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Abstract Water quality of rivers is strongly influenced
by landscape characteristics of their watershed, includ-
ing land use /cover types, and their spatial configura-
tion. This research evaluates the effects of land cover
changes on the water quality of the Zayandehroud
River, which is the most important river in the center
of Iran. The main goal of this study was to quantify the
change in rangelands, forests, and bare lands in the
Zayandehroud river basin, which suffered intense hu-
man interference, in a period of 11 years (1997–2008),
and to evaluate how landscape patterns (including the
number of patches, edge density, percentage of
rangelands, forests, and bare lands) influence on the
14 water quality indices (including BOD5, EC, NO3,
P, and TDS) measured in 10 stations along the river.
Results showed that from 1997 to 2008, bare lands
increased from 5.8 to 20 %, while rangelands de-
creased from 70 to 55 % in the whole basin. The results
indicated that water quality was significantly correlat-
ed with both the proportions and configuration of
rangeland and bare land areas. The total edge (TE) of
rangeland area had positive effects on water quality,
especially on BOD5 and EC. Percentage of landscape
(PLAND) and largest patch index (LPI) metrics of
rangeland had positive effect on decreasing nutrient

(NO3, PO4). The results showed that water quality
was more likely degraded when there was high edge
density (ED) of bare lands. Results of this study also
revealed that degradation of rangeland lead to the deg-
radation of water quality. Finding of this study high-
lights the importance of rangeland conservation in
water quality management at landscape scale.

Keywords Land cover change . Rangeland . Bare
land . Landscape metrics .Water quality . Zayandeh
Roud Basin

Introduction

The quality of water in many regions of the world is
threatened by overuse, misuse, and pollution, and it is
increasingly recognized that water quality of rivers,
streams, and wetlands is strongly influenced by human
actions at landscape scale (Allan 2004; Strayer et al.
2003; Wu and Hobbs 2002). The global transition from
undisturbed to human-dominated landscapes has im-
pacted ecosystems worldwide and directly or indirectly
has influences on many hydrological processes
(Changnon and Demissie 1996; Tong and Chen 2002;
Smith et al. 2003; Allan 2004). One of the major direct
environmental impacts of development and land
use/cover change is the degradation of water resources
and water quality (USEPA 2001). Therefore, quantifi-
cation of land use/land cover change is a valuable
indicator of the state of the ecosystems (Meyer and
Turner 1994), and the relationship between land
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use/cover and water quality is one of the most important
issues of today’s hydrological research (Yuan 2008).

It is increasingly recognized that water quality of
rivers, streams, and wetlands is strongly influenced by
landscape characteristics of the watersheds including
landscape composition (i.e., land use/land cover types
and their fractions) in uplands and the spatial configu-
ration of these land use/land cover types. Many studies
have shown that composition and spatial arrangement of
landscapes within watersheds can account for the vari-
ability of water quality parameters and their concentra-
tion in streams (Lenat and Crawford 1994; Johnson et al.
1997; Basnyat et al. 2000; Tong and Chen 2002; Cretaz
and Barten 2007; Lee et al. 2009; Alberti et al. 2007).
Most of these studies conclude that agricultural land use
strongly influence stream water nitrogen (Howarth et al.
2000), phosphorus (Hill 1981), and sediments (Johnson
et al. 1997).

Using landscape metrics for quantitative analy-
sis of landscape pattern structure and its change
have been widely adopted by landscape ecology
researchers. Reviewed studies have demonstrated
that land use and land cover have a strong impact
on water quality, and significant correlations exist
between water quality parameters and landscape
composition (Sliva and Williams 2001; Mehaffey
et al. 2005; Amiri and Nakane 2008; Lee et al.
2009; Tu 2011). The landscape pattern metrics
have been used in related research projects for
quantifying land use configuration, land use spatial
pattern, and integration of the landscape pattern
and the hydro-geomorphic structure, while for the
assessment of surface water quality, different indi-
ces have been used including hydro-chemical ions
(Schoonover et al. 2005), common water quality
variables such as BOD5, COD, TDS, and nutrients
(Cretaz and Barten 2007; Lee et al. 2009), heavy
metals (Callender and Rice 2000), organic pollut-
ants (Schoonover et al. 2005), sediment loads, and
aquatic organisms (Iserendinoa et al. 2011).

