Estimation and trend evaluation
of reference evapotranspiration in a humid region
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Abstract:In this study, six reference evapotranspiration (ET0) equations were compared and variations of each model
have been investigated to detect the main factor(s) of temporal changes of ET0 from 1981 to 2010 in Babolsar, Iran. The
results indicate that Priestley-Taylor (PT) estimates ET0 better than other equations during 30-year period. However,
performance of all models is different from 2000 to 2008. The study of the variations of air temperature (mean,
minimum, and maximum), relative humidity, wind speed, and sunshine hours, underlines that there is a considerable
difference between the averages of the meteorological variables during 2000-2008 and the same during the other years.
The changes of the wind speed (+1.0 m s-1), sunshine hours (+11.3 hr month-1), average air temperature (+0.7 °C),
minimum air temperature (+1.0 °C), difference air temperature (Tmax−Tmin) (−0.6 °C), and relative humidity (−2.7
%) lead to a significant monotonic trend in the confidence level of 99% for these variables as well as ET0 in the study
area. During 2000-2008, the average of the wind speed has been increased more than 70 % that it introduces the wind
speed as the most important variable for the changes of ET0 and alarms a climatic change in Babolsar.
Keywords: climatic change; Iran; Mann-Kendall test; trend analysis; wind speed.
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as temperature-based models with a satisfactory
accuracy in humid and other climatic regions:
Tabari (2010) compared Makkink (Ma.), Turc (Tu.),
PT, and HS in 12 synoptic stations of Iran from
1986 to 2005 and reported better performance of
the HS and Tu. rather than the other both models.
However, the PT has a higher accuracy in Babolsar.
Tabari et al., (2013) compared mass transfer-based
models in a humid environment and claimed that
the Tr. has highest accuracy in Rasht, Iran. Iramk
et al., (2003) investigated radiation-based equations
to estimate ET0 in humid regions from 1980 to
1994 and reported the better results of the PT and
JH rather than other methods. Valipour (2014a)
evaluated 11 mass transfer-based models and
concluded that the Pe. and Tr. have the highest
accuracy in Iran. Sharifan et al., (2010) compared
the Pe., Food and Agriculture Organization (FAO)
Penman (FPe.), Hargreaves (Ha.), and FAO
Blaney-Criddle (FBC) in Gorgan from 1982 to
2009 and introduced the Pe. as the superior model
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1. Introduction
The crop evapotranspiration is the main consumer
of water in agriculture. Therefore, an accurate
analysis of the variations of evapotranspiration
rate may help to better estimate irrigation water
requirements and lead significantly to water saving.
Among all of radiation, mass transfer, and
temperature models for estimating reference
evapotranspiration (ET0), there are many studies
that recommend Jensen-Haise (JH) and PriestleyTaylor (PT) as radiation-based, Penman (Pe.)
and Trabert (Tr.) as mass transfer-based, and
Hargreaves-Samani (HS) and Thornthwaite (Th.)
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Abstract: In questo studio, sei modelli per la stima dell’evapotraspirazione di riferimento (ET0) sono stati confrontati,
al fine di identificare la variabile climatica che ha maggiore effetto sulla variabilità temporale di ET0 nel periodo 19812010 in Babolsar, l’Iran. I risultati indicano che il modello di Priestley-Taylor (PT) stima ET0 meglio di altre equazioni,
nel trentennio in studio. Tuttavia, le prestazioni di tutti i modelli mostrano qualche anomalia nel periodo 2000-2008.
Lo studio delle variazioni termiche (media, minimo e massimo), di umidità relativa, velocità del vento, numero di ore
di insolazione, sottolinea che vi è una notevole differenza tra le medie delle variabili climatiche durante 2000-2008 e
il resto del trentennio in studio. I cambiamenti di velocità del vento (+1.0 m s-1), numero di ore di insolazione (mese-1
11.3 ore), temperatura media (+0.7 °C), temperatura minima (+1.0 °C), range termico (Tmax-Tmin) (-0.6 °C), e
umidità relativa (-2.7%) portano ad una significativa tendenza monotona, con livello di significatività del 99%, per
queste variabili e ET0 nell’area di studio. Durante il periodo 2000-2008, la media della velocità del vento è aumentata
di oltre il 70%, il che indentifica la velocità del vento come la variabile più importante da cui dipendono le modifiche
di ET0 e e in generale i fenomeni di cambiamento climatico in Babolsar.
Parole chiave: cambiamento climatico; Iran; test di Mann-Kendall; analisi delle tendenze; velocità del vento.
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to estimate ET0 in this region. In other study, Xu
and Singh (2001) suggested the use of the Th.
method in limited data condition. Sabziparvar and
Tabari (2010) compared the Ma., PT, and HS to
estimate ET0 in eastern Iran form 1993 to 2005.
The authors mentioned that the HS estimates ET0
more accurate than the other models. However,
there are also many studies that suggest the use of
other temperature/radiation/mass transfer-based
models (Azhar et al., 2010; Valipour et al., 2013;
Valipour and Montazar 2012; Valipour 2013a,b,c,d;
Valipour 2017a,b; Valipour and Gholami Sefidkouhi
2017; Samaras et al., 2014; Valipour 2015d; VicenteSerrano et al., 2014; Yannopoulos et al., 2015; Zhai
et al., 2010).
In addition, many investigations analyzed trend of
ET0 in the various regions of Iran. Tabari et al.,
(2012) evaluated spatiotemporal variations of ET0
in arid and semi-arid regions of Iran from 1981 to
2005. Analysis of the impacts of meteorological
variables on the temporal trends of ET0 indicated
that the increasing trend of ET0 was most likely
due to a significant increase in minimum air
temperature, while decreasing trend of ET0 was
mainly caused by a significant decrease in wind
speed. Dinpashoh (2006) claimed that the Caspian
Sea shoreline provinces have the lowest ET0 in Iran
and south provinces have a rate of ET0 equal to
33 times more than average of ET0 in Iran from
1971 to 2000. However, Hosseinzadeh Talaee et al.,
(2014) in the newest study reported that the stations
located at the southeast, northeast, and northwest
corners of Iran record the highest positive change
of annual ET0 during 1966-2005.
In the other countries, Huntington and Billmire
(2014) underlined that the lack of a more consistent
increase in ET0, compared with the increases
in precipitation and runoff, from 1927 to 2011,
was unexpected, but may be explained by various
factors including decreasing wind speed, increasing
cloudiness, decreasing vapour pressure deficit, and
patterns of forest growth in the United States.
Jhajharia et al., (2012) reported that the decreases
in ET0 are mainly attributed to the net radiation
and wind speed, which are also corroborated by
the observed trends in these two parameters at
almost all the times scales over most of the sites
in northeast India during 22 years. Liu and Zhang
(2013) showed that the significant decrease in wind
speed dominated the change in ET, which offset
the effect of increasing air temperature and led to
the decrease in ET0 from 1960 to 1993. Increases in
air temperature and wind speed together reversed
the trend in ET0 and led to the increase in ET0

