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Abstract Increasing land utilization through diverse forms of
human activities, such as agriculture, forestry, urban growth,
and industrial development, has led to negative impacts on the
water quality of rivers. To find out how catchment attributes,
such as land use, hydrologic soil groups, and lithology, can
affect water quality variables (Ca2+, Mg2+, Na+, Cl−, HCO3

−,
pH, TDS, EC, SAR), a spatio-statistical approach was applied
to 23 catchments in southern basins of the Caspian Sea. All
input data layers (digital maps of land use, soil, and lithology)
were prepared using geographic information system (GIS) and
spatial analysis. Relationships between water quality variables
and catchment attributes were then examined by Spearman
rank correlation tests and multiple linear regression. Stepwise
approach-based multiple linear regressions were developed to
examine the relationship between catchment attributes and
water quality variables. The areas (%) of marl, tuff, or diorite,
as well as those of good-quality rangeland and bare land had
negative effects on all water quality variables, while those of
basalt, forest land cover were found to contribute to improved
river water quality. Moreover, lithological variables showed
the greatest most potential for predicting the mean concentra-
tion values of water quality variables, and noting that measure
of EC and TDS have inversely associated with area (%) of
urban land use.

Keywords Modeling .Water quality . Land use . Soil
hydrologic groups . Lithology .Multiple linear regression

Introduction

Several anthropogenic and natural factors influence river
water quality. Some of them like farmland runoff spreads
out over a wide scale and are known as non-point pollut-
ants (Ahearn et al. 2005). Increasing the utilization of
land resources through diverse forms of human activities,
such as agriculture, forestry, urban growth, and industrial
development, has led to negative impacts on river water
quality (Seitz et al. 2011). Hence, shifts in land use are
considered one of the most potent causes of altered river
water quality (Dale et al. 2000; Zhou et al. 2012).
Decreasing river water quality is mainly caused by sub-
stitution of natural land cover with specific classes of land
use, such as agricultural fields and rangelands (Bruijnzeel
and Sampurno 1990; McCulloch and Robinson 1993;
Maillard and Pinheiro Santos 2008). There are direct
relationships between particular forms of land uses, such
as agriculture and urban areas with river water quality
(Ahearn et al. 2005; Zampella et al. 2007).

Yang and Jin (2010) outlined the significant role of soil
hydrologic properties in the movement of nitrate (NO3

−) from
farmlands into rivers. They pointed out that D hydrologic soil
groups (USDA 2007) show an indirect relationship with the
quantity of NO3

− transported into surface waters. Identifying
and controlling point-source pollution is more achievable in
terms of measuring and monitoring pollutant sources than
those of non-point origin (Baker 2003; Ahearn et al. 2005).
Therefore, detecting and controlling non-point pollutants re-
quires more complex and sophisticated methods. Much recent
research into detecting and controlling non-point pollutants
has involved the integrated application of geographic infor-
mation system (GIS) and multivariate analysis to provide a
spatio-statistical approach (e.g., Amiri and Nakane 2006,
2008; Maillard and Pinheiro Santos 2008; Atkinson et al.
2009; Yang and Jin 2010; Miller et al. 2011; Uriarte et al.
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2011; Carey et al. 2011; Pratt and Chang 2012; Zhou et al.
2012).

As a valid and economical tool, applying GIS and statisti-
cal analysis has great potential in modeling river water quality
(Atkinson et al. 2009). Many studies have demonstrated the
importance of anthropogenic threats such as land use change
and rises in human population on river water quality (Amiri
and Nakane 2006, 2008; Maillard and Pinheiro Santos 2008;
Miller et al. 2011; Uriarte et al. 2011; Carey et al. 2011;
Zhou et al. 2012). Interestingly, few have investigated
the role of soil (Haidary et al. 2013) in general and of
hydrologic soil groups (Yang and Jin 2010; Pratt and
Chang 2012) in particular, or indeed lithological param-
eters in general, on river water quality (Chen 1987). Li
and Zhang (2008) indicated that spatial variations of
river water quality can be related to change in both
geological settings and land use types.

The present study investigates the effect of catchment
attributes consisting of land use, hydrologic soil groups,
and lithological features on river water quality in the
southern catchments of the Caspian Sea. The primary
objectives were (i) to investigate the relationship or
linkage between land use, hydrologic soil group, or
catchment lithological features and river water quality,
and (ii) to develop models to predict river water quality
based on land use, hydrologic soil groups, and litholog-
ical attributes in the catchments of interest.

