012)
showed that land use types at the basin scale can better account for the variability in
river water quality.

Iran is among the arid and semi-arid countries of the world, and in most of its areas,
there is a water shortage problem. Khorasan Razavi, besides the problem of water
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shortage, has a problem with reducing water quality. As it follows from the review of
previous studies, one of the factors of long-term change in water quality is the change in
land use. However, according to the authors’ information, in Khorasan Razavi Province,
no research has been undertaken for linking the spatial and temporal changes in land use
and quality of water. The purpose of this study is to answer three basic questions. First
of all, is land use change in Khorasan Razavi province significant? Second, do these
land use changes affect the quality of surface water resources? And eventually, are these
changes in water quality predictable and can be modelled?

Material and methods
Study area and data description

Razavi Khorasan province with an area of 117966 km?, located between 56° 13’ 40"
to 61° 17 07" eastern longitudes and 33° 51’ 16" to 37° 42" 18" north latitudes in the
northeast of Iran (Fig. 1).
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Figure 1. Geographical location of Razavi Khorasan Province in Iran

Two kinds of data applied in this research: land use data and water quality data. To
study the dynamics of land use, it is needful to have maps that reflect the status of land
cover at various periods. In this study, we used a set of Landsat satellite images from
TM (1987), ETM* (2001) and OLI (2015) sensors to obtain land use maps of Khorasan
Razavi Province. For complete coverage of the province in each year, 12 images
(Overall 36) were used (Table 1). Figure 2 shows the final image of 1987, which is a
combination of 12 Landsat 5 images. For the 2001 image, the combination of 12
Landsat 7 images and for the 2015 image, the combination of 12 Landsat 8 images used
(Figs. 3 and 4, respectively).
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Table 1. Satellite images applied over the study period (each year 12 images, overall 36)

Number Date of frames . .
Spatial resolution (m)
Row | Path ™ ETM + oLl
35 158 1987/06/27 2001/07/11 2015/06/24 30
36 158 1987/06/27 2001/07/27 2015/06/24 30
37 158 1987/06/27 2001/06/25 2015/06/24 30
34 159 1987/06/18 2001/05/31 2015/06/15 30
35 159 1987/06/18 2001/05/31 2015/06/15 30
36 159 1987/06/18 2001/05/31 2015/06/15 30
34 160 1987/06/25 2001/07/09 2015/06/22 30
35 160 1987/06/25 2001/07/09 2015/06/22 30
36 160 1987/06/25 2001/06/23 2015/06/22 30
34 161 1987/06/16 2001/05/29 2015/06/29 30
35 161 1987/06/16 2001/06/30 2015/06/29 30
36 161 1987/06/16 2001/06/30 2015/06/29 30
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Figure 2. Image of 1987 (the result of combining 12 Landsat 5 images)

This study was performed to apply the river-basin based approach to analyze
possible statistical and spatial correlations of LULC on the surface water quality. In this
province, there are 70 hydrometric stations located at the outlet of the watersheds
(Fig. 5). For this study, 36 stations with complete data of surface water quality in the
years studied selected (Table 2). The water quality data for the period of 1987-2015
obtained from the Iran Water Resources Research Organization. This organization is a
repository for water quality, quantity, chemical and physical data. Water quality
variables, including calcium (Ca), potassium (K), chlorides (Cl), carbonate (COs3),
bicarbonates (HCOs), magnesium (Mg), sulphate (SO.), sodium (Na), electrical
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conductivity (EC), potential of hydrogen (pH), sodium adsorption ratio (SAR), total
dissolved solids (TDS), and total hardness (TH) were chosen. The data is measured on
these stations daily. Since the changes in water quality due to land use changes do not
change over a day, therefore, the multi-day average of these data was used in this study.
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Figure 3. Image of 2001 (the result of combining 12 Landsat 7 images)
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Figure 4. Image of 2015 (the result of combining 12 Landsat 8 images)
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Figure 5. Location of water quality gauge stations and river network in study area

