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Abstract Trends in air temperature and precipitation data

are investigated for linkages to global warming and climate

change. After checking for serial correlation with trend-

free pre-whitening procedure, the Mann–Kendall test is

used to detect monotonic trends and the Mann–Whitney

test is used for trend step change. The case study is Ma-

harlo watershed, Southwestern Iran, representing a semi-

arid environment. Data are for the 1951–2011 period, from

four temperature sites and seven precipitation sites. A

homogeneity test investigates regional similarity of the

time series data. The results include mean annual, mean

annual maximum and minimum and seasonal analysis of

air temperature and precipitation data. Mean annual tem-

perature results indicate an increasing trend, while a non-

significant trend in precipitation is observed in all the sta-

tions. Furthermore, significant phase change was detected

in mean annual air temperature trend of Shiraz station in

1977, indicating decreasing trend during 1951–1976 and

increasing trend during 1977–2011. The annual precipita-

tion analysis for Shiraz shows a non-significant decrease

during 1951–1976 and 1977–2011. The result of homoge-

neity test reveals that the studied stations form one

homogeneous region. While air temperature trends appear

as regional linkage to global warming/global climate

change, more definite outcome requires analysis of longer

time series data on precipitation and air temperature.

1 Introduction

Global warming observed in the last few decades has been

linked to large-scale changes in the hydrologic cycle

including: increase in the amount of water vapor in the

atmosphere, variable precipitation patterns (intensity and

extremes), reduced snow cover and widespread ice melting

and changes in soil moisture and runoff (Bates et al. 2008).

The results have led to a decrease in the available water

resources, which is more clearly evident in the dry areas

where agricultural water use represents the majority of the

water. Thus, the study of changes in precipitation and

temperature, as the most important factors in assessing

climate change is essential.

Climate change can be detected as a result of change in

the state of the climate, normally identified by changes in

the mean and/or the variability of the mean properties,

persisting for an extended period, which could last for

decades or longer. Such changes may be due to natural

variability and/or human activity. According to the Fourth

Assessment Report of the Intergovernmental Panel on

Climate Change (IPCC 2007), the global average surface

temperature has increased by about 0.74 �C over the

twentieth century.
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Dore (2005) by synthesizing the large literature

recording changing patterns of precipitation in the

observed data reveals that variance of precipitation has

increased just about everywhere, wet areas have become

wetter and dry and arid areas have become drier. In addi-

tion, the following general changing pattern is emerging:

(a) increased precipitation in high latitudes (Northern

Hemisphere); (b) reduction in precipitation in China,

Australia and the Small Island States in the Pacific; and

(c) increased variance in equatorial regions.

Climate change is increasingly recognized as a global

challenge to assess climate change/variability in various

parts of the world, especially regarding its impacts on the

natural and human systems (IPCC 2007). For example,

Burns et al. (2007) used Mann–Kendall test to evaluate

annual, monthly, and multi-month trends in air tempera-

ture, precipitation amount, stream runoff, and potential

evapotranspiration in the Catskill region of southeastern

New York State during 1952–2005. They found a general

pattern of warming temperatures and increased precipita-

tion in the region. Fan and Wang (2011) showed that

annual mean air temperature has increased by 1.20 �C, and

annual precipitation has decreased by 99.20 mm during the

past 50 years across Shanxi, China.

Khattak et al. (2011) revealed an increasing trend in

winter maximum temperature with the trend in slopes of

1.79, 1.66, and 1.20 �C per 39 year for the upper, middle,

and lower regions, respectively, in the upper Indus River

basin in Pakistan. They also reported precipitation trends

were inconsistent and showed no definite pattern. For

Greece, Marougianni et al. (2013) showed that peak

temperature extremes are becoming warmer, especially for

the minimum temperatures, while precipitation is

decreasing over the area with variable local significance

though. De Luis et al. (2012) indicated that mean annual

temperature significantly increased in nearly all of

Slovenia (except western areas) at rates between 0.15 and

0.36 �C/decade. Warming was most intense strongest in

summer and spring in Northeastern Slovenia (0.3–0.4 �C/

decade) and weakest in autumn. Precipitation trends were

heterogeneous. Annual precipitation decreased signifi-

cantly in the northwestern part, at 3–6 % per decade.

During spring and summer, decrease in rainfall by 3–6 %

was detected in Western Slovenia. No significant trends

were found for the autumn season. In winter, precipitation

decreased, by 3–12 % per decade, in particular in North-

western Slovenia.