in northwest China during 1994-2010. Zongxing et
al., (2014) concluded that decreased wind speed is
the main driving force for ET0 decrease in south
western China, during 1961-2009 because the
higher saturated vapour pressure would restrain
evaporation owing to the weakwater vapour
exchange under lower wind speed.
An accurate survey of the previous studies shows
that, in some cases, there are different results in
estimation and trend analysis of ET0 due to many
reasons.
Therefore, the objectives of this study are:
(1) Reduction of at least some of the sources of error
in previous investigations such as use of insufficient
recorded length, use of improper empirical
equations in limited weather data conditions,
focus on only one of temperature, radiation, or
mass transfer-based models, use of improper
statistical methods for trend analysis, use of limited
statistical indices for evaluation of models error, less
attention to variation of error, and less attention
to simultaneous study of evapotranspiration and
weather parameters variations.
For this purpose, suiTab. methods, data, and
evaluation indices were employed for estimation of
ET0 and evaluation of trend analysis in Babolsar,
from 1981 to 2010.
(2) Considering the role of different periods to
introduce the best model for estimating ET0 on the
basis of parameters used in each model.
(3) Conducting a sensitive analysis to characterize
the values of meteorological variables for which the
best performance of each model may be obtained.
This not only recommends the use of each model
in the best condition, but also helps to apply the
results for other regions in the world to justify the
international aspect of the study.
2. Methodology and Materials
Fig. 1 and Tab. 1 show the status and values of
the annual mean meteorological parameters of
Babolsar, respectively.
According to World Meteorological Organization
(WMO), use of 30-year data series leads to reliable
results related to climate (Folland et al., 1999;
Ventura et al., 2002). Therefore, in this research,
all of the necessary information were collected from
Babolsar synoptic station during 1981-2010. In this
station, the mean, maximum, and minimum daily
air temperature for each month, the mean daily
wind speed for each month, the average relative
humidity for each month, and the actual duration
of sunshine hours for each month were recorded
as well as all of them were analyzed by the authors
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(2)