Table 2. Water quality monitoring sites and its characteristics

Row Stcecx)t(;gn ('I“;lr;i?) Latitude | Longitude | Row Sze(x)t(;(;n ('?‘(:ﬁ?) Latitude | Longitude
1 47041 | 152 | 36.32250 | 58.85694 19 | 64017 68 36.33472 | 59.19667
2 47043 | 111 | 36.45806 | 58.71194 20 | 64019 | 203 | 36.40028 | 59.33972
3 47071 76 35.42000 | 59.13361 21 | 64023 116 | 36.30944 | 59.40278
4 47073 | 805 | 35.30444 | 58.16694 22 | 64027 74 | 36.31472 | 59.40111
5 47079 29 36.09639 | 59.28889 23 | 64029 140 | 36.17167 | 59.51167
6 47081 53 36.19083 | 59.07417 24 | 64033 | 9074 | 36.25167 | 59.64528
7 47085 | 109 | 36.16083 | 59.04694 25 | 64037 | 15964 | 36.00500 | 60.85611
8 47093 82 36.42361 | 58.68083 26 | 64039 | 16427 | 35.97528 | 61.10889
9 47095 | 491 | 36.47444 | 58.49861 27 | 64043 41 36.84000 | 58.47750
10 | 47166 | 1180 | 35.73306 | 58.12083 28 | 64047 | 310 | 36.32750 | 59.43222
11 | 62001 | 273 | 3557806 | 59.73639 29 | 64049 | 432 | 36.65972 | 59.66611
12 | 62003 | 121 | 3553639 | 59.89556 30 | 64059 | 235 | 35.93528 | 60.23806
13 | 62009 | 505 | 35.46278 | 60.59361 31 | 65001 | 838 | 36.64111 | 60.33111
14 | 64003 | 240 | 36.83639 | 59.02000 32 | 66001 | 228 | 37.16944 | 59.54167
15 | 64007 | 277 | 36.32222 | 59.04083 33 | 66003 | 847 | 36.82694 | 60.16806
16 | 64011 49 36.44333 | 59.13306 34 | 67001 | 1239 | 37.30139 | 59.36694
17 | 64013 40 36.42694 | 59.15750 35 | 67003 81 37.25111 | 58.92500
18 | 64015 | 497 | 36.75139 | 59.38667 36 | 68005 | 943 | 37.61500 | 58.64028
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Long-term land use change detection

To find the impact of land use changes on water quality trends, land use changes
during the study period investigated (Worrall and Burt, 1999). Using Erdas Imagine
2014 software and RS data, the LULC changes in Razavi Khorasan Province between
the years of 1987, 2001 and 2015 were determined in the manner described below.

In the present study, in spite of the positive results of the research experience that
used the Maximum likelihood method for categorization (Al-Ahmadi and Hames,
2009), three different supervised classification techniques including Maximum
likelihood, Mahalanobis Distance, and Minimum Distance are applied for the
classification of Landsat 8 (image of 2015). All non-thermal bands of the images used
to generate spectral signatures for classification. For further separating and identifying
the phenomena, false-colour images generated (Khoi and Murayama, 2010). These
produced images helped to distinguish various types of land use in the study area.

The first step in performing a supervised classification method was to define areas
used as training samples for each class. Using random point generation tool in ArcGIS,
reference points randomly generated and the accuracy of the classification verified
(Jensen, 2015). For this goal, the following steps were employed: first, using a GPS,
200 points were specified for the images of 2015, and after that, the actual ground
points compared with the classified maps. Then, by applying GCP (ground control
points) and visual interpretation, the overall accuracy assessment of the classified maps
of 2015 (three maps that were prepared by the Maximum likelihood, Mahalanobis
Distance, and Minimum Distance methods) determined (Schulz et al., 2010). The
admitted RMSE between any two dates should not be more than 0.5 pixels (Lunetta and
Elvidge, 1998), so the acceptable RMSE between the two images considered less than
0.5 pixels. The results of these three methods were compared and the best method for
the classification was chosen.

Following the classification of imagery from the individual years, to specify changes
in land use between the intervals (1987-2001 and 2001-2015), Post-Classification
Comparison method applied (Erdogan et al., 2015). The post-classification technique
supply ‘from—to’ change information and so, the type of LULC changes that occurred
can be easily determined (Yuan et al., 2005). By applying extension X tools in ArcGIS
10.3, the extent of each land use types determined. Also, the transition matrix obtained
by cross-tabulating the maps of 1987, 2001, and 2015. This matrix generally reported in
the land use change detection studies (Dewan and Yamaguchi, 2009; Monteiro et al.,
2011).