Table 1 Geographical information of the studied stations

Station name Elevation (m) Longitude

DMS

Latitude

DMS

Bajgah 1,810 29-50-00 52-46-00

Dobane 1,490 29-25-08 52-46-52

Ghalat 2,050 29-49-08 52-19-40

Kohenjan 1,469 29-12-00 52-59-00

Maharlo–Sarvestan 1,490 29-21-00 52-49-00

Sarvestan 1,570 29-16-38 53-13-09

Shiraz 1,488 29-36-00 52-32-00

Fig. 1 Station locations in the

study area
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Gocic and Trajkovic (2013) showed increasing trends in

both annual and seasonal minimum and maximum air

temperature series and no significant trends in summer and

winter precipitation series in Serbia during 1980–2010. In

Nigeria during 1901–2000, Oguntunde et al. (2012) indi-

cated a significant decreasing of temperature during

1931–1960, while 1961–1990 showed a significant

increasing of temperature and no significant trend was

detected for 1901–1930. They showed annual temperature

has risen by 0.03 �C/decade during last century. Chen et al.

(2007) reported significant upward trends in the tempera-

ture in most parts of the Hanjiang Basin, but no trend in

precipitation in the study area. Feng et al. (2011) demon-

strate significant increasing trends in annual and seasonal

mean temperature series in Nenjiang River Basin, with few

spatial differences compared to spatial and temporal vari-

ations of the precipitation trend. Significant trends of

annual, summer, autumn and winter precipitation series

with decreasing trends were detected, which mainly

concentrate on the right bank, while increasing trends were

found on the left bank of the basin.

In Hungary during 1901–1998, Domonkos and Tar

(2003) indicated a non-significant increasing of mean

temperature and significant decreasing of annual precipi-

tation during the twentieth century. Some other works that

reported temperature and precipitation trend can be found

in Zhang et al. (2000), Suhaila et al. (2010), Hingane et al.

(1985), Xu et al. (2003), Terzago et al. (2012), Wolock

et al. (1993), Turkes (1996), Kadioglu (1997), Cannarozzo

et al. (2006), Kampata et al. (2008), Unkasevic and Tosic

(2011), Yaning et al. (2009), among many others.

A review of literature shows that some studies have

devoted their efforts to identify possible climate change/

variability over Iran, based on the information of individual

stations, e.g., Ghahraman (2006) evaluated trend of mean

annual temperature at 34 stations in Iran by the Student’s

t test. He concluded that there was an upward trend in 50 %

of the stations, while 41 % of the stations had a downward

trend. Modarres and Silva (2007) analyzed annual rainfall,

number of rainy days per year and monthly rainfall of 20

Table 2 Results of Mann–

Kendall test at the significance

level 5 % for mean annual and

seasonal air temperature

sub-series

r null hypothesis rejected, n not

rejected

Station Time series Z

Annual H0 Spring H0 Summer H0 Autumn H0 Winter H0

Shiraz 1951–2011 5.334 r 5.487 r 5.266 r 3.79 r 2.467 r

1951–1976 -2.403 r -0.971 n -1.261 n -1.883 n -2.053 r

1977–2011 3.168 r 2.802 r 2.393 r 1.253 n 2.716 r

Bajgah 1977–2011 4.723 r 3.46 r 4.842 r 4.656 r 2.291 r

Dobane 1977–2011 3.874 r 3.056 r 4.141 r 3.488 r 2.193 r

Ghalat 1977–2011 5.222 r 4.057 r 5.276 r 4.18 r 3.33 r
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Fig. 2 Mean annual air temperature time series and its linear trend in

Shiraz station
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stations to assess climate variability in arid and semi-arid

regions of Iran. Their results showed mixed trends of

increasing and decreasing rainfall with no significant trend

for annual rainfall and no significant trend for mean

number of rainy days per year in 90 % of stations.

Kousari et al. (2011) evaluated trend analysis of min-

imum, maximum and mean temperatures, relative

humidity, and the precipitation in the eastern and central

areas and, to some extent, the northern parts of Iran on

monthly and yearly scales in 26 stations. The results

indicated a significant decrease in the precipitation in

summer and minimum air temperature showed more

significant changes compared to the other studied

parameters. Modarres and Sarhadi (2009) analyzed the

spatial and temporal trend of the annual and 24-h maxi-

mum rainfall in 145 stations of Iran. Their results showed

the annual rainfall decreased in 67 % of the stations,

while the 24-h rainfall annual maximum increased in

50 % of the stations.