(3)

(4)
Where, Xi and Yi are the ith observed and estimated
–
–
values, respectively; X and Y are the average of Xi
and Yi, and n is the total numbers of data.
In addition, trend evaluation was done using
regression analysis and Mann-Kendall (MK) test
(Mann 1945, Kendall 1975, Gilbert 1987). The
related equations for calculating the MK test,
statistic S, and the standardized test statistic Z are
as follows:

(1)

IcAo
code
40736

north
east
Altitude
latitude longitude (masl)
36° 43’

52° 39’

-21

(5)

(6)

(7)

(8)

Where xi and xj are the sequential data values of
the time series in the years i and j, n is the length
of the time series, tp is the number of ties for the
pth value, and g is the number of tied values.
Positive values of Z indicate increasing trends,
while negative Z values indicate decreasing trends
in the time series. The MK tests whether to reject
the null hypothesis (H0) and accept the alternative
hypothesis (Ha), where H0 is no monotonic trend

tmean
(°c)

tmax
(°c)

tmin
(°c)

17.5

21.2

13.8

Relative
wind
tmax–
Precipitation
Sunshine
Speed
humidity
tmin (°c)
(mm/month)
(hr/month)
(%)
(m/s)
7.4
81.9
77.6
1.6
168.4
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(for more information see Islamic Republic of Iran
Meteorological Organization (IRIMO) in this link:
http://www.irimo.ir/eng/index.php).
Although use of lysimeter data reduces uncertainty,
however, nowadays FAO Penman Monteith
(FPM) model (Allen et al., 1998) is widely applied
for estimation of ET0 due to limitation of the
lysimeter data (Fan and Thomas 2013; Pejic et al.,
2015; Samaras et al., 2014; Shenbin et al., 2006;
Valipour 2012a,b,c,d; Valipour 2015a,b,c; Wrachien
and Membretti 2015). The FPM model needs to
measure many variables, therefore, radiation,
temperature, and mass transfer-based models are
applied in limited weather data conditions. Tab. 2
shows the models used in this study for estimating
ET0 in Babolsar, Iran.
In this study, four evaluation indices were selected
for comparison of the models as follows:
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Fig. 1 - Status of Babolsar in Iran.
Fig. 1 - Stato del Babolsar in Iran.

tab. 1 - Characteristics of Babolsar synoptic station.
Tab. 1 - Caratteristiche della stazione sinottica Bablsar.
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Tab. 2 - Models used in this study for estimating ET0.
Tab. 2 - Modelli usati nello studio per stimare ET0.

and Ha is monotonic trend. When |Z|>Z1−α/2, the
null hypothesis is rejected and a significant trend
exists in the time series. Z1−α/2 is the critical value of
Z from the standard normal Tab.
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3. Results and Discussions
Fig. 2 shows performance of the best model (Tr.)
for estimating ET0 in each month.
As shown, there is a considerable difference
between ET0 estimated by Tr. and the same
calculated by FPM. Therefore, values of ET0 were
estimated for each year during 1981-2010.
Figg. 3-7 show some results of estimating ET0
for each year using PT and Tr. models. There is a
similar trend for the other models.

