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Abstract Quantity and quality distribution of surface
water and groundwater are changing under the impacts
of both climate variability and human activities. The
main goal of this paper is to evaluate the abovementioned
impacts on the water resources in the Saveh plain, central
Iran. To achieve this aim, spatial and temporal changes of
the surface and groundwater quality and quantity have
been analyzed, using hydrometric and meteorological
data. The nonparametric Mann-Kendall test was used to
identify trends and change points in the annual rainfall
and runoff for the period of 1946 to 2011. In order to
analyze the impacts of the Saveh Dam on runoff, the dam
operation year, 1994, was considered as a change point.
Mann-Kendall test results show that rainfall time series
was divided into two parts, namely, 1966–1989 and
1990–2007, and averages of annual rainfall in five sta-
tions increase from 10 to 21 %. Also, runoff time series
was divided into two parts, namely, 1946–1995 and
1996–2007 and averages of annual runoff in four stations
decrease from 8 to 83 %. Results show that rainfall
changes in Shahabasi, Razin, Jalayer, Emamabad, and
Ahmadabad stations increased from 9 to 33% before and

after 1994. Nevertheless, runoff decreased from 24 to
81 %. The results indicate that the greatest lack of runoff
between stations is at Shahabasi station and one impor-
tant reason for the severe lack is operation of the Saveh
Dam in 1994. Highest groundwater level decline, about
168.67 cm, occurred in 1994 that is the operation year of
the Saveh Dam. Trend analysis of surface water quality
show that electrical conductivity increased 957.34μmho/
cm before and after 1994. Also, the Wilcox water quality
classification method has been reduced from C3-S1 to
C4-S2. Average groundwater electrical conductivity
(EC) during 1999–2003 and 2004–2009 increased to
89.6 μmho/cm. Also, the groundwater quality indices
for agricultural usages are classified in four classes in-
cluding, C4-S2 16, C4-S1 46, C3-S1 30, and C2-S1 8 %
of the total aquifer area. In conclusion, in order to have a
sustainable development, the effects of water projects on
environment and water resources need to be predicted
very carefully.
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Introduction

Groundwater is the only source of potable water in
many areas. It is also the main source of water for
agricultural and industrial sectors in many semi-arid
areas. It has been emphasized by Estrela et al. (1996)
and Scheidleder et al. (1999) that in semi-arid areas,
groundwater is increasingly exploited as a resource for
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public water supply and irrigation. Therefore, the re-
sponse of groundwater systems to drought and human
activities is ever more important. On the other hand, as
stated by Ahmadi and Sedghamiz (2007), Iran is located
in an arid to semi-arid region of the world and about
95 % of freshwater is allocated for agriculture, out of
which 80% is supplied through groundwater. Therefore,
it is clear that groundwater is the vital component for
sustainable agriculture. In recent years, many fertile and
agricultural plains, such as Fars, suffered from 0.5 to
15 m water table level drop, in which many wells are
now out of use. Serious restrictions and regulations
about increasing the number of agricultural wells in
problematic areas are established by the government.
Dragoni and Sukhija (2008) stated that the use of
groundwater can mitigate droughts, because many aqui-
fers have a large storage capacity and are potentially less
sensitive to climate change than surface water bodies,
which often rely on groundwater discharge to maintain
base-flow conditions. However, the ability to use
groundwater storage to buffer rainfall deficits that affect
surface water resources will be constrained by the need
to protect groundwater-dependent environmental sys-
tems (Skinner 2008). Drought affects on groundwater
recharge, groundwater levels, and groundwater dis-
charge, respectively. Therefore, climate variability af-
fects components of the groundwater systems including
recharge, discharge, flow, storage, and surface-
subsurface interactions.

Following a review of previous studies in survey
impacts of climate variability on groundwater, it was
found that most efforts so far have been focused on
investigating sensitivity of groundwater levels to cli-
mate variability. For instance, Van der Kamp and
Maathuis (1991) investigated the annual fluctuation of
groundwater levels as a result of loading by surface
moisture considering both theoretical aspects of aquifer
characteristics and empirical data. They observed that
the relatively poor correlation between climatic
parameters and groundwater levels was due to the
distance of the observation wells from climate stations.
Chen et al. (2002) also emphasized in order to link
climate variables with groundwater levels, the weather
station should exist in the recharge zone of the observa-
tion well. Also, Chen et al. (2004) in another study used
cross correlation analysis between historical climate
records and groundwater levels to examine the relative
importance of climate on groundwater level variation.
Their results showed that annual rainfall explained the

variations in groundwater levels significantly. Eltahir
and Yeh (1999), using the crossing theory approach,
assessed the asymmetric response of aquifer water level
to floods and droughts. They reported that the drought
left a significantly more persistent signature in the
aquifer water level than the corresponding signature of
the flood. Taylor and Alley (2001) commended that the
groundwater level data itself provide a direct means of
measuring the overall impacts of both natural and an-
thropogenic changes to groundwater resources.
Although the groundwater monitoring networks have
existed for several years, very little research has been
carried out internationally to interpret the water table
and quality trends.

Broers and Grift (2004) studied the groundwater
quality trends due to anthropogenic-induced changes
in agricultural practices. They employed a combination
of Mann-Kendall nonparametric trend analysis of time
series at specific depths and time-averaged concentra-
tion–depth profiles. By plotting the median and other
percentiles over years, Almasri and Kaluarachchi (2004)
evaluated that the nitrate pollution trend of groundwater
in agriculture dominated watersheds. They combined
the concentration data of different wells having few
observations to reduce the uncertainty of predictions
and conclusions.