Materials and methods

Study area

The study area encompasses selected southern catchments of
the Caspian sea, spanning the region between 48° 48′ 20″–52°
18′ 15″ E and 36° 9′ 36″–37° 24′ 36″ N and covering a total
area of 1,095 km2 along the northern coastline of Iran. The
area contains the administrative boundary of Mazandaran
Province and comprises its western catchments. It is charac-
terized by the Caspian Sea and the Albrorz Mountain chain as
respective sink and source, the latter benefiting from abundant
precipitation. This phenomenon has brought in a considerable
diversity in the study area’s landscape. Figure 1 shows the
location of the study area and sampling sites.

Dominant land covers in the study area include dense
forests, good-quality rangelands, and moderate-quality
rangelands, accounting for 46.87, 26.59, and 10.33 % of the
study area, respectively. The rangeland classification in terms
of condition was based on the quantitative climax method
(Dyksterhuis 1949) (Table 1). Although range condition is
evaluated on a continuous scale from 0 to 100 %, arbitrary
classes are generally reported to illustrate range condition. A
value close to 100 % indicates that species composition of the
existing vegetation closely reflects the composition of the
climax vegetation, whereas lower values indicate a greater
level of departure from perceived climax conditions. In this

Fig. 1 Geographical location of the catchments and water sampling points in study area
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regard, good-quality, moderate-quality, and low-quality
rangelands represent 50–75, 26–50, and 0–25 % of climax
conditions.

Categorized according to USDA (2007) hydrologic
soil groups based on a soil’s runoff potential, where
the A group shows the least and the D group the
greatest runoff potential, the study region’s soils were
found to belong to three main hydrologic soil groups
(B, C, D), of which the B and D predominated, cover-
ing 51.19 and 34.41 % of the area, respectively
(Table 2). Group B soils are generally composed of silt
loam or loam, exhibiting a moderate infiltration rate
when thoroughly wetted, whereas group D soils, most
often clay loam, silty clay loam, sandy clay, silty clay,
or clay, show poor infiltration rates and therefore show
the highest potential for runoff. Group C soils are
mainly sandy clay loam with moderately fine-to-fine
structure and low infiltration rates when thoroughly
wetted. They are often characterized by a layer that
impedes downward movement of water. Shale, sand-
stone, and limestone/conglomerate were the dominant
subtending rock formations, covering 34.24, 28.0, and
7.97 %, respectively.

Data sets

The water quality variables of Ca2+, Mg2+, Na+, Cl−, HCO3
−,

pH, total dissolved solid (TDS), electric conductivity (EC),
and sodium adsorption ratio (SAR) were monitored and quan-
tified by the Water Resources Management Company
(WRMC) (http://www.wrm.ir). River water was sampled on
a monthly basis. The sampling process and devices employed
were based on WRMC Guidelines for Surface Water Quality
Monitoring (2009). In all, 23 river water quality sampling sites
were selected in the study area. Five-year means (1998–2002)
of river water quality data were calculated for further statistical
analysis (Table 3).

A 2002 digital land use map (Scale 1:250,000) of the study
area was obtained from the Forests, Ranges and Watershed
Management Organization (http://frw.org.ir). Digital elevation
models (DEMs) at a 30 m×30 m resolution were downloaded
from the USGS database and used to delineate catchment
boundaries in the study area. Digital geological maps
(1:250,000) were obtained from the Geological Survey of
Iran (www.gsi.ir) (Table 4). For mapping the hydrologic soil
groups, a land suitability map (1:250,000) obtained from the
Soil and Water Research Institute (www.swri.ir) was used

