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Introduction

Reference evapotranspiration, as one of the important components of the hydrologic cycle, is an
important factor in field irrigation planning, drought assessment and climate change (Li et al., 2017).
Reference evapotranspiration represents the maximum amount of water transferred from the land
surface to the atmosphere (Yang et al., 2020). Determining this parameter is the first step in estimating
the water requirements of plants and irrigation water management (Yassen et al., 2020). Research on
temporal and spatial changes of reference evapotranspiration is very important in order to understand
climate change and its effects on hydrologic processes and water resources (Liu and Zhang, 2013).
Knowledge of reference evapotranspiration change trends can help agricultural irrigation management
and support decision makers involved in water resources management in the future (Yang etal., 2020).
In many regions with a shortage of water resources, such as Kermanshah province, the study of
reference evapotranspiration changes can help to understand the spatial distribution and temporal
changes of water. The purpose of this research is to determine the temporal variations of reference
evapotranspiration and the factors affecting it in 10 synoptic meteorological stations of Kermanshah
province. The information obtained from this research can provide guidance for agricultural water
requirements, irrigation planning and sustainable water resource management under climate change
conditions.

Methodology

The study area is Kermanshah province. This province is located in the geographical coordinates
of 33° 41’ to 35° 17'N and 45° 25’ to 48° 6'E. The area of this province is 2.44 million hectares, which
is about 1.5% of the total area of Iran. Its average height is 1200 meters above sea level. The
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meteorological data used include minimum and maximum temperature, average temperature,
minimum and maximum relative humidity, wind speed, net radiation input to the surface, and daylight
hours in the statistical period of 1999 to 2022. The water requirement system of plants which is the
result of the Penman Monteith method of FAO was used to determine the reference evapotranspiration.
This reference evapotranspiration estimation method is proposed in FAO publication No. 56 as the
best method compared to other reference evapotranspiration estimation methods (Sumner and Jacobs,
2005). Pettitt's test of XLSTAT software was used to determine the possible changes in reference
evapotranspiration and climatic factors affecting it. Pettitt's test was first presented by Pettitt (Pettitt,
1979). Pettitt's test is a non-parametric test that does not require any assumptions about the data
distribution. This test is an adaptation of the Mann-Whitney test, which allows identifying the time in
which the change occurs.

Results and Discussion

The results of Pettitt's test for reference evapotranspiration in the synoptic meteorological stations
of Kermanshah province are shown in Table (1). In Table (1), when the p-value is < 0.05, Pettitt's test
is significant at the 5% probability level and indicates the sudden changes of reference
evapotranspiration in the investigated time series. The results of Table (1) showed that the changes of
monthly and annual reference evapotranspiration time series were significant in 42 and 60% of the
studied stations, respectively, at the 5% probability level and indicated the existence of a sudden
change in these variables.

Table 1-The results of Pettitt's test for reference evapotranspiration in synoptic meteorological stations
of Kermanshah province

