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Table 1- Geographical and climatic characteristics of the study stations

Station Longitude Latitude Height Statistical Type of climate
name (East degree)  (North degree) (m) Period (Extended de Martonne)
Ahvaz 48.74 31.34 225 1993-2018 Arid
Yazd 54.29 31.54 1230.2 1993-2018 Extra arid-moderate
Kerman 56.97 30.25 1753 1993-2018 Arid-cold
Bushehr 50.82 28.97 8.4 1993-2018 Arid-warm
Mashhad 59.63 36.27 999.2 1993-2018 Semi-arid cold
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Figure 1- Projected pan evaporation changes in Mashhad station under the RCP8.5 and RCP4.5 scenarios (2020-2100)
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Figure 2- Projected pan evaporation changes in Bushehr station under the RCP8.5 and RCP4.5 scenarios (2020-2100)

—~ 310 ~ 400
c RCP4.5 o RCP8.5
£ 300 g
z £ 300
S 290 c
= S
< 280 - < ]
5 gZOO
Q
S 270 - S
w > 100
= 260 - i
[ c
o 250 - & o
O T O N © O F 0O N © O 0N ©W O T 0N © O
SiSEESIIEEEEEREEEE8E8 SRR RS bR RIS S R
NNNNNNNN$NNNNNNNNNNNN NANANANANANNANANANNANANNANNNANNNNNNNNNN
ear Year

(Y+¥+ =YY++) 0)93 ;0 RCP85 g RCPA5 sdgy jLlw xi jlgnl oliling | Culid 1 yuded Ol pudi' (6,55 i — Y S0
Figure 3- Projected pan evaporation changes in Ahvaz station under the RCP8.5 and RCP4.5 scenarios (2020-2100)
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Figure 4 - Projected pan evaporation changes in Kerman station under the RCP8.5 and RCP4.5 scenarios (2020-2100)
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Table 2- The results of trend analysis of pan evaporation data under the RCP4.5 scenario during (2020-2049)

RCP4.5 Sen slope estimator
Station Year N Z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 30 0.84 0.043 -0.095 0.311
Kerman 2020-2049 30 2.71 *x 0.27 0.03 0.52
Mashhad 2020-2049 30 -0.43 0.051- -0.420 0.322
Bushehr 2020-2049 30 -1.71 0.090- -0.230 0.063
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Table 3- The results of trend analysis of pan evaporation data under the RCP8.5 scenario during (2020-2049)

RCP4.5 Sen slope estimator
Station Year N z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 30 -1.09 -0.027 -0.294 0.114
Kerman 2020-2049 30 321 fale 0.26 0.06 0.52
Mashhad 2020-2049 30 3.21 *x 0.26 0.06 0.42
Bushehr 2020-2049 30 -2.53 * -0.243 -0.439 0.018
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Table 4- The results of trend analysis of pan evaporation data under the RCP4.5 scenario during (2050-2079)

RCP4.5 Sen slope estimator
Station Year N z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 30 -4.42 *x -0.589 -0.864 -0.341
Kerman 2020-2049 30 1.35 0.08 -0.05 0.20
Mashhad 2020-2049 30 -0.46 -0.072 -0.407 0.319
Bushehr 2020-2049 30 -1.78 -0.088 -0.205 0.032
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Table 5- The results of trend analysis of pan evaporation data under the RCP8.5 scenario during (2050-2079)

RCP4.5 Sen slope estimator
Station Year N z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 30 -2.32 * -0.231 -0.509 0.027
Kerman 2020-2049 30 1.99 0.13 -0.02 0.33
Mashhad 2020-2049 30 2.28 * 0.641 -0.059 1.185
Bushehr 2020-2049 30 -1.57 -0.214 -0.457 0.127
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Table 6- The results of trend analysis of pan evaporation data under the RCP4.5 scenario during (2080-2100)

RCP4.5 Kendall Sen slope estimator
Station Year N Zz signific Q Qmin99 Qmax99
Ahvaz 2020-2049 21 2.14 * 0.268 -0.056 0.639
Kerman 2020-2049 21 0.5 0.03 -0.22 0.33
Mashhad 2020-2049 21 0.45 0.080 -0.707 0.703
Bushehr 2020-2049 21 0.03 0.008 -0.268 0.272
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Table 7- The results of trend analysis of pan evaporation data under the RCP8.5 scenario during (2080-2100)

RCP4.5 Kendall Sen slope estimator
Station Year N Z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 21 -1.12 -0.163 -0.518 0.180
Kerman 2020-2049 21 1.66 0.27 -0.09 0.49
Mashhad 2020-2049 21 -2.08 * -0.755 -1.859 0.410
Bushehr 2020-2049 21 -2.33 * -0.455 -0.927 0.049
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Table 8-Trend analysis of Kp values obtained from observed data for baseline peiod (1993-2018)

Station Year Man-Kendall SEN s estimator (99%o)
Z Signific Q Q min Q max
Ahvaz 1993-2018 2.60 * 0.003 -0.001 0.006
Bushehr 1993-2018 4.10 fola 0.012 0.006 0.017
Kerman 1993-2018 -4.10 fola -0.009 -0.014 -0.005
Mashhad 1993-2018 4.70 ol 0.01 0.00 0.01
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Abstract

The pan evaporation is one of the major components of hydrological cycle. It is quite important in agricultural water
management and water balance estimations. The current research was performed with two main goals. First, to study
the trend of pan coefficient during baseline period of 1993-2018 and second, projection of pan evaporation during
three future periods under RCP climate change scenarios in 5 selected stations across Iran, namely Mashhad, Bushehr,
Ahvaz, Kerman. In part one; the monthly trend of Kp values were studied using Man-Kendal and Sen’s slope estimator
in warm season (Spring and Summer). In second part, for projection of pan evaporation under RCP scenarios, the
PenPan model, a modified form of P-M equation, was used. The required projected climate data were retrieved from
CNRM-C5 model outputs under RCP 4.5 and RCP 8.5 scenarios. The trend analysis of Kp values using Man-Kendal
test during the baseline period showed a significant decreasing trend except for the Yazd station with the least
coefficient of -1.88 mm. The greatest decreasing value based on Sen’slope estimator was observed in Bushehr station.
The results of Man-Kendal test revealed a decreasing trend in pan evaporation in Ahvaz, Mashhad, Bushehr and
increasing trend in Kerman stations. For future periods of 2020-2049, 2050 to 2079 and 2080 to 2100, an increasing
trend of pan evaporation in Kerman station and decreasing trend in 3 other stations was detected. According to Sens’s
slope estimator test, during the baseline period the most increasing trend was observed in Kerman station. For future
period the most increasing trend was observed in Mashhad station (+0.64). It is projected that mean pan evaporation
values during near, middle and far future periods would decrease 4.7, 6.2 and 8.8%, respectively. Despite of projected
increase of air temperature in Mashhad, Bushehr and Ahvaz stations, a reduction in pan evaporation was observed
which might be attributed to reduced received radiation as reported in previous studies as evaporation paradox.

Keywords: Trend, Climate Change, PenPan model, Pan Evaporation
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