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ABSTRACT

Evapotranspiration is one of the most important components of the hydrological
cycle. It is essential in all of hydro climatological studies, irrigation and drainage
calculations, water balance, and crop water requirements. The aim of this study is to
investigate temporal trends of reference evapotranspiration (ETo) in the Northwest
part of Iran. For this purpose, the meteorological data from 20 synoptic stations over
a 22-year time period (1986-2007) were used. After the calculation of ETo using the
Penman-Monteith FAO-56 method, the non-parametric Mann-Kendall test was used
to investigate the temporal trends on monthly, seasonal and annual scales. The Sen’s
estimator method was used and to calculate the slope of the trend line. The results
indicated that the ETo trend was increasing (positive) in various months, except for
the Sarab station in December. On a monthly scale, the Maragheh station showed the
highest positive slope in August, and the Bijar station showed the highest negative
slope in May. 43.34% of the stations showed a significant trend, and 56.66% did not
show a significant trend. In seasonal and annual time periods there was not a signifi-
cant decreasing trend in any of the stations. The analysis of the results shows that in
the spring 20%, in the summer 55%, in the fall 70%, in the winter 75%, and on an
annual scale 60% of the stations under study showed an increasing trend. For model-
ing these changes, the spatial distribution of ETo trends (on monthly, seasonal, and
annual scales) were mapped in ArcGIS. Final models determine that most stations in
this study show an increasing trend on monthly, seasonal and annual scales.

Keywords: reference evapotranspiration, trend, Mann-Kendall test, Sen’s estimator,
Northwest of Iran.

international communities. Such that all nations

INTRODUCTION

Evapotranspiration, following precipitation,
is the most important component of the hydro-
logical cycle. It is one of the main components
of water balance, and proper irrigation scheduling
programs in any location. Limited water resourc-
es and undesirable and uneconomic use of it are
the main factors that limit agricultural develop-
ment and food production in Iran. Therefore, it is
essential to have sufficient information about the
changes in evapotranspiration for accurate plan-
ning of agricultural irrigation and water resource
management in any region.

In recent years, the issue of climate change
and its impacts has created many challenges in

attempt to determine the change in the compo-
nents of climate and its process and direction. In
addition to elements such as temperature and pre-
cipitation, which are often studied, recently other
elements such as evapotranspiration have been of
interest to researchers.

One of popular methods for analyzing hydro-
meteorological time series is the study of the
presence or absence of trends in them using sta-
tistical tests [Hajjam, 2008, p. 157]. Overall, two
statistical methods —parametric and non-paramet-
ric— exist for the analysis of trends in time series.
However, non-parametric statistical method is
used more widely in hydro-meteorological stud-
ies. Parametric methods are often based on a re-
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gression relationship between a series of data.
However, for series of data that do not fit any
specific statistical distribution or have a high
measure of skewness or kurtosis, the use of non-
parametric methods is more suitable. Among the
non-parametric tests, the Mann-Kendall test is the
best method for the study of uniform data [Xu et
al., 2003, p. 145]. This method is very suitable for
time series without normal distribution and it is
not sensitive to outlier values that are visible in
most time series [Kumar et al., 2009, p. 172].

Several studies in relation to changes in
evapotranspiration in different parts of the world
have been performed. Some of them are as fol-
lows.

Thomas [1999] studied the trend in the po-
tential evapotranspiration changes in China us-
ing a parametric method. His research showed
a decreasing trend for the entire country and an
increasing trend for northwest and southeast Chi-
na. He reported the number of hours of sunshine
as the main factor for the changes in potential
evapotranspiration in China.

Bandyopadhyay et al. [2007] studied the
trend in evapotranspiration in the reference crop
in India using the Mann-Kendall test, with statis-
tics from 133 stations during the statistical time
period from 1971 to 2002. They determined a de-
creasing trend in the region. They stated that this
decrease was due to a significant increase in rela-
tive humidity and also a decrease in wind speed.

