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Abstract Trend estimation of climatic characteristics for a
watershed is required to determine developing compatible
strategies related to design, development, and management
of water resources. In this study, the trends of the annual
maximum (Tmax), minimum (Tmin), and mean (Tmean) air
temperature; temperature anomaly (Tanomaly); and diurnal
temperature range (DTR) time series at 13 meteorological
stations located in the Karun-Dez watershed were analyzed
using the Mann–Kendall and linear regression trend tests.
The pre-whitening method was used to eliminate the influ-
ence of serial correlation on the Mann–Kendall test. The
result showed increasing trends in the Tmin, Tmean, and
Tanomaly series at the majority of stations and decreasing
trend in the Tmax and DTR series. A geographical analysis
of the trends revealed a broad warming trend in most of the
watershed, and the cooling trends were observed only in the
southern parts. Furthermore, the geographical pattern of the
trends in the Tmean and Tanomaly series was similar, and the

Tmax data did not show any dominant trend for the whole
watershed. This study provides temperature change scenarios
that may be used for the design of future water resource
projects in the watershed.

1 Introduction

In arid and semi-arid regions, the demand on the water
resources is dominated by the agriculture sector. In the
future, a larger population will lead to a higher demand of
water for irrigation and industrialization at the expense of
drinking water or other uses of water. It is expected that the
response of hydrological systems, erosion processes, and
sedimentation could alter significantly due to climate
change. A warmer climate will influence the hydrological
cycle because of changes in the rate of evaporation and
proportion of liquid precipitation compared to the solid
precipitation. Variations in the hydrological components
will have a direct influence on the available water resources,
demand and supply, water quality, soil moisture, groundwa-
ter reserves, and frequency of floods and droughts in a
watershed. Hydrological and water resources studies are
carried out at the watershed scale (Mirza et al. 1998; Singh
and Bengtsson 2003). Therefore, information on climate
change at the watershed scale is of utmost importance for
the planning, development, and utilization of water. Infor-
mation on the changes in temperature and rainfall over the
last century over a watershed gives an insight into the
historical characteristics of the watershed.

The detection and attribution of global climate change
resulting from anthropogenic activities are one of the main
themes of current climatological research. Studies on varia-
tions in global mean temperature for the entire earth (Hansen
and Lebedeff 1987) have shown a rising trend during the last
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few decades. The Fourth Assessment Report of the Inter-
governmental Panel on Climate Change (IPCC) shows an
increase in global mean temperature of approximately
0.74 °C during the latest century (IPCC 2007). However,
this trend has not been uniform either spatially or
temporally.

This warming will have important consequences for the
hydrological cycle. The water resources of a watershed are
recognized as very sensitive to climate change, and there-
fore, there is an increasing threat of future climate change
impacts on water resources. Temperature is one of the most
important parameters of climate and is commonly used to
detect the fluctuation of climate. Temperature influences the
hydrological processes in a watershed. Lal (2001) discussed
the implications of climate change on Indian water resour-
ces. Gosain et al. (2006) quantified the impact of climate
change on the water resources of Indian river systems. Their
study revealed that the conditions may deteriorate in terms
of severity of droughts in some parts of the country and
enhance the intensity of floods in other parts. Climate
changes in temporal and spatial scales will affect signifi-
cantly agricultural production, water resources management,
and therefore on the economy.

Large-scale warming and its impacts on the environment
attract more and more attention and interest because surface
air temperatures on global or hemispheric scales have in-
creased continuously during recent decades (Jones et al.
1986a, b; Hansen and Lebedeff 1987; Vinnikov et al.
1990). Also, Hingane et al. (1985), Srivastava et al.
(1992), Rupakumar et al. (1994), Pant et al. (1999), and
Singh and Sontakke (2002) showed that there is a significant
increasing temporal trend in surface temperature. Several
national studies showed similar trends toward fewer days
with minimum temperatures <0 °C in Australia and New
Zealand (Plummer et al. 1999) and Europe (Heino and et al.
1999). Preliminary findings with respect to the USA showed
a slight downward trend in the number of days below
freezing during 1910–1998 (Easterling et al. 2000). Bonsal
et al. (2001) found little evidence for a consistent change in
extreme maximum temperatures (>90th, 95th, and 99th
percentiles) across Canada during the entire or last half of
the twentieth century. Trend analyses have most commonly
used fundamental statistical techniques for detecting climat-
ic changes on a global and local basis (Lund et al. 2001;
Turkes et al. 2002; Kruger and Shongwe 2004; Domroes
and El-Tantawi 2005; Freiwan and Kadioglu 2008; Tabari et
al. 2011a, b; Tabari and Hosseinzadeh Talee 2011c).