Tabari and Hosseinzadeh Talaee (2011) analyzed tem-

poral variability of maximum and minimum air tempera-

tures for 20 stations from 1966 to 2005 in the western half

of Iran in monthly, annual and seasonal scales. The results

revealed increasing trends in 85 % of the stations, whereas

15 % of the stations had decreasing trends. Banimahd et al.

(2013) investigated precipitation-based climate change and

cyclic variation for regions with different climatic condi-

tions and showed that climate change as a result of
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Fig. 4 Mean annual air temperature time series and its linear trend in Bajgah, Dobane and Ghalat stations of Maharlo watershed (1977–2011)
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significant variability in annual precipitation could not be

confirmed for the stations studied in Iran.

Only a few studies have given attention to the regional

trend analysis of climate with high resolution over Iran

(e.g., Masih et al. 2011; Marofi et al. 2012). In this case,

analysis of the regional trend would seem to be of research

interest. The objective of this study is to investigate pos-

sible regional trends in watershed scale and step changes in

air temperature and precipitation data, as possible linkages

to the global warming/global climate change. The case

study is Maharlo watershed located in Fars province,

Southwestern Iran.

2 Materials and methods

2.1 The study area and data

The study area is the Maharlo watershed with a drainage

area of 4,272 km2 located in Fars province, southwestern

region of Iran, at 52�110–53�290E longitudes and 29�130–
29�590N latitudes. This urban watershed has a northwest–

southeast extent, with 2,019 km2 of lowland and 2,253 km2

of highlands. Ghalat Mountain with an elevation of 2,990 m

above sea level and the floor of Maharlo Lake with 1,453 m

above sea level are the highest and lowest points in the

region, respectively. Shiraz and Sarvestan are the most

important cities in the region. There is no perennial river in

the region and only Khoshk and Chenar–Rahdar ravines of

Shiraz plain and Nazarabad ravine in Sarvestan plain pour

into Maharlo Lake. Spring time is temperate, followed by a

hot summer and mild winter. Since water input rate is

usually less than the evaporation rate, a salt layer is always

formed on the surface of Maharlo Lake.

In this study input data consist of mean annual, mean

annual minimum and maximum air temperature and

monthly and annual precipitation, collected by the Iranian

Regional Water Resources Departments and also Iranian

metrological Organization (Table 1). The studied stations

are shown in Fig. 1. As is shown in the table and Fig. 1,

there are a total of seven stations (three rain gauge stations

and four climatological stations) in the study area. The rain

gauge stations only measure rainfall, whereas climatolog-

ical stations measure rainfall as well as other parameters

including temperature. Therefore, there are seven stations

with rainfall data and four stations with temperature data.

2.2 Serial correlation

Trend-free pre-whitening procedure proposed by Yue et al.

(2002) was used to detect a significant trend in a time series

data with significant serial correlation, based on the fol-

lowing steps:

Following the works of Theil (1950a, b, c) and Sen

(1968), the slope of the trend line (b) is computed.

b ¼ Median
Xj � Xi

j� i

� �
8i � j ð1Þ

where Xj and Xi are respective data values at times j and

i (j [ i) for N pair of data. Then, data series is de-trended

by:
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X0t ¼ Xt � bt ð2Þ

The lag-one serial correlation coefficient (r1) of the de-

trended series X0t is calculated using:

rk ¼
1

n�k

Pn�k
t¼1 Xt � �Xð Þ Xtþk � �Xð Þ
1
n

Pn
t¼1 Xt � �Xð Þ2

ð3Þ

If

�1� 1:645
ffiffiffiffiffiffiffiffiffiffiffi
n� 2
p

n� 2
� r1�

�1þ 1:645
ffiffiffiffiffiffiffiffiffiffiffi
n� 2
p

n� 2
ð4Þ

If data are assumed to be serially independent at a

specific significance level, no pre-whitening is required

(Anderson 1942; Yevjevich 1972; Salas et al. 1980). If data

are serially correlated, pre-whitening is required before

applying the Mann–Kendall test, applying the trend-free

pre-whitening (TFPW) procedure as follows:

First, the lag-one autoregressive component is removed

from the X0t by:

Y 0t ¼ X0t � r1X0t�1 ð5Þ

Then, trend (b 9 t) is added to Y 0t :

Yt ¼ Y 0t þ bt ð6Þ

It is evident that the blended series Yt could preserve the

true trend and is no longer influenced by the effects of

autocorrelation. Therefore, the Mann–Kendall test is

applied to the blended series to assess the significance of

the trend.