The area of watersheds for each of hydrometric stations delineated by applying
ArcGIS software and it used as a foundation map for the analysis. Then the layers of the
watershed used to clip 1987, 2001, and 2015 LULC coverage allowing calculation of
the effective land uses. For analyzing the spatial distribution of various land use
category and land cover transformation, the cross-tabulation method performed. Finally,
using cross tabulations in ArcGIS software (Spatial Analyst Tools > Zonal > Tabulate
Area), maps of land cover classes compared with each other, as the maps of 1987 and
2001, 2001 and 2015 crossed and aspects of changes extracted.

Long-term trend analysis of water quality

At hydrometric stations, water quality data are measured daily. In this study, given
the fact that water quality data may change over the course of a few days due to short-
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term or local changes, the multi-day average data was used to study the changes in
surface water quality. According to Table 1, Landsat 5 images were captured in 1987
between June 16th and June 27" (12 days). Similarly, Landsat 7 images were captured
in 2001 between May 29 and July 27 (63 days) and Landsat 8 images in 2015 between
June 15 and June 29" (15 days). Therefore, the water quality data of the aforementioned
days were averaged and used in subsequent calculations.

For example, in 1987, for the TDS parameter, there are 12 data in each sub-basin
(12 days). The average of these 12 data was considered as the value of the TDS
parameter in 1987 in each sub-basin. This was done for all 36 sub-basins and the TSD
parameter value was obtained in 1987 (36 data for the TDS parameter in 1987). Also in
2001, for the TDS parameter, there are 63 data in each sub-basin (63 days). The average
of these 63 data was considered as the value of the TDS parameter in 2001 in each sub-
basin. This was done for all 36 sub-basins and the TSD parameter value was obtained in
2001 (36 data for the TDS parameter in 2001). The same way, in 2015, for the TDS
parameter, there are 15 data in each sub-basin (15 days). The average of these 15 data
was considered as the value of the TDS parameter in 2015 in each sub-basin. This was
done for all 36 sub-basins and the TSD parameter value was obtained in 2015 (36 data
for the TDS parameter in 2015). The same method was used for other parameters.
Considering that 13 parameters were evaluated in this study, 1404 numbers were
obtained for modelling.

The Mann-Kendall and Seasonal Kendall tests are the most common trend tests in
hydro-meteorological studies for non-normal variables. While, the linear regression and
analysis of covariance are some of the parametric methods, which is used for normally
distributed variables (Zamani et al., 2013; Sheikhy Narany et al., 2017). We assessed
the normality of data by means of the Kolmogorov-Smirnov and Shapiro-Wilk tests and
then the appropriate method for trend test was chosen (Pratt and Chang, 2012).

Simulation and predicting of water quality data

The null hypothesis was water quality is not related to the land use changes at a
watershed scale and the statistical analysis employed to test it. A rejected null
hypothesis reveals that “there is a relationship between land use changes and water
quality”. In SPSS software, Spearman’s rank correlation analysis applied to finding the
relationships between land use types (as an independent variable) and water quality in
the 36 hydrometric stations (as a dependent variable) (Tong and Chen, 2002).

For modelling, at first, the amount of land use area in 36 sub-basins extracted using
ArcGIS software from the attribute table of each layer. Since some of the land use does
not exist in all sub-basin so in modelling, was not used. For example, there is a poor
rangeland area in all 36 sub-basins. According to the maps of 1987, 2001, and 2015,
108 land use values (for poor rangeland) are obtained. These data considered as
parameter x and water quality data as a parameter y. But for land use that does not exist
in all sub-basin (for example, residential land), the number of data for modelling would
be less and may reduce correlation and not be used in modelling.

It is difficult and time-consuming to thoroughly analyze the data of one variable at a
time. Because of identifying the relevance of the variables, the multivariate statistics are
useful and apply for reducing the number of components in a dataset. Thus, the
multivariate linear regression model used to investigate the statistical relationships of
land use changes and water quality variables to making model. For this purpose,
different types of land use as independent variables (Range, Garden, Residential, etc.)
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and changes in each factor of the surface water quality considered as a dependent
variable (TDS, EC, pH, etc). After reducing the number of factors, modelling done with
fewer parameters and further simulation of surface water quality performed.

By using relationships between land use types in 1987, 2001, and 2015, the linear
regression models created and applied for predicting land use types in the future. The
time interval between the selected images for studying land use changes for the years
1987, 2001, and 2015 is 14 years. In order to make a more accurate estimate of land use
changes, the time interval for the prediction of variations was chosen 14 years, so that
the resulting data would be maximally consistent. Then, by using the regression model
that provided for predicting water quality, and the area of land use predicted in 2029,
each water quality parameter was simulated.

