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ABSTRACT

Impact of land use changes on water quality produced by a watershed includes a major challenge
of water supply for different consumptions. Accordingly, specification of different land uses impact on
water quality at watershed level is considered as an effective tool for water quality control. Study
ahead, was carried out in order to examination of association between water quality and land use
changes. First of all, land use changes in Taleghan Watershed were examined using land use maps
derived from aerial photo interpretation and satellite images. On the other hand, the relationship between
the measured physical and chemical water quality parameters obtained from hydrometer stations with
amount of land use changes (in 1970, 1987 and 2002 period) was evaluated using simple and
multivariate regressions. The obtained results showed that among measured indices, the parameters
including calcium, magnesium, chloride, bicarbonate, Sodium Absorption Ratio (SAR), Total Dissolved
Solids (TDS), Total Suspended Solid (TSS) and water discharge have significant correlation with land
use changes so that the integrated correlation between land use changes with calcium, magnesium,
chloride and Total Dissolved Solids (TDS) was also significant. The results indicated that on one hand,
the changes of the land use from irrigated and o rainfed agricultures in to the rangeland and n the
other hand, increasing of rocky outcrops especially at level of Neogene marl rocky outcrop has been
led to water quality improvement in Taleghan watershed over periods of 1970- 2002.
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Introduction

Nowadays a key role of water quality in
maintaining and stability of human health,
agricultural production quality and quantity,
reduction or increase of soil quality, and the
effects of positive and negative consequences in
the industrial sector and finally sustainable
environmental protection is the subject that has
attracted much attention of expertise and specialist
in various fields including health, water,

agriculture, natural resources and the environment
to prevent water pollution and achieve desirable
water quality [7,9]. Quality of surface water is
affected by natural conditions including the impact
of geological, climatic, and soil type and
hydrological conditions [4]. 

In pluvious seasons by increasing the
discharge of the surface runoff particularly in
rivers, the concentration of pollutant elements and
minerals existed in water increase due to the
high volume of water. 
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While in the dry seasons by decreasing or
lack of rainfalls, the river discharge and volume
is reduced and this lead to increased
concentrations of pollutants and thus reduce the
water quality  [3]. One of the most important
and effective social and economic factor changing
the quality of water in terms of physical,
chemical and biological conditions is land use
changes. Regarding to the definition of water
pollution [8] which consists of any reduction of
water quality in such a way that causes
deterioration of its value to humans and nature,
it can be concluded that non-point sources of
water pollutants, including agricultural land, forest
and rangelands, mines, roads and parks, shopping
malls and other vast public areas have substantial
role in reducing surface water quality, particularly
in dam's upstream watersheds or rivers supplied
for drinking, domestic, agricultural and industrial
consumptions [7]. Since, the land use change is
an inevitable fact influenced different aspects of
life there are lots of researches carried out
around the world.  In 2009, Tu examined the
combined impact of climate and land use changes
on stream flow and water quality using a GIS-
based watershed simulation model. He showed
that how nitrogen loads is affected by both
climate and land use changes. In 2010, Tu
investigated the relationships between land use
and water quality across an urbanization gradient
using geographically weighted regression. He
concluded that two critical factors in pollution
control policies are pollution sources varying
spatially and good predictors of water quality. In
2003, Chen conducted a preliminary investigation
with aim of finding out the relationship between
water quality and urbanization as well as land
use changes in Shanghai using a regression
model. He presented that around 94% of the
variability in water quality is caused by industrial
land area. 

In study ahead by examining the role of
land use changes as a non-point source water
pollutants and effective in reducing or increasing
the quality of surface water it was attempted to
determine the relationship between these two
subjects.

Material and methods

Study Area:

Taleghan is located on 120 kilometers
northwest of Tehran City between latitudes 36°05
17.45"–36°20 45.93" N and longitudes 50°39
33.39"–51° 11 26.5" E. in the watershed, the
average annual rainfall and temperature are 697.2
mm and 4.48 ºC respectively. Maximum and

minimum monthly water discharges have been
reported in May (116.7) and September (10.4)
respectively. 