Song et al. [2010] studied the time and re-
gional distribution of ETo in the Northern valley
in China during the statistical time period from
1961 to 2006. They determined the maximum
yearly ETo occurred in central and western China,
whereas the minimum occurred in eastern China.

Tabari et al. [2011] studied the trend in
evapotranspiration in 20 synoptic stations in
western Iran during the period from 1966 to
2005 using the Mann-Kendall method, and used
the Sen’s estimator method to determine the
slope of the trend line. They concluded that the
referential evapotranspiration had increasing
and decreasing trends, where in 70 percent of the
stations showed an increasing trend on an annual
scale, and that the increasing trends occurred in
the summer and winter.

Zhang et al. [2011] studied the changes in
evapotranspiration potential in China using the
Penman-Monteith method and the Mann-Kend-
all test. They used data from 590 meteorological
stations, and concluded that seasonal and annual

potential evapotranspiration in the east, south
and northwestern China showed a decreasing
change. The different meteorological variables
are factors cause change in evapotranspiration
potential, such that in eastern China net radia-
tion changes, and in northwest China relative
humidity are effective.

Dinpashoh et al. [2011] studied the trend in
the evapotranspiration potential in Iran during the
statistical period from 1965 to 2005, and conclud-
ed that the number of stations showing an increas-
ing trend is more in Iran. Also, on a monthly time
scale, they observed that increasing trends were
more than decreasing ones.

Shirgholami et al. [2005] studied the trend in
the potential evapotranspiration using data from
34 synoptic stations in Iran. They calculated the
amount of potential evapotranspiration using
the FAO-Penman-Monteith method, and used
the Least-Squares method and the parametric t-
test for testing the trend. They concluded that 12
percent of the stations showed a significant posi-
tive trend, 26% significant negative, and the rest
showed no trend.

Sabzi-parvar et al. [2012] determined the trend
of the reference evapotranspiration (ETo) in 13
synoptic stations in the country with warm climate
in the period from 1957 to 2006 using the Mann-
Kendall and the Age-Estimating method. This
study showed that 53 percent of the stations in dif-
ferent seasons or on an annual scale had a signifi-
cant trend, and 47 percent were insignificant.

Sabzi-Parvar and Shadmani [2012] deter-
mined the time variation of the parameter refer-
ence evapotranspiration in arid regions of Iran us-
ing the nonparametric Mann-Kendall and Spear-
man tests, and in order to reduce the impact of
correlation on the results, they used the TFPW
method. The results showed an increasing trend
for some cities, and a decreasing trend for oth-
ers. A comparison of the functionality and power
of the two tests on a significant statistical level
showed that in most cases a noticeable correspon-
dence in revealing trends in reference evapotrans-
piration exists between the two tests.

Ismailpour and Dinpashoh [2013] determined
the trend in evapotranspiration potential in 6 sta-
tions located in the south of the Aras river basin
in the period from 1986 to 2008 using the Mann-
Kendall test. The results showed that the trend is
variable at different times. Among the stations
studied, Khoy has experienced a significant in-
crease on an annual scale.
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Considering the studies performed relating to
the subject of this research it was noted that so
far an integral study on the trend in the changes
in the evapotranspiration in the northwest of Iran
has not been performed. Therefore, the main ob-
jectives of this study are:

e Estimating the reference evapotranspiration
using the Penman-Monteith-FAO-56 in the
Northwest.

e Studying the trend of its variations using the
nonparametric Mann-Kendall method.

e Determining the slope of the significant trends
using the Age-estimating method.

ARTICLES AND METHODS

Data

For studying the trend in the long term varia-
tions in the reference evapotranspiration (ETo) in
northwestern Iran, monthly statistics from 20 se-
lect synoptic stations in the period from 1987 to
2007 were used. The parameters considered are:
minimum temperature,
maximum temperature,
average temperature,
minimum relative humidity,
vapor pressure,
wind speed,
number of hours of sunlight.