Results

Satellite imagery data were analysed with digital image processing methods and
spatial analysis techniques to detect spatial-temporal changes in land use. A
multitemporal Landsat satellite dataset formed the basis for the change detection
procedure. The overall accuracy assessment of the classified maps of 2015 that were
prepared by the Maximum likelihood, Mahalanobis Distance, and Minimum Distance
methods was 87.3, 83.7, and 78.5, respectively. So, by applying the supervised
maximum likelihood classification technique, the images classified (Schulz et al.,
2010). Land use maps of Khorasan Razavi Province for the years 1987, 2001 and 2015
showed in Figures 6, 7 and 8, respectively.
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Figure 6. Land use maps of Khorasan Razavi Province for the year 1987
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Figure 7. Land use maps of Khorasan Razavi Province for the year 2001

500000 600000 700000 800000

N Kilometers

20 40 80 120 160|

= W E Z
=4 z
= (=4
S 4 North Khorasan =)
> o
— | g
- L)
=) \
: ‘
: E
- -4
0
=)
S
g- z
S o
« o
o
w
- )
5
g g
> m P
2 £ | £
< ' o e
South Khorasan : e B e
=
Land use of 2015 =
¢ Ba Re (5 bu 0 GR @8 MR 0 wc ¢ 1w @6 or
| 6 Rro 08 sw 06 s @6 PR @6 wR 06 wa @4 Go oel|
;S T e T
57°0'0"E 58°0'0"E 59°0'0"E 60°0'0"E 61°0'0"E

Figure 8. Land use maps of Khorasan Razavi Province for the year 2015
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In the Khorasan Razavi Province identified sixteen land use classes included: Barren
(Ba), Rocky (Ro), Residential (Re), Swamp (Sw), Water (Wa), Dunes (Du), Salt marsh
(Sa), Irrigated cultivation (Ir), Garden (Ga), Dry farming (Dr), Desert (De), Good
rangeland (GR), Medium rangeland (MR), Poor rangeland (PR), Wooded rangeland
(WR), Watercourse (Wc). The coverage of each land use class gave as the area (km?)
and percentage (%) for the years of 1987, 2001 and 2015 (Table 3).

Table 3. Distribution of land use classes in 1987, 2001 and 2015

Land 1987 2001 2015
e k) | %) | kM) | %) | km) | (%)
Barren 3716.2 3.2 3638.7 3.1 3638.7 3.1
Rocky 1325.9 1.1 1325.9 1.1 1325.9 1.1

Residential 380.5 0.3 477.1 0.4 569.9 0.5
Swamp 403.4 0.3 402.1 0.3 400.4 0.3
Water 1.3 0.0 5.0 0.0 23.8 0.0
Dunes 2470.6 2.1 2437.8 2.1 2318.6 2.0

Salt marsh 2139.9 1.8 2121.9 1.8 2121.9 1.8

Irrigated cultivation 14371.7 12.2 15042.1 12.8 15135.7 12.8
Garden 946.4 0.8 947.3 0.8 947.6 0.8

Dry farming 18229.3 15.5 18243.5 15.5 18606.4 15.8

Desert 567.7 0.5 567.7 0.5 566.7 0.5

Good rangeland 5296.1 4.5 3024.4 2.6 3057.3 2.6
Medium rangeland 27989.7 23.7 24195.1 20.5 22783.8 19.3
Poor rangeland 36879.4 31.3 42330.6 35.9 43295.5 36.7
Wooded rangeland 3093.3 2.6 3052.2 2.6 3019.3 2.6
Watercourse 154.4 0.1 154.4 0.1 154.4 0.1
Total 117966.0 100 117966.0 100 117966.0 100

In Khorasan Razavi Province, between 1987 and 2001, the highest incremental
changes in the percentage of land use area were 378, 125 and 115 related to water area,
residential and poor range, respectively. The maximum of incremental changes in the
area was 5449 km? (poor range), 670 km? (irrigated cultivation) and 96 km?
(residential). Also, the maximum decreasing changes in the area were 3794 km?,
2271 km?, and 77 km? related to medium range, good range, and barren, respectively. In
this area, during 2001-2015, the highest incremental changes in the percentage of land
use area were 473, 119 and 102 percent related to water area, residential and dry
farming, respectively. The maximum of incremental changes in the area were 961 km?
(poor range), 362 km? (dry farming) and 92 km? (residential). Also, the highest
decreasing changes related to medium range (1411 km?), dunes (119 km?) and wooded
rangeland (32 km?), respectively.