Though there have been many studies linking land
use/cover and landscape configuration to water quality
of rivers, we know of none that has been done in the
Zayandehroud basin and other watersheds in Iran.
Therefore, quantifying landscape pattern changes, its
effects on water quality, and further results of
landscape-scale studies in Iran are urgently required.
Planners need to know about land cover change and
their spatial patterns to analyze their relationships to

surface water pollutions. The main goal of this study
was to quantify the change in rangelands, forest, and
bare land areas in the Zayandehroud river basin in
Isfahan province, Iran, in a period of 11 years (1997–
2008) and to evaluate how landscape patterns influence
on the Zayandehroud river water quality. Human ac-
tivities such as urban development and intensification
of agriculture and residential area played an important
role in the drastic change of rangeland and forest areas
in recent decades, particularly in semi-arid areas in
Iran. The rapid increase of water demand and water
pollution due to population growth and industrial and
agricultural development around Zayandehroud River
has caused the Zayanderoud water quality to severely
downgrade over the past decades. Therefore, monitor-
ing of the Zayandehroud water quality is a critical
issue, especially due to the concern that freshwater is
a scarce resource in this region of Iran. In this study, we
examined (1) what are the land cover changes in the
Zayandehroud basin between 1997 and 2008, (2)
whether there is a significant relationship between land
cover changes and surface water quality in the
Zayandehroud basin, (3) whether landscape metrics
are good indicators for predicting impacts of landscape
structure on surface water quality, and (4) which of the
metrics can be more accountable in predicting water
quality in the study area.

Material and methods

Study area

The Zayandehroud river is the most important river in
central Iran which stretches over a length of 400 km,
originating from the Zardkouh Mountain and ending in
the Gavkhooni swamp after passing through the city of
Isfahan and runs in a roughly west–east direction.
Isfahan metropolitan area is the second most populous
metropolitan area in Iran after Tehran. Urban expan-
sion, population growth in addition to industrial devel-
opment, has resulted in degrading environmental qual-
ity in Isfahan (Murray et al. 2000).

The Zayandehroud river basin has an area of
41,500 km2, with an altitude ranging from 1,466
to 3,974 m above sea level, and an average rain-
fall of 130 ml. There are 2,700 km2 of irrigated
land in the Zayandehroud river basin, with water
derived from the nine main hydraulic units of the
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Zayandehroud river, wells, qanat and springs in lateral
valleys. Also, there have been a number of tunnel pro-
jects (Koohrang) to redirect water from the Karun river
(Iran’s largest river that also originates from the Zagros
Mountains), to the Zayandeh Roud. The Zayandeh
Roud River flow regime depends not only on climatic
conditions but also on the hydroelectric power genera-
tion, as well as irrigation needs through the Chadegan
Dam (Murray et al. 2000; Salemi 2004). The main
source of pollution in Zayandeh Roud River is agro-
chemical materials from agricultural drains, and in terms
of organic pollutants, phosphorus and heavy metals
from municipal and industrial sewages (Pour moghadas
et al. 2001). The location of the study area is shown in
Fig. 1.

Data collection and preparation

Water quality data (including 14 water quality param-
eters for 10 sampling stations along the Zayanderour
river in Ghaleshahrokh, Tanzimi Dam, Zamankhan
bridge, Kalle bridge, Dizicheh, lenj, Mousiyan,
Choum bridge, Ziyar bridge, and Varzaneh between
1997 and 2008 were retrieved from the Isfahan region-
al water authority and Department of Environment,
Isfahan Provincial Directorate. Grab methods were
used for sampling of the river water. Various water
quality indices in these databases including electrical
conductivity (in ms/cm at 25 1 C), biological oxygen
demand (BOD5), NO3, P, total dissolved solid (TDS),
chemical oxygen demand (COD), dissolved oxygen

Fig. 1 Location of Zayandehroud Basin in Iran
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(DO), pH, Na, K, Ca, Cl, SO4, and HCO3 were selected
as water quality indicators for the analysis.