Methodology:

The study area was specified using 1.250000
and 1.50000 topographic maps. Then, land use
maps were prepared using aerial photographs in
1970  with scale of 1:20000 and satellite images
of Landsat TM and ETM, respectively, related to
the years 1987 and 2002 as well as the area
change related to each land uses was determined.
Thus regarding the situation of the region and
field studies the current land uses were classified
in four categories including rangeland, rain-fed
and irrigated agriculture and rocky outcrops.
Monthly data for rainfall, sediment, river flow
discharge and water quality were completed and
processed through prolongation using correlation
analysis between rainfall - height, rainfall -
discharge, discharge – sediment and discharge -
physical and chemical pollutants in the period
between 1970 till 2002. All data on water quality
in the intervals 1970 till 2002 were separated in
three (1970-1971) (1971-1987) and (1987-2002)
periods and the average values related to each
water quality parameter were obtained within
three mentioned periods. Afterward, using
correlation analysis between two factors; changes
in the type and area of land uses during the
various studied years were compared with changes
in measured water quality parameters. It is worth
noting that the applied software packages were
Excel and SPSS. 

Result and discussion 

Land Uses and Their Rate of Change:

Areas of rain-fed and irrigated agricultures
were declined respectively 73.23 and 60.78
percent during 1970 to 2002 while the area of
the rangeland was increased 20.62% during the
studied years. 

Beside, the area of the rocky outcrops was
almost constant over the period of 1970-2002,
whereas the area of the rocky outcrops has been
allocated themselves around 4% of the whole
region area (Table 1).

Results of Adoptive Comparisons for Rainfall,
Water Discharge and Sedimentation:

As it is presented in Table (2), the amount
of annual rainfall, the amount of annual river
discharge and the annual amount of sedimentation
were decreased during the studied time periods.
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Resu l t s  o f  Adop t i ve  Compar i sons  for
Physicochemical Characteristics of Water in
Studied Time Period:

According to the adoptive comparisons, the
most important anion existing in Taleghan Basin
including bicarbonate, carbonate, sulfate and
chloride, and the most important cations including
calcium, magnesium, sodium and potassium were
decreased during the mentioned periods which
their variation trends are demonstrated in Figs.1
and 2.

Beside, according to the results obtained from
adaptive comparison dissolved solids and electrical
conductivity; it is shown that dissolved solids and
electrical conductivity were decreased during the
studied time periods. The rate of changes is
illustrated in Table 2. 

Results of Abstract Relationship Between Land
Use Changes with Water Quality:

There is a positive linear correlation between
the average amount of calcium in water with
irrigated land area at 98 percent confidence level
(R2=0.998). Beside, there is a negative linear
correlation between the average amount of free
calcium existing in Taleghan River with area of
the rocky outcrops at 98 percent confidence level
(R2=0.998) (Figs. 3 and 4).

There is a significant positive linear
correlation at confidence level of 97% (R2=
0.996) between the average amount of magnesium
in the Taleghan River with rain fed agricultural
land area and also a negative linear correlation
at confidence level of 93%  (R2= 0.996) between
(R2= 0.998) the average amount of magnesium in
the Taleghan River with area of rangeland (Fig.5
and 6). There is positive logarithmic correlation
with determination coefficient equal to 1
(R2=1.00) and 99 percent confidence level
between the average value of bicarbonate in the
water with rain fed agriculture area within three
studied intervals as well as a significant positive
correlation at 98% confidence level (R2=0.999)
between the amount of water bicarbonate with
rain fed agriculture area (Figs 7 and 8).

Regression in three studied intervals reveals
the significant negative linear correlation at 99
percent confidence level between rocky outcrops
area with chlorine in water (Fig.9). There are
significant positive logarithmic and exponential
correlations between the average value of SAR
(sodium than the square root of total calcium and
magnesium) with area of rainfed agriculture at
confidence levels of 99% and 98% as well as
determination coefficients of R2=1.00 and
R2=0.999 respectively (Figs. 10 and 11).

There is a linear positive correlation at 96
percent confidence level (R2=0.994) between the
average total amounts of dissolved solids in the
water with an area of irrigated agriculture land
in three studied intervals and also a significant
exponential relationship at 95 percent confidence
level (R2=0.994) between the average value of
TDS with rangeland area (Fig. 12 and 13).

According to the results it is determined that
there is a significant linear positive correlation in
95 percent confidence level (R2=0.994) between
the change of irrigated agriculture extent with
flooding-sediment of Taleghan River and a
negative exponential relationship at 96 percent
confidence level (R2=0.995) between the rangeland
area with the volume of flooding-sediment
produced in studied basin (Figs. 14 and 15). 

There is a positive logarithmic regression in
a confidence level of more than 99 percent
(R2=1.00) between sedimentation with changes in
rain fed extent (Fig. 16). 