In ArcGIS software, using land use maps of Razavi Khorasan province (1987, 2001
and 2015) and the surface of 36 catchments, land use changes in the watershed of
hydrometric stations extracted. Thus, a total of 108 land use maps were prepared. Using
linear regression models (Table 4), land use changes in the years 2029 estimated
(Table 5).
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Table 4. Equations for predicting land use area. “y” is area (km?) and “x”’ is time (vear)
Row Land use R? Equation
1 Barren 0.7500 y =-2.7659x + 9,199.1016
2 Rocky 1.0000 y =1,325.9000
3 Residential 0.9999 y = 6.7630x — 13,057.0028
4 Swamp 0.9941 y =-0.1071x + 616.3520
5 Water 0.8697 y = 0.8038x — 1,598.4082
6 Dunes 0.9027 y =-5.4279x + 13,270.1455
7 Salt marsh 0.7500 y =-0.6411x + 3,410.7148
8 Irrigated cultivation 0.8403 y = 27.2867x — 39,750.8704
9 Garden 0.9164 y = 0.0408x + 865.4379
10 Dry farming 0.7781 y = 13.4683x — 8,590.3179
11 Desert 0.7500 y =-0.0357x + 638.6401
12 Good rangeland 0.7390 y =-79.9566x + 163,785.8109
13 Medium rangeland 0.9347 y =-185.9272x + 397,029.9174
14 Poor rangeland 0.8599 y =229.1433x — 417,680.5879
15 Wooded rangeland 0.9959 y = -2.6445x + 8,346.4889
16 Watercourse 1.0000 y = 154.4400

Table 5. Estimate of land use changes in study area, 2015-2029 (km?)

Landuse| Ba | Ro |Re|Sw|wa| Du | Sa | Ir |Ga| Dr |De|GR| MR | PR |WR |Wc ;8;35")
Ba [3553] 0 |2|0|0o] o] o8 o] 2 [o]o0o] o o | o |o] 363
Ro 0 [1326/ 00|00 | o] o o] o |o]o]| o o | o |o]| 132
Re o | ofsolololo|o| oo o l|o]o] o o | ool 570
Dr 0| o fs1|o|1|0]| o151 |3]/18400[0] 0| 0 0o | o | o 18606
sw | 0| o ]of430] 00| 0|0l o |olo] o o | o |o]| 403
wa | 0| o |o|lo|l2alo]o| o o] o oo o o | ool 24
Ga |0 |o|8|o|l1] 0| o] o |944/ 0 |0| 0] 0 o | ool 953
Du o | o|o|o|o|28| o 18|0] o |o]o| 1| o | o]o] 2309
Sa ol ololo|o| o204 6 [2] 0 0] 0| 0o | 10| 0]o0] 2122
ir |120] 0 |23|0o|0o| 0| o w089 6| 0o |[0] 0] o 0 | o |2|15130
PR | 0|0 |12|o|l2] 0| o |33|0| 70 |0 o |48 2 | 0|6 432001
De ololololo|lo|o| o o] o [s68 0| 0 0o |o| 568
GR |0 |o|o|olo]o|o]| o |o| o |o|1746| 472|839 | 0 | 0| 3057
MR | 0|0 |4|oflo| oo |27 |0|127|0]| 0 |4077]|18468] 0 |0 | 22784
WR [0 |o]o|ololo|o]| ool o o|lo]| o | 40 |2079] 0] 3019
we | o|lo|o|lololo|lo]| 2 ]o|l o |o|lo] o 0 | 0 |152| 154
(28;‘;') 3564 1326 |669|403| 28 | 2284|2104 | 15830 |954| 18598 |568 | 1746 | 4739419360 | 2979 [160| 117966

Ba: Barren, Ro: Rocky, Re: Residential, Sw: Swamp, Wa: Water, Du: Dunes, Sa: Salt marsh, Ir:
Irrigated cultivation, Ga: Garden, Dr: Dry farming, De: Desert, GR: Good rangeland, MR: Medium
rangeland, PR: Poor rangeland, WR: Wooded rangeland, Wc: Watercourse

Because of identifying the relevance of the variables, the multivariate statistics are
useful and so apply for reducing the number of components in a dataset. Based on the
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findings, among the 16 types of land use, eight items showed the highest correlation.
The eight items were Residential, Irrigated cultivation, Garden, Dry farming, Good
rangeland, Medium rangeland, Poor rangeland, and Wooded rangeland.