On the other hand, as reported by much researches,
human interventions affect directly, withdrawal, con-
struction water surface regulation structural, and indi-
rectly, land use and anthropogenic climate change on
groundwater resources (Woldeamlak et al. 2007;
Brouyère et al. 2004; Scibek and Allen 2006 and
Dams et al. 2008). According to Kundzewicz et al.
(2007), the IPCC (2007a) stated that a lack of necessary
data has made it impossible to determine the magnitude
and the direction of groundwater change due solely to
climate change. Thus, there is a need to evaluate and
understand climatic variability over a long time to better
plan and manage groundwater resources well into the
future, while taking into consideration the increasing
stresses on those resources from population growth
and industrial, agricultural, and ecological needs
(Warner 2007). Groundwater quantity and quality vary
in time depending on natural and anthropogenic drivers.
Potential impacts of regional climate patterns and trends
on surface water have been studied in some researches,
but about groundwater remain effects are poorly under-
stood (Green et al. 2007a, b, and Green et al. 2007a).
Also, groundwater response to climate variability
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coupled with human activities is little known (Holman
2006; Green et al. 2007b; Bovolo et al. 2009). Some of
the relevant literatures are mentioned below.

Bao et al. (2012) assessed the attribution of climate
variability and human activities for streamflow decrease
quantitatively in three catchments located in different
parts of the Haihe River Basin. Their results indicated
that the decrease of streamflow between the two periods
could be attributed to 58.5% (41.5 %), 40.1 % (59.9 %),
and 26.1 % (73.9 %) from climate variability (human
activities) in the Taolinkou, Zhangjiafen, and Guantai
catchment, respectively. Shanshan et al. (2012) quanti-
fied the impacts of climate variability and human activ-
ities on streamflow in the water source area of the
Baiyangdian Lake, based on analyses of hydrologic
changes of the upper Tanghe River catchment (a sub-
basin of the Baiyangdian Basin) from 1960 to 2008.
Their results showed that the annual streamflow de-
creased significantly (significance level 0.05) by
1.7 mm, and an abrupt change was identified around
the year 1980. The quantification results indicated that
climate variations accounted for 38–40 % of decreased
streamflow, while human activities accounted for 60–
62 %. Therefore, the effect of human activities played a
dominant role on the decline of the streamflow in the
water source area of the Baiyangdian Lake. Wu and Liu
(2012), to evaluate the effects of human activities such
as land uses and reservoir operation on the hydrological
and nonpoint source (NPS) pollution processes in a
highly agricultural area, the Iowa River Basin, used
the Soil and Water Assessment Tool (SWAT). Their
study highlights the need to further develop a more
complete but feasible algorithm to represent the nutrient
removal mechanism in a reservoir for a watershed/water
quality model. Zhang et al. (2012) have investigated the
impacts of climate change and human activates on the
runoff for the Huifa River Basin, northeast of China,
with the SWAT, which calibrated and verified for the
baseline period 1956–1964, and then used to reconstruct
the natural runoff from 1965 to 2005. Their results
indicate that both climate change and human activities
are responsible for the decrease of observed runoff in the
Huifa River. However, human activities contributed
more to runoff decrease in wet years due to regulation
and storage of the water projects.

Ye et al. (2013) analyzed the characteristics of hydro-
climatic changes of the Poyang Lake catchment based
on the observed data for the period 1960–2007. Their
results showed that for the catchment average water

balance, quantitative assessment revealed that climate
change resulted in an increased annual runoff of 75.3–
261.7 mm in the 1970s–2000s for the Poyang Lake
catchment, accounting for 105.0–212.1 % of runoff
changes relative to the 1960s. However, human activi-
ties should be responsible for the decreased annual
runoff of 5.4–56.3 mm in the other decades, accounting
for −5.0 to −112.1 % of runoff changes.

Chen et al. (2013) used the nonparametric Mann-
Kendall test and the Mann-Kendall-Sneyers test to iden-
tify trend and step change point in the annual runoff for
data from the Kaidu River Basin in the arid region of
northwest China during the period of 1960–2009. They
employed the hydrologic sensitivity analysis method to
evaluate the effects of climate variability and human
activities on mean annual runoff for the human-
induced period based on precipitation and potential
evapotranspiration. Their results indicated that in
1994–2009, climate variability was the main factor that
increased runoff with contribution of 90.5 %, while the
increasing percentage due to human activities only
accounted for 9.5 %, showing that runoff in the Kaidu
River Basin is more sensitive to climate variability than
human activities. Wu and Chen (2013) used the physi-
cally based hydrological/water quality model, Soil and
Water Assessment Tool, to investigate the influence of
PS and NPS pollution on the water quality of the East
River (Dongjiang in Chinese) in southern China. Their
results indicate that NPS pollution was the dominant
contribution (>94 %) to nutrient loads except for the
mineral phosphorus (50 %). Wang et al. (2013) used
hydro-climatic data from four catchments including the
Luanhe, Chaohe, Hutuo, and Zhanghe River catch-
ments, in the Haihe River basin from 1957 to 2000 to
quantitatively attribute the hydrological response (i.e.,
runoff) to climate change and human activities, sepa-
rately. They found that human activities were the main
driving factors for the decline in annual runoff in the
Luanhe River catchment, Chaohe River catchment, and
Zhanghe River catchment, accounting for over 50 % of
runoff reduction. However, climate variability should be
responsible for the decrease in annual runoff in the
Hutuo River catchment.