Spatial analysis

In a first step, all input layers, including land use, land suit-
ability, and geological maps, were transformed into a common
digital format and co-registered with theWGS84 source (zone
39n). For each river water sampling point, upper catchment
boundaries were then delineated by applying the DEM. The
land use map included nine classes of agriculture: good-
quality rangeland, moderate-quality rangeland, low-quality
rangeland, dense forest, intermediate-density forest, sparse
forest, urban areas, and bare lands. The land suitability map
was then reclassified according to the hydrologic soil group
(A, B, C, or D). The digital geological map was classified into
19 classes: amphibolite (geological period: Tertiary), andesite
(Cretaceous-Tertiary), basalt (Cretaceous-Tertiary), conglom-
erate (Plio-Quaternary), diorite (Tertiary), dolomite (Jurassic-
Cretaceous), fan terraces (Quaternary), gabbro (Silurian),
granite (Tertiary), gypsum (Tertiary), limestone (Permian-
Cretaceous), limestone shale (Triassic-Jurassic), marl
(Cretaceous-Tertiary), sandstone (Jurassic-Tertiary), sand-
stone shale (Triassic-Jurassic), sandy siltstone (Jurassic and
Plio-Quaternary), schist (Tertiary), shale sandstone (Jurassic-
Tertiary), and tuff (Cretaceous-Tertiary).

To determine the area (%) of each catchment attributes,
land use, soil, and lithological information layers were over-
laid with catchment boundary map. The spatial database was
finally organized in a manner as to facilitate statistical analysis
between river water quality variables and catchment attributes.

Table 2 Percentage area of hydrologic soil groups in catchments of study
area

Catchment no. B hydrologic
soil group

C hydrologic
soil group

D hydrologic
soil group

1 67.32 26.77 5.91

2 1.75 0.00 98.24

3 68.31 13.23 18.46

4 55.80 5.78 38.42

5 59.31 1.53 39.15

6 34.73 65.22 0.00

7 79.17 20.10 0.73

8 41.81 0.00 58.19

9 33.09 0.00 66.91

10 39.81 1.66 58.54

11 52.41 2.75 44.84

12 80.73 16.67 2.60

13 2.94 0.00 97.06

14 28.41 0.00 71.59

15 50.06 0.00 49.94

16 60.24 6.45 33.30

17 73.36 26.64 0.00

18 100.00 0.00 0.00

19 56.79 33.99 9.24

20 38.80 61.20 0.00

21 56.79 17.62 25.59

22 27.11 0.00 72.89

23 68.72 31.28 0.00
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Statistical analysis

Prior to modeling, all data were tested for normality using the
Shapiro-Wilk test. Independent variables consisted ofT
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00 Table 5 Results of normality test for all the catchment attributes and

river water quality based on Shapiro-Wilk test (p<0.05, df=22)

Catchment attributes Symbol Shapiro-Wilk

Statistic Significance

Agriculture land Ag 0.64 <0.01

Good quality rangeland Rg 0.80 <0.01

Moderate quality rangeland Rm 0.67 <0.01

Low quality rangeland Rl 0.52 <0.01

Dense forest Fd 0.86 <0.01

Intermediate-density forest Fi 0.39 <0.01

Sparse forest Fs 0.36 <0.01

Urban land U 0.45 <0.01

Bare land Br 0.34 <0.01

B hydrologic soil group Sb 0.98 0.86

C hydrologic soil group Sc 0.74 <0.01

D hydrologic soil group Sd 0.89 0.02

Amphibolite Am 0.36 <0.01

Andesite An 0.48 <0.01

Basalt B 0.69 <0.01

Conglomerate Cg 0.56 <0.01

Diorite Di 0.50 <0.01

Dolomite D 0.60 <0.01

Fan terraces Ft 0.73 <0.01

Gabbro G 0.32 <0.01

Granite Gr 0.57 <0.01

Gypsum Gs 0.44 <0.01

Limestone L 0.92 0.09

Limestone shale Lsh 0.77 <0.01

Marl M 0.60 <0.01

Sandstone S 0.61 <0.01

Sandstone shale Ssh 0.67 <0.01

Sandy siltstone Ss 0.50 <0.01

Schist SHt 0.55 <0.01

Shale /sandstone Shs 0.94 0.17

Tuff T 0.48 <0.01

Ca2+ Ca2+ 0.95 0.30

Mg2+ Mg2+ 0.95 0.29

Na+ Na+ 0.98 0.86

Cl− Cl− 0.98 0.87

HCO3
− HCO3

− 0.98 0.94

pH pH 0.93 0.11

TDS TDS 0.95 0.27

EC EC 0.95 0.28

SAR SAR 0.97 0.77
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catchment attributes were evaluated in terms of multi-collin-
earity. In regression models, t tests were applied to identify
significant differences in independent variables’ multipliers.
Moreover, model residuals were then examined for normality
through the Shapiro-Wilk test. Multiple linear regression
based on stepwise algorithms was finally employed to explore
and model relationships between land use, hydrologic soil
groups, and lithology with river water quality. The models’
goodness-of-fit was evaluated using scatter plots and simple
linear regression of the observed versus predicted values of
the river water quality variables. SPSS17 software package
was employed for all statistical analyses.