According to Fig. 3, the value of the error is more
than 10% before 2000 and it is approximately equal
to 10% for 2000. Then, the error was reduced to
less than 10% after 2000, however, it was again
increased from 2009 to 2010. These are confirmed
by Fig. 4 in which the lowest error belongs to the
period 2000-2008. Fig. 5 shows that the error of the
peak points has clearly been reduced during 20002008. In addition, Fig.s 6 and 7 indicate that the
number of the points in which the error is more
than 40%, are too high before 2000, there are no
these points during 2000-2008, and the condition is
similar to 1981-1999, in the period 2009-2010. Fig.
8 confirms the mentioned cases about an abrupt
change after the period of 2000-2008.

Fig. 2 - Comparison between Tr. (estimation) and FPM in Babolsar for each month.
Fig. 2 - Confronto fra Tr (stimato) e FPM in Babolsar per ogni mese.
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speed; not only the average value of wind speed,
during 2000-2008 (2.3 m s-1), is not observed in
the other years, but also the maximum value, in
the other years, is less than the minimum value
from 2000 to 2008 (dashed line). In addition, the
average value of wind speed has increased more
than 70% during 2000-2008 (from 1.3 m s-1 to 2.3
m s-1). The MK test for all of the variables (Tab. 3) is
interpreTab. with respect to the difference between
the average values during 2000-2008 and the same
during the other years (Fig. 9).
According to Tab. 3, there is no monotonic trend
for relative humidity and maximum temperature
due to the poor changes after 2000 (see also Fig. 9).
However, there is a monotonic trend (significant
at the confidence level of 99%) for average,
minimum, and difference air temperature, wind
speed, relative humidity, and sunshine hours
owing to considerable differences between two
periods (see also Fig. 9).
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According to Fig. 8, the variations of the evaluation
indices are distinguishable from 2000 to 2008.
Meanwhile, PT model is the best model for
estimating ET0 in Babolsar based on R2 values (the
average of R2 values is 0.99 during 1981-2010).
Furthermore, Fig. 9 compares the average values
of each weather parameter during 2000-2008
versus the same during the other years as well as
the minimum and maximum of these two periods.
In Fig. 9, although there is a difference between
the average values of all weather parameters during
2000-2008 and the same during the other years, all
of the average values related to 2000-2008 fall into
the variations range (the minimum and maximum
values) related to the other years. In the other
word, the average values related to 2000-2008,
are observable conditions during whole of the 30years period (they are between the minimum and
maximum values of the other years). However,
there is a completely different condition for wind

Italian Journal of Agrometeorology - 1/2017

Fig. 3 - Comparison between PT (estimation) and FPM in Babolsar for each year.
Fig. 3 - Confronto fra PT (stimato) e FPM in Babolsar per ogni mese.
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Fig. 4 - Obtained error from the difference between FPM and PT (FPM-PT) for each year.
Fig. 4 - Errore ottenuto dalla differenza fra FPM e PT (FPM-PT) per ogni anno.
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Moreover, Fig. 10 compares the average estimated
values of each model during 2000-2008 versus the
same during the other years as well as the minimum
and maximum of these two periods.
Variable

S

Var(s)

Z

Tmean
Tmax
Tmin
Tmax-Tmin
Relative Humidity
Precipitation
Wind Speed
Sunshine

212
84
297
-222
-239
-41
182
201

3140.7
3140.7
3141.7
3139.7
3135.0
3141.7
3140.7
3141.7

3.8
1.5
5.3c
-3.9c
-4.3c
-0.7
3.2c
3.6c
c

In Fig. 10, although there is a difference between
the average values of all models during 20002008 and the same during the other years, all of
the average values related to 2000-2008 fall into