Guo et al. (2014) have conducted an investigation
into attributing the runoff response to climate change
and human activities in two catchments named Wushan
and Shetang, situated in the upper reaches of the Weihe
River, in China. The results show that the decline in
annual runoff over both catchments can be mainly
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attributed to the human activities and the reduction
percentages due to human activities range from 59 to
77 %. Hu et al. (2014) have investigated a quantita-
tively analyses of climate fluctuation impacts and
human activities on the decreasing streamflow in
the semi-arid Huangfuchuan River basin in the mid-
dle reaches of the Yellow River basin, from 1985 to
2006. Their results show that the climate fluctuations
accounted for a decrease in mean annual streamflow
of approximately 10.38 mmyear−1 (51.03 %), where-
as human activities, including soil–water conserva-
tion measures, water intakes, and man-made water
storages, caused a decrease of approximately
9.96 mmyear−1 (48.97 %).

On the other hand, some researches have empha-
sized on the importance of including the effects of
mutually human activities and climate variability on
both surface and groundwater resources with re-
spect to the quantity and/or water quality aspects.
Generally speaking, McCarthy et al. (2001), Karl
and Trenberth (2003), Sophocleous (2004), Barnett
et al. (2006), Hennessy et al. (2006), Wentz et al.
(2007), and Adger and Coauthors (2007) highlight-
ed that the subsequent effects on global and region-
al climates are uncertain, especially on groundwater
resources. Although, significant development has
been made toward assessments of surface water,
little is known about how groundwater might re-
spond to climate change and variability. While cli-
mate change impacts directly on surface water re-
sources, the relationship between climate variables
and groundwater is more complex and difficult to
quantify. Groundwater resources are affected by
climate variability through direct interaction with
surface water resources, such as rivers, and indi-
rectly through the recharge process. Therefore,
quantifying the impact of climate change on
groundwater resources requires not only reliable
understanding of changes in major climatic vari-
ables, but also accurate estimation of groundwater
recharge. Furthermore, most groundwater systems
have already been distorted by human activities that
are not necessarily related to climate variability.
Thus, there are vital and ongoing needs to address
the expected coupled effects of human activities
and climate variability on groundwater resources.

As mentioned earlier, the main objective of this paper
has been to evaluate impacts of both human activities
and climate variability on quantity and quality of water

resources, equally surface and groundwater, in the
Saveh plain, central Iran, to achieve a wider scientific
understanding of all aspects of the phenomena. To
achieve this goal, not only changes in rainfall, runoff,
and construction of a huge reservoir dam have been
studied but exploitation of groundwater and
management-induced effects have been also considered.
As the above review of the previous studies in this field
show, so far, most effort has been focused on individual
studies of one or two of the abovementioned phenome-
na, i.e., surface or groundwater and quantity or quality
of them. Hence, the emphasis of this paper has been to
study the different impacts of the human activities and
climate variability on these phenomena.

Materials and methods

Study area

The study area is the Saveh plain, central Iran, which is
located between 34° 45′ to 35° 03′ N and 50° 08′ to 50°
50′ E, with an elevation of about 1100 m above sea level
(see Fig. 1). In the study area, the annual long-term
mean rainfall is 202 mm, the annual average tempera-
ture is 18.2 °C, and the annual average humidity is 39 %
with a dry climate. Wheat, barley, vegetables, and some
other garden plants are extensively cultivating in this
area. The extension of the aquifer is 1260 km2. In the
area, because of severe overexploitation, the groundwa-
ter extent is divided, by the government, into the forbid-
den exploitation area and the limited exploitation area
(Ministry of Energy, IranWater ResourcesManagement
Company 2005).

Data

In Fig. 1, the locations of gauging and rainfall stations
are illustrated. In this paper, monthly and yearly rainfall
data of five meteorological stations including Razin,
Jalayer, Shahabasi, Ahmadabad, and Emamabad, and
data of four hydrometric stations named Razin, Jalayer,
Shahabasi, and Asgarabad were used. Shahabasi station
is located downstream of the Saveh Dam. Moreover,
yearly temperature, groundwater level data (32 piezo-
metric wells), groundwater discharge, and quality data
of surface and groundwater have been used. All of used
data were collected and recorded by the Iran Water
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Resources Management Company (IWRM). The used
data in the research were presented in Table 1.

Monthly surface water withdrawals data from April
2001 to March 2012 (132 months) were used. Surface
water quality data including electrical conductivity (EC)
and sodium adsorption ratio (SAR) with annually time
step from 1966 to 2005 were used. The surface water
quality data were collected in Razin, Jalayer, and
Shahabasi stations.

Groundwater data is used including monthly ground-
water level in 32 observation wells from March 2003 to
February 2007 (48 months), yearly groundwater fluctu-
ations data from 1988 to 2007, and monthly groundwa-
ter discharge data from April 2002 to March 2009
(84 months). Also, yearly groundwater quality data
including EC, SAR, total dissolved solids (TDS), total
hardness (TH), pH, Mg+2, and Ca+2 parameters from
1999 to 2009 were used.

Trend test and change point analysis

The nonparametric Mann-Kendall (MK) trend test is
frequently used to assess trends of hydrological time

series (Zhang et al. 2012; Chen et al. 2013). For a time
series x1,x2,x3,…,xn, the MK rank statistics is defined
as:

Sk ¼
Xk

i¼1

ri 2≤k ≤nð Þ ri ¼ þ1xi > x j
0xi≤x j

j ¼ 1; 2; 3;…ið Þ
�

The mean and variance of the test statistics (Sk) are:

Ε Sk½ � ¼ k k−1ð Þ
4

Var Sk½ � ¼ k k−1ð Þ 2k þ 5ð Þ
72

2≤k≤nð Þ

8><
>:

The test statistics (UFk) is calculated by the following
formula:

UFk ¼ Sk−E Sk½ �ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var Sk½ �p 1≤k≤nð Þ

The values of UFk constitute a forward sequence
curve (UF). For the given α significance level and Uα

Fig. 1 Location of the study area and relevant stations
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(the critical value of the standard normal distribution), if
UFk>Uα , it means the forward sequence curve (UF)
has a trend α significance level. The same equation is
then used to the inversed series (xn,…,x3,x2,x1) for
backward sequence values of the statistics UBk (k=n,
n-1,…,1) and gets a backward sequence curve (UB).
The intersection point of UF and UB within the
confidence interval is the time when a change point
occurred. More details of MK test are explained in
Zhang et al. (2012) and Chen et al. (2013).