To specify relationships between land use, hydrologic soil
groups, and lithology with water quality variables, stepwise
multiple linear regression algorithm was applied.
Accordingly, all the determination coefficients were >0.85,
except for pH and SAR accounting for 0.61 and 0.76, respec-
tively. Using ANOVA (p>0.01), significance of the regression
equation between each water quality variable and catchment
attributes (land use, hydrologic soil groups, and lithology
classes) was evaluated, as well.

Results and discussion

Catchments attributes and river water quality variables
(Table 5) were assessed in terms of normal distribution of
the datasets. Since the datasets did not conform to the assump-
tion of normal distribution, a Spearman rank correlation test
was applied. All the water quality variables, area (%) of B
hydrologic soil group and those of shale and limestone were
normally distributed. Other catchment attributes (e.g., agricul-
ture land, C soil hydrologic group, and dolomite) did not
conform to a normal distribution (Table 5).

Land use and river water quality relationships

Spearman rank correlation coefficients between different land
uses in the targeted area and river water quality variables
showed only percentages of good-quality rangelands and
agricultural fields to be significantly correlated with water
quality variables (Table 6). Specifically, the percentage of
good-quality rangeland had a direct correlation with the water
quality variables of Ca2+, Cl−, EC, SAR, Na+, and TDS.
Similarly, the percentage of farmland showed significant pos-
itive correlations with Cl−, SAR, and pH. Thus, as the per-
centages of good-quality rangelands and agricultural land
increase in the catchments, so did concentrations/levels of
these water quality parameters. It should be noted that increase
in measure of water quality parameters has positively been
associated with area (%) of urban land use. T
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Hydrologic soil groups and water quality relationships

While the extent of the B hydrologic soil group showed a
significant negative Spearman rank correlation with river wa-
ter Mg2+, Cl−, EC, Ca2+, Na+, and TDS, the D hydrologic soil
group showed a significant positive correlation with 5-year
mean concentrations of Na+, Ca2+, Cl−, EC, and TDS
(Table 7). The fact that a rise in percentage area of the B
hydrologic soil group led to lowered river water Mg2+, Cl−,
EC, Ca2+, Na+, and TDS levels can likely be attributed to B
group soils having the lowest runoff potential in the study
area. Likewise, the rise in Na+, Ca2+, Cl−, EC, and TDS
associated with a greater expanse of D group soils is likely
tied to D group soils’ high runoff potential. This concurs with
the study of Yang and Jin (2010), who reported that D hydro-
logic soil group showed an inverse relationship with river
water NO3

− concentration in river water. According to their
work, the D hydrologic soil group was associated with the
lowest runoff and leaching potentials. They also noted that
subsurface movement is the main route of NO3

− displacement
alongside Iowa’s Cedar River.

Lithology and water quality variables

The Spearman rank correlation analysis showed that a direct
association was found between the lithological properties of
catchments and their river water quality variables (Table 8). To
be more specific, percentage areas of marl and diorite were
directly correlated with study area river water concentrations
of Ca2+, Mg2+, Cl−, HCO3

−, EC, SAR, Na+, and TDS.
River water levels of Na+, Ca2+,Mg2+, Cl−, HCO3

−, EC, and
TDS were positively correlated with the percent catchment
area covered by gypsum, while SAR, Na+, Ca2+, Mg2+, Cl−,
EC, and TDS were similarly correlated with the percent catch-
ment area of sandy silt soils. The percent catchment area
covered by andesite was positively correlated with SAR,

Na+, Ca2+, Mg2+, EC, and TDS levels in river water, the
percent catchment area covered by dolomite was positively
correlated with river water Ca2+, Mg2+, HCO3

−, EC, and
TDS levels, while the percent catchment area covered
by sandstone correlated with river water levels of Na+,
pH, and SAR. Furthermore, positive correlations were
also found between the percent catchment area with fan
terraces and river water levels of Na+, pH, and SAR.
While a direct correlation was observed between the
percent catchment area with sand-shale and river water
Na+ and SAR, for schist and amphibolite area, only
river water pH showed a significant positive correlation.