Using Pearson correlation analysis, the correlation coefficient of these eight land use
parameters versus water quality parameters were investigated. Results showed in
Table 6.

Table 6. Results of Pearson correlation analysis for change in LULC area to change of
water quality variables

ciz)rﬁilggl_s Parameters Re Ir Ga Dr GR MR PR WR

Pearson correlation | .866™ | .504 | .626™ | .593™ | .689™ | .566™ | .549™" | .430"

Ca Sig. (2-tailed) .005 114 .000 .001 .002 .000 .005 .025
N 8 11 33 26 17 36 24 27

Pearson correlation | .902™ | .242 | .453™ | .309 508" | .356" 383 | 423"

Mg Sig. (2-tailed) 002 | 474 | 008 | .125 | 038 | .033 | .065 | .028
N 8 11 33 26 17 36 24 27

Pearson correlation | .853™ | .052 | .642™ | .219 | .734™ | .239 393 | .294

Na Sig. (2-tailed) 007 | 880 | .000 | 282 | .001 | .160 | .057 | .137
N 8 11 33 26 17 36 24 27

Pearson correlation 761" 476 862" | .600™ | .629™ | .604™ | .696™ | .367

K Sig. (2-tailed) .028 139 .000 .001 .007 .000 .000 .060
N 8 11 33 26 17 36 24 27

Pearson correlation | .872" | .042 | .662™ | .202 | .736™ | .215 .373 272

Cl Sig. (2-tailed) .005 .903 .000 321 .001 .208 .073 170
N 8 11 33 26 17 36 24 27

Pearson correlation -.291 -.284 -.109 -144 -.164 -.099 -161 | .019

COs Sig. (2-tailed) 484 397 .545 484 529 .566 451 925
N 8 11 33 26 17 36 24 27

Pearson correlation | .954™ | .832™ | .747™ | .665™ | 582" | .657™ | .720"" | .402"

HCO3 Sig. (2-tailed) .000 .001 .000 .000 .014 .000 .000 .037
N 8 11 33 26 17 36 24 27

Pearson correlation | .857™ | .246 | .539™ | .387 | .611™ | .420" | .446" | .432"

S04 Sig. (2-tailed) .007 467 .001 .051 .009 .011 .029 .024
N 8 11 33 26 17 36 24 27

Pearson correlation | .888™ | .182 | .679™ | .357 | .740™ | .379" | .493" | .409"

EC Sig. (2-tailed) .003 .592 .000 .073 .001 .023 .014 .034
N 8 11 33 26 17 36 24 27

Pearson correlation | -.969™ | -.909™ | -.839™ | -.804™ | -.765™ | -.783"" | -.845™ | -.420"

pH Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .029
N 8 11 33 26 17 36 24 27

Pearson correlation | .888™ | .182 | .679™ | .357 | .740™ | .379" | .493" | .409"

TDS Sig. (2-tailed) .003 .592 .000 .073 .001 .023 .014 .034
N 8 11 33 26 17 36 24 27

Pearson correlation .641 .018 | 500" | .180 | .704™ | .205 .367 .276

SAR Sig. (2-tailed) .087 .958 .003 378 .002 231 .078 164
N 8 11 33 26 17 36 24 27

Pearson correlation | .898™ | .446 | .595™ | .506™ | .653™ | .513™ | .520™" | .447"

Thard Sig. (2-tailed) .002 .169 .000 .008 .004 .001 .009 .019
N 8 11 33 26 17 36 24 27

Re: Residential, Ir: Irrigated cultivation, Ga: Garden, Dr: Dry farming, GR: Good rangeland, MR:
Medium rangeland, PR: Poor rangeland, WR: Wooded rangeland
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Using the data in Table 6 and the linear regression model, each water quality
parameter was modelled (Table 7). The general formula was the linear equation
including “y = (variable*x) + constant”. The ‘x’ parameter value selected based on the
highest correlation, in Table 6. For example, for predicting the parameter magnesium
(Mg) the highest correlation belongs to residential land use (R? = 0.902), so the area of
the residential land use used as ‘x’. No models were available to predict the amount of
potassium. Then, using the linear regression model was trying to estimate water quality
variables in the years 2029 (Table 8). Results demonstrated that except calcium (Ca),
Carbonate (COgz) and Bicarbonate (HCOs3), the models estimate all other water quality
variables with an acceptable degree of accuracy (P-value < 0.05).