In Canada, Zhang et al. (2000) examined annual and
seasonal temperature and precipitation trends during the
twentieth century. Results showed that the annual mean
temperature over southern regions of the country has in-
creased. The largest increases were during winter and
spring; summer generally displayed less warming, and

autumn was associated with small cooling trends. The
warming is projected to continue and is likely to be accom-
panied by changes in extreme weather and climate events
(IPCC 2001). In line with the characteristics of global tem-
perature rise (Jones et al. 1999; Karl et al. 2000), the Euro-
pean rate of change has been highest in the last quarter of the
century (Klein Tank et al. 2002). Liu and Chen (2000), Chen
et al. (2003), and Frauenfeld et al. (2005) have shown a
significant warming in the Tibetan Plateau during the last
half century, in phase with the global trends. Kothawale and
Rupa Kumar (2005) reported substantial recent changes in
the nature of trends in surface temperature over a network of
121 stations in India. They used monthly temperature data
for 1901–2003 with special focus on the last three decades
(1971–2003). Arora et al. (2005) investigated 125 station
data distributed over the whole of India from 1941 to 1999
to identify monotonic trends in annual average temperature,
annual average maximum temperature, annual average mini-
mum temperature, and average seasonal temperatures for
every individual station. They found that there is a rising trend
in most cases, except for mean pre-monsoon temperature,
mean monsoon temperature, pre-monsoon mean minimum
temperature, and monsoon mean minimum temperature.

Hansen et al. (2005) and Rayner et al. (2006) found that
the recent warming of the climate system is unequivocal, as
evidenced from observations of increases in global average
air and ocean temperatures. The hydrological cycle of mid-
to high-latitude regions has experienced significant changes
as a result of twentieth-century climate warming (Huntington
2006). Klein Tank et al. (2006) studied the changes in daily
temperature and precipitation extremes in central and
south Asia and found that 70 % of the stations have
statistically significant increases in the percentage of
warm nights/days and decreases in the percentage of
cold nights/days. According to Trenberth and Josey
(2007), the global surface air temperature increased
about 0.74±0.18 °C during the last 100 years, and
human modification of the atmospheric composition
has made the most crucial contribution to this warming
in recent decades. Temperature changes have not been
uniform globally but have varied over regions and different
parts of the lower atmosphere (IPCC 2007).

Ghahraman (2006) investigated the long-term trend of
mean annual temperature at 34 synoptic stations in Iran's
different climates with a minimum record of 30 years by
Student's t test and determined three trend zones for mean
annual temperature in Iran, i.e., positive trend, negative trend,
and zero trends. Results showed that there was a positive trend
in 50 % of the stations, while 41 % of stations had a negative
trend. Soltani and Soltani (2008) investigated trends in tem-
perature and precipitation time series in Khorasan province,
northeast of Iran. Both positive and negative trends were
found in maximum and minimum temperatures in different
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stations. Tabari et al. (2011c) and Tabari and Hosseinzadeh
Talee (2011a) studied temporal trends in climatic variables in
the western half of Iran. They reported an increasing trend in
maximum, minimum, and mean air temperature, and a de-
creasing trend in the diurnal temperature range.

For a large watershed like Karun-Dez, which has an
agriculture-based economy, the availability of water under
changed climatic scenarios is very important. The agricultural
output is primarily governed by the availability of water from
various sources. The purpose of this study was to detect the
temporal trends in the temperature characteristics series of the
stations located in the Karun-Dez watershed. A comparison of
the used trend tests was another aim of the study.

