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Table 1- The list of NCEP variables and models of
general atmospheric circulation (Rouhipanah et
al., 2013)

ogos 99,5 s Jow g NCEP (gls o Cow bV Jgu
(Rouhipanah et al., 2013)

Code Description

mslp Mean sea level pressure

P f Geostrophic airflow velocity near the

- surface
P_u Zonal velocity component near the surface
P v Meridional velocity component near the
- surface

P_z Vorticity near the surface

p_th Wind direction near the surface
p_zh Divergence near the surface

p5_f Geostrophic airflow velocity at 500 hPa
p5_u Zonal velocity component at 500 hPa
p5_v Meridional velocity component at 500 hPa
p5_z Vorticity at 500 hPa

p5th Wind direction at 500 hPa

p5zh Divergence at 500 hPa

p8_f Geostrophic airflow velocity at 850 hPa
p8_u Zonal velocity component at 850 hPa
p8 v Meridional velocity component at 850 hPa
p8 z Vorticity at 850 hPa

p8th Wind direction at 850 hPa

p8zh Divergence at 850 hPa

p500 500 hPa geopotential height

p850 850 hPa geopotential height

prec Precipitation total

r500 Relative humidity at 500 hPa height
r850 Relative humidity at 850 hPa height
rhum Near surface relative humidity
shum Near surface specific humidity
temp Near surface air temperature
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Table 3 - Results of evaluation of observational and
simulated data by SDSM model
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Table 2- Solar radiation (Ra) values for the study

area
890 adlio (gl 1 (RA) (g y95 (il polio Y Jguar
Azl
Month Ra Month Ra
January 6.9 July 16.7
March 9 August 15.3
April 11.8 September 12.8
February 145 October 10
May 16.4 November 7.5
June 17.2 December 6.1
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Table 4- Average monthly temperature (°C) in the near- and far-future periods compared to the baseline period
based on different scenarios

Ciliseo (Lgs lw (wliwl 2 Al 059 43 s S35 g 598 0uinT 0595 33 (°OC) Lo wilale (1uSilso —F Jgu

Month Baseline Near future Far future
RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5
January 7.42 10.37 10.47 10.47 10.43 10.54 10.52
February 6.94 9.69 9.80 9.68 9.79 9.70 9.89
March 9.08 11.26 11.32 11.28 11.28 11.34 11.331
April 13.48 17.20 17.32 17.16 17.29 17.21 17.18
May 18.83 22.21 22.35 22.18 22.36 22.17 22.50
June 23.76 27.79 27.83 27.71 27.91 27.66 27.91
July 26.35 30.73 30.68 30.73 30.75 30.63 30.69
August 26.19 30.29 30.33 30.19 30.18 30.39 30.27
September 23.00 26.89 27.05 27.11 27.12 27.05 27.03
October 18.25 21.76 21.85 21.82 21.84 21.93 21.86
November 13.43 16.93 16.88 16.89 16.82 17.08 17.06
December 9.54 12.88 12.90 12.99 12.98 12.92 12.71

Table 5- Average monthly evapotranspiration (mm) based on Hargreaves-Samani equation in the near- and far-
future periods compared to the baseline period based on different scenarios

ool 2 4l 090 4 o 035 9 590 sl 030 13 ol 351,531 aolee (wlusl 1 (MM) G525 puid Ao (ruKileo ~0 Jgur

Glizo g yLw

Month Baseline Near future Far future
RCP2.6 RCP4.5 RCP8.5 RCP8.5 RCP4.5 RCP2.6

January 0.56 2.16 1.91 2.28 1.89 2.02 1.96
February 0.62 2.55 2.74 2.24 2.25 2.65 2.62
March 0.89 3.08 2.93 3.12 2.99 3.16 3.08
April 1.32 5.46 5.23 5.33 5.13 6.06 5.56
May 1.84 6.11 6.22 5.58 5.55 6.19 6.07
June 2.42 5.14 4,93 4.99 5.75 5.59 5.29
July 2.72 4.71 5.21 4,94 5.18 457 4.75
August 2.51 4.87 3.80 458 5.20 4.85 4.40
September 1.79 3.988 4.34 4.39 4.10 3.88 457
October 1.21 3.34 3.38 3.72 3.25 3.56 3.45
November 0.75 2.05 2.36 2.36 2.37 2.48 2.26
December 0.55 2.10 2.029 1.89 1.90 2.13 2.04
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Table 6- Average monthly evapotranspiration (mm) based on Torrentwhite equation in the near- and far-future
periods compared to the baseline period based on different scenarios

bl 32 1l 6590 4 s SB35 9 98 00l 093 3 Culg —Cd g8 Wolro (bl p2 (MM) (§ 85 s Aldle (1SSl —F Jgu
Glizo g jLw