In order to determine land use/land cover for the
study area, maps were prepared using hybrid classifica-
tion of multi-temporal Landsat5 (ETM) images taken in
September 1997 and 2008. The five land use/land cover
types were determined including (1) water (2) bare land
(covering fallow field and rock quarries, transition-
al), (3) forest (covering forest, secondary forest,
and planting forest), (4) range land, and (5)other
land uses. The accuracy of the results was evalu-
ated by comparison with aerial photographs and
ground data through Kappa coefficient calculation
(Jensen et al. 1997). The Kappa coefficient for
estimating the accuracy was 87 %.

Sub basins delineation

Detection and quantification of non-point-source pollu-
tions in a large basin such as Zayanderoud is challeng-
ing. Therefore, the Zayanderoud basin was divided into
10 distinct sub basins based on elevation and available
hydrographical data, using Arc-SWAT extension in
ArcGIS 9.3. Defining water and land use linkages,
stream hydrology has been linked to land coverage. A
continuous drainage network flow was created by ap-
plying 30 m digital elevation data and each of the 10
selected water sample sites, using the point coordinates
as the stream outlet (Royappan 2001; Rothenberger
et al. 2009).

Quantifying landscape pattern changes

Changes of landscape pattern can be detected and mea-
sured by landscape metrics, specified as a measure, mod-
el, or index, which can quantify and categorize complex
landscapes in to identifiable patterns (Gustafson 1998;
Mehaffey et al. 2005). For quantifying landscape patterns
or characteristics, many landscape metrics have been
proposed and utilized (McGarigal 1995). For this study,
to quantify the landscape pattern changes in 1997–2008,
we used proportion indices of four land use/land cover
types: range land, forest, bare land area, and water area.
We chose six class level metrics including PLAND,
number of patches (NP), LPI, ED, TE, and landscape
shape index (LSI), for quantifying the landscape pattern
in the study area in 1997 and 2008.

The two images of Landsat Thematic Mapper (TM)
taken in 1997 and 2008 were used to investigate the

changes of landscape patterns. The images were classi-
fied using the hybrid classification method. Spatial pat-
tern analysis software FRAGSTATS 3.3 (McGarigal
1995) was applied to calculate landscapemetrics of each
class type and total landscape.

Statistical analysis

Pearson correlation test and regression analysis was
applied to assess the relationship between landscape
metrics and water quality parameters. Statistical analyses
were conducted in R 2.7.12 (R Development Core Team
2007; Olsen 2009). The normality of water quality and
landscape metrics data was examined in the initial phase.
In some cases, log transformed data was applied to
normalize the distribution, and linearize the relationship
with landscape metrics (Madansky 1988; Jones et al.
2001). Pearson correlations were computed to assess
pair-wise relations between water quality variables and
landscape variables (i.e., landscape metrics). Regression
analyses were then performed. The log-transformed wa-
ter quality indicators were treated as response (or depen-
dent) variables, and the landscape metrics were used as
predictor (or independent) variables.

Results and discussion

Land cover change

Land-cover classification maps for 1997 and 2008 are
displayed in Fig. 2, which demonstrates that the bare land
expansions had occurred in the study area from 1997 to
2008. Bare lands increased from 5.8 to 20 %, while
rangelands decreased from 70 to 55 % in whole basin.

Range land has decreased in area (by 15 %); on the
other hand, bare land has increased by 14.2 % (Table 1),
which could be caused by recent drought in Iran.

The 10 sub basins, which have been set for the study
area is shown by the name of their outlets (sampling
site stations). The largest sub basin was Varzaneh and
the smallest was Ziyar.

In particular, bare land expansion had occurred in
Varzane (13.5 %), Choum (12.7 %), and Ziyar (12 %)
sub basins. Bare land increases were traced to the
conversion from rangeland. Zaman Khan (33.3 %)
and Mousiyan Bridge (36.1 %) basins have shown
the most dramatic decrease in range land in the 11-
year span (Table 2).
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Therefore, the increase of bare land and decrease of
rangeland accounted for the most obvious transforma-
tion in the study area. The most land cover changes
occurred in the Mousiyan sub basin, which experi-
enced significant changes in all types of land cover,
except water bodies. Besides the major change, from
rangeland to bare land, the other type of conversion
was also identified in Fig. 2. The decreasing of natural
forests which were located in the upper sub basins such
as Ghaleshahrokh and Tanzimi Dam had occurred.
However, in total, forests increased by 1.4 %, due to
increasing planted forests.