H0

Trend

False
True
False
False
False
True
False
False

Yes
No
Yes
Yes
Yes
No
Yes
Yes

Difference between two periods
DTmean= + 0.7° C
DTmax= + 0.4° C
DTmin= + 1.0° C
DTmax - Tmin= - 0.6° C
DRH= -2,7%
DP= +4.2 mm/month
DV= + 1.0 m/s
DS= + 11.3hr/month

a. Significant in confidence level of 90%
b. Significant in confidence level of 95%
c. Significant in confidence level of 99%
Tab. 3 - Results of MK test for weather parameters.
Tab. 3 - Risultati del MK test per i parametri meteorologici.
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of each meteorological parameter and to surveying
the trends (Fig. 11).
Although there are distinguishable trends before
and after 2000 for some of the meteorological
parameters, variations of wind speed is more
considerable. In this case, there is a decreasing
trend, after 2000, however, the increasing trend
related to before 2000 is too high, and therefore,
the total trend (the consequent of the trends during
1981-1999 and 2000-2010) is also increasing.
Meanwhile, the value of wind speed decreased
drastically during 2009-2010. This confirms the
result of Fig.s 3-8 (a similar behaviour between
1981-1999 and 2009-2010 in estimation of ET0
and the evaluation indices) and introduces the wind
speed as the most important parameters to control
the variations of ET0 in Babolsar. Tab. 4 shows
the results of the MK test for evaluating the zero
hypotheses for the models used in this study.
Although Tab. 4 indicates that there are monotonic
trends for all of the models used (except JH), Fig.
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the variations range (the minimum and maximum
values) related to the other years. In the other
word, the average values related to 2000-2008,
are observable conditions during whole of the 30years period (they are between the minimum and
maximum values of the other years). However,
there is a completely different condition for Tr.
model; not only the average value of this model,
during 2000-2008 (3.6 mm day-1), is not observed
in the other years, but also the maximum value,
in the other years, is less than the minimum value
from 2000 to 2008 (dashed line). In addition, the
average estimated ET0 by this model has increased
more than 70% during 2000-2008 (from 2.1 m s-1
to 3.6 m s-1). In addition, it should be noted that
ET0 has been increased in all models for the period
of 2000-2008. These results confirm the presented
interpretations for Fig.s 9, 12, & 13.
A regression analysis was also applied in three
periods (before and after 2000 as well as during
1981-2010) for better understanding the variations

Italian Journal of Agrometeorology - 1/2017

Fig. 5 - Comparison between Tr. (estimation) and FPM in Babolsar for each year.
Fig. 5 - Confronto fra Tr (stimato) e PFM in Babolsar per ogni anno.
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Fig. 6 - Comparison between relative humidity and FPM/Tr. in Babolsar for each year.
Fig. 6 - Confronto fra l’umidità relativa e FPM/Tr in Babolsar per ogni anno.

12 shows that the variations are more considerable
for Tr. model.
The surveying Tr. model (Fig. 12) indicates that
there is a decreasing trend, before 2000, however
the increasing trend related to after 2000 is too
high, and therefore, the total trend (the consequent
of the trends during 1981-1999 and 2000-2010) is
also increasing. Note that the length of the first

period (19 years) is more than the length of the
second period (11 years), however, the total trend
is more affected by the second period (2000-2010).
Meanwhile, the maximum value of ET0 estimated
by Tr. model, is less that all of the values of this
model after 2000. These results are compatible
with Fig. 9 (in which the maximum value of the
wind speed, in the other years, was less than the

Method

S

Var(s)

Z

H0

Trend

HS
JH
Pe.
PT
Th.
Tr.
FPM

303
23
213
189
195
207
237

3141.7
3141.7
3141.7
3141.7
3141.7
3141.7
3141.7

5.4c
0.4
3.8c
3.4c
3.5c
3.7c
4.2c

False
True
False
False
False
False
False

Yes
No
Yes
Yes
Yes
Yes
Yes

Tab. 4 - Results of MK
test for models used.
Tab. 4 - Risultati del MK
test per i modelli usati.

a. Significant in confidence level of 90%
b. Significant in confidence level of 95%
c. Significant in confidence level of 99%
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Ratio
FPM/HS
FPM/JH
FPM/Pe.
FPM/PT
FPM/Th.
FPM/Tr.