To ensure the homogeneity of the data, Run
test was used, and to fill the gaps in the data, the
Averaging method was used. The specifications
and the locations of the selected stations are given
in Figure 1, and in Table 1.

Table 1. Specifications of the selected stations

Station name | Longitude °E | Latitude °N | Elevation
Ahar 47 04 38 26 1390.5
Ardebil 48 19 38 13 1335.5
Bijar 47 37 35 53 1883.5
Jolfa 45 40 38 45 736.2
Khalkhal 48 32 37 36 1797.4
Khoramdare 49 11 36 11 1575
Khoy 44 59 38 33 1198.7
Mahabad 45 42 36 45 1352
Makoo 44 23 39 22 1411.3
Maragheh 46 10 37 21 1344
Mianeh 47 42 37 27 1110
Oroomieh 45 03 37 39 1328
Parsabad 47 55 39 39 31.9
Piranshahr 45 08 36 41 1443.5
Saghez 46 16 35 15 1522.8
Sanandaj 47 00 35 20 1373.4
Sarab 46 17 37 56 1682
Tabriz 46 17 36 05 1361
Takab 47 06 36 23 1817.2
Zanjan 48 29 36 41 1663

Research method

e The Penman-Monteith-FAO-56 (PMF-56)

Method.

This method, which has been introduced by
Allen et al. [1998], was used to determine the ref-
erence evapotranspiration (ETo) in northwestern
Iran. FAO has selected this method as the best
for determining evapotranspiration. This method
uses the following equation:

Figure 1. Geographic location of the region under study
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In the above equation, the variables and pa-
rameters are defined as follows:

Variable Description Unit
ETo |Reference evapotranspiration mm/day
R Net radiation on the surface of the MJ/m?
n plants
T Average temperature C
U Wind speed at 2m above the mis

2 surface
Vapor pressure shortage at a height KP

€€ of 2m
A Slant of the vapor pressure KP/C
\% Humidity factor KP/-C
2
G Heat transfer to the ground MJ/drT;yper

The values of ETo were calculated monthly
using REF-ET software [Allen, 2000].

e The Mann-Kendall Test.

This test was originally introduced by Mann
(1945), and was then expanded by Kendall [1975]
[Serrano et al. 1999]. This test is used to deter-
mine trends and their significance. This test also
gives information about the starting point of the
trend and sudden changes in the climate [Karaca
et al. 1995]. One of the strong points of this test
is its suitability for time series that do not fit into
any specific statistical distribution. Another ad-
vantage of this test is that it is marginally influ-
enced by outlier data which is seen in many time
series. The Null Hypothesis of this test is that the
data series does not follow a trend and is acci-
dental, and the acceptance of the Alternative Hy-
pothesis means that a trend does exist in the data
series. The steps involved in performing this test
are as follows:

Calculating the difference between the indi-
vidual observances, performing the sgn function,
and determining the parameter S:

S = X1 Zjorsrsgn(y — xi) )
In the above equation, # is the number of ob-
servances, x; and x, are the j and the k" clements
respectively.
The sgn function is determined as follows:
+1 if (xj_ xk) >0
sgn(x) =30  if (x_-x)=0 (3)
-1 if (x_2x)<0
If n>10, variance (var) is determined as fol-
lows:

4

n(n-1)(2n+5)-Yiz, t(t-1)(2t+5) (4)

Var(s) = s

In the above equation, # is the number of ob-
servances, m is the number of series with at least
one repeated element. Parameter ¢ indicates the
abundance of elements with equal value.

Then, the statistic Z is determined as follows:

( s-1 , _
Jvar (S) lf §=0
Zyk =40 if $=0 (5)
s+1 , _
| fom o S=0

In a two-sided test, the Null Hypothesis is ac-
cepted if the following inequality is satisfied:
1Z| < Zyy, (6)
where, the parameter a determines the level of
significance considered by the test, and Z is the
standard normal distribution statistic in the « sig-
nificance level. Due to the fact that this test is
two-sided, /2 is used. In this test, a significance
level of 95%, and 99% is considered. A positive
value of the statistic Z indicates an increasing
trend, whereas a negative Z indicates a decreas-
ing trend [Hajjam et al. 2009, p. 160; Juraj et al.
2009, p. 475].

e The Sen’s Estimator method.