Catchment attributes and river water quality linkages

Based on the ANOVA, associations between water quality
variables and predictive variables were significant (p≤0.01;
Table 9). Variance inflation factors calculated in order to
identify multi-collinearity between independent variables
were all less than 1.0, implying no multi-collinearity existed
between independent variables in any regression models
(Table 9). Using t tests, the significance of independent vari-
able multipliers in regression models was assessed. Given that
in all cases p<0.01, the independent variable coefficients in
the regression models were deemed to be non-zero (Table 9).
Evaluating model validity by testing model residuals for their
normality of distribution (Shapiro-Wilk test) showed all mod-
el residuals not to differ significantly from normality (p≤0.05;
Table 9). Model goodness-of-fit was evaluated using scatter
plots and simple linear regressions (Fig. 2a–i). Equations are
as follows:

Ca2þ ¼ 1:56þ 0:21 Di þ 0:10 Mþ 0:02 T−0:01 Fi ð1Þ

Mg2þ ¼ 1:41þ 0:17 Di þ 0:07 M−0:01 Fi−0:01 B

þ 0:64 Br þ 0:05 Ag−0:02 Ft ð2Þ

Naþ ¼ 0:38þ 0:05 Mþ 0:01 T

þ 0:01 Rg−0:01 Fi−0:01 B ð3Þ

Cl− ¼ 0:33−0:02 SB þ 0:03 Mþ 0:01 Tþ 0:01 SHs ð4Þ

HCO−
3 ¼ 2:94þ 0:13 M−0:02 Fi−0:17 Sht−0:02 B

þ 0:98 Br−0:01 Fd ð5Þ

pH ¼ 8:11−0:02 Mþ 0:08 S−0:01 D ð6Þ

Table 7 Spearman correlation analysis of water quality variables and
hydrologic soil group variables (n=23)

Water quality
variables

B hydrologic
soil group

C hydrologic
soil group

D hydrologic
soil group

Ca2+ −0.52* −0.20 0.48*

Mg2+ −0.44* −0.07 0.36

Na+ −0.41* −0.13 0.45*

Cl− −0.54** −0.19 0.52*

HCO3
− −0.24 0.11 0.15

pH −0.05 −0.41 0.25

TDS −0.49* −0.15 0.44*

EC −0.50* −0.15 0.44*

SAR −0.38 −0.10 0.40

*p<0.05; **p<0.01
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TDS ¼ 268:19þ 16:76 Di þ 16:84 M−1:82 Fi

þ 2:71 T−1:53 B−0:48 Fd−3:63 U ð7Þ

EC ¼ 408:34þ 26:28 Di þ 25:63 M

þ 4:13 T−2:78 Fi−2:42 B−0:72 Fd−5:54 U ð8Þ
SAR ¼ 0:34þ 0:02 Mþ 0:01 Rg−0:01 B−0:01 Fi ð9Þ

where

Ca2+, Cl−, HCO3
−,

Mg2+, Na+
The mean river water concentrations of
calcium, chloride, bicarbonate,
magnesium, and sodium, respectively
(meq l−1)

EC, pH, SAR,
and TDS

The mean river water concentrations/
levels of electrical conductivity
(μS cm−1), pH, sodium adsorption ratio,

and total dissolved solids (mg l−1).
Ag, Br, Fd, Fi, Rg,
SB, U

The areas of agriculture, bare land,
dense forest, intermediate-density
forest, good-quality rangeland, hy-
drologic soil group B, and urban,
respectively (% of catchment).

B, D, Di, Ft, M, S,
Sht, SHs, T

The areas of basalt, dolomite, diorite, fan
terrace, marl, sandstone, schist, shale
sandstone, and tuff, respectively (% of
catchment).