2 Materials and methods

2.1 Study area

The Karun-Dez watershed (Great Karun), with an area of
approximately 67,500 km2 and geographic coordinates of
30° to 34° 15′ N latitude and 48° to 52° E longitude with
special topography, includes partly Chaharmahal Bakhtiari,
Lorestan, Kohgiluyeh-Boyer Ahmad, Isfahan, and Khuzestan
provinces of southwestern Iran. The various elevation levels
and Zagros mountain feature effects on this region's climate
cause relative heterogeneity in climatic characteristics.

2.2 Data set

Temperature data were obtained from the 13 meteorological
stations with different record lengths of high-quality daily
and monthly records positioned within or along the moun-
tain regions of the area. Figure 1 shows the location of the
Karun-Dez watershed in the Iranian map and the study
stations. It should be noted that three stations (Khorram-
Abad, Shams-Abad, and Sarabhende) are not located within
the watershed, but due to the small distance, geographical
and climatic conditions are suitable for representing the
large parts of the Karun-Dez watershed. Attributes of these
stations are presented in Table 1.

The monthly and daily data used in the analyses were
provided by the Iran meteorological agency station network.
Missing data always present a potential problem for analyzing
time series. The Iran meteorological agency station network
monthly temperature data, however, have missing values in-
terpolated by using a network of surrounding stations, so
records are generally free of gaps. Only stations with good
record lengths are used. In fact, the record lengths of the time
series are between 30 and 54 years (up to 2005). However,
these ensured data gaps were about 3 %. In this study, a trend
analysis was conducted on various air temperature time series
such as the annual maximum (Tmax), minimum (Tmin), mean

(Tmean), diurnal temperature range (DTR), and temperature
anomaly (Tanomaly) of the watershed, using the Mann–Kendall
(MK) and linear regression trend tests. Tanomaly was consid-
ered as the difference between annual mean temperature and
long-term statistical mean.

2.3 Nonparametric trend test

Data were analyzed using the Mann–Kendall test. Mann
(1945) originally used this test, and Kendall (1975) subse-
quently derived the test statistic distribution. Its advantage is
that it is distribution free, does not assume any special form
for the distribution function of the data, including censored
and missing data (Yue et al. 2002), and has been recom-
mended widely by the World Meteorological Organization
for public application (Mitchell et al. 1996). Also, Ben-Gai
et al. (1999), Yue and Hashino (2003), Singh et al. (2008),
Brunetti et al. (2009), Martínez et al. (2010), Tabari and
Hosseinzadeh Talee (2011c) and Tabari et al. (2011c) used
the Mann–Kendall test for evaluation of trend in tempera-
ture characteristics. In addition, the Mann–Kendall test has
been found to be an excellent tool for trend detection by
many researches in similar applications (e.g., Ben-Gai et al.

Fig. 1 Geographic location of the study area and its meteorological
stations
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1999; Yue and Hashino 2003; Singh et al. 2008; Brunetti et
al. 2009; Martinez et al. 2010; Tabari and Hosseinzadeh
Talee 2011a, b; Tabari et al. 2011c). The MK test considers
only the relative values of all terms in the series X0{x1, x2,
…, xn} to be analyzed. The MK test statistic is given by:

S ¼
Xn�1

i¼1

Xn

j¼iþ1

sgnðxj � xiÞ ð1Þ

where xi and xj are the sequential data values, n is the data
set record length, and

sgnðθÞ ¼
1 θ > 0

0 if θ ¼ 0

�1 θ < 0

8
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>:

9
>=

>;
ð2Þ

Under the null hypothesis of no trend and the assumption
that the data are independent and identically distributed, the
zero mean and variance of the S denoted by σ2 is computed
as:

σ2 ¼ nðn� 1Þð2nþ 5Þ
18

ð3Þ

The standard normal variant is then used for hypothesis
testing and is designated here as the trend test statistic index
Z, as follows:

Z ¼

S � 1

σ
S > 0

0 if S ¼ 0

S þ 1

σ
S < 0
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>>>><

>>>>:

9
>>>>=

>>>>;

ð4Þ

Thus, in a two-tailed test for trend, the null hypothesis
H0, that there is no trend in the dataset, is either rejected or
accepted depending on whether the calculated Z statistics is
more than or less than the critical value of Z statistics

obtained from the normal distribution table at the 5 and
1 % significance levels. The positive value of Z shows
increasing trend, and its negative value shows decreasing
trend (Kahya and Kalayci 2004).