Station Pettitt's test Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
statistics
Eslamabad-e- K 40 49 8 91 104 97 110 81 66 83 95 26 110
Gharb p-value 0.74 0.51 0.045" 0.02* 0.01* 0.01" 0.00" 0.07 0.20 0.052 0.02" 0.98 0.00™
Kermanshah Kt 40 47 65 118 105 143 112 89 8 105 99 32 129
p-value 0.74 0.56 0.21 0.00" 0.00"™ 0.00" 0.00" 0.03" 0.04" 0.01* 0.01" 0.91 0.00™
Sarpol Zahab  K; 38 30 42 52 70 54 66 49 40 41 36 37 58
p-value 0.79 094 0.70 045 015 040 019 052 0.75 0.72 0.84 0.82 0.33
Songor Kt 48 47 52 73 69 62 52 65 58 71 59 46 84
p-value 055 057 045 0.12 017 025 045 021 032 0.14 0.31 0.59 0.05
Qasr-e-Shirin K, 89 94 9% 3 69 71 103 56 44 63 44 58 72
p-value 0.03" 0.02* 0.02* 0.86 0.16 0.13 0.01* 0.37 0.64 0.25 0.64 0.33 0.12
Kangavar Kt 43 65 50 45 48 44 48 71 34 93 69 39 41
p-value 0.66 021 050 0.62 055 0.64 054 0.14 0.88 0.02" 0.17 0.78 0.72
Gilan Gharb Kt 91 99 97 105 101 100 91 110 108 108 107 90 99
p-value 0.03" 0.01* 0.01" 0.01* 0.01" 0.01" 0.02* 0.00™ 0.00™ 0.00** 0.01" 0.03" 0.01"
Javanrud Kt 37 43 73 100 110 94 99 71 73 38 59 61 86
p-value 0.82 0.66 0.12 0.01" 0.00™0.02" 0.01* 0.14 0.12 0.79 0.30 0.27 0.04"
Harsin Kt 121 111 117 117 131 117 40 63 66 45 87 96 135
p-value 0.00™ 0.00™ 0.00™ 0.00™ 0.00™ 0.00™ 0.74 0.24 0.20 0.61 0.04" 0.02* 0.00™
Ravansar Kt 50 80 116 107 115 88 116 86 68 65 41 92 124
p-value 0.50 0.07 0.00™ 0.00™ 0.00"™" 0.04" 0.00" 0.04" 0.17 0.21 0.72 0.02" 0.00™

Notes: *and ™ indicate significant difference at a 5% probability level (P < 0.05), and significant difference at a 1% probability
level (P < 0.01), respectively.

The year and amount of reference evapotranspiration change in the synoptic meteorological stations
of Kermanshah province are presented in Table (2). The results of Table (2) showed that the
meteorological station of Gilan Gharb had sudden incremental changes in reference evapotranspiration
in all months of the year. Eslamabad-e-Gharb, Kermanshah, Gilan Gharb, Javanrud and Hersin stations
had sudden incremental changes in annual reference evapotranspiration. Gilan Gharb station had the
highest amount of this change with 429 mm. In order to find the reason for the biggest increase in
annual reference evapotranspiration at Gilan Gharb station, the time series of each of the parameters
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affecting the annual reference evapotranspiration was investigated by Pettitt's test. The results showed
that although the maximum annual temperature had a sudden decrease, but with an increase in the
average minimum annual temperature, wind speed, daylight hours and net radiation, and a decrease in
the maximum relative humidity, the reference evapotranspiration increased in this station. The research
results of Fu et al. (2022) in China showed that the increase in temperature and wind speed and the
decrease in relative humidity had positive and large effects on the increase in evapotranspiration, which
agrees with the results of the present study. Ravansar station had a sudden decrease in
evapotranspiration of annual reference amounting to 183 mm. In order to find the reason for the
reduction of annual reference evapotranspiration at Ravansar station, the time series of each of the
parameters affecting the annual reference evapotranspiration was investigated by Pettitt's test. The
results showed that although the average temperature, minimum temperature and maximum annual
temperature had a sudden increase, but with the increase in the average maximum relative humidity
and the decrease in wind speed and annual daylight hours, the annual reference evapotranspiration in
this station decreased. In the study of Jhajharia et al. (2012) also pointed out the contradiction of
increasing temperature while reducing evapotranspiration. The research results of Liu and Zhang
(2013) showed that a significant reduction in wind speed dominates the change of reference
evapotranspiration and neutralizes the effect of increasing air temperature that increases the reference
evapotranspiration and leads to its reduction. This result agrees with the findings of the present study.