Of 31 independent variables (9 land use classes, 3 hydro-
logic soil groups, and 19 lithological variables), 16 variables
consisting of 6 land use variables, 1 variable of soil hydrologic
groups, and 9 lithological variables were identified as signif-
icant (α≤0.05) attributes in the finalized models. Area (%) of
marl was significant and had a positive coefficient in all
developed models (Eqs. 1–9), namely those for mean river
water levels of HCO3

−, TDS, Mg2+, EC, Cl−, Ca2+, and Na+.
This implies that as marl increases in catchments, these water

a b

c d

Fig. 2 The observed versus predicted values for Mg2+ (a), Ca2+ (b), Cl− (c), Na+ (d), pH (e), HCO3
− (f), EC (g), TDS (h), and SAR (i)
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quality parameters tend to increase in river water. The per-
centage area of marl showed an inverse relationship with
river water pH. Marl is a sedimentary rock consisting
of clay and carbonate minerals. Inherent parent mate-
rials could have different effects on concentrations of
cations and anions in river water. For example, water
Ca2+ and Mg2+ concentrations might be under the
influence of weathering of carbonate, silicate, and

evaporative minerals in the catchments. Moreover,
HCO3

− concentrations could be influenced by carbonate
and silicate minerals (Chen 1987; Li and Zhang 2008).
Marl’s hardness coefficient of 2.0, placing it as a
relatively soft material (Rzhevsky and Novick 1971)
and its classification as an erodible stone with a high
potential of sedimentation (PSIAC 1968) are likely
strong contributing factors to its positive correlation

e f

g

i

h

Fig. 2 (continued)
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with changes water quality variables levels. The exis-
tence of clay minerals in marl stones could also ex-
plain the negative association between the area of marl
and river water pH.

The negative correlations between percent area of basalt in
the catchment and river levels of SAR, Na+,Mg2+, HCO3

−, EC,
and TDS imply that an increase in the relative contribution of
basalt in a catchment resulted in lower levels of these water
quality parameters in a given catchment. Harrington and
Humphreys (2004) noted that phosphorus availability in soils
originating from basalt was lower than that in soils originating
from sandstone. Accordingly, the release of anions and cations
and their transport into rivers could be influenced by the soils
originating from basalt in the catchments under study.
Moreover, basalt, with a hardness coefficient of 20, could be
accounted as one of the hardest stones (Rzhevsky and Novick
1971), which substantiates the logic of a negative correlation
between the area of basalt and the water quality parameters
mentioned above. The decrease in river water concentration of
anions and cations might equally be due to basalt’s high
resistance to erosional processes in the catchment.

Negative correlations were also found to exist between the
area (%) of intermediate-density and dense forest land
covers in the catchment and levels of TDS, EC, Mg2+, Na+,
Ca2+, HCO3

−, and SAR in catchment river water. This implies
that if the area of the forest cover in the catchments is
increased, concentration of certain river water contaminants
goes down. This concurs with the findings of Li and Xang
(2008). Similarly, Versace et al. (2008), Li et al. (2009), and
Pratt and Chang (2012) documented that increased forest

cover can lead to decreased water EC. This might be due to
the lower erosion rate of forested land, which prevents trans-
portation of soil nutrients into rivers (Kaste et al. 1997; Amiri
and Nakane 2006).

Change in the area (%) of urban land use of the catchments
is negatively correlated with EC and TDS loads in river water,
i.e., if urban areas increase, EC and TDS values decrease
downstream. Zampella et al. (2007) reported a direct
association between percentage area of urban land use
and levels of Ca2+, Cl−, EC, pH, and Mg2+ in a New
Jersey watercourse. The fact that our findings do not
concur with those of Pratt and Chang (2012) and Zhou
et al. (2012) might be attributable to the different envi-
ronmental settings (climate, soil, and lithological fea-
tures) of the study areas. Accordingly, the effects of
urban areas on river water quality in semi-arid climates
could be a subject for further research.

Percentage area of good-quality rangeland in the catch-
ments was significant in the predictive model of Na+ (Eq. 3)
and SAR (Eq. 9), indicating a direct association between the
extent of good-quality rangeland and the concentrations of
Na+ and SAR. Similarly, a direct association existed between
the area (%) of bare land andMg2+ and HCO3

− concentrations,
suggesting that the greater the area of bare lands, the greater
the Mg2+ and HCO3

− concentrations downstream. The positive
association between area (%) of bare land and NO3

− concen-
trations in river water found by Li et al. (2008) might be
attributable to the weathering of bare rocks (Sliva and
Williams 2001; Holloway et al. 1998). Considerable caution
is required in interpreting the findings on bare lands since it

Fig. 3 Parametric analysis of the explaining variables of the regression models: TDS (a), Mg2+ (b), EC (c), Na+ (d), SAR (e), pH (f), Cl− (g), Ca2+ (h),
and HCO3

− (i)
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was observed in two out of the 23 catchments in the study
area. Based on Eqs. 7 and 8, it should be noted that negative
relationships have been observed between area (%) of urban
land use and measure of EC and TDS. Accordingly, if area
(%) of urban land use increases in the catchment, measure of
EC and TDS will decrease downstream.