According to the analysis results of trend and step
change point analysis, the runoff and groundwater series
divided into a natural and a human-induced period series
(Huo et al. 2008; Jiang et al. 2011; Chen et al. 2013).

Correlation analysis between rainfall and groundwater
fluctuation

Rainfall is the most important variable of climate which
impacts the groundwater recharge. Therefore, the

Table 1 The used data in the research

Data category Variables (unit) Monitoring stations Time step Beginning End Duration Mean. St. deviation

Meteorological Rainfall (mm) Shaabasi Yearly 1966 2006 41 215.1 81.0

Razin Yearly 1972 2007 36 263.3 59.9

Jalayer Yearly 1982 2007 26 236.2 65.1

Emamabad Yearly 1970 2006 37 186.4 70.4

Ahmadabad Yearly 1975 2006 32 197.6 64.3

Temp. (°C) Shaabasi Yearly 1968 2006 39 17.6 1.2

Razin Yearly 1974 2006 33 14.6 0.7

Emamabad Yearly 1970 2006 37 16.6 1.0

Ahmadabad Yearly 1975 1995 21 17.7 1.6

Surface water quantity Runoff (m3/s) Shaabasi Yearly 1946 2007 62 8.1 7.0

Razin Yearly 1972 2007 36 2.4 1.1

Jalayer Yearly 1982 2007 26 7.0 5.0

Asgarabad Yearly 1975 1989 15 8.5 6.4

Withdrawal (Mm3) Saveh plain Monthly Apr-01 Mar-12 132 5.2 4.8

Surface water quality EC (μmho/cm) Shaabasi Yearly 1966 2004 39 1749.0 812.4

Razin Yearly 1971 2005 35 1352.2 479.9

Jalayer Yearly 1970 2005 36 1999.4 759.5

SAR Shaabasi Yearly 1966 2004 39 5.8 3.1

Razin Yearly 1971 2005 35 4.3 1.8

Jalayer Yearly 1970 2005 36 5.9 2.0

Groundwater quantity Level change (m) 32 Observation wells Monthly Mar-03 Jan-07 48 959.5 2.3

Fluctuation (cm) Saveh aquifer Yearly 1988 2007 20 −145.8 132.5

Discharge (Mm3) Saveh aquifer Monthly Apr-02 Mar-09 84 1.32 0.78

Groundwater quality EC (μmho/cm) Saveh aquifer Yearly 1999 2009 11 3283.4 46.8

SAR Saveh aquifer Yearly 2002 2008 7 5.8 1.0

TDS (ppm) Saveh aquifer Yearly 2002 2008 7 1914.7 193.2

TH (ppm) Saveh aquifer Yearly 2002 2008 7 699.3 50.3

pH Saveh aquifer Yearly 2002 2008 7 7.4 0.7

Ca2+ (ppm) Saveh aquifer Yearly 2002 2008 7 7.8 0.7

Mg2+ (ppm) Saveh aquifer Yearly 2002 2008 7 6.2 0.5

Cl− (ppm) Saveh aquifer Yearly 2002 2008 7 14.0 1.9

SO4
2− (ppm) Saveh aquifer Yearly 2002 2008 7 14.2 1.1
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Standardized Precipitation Index (SPI) was used to in-
vestigate the impact of drought on groundwater levels.
SPI is computed by dividing the difference between
normalized seasonal rainfall and its long-term seasonal
mean by the standard deviation to measure rainfall
shortage, the index was first proposed by McKee et al.
(1993):

SPI ¼ X i j−X im

σ
ð1Þ

Where; Xij is the seasonal rainfall at the ith rain gauge
station and the jth observation, Xim is the long-term
seasonal mean and σ is its standard deviation. Since
SPI is equal to the z value of the normal distribution.
McKee et al. (1993, 1995) proposed a seven-category
classification for SPI (see Table 2).

In this study, in order to determine the appropriate
time scale, Standardized Precipitation Index, the corre-
lation of SPI based on time scales of 1, 3, 6, 9, 12, 18,
24, and 48 months with groundwater levels were calcu-
lated. Also, to consider time delay impact of precipita-
tion on groundwater levels, correlation between SPI and
groundwater level data has been computed for 1, 2, 3, 4,
5, 6, 12, and 24 months. Moreover, the Pearson corre-
lation coefficient has been worked out using Eq. (2)
below (Pearson 1895).

rX ;Y ¼ SX ;Y

SX SY
¼

X n

i¼1
xi−y

� �
yi−y

� �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX n

i¼1
xi−y

� �2X n

i¼1
yi−y

� �2
r ð2Þ

Where, x and y are SPI and groundwater level pa-
rameters, respectively. Sx and Sy are standard deviation
of variables x and y, and rxy is the covariance between
the variables x and y.

According to the initial survey, it was found that in
the case study of this paper, runoff not only has been
affected by anomaly rainfall but it has also been influ-
enced by the construction of the Saveh Dam. Therefore,
in order to recognize such effects, runoff variations have
been analyzed.