Due to the non-parametric nature of the
Mann-Kendall test, the Sen’s estimating method
was used to determine the slope of the trends. In
this method, outlier data have a very small effect
on the slope; this is its main advantage compared
to the Linear Regression method [Novotny and
Stefan, 2007, p. 336].

The slope between any pair of observances is
calculated as follows:

Q=" ™
where X and X are the data at times 7 and s respec-
tively, and ¢ occurs one time unit after s. Applying
this equation to all pairs of data, a series of slopes
are calculated. The slope of the trend (O ) is then
determined by finding the median of this series. A
positive O indicates an increasing trend, and a
negative one indicates a decreasing trend [Hajjam
et al. 2009, p. 160; Juraj et al. 2009, p. 475].

RESULTS AND DISCUSSION

Monthly time series

After calculating the amounts for the ref-
erence evapotranspiration, the Statistic of the
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Mann-Kendall and the Sen’s estimator methods
for monthly time series were calculated, and the
significance of the Statistic Z on a level of signifi-
cance in of 95% and 99% was studied. The results
of the Mann-Kendall test are shown in Table 2. As
noted in this table, the reference evapotranspira-
tion shows an increasing trend in various months,
and it is only in the Sarab station in the month of
December that the significant trend shows a de-
crease. In January, only the Takab station shows
a significant increasing trend on a 99% level, and
in the other stations being studied, a significant
trend is not observed. In February, about half the
stations show a significant trend.

In March, all stations, except the Sarab and
the Saghez stations, show a significant increasing
trend. In this month, on average, 90% of the re-
gion’s stations show a significant trend. In April
this number decreases and only eight stations in
the region show a significant trend; in May this
decline continues and it is only in the Tabriz and
the Ardabil stations that a significant increasing
trend is observed. From the month of June on-
ward, the number of stations showing a trend
increases, such that in August this number is 15,
and in October it is 17. Again, in November and
December the number of stations showing a sig-

nificant trend, decreases. The highest amount of
monthly increasing trend was seen in October in
the Khoy station with a Z of 4.23, and the highest
amount of monthly decreasing trend was seen in
the Sarab station in December with a Z of -2.63.

After determining the amounts and the di-
rection of the trends, the slope of the trends over
the months of the year were calculated using the
Sen’s estimator method, as shown in Table 3.
From the results, shown in Table 3, we can note
that in the Bijar, Maragheh, Saghez, Tabriz, and
Ahar stations have had a considerable slope com-
pared to the other stations.

The highest amount of the increasing monthly
reference evapotranspiration trend with a slope of
0.106 mm/day, occurred in the Maragheh station
in August, and its highest decreasing trend oc-
curred in the Bijar station in May with a slope of
-0.045 mm/day (Figure 2).

In order to specify the scattering of the re-
gions that have a significant trend, using the re-
sults of the Mann-Kendall test, the region was
mapped out. The mapping of the region was
carried out using the Kriging method. Figure 3
shows the regional distribution of the stations
having a significant trend separated according to
the monthly series.

Table 2. Mann-Kendall Statistic (Z) for reference evapotranspiration on a monthly scale