Landscape pattern changes

Landscape metrics for each sub basin in class level
were calculated. The change in landscape pattern in

11 years is shown in Table 3. There was a significant
difference between the PLAND of bare land and range-
land in 1997 and 2008 (p<0.05). LPI changed particu-
larly in Pol Kalleh Bridge, Zamankhan Bridge, and
Tanzimi dam. The results showed that the ED of bare
land has been increased from 1997 to 2008; however,
the edge density of range land has been significantly
decreased (Fig. 3).

Water quality

Results show that there is a clear trend for water quality
variables (including BOD, COD, EC, NO3, P, Na, Do,
K, Ca, Cl, SO4, HCO3, pH, and TDS) from upstream to
downstream, which was linked to fluctuations of drain-
age discharge and changes in land use pattern. The
water quality in the 11 years has declined, and there

Table 1 Land cover changes between 1997 and 2008 in the Zayandehroud river basin, Iran

Land cover
classes

1997 (%) 2008 (%) Changes (%)
(ha) (ha) (ha)

Water 142,428 3.45 112,680 2.7 −29,748 −0.75
Forest 72,909 1.75 165,908 4 92,999 2.25

Bare land 370,134 8.9 824,382 19.8 454,248 10.9

Rangeland 2,977,955 71.6 2,286,622 55 −691,333 −16.6
Other land uses 593,660 14.3 767,494 18.5 173,834 4.2

Fig. 2 Land cover of Zayandehroud Basin in (a) 1997 and (b) 2008
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was significant increase in BOD5, NO3, P, K, Ca,
HCO3, NO3, and P concentrations (p<0.05) (See
Tables 4). A significant difference of water quality
among the sub basins was also revealed (p<0.05).

Relationship between landscape pattern and water
quality

The results from the statistical analyses revealed that
there was a significant relationship between land cover
and in-stream water quality (See table 5). The results
indicated that water quality was significantly correlat-
ed with both the proportions and configuration of
rangeland areas. However, there was no significant
correlation between water quality variables and pro-
portion of forest in the Zayandehroud basin. Total edge
of rangeland area had positive effects on water quality,
especially on BOD5 and EC (p<0.01). In particular,

concentrations of BOD5 and ECwere more likely to be
high when rangeland areas in basins were fragmented
into smaller patches. These results suggest that non-
fragmented large rangelands in watersheds might re-
duce the concentrations of BOD5 and EC in the river.
Lee et al. (2009) also found a similar result about the
effect of rangeland ED on water quality. PLAND and
LPI metrics of rangeland also had a positive effect on
the decreasing nutrients (NO3, PO4) of water in this
river (p<0.05). It was shown that degradation of range-
land led to the degradation of water quality which
indicated the importance of rangeland conservation
(Tong and Chen 2002; Lee et al. 2009), Thus, human
land uses might degrade water quality not only by
transforming natural areas into urban or agricultural
areas generating pollutants and nutrients, but also by
degrading the quality of remnant rangeland patches in
basins with fragmented and isolated rangeland patches.

Table 2 Land cover and land use changes between 1997 and 2008 in Zayandehroud river basin, Iran

Water Bare land Forest Rangeland Other land uses

1997 2008 1997 2008 1997 2008 1997 2008 1997 2008

Ghale shahrokh 5.12 0.45 35.6 12.965 50.59 47.7 13.326 34.203

Tanzimi Dam 1.52 14.59 0.341 2.2577 4.34 0.0352 62.955 41.072 30.8424 42.031

Zamankhan Bridge 0.204 84.966 51.66 14.831 48.336

Kalle Bridge 0.179 2.58 10.87 84.71 63.89 15.1133 22.664

Dizicheh 0.12 0.12 0.066 9.04 10.52 58.29 49.981 41.527 30.339

Lenj 3.215 7.304 2.87 10.73 70.875 54.34 23.043 27.635

Mousiyan 1.016 12.7 24.67 60.878 24.74 38.1092 37.889

Choum Bridge 0.0098 1.31 2.785 15.51 4.35 64.26 43.02 32.943 35.808

Ziyar Bridge 0.046 4.791 16.83 6.02 44.88113 22.95 49.38264 54.2

Varzaneh 2.154 1.69 9.2 22.75 2.79 74.626 58.65 14.0188 14.111

Whole Basin 1.371 4.38 5.759 19.91 2.642 3.99 70.04 55.07 20.196 16.658

Table 3 Landscape metric changes between 1997 and 2008 in Zayandehroud river basin