Water quality analysis

To evaluate water quality analysis, Wilcox water quality
classification method is used. In order to avoid the
longsome and tedious explanation of used methods,
for more details see Wilcox (1955).

Results and discussion

Trend and change point analysis in annual rainfall

Analysis of historical trends in hydrologic processes can
help verify the start of the human-induced period.
Annual rainfall in five meteorological stations dur-
ing 1966–2007, annual runoff in four stations dur-
ing 1946–2007, and groundwater fluctuation in the
Saveh plain during 1988–2007 was analyzed using
Mann-Kendall test to recognize trends and change
point. Figure 2[α] shows both the forward (UFk)
and backward (UBk) result of the test at the 0.05
significance level in (a) Shahabasi, (b) Emamabad,
(c) Razin, (d) Ahmadabad, and (e) Jalayer stations.
The intersection of UFk and UBk curves indicates a
changes point in annual rainfall.

The results show that change point occurred in 1980
in Shahabasi station (Fig. 2[α]a), in 1973 and 1990 in
Emamabad station (Fig. 2[α]b), in 1980 in Razin stations
(Fig. 2[α]c), in 1979 and 1990 in Ahmadabad station
(Fig. 2[α]d), and in 1985 in Jalayer station (Fig. 2[α]e).
Therefore, we conclude that the abrupt change point in
annual rainfall in the Saveh plain occurred around 1980,
1985, and 1990. Based on the Mann-Kendall test, rain-
fall time series was divided into two parts, namely,
1966–1989 and 1990–2007, which indicate before and
after change point. Figure 2[β] shows variation of annual
rainfall before and after change points. Different parts of
Fig. 2[β] show that averages of annual rainfall in five
stations increase from 10 to 21 % (Table 3).

Figure 2[γ] presents yearly SPI in the five mentioned
stations. Generally speaking, Fig. 2[γ] shows that all five
stations had a situation near normal, (−0.99<SPI<0.99),

Table 2 SPI and mois-
ture categories (McKee
et al. 1993)

SPI value Moisture category

2.0 and more Extremely wet

1.5 to 1.99 Very wet

1.0 to 1.49 Moderately wet

−0.99 to 0.99 Near normal

−1.0 to −1.49 Moderately dry

−1.5 to −1.99 Severely dry

−2 and less Extremely dry
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during the studied period. However, as it can be seen in
the Fig. 2[γ], an extreme drought occurred in Emamabad
station during 1970 and also it experienced severe
droughts in 1981 and 1996. On the other hand, an ex-
treme drought occurred in Ahmadabad station during
1978 and 1979. Shahabasi station experienced an ex-
treme drought during 1966 and 1979 and another severe
drought in 1996. Also, in Razin and Jalayer stations,
extreme droughts occurred in 1997.

Effects of climate variability and human activities
on runoff

Effects of climate variability on runoff

Runoff is affected by many factors that can be attributed
to climate variability and human activity.

The quantification of the individual impacts is actu-
ally difficult because changes in runoff are associated
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with changes in both climate variability and human
activity. In this research, rainfall variability from climate
factors and construction of the Saveh Dam and surface
water withdrawal from human activities is selected to
analyze their impacts on runoff. Figure 3[α] shows the
UFk and UBk curves of annual runoff in four (a)
Shahabasi, (b) Razin, (c) Jalayer, and (d) Asgarabad
stations.

The results show that change point occurred around
1954–1997 in Shahabasi station (Fig. 3[α]a), around
1979–1996 in Razin station (Fig. 3[α]b), around
1985–1996 in Jalayer station (Fig. 3[α]c), and around
1980–1985 in Asgarabad station (Fig. 3[α]d).
Therefore, we conclude that the abrupt change
point in annual runoff in the Saveh plain occurred

around 1996. Based on the Mann-Kendall test,
runoff time series was divided into two parts,
namely, 1946–1995 and 1996–2007 that indicate
before and after change point. Figure 3[β] shows
variation of annual runoff before and after change
points. Different parts of Fig. 3[β] show that av-
erages of annual runoff in four stations decrease
from 8 to 83 % (Table 3).

Trend and change point analysis of annual rain-
fall and runoff results show that annual rainfall in
the studied stations increase from 10 % in Razin
station to 33 % in Ahmadabad station. On the other
hand, annual runoff decreased from 83 % in
Shahabasi station to 5 % in Razin station
Although, in some of years, annual runoff increased

Table 3 Trend and change point analysis of annual rainfall and runoff

Stations Variable MK trend test Change point analysis

Sig. trend year MK statistics Sig. level Change
point

Ave. before
change

Ave. after
change

Changes

Amount (%)

Shahabasi Rainfall (mm) 2005 2.03 0.05 1980 190.5 227.82 37.32 20
2006 2.27 0.05

Flow (m3/s) 1966 −2.23 0.05 1954 10.76 7.72 −3.04 −28
1967 −2.34 0.05 1967 7.72 13.79 6.07 79

1997 −2.11 0.05 1982 13.79 6.29 −7.50 −54
1998 −2.45 0.05 1997 6.29 1.06 −5.23 −83
From 1999 to 2007 From −2.78 to −4.60 0.01

Razin Rainfall (mm) 1975 −2.04 0.05 1980 244.02 268.77 24.75 10

Flow (m3/s) 1975 −2.04 0.05 1979 2.83 2.68 −0.15 −5
1977 −2.07 0.05

1979 −1.98 0.05

1985 −2.03 0.05 1996 2.68 1.75 −0.93 −35
1991 −2.14 0.05

From 2001 to 2007 From −2.09 to −2.74 0.05 and 0.01

Jalayer Rainfall (mm) 1996 2.03 0.05 1985 201 240.77 39.77 20
2005 1.95 0.05

Flow (m3/s) 2004 −2.09 0.05 1985 10.16 9.36 −0.8 −8
2005 −1.93 0.05

2006 −2.06 0.05 1996 9.36 4.12 −5.24 −56
Emamabad Rainfall (mm) 1995 2.09 0.05 1973 150.70 173.47 22.77 15