Station name | Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Des
Ahar 1.17 2.32 2.00° 0.82 0.40 1.40 3.10" | 3.417 1.36 3.23" | 0.77 1.38
Ardebil 1.82 2.84" | 2.09 2.09° | 2.66 0.99 0.96 2.06" | 255" | 248 1.70 1.02
Bijar 1.09 1.27 3.23" | 2.05 | -1.30 0.15 -0.18 | -0.54 | -0.18 1.30 -0.45 | -0.21
Jolfa 0.26 1.17 249 1.1 0.03 1.30 1.02 2.627 0.93 211" | 2.84" | 0.58
Khalkhal 1.71 282" | 296" | 2.59” 0.39 0.76 1.42 299" | 215 | 2717 | 0.39 0.12
Khoramdare 1.51 299" | 341" | 24T 1.36 3.00" 1.33 2.03 1.36 262" | 0.62 1.00
Khoy -0.79 1.40 2.55" 1.58 0.62 3.68" | 3.757 | 423" | 3.627 | 466" | 2.35v | 0.27
Mahabad 1.27 2.33° | 3.30" | 2.68” 0.54 251 | 2,667 | 3.44" | 270" | 2.76" 1.1 1.10
Makoo -0.51 1.82 2.54 1.16 1.07 1.80 1.34 291" 1.75 | 4.03" | 2.90” 1.38
Maragheh 0.79 204 | 285" | 221 1.68 3.33" | 197 | 3.64" | 2.88" | 429" | 312" | 237
Mianeh -0.13 1.60 2.08 0.39 0.09 1.30 -0.15 | 2.08 | 2.72" | 1.72 0.88 -0.80
Oroomieh -0.79 1.00 231 1.85 0.68 262" | 279" | 3.28" | 2.67" | 2.31 0.00 -1.24
Parsabad 1.87 | 3.40v | 2.67" 1.30 1.35 -0.06 0.51 -042 | -0.11 3.53" | 3.62" | 1.99
Piranshahr 0.79 228 | 3.64" | 2.83" 1.64 274" | 2.38 2.54 1.89 289" | 2.08 | 2.08
Saghez -1.85 | -0.35 1.30 0.28 -1.19 0.54 0.73 223 1.75 245 | -0.83 | -1.28
Sanandaj 1.18 1.53 3.11v 1.83 0.25 1.38 0.93 1.21 1.13 1.95 1.00 0.39
Sarab -0.20 1.87 1.64 0.48 0.03 0.57 0.34 1.83 0.37 220" | -0.78 | -2.63"
Tabriz 1.10 2.08" | 2.65" 1.92 2.03 2.06 1.55 293" | 3.98" | 4.54" 1.61 1.92
Takab 324" | 2727 | 2917 1.70 0.28 0.00 -1.33 | -0.28 0.03 3.19” 142 | 2.667
Zanjan 1.06 1.89 2.38 249 0.37 1.53 0.51 217 234 | 285" | -0.09 | -0.14

(*) trend at 95% and (**) trend at 99% level.
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Table 3. The slope of the monthly reference evapotranspiration (mm per day)