Discussion and conclusions

One of the objectives of this study was to investigate the significance of land use
change. The results showed that changes in the direction of a significant decline in good
rangeland and a significant increase in poor rangeland that is in agreement with the
findings by (Farazmand et al., 2018).

In the present study, three different supervised classification techniques including
Maximum likelihood, Mahalanobis Distance, and Minimum Distance are applied for the
classification. Results showed that the Maximum likelihood method gave the best
results and that is in agreement with results found in other environments by Al-Ahmadi
and Hames (2009) and Schulz et al. (2010).

The basic goal of this study was to linking LULC changes to surface water quality
variation by using GIS and RS technique. Current methods of estimating water quality
in river basins based on land-use patterns are still developing. In this study, we used 36
basins as a case study to consider the relationships between land use and water quality.
The relation between water quality and land use types could be different at the various
scales of rivers. However, through the analysis of the correlation between water quality
variables and various land use types, different land cover patterns that could affect
water quality can be recognized.

Table 7. Linear regression models for physic-chemicals and LULC

Water quality variables Model summary
Constant Variable t R Sig.

Ca 2.487 4.521E-5 1.569 0.299 0.129
Mg 2.235 0.000 2.296 0.501 0.036
Na 2.402 0.000 2.815 0.567 0.012

K - - - - -
Cl 1.353 0.000 2.143 0.472 0.048
CO3 0.006 -2.59E-7 -0.782 0.155 0.442
HCOs 3.557 4.823E-7 0.733 0.131 0.469
S04 1.973 0.000 3.753 0.559 0.001
EC 691.375 0.058 2.770 0.570 0.014
pH 8.028 -4.22E-7 -2.663 0.664 0.026
TDS 308.124 0.041 2.558 0.772 0.043
SAR 0.499 0.000 2.897 0.587 0.010
Total hardness 29.671 0.003 2.535 0.542 0.018

y = (variable * x) + constant
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Table 8. Estimated surface water quality variables in the year 2029