While the equation for the mean concentration of river
Mg2+ (Eq. 2) shows an inverse association with the areal
extent of fan terraces, it shows a direct association with the
area (%) of agricultural land. Zampella et al. (2007) found that
the area (%) of agricultural land was directly tied to Ca2+, Cl−,

EC, pH, and Mg2+ concentrations in Mullica Catchment, NJ,
USA. In their study, agricultural land use was identified as the
most important predictive variable in anticipating Ca2+ and
Mg2+ concentrations in rivers. The present study concurs with
Zampella et al. (2007). Direct relationships between area
(%) of shale sandstone and the Cl− concentrations can
be attributed to shale sandstone’s permeability and its
high potential to erodibility (PSIAC 1968), as shale can
be easily eroded once saturated by water. Moreover, the
negative association between area (%) of B hydrologic
soil group and concentration of Cl− is attributable to the

Fig. 3 (continued)
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B hydrologic soil group’s low runoff potential resulting
in lesser runoff moving Cl− into water bodies. Atkinson
et al. (2009) noted that soil organic matter (SOM) has a
negative association with Cl−.

With a negative association with HCO3
− in river water, the

area (%) of schist in catchments is, however, only significant in
predicting this water quality parameter (Eq. 5). According to the
rocks’ hardness classification of Rzhevsky and Novick (1971),
schist has hardness coefficient of 15 and can therefore be
categorized as a very hard stone. This might explain its negative
relationship with the river water HCO3

− concentrations.
Independent variables were evaluated, aiming to explore

their predictive ability in anticipating water quality variables.
The model parameters are illustrated in Fig. 3a–i in conjunc-
tion with their type and effectiveness level. For example, in
the Mg2+ predictive model, some variables such as the area
(%) of bare land, those of agricultural land, diorite, and marl
show direct association, and other variables such as the area
(%) of forest land cover and those of basalt and fan terrace
show a negative association with Mg2+ concentrations. Area
(%) of bare land and forest land cover were, respectively,
scored as the most and the least effective factors in explaining
concentrations of Mg2+ in river water. Accordingly, the vari-
able of bare land area has a significant contribution, some 70-
fold greater than that of forest land cover in predicting Mg2+

concentrations (Fig. 3b). Parameters of the models indicate
that lithological attributes’ multipliers, such as those for marl
and diorite, could be designated as degrading factors of water
quality due to their higher values compared to those of forest
land cover (intermediate-density and dense) and basalt (im-
proving factor of water quality). Finally, it can be concluded
that in our study area, lithology variables may have a signif-
icant role in predicting water quality variables, rather than
simply land use variables.

Conclusions

In this study, the effects on water quality variables of catch-
ment attributes, including land use, hydrologic soil groups,
and lithology-based parameters, were assessed through a
spatio-statistical approach. To conduct the present study, mean
values of the water quality variables derived from a 5-year
(1998–2003) sampling period at 23 sampling sites were
analyzed.

All input data layers including digital maps of land use,
soil, and lithology parameters were prepared through applica-
tion of GIS and spatial analysis. Applying correlation analysis
and multiple linear regressions, the associations between wa-
ter quality variables and catchment attributes were quantified.

According to Spearman rank correlation tests, the whole set
of independent variables showed direct correlations with

water quality attributes, except for the B hydrologic soil group
(SB), which showed an inverse relationship. Multiple linear
regression analysis showed most of the predictive variables of
water quality attributes to demonstrate positive associations.
Conversely, B hydrologic soil group (SB), area (%) of basalt in
the catchments (B), area (%) of intermediate-density and
dense forest in catchments (Fm and Fd) and urban area (%)
in catchments (U) showed inverse associations with water
quality properties. Moreover, increase in area (%) of urban
land use has shown to decrease in measure of EC and TDS
downstream. For our study site, lithology-related variables
represented greater predictive ability than land use and soil-
related variables for water quality. Hence, the effects of urban
areas and lithology-related variables at a finer spatial resolu-
tion on river water quality in semi-arid climates merit further
investigation.
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