2.3 Mann–Kendall test

Trend analysis was evaluated with the non-parametric

Mann–Kendall test (Mann 1945; Kendall 1975), which

reliably identifies monotonic linear and non-linear trends in

non-normal data sets with outliers (Helsel and Hirsch

2002). The test is based on the statistic S, which is calcu-

lated using the formula:

S ¼
Xn�1

k¼1

Xn

j¼kþ1

sgn xj � xk

� �
ð7Þ

sgn xj � xk

� �
¼

þ1 if xj � xk [ 0

0 if xj � xk ¼ 0

�1 if xj � xk\0

8<
:

9=
; ð8Þ

where n is the number of observed data series, xj and xk are

the values in periods j and k, respectively (j [ k). For

n C 10, the sampling distribution of S is as follows. Z fol-

lows the standard normal distribution:

Z ¼

S� 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var Sð Þ

p if S [ 0

0 if S ¼ 0

Sþ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var Sð Þ

p if S\0

8>>>>><
>>>>>:

9>>>>>=
>>>>>;

ð9Þ

where Var(S) is determined as

Var Sð Þ ¼ 1

18
n n� 1ð Þ 2nþ 5ð Þ �

Xq

n�1

tp tp � 1
� �

2tp þ 5
� �" #

ð10Þ

Table 3 Results of Mann–

Kendall test at the significance

level 5 % for mean annual and

seasonal minimum air

temperature sub-series

r null hypothesis rejected, n not

rejected

Station Time series Z

Annual H0 Spring H0 Summer H0 Autumn H0 Winter H0

Shiraz 1951–2011 4.524 r 5.574 r 4.492 r 3.319 r 2.985 r

1951–1976 -3.269 r -1.876 n -3.204 r -2.963 r -2.737 r

1977–2011 2.178 r 2.86 r 2.547 r 1.151 n 1.238 n

Bajgah 1977–2011 5.041 r 2.665 r 4.131 r 2.832 r 1.893 n

Dobane 1977–2011 2.564 r 2.789 r 3.557 r 0.699 n 1.024 n

Ghalat 1977–2011 3.756 r 3.286 r 3.103 r 3.214 r 2.29 r
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where q is the number of tied groups, and tp is the number

of data values in the pth group. If |Z| [ Z1-a/2, null

hypothesis is rejected and a significant trend exists in the

time series. Z1-a/2 is the critical value of Z from the

Standard Normal Table, for 95 % confidence the value of

Z1-a/2 is 1.96. A positive value of Z indicates an upward

trend, and a negative one shows a downward trend. The

slope of each trend was identified by the method of Sen

(1968) as the median of all possible pairwise slopes.

2.4 Step change analysis

The Mann–Whitney step change test for difference in

medians is a non-parametric test of two subsets of data

representing pre- and post-intervention period and goes by

many names such as the Wilcoxon rank-sum test, the

Mann–Whitney test or the Wilcoxon–Mann–Whitney rank-

sum test (Helsel and Hirsch 2002).

We used the standard procedure in computing the rank-

sum test statistic, suggested by CRCCH (2005):

Rank all the data, from 1 (smallest) to N (largest). In the

case of ties (equal data values), the average of ranks is

used. The test statistic Zrs is computed as:

Zrs ¼
Sm � 0:5� lð Þ=r if Sm [ l

0 Sm ¼ 0

Sm þ 0:5� lð Þ=r if Sm\l

8><
>: ð11Þ

2

2.5

3

3.5

4

4.5

5

5.5

6

1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

M
ea

n 
m

in
im

um
 a

ir 
te

m
pe

ra
tu

re
 ( 

  0 C
 )

Bajgah 

10

10.5

11

11.5

12

12.5

13

13.5

14

14.5

15

1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

M
ea

n 
m

in
im

um
 a

ir 
te

m
pe

ra
tu

re
 ( 

   0
C

 )

Dobane 

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

m
ea

n 
m

in
im

um
 a

ir 
te

m
pe

ra
tu

re
 (

   
  

0 C
 )

Ghalat 

Time series
Linear trendTime series

Linear trend

Time series
Linear trend

Fig. 8 Mean annual minimum air temperature time series and its linear trend in Bajgah, Dobane and Ghalat stations of Maharlo watershed (1977–2011)
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where

l ¼ k N þ 1ð Þ=2 ð12Þ

r ¼ km N þ 1Þ=12ð Þ½ �0:5 ð13Þ

In the above equations, Sm is the sum of ranks of the

observations in the smaller group, k is the number of

observations in the smaller group, m is the number of

observations in the larger group and l, r are the theoretical

mean and standard deviation for the entire sample,

respectively.