Station name Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Des
Ahar 0.015 | 0.032 | 0.028 | 0.009 | 0.004 | 0.024 | 0.020 | 0.053 | 0.019 | 0.035 | 0.012 | 0.010
Ardebil 0.012 | 0.026 | 0.021 | 0.019 | 0.041 | 0.016 | 0.016 | 0.045 | 0.038 | 0.042 | 0.015 | 0.007
Bijar 0.013 | 0.022 | 0.077 | 0.049 | -0.045 | 0.010 | -0.009 | -0.029 | -0.007 | 0.040 | -0.008 | -0.002
Jolfa 0.002 | 0.007 | 0.024 | 0.010 | 0.000 | 0.053 | 0.031 | 0.055 | 0.016 | 0.008 | 0.011 | 0.001
Khalkhal 0.009 | 0.020 | 0.021 | 0.036 | 0.007 | 0.011 | 0.024 | 0.055 | 0.026 | 0.023 | 0.003 | 0.000
Khoramdare 0.009 | 0.031 | 0.056 | 0.049 | 0.040 | 0.043 | 0.028 | 0.054 | 0.025 | 0.042 | 0.005 | 0.007
Khoy -0.004 | 0.006 | 0.022 | 0.013 | 0.010 | 0.041 | 0.038 | 0.054 | 0.033 | 0.023 | 0.006 | 0.000
Mahabad 0.004 | 0.015 | 0.039 | 0.023 | 0.011 | 0.042 | 0.031 | 0.039 | 0.029 | 0.039 | 0.008 | 0.005
Makoo -0.002 | 0.009 | 0.026 | 0.013 | 0.017 | 0.046 | 0.027 | 0.053 | 0.029 | 0.033 | 0.012 | 0.003
Maragheh 0.003 | 0.013 | 0.038 | 0.021 | 0.033 | 0.087 | 0.055 | 0.106 | 0.083 | 0.071 | 0.015 | 0.011
Mianeh 0.000 | 0.012 | 0.026 | 0.004 | 0.002 | 0.041 | -0.001 | 0.038 | 0.034 | 0.025 | 0.003 | -0.001
Oroomieh -0.001 | 0.005 | 0.020 | 0.014 | 0.013 | 0.043 | 0.030 | 0.044 | 0.035 | 0.019 | 0.000 | -0.004
Parsabad 0.009 | 0.014 | 0.022 | 0.023 | 0.016 | -0.006 | 0.012 | -0.006 | -0.001 | 0.020 | 0.017 | 0.008
Piranshahr 0.007 | 0.017 | 0.053 | 0.043 | 0.034 | 0.054 | 0.051 | 0.054 | 0.040 | 0.040 | 0.022 | 0.013
Saghez 0.012 | -0.004 | 0.023 | 0.003 | -0.033 | 0.012 | 0.026 | 0.052 | 0.032 | 0.034 | -0.006 | -0.008
Sanandaj 0.003 | 0.003 | 0.035 | 0.022 | 0.010 | 0.037 | 0.030 | 0.035 | 0.014 | 0.019 | 0.004 | 0.003
Sarab -0.001 | 0.009 | 0.014 | 0.007 | 0.000 | 0.020 | 0.001 | 0.040 | 0.005 | 0.024 | -0.005 | -0.006
Tabriz 0.008 | 0.028 | 0.049 | 0.035 | 0.039 | 0.071 | 0.040 | 0.076 | 0.085 | 0.069 | 0.018 | 0.014
Takab 0.007 | 0.015 | 0.031 | 0.017 | 0.010 | 0.004 | -0.030 | -0.010 | 0.001 | 0.030 | 0.003 | 0.006
Zanjan 0.004 | 0.018 | 0.037 | 0.029 | 0.013 | 0.046 | 0.009 | 0.049 | 0.028 | 0.038 | -0.001 | -0.001

35 - Maraghe (August) e Bijar (May)
10 4 = ; i
& ) .
£ 6- £ 4
B, L o3
5
2 - 1
0 T T T T ) 0 T T T T )
1985 1990 1995 2000 2005 2010 1985 1990 1995 2000 2005 2010

Figure 2. Monthly reference evapotranspiration in stations with the highest slope of trend

In January in all locations, other than central
locations of the region and locations surround-
ing the Takab station, a significant trend is not
seen. In February, the eastern border, the central
location and a small area in the west of the re-
gion, show an increasing trend. In March these
locations are expanded and a significant trend is
seen in most locations of the region under study.
Spatial distribution in April is similar to March;
and in the month of May, it is shown only in the
Tabriz and the Ardabil stations. In June, this lo-
cation is expanded in the northwest and a small
area in the southeast; and in July this situation
continues in the northwest. In August and Sep-
tember, the locations having a significant trend

is expanded, and it is seen in all locations other
than the southern portion and the northeastern
border. In October, locations having a trend is
expanded to the northeast. In November and
December the expanse of the locations having a
trend is decreased, and it is seen only in a narrow
border on the north and some areas in the west.
However, in December the only location show-
ing a significant decreasing trend is expanded
around the Takab station.

Altogether, in analyzing the significance of
monthly trends in the northwest of Iran, 42.92
percent of the cases showed an increasing trend,
0.42 percent showed a decreasing trend, and
56.66 percent of the cases showed no trend.