Results of Consolidated Relationship Between Land
Uses with Water Quality:

Reducing or increasing the level of rain fed
agriculture and rangeland lead to a significant
change of magnesium amount in Taleghan River,
so that, in the first degree, the amount of
magnesium in the water has a significant positive
relationship with changes of rain fed agriculture
area and in the second degree with an area of
rangeland. 

0.029 0.013 564.527MgA RFL RL  

2 2
1 2 2 1 20.99, 1, 0.039, 2.42, 1.246R R       

Based on the multivariable regression equation
between various land use types identified in the
study area, the amount of calcium is only
affected by a change in the extent of irrigated
agriculture and rangeland areas. It is noted that
changes in the amount of calcium has primarily
a significant positive relationship just with
changes of irrigated agriculture area and in the
second degree with changes of rangeland area.

0.146 0.005 818.75aAc IRL RL  

2 2
1 2 1 2 1 20.99, 1, 0.007, 0.025, 1.188, 0.193R R         

The amount of chlorine in Taleghan River
has a significant negative correlation with the
extent of rocky outcrops primarily and in the
second degree with the area of irrigated
agriculture.
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Fig. 1: Anion values change during the studied time intervals (ton per year)

Fig. 2: Cation values change during the studied time intervals (ton per year).

Fig. 3: Linear relationship between the average amounts of calcium in the water with area of irrigated
agricultural lands.

Fig. 4: Linear relationship between the average amounts of calcium in the water with area of rocky
outcrops lands.
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Fig. 5: Linear relationship between the average amounts of magnesium in the water with rain-fed
agricultural land area.

Fig. 6: Linear relationship between the average amounts of magnesium in the water with rangeland
area.

Fig. 7: Relationship between the logarithmic mean values of bicarbonate in the water with rain fed
agriculture area.

Fig. 8: The exponential relationship between the average amounts of bicarbonate in the water with rain
fed agriculture area.
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Fig. 10: Logarithmic relationship between SAR values in the water with rain fed agriculture area.

Fig. 11: Exponential relationship between SAR values in the water with rain fed agriculture area.

Fig. 12:Linear relationship between the average values of TDS in water with the area of irrigated
agriculture.

Fig. 13:Exponential relationship between the average values of TDS in the water with area of
rangeland.
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Fig 14: Linear relationship between the flooding-sediment of Taleghan River with irrigated agriculture
area.

Fig. 15: Exponential relationship between the flooding-sediment of Taleghan River with rangelands area.

Fig. 16: A logarithmic regression between sedimentation with extent of rain fed agricultural lands.

Table 1: Area and percentage of land use types within the studied time periods in Taleghan Watershed.
Period Land use Year of 1970 Year of 1987 Changes occurred Year of 2002 Changes occurred Changes occurred

during 1970-1987 interval during 1970-2002 interval during 1970-2002 interval
--------------------- -------------------- ---------------------------- --------------------- ----------------------------------- ------------------------------------
Ha % Ha % Ha Situation Ha % Ha % Ha %

Irrigated agricultural lands 4219 5.24 2193 2.73 2.25 Decrease 1651 2.05 542 Decrease 2568 -60.87
Rain-fed agricultural lands 1370 17.04 8108 10.07 5598 Decrease 3669 4.56 4439 Decrease 1003 -73.23
rangelands 59631 74.13 67014 83.24 7383 Increase 71928 89.37 4914 Increase 12297 +20.62
Rocky outcrops 2886 3.59 3193 3.96 307 Increase 3239 4.02 45 Increase 352 +12.22

Table 2: Average values of TDS, EC and pH in Taleghan Basin.
Period parameters 1970-71 1971-80 Changes Situation Changes Changes Situation Changes Situation

occurred occurred occurred occurred
during 1971- during 1987- during 1987- during 1970
1987 interval 2002 interval 2002 interval -2002 interval

Total Dissolved Solid (TDS) 186391.65 162988.43 2340.22 Increase 153768.72 9219.71 Decrease 32622.93 Decrease
Electronic connectivity (EC) 596.96 605.75 8.80 Increase 597.39 8.36 Decrease 0.43 Increase
Acidity (pH) 7.86 7.66 0.20 Decrease 7.8 0.14 Decrease 0.06 Decrease
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1955.114 0.429 0.029clA ROC IRL  

2 2
1 2 1 2 1 21, 0.98, 0.029, 0.049, 1.89, 0.896R R           

TDS value of Taleghan River is primarily a
function of changes in irrigated agriculture area
and secondly with the areas covered by stony
outcrops regarding a significant positive correlation
between the mentioned uses. 