1990 173.47 205.63 32.16 19

Ahmadabad Rainfall (mm) From 1994 to 2006 From 2.20 to 2.85 0.05 and 0.01 1979 141.88 171.63 29.75 21

1990 171.63 227.48 55.85 33

Asgarabad Flow (m3/s) 1978 −2.04 0.05 1980 12.70 5.02 −7.68 −60
1981 −2.25 0.05 1985 5.02 7.79 2.77 55
From 1983 to 1987 From −2.09 to −2.72 0.05 and 0.01
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such as in 1967 in Shahabasi station. Generally,
due to increased rainfall and decreased runoff, it

can be concluded that human activates impact on
runoff. Despite the complexity of the human
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activities’ impacts on runoff, some of these activities
are discussed.

Effects of human activities on runoff

One of the most important factors influencing on runoff
is surface water withdrawals. Unfortunately, in the
Saveh plain, long-term surface water withdrawals data
is not measured. Figure 4 presents variability of monthly
surface water withdrawals in the Saveh plain.

Figure 4 shows that in 2006, surface water with-
drawals decreased from 6.33 Mm3 to 4.29 Mm3. In
other words, surface water withdrawals in 2002–2012
decreased 32 % although the trend of surface water
withdrawals (Fig. 4a) in 2005 significantly increased.

Another human activity that affects on runoff is
building dams on rivers. Water retaining structures in-
tercept or obstruct the natural flow of water in wet
seasons and store water for drier periods. The Saveh
Dam is located 25 km west of Saveh city on the
Qarachay River (see Fig. 1). The dam, 128 m height,
is regulating about 230 million cubic meters of water
every year. The Saveh Dam was operated in 1994. In
order to analyze the impacts of the Saveh Dam on
runoff, the operation year, 1994, was considered a
change point, and variability in runoff of three stations,
Razin, Jalayer, and Shahabasi has been surveyed. Razin
and Jalayer stations and Shahabasi station are located in
upstream and downstream of the Saveh Dam, respec-
tively. Therefore, differences between runoff changes in
before and after change point, 1994, can indicate effects
of dams on runoff. Table 4 shows that rainfall changes in
Shahabasi, Razin, Jalayer, Emamabad, and Ahmadabad
stations increase from 9 to 33 % before and after 1994.
Nevertheless, runoff decreased from 24 to 81 %. The

results indicate that greatest lack of runoff between
stations is Shahabasi station, and one important reason
for the severe lack is operation of the Saveh Dam in
1994.

Also, results of Table 4 show that the runoff decrease
in Razin and Jalayer stations are significantly different
from the runoff decrease in Shahabasi station. The dif-
ferent decreases between 42 % in Jalayer station and
81 % in Shahabasi station can be seen as a result of the
Saveh Dam construction. So, it can be concluded that
the contribution of the Saveh Dam in runoff decrease at
Shahabasi Station is about 39 %.

Effects of climate variability and human activities
on groundwater fluctuation

Figure 5 presents trend and change point analysis of
groundwater fluctuations in the Saveh aquifer during
1988–2007.

Results show that significantly decreasing trend in
groundwater level started from 1993 and had continued.
Table 5 shows the groundwater fluctuation changes
before and after change points.

Table 5 shows that highest groundwater level decline,
about 168.67 cm, occurred in 1994, that is the operation
year of the Saveh Dam. In order to investigate the
reasons for the decline in groundwater levels in the
aquifer Saveh, climatic and human factors have been
studied.

Effects of climate variability on groundwater fluctuation

Table 6 shows the correlation coefficients between SPI
and the average groundwater levels for different time
scales. In order to maximize the correlation between
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climatic parameters and groundwater levels, Emamabad
and Ahmadabad meteorological stations which are lo-
cated in the recharge zone of the observation wells were
selected to analyze the impacts of drought on ground-
water levels. The correlation coefficients between SPI
with different time scales of 1, 3, 6, 9, 12, 18, 24, and
48 months and average groundwater levels in the select-
ed areas of Ahmadabad and Emamabad stations were
calculated to determine the best time scale for SPI.

As Table 6 reveals, the highest statistically significant
correlation coefficient belongs to Ahmadabad station and
it is at the scale of 24 months and equal to 0.573.
Moreover, the correlation coefficients of 18- and 48-
month time scales are significant for the same
abovementioned station with values of 0.526 and 0.490,
respectively. However, there is only one significant value
of the correlation coefficient for Emamabad station, which
is equal to 0.750 and at the scale of 48 monthly SPI. As

can be seen from the table, the rest of the correlations are
not significant at timescales less than 18 months.

It is well known that rainfall affects groundwater
levels with a delay time. This part focuses on finding
out the effects of rainfall on groundwater levels in the
study area. To achieve this aim, according to the results
which are presented in Table 6, 24-month time-scaled
SPI values for Ahmadabad and 48-month time-scaled
SPI values for Emamabad stations have been chosen to
investigate the delay time effects of rainfall on ground-
water fluctuations. Then, the correlation coefficients
between the abovementioned SPI values and monthly
average groundwater levels with different time delays of
1, 2, 3, 4, 5, 6, 12, and 24 months were calculated and
the results are presented in Table 7, below.