2.4 Sen slope estimator

Trend magnitude is estimated using a nonparametric
median-based slope method proposed by Sen (1968)
and extended by Hirsch et al. (1982):

b ¼ Median
xj � xk
j� k

� �
for all k < j ð5Þ

where 1<k<j<n, and β is the median of all possible
combinations of pairs for the whole data set.

2.5 Linear regression trend test

This is one of the most common tests for linear trend
and, in its basic form, assumes that data are normally
distributed (Kundzewich and Robson 2004). It is used
to describe the relationship between one variable with
another or other variables of interest. It is often
performed to obtain the slope of hydrometeorological
variables on time. Positive values of the slope show
increasing trend, while negative values of the slope
indicate decreasing trend (Tabari and Marofi 2011).
Regression has the advantage that it provides a measure
of significance based on the hypothesis test on the
slope and also gives the magnitude of the rate of
change (Hirsch et al. 1991). The total change during
the period under observation is obtained by multiplying
the slope by the number of years. In this work, the
trends were considered to be statistically significant on
α<0.05 and α<0.01 levels using the F test.

Table 1 Characteristics of the
stations used in the study Station Longitude (E) Latitude (N) Elevation (m.a.s.l.) Date

Abbaspour 49° 36′ 32° 04′ 820 1968–2005

Ahvaz 48° 40′ 31° 20′ 23 1951–2005

Arabasad 48° 53′ 31° 51′ 33 1975–2005

Barangard 49° 49′ 31° 43′ 825 1969–2005

Dez 48° 27′ 32° 33′ 525 1970–2005

Khorram-Abad 48° 17′ 33° 26′ 1,147 1951–2005

Lali 49° 06′ 33° 22′ 390 1975–2005

Sarabhende 50° 01′ 33° 21′ 2,000 1968–2005

Shahrekord 50° 51′ 32° 17′ 2,049 1955–2005

Poleshalou 50° 08′ 31° 44′ 700 1975–2005

Shams-Abad 49° 44′ 33° 49′ 2,400 1964–2005

Tangepanj 48° 46′ 32° 54′ 540 1975–2005

Yasouj 51° 35′ 30° 40′ 1,837 1973–2005
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2.6 Serial correlation effect

To eliminate the influence of serial correlation on the Mann–
Kendall test, Storch (1995) proposed to pre-whiten the se-
ries before applying the Mann–Kendall test, i.e., to remove
serial correlation from the series. In addition to the Mann–
Kendal test, this study adopts the same procedure proposed
by Storch (1995) to eliminate the influence of serial corre-
lation on Sen's slope estimator.

Possible statistically significant trends in air temperature
observations (x1, x2,..., xn) are examined using the following
procedures:

1. Computation of the lag-1 serial correlation coefficient
(designated by r1).

2. If the calculated r1 is not significant at the 5 % level,
then the Mann–Kendall test and Sen's slope estimator
are applied to original values of the time series.

3. If the calculated r1 is significant, prior to application of
the Mann–Kendall test and Sen's slope estimator, then
the “pre-whitened” time series may be obtained as (x2−
r1x1, x3−r1x2,…, xn−r1xn−1) (Partal and Kahya 2006).

3 Results and discussion

3.1 Temporal trend analysis of temperature characteristics

The trends of different temperature characteristics (Tmax,
Tmin, Tmean, Tanomaly, and DTR) at the considered stations
were determined. The results of the application of the
Mann–Kendall and linear regression test to determine
monotonic trends in the temperature characteristics were
summarized in Figs. 2, 3, and 4. For the majority of the
stations, the temperature trends were found to be significant.
According to the results of the Mann–Kendall and linear
regression trend tests, 8 out of 13 stations showed an in-
creasing trend of annual Tmean, respectively.

The annual Tmean time series showed a statistically sig-
nificant trend at seven (six increasing and one decreasing)
and three (all increasing) stations based on the linear regres-
sion and Mann–Kendall tests, respectively. Trend slopes
were between −0.33 °C/decade at Khorram-Abad station
and 1.21 °C/decade at Abbaspour station by the linear
regression test and between 0.27 °C/decade at Arabasad
station and 0.44 °C/decade at Barangard station by the
Sen slope test. The increasing trends in annual Tmean

data, found in this study, are in accordance with the
results of Ghahraman (2006) and Tabari et al. (2011c)
who reported a warming trend in the annual Tmean by Student's
t test and the Mann–Kendall test at the majority of the studied
stations in Iran.