The null hypothesis, H0, is that no change has existed in

the time series or two samples come from the same pop-

ulation (i.e., have the same median) are accepted when the

computed Zrs is less than the Z value obtained from a

normal distribution table at 5 % significance level.

2.5 Homogeneity test in trends

The test for homogeneity is described by van Belle and

Hughes (1984). This method uses the Mann–Kendall sta-

tistic (Z) for each station and sum these to compute the

total Chi-square statistic, then compute ‘‘trend’’ and

‘‘homogeneous’’ Chi squares:

v2
totalð Þ ¼

Xm

i¼1

Zi
2 ð14Þ

v2
terendð Þ ¼ mZ

2 ð15Þ

where

Z ¼
Pm

i¼1 Zi

m
ð16Þ

v2
ðhomogeneousÞ ¼ v2

totalð Þ � v2
trendð Þ ð17Þ

The null hypothesis that the stations are homogeneous

with respect to trend is tested by comparing v2 (homoge-

neous) to tables of the Chi-square distribution with m - 1

degrees of freedom. If it exceeds the critical value for the

pre-selected a, reject the null hypothesis and conclude that

different stations exhibit different trends.

3 Results and discussion

3.1 Serial correlation

It is essential to examine data series for presence of serial

correlation before using the non-parametric trend, test

because existence of serial correlation will increase the

probability that the Mann–Kendall test detects significant

trend (e.g., Von Storch 1995). This leads to an unbalanced

rejection of null hypothesis of no trend, whereas null

hypothesis is actually true (Yue et al. 2002). In order to

remove the influence of serial correlation on the Mann–

Kendall test if present, we checked data series by preva-

lently used method, named as pre-whitening. In this study,

the data series did not show any significant serial correla-

tion, therefore we used Mann–Kendall monotonic trend test

for the original data series.
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3.2 Non-parametric test of the temporal series of mean

annual air temperature

Air temperature is one of the most important factors used to

evaluate climate change. Among stations in the study area

Shiraz station with 61 years of record has the longest set of

data, which was used for step change trend. Figure 2 shows

the temporal series of mean annual temperature in the

Shiraz station of Maharlo watershed from 1951 to 2011.

The Mann–Whitney phasic-change test reveals occurrence

of step in 1977, which is significant at the 5 % level

(Zrs = -5.4). This is rather important, indicating a sig-

nificant phasic increase in the series.

The results of Mann–Kendall monotonic trend test for

Shiraz station (Table 2) suggest that there is a significant

air temperature decrease from 1951 to 1976 and increase

from 1977 to 2011. The results of Mann–Kendall test for

Shiraz station also reveal that for the entire period

(1951–2011), the air temperature increased. In order to

investigate the main reasons of air temperature increase in

the Shiraz station, we used seasonal sub-series of mean

annual air temperature, i.e., spring (April to June), summer

(July to September), autumn (October to December) and

winter (January to March). The arithmetic mean of sea-

sonal temperature is regarded as the integrated temperature

series in the drainage basin to carry out the monotonic

trend test. Our results reveal that there was an air tem-

perature decrease from 1951 to 1976 in all seasons, and the

initial hypothesis at the significance level 5 % was rejected

by the seasonal air temperature in winter, but was not

rejected in spring, summer and autumn (Table 2). Air

temperature increased during 1977–2011 and also during

the entire study period of 1951–2011 in all seasons, and the

initial hypothesis at the significance level 5 % was rejected

by the seasonal air temperature in all seasons except in

autumn of 1977–2011 (Table 2). The slope of trend in

Shiraz station revealed that the slope coefficient of air

temperature trend in winter (0.053) is higher than other

seasons during 1951–1976, suggesting that air temperature

decrease in winter was higher than other seasons (Fig. 3).

The slope coefficient of air temperature trend in winter

during 1977–2011 (0.05) and in spring during 1951–2011

(0.041) is higher than in other seasons in 1977–2011 and

1951–2011, respectively, suggesting that temperature

increase in those seasons was higher than other seasons and

the slope coefficient during 1977–2011 was higher than the

entire period of 1951–2011 (Fig. 3).