Land cover classes ED NP LSI PLAND TE (×106 m) LPI

1997 2008 1997 2008 1997 2008 1997 2008 1997 2008 1997 2008

Range 4.19 4.01 68 47 20.07 27.54 70.04 55.07 108 167 63.08 46.47

Bare land 1.36 2.39 396 195 22.69 27.36 5.76 19.91 3.5 9.96 1.91 3.68

Forest 0.36 0.49 12 27 8.95 12.51 2.64 3.99 0.932 2.04 1.26 0.49

Water 0.17 0.56 13 47 5.64 13.59 1.37 4.38 0.424 2.32 1.12 2.13

PLAND percentage of landscape, NP number of patches, LPI largest patch index, ED edge density, TE total edge, LSI landscape shape
index
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The results indicate that water quality of
Zayandehroud River is closely associated with both the
proportions of land cover and the configurations of bare
land. Water quality is more likely to be degraded when
there is high edge density of bare land. However, there
was no significant correlation between water quality
variables and proportion of forest in the Zayandehroud

Fig. 3 Rangeland edge density (ED) in 1997 and 2008. Bold
horizontal lines indicate the median, boxes indicate the
interquartile range, and the whiskers indicate the maximum and
minimum values

Table 4 Water quality changes between years 1997 and 2008 in
the Zayandeh Roud River in Isfahan, Iran

Changes
(%)

Year Unit Water quality
indices

2008 1997

39.2 14.2 10.2 mg/L BOD

−15.6 5.4 6.4 mg/L Do

83.7 14.24 7.75 mg/L K

1.1 1.84 1.82 mg/L Cl

1000 0.77 0.07 mg/L P

755.7 11.98 1.4 mg/L NO3

15.9 74.8 86.7 mg/L so4

14.8 86.45 75.3 mg/L Ca

14.7 622.66 542.7 mg/L Na

11.4 190.77 171.2 mg/L HCO3

654.7 101257.9 13416 mg/L TDS

20.7 2.3 2.3 us/cm EC
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basin except the number of patches for forest land cover
that was negatively related to EC. It means that by
increasing the number of forest patches in sub basins,
electrical conductivity has been decreased. The total
edge of rangeland area had positive effects on water
quality, especially on BOD5 and EC (p<0.01).

Conclusions

This study evaluated general land cover patterns, and
environmental impacts of land cover change in the
Zayandehroud basin in 1997–2008. Many studies have
reported that forest and vegetation cover like rangeland
and forests play primary roles in protecting water qual-
ity in adjacent aquatic systems (Tong and Chen 2002;
White and Greer 2006; Lee et al. 2009). Results of this
study also revealed that the degradation of rangeland
led to the degradation of water quality which highlight-
ed the importance of rangeland conservation in water
quality management at landscape scale. However, a
significant relationship between forest areas and water
quality was not observed in this study because the
Zayanderoud basin is located in a semi-arid area of
Iran, where forests are very limited and are only in
small patches with low density. Thus, in semi-arid
areas like the Zayanderoud basin, rangeland conserva-
tions play a more important role for the management of
water quality.

This study indicates that landscape characteristics
are significantly correlated to stream water quality in
the Zayandehroud basin. Water quality parameters had
more significant correlations with the edge density of
rangeland and also with PLAND of the bare lands in
the study area. Therefore, these landscape metrics are
better indicators for monitoring and are more account-
able in predicting water quality in this region.
Therefore, in characterizing stream water quality using
landscape metrics, the composition indices and spatial
configuration indices are both important.

For management and restoration actions, reversal of
land use to a less-developed state is rarely practical so
improvement of the stream condition more often de-
pends on the improvements in landscape management
and design.

Results of this study can be used in establishing and
implementing effective water management at land-
scape scale, in this region. In addition, the information
on the hydrologic effects of land use can provide

guidelines, not only for resource managers in restoring
the aquatic ecosystem but also for policy makers in
evaluating alternate land management decisions.
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