23.586 79.238 141825.82TDSA IRI ROC  

2 2
1 2 1 2 1 21, 1, 0.013, 0.049, 1.898, 0.905R R         

Conclusion:

Due to considerable migration of villagers
from Taleghan Watershed to the urban and rural
areas outside the watershed during the studied
intervals, reducing the extent of rain-fed and
irrigated agricultural lands have led to increasing
of rangeland. Beside, the decreasing trend of rain-
fed and irrigated agricultures during the mentioned
intervals have caused declining trends of water
discharge and sediment in Taleghan Basin. In
other words, decreasing of agricultural lands has
a significant role in reducing the depth of runoff
in the area and therefore the river discharge.
This in turn can impact considerably on
harvesting and transportation of non-point pollution
in the watershed level. On one hand, the
decreasing trend of sediment in the form of TSS
(total suspended solid) parameter as one of the
parameters associated with physical quality of soil
and on the other hand, transportation of anions
and cations comprised the majority of total
suspended solid (TSS) in rivers including
Taleghan River,  along with a reduction in extent
of agricultural land, all indicate the important and
direct role as well as contribution of agricultural
land in change of water turbidity and increase or
decrease water quality in this respect. The
concluded result is in accordance with contents
provided by Bennet and Thomas [10], Ngoye and
John [9]. Increase of TSS and Total Sediment
Yield (TSY) as a result of increase the extent of
agricultural lands, especially rainfed agriculture is
caused by plowing operations carried out in the
direction of the slope, non-compliance with the
principles of soil conservation. The plowing in
direction of the slope leads to appearance
channels parallel with the slope which accelerates
depletion of surface runoff along with the slope
impact on producing runoff and its discharge. In
other words, by increasing the height or volume
of produced runoff as well as short period of its
discharge in to the steep slopes, the runoff shear
stress and transporting power will be so high that

cause erosion and increase TSS and TSY in the
water river. Generally, by increasing the area of
rangeland caused by conversion of rainfed and
irrigated lands to the rangeland, the amount of
anion and cation has totally declined. The noted
result is in compliance with the findings of
Williams et al. [13] and Hassler [6].

The cause of this issue is related to the
stabilization of anion and cation in rangeland.
Land plowing particularly through the conversion
of rangelands to rainfed agricultural lands put
cation and anion exposed to transport by runoff.
Along with runoff increasing, the amount of the
sediment is increased as well. 

Results obtained from consolidated relationship
through multivariate regression in which the
amounts of cation and anion, TSS, TDS as
dependent variables and extent of land in studied
periods as independent variables are considered
indicate that amount of magnesium in the water
has a significant relationship with changes in land
area, respectively for rain-fed agriculture and
rangeland. However, the amount of calcium in
water has a significant correlation with the extent
of irrigated agriculture and rangeland respectively.
It is worth noting that the mentioned correlations
are a kind of positive correlation, So that the
amount of magnesium in the water is reduced by
rainfed land loss in front of increasing
rangelands. Chlorine parameter is in relation with
decreasing of irrigated lands in front of increasing
rangelands. The cause of magnesium decline is
lack of land plowing and thus lack of action and
transportation of soil particles containing
magnesium. Due to land plowing the probability
of soil particles transportation becomes more
compared with rangelands. This is also true in
case of the amount of calcium in the water the
difference is that its increase or decrease is
significant directly by increasing or decreasing the
extent of irrigated lands. An important factor in
increasing the amount of calcium is related to
the use of lime as a soil modifier for irrigated
lands especially gardens. While practically by
converting the irrigated farming in to the
rangelands the amount of calcium in water
decreases. This result is in consistent with the
results of research conducted by Appan [2] and
Ahearn et al. [1]. The reason of chlorine amount
and its relationship with increasing area of land
covered with rocky outcrops and non-productive
lands such as Neogene marl lands in the region
and irrigated agriculture is due to saline outcrop
formations one hand and the use of chemical
fertilizers and pesticides with chlorinated
compounds on the other hand. This result also is
matched and consistent with research findings
Cowling and Galloway [5]. 
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With total contents described above, can be
mentioned that although land use changes is
influenced on water quality at a watershed scale,
but its effect is fully depends on the extent of
changes in the land uses on the one hand and
changes in water compared with water quality
standards for different uses on the other hand. In
this regard, Troeh et al. [11] believes that the
changing threshold of a certain kind of land use
extent on the amount and intensity of water
quality.
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