We used the Mann–Kendall monotonic trend test for

other stations in the region only after 1976 when step

change occurred because of short historical record in those

stations. Figure 4 shows temporal series of temperature in

Bajgah, Dobane and Ghalat stations of Maharlo watershed

from 1977 to 2011. The results of Mann–Kendall mono-

tonic trend test reveal that there was a significant air

temperature increase in all stations for annual and seasonal

sub-series of mean annual air temperature and the initial

hypothesis was rejected (Table 2). The slope of trend in

mean annual and seasonal air temperature for stations

under study is shown by Fig. 5.

Table 4 Results of Mann–

Kendall test at the significance

level 5 % for mean annual and

seasonal maximum air

temperature sub-series

r null hypothesis rejected, n not

rejected

Station Time series Z

Annual H0 Spring H0 Summer H0 Autumn H0 Winter H0

Shiraz 1951–2011 3.959 r 4.051 r 4.555 r 2.043 r 1.557 n

1951–1976 -0.863 n -0.487 n 0.463 n 0.994 n -0.684 n

1977–2011 2.836 r 1.78 n 1.482 n 0.725 n 2.928 r

Bajgah 1977–2011 4.156 r 2.843 r 3.729 r 1.979 r 2.189 r

Dobane 1977–2011 3.81 r 3.128 r 3.954 r 2.533 r 3.142 r

Ghalat 1977–2011 3.859 r 2.928 r 4.508 r 2.674 r 2.373 r
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3.3 Non-parametric test of the temporal series of mean

annual minimum air temperature

There was more significant decrease in slope of trends in

mean annual and seasonal minimum air temperature than in

mean annual and seasonal maximum or mean air temper-

ature during 1951–1976 and more significant increases for

1977–2011 and for 1951–2011 except spring during

1977–2011. The temporal series of mean annual minimum

air temperature in the Shiraz station from 1951 to 2011 are

shown in Fig. 6. The initial hypothesis at the significance

level 5 % was rejected for the sub-series during 1951–1976

and 1977–2011 (Table 3). There was air temperature

decrease during 1951–1976 in all seasons, and the initial

hypothesis at the significance level 5 % was rejected by the

seasonal temperatures in all seasons except spring

(Table 3). Temperature increase occurred during

1977–2011 and also 1951–2011 in all seasons, and the

initial hypothesis at the significance level 5 % was rejected

by the seasonal temperatures in all seasons except winter

and autumn 1977–2011 (Table 3). The slope of trend in

Shiraz station showed that the slope coefficient of mini-

mum air temperature trend in autumn (0.1) is higher than

other seasons during 1951–1976, suggesting that tempera-

ture decrease in autumn was higher than other seasons

(Fig. 7). The slope coefficients of air temperature trends in
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summer during 1977–2011 (0.0522) and spring during

1951–2011 (0.0524) are higher than in other seasons in

1977–2011 and 1951–2011, respectively.

Figure 8 shows temporal series of mean annual mini-

mum air temperature in Bajgah, Dobane and Ghalat sta-

tions during 1977–2011. Unlike Shiraz station, there was

less significant increase in slope of trends in mean annual

and seasonal minimum air temperature than in mean annual

and seasonal maximum or mean air temperature during

1977–2011 in other station in the region except for annual

and seasonal (autumn and winter) for Ghalat and autumn

season for Bajgah station. The results of Mann–Kendall

monotonic trend test reveal that there was a temperature

increase in all stations for annual and seasonal sub-series of

mean annual minimum air temperature, and the initial

hypothesis was rejected for annual series in all station

(Table 3). In Ghalat station, the original assumption was

rejected for all seasonal sub-series, for Bajgah station the

initial hypothesis was rejected for all seasonal sub-series

except for winter season and for Dobane station, the initial

hypothesis was rejected in spring and summer seasonal

sub-series (Table 3). Figure 9 illustrates the slopes of trend

for mean annual and seasonal minimum air temperature of

all stations in the region.