Table 2-The year and value of reference evapotranspiration change (mm) in synoptic meteorological
stations of Kermanshah province

Station Parameter Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
Eslamabad-e-Gharb Year of change - - 2005 2003 2014 2015 2014 - - - 2011 - 2014
Value - - 224 469 313 308 23 - - - 84 - 164
Kermanshah Year of change - - - 2012 2011 2011 2012 2015 2012 2007 2011 - 2011
Value - - - 224 185 187 175 163 63 83 96 - 142
Sarpol Zahab Year of change - - - - - - - - - - - - -
Value - - - - - - - - - - - - -
Songor Year of change - - - - - - - - - - - - -
Value - - - - - - - - - - - - -
Qasr-e-Shirin Year of change 2007 2004 2004 - - - 2013 - - - - - -
Value 239 293 46.1 - - - -205 - - - - - -
Kangavar Year of change - - - - - - - - - 2007 - - -
Value - - - - - - - - - 69 - - -
Gilan Gharb Year of change 2007 2005 2005 2005 2005 2006 2005 2006 2004 2004 2005 2004 2005
Value 28.4 40.4 63.4 39.4 579 53.6 415 288 315 229 16.7 20.5 429
Javanrud Year of change - - - 2006 2006 2006 2013 - - - - - 2006
Value - - - 31.7 325 237 -158 - - - - - 104
Harsin Year of change 2007 2011 2007 2007 2007 2007 - - - - 2007 2006 2007
Value 27.1 29 36.5 457 547 282 - - - - 9.9 12.7 243
Ravansar Year of change - - 2010 2009 2009 2008 2008 2008 - - - 2010 2008
Value - - -31.4 -28.4 -32.1 -19.9 -16.1 -13.1 - - - -9 -183
Conclusions

The results of this study show that, in general, from 2003 to 2015, sudden incremental changes in
reference evapotranspiration and have occurred in most meteorological stations of Kermanshah
province. Sudden incremental changes in reference evapotranspiration indicate an increase in the water
requirement of plants. Therefore, water resources should be providing to the agricultural sector with a
more appropriate planning, and the farmers, considering the amount of evapotranspiration, should act
with better planning regarding the crop selection.
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Table 1- Geographical coordinates of studied synoptic meteorological stations in Kermanshah

province

Station Latitude Longitude Elevation  Statistical period Climate type*

(N) (E) (m)
Eslamabad-e-Gharb 34.12 46.47 1350 1378-1401 Semi-arid, cold
Kermanshah 34.35 47.15 1320 1378-1401 Semi-arid, cold
Sarpol Zahab 34.45 45.87 545 1378-1401 Semi-arid, moderate
Songor 34.78 47.58 1700 1378-1401 Semi-arid, cold
Qasr-e-Shirin 34.53 45.6 376 1378-1401 Semi-arid, warm
Kangavar 34.5 47.98 1470 1378-1401 Semi-arid, cold
Gilan Gharb 34.13 45.93 816 1378-1401 Semi-arid, moderate
Javanrud 34.77 46.5 1375 1378-1401 Mediterranean, cold
Harsin 34.27 47.55 1580 1378-1401 Semi-arid, cold
Ravansar 34.72 46.65 1380 1378-1401 Mediterranean, cold

Notes: *: Climate type from Modified De Martonne method (de Martonne, 1926).
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Table 2- The results of Pettitt's test for reference evapotranspiration in synoptic meteorological
stations of Kermanshah province

Station Pettitt's Farvardin Ordibehesht Khordad Tir Mordad Shahrivar Mehr Aban Azar Day Bahman Esfand Annual