Journal of Ecological Engineering vol. 16(2), 2015

46 48

[ -0.93--0.11

38

36

S
3

48

[ 1.13-1.59
[_]1.593-2.04
[]204-25
B 2.5-2.96
B 2.96-3.41

I 341-3.87

38

36

[ ]-011-07
C_]0.7-1.51
] 1.51-2.33
B 2.33-3.15
B 3.15-3.97
44 46 48
100 0 100 200 Kilometers

44 46

48
100 0 100 200 Kilometers

48
200 Kilometers

100 [ 100

46 48

[ -1.6--0.75
[ ]-0.75-0.09
[C10.09-0.95

‘Sanandaj
X

38

36

38

36

[ -0.19- 0.63
[_10.63-1.46
[ 11.46-2.28
[ 2.28-3.11
[ 3.11-3.94
[ 3.94-4.76

48
100 0 100 200 Kilometers

42

48
100 0 100 200 Kilometers

Figure 3. Regional distribution of the evapotranspiration in the northwest on a monthly scale
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Seasonal and annual time series

The results of the Mann-Kendall test in
seasonal and annual periods in all stations un-
der study are shown in Table 4. As we can note
from this table, in seasonal and annual time pe-
riods, none of the stations show a significant
decreasing trend, and all the trends specified
are increasing. Among the stations under study,
the Sarab and the Saghez stations do not show
a significant trend in seasonal and annual anal-
yses. In the spring, only in four stations across
the region (Maragheh, Piranshahr, Tabriz, and
Ardebil), a significant increasing trend is seen;
and in the winter, a significant trend is seen in
most stations across the region. In this season,
the number of significant trends is more than
that in other seasons which shows that winter
shows a higher sensitivity to the changes in the
trends in ETo in relation to other seasons.

The highest trend was seen in the spring, fall,
and also on an annual scale in the Maragheh sta-
tion which were 2.93, 4.43, and 4.06 millimeters
per year; and the fall shows the highest sensitiv-
ity. Furthermore, the highest trend in the summer
occurred in the Khoy station with an amount of
4.17 millimeters per year, and in the winter it oc-
curred in the Khalkhal station, with an amount of
3.36 millimeters per year.

In table 5, the slope of the annual and sea-
sonal trends in the stations under study is pre-
sented. As we can notice from Table 5, among
the stations, the Maragheh station in the spring
and in the summer and on an annual scale, the
Tabriz station in the Fall, and the Bijar station in
the Winter have the highest increasing trend of
the reference evapotranspiration. The analysis
of the results shows that in the Spring 20%, in
the Summer 55%, in the Fall 70%, in the Winter
75%, and on an annual scale 60% of the stations
under study showed an increasing trend,

The spatial scattering of the stations having
a significant trend, separated annually and sea-
sonally, are shown in Figures 4 and 5. Studying
Figure 4, we can observe that in the spring most
locations, other that some central, northeastern,
and western areas do not show a significant trend.
However in the summer, in the entire region, ex-
cept in the southern areas, and in small borders
in the north and the east, a significant trend is ob-
servable. Spatial scattering of the stations in the
fall and in the winter are similar, other than some
small northwestern, southern, and central areas,
the rest of the region shows an increasing trend.
The spatial scattering of the annual reference
evapotranspiration trend in the northwest of the
country (Figure 5), shows a significant increasing
trend in most stations.

Table 4. Mann-Kendall Statistic (Z) for reference evapotranspiration on a seasonal and annual scale