3.4 Non-parametric test of the temporal series of mean

annual maximum air temperature

The slopes of mean annual and seasonal maximum air

temperature trends were less significant (decreasing),

Table 5 Results of Mann–

Kendall test at the significance

level 5 % for annual and

seasonal precipitation sub-series

r null hypothesis rejected, n not

rejected

Station Time

series

Z

Annual H0 Spring H0 Summer H0 Autumn H0 Winter H0

Shiraz 1951–2011 -0.896 n -1.357 n 0.414 n -0.461 n -0.218 n

1951–1976 -0.838 n 0.331 n 1.391 n -1.213 n -0.749 n

1977–2011 -1.321 n -0.227 n 1.096 n -0.511 n -1.193 n

Bajgah 1977–2011 -0.994 n -0.568 n -1.078 n -0.71 n -1.094 n

Dobane 1977–2011 -1.136 n 0.312 n 1.087 n 0.071 n -1.008 n

Kohenjan 1977–2011 -0.312 n 2.173 r -0.712 n -0.795 n -1.023 n

Ghalat 1977–2011 -0.625 n -0.483 n 1.739 n -0.795 n -0.17 n

Maharlo–

Sarvestan

1977–2011 -0.199 n 2.017 r -1.505 n -0.511 n -0.653 n

Sarvestan 1977–2011 -1.457 n 0.171 n 0 n 0.078 n -1.937 n
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compared to mean annual and seasonal minimum or mean

air temperature during 1951–1976 and less significant

(increasing) for 1977–2011 and 1951–2011 periods except

spring during 1977–2011. The temporal series of mean

annual maximum air temperature in the Shiraz station for

1951–2011 is illustrated by Fig. 10. The initial hypothesis

was not rejected for the annual sub-series for the

1951–1976 periods (Table 4). Mean annual maximum air

temperature decreased during 1951–1976 in spring and

winter, and increased during summer and autumn seasons

and the initial hypothesis at the significance level 5 % was

not rejected (Table 4). Air temperature increased during

1977–2011 and 1951–2011 periods. The initial hypothesis

at the significance level 5 % was rejected for the

1977–2011 and 1951–2011 periods. Furthermore, the ini-

tial hypothesis at the significance level 5 % was not

rejected for seasonal sub-series, except in autumn during

1977–2011 but rejected for seasonal sub-series in spring,

summer and winter during 1951–2011 period (Table 4).

The slope of trend revealed that the trend slope coefficient

of maximum air temperature in winter (0.035) is higher

than other seasons during 1951–1976, suggesting that

temperature decrease in winter was higher than other sea-

sons (Fig. 11). The trend slope coefficient of air tempera-

ture in winter during 1977–2011 (0.089) and in spring

during 1951–2011 (0.032) is higher than other seasons

during 1977–2011 and 1951–2011, respectively (Fig. 11).

Figure 12 shows temporal series of mean annual maximum

air temperature in Bajgah, Dobane and Ghalat stations from

1977 to 2011. The results of Mann–Kendall monotonic

trend test reveal that there was a temperature increase in all

stations for annual and seasonal sub-series of mean annual

maximum air temperature, and the initial hypothesis at the

significance level 5 % was rejected for annual series in all

stations (Table 4). Figure 13 shows the slope of trend in

the stations in the study area.

3.5 Non-parametric test of the temporal series

of precipitation

The result of Mann–Whitney phasic-change test in Shiraz

station showed that the mean difference between the two

sub-series divided by years 2005, 2006, 2007 and 2008 was

significant at the 5 % significance level and was highest

divided by year 2007 (Z = -2.34). For a better under-

standing of the effect air temperature on precipitation, the

Mann–Kendall monotonic trend test for precipitation was

used in sub-series divided by year 1977 (when step change

of air temperature occurred). The Mann–Kendall mono-

tonic trend test of precipitation series of Shiraz station

revealed that the trend of precipitation slightly decreased

during 1951–1976, 1977–2011 and 1951–2011 periods, but

the slope of decreased trend during 1977–2011 was highest

(Table 5; Fig. 14). The initial hypothesis was not rejected

at the significance level 5 % in all series (Table 5). In order

to investigate the seasonal change of precipitation in Shiraz

station, seasonal precipitation data were further analyzed.

Figure 15 shows the slope of trend in each season, and also

the initial hypothesis was not rejected in all the seasons

(Table 5). The Mann–Kendall monotonic trend test was

also used for other stations in the region only after 1976

when air temperature step change occurred. Figure 16

shows temporal series of precipitation in Bajgah, Dobane,

Ghalat, Kohenjan, Maharlo–Sarvestan and Sarvestan sta-

tions from 1977 to 2011. The results of Mann–Kendall

monotonic trend test revealed that there was a decrease in

all stations for annual sub-series of precipitation, increase

in spring season in all stations (except Bajgah and Ghalat),

precipitation decrease in autumn (except Dobane and Sar-

vestan), and precipitation decrease in winter in all station

and the initial hypothesis was not rejected for all annual

and seasonal time series (except spring season in Kohenjan

and Maharlo–Sarvestan station), as shown in Table 5.