The annual Tmax showed a significant positive trend at
two stations and significant negative trends in three stations.
Based on the linear regression test, the annual Tmax had a
statistically significant trend at five (two increasing and
three decreasing) stations, while there are statistically sig-
nificant trends at three (two increasing and one decreasing)
stations based on the Mann–Kendall test. Trend slopes were
between −0.87 °C/decade at Abbaspour station and 0.48 °C/
decade at Shams-Abad station by the linear regression test
and between −0.82 °C/decade at Abbaspour station and
0.18 °C/decade at Ahvaz station by the Sen slope test.

The annual Tmin showed similar trends according to the
statistical tests. The statistically significant trends were
found at four (all increasing) stations. Trend slopes were
between 0.46 °C/decade at Ahvaz station and 1.73 °C/de-
cade at Yasouj station by the linear regression test and
between 0.37 °C/decade at Ahvaz station and 1.94 °C/de-
cade at Yasouj station by the Sen slope test. Tabari and
Hosseinzadeh Talee (2011a) found a significant trend slope
equal to 0.91 °C/decade at Ahvaz station, −0.58 °C/decade
at Khorram-Abad station, and −0.29 °C/decade at Shahre-
kord station based on a 40-year (up to 2005)-record data
length, while this study indicated an insignificant trend
slope equal to −0.18 °C/decade and −0.2 °C/decade at
Khorram-Abad station and 0.71 °C/decade and 0.92 °C/
decade at Shahrekord station based on the linear regression
and Sen slope tests, respectively. It has to be noticed that this
study used a 54-year (up to 2005)-record length at Ahvaz
and Khoram-Abad stations and used a 50-year (up to 2005)-
record data length at Shahrekord station.

Furthermore, the annual DTR showed a similar trend in
the two used tests. A statistically significant trend was
observed at three (all increasing) stations. Trend slopes were
between −1.89 °C/decade at Abbaspour and −0.89 °C/de-
cade at Barangard station by the linear regression test and
between −2.11 °C/decade at Abbaspour station and −0.57 °
C/decade at Barangard station by the Sen slope test. It is
indicated that 8 out of 13 stations were dominated by an
increasing trend of annual Tanomaly based on the two test
results. The annual Tanomaly time series showed a statistically
significant trend at seven (six increasing and one decreasing)
and three (all increasing) stations based on the linear regres-
sion and Mann–Kendall tests, respectively. Trend slopes
were between −0.33 °C/decade at Khorram-Abad station
and 1.22 °C/decade at Abbaspour station by the linear re-
gression test and between 0 °C/decade and 0.44 °C/decade at
Barangard station by the Sen slope test.

In some of investigated time series, the difference in
significance and trend slope in the two parametric and
nonparametric tests results were observed. Correct use of
parametric linear regression test requires the variable to be
normally distributed (Huth 1999). Therefore, these time
series were tested, and in any time series, the null hypothesis

Watershed-wide trend analysis of temperature characteristics 315



Fig. 2 Values of the slope
(degrees Celsius per decade) in
the linear regression test for
different temperature
characteristics (bold values
indicate significance level at
5 %, and the underlined bold
values indicate significance
level at 1 %)

Fig. 3 Values of the slope
(degrees Celsius per decade) in
the Sen slope test for different
temperature characteristics
(bold values indicate
significance level at 5 %, and
the underlined bold values
indicate significance level at
1 %)
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(H0: the sample follows a normal distribution) is not
rejected.

For Abbaspour station, the trend was found to be signifi-
cant for all the temperature characteristics, whereas for
Tangepanj, Poleshalou, and Sarabhendeh stations, the trend
was insignificant for all the temperature characteristics. In
addition, the trend slope for all the temperature characteristics
at Abbaspour station is very high. Ahvaz station experienced
maximumwarming due to a significant increase in maximum,
mean, and minimum temperatures, while the Khorram-Abad
station showed the largest cooling trend as a result of a
significant decrease in both mean and maximum temperatures
and an insignificant decrease in minimum temperature. More-
over, Abbaspour station experienced maximum changes be-
cause all of the temperature characteristic trends were
significant, and the trend slope for all the temperature charac-
teristics was very high. The time series and linear trends of the
temperature characteristics at Abbaspour station are illustrated
in Fig. 5.