Station name Spring Summer Autumn Winter Annual
Ahar 1.27 2.82" 2.28* 2.26° 2.82
Ardebil 2.12¢ 2.31* 2.31* 271+ 2.88™
Bijar -0.18 -0.27 0.63 2.63" 0.60
Jolfa 1.33 1.92 311 1.95 1.52
Khalkhal 1.10 3.02" 2.06* 3.36™ 1.30
Khoramdare 1.92 1.61 2.26° 3.10" 2.65™
Khoy 1.95 417 4.20" 1.91 3.95*
Mahabad 1.89 291 2.28" 3.16* 3.10*
Makoo 1.95 217" 3.33" 2.21* 2.54¢
Maragheh 293~ 3.58™ 443~ 2.26" 4.06™
Mianeh 1.06 1.89 1.42 2.03 1.84
Oroomieh 1.75 3.05" 1.13 1.66 2,71
Parsabad 0.93 0.00 3.57 2.90 1.07
Piranshahr 2.51 2.34* 2.93~ 2.66* 2.82
Saghez -0.34 1.80 1.66 0.06 1.30
Sanandaj 1.35 1.30 2.23° 2.60" 243~
Sarab 0.28 1.02 0.87 1.55 0.68
Tabriz 243" 3.05™ 3.68" 2.59+ 2.76™
Takab 0.34 -0.34 311 2.96" 0.56
Zanjan 1.47 2.09* 1.75 2.21* 2.28°
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Table 5. Seasonal and annual slope of the reference evapotranspiration trend in the stations under study

Station name Spring Summer Autumn Winter Annual
Ahar 0.016 0.031 0.016 0.027 0.038
Ardebil 0.023 0.037 0.023 0.018 0.029
Bijar -0.007 -0.013 0.011 0.039 0.008
Jolfa 0.022 0.028 0.006 0.012 0.040
Khalkhal 0.015 0.030 0.009 0.016 0.033
Khoramdare 0.040 0.039 0.019 0.034 0.062
Khoy 0.020 0.047 0.009 0.010 0.045
Mahabad 0.028 0.037 0.017 0.017 0.045
Makoo 0.027 0.030 0.017 0.013 0.048
Maragheh 0.049 0.089 0.029 0.019 0.081
Mianeh 0.019 0.025 0.009 0.014 0.028
Oroomieh 0.020 0.038 0.005 0.008 0.016
Parsabad 0.015 0.001 0.015 0.015 0.014
Piranshahr 0.042 0.044 0.026 0.026 0.057
Saghez -0.003 0.039 0.008 0.000 0.031
Sanandaj 0.014 0.021 0.011 0.017 0.029
Sarab 0.006 0.015 0.004 0.008 0.013
Tabriz 0.047 0.060 0.033 0.027 0.076
Takab 0.011 -0.005 0.014 0.018 0.009
Zanjan 0.031 0.029 0.012 0.016 0.040
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Figure 4. Spatial scattering of the reference evapotranspiration trend on a seasonal scale
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Figure 5. Locational scattering of the reference evapotranspiration trend on an annual scale

CONCLUSION

Evapotranspiration is one of the important
elements of the hydrological cycle and plays
an important role in agricultural studies, wa-
ter resources management planning, irrigation
and drainage design. The study of the reference
evapotranspiration is essential for offering a
proper cropping pattern and optimizing the use
of existing water resources. In this study, using
the Mann-Kendall test, the trend of reference
evapotranspiration for 20 synoptic stations in
northwest of Iran during the period from 1986
to 2007 was analyzed. After calculating the
amount and direction of trends, the slope of the
monthly trends were calculated using the Sen’s
estimator method. The results showed that the
reference evapotranspiration had an increasing
trend, and only the Sarab station in the month
of December showed a significant decreasing
trend. Overall, in the analysis of significance
of the monthly trends in northwest Iran, 43.34
percent had a significant trend and 56.66 per-
cent showed no trends.

On an annual and seasonal scale, none of the
stations showed a significant decrease, all the
specified trends were increasing. In the winter,
in most stations in the region showed a signifi-
cant trend, and the number of stations showing

a significant trend in this season was more than
other seasons. Analysis of the results shows that
in the spring 20%, in the summer 55%, in the
fall 70%, in the winter 75%, and on an annual
scale 60% of the stations under study showed an
increasing trend. Results obtained by other re-
searchers [Dinpashoh, et al. 2011; Esmailpour
and Dinpashoh, 2013] show an increasing trend
of evaporation and transpiration.
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