test
statistics
Eslamabad- K 40 49 85 91 104 97 110 81 66 83 95 26 110
e-Gharb p-value 0.74 0.51 0.045" 0.02° 0.01*  0.01" 0.00™ 0.07 0.20 0.052 0.02" 0.98  0.00"
Kermanshah Kt 40 47 65 118 105 143 112 89 86 105 99 32 129
p-value 0.74 0.56 0.21 0.00™ 0.00”  0.00™ 0.00™ 0.03° 0.04~ 0.01° 0.01 091  0.00"
Sarpol Kt 38 30 42 52 70 54 66 49 40 41 36 37 58
Zahab p-value 0.79 0.94 0.70 0.45 0.15 0.40 019 052 075 072 084 082 0.33
Songor Kt 48 47 52 73 69 62 52 65 58 71 59 46 84
p-value 0.55 0.57 0.45 012 0.17 0.25 045 021 032 014 031 059  0.05
Qasr-e- Kt 89 94 96 35 69 71 103 56 44 63 44 58 72
Shirin p-value 0.03" 0.02" 0.02" 0.86 0.16 0.13 0.01" 037 0.64 025 064 033 012
Kangavar Kt 43 65 50 45 48 44 48 71 34 93 69 39 41
p-value 0.66 0.21 0.50 0.62 0.55 0.64 054 014 0.88 0.02° 017 078 072
Gilan Gharb Kt 91 99 97 105 101 100 91 110 108 108 107 90 99
p-value 0.03" 0.01" 0.01" 0.01° 0.01° 0.01 0.02" 0.00” 0.00™ 0.00™ 0.01" 0.03" 0.01"
Javanrud Kq 37 43 73 100 110 94 99 71 73 38 59 61 86
p-value 0.82 0.66 0.12 0.01" 0.00™ 0.02° 0.01" 014 012 079 0.30 027  0.04"
Harsin Kt 121 111 117 117 131 117 40 63 66 45 87 96 135
p-value  0.00™ 0.00™ 0.00™ 0.00™ 0.00”  0.00™ 074 024 020 061 0.04 0.02"  0.00”
Ravansar Kt 50 80 116 107 115 88 116 8 68 65 41 92 124
p-value  0.50 0.07 0.00” 0.00™ 0.00™  0.04" 0.00™ 0.04° 017 021 072 0.02°  0.00”

Notes: * and ** indicate significant difference at a 5% probability level (P < 0.05), and significant difference at a 1%
probability level (P < 0.01), respectively.
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Fig. 2- Sudden monthly ETo changes in Eslamabad-e-Gharb, Kermanshah and Kangavar stations
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Fig. 3- Sudden monthly ETo changes in Qasr-e-Shirin and Gilan Gharb stations
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Fig. 4- Sudden monthly ETo changes in Gilan Gharb (Esfand), Javanrud, Harsin and Ravansar
(Khordad and Tir) stations
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Fig. 5- Sudden monthly ETo changes in Ravansar station
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Fig. 6- Sudden annual ETo changes in Eslamabad-e-Gharb, Kermanshah, Gilan Gharb, Javanrud,

Hersin, Ravansar stations
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Table 3- The year and value of reference evapotranspiration change (mm) in synoptic meteorological

stations of Kermanshah province

Station

Parameter

Farvardin Ordibehesht Khordad Tir  Mordad Shahrivar Mehr Aban Azar Day Bahman Esfand Annual

Eslamabad-e- Year of

Gharb

change
Value

Kermanshah  Year of

change
Value

Sarpol Zahab  Year of

Sonqor

change
Value
Year of
change
Value

Qasr-e-Shirin  Year of

Kangavar

change
Value
Year of
change
Value

Gilan Gharb  Year of

Javanrud

Harsin

Ravansar

change
Value
Year of
change
Value
Year of
change
Value
Year of
change
Value

- - 1384 1382 1393 1394 1393 - - - 1390 - 1393
- - 224 469 313 308 23 - - - 84 - 164
- - - 1391 1390 1390 1391 1394 1391 1386 1390 - 1390
- - - 224 185 187 175 163 63 83 96 - 142
1386 1383 1383 - - - 1392 - - - - - -
239 293 461 - - - 205- - - - - -

- - - - - - - - - 1386- - -

- - - - - - - - - 69 - - -
1386 1384 1384 1384 1384 1385 1384 1385 1383 1383 1384 1383 1384
284 404 634 394 579 536 415 288 315 229 167 205 429
- - - 1385 1385 1385 1392 - - - - - 1385
- - - 31.7 325 237  -158- - - - - 104
1386 1390 1386 1386 1386 1386 - - - - 1386 1385 1386
2711 29 365 457 547 282 - - - - 99 127 243
- - 1389 1388 1388 1387 1387 1387 - - - 1389 1387
- - 314  -284-321 -199  -161-131- - - -9 -183
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Table 4- the results of Pettitt's test for the factors affecting the annual reference evapotranspiration
in synoptic meteorological station of Ravansar