S
209
263
-53
185
209
-189

Var(s)
3141.7
3141.7
3141.7
3141.7
3141.7
3141.7

Z
3.7c
4.7c
-0.9
3.3c
3.7c
-3.4c

significant in confidence level of 99%, Fig. 13
shows that the ratio of FPM to Tr. model is more
considerable.
From 1981 to 1999, since the average of wind
speed is low (see also Fig. 9), the numerator
(calculated values using FPM model) is more
than the denominator (estimated values using
Tr. model) which led to the values more than 1.0
H0
False
False
True
False
False
False

Trend
Yes
Yes
No
Yes
Yes
Yes

Tab. 5 - Results of MK test
for ratio of FPM
to the models.
Tab. 5 - Risultati
del MK test per il rapporto
fra FPM e i modelli.
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minimum of the wind speed, during 2000-2008)
and underline once again the importance of the
wind speed for estimation of ET0 in Babolsar. Tab.
5 shows the results of the MK test for evaluating
the zero hypotheses for the ratio of FPM model to
models used for estimating ET0 in Babolsar.
Although Tab. 5 indicates that the trends of all
of the ratios (with the exception of FPM/Pe.) are

Italian Journal of Agrometeorology - 1/2017

Fig. 7 - Comparison between wind speed and FPM/Tr. in Babolsar for each year.
Fig. 7 - Confronto fra la velocità del vento e FPM/Tr in Babolsar per ogni anno.

a. Significant in confidence level of 90%
b. Significant in confidence level of 95%
c. Significant in confidence level of 99%
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Fig. 8 - Variations of evaluation indices in the different models during 1981-2010.
Fig. 8 - Variazione degli indici di valutazione per i differenti modelli durante il periodo 1981-2010.

and an increasing trend before 2000. From 2000
to 2010, since the average of wind speed is too
high (see also Fig. 9), the denominator (estimated
values using Tr. model) is more than the numerator
(calculated values using FPM model) which led
to the values less than 1.0 and a decreasing trend
after 2000. The best value for the ratios of Fig. 12
is 1.0 (dashed lines). Therefore, although PT model
was introduced as the best model for the 30-year
period, the difference of FPM/Tr. with dashed
line is high due to variations and trends occurred
especially for wind speed after 2000 (Tab.s 3 and 4
as well as Fig.s 2-11) which alarm a climatic change
in Babolsar. While the values of FPM/HS and
especially FPM/JH are also close to dashed lines.
Therefore, JH model is the superior model for
estimating ET0 during 2000-2008. This is one of the
novelties of the investigation, because in the most
previous studies (Ngongondo et al., 2013; Samaras
et al., 2014; Temesgen et al., 2005; Thepadia and
Martinez 2011; Valipour 2015e,f; Valipour and

Singh 2016; Valipour et al., 2016; Vicente-Serrano
et al., 2014; Zhai et al., 2010), some of different
models were applied for estimating ET0 during a
specified period without simultaneous evaluation of
the weather parameters and finally one of them was
introduced as the best model. However, the current
study shows that evaluating the weather parameters
is necessary for identification of the reason(s) of
the variations occurred in the models used for
estimation of ET0 and even it leads to changing
the best model for the distinguishable period (from
2000 to 2008).
Another novelty of this study is determining the
best conditions in which each model estimates ET0
with the highest accuracy (Fig. 14) based on the
evaluation indices (Equations 1-4). This leads to
useable results for other regions in the world.
Fig. 14 shows that, for example, the best
performance of the PT model (the selected model
during 1981-2010) occurs in a wind speed equal
to 1.09 m s-1 which belongs to period of the other
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Fig. 9 - Comparison of average data of weather parameters during 2000-2008 versus the other years, the lines show variations range (the minimum and maximum values of each parameter).
Fig. 9 - Confronto fra la media dei parametri meteorologici durante il periodo 2000-2008 in confronto con gli altri anni. Le
linee mostrano il range di variazione (il valore minimo e massimo di ogni parametro).
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4. Conclusion
The PT model (R2=0.99) is the best model for
estimating ET0 in Babolsar which agrees with Tabari
(2010). Assessment of the variations of ET0 model
and evaluation indices underlines a highlighted
difference during 2000-2008 and the other years.
The results of the MK test and comparison of the
annual average of the meteorological parameters
before and after 2000, show a significant monotonic
trend in confidence level of 99% for the average
temperature (DTmean= + 0.7°C), minimum
temperature (DTmin= + 1.0° C), wind speed
(DV=1.0ms-1), difference temperature (DTmax -

