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ABSTRACT
Global warming will lead to changes in spatiotemporal distributions of regional water
resources and the global hydrological cycles. Thus, an important task in climate change
detection is represented by the analysis of changes in meteorological variables. The
current paper aimed to detect the trends of hydro-meteorological variables such as
precipitation and river discharge by focusing on the impacts of climate change. In order
to achieve the stated purpose, linear regression and non-parametric test of Mann–
Kendal were used on water balance components such as runoff, actual
evapotranspiration and precipitation using Palmer equation in eight north eastern basins
of Khorasan province. Thirty years of data results of Mann–Kendall test indicated that,
the trends in average precipitation were inhomogeneous across the watersheds. The
analysis of time series of discharge in most of the watersheds showed an obvious falling
trend at 95 and 99 percentage levels of confidence monthly, seasonally and annually.
Also, an ascending trend in evapotranspiration rate and temperature was found
throughout the years. Generally, the global climate change has no significant effect on
the hydrological inputs in the studied area. However, evapotranspiration component, as
a part of output factors, has been increased due to the observed warming trend. Thus, a
drastic strategic management is highly recommended to reduce the amount of loss.

INTRODUCTION1

M

ean global temperature has risen at an
average rate of 0.6 ± 0.2 (°C) over the
20th century, mainly due to the
concentration of carbon dioxide in the atmosphere
and many other complex influences of factors.
Temperature more likely will further increase by 1
to 3.5 °C during the 21st century (Sheikh and
Bahremand 2011). According to the recent IPCC
report (IPCC 2007), Mean annual flow is projected
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to increase by almost 10 to 40 percent in high
latitudes and some humid tropical climates, while it
has decreased by approximately 10 to 30 percent in
the mid-latitude dry regions and dry tropics.
Therefore, there is a general belief that global
warming will lead to changes in spatial and
temporal distributions of regional water resources
and the global hydrological cycles (Qader 2002;
Labat et al. 2004; Sheikh and Bahremand 2011).
Although climate change occurred on a global
scale, its impacts often vary from region to region
(Trajkovic and Kolakovic 2009). Therefore, the
analysis of changes in meteorological variables
represents an important task in climate change
detection (Gocic and Trajkovic 2013). Many
regional and national hydro-climatological
researches have been carried out to date. Also,
several trend detection techniques in the field of
environment and hydrology such as parametric,
non-parametric, Bayesian and time series have
been widely considered from 1970 onwards (Sen
1968; Lettenmaier 1976; Haan 1977; Hirsch et al.
1982; Hirsch and Slack 1984; Kundzewicz and
Robson 2004; Reeves et al. 2007; Khaliq et al.
2009 and Sonali and Kumar 2013).
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Yunling and Yiping (2005) evaluated the trend
of climate change during the years 1960 through
2000 at 19 stations along the Lancang River in
China. Analysis of monthly air temperature and
precipitation data illustrated an upward trend in
temperature and downward trend in precipitation.
Kampata et
al.
(2008) investigated
precipitation trend in the Zambezi river basin in
Zambia. Downward trends were shown in
analyzing of data series from five rain gauges
located in the headstream regions of basin.
Temperature changes in the Kingdom of Saudi
Arabia during 29 years were monitored by ElNesr
et al. (2010). Scrutiny of data related to 29
meteorological stations demonstrated that the
average, maximum and minimum values of
temperature had been rising throughout the year
except in the winter (November to January).
Karaburun et al. (2011) analyzed the annual,
seasonal and monthly temperatures in Istanbul from
1975 to 2006 using Mann-Kendall test and Sen's
method.
Gocic and Trajkovic (2013) investigated
changes in meteorological variables using MannKendall and Sen's slope estimator statistical tests in
Serbia during the years 1980 through 2010. They
found that relative humidity significantly decreased
in summer and autumn, while vapor pressure had a
significant increasing trend in spring, summer and
autumn. Besides, no signiﬁcant trends were
detected in summer and winter precipitation.
Sayemuzzaman and Jha (2014) analyzed the trends
of seasonal and annual precipitation in North
Carolina, United States. Based on regional trend
analysis, with the exception of winter, precipitation
increased in mountainous and coastal regions in
general. Piedmont region was found to have
ascending trend in summer and fall, but descending
trend in winter and spring. In general, the results of
Mann-Kendall and Sen's test demonstrated the high
efficiency of these techniques for trend detection of
meteorological variables.
In Iran numerous studies have also been
conducted to evaluate changes in meteorological
variables (Modarres and Silva 2007; Tabari and
Hosseinzadeh Talaee 2011a, 2011b; Tabari et al.
2011a). In general, their results showed a
signiﬁcant change in meteorological variables at
many stations in Iran. Comprehensive review of the
results of these studies reflects the great diversity in
the regional and global trends of the climate and
hydrological variables. In other words, depending
on the spatial scale and location of the study area,
the results of these studies are widely different.
Iran is located in the mid-latitude belt of arid
and semi-arid regions of the Earth. The arid and
semi-arid climate covers more than 60% of the
country. In this agro-pastoral transition region,
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precipitation highly varies with time, space, amount
and duration. Water is considered as the most
important restraining factor for biological and
agricultural activities in this area. Seasonal changes
in rainfall pattern may alter the hydrological cycle
and environmental processes (Delitala et al. 2000)
and consequently may change the vegetation and
the entire ecosystem (Lazaroet al. 2001; Niand
Zhang 2000).
Thereupon, the trend detection researches in
hydro-climatological data are very important for
agricultural planning in semi-arid regions which are
rarely considered in Khorasan province.
The current paper therefore aimed to detect the
trends of precipitation and river discharge recorded
in eight north eastern basins of Iran by focusing on
the impacts of climate change (i.e. precipitation
pattern) on the hydro-meteorological variables.
Examination of direction and magnitude of
probable trends and relationships between
precipitation and discharge trends are also
considered in this regard.