Table 7 indicates that for Ahmadabad and Emamabad
stations, the highest correlation coefficient values are
with 4- and 5-month delay and are equal to 0.812 and

Table 4 Changes in mean annual rainfall and runoff before and after the dam operation year

Stations Rainfall (mm) Runoff (m3/s)

Time step Average Changes Time step Average Changes

Amount Ratio (%) Amount Ratio (%)

Shahabasi 1966–1993 200.39 46.32 23 1946–1993 9.86 −7.99 −81
1994–2006 246.71 1994–2007 1.87

Razin 1972–1993 254.39 22.83 9 1972–1993 2.64 −0.62 −24
1994–2007 277.22 1994–2007 2.02

Jalayer 1982–1993 218.54 32.76 15 1982–1993 9.10 −3.83 −42
1994–2007 251.30 1994–2007 5.27

Emamabad 1970–1993 178.05 23.78 13 – – – –
1994–2006 201.83 – –

Ahmadabad 1975–1993 174.10 57.79 33 – – – –
1994–2006 231.89 – –
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0.762, respectively. Moreover, the other relevant values
of 2-, 3-, 4-, 6-, and 12-month delays are significant at
the 0.01 level, for both mentioned stations. Changes of
SPI in contrast with average groundwater levels in
Ahmadabad station (24-month time-scaled SPI with 4-
month delay) and Emamabad station (48-month time-
scaled SPI with 5-month delay) are shown in Fig. 6a, b,
below.

As Fig. 6a shows, the lack of rainfall from 2
November to 3 December has decreased the groundwa-
ter level for a total of 2.058 m from 3 April to 3
November. Drought which occurred during 3
September to 3 November has caused a drop in ground-
water level during 4 April to 4 August, equal to 1.275 m.
Also, there is another groundwater level drop equal to
2.079 m in November2004, which was due to
overexploiting of aquifer to the autumn irrigation us-
ages. From October 2004 to March 2006, the ground-
water level fluctuations showed to be highly correlated
with the Standardized Precipitation Index values.

Figure 6b shows 48 monthly SPI changes with the
average of groundwater level fluctuations for
Emamabad station. Average drop in groundwater levels
in Emamabad station area from 3 July to 3 November
has been 0.925 m, due to drought which occurred

through 3 March to 3 July. Drought from 4 March to 4
October had decreased 1.098 m in groundwater levels
during 4 April to 4 August. The main drought had
occurred during 5 September to 6 July and caused a loss
of total 2.251 m in 6 February to 6 October.

However, in order to more accurately assess the
impact of rainfall on groundwater level, it is better that
characteristics such as intensity, duration, and amount
should be investigated, but the results show that the
intra-annual rainfall distribution affects groundwater
levels with a time delay of about 5 months.

Effects of human activities on groundwater fluctuation

The impact of withdrawals on groundwater fluctuations
seems simple, but expected trend may be delayed or
obscured by the occurrence of long transient periods
after significant water balance changes, or by interfer-
ences between several abstraction wells (Custodio
2002). Mann-Kendall test for monthly variation of
groundwater discharge in the Saveh aquifer shows there
is no significant increase in groundwater discharge dur-
ing 2001–2011. In 2003, groundwater discharge, about
0.05 Mm3 (4 %), increased. Due to increase in rainfall
after 1994 (see Table 5), it can be concluded that the
decrease in groundwater level in the Saveh aquifer has
been more due to human activities such as dam con-
struction on Saveh, not the result of climate change.

Analysis of surface water and groundwater quality

Analysis of surface water quality

Temporal analysis of quality changes in the Qarachay
and Mazlaqan Rivers show an increasing trend in their
quality values.

Electrical conductivity in Razin, Jalayer, and
Shahabasi stations had shown an increased trend.
Electrical conductivity values in Shahabasi station are

Table 5 Groundwater fluctuations changes in before and after
change points

Groundwater fluctuations (cm)

Time step Average Changes

Amount Ratio (%)

1988–1990 26 −16.33 −63
1991–1993 9.67

1991–1993 9.67 −168.67 −1754
1994–1996 −159
1994–1996 −159 −72.36 −46
1997–2007 −231.36

Table 6 Correlation coefficients between SPI and average groundwater levels (2003–2006)

Time scale of SPI (month)

1 3 6 9 12 18 24 48

Ahmadabad −0.024 0.127 0.266 0.054 0.202 0.526** 0.573** 0.490**

Emamabad −0.095 0.277 0.217 0.079 0.022 0.003 0.131 0.750**

** Indicate significance levels of 0.01
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more than the values of Jalayer station, and the reason
can be that Shahabasi station is located downstream of
Jalayer station. In order to more accurately evaluate
surface water quality changes in the Saveh plain, EC
variation in Shahabasi station has been statistically ana-
lyzed. Figure 7 presents Mann-Kendall test (a) and
yearly variation of EC in Shahabasi station (b) during
1966–2004.

Figure 7a shows that increased trend of EC has begun
in 1992. Figure 7b shows that two change points oc-
curred in 1972 and 1992. Average EC during 1966–
1971, 1972–1991, and 1992–2004 are equal to 1863.17,
1379.77, and 2230.87 μmho/cm, respectively.
According to the Wilcox method, the river water quality
had degredated from C3-S1 to C4-S2 class.

Analysis of groundwater quality

To evaluate temporal changes of groundwater quality in
the Saveh aquifer, the annual average of water quality
parameters from 2002 to 2008 were analyzed.

Results indicate high levels of calcium (Ca2+), elec-
trical conductivity (EC), and total dissolve solutes
(TDS) in Saveh groundwater during 2002 to 2008.
Comparison of surface and groundwater quality criteria

in the Saveh plain show that greater values of electrical
conductivity and sodium adsorption ratio belong to the
surface waters.