Month Baseline Near future Far future
RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5
January 14.89 16.55 16.90 17.07 16.75 16.61 16.91
February 13.26 14.24 14.17 14.16 14.45 14.41 14.70
March 21.09 19.89 19.95 20.09 19.98 19.84 19.98
April 41.78 51.35 51.04 51.26 51.95 51.74 50.97
May 74.48 90.99 90.68 90.51 92.09 92.24 93.47
June 111.41 150.19 149.19 148.63 150.78 151.71 151.75
July 133.20 188.05 188.16 186.89 187.68 188.64 187.97
August 131.81 182.13 180.78 183.63 182.95 180.93 182.21
September 105.29 139.58 142.15 141.45 141.48 142.24 141.16
October 70.59 86.93 87.44 88.31 87.55 87.49 87.61
November 41.53 49.59 49.24 50.37 49.03 48.60 50.17
December 23.00 26.87 27.36 26.96 26.80 27.16 25.85
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Table 7-Percentage of changes in average monthly temperature (°C) in the near- and far-future periods compared to
the baseline period based on different scenarios

aliso (gWgs jlow wlil o sl 0590 A Commd S35 9 90 ouisT 0598 49 (°C) Lo wilale UL PP JUUE L RV SYRE i PR

Month Near future Far future
RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5

January 39.76 41.11 41.11 40.57 42.05 41.78
February 39.63 41.21 39.48 41.07 39.77 42.51
March 24.01 24.67 24.23 24.23 24.89 24.79
April 27.60 28.49 27.30 28.26 27.67 27.45
May 17.95 18.69 17.79 18.75 17.74 19.49
June 16.96 17.13 16.62 17.47 16.41 17.47
July 16.62 16.43 16.62 16.70 16.24 16.47
August 15.65 15.81 15.27 15.23 16.04 15.58
September 16.91 17.61 17.87 17.91 17.61 17.52
October 19.23 19.73 19.56 19.67 20.16 19.78
November 26.06 25.69 25.76 25.24 27.18 27.03
December 35.01 35.22 36.16 36.06 35.43 33.23
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Table 8- Percentage of changes in average monthly evapotranspiration (mm) based on Torrentwhite equation in the
near- and far-future periods compared to baseline period based on different scenarios

0399 4 S SIS 3 9 590 00y | 0593 3 Cualy — i ygi Aolro bl 1 (MM) G525 pusesd dilale uSlo Ol puss duo y3 —A Jgus
ilizo glog b olul » 4l

Month Near future Far future
RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5
January 11.17 13.50 14.63 12.51 11.56 13.59
February 7.37 6.86 6.82 8.94 8.69 10.82
March 5.68 5.40 4,76 -5.30 -5.96 5.27
April 229 22.16 22.70 24.35 23.84 22
May 22.18 21.75 21.52 23.65 23.85 25.5
June 34.81 33.91 3341 35.34 36.17 36.2
July 41.18 41.26 40.31 40.91 41.6 42
August 38.17 37.15 39.32 38.79 37.26 38.3
September 32.57 35 34.34 34.37 35 34.10
October 23.15 23.88 25.11 24.04 24 24.13
November 19.43 18.58 21.31 18.08 17.03 20.82
December 16.87 18.96 17.23 16.55 18.11 12.41
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Table 9- Percentage of changes in average monthly evapotranspiration (mm) based on Hargreaves-Samani equation
in the near- and far-future periods compared to baseline period based on different scenarios

A o S8 35 9 98 00ia] 0593 0 (Sloliw— 391 551 Asleo (wliwl p1 (MM) & 25 s Alalo (pSilao Ol i w0y -4 Jgu
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Month Near future Far future

RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5

January 285.71 241.07 307.14 250.00 260.71 237.50
February 311.29 341.94 261.29 322.58 327.42 262.90
March 246.07 229.21 250.56 246.07 255.06 235.96
April 313.64 296.21 303.79 321.21 359.09 288.64
May 232.07 238.04 203.26 229.89 236.41 201.63
June 112.40 103.72 106.20 118.60 130.99 137.60
July 73.16 91.54 81.62 74.63 68.01 90.44
August 94.02 51.39 82.47 75.30 93.23 107.17
September 122.79 142.46 145.25 155.31 116.76 129.05
October 176.03 179.34 207.44 185.12 194.21 168.60
November 173.33 214.67 214.67 201.33 230.67 216.00
December 281.82 268.91 243.64 270.91 287.27 245.45
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Projected changes of potential evapotranspiration under RCP climate
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Abstract

Accurate estimation of potential evapotranspiration is crucial in crop water use determination especially under
climate change conditions. In this study, the changes of potential evapotranspiration values estimated using
Hargreaves-Samani and Thornthwaite methods were investigated during the baseline period, 1986-2018. For
future projection, the outputs of the general circulation model (CanESM2) under RCP2.6, RCP4.5 and RCP8.5
scenarios were downscaled using SDSM statistical model during near and far future periods (2025-2050 and
2075-2100). The simulation results showed a rise in temperature in future periods and all scenarios. The results
showed that ETp will increase from 2025 to 2100 under three scenarios, except for the Thornthwaite method
estimations in March. In the RCP2.6 scenario, the highest increase in ETp in the Thornthwaite method was
obtained in July, equal to 55 mm. This value was calculated in the Hargreaves-Samani method equal to 1.63 mm
in April. In the RCP4.5 scenario and near future period, the projected rise in ETp values by Thornthwaite
method in month of July is 54.96 mm and Hargreaves-Samani method for month of January was 1.45 mm.
These values for the same month and methods, in case of RCP8.5 scenario, were 40.34 and 1.72 mm,
respectively. According to the results, the lowest increase in ETp will occur in the RCP4.5 scenario between
years 2025 and 2050 and in the RCP8.5 scenario between years 2075 and 2100.
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