MATERIALS AND METHODS
Study area
The present study was conducted at the north
basins of Khorasan province with arid and semiarid
climatic conditions located in 36.57º to 38.27º N
latitude and 56.06º to 58.41º E longitude. Atrak
River is one of the major rivers of this area with a
length of around 520 kilometers, which drains an
area of approximately 25627 square kilometers.
From physiographic point of view, Atrak river
basin has two distinct sections of mountains and
flat plains with altitude ranging from 378 to 2823
m above mean sea level. The average annual
rainfall and temperature at this province are 235.3
mm and 13.3 ºC respectively.
To examine the existence of trends in
precipitation and discharge, eight hydrometric
stations and 22 weather stations with more than 30year data sets were chosen. The information of
chosen stations in detail is presented in table 1 and

Ü
Figure 1. The location of study area and distribution of
stations
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Table 1. Characteristics of selected hydrometric Stations
Station

Longitude

Aghmazar
Baba Aman
Darband
Darkesh
Ghatlish
Shirabad
Eraghi
Esfarayen

56°
57°
56°
56°
57°
56°
57°
57°

54´
26´
58´
44´
16´
55´
24´
41´

Latitude
37°
37°
37°
37°
37°
37°
37°
36°

41´
27´
36´
26´
48´
30´
11´
6´

Elevation
(m)

Upstream watershed
area (km2)

Average annual
precipitation (mm)

Average annual
discharge (m3 s-1)

560
1010
680
1040
960
850
1353
987

12004
1232.6
1087
114.5
1355.2
183.5
201
515

237.7
288.4
309.4
468.8
229.3
406.4
269
263

6.5
1.37
0.87
0.52
1.02
0.91
0.51
0.63

2, moreover, their distribution in Khorosan
province is shown in Figure 1.

Q=P-E

(2)

Table 2. Characteristics of selected weather Stations

Where, Q is runoff, P is precipitation and E refers
to evaporation.
Trend analysis
Mann-Kendall test
The Mann-Kendall test is the most widely
used non-parametric trend test in the previous
hydrologic studies. It is based on the correlation
between the ranks of time series and their time
order (Hamed 2008). According to Mann (1945),
the null hypothesis (H0) states that the
deseasonalized data (x1, x2… xn ) are a sample of n
independent and identically distributed random
variables (Yu et al. 1993). The alternative
hypothesis (H1) of a two-sided test indicates that
the distribution of xi and xj are not identical for all
j, K ≤ n with j ≠ k. The test statistic S is calculated
using Eq. 3 and 4.
n 1

s

(3)

n



sgn( x j  xk )

i 1 j i 1

Water balance
According to Palmer (1965) the hydrological
balance for each site is determined by using the Eq.
1:
P+L=ET+R+R0

(x j  x k ) 0

(4)

(x j  x k )  0
(x j  x k )  0

(1)

where, P represents the values of precipitation, ET
refers to evapotranspiration, R0 is surface runoff, R
represents soil infiltration (recharge) and L is
moisture loss from the soil (capillary action and
transport in plants).
In poorly gauged regions like North of
Khorasan, the long term water balance can be
calculated using Eq. 2 (Sokolov et al. 1974).
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 1 if

sgn(x j  x k )   0 if

 1 if


Where, n is the number of data points, xi and xj
denotes the data values in time series k and j (j>k).
The variance has computed as:

V (S ) 

m
1

n
(
n

1)(2
n

5)

ti (ti 1)(2ti  5)


18 
i 1


(5)
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In Eq. 5, n is the number of data points, m
represents the number of tied groups (equal
observations), and ti refers to the number of ties of
extent i.