Pett'ttls teSt StatIStICS Tmin Tmax Tmean RHmin RHmax Uz n Rn
Kt 101 89 97 77 99 135 92 78
p-value 0.0 0.03° 0.014° 0.09 0.01" 0.00" 0.03° 0.09

Notes: *and ™ indicate significant difference at a 5% probability level (P < 0.05), and significant difference at a 1%
probability level (P < 0.01), respectively.
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Fig. 7- Sudden changes of the factors affecting on the annual ETo in Ravansar station
Notes: ETo: Reference evapotranspiration; Tmin: Minimum air temperature; Tmax: Maximum air temperature; Tmean:
Mean air temperature; RHmin: Minimum air relative humidity; RHmax: Maximum air relative humidity; uz: Wind speed
at 2 m above ground surface; n: Daylight hours; Rn: Net radiation.
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Table 5- the year and value of change of the factors affecting the annual reference
evapotranspiration in synoptic meteorological station of Ravansar

Parameter Tmin Tmax  Tmean RHmin  RHmax U2 n Rn

Q) (C) (°C) (W) (%) (ms*) (hryear') (MJm?day™)
Value of change 071 097 080 - 3.42 -0.59 -128 -
Percentage change 8.5 4.4 5.3 - 5.7 -28.7 -4.2 -

Year of change 1390 1392 1390 - 1392 1388 1393 -
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Table 6- The greatest value of changes in the average monthly (mm month) and annual reference

evapotranspiration (mm year™) and the year of its change among the synoptic meteorological

stations of Kermanshah province
Parameter Farvardin Ordibehesht Khordad Tir Mordad Shahrivar Mehr Aban Azar Day Bahman Esfand Annual

Number of 3 3 5 6 6 6 6 3 2 3 4 3 6
stations

with change

Percent 30 30 50 60 60 60 60 30 20 30 40 30 60
Station with ~ Gilan Gilan Gilan Eslamabad- Gilan  Gilan Gilan Gilan Gilan Gilan Gilan Gilan Gilan
most Gharb Gharb Gharb  e-Gharb  Gharb  Gharb Gharb Gharb Gharb Gharb Gharb Gharb Gharb
change

Year of 1386 1384 1384 1382 1384 1385 1384 1385 1383 1383 1384 1383 1384
change

Average 126 174.7 222.7 202.4 250.7 2171 1493 86.8 418 429 575 838 1730
ETo before

Average 154.4 215.1 286.1 249.3 308.6 270.7 190.8 1156 73.3 65.8 742 1043 2159
ETo after

Value of 28.4 40.4 63.4 46.9 57.9 536 415 288 315 229 167 205 429

change
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Table 7- the results of Pettitt's test for the variables affecting the annual reference
evapotranspiration in synoptic meteorological station of Gilan Gharb

Pett'ttls teSt StatIStICS Tmin Tmax Tmean RHmin RHmaX U2 n Rn
Kt 94 86 57 38 108 109 108 108
p-value 0.02° 0.04° 034 0.80 0.004™  0.003"  0.004™  0.004™

Notes: *and ** indicate significant difference at a 5% probability level (P < 0.05), and significant difference at a 1%

probability level (P < 0.01), respectively.
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Table 8- the year and value of change of the variables affecting the annual reference
evapotranspiration in synoptic meteorological station of Gilan Gharb

Parameter Tmin Tmax Tmean RHmin RHmaX u2 n Rn
) (O (O () (%) (ms?) (hryear?) (MJm?day™)
Value of change 195 -14 - - -152  1.39 1392 1.44
Percentage change  16.6 -5.0 - - -22.9 75.3 46.5 17.4
Year of change 1383 1383 - - 1383 1384 1395 1395
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Fig. 8- Sudden changes of the factors affecting on the annual ETo in Gilan Gharb station
Notes: ETo: Reference evapotranspiration; Tmin: Minimum air temperature; Tmax: Maximum air
temperature; Tmean: Mean air temperature; RHmin: Minimum air relative humidity; RHmax: Maximum air relative
humidity; uz: Wind speed at 2 m above ground surface; n: Daylight hours; Rn: Net radiation.
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