Slope of annual and seasonal precipitation trends is shown

by Fig. 17, because of non-rainy summer in the study area

the slope of summer trend is zero.

3.6 Homogeneity test in trends between stations

The results of the homogeneity test using Mann–Kendall

statistics indicate that the air temperature and precipitation

amount in stations for annual and seasonal sub-series

belong to the same regime, and the study area is a homo-

geneous region (v2 (homogeneous) was less than the crit-

ical value at a = 0.05) (Table 6).
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4 Conclusions

In the present study, trend analyses of air temperature and

precipitation time series (as the most important factors of

climate change) were investigated. The Mann–Whitney test

for step change and Mann–Kendall test for monotonic

trend were applied to the time series of annual and seasonal

sub series. Moreover, homogeneity test in trends was used.

Maharlo watershed located in Southwestern Iran was used

as the study area. According to the result, the main sig-

nificant step change between two air temperature sub-series

occurred in 1977. A general pattern of significant decrease

of mean annual air temperature and non-significant

decrease of precipitation were observed during 1951–1976.

Furthermore, significant increase of mean annual air tem-

perature and non-significant decrease of precipitation were

observed during 1977–2011 and 1951–2011 periods, in the

study area.

There were significant downward trends in mean annual

and mean annual minimum air temperature at 40 and 80 %

of annual and seasonal sub-series, respectively, for the

1951–1976 period. For mean annual maximum air tem-

perature, for the 1951–1976 period, non-significant down-

ward trends were observed in annual, spring and winter

sub-series and non-significant upward trends were

observed in summer and autumn seasons. For 1977–2011

and 1951–2011 periods, the results showed upward trends,

whereas, significant upward trends in mean annual and

mean annual minimum and maximum air temperature were

96, 80 and 84 % of annual and seasonal sub-series,

respectively. Maximum trends slope coefficient of mean

annual and mean annual minimum and maximum air

temperature occurred during 1977–2011 in Ghalat station

with slope coefficient of 0.1 �C/year in summer, 0.09 �C/

year in autumn and 0.1 �C/year in summer, respectively.

Significant increase of the air temperature in the Maharlo

watershed can be viewed as a local/regional response to

global warming and global climate change. Non-significant

downward trends occurred for 60 % of annual and seasonal

sub-series of precipitation during 1951–1976 and 68 %

during 1977–2011 and 1951–2011. The only significant

upward trend of precipitation was for spring season in

Kohenjan and Maharlo–Sarvestan stations, with slope

coefficient of 1.38 and 1.45 mm/year. Homogeneity test in

Table 6 Homogeneity test in trends for studied parameters

Parameter Time

series

v2

(total)

v2

(trend)

v2

(homogeneous)

Mean air temperature Annual 74.62 72.14 2.48

Spring 45.62 44.72 0.90

Summer 74.16 69.32 4.83

Autumn 52.89 46.08 6.80

Winter 28.52 27.72 0.80

Mean minimum air

temperature

Annual 50.84 45.83 5.01

Spring 33.86 33.64 0.22

Summer 45.83 44.48 1.36

Autumn 20.16 15.59 4.58

Winter 11.41 10.38 1.02

Mean maximum air

temperature

Annual 54.72 53.74 0.99

Spring 29.61 28.51 1.10

Summer 52.06 46.74 5.32

Autumn 18.01 15.65 2.36

Winter 28.87 28.26 0.61

Precipitation Annual 6.67 2.98 3.69

Spring 9.52 0.94 8.58

Summer 9.34 0.03 9.31

Autumn 2.30 0.82 1.48

Winter 8.89 4.09 4.80

The critical values for temperature and precipitation at a = 0.05 with

3 and 6 degrees of freedom are 7.81 and 12.59, respectively
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trend using Mann–Kendall statistics revealed that all

annual and seasonal sub-series of temperature and precip-

itation belong to the same regime and study area is a

Homogeneous region. While the results of air temperature

trend analysis appear as regional linkage to global warming

and global climate change, more definite outcome requires

future investigation of precipitation and air temperature

data, representing longer time periods.
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