1
rk  n  k

According to Kendall (1975), the distribution
of S tends to normality if n is larger than 10. So, the
standard normal test statistic ZS is computed using
the Eq. 6.

If:




Zs  




S 1
Var ( S )
0
S 1
Var ( S )

if

S 0

if

S 0

if

S 0

(6)



n k
i 1

(x i  x )(x i  k  x )

(9)

1 n
(x i  x )2

i 1
n

1  1.645 n  k  1
1  1.645 n  k  1
 rk 
n k
n k

In trend studies, H0 is acceptable if at the
specific level of significance, the following
condition remains intact: |z| ≤ zα/2. Positive values
of ZS indicate upward trends while negative Zs
values refer to downward trends (Kahya and
Kalayci 2004).

Then the data are assumed to be serially
independent at 10% level of signiﬁcance (CL =
90%) and no pre-whitening is required.
To compute the Mann–Kendall z (Eq. 4), V(S)
is replaced by V(S)*. According to Hamed and Rao
(1998), this approach is said to be more efficient to
detect the signiﬁcance of the trend comparing to
classical Mann–Kendall test.

Modiﬁed Mann–Kendall tests

Sen’s slope (SS)

Original MK test is widely used to check the
presence of serial correlation in time series. MK
trend test is practical for trends with no serial
correlation (Hamed and Rao 1998; Adamowski and
Bougadis 2003; Mohsin and Gough 2010; Nalley et
al. 2013). The modiﬁed Mann–Kendall test,
proposed by Hamed and Rao (1998), considers all
the signiﬁcant autocorrelation structure in a time
series. In this method, modiﬁed variance V(s)* is
used for calculating the Mann–Kendall z:

Using the method of Sen (1968), the
magnitude of the slope can be obtained as follows
(Eq. 10):

V (S ) V (S )

n
n

(7)

(10)

Where Y i and Y j are data at time points i and j,
respectively. If the total number of data points in
n ( n  1)

(8)

V(S) is calculated as per the Eq. (3), ri is lag-i
signiﬁcant autocorrelation coefficient (Eq. 9) of
rank i of time.

2
the series is n, then there will be
slope
estimates and the test statistic bSen is the median of
all slope estimates. Positive and negative sign of
test statistics indicates the ascending and
descending trends respectively.

The Mann-Kendall test and Sen's slope
estimator were applied to the time-series 19762006
for
precipitation,
runoff
and
evapotranspiration in mentioned basins. Each of
trend methods is implemented as R Software,
which is available at http://www.Rproject.org
In order to study the water balance of the
catchment area, the average watershed precipitation
was calculated by Thiessen polygon method.
ArcGIS 9.3 was used for this purpose. The
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Thiessen map of the study area is shown in Figure
2.

Trend of precipitation
The result of investigation of precipitation
trend analysis indicated that the average rainfall
over the catchment basin has fluctuated throughout
the year. Results showed an oscillation in trend
changes of precipitation annually and seasonally.
According to Table 3, Darband and Darkesh
watersheds had decreasing trend and others have
been found to have increasing tendency. However,
as reported in table 3, there was no significant trend
in average rainfall at 99 and 95 percent confidence
levels throughout the year in the study basins
except Eraghi watershed with ascending trend.
Eraghi and Ghetlish basins had increasing trends at
99 and 95 percent level of confidence during the
summers. Then sequential Mann–Kendall test
(SQMK) test has been applied for annual data to
find out the beginning of the trends (Figure 4).
Consequents indicate that the periodic components,
which are effective for trends, are relatively similar
for all stations.

Then the amount of actual evapotranspiration
was computed using average precipitation data and
outlet flow in the period 1976-2006 (Eq. 2). The
trends of water balance components were
investigated after calculating the parameters of the
catchment water balance.

Watershed Runoff
The results of investigating time series in
hygrometric stations showed that amount of runoff
has been decreased through the most study basins
throughout the years. Table 4 illustrates that
Aghmazar had downward trends at 99% confidence
level and BabaAman, Darband and Ghetlish had
similar trends at 95 percent. Annual Analysis also
showed that all of watersheds have decreasing
trend of runoff (Figure 5). So it can be stated that
by increasing in size of the basin, the level of
significance has increased (Table 5).