Row Szf‘)t(;g” Ca|Mg|Na|K|cCI|COs| HCO: |SO4| EC | pH | TDS |SAR |Total hardness
1 | 47041 | - |22(24]-|14] - | - |20 697.7 | 80| 3126 | 1.5 225.1
2 | 47043 | - |23|25|-|14] - | - |21 7467 |80 3473 15 232.7
3 | a7071 | - |23]25|-|14| - | - |20 7242 |80 3314 15 229.2
4 | 47073 | - |25|27]-|16] - | - |22 8506 |80 4207 | 1.7 248.8
5 | 47079 | - |23|24|-|14] - | - |20 7007 |80/ 3211 15 227.0
6 | 47081 | - |23]24|-{14] - | - |20 7090 |80 3206 | 15 226.9
7 | 47085 | - |23|25|-|14] - | - |21 7407 |80 3430 15 231.8
8 | 47003 | - |23]25|-{14| - | - |20 7193 |80 3278 | 15 228.5
9 | 47005 | - |24|25|-|15] - | - |21 7704 |80/ 3640 | 1.6 236.4
10 | 47166 | - |2.2(24]-[14] - | - |20 6914 |80/ 3081 | 15 224.1
11 | 62001 | - |25(26|-[1.6] - | - |22 8344 |80/ 4002 | 1.7 246.3
12 | 62003 | - |24(26|-|15| - | - |21 7886 |80/ 3768 | 16 239.2
13 | 62009 | - |2.2(24]-[14] - | - |20 6914 |80/ 3081 15 224.1
14 | 64003 | - |2.3[25|-|14] - | - |20 7356 |80/ 3394 | 15 231.0
15 | 64007 | - |2.4(26|-[15] - | - |21 7936 |80/ 3804 | 1.6 240.0
16 | 64011 | - |2.2(24|-|14] - | - |20 6978 |80] 3127 | 15 225 1
17 | 64013 | - |2.3[24]- (14| - | - |20/ 7047 |80/ 3176 | 1.5 226.2
18 | 64015 | - |2.4(26|-[1.6] - | - |22 8106 |80/ 3924 | 1.7 242.6
19 | 64017 | - |2.3[25|-|14| - | - |21 7364 |80] 3400 | 15 231.1
20 | 64019 | - |25(27|-|1.7| - | - |23 8660 |80/ 4316 | 1.8 251.2
21 | 64023 | - |23]25|-|15| - | - |21 7518 | 8.0 3509 | 1.6 2335
22 | 64027 | - |24|25|-|15| - | - |21 7615 |80/ 3577 | 1.6 235.0
23 | 64029 | - |24|25|-|15| - | - |21 7744 | 80| 3668 | 1.6 237.0
24 | 64033 | - |48(50|-]39] - | - |46 |21944]|78 13706/ 4.0 457.4
25 | 64037 | - |59(6.0|-|50| - | - |56 |28033|7.7 18011 5.1 551.9
26 | 64039 | - |59(6.0|-|50| - | - |56 |28033|7.6 18011 5.1 551.9
27 | 64043 | - |22]24|-|14| - | - |20 6914 |80/ 3081 15 224.1
28 | 64047 | - |26]28|-|17] - | - |23]| 9067 |80/ 4604 | 1.8 257.6
29 | 64049 | - |2.4|26|-|15| - | - |21|781.0 |80/ 3715 1.6 238.0
30 | 64059 | - |2.4|25|-|15| - | - |21 760.0 |80/ 3566 | 1.6 234.8
31 | 65001 | - |29(30|-]20| - | - |26 |10633|80] 5711 | 2.1 281.9
32 | 66001 | - |23|25|- (15| - | - |21 756.9 |80/ 3544 | 1.6 234.3
33 | 66003 | - |26(27|-|1.7| - | - |23|8751 |80/ 4380 | 18 252.7
34 | 67001 | - |25(2.7|-|16] - | - |23 |8561 |80/ 4245 | 1.7 249.7
35 | 67003 | - |24|26|-|16] - | - |22]8129 |80/ 3940 | 17 243.0
36 | 68005 | - |2.3|25|- (15| - | - |21 7535 |80/ 3520 | 1.6 233.8

Our results proposed that Garden, Irrigated cultivation and Residential land uses can
be a parameter affecting the water quality in the study area. Also, results represented
that an overview of the relationship between land use and water quality could provide a
combination of large-scale investigations and multivariate statistical techniques. The
research showed that the concentration of Electricity Conductivity (EC), Sodium
Adsorption Ratio (SAR) and Total Hardness (TH) varied in various sub-basins. Results
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demonstrated that in 8 out of 13 models can estimate water quality variables with a
correlation coefficient of 60%, approximately.

The relevance of land use changes and water quality parameters is complex and site-
specific, while the correlation coefficients vary among sub-basin. These results add to
the body of research studies accomplished by (Du Plessis et al., 2014) in South Africa,
(Wan et al., 2014) in China, (Kibena et al., 2014) in Zimbabwe and (Maimaitijiang et
al., 2015) in the USA.

The findings of this research assist policymakers and watershed managers in
developing catchment management plans to effectively protect water quality conditions.
Therefore, figuring out the effects of changes in LULC is serious for retaining a
favourite level of water quality and for restoring water quality in affected areas.
However, consequence researches in similar environments can inform that changes in
land use and land management practices are initial factors responsible for the variation
of receiving water quality. One of the most regular approaches to test these relationships
Is to develop statistical correlations between water chemistry and current land use in the
drainage basins of surface-water sampling points (Wayland et al., 2002). Considering
the limitations of this study, the results are only valid in the study area. However, the
results and methodology in this study still have implications for water quality
management and land use planning in the future for the study area.

Recommendations

The results of this study propose that land use change is one of the main parameters
causing water quality changes. It is suggested for making model use additional layers of
parameters such as geomorphology, geology, soil, etc. to increase the accuracy and the
coefficient of determination. Further study with a better design of spatial and temporal
sampling regime may better clarify the complex nature of the relationship between land
use and water quality. Future research for linking the finding of hydrological processes
with different pollutant transfer processes is needed. Also, to obtain superior data on the
linkages between land use patterns and water quality parameters, a water sampling point
per sub-basin is required, as well as an increase in monitoring sites, so that information
on smaller sub-catchments will be available.
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