3.2 Geographical trend analysis of temperature
characteristics

The geographical distributions of the observed trends in the
temperature characteristics series at the stations are shown in
Figs. 2, 3, and 4. The difference in trend direction and
magnitude in the temperature characteristics from station

to station can be seen from these figures. The analysis of
the trends of the temperature characteristics shows that there
is variability in the trend and magnitude of increase/decrease
within the watershed.

The geographical distribution of the changes in the an-
nual Tmean series at the regional scale shows that a broad
warming trend has been observed across the whole water-
shed. The results of the trend analysis of the annual Tmax

time series showed that there was no dominant trend for the
whole watershed. In addition, the analysis indicated that
there was a positive trend mainly in the annual Tmin time
series in the southern half of the watershed. As discussed
above, the Tmax time series did not experience any dominant
trend, but the annual minimum temperature time series
experienced a positive trend in the southern half of the
Karun-Dez watershed; therefore, diurnal temperature range
time series showed a dominant negative trend in the south-
ern half of the watershed. At last, the investigation of the
geographical changes in the annual anomaly time series
showed that its trend followed from the trend of the annual
mean temperature time series. Karun-Dez watershed is one
of the most important regions of Iran in the fields of agricul-
ture and water resources. There are several important rivers
and big dams in this watershed. In addition, there are many big
agricultural projects that need a huge amount of water. In the
last decades, agriculture and population were extended rapid-
ly. Temperature trend was mainly investigated at the synoptic

Fig. 4 Values of the statistics Z
of the Mann–Kendall test for
the annual means of
temperature characteristics
(bold values indicate
significance level at 5 %, and
the underlined bold values
indicate significance level at
1 %)

Watershed-wide trend analysis of temperature characteristics 317



stations of Iran. Because of the great importance of this
watershed, a watershed-wide trend analysis considering more
stations in watershed limit and long-term record length was
necessary. Broad warming will increase evaporation and
evapotranspiration from water resources and agricultural
fields extensively. Generally, this watershed experienced an
increase in agricultural water requirement. In addition, it leads
to a greater decrease in river discharge and will bring about
more environmental problems. It seems that water resources
planning will be the most difficult problem in the future in this
watershed due to broad warming and the consequent water
requirement.

4 Conclusions

Due to industrial activities in the last century and green-
house gas distribution, a climate change debate in recent
decades has been highly considered. Also, global warming
is likely to have significant impacts on the hydrological
cycle, which will affect water resource systems. In several
studies, variation on temperature characteristic changes as
one of the most important parameters of climate has been

considered. Considering that the Karun-Dez watershed is
one of the most important watersheds in Iran, in this study,
related information on temperature characteristics (Tmax,
Tmin, Tmean, Tanomaly, and DTR) in the 13 stations of this
watershed was studied. The parametric linear regression and
nonparametric Mann–Kendall tests were applied on the
temperature characteristic time series, and the direction
and significance of trends were analyzed. The analysis in-
dicated that the annual Tmin, Tmean, and Tanomaly increased at
the majority of the study stations during the last decades,
while the annual Tmax and DTR decreased at most of the
stations. Results are in accordance with other recent research
works, but some were different as observed in trend slope
and trend significances in some time series at the same
stations because of serial correlation effect and different
record lengths. In addition, in some time series, small differ-
ences in significance and trend slope between two investi-
gated tests were observed. More investigation showed the
studied time series had a normal distribution. Moreover, the
geographical analysis revealed that the trend pattern of the
annual Tmean time series was similar to that of the Tanomaly

time series, and a broad warming trend across the whole
watershed occurred in recent years. The annual Tmax time
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series had no specific geographical pattern, but the annual
Tmin and DTR time series had a negative trend in the
southern half of the watershed. Overall, the results may be
useful for understanding the climate change/variability in
the region.
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