Figure 2. The Thiessen map of the study area.

RESULTS AND DISCUSSION
Serial correlation of the watershed variables
In this regard, the Auto Correlation Function
(ACF) analysis was done to check the likely
presence of serial correlation. The results indicated
that serial correlations of time series relating the
variables of interest are not statistically significant
at 95% confidence level in most regions of study
area. The autocorrelation of precipitation time
series for the Getlish watershed as an example is
represented in Figure 3.
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Consequently,
the
calculated
evapotranspiration quantities are unreal. Then in
order to analyze the trends of evapotranspiration
quantities, the potential evapotranspiration can be
calculated which will be followed in another study.
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Figure 3. Autocorrelation function analysis graph for precipitation time series in the Getlish watershed. (Dashed lines
indicate 95% confidence interval)
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Figure 4. Progressive and retrograde sequential values using SQMK test statistics u(t) and u’(t) for annual Precipitation (The
upper and lower dashed lines represent the confidence limits at the 5% signiﬁcance level (± 1.96))
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Figure 5. Progressive and retrograde sequential values using SQMK test statistics u(t) and u’(t) for annual Runoff (The
upper and lower dashed lines represent the confidence limits at the 5% signiﬁcance level (± 1.96))
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Table 3. Mann Kendal Z factor (Zc) and Sen’s slope (Ss) of Precipitation

Table 4. Mann Kendal Z factor (Zc) and Sen’s slope (Ss) of watershed runoff

Table 5. Z factor of annual runoff and area of watersheds
watershed
Area (ha)
Z factor
Darkesh
11147.25
-1.346
Shirabad
14550.25
-0.162
Iraghi
18901.25
-0.169
Esfarayen
49151
-0.419
Babaaman
112246.25
-1.605
Darband
124616.25
-2.210
Ghetlish
148724.5
-2.425
Aghmazar
1155216.02
-2.822
Maravetape
1703222.63
-2.074

Actual evaporation
The outcome of investigating evaporation data
showed that amount of runoff has been decreased
through the most study basins throughout the years.
As illustrated in Table 6, Ghetlish basin in
November, Aghmazar and Babaaman basin in May
and Esfarayen watershed in July have increasing
trends at 95 percent level of confidence. The results
showed that all mentioned basins except Esfarayen
watershed have upward trends in May and
September (Figure 6). In summer also all stations
except Babaaman have increasing trend (Table 6).
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Also trend of the evapotranspiration have been
investigated. To achieve this goal, parameters of
evapotranspiration
were
calculated
using
Hargreaves–Samani (HS) method and then trend
analysis was performed. The consequences
indicated that the increasing of monthly average
temperature is one of the main reasons for the
increasing of evaporation trend.

CONCLUSION
The current paper was conducted in the north east
of Iran with the purpose of detecting the trends of
precipitation and river discharge by focusing on the
impacts of climate change on the hydrometeorological variables. The outcomes indicated
that annual precipitation has increased in most of
the study basins. Moreover, almost all mentioned
watersheds had decreasing runoff trends in 99 and
95 percent levels of confidence throughout the
years. On the other hands, all stations have
increasing trend of actual evaporation in spring and
summer. While the plants water needs increase
greatly in these seasons, apparent decline in the
runoff output and increase in population and
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Table 6. Mann Kendal Z factor (Zc) and Sen’s slope (Ss) of Actual evaporation

factor to decrease the river discharge. As a
conclusion, it can be stated that the global climate
change has no significant effect on the hydrological
inputs
in
the
studied
area.
However,
evapotranspiration component, as a part of output
factors, has been increased due to the observed
warming trend. Thus, a drastic strategic
management is required to reduce the amount of
loss.

industry have caused obvious problems in this
region. Trend investigation in water balance
components showed that the apparent decrease in
runoff and discharge has occurred despite increases
in precipitation. Simultaneously, temperature and
evapotranspiration trend has significantly increased
in most of the basins. According to the results,
there is a fact that the precipitation is out of access
in study region. As reported, more than 70 percent
of precipitation is inaccessible due to evaporation.
Therefore, the proportion of evapotranspiration is
high in Khorasan basins and considered as a main
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Figure 6. Progressive and retrograde sequential values using SQMK test statistics u(t) and u’(t) for annual ET (The upper
and lower dashed lines represent the confidence limits at the 5% signiﬁcance level (± 1.96))
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