In order to more accurately evaluate groundwater
quality changes in the Saveh aquifer, EC variation has
been statistically analyzed during 1999–2009. Result of
MK test for yearly EC shows that trend EC is not
significant. Average EC during 1999–2003 and 2004–
2009 are equal to 3234.5 and 3324.1 μmho/cm, respec-
tively. Groundwater quality to agricultural usages in the
Saveh aquifer (2008) classified using Wilcox method in
four classes including 16% class C4-S2, 46 % class C4-
S1, 30 % Class C3-S1, and 8 % in Class C2-S1.
According to the results, the construction of the Saveh
Dam has been the main reason of groundwater drops in
the Saveh aquifer.

Previous investigations have also highlighted similar
results to the current study. For instance, degradation of
groundwater quality as a result of human activities is
reported by Broers and Grift (2004), and also effects of
rainfall and runoff variation on groundwater quantity are
emphasized by Chen et al. (2002, 2004). It is worth
noting that Zhang et al. (2012) indicate that both climate
change and human activities are responsible for the
decrease of observed runoff in the Huifa River.

Table 7 Correlation coefficient between SPI and average groundwater levels (2003–2006)

Time delay between SPI and average groundwater level (month)

Station 1 2 3 4 5 6 12 24

Ahmadabad −0.645** 0.710** 0.757** 0.812** 0.806** 0.759** 0.687** −0.101
Emamabad −0.265* 0.563** 0.568** 0.658** 0.762** 0.758** 0.428** −0.201

** Significance levels of 0.01; * Significance levels of 0.05
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However, human activities contributed more to runoff
decrease in wet years due to regulation and storage of
the water projects. Also, Wang et al. (2013) found that
human activities were the main driving factors for the
decline in annual runoff in the Luanhe River catchment,
Chaohe River catchment, and Zhanghe River catch-
ment, accounting for over 50 % of runoff reduction.
However, climate variability should be responsible for
the decrease in annual runoff in the Hutuo River catch-
ment. The results of the current paper correspond with
the results reported by Zhang et al. (2012) and Wang
et al. (2013). Also, Guo et al. (2014) found that the
decline in annual runoff over both catchments can be
mainly attributed to the human activities; the reduction
percentages due to human activities range from 59 to
77 %. While the results of the current paper show lesser
contribution of human activities in reduction of the
annual runoff, about 39 %. Hu et al. (2014) showed that
climate fluctuations accounted for a decrease in mean
annual streamflow of approximately 10.38 mm/year
(51.03 %), whereas human activities (including soil–
water conservation measures, artificial water intakes,
and man-made water storage infrastructure) caused a
decrease of approximately 9.96 mm/year (48.97 %).
The current paper results in comparison with Hu et al.
(2014) indicate a greater contribution of climate change
in reduction of mean annual streamflow in the study area.

Generally speaking, human activities played a dom-
inant role on the variation of groundwater quality and
quantity in contrast with climate variability in the Saveh
plain. Similar results are reported by Ye et al. (2013) and
Shanshan et al. (2012). However, it should be noted that
results of this field depend on various factors such as
climatic conditions of case study that should be consid-
ered in comparison of the results.

Conclusions

It is well documented and obvious that runoff not only is
affected by anomaly rainfall but it also is affected by
human interventions, such as withdrawals and surface
water regulation. On the other hand, distinguishing be-
tween impacts of climate variability and human activi-
ties on runoff is complicated and controversial.
Construction of the Saveh Dam, and following that,
decreasing runoff at downstream of the dam, has been
the main reason of the groundwater drops. The results
show that the abrupt change point in annual rainfall in
the Saveh plain occurred around 1980, 1985, and 1990.
Based on the Mann-Kendall test, rainfall time series was
divided into two parts, namely, 1966–1989 and 1990–
2007, which indicate before and after change point.
Also, results show that averages of annual rainfall in
five stations increase from 10 to 21 %. Abrupt change
point in annual runoff in the Saveh plain occurred
around 1996. Based on the Mann-Kendall test, runoff
time series was divided into two parts, namely, 1946–
1995 and 1996–2007, which indicate before and after
change point. Results show that averages of annual
runoff in four stations decrease from 8 to 83 %. Trend
and change point analysis of annual rainfall and runoff
results show that annual rainfall in the studied stations
increase from 10 % in Razin station to 33 % in
Ahmadabad station. On the other hand, annual runoff
decreased from 83 % in Shahabasi station to 5 % in
Razin station. In order to analyze the impacts of the
Saveh Dam on runoff, the operation year of the dam,
1994, was considered as a change point. The difference
decreases of runoff between 42 % in Jalayer station and
81 % in Shahabasi station can be seen as a result of the
Saveh Dam construction. Highest groundwater level
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decline, about 168.67 cm, occurred in 1994, which is the
operation year of the Saveh Dam. In Ahmadabad and
Emamabad stations, the highest correlation coefficients
between SPI and groundwater fluctuations with 4- and
5-month time delays are equal to 0.812 and 0.762,
respectively. Average surface water EC during 1966–
1971, 1972–1991, and 1992–2004 are equal to 1863.17,
1379.77, and 2230.87 μmho/cm, respectively.
According to the Wilcox method, the river water quality
had degredated from C3-S1 to C4-S2. Average ground-
water EC during 1999–2003 and 2004–2009 are equal
to 3234.5 and 3324.1 μmho/cm, respectively.
Groundwater quality for agricultural usages in the
Saveh aquifer can be classified into four classes includ-
ing: 16 % class C4-S2, 46 % class C4-S1, 30 % Class
C3-S1, and 8 % in Class C2-S1.
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