Tmin= - 0,6°C), relative humidity (DRH= - 2,7%),
and sunshine (DS= + 11.3hr / month), and lack of
a significant trend for the maximum temperature
(DTmax= +0.4°C) and precipitation (DP= +4.2mm/
month). In addition, the regression analysis indicates
a considerable difference in the variations of
meteorological parameters, before and after 2000,
especially for the wind speed in which there is a
decreasing trend before 2000 and an increasing
trend after 2000. A considerable increasing of the
wind speed, equal to more than 70% and a high
coefficient for this parameter in Tr. model, led to
an increasing trend for variations of Tr. model
and a decreasing trend for FPM/Tr. during 20002010. According to the results, the wind speed is
introduced as the most important factor to control
the variations of ET0 in Babolsar. This agrees with
Tabari et al., (2011 and 2012) and Kousari and Ahani
(2012) in which the wind speed was detected as the
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years (Fig. 9), while the best performance of the
JH model occurs in a wind speed equal to 1.34 m
s-1 which belongs to period of 2000-2008 (Fig. 9).
Therefore, the results of this study are confirmed
once again using Fig. 14.
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Fig. 10 - Comparison of average estimated data by evapotranspiration models during 2000-2008 versus the other years, the
lines show variations range (the minimum and maximum values).
Fig. 10 - Confronto fra la media dei valori di evapotraspirazione utilizzati dai modelli durante il periodo 2000-2008 in confronto con gli altri anni. Le linee mostrano il range di variazione (il valore minimo e massimo).

main factor for variations of ET0 in Iran. The JH
model is selected as the best model for estimating
ET0 during 2000-2008, due to increasing wind speed
and other meteorological parame ters that led to
decreasing accuracy of PT and the other models and
this is an alarm for climatic change in Babolsar, Iran.
There are three methods to reduce uncertainty
of the obtained results: (1) use of more accurate
methods to estimate evapotranspiration including
lysimeter data (Gowda et al., 2008; Lorite et al.,
2012), Bowen ratio (Li et al., 2008; Nagler et al.,
2005), eddy covariance (Li et al., 2008; Nagler et al.,
2005), remote sensing (Nagler et al., 2005; Rahimi
et al., 2015; Sun et al., 2012; Tian et al., 2013),
etc. (2) Increasing number of synoptic stations,
models, and evaluation indices (3) calibration of
ET0 models to localize the coefficients of each
model for a certain area (Mallikarjuna et al., 2014;

Samaras et al., 2014; Thepadia and Martinez
2011; Valipour 2014b,c; Valipour 2016a,b,c).
This investigation can be continued via studying
reason(s) of an abrupt change of the wind speed
in Babolsar from 2000-2008. Analyzing variations
of the meteorological parameters in near stations
and provinces and assessment of specific climatic
phenomena, in this region, may help to find the
reason(s) of this change.
As future work, a spatial analysis of the variations of
the ET0 may helps us to better understanding the
climate condition of the study area.
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Fig. 11 - Regression analysis in three periods (before 2000, after 2000, and during 1981-2010) for weather parameters.
Fig. 11 - Analisi di regressione nei tre periodi (prima del 2000, dopo il 2000, durante il periodo 1981-2010) per i parametri
meteorologici.
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Fig. 12 - Regression analysis in three periods (before 2000, after 2000, and during 1981-2010) for models used.
Fig. 12 - Analisi di regressione nei tre periodi (prima del 2000, dopo il 2000, durante il periodo 1981-2010) per i modelli usati.
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Fig. 14 - The values of the meteorological variables for the best performance of the models based on the evaluation indices,
the parentheses show the standard deviation.
Fig. 14 - Valori delle variabili meteorologiche per la migliore performance dei modelli, basata sugli indici di valutazione. Fra
parentesi i valori della deviazione standard.
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