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Table 1 Geographical profile table of the studied station

Station Longitude Latitude Elevation from sea level (m)
Astara 48° 52" 38° 26" -22
Bandar Anzali 49° 28" 37° 28" -16
Rasht 49° 36" 37° 15" 0
Ramsar 50° 38" 36" 55" 72
Nushahr 51° 29" 36" 39 -12
Sari 53° 05" 36° 04" 54
Bandar Torkaman 54° 05" 36" 55 -25
Gorgan 54° 28" 36" 51" 105
Gonbad Kavus 55° 08" 37° 14" 52
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Table 3 Statistical characteristics of implemented meteorological parameters

Station Variable Mean Minimum Maximum Standard  Coefficient gy ouness
Deviation  Of Variation
T 16.1 2.7 30.2 7.9 0.5 -0.06
RH 80.12 28.4 98.6 10.5 0.13 -1.003
Astara U 1.06 0.00 6.83 0.69 0.65 1.65
N 55 0.00 13.5 443 0.81 0.13
ETo 243 0.35 7.87 1.73 0.71 0.64
T 17.1 13 29.2 73 0.4 -0.07
. RH 82.36 31.2 99.6 8.98 0.1 -1.03
Bandar anzali U 247 0.00 10.94 138 0.56 17
N 5.51 0.00 14.00 4.51 0.82 0.09
ETo 2.6 0.41 7.33 1.78 0.68 0.6
T 17.1 -1.9 30.5 7.67 0.4 -0.12
RH 82.7 252 10.00 10.2 0.12 13
Rasht U 1.15 0.00 6.73 0.71 0.61 1.8
N 491 0.00 13.4 427 0.86 0.18
ETo 24 2.73 6.93 1.72 0.72 0.53
T 17.40  -1.50 30.50 7.401 0.425 -0.013
RH 80.19  48.60 98.90 8.172 0.102 -0.408
Ramsar U 1.37 0.00 6.26 0.761 0.555 1.572
N 13.50  -2.40 24.90 6.658 0.493 -0.135
ETo 3.83 0.43 9.25 2.650 0.692 0.338
T 17.24 1.60 29.90 7.248 0.420 -0.042
RH 80.88  35.80 99.60 8.388 0.104 -0.566
Noshahr U 1.46 0.00 5.61 0.701 0.481 1.279
N 5.52 0.00 13.40 4217 0.764 -0.007
ETo 2.48 0.31 6.89 1.581 0.636 0.615
T 1859  -1.70 115.20 8.123 0.437 0.660
. RH 7936 35.60 99.40 9.201 0.116 0.459
Sari U 0.90 0.00 4.02 0.554 0.619 1.285
N 5.85 0.00 13.00 4.083 0.698 -0.164
ETo 2.63 0.44 29.79 1.794 0.683 2.002
T 18.47  -4.30 34.50 8.104 0.439 -0.139
RH 7338  37.50 98.00 9.678 0.132 -0.142
Bandartorkaman U 248 0.00 13.46 1.429 0.577 1431
N 6.66 0.00 13.30 4.093 0.615 -0.385
ETo 3.37 0.44 12.61 2.153 0.639 0.437
T 1829  -4.50 33.60 8.565 0.468 -0.090
RH 7225  38.00 100.00 10.257 0.142 0.219
Gorgan U 3.43 0.00 25.93 4.721 1.378 3.049
N 6.64 0.00 13.30 4.162 0.627 -0.342
ETo 3.74 0.33 20.93 2.575 0.687 1.543
T 1924  -6.85 36.80 8.857 0.460 -0.099
RH 65.45  21.50 97.00 14.029 0214 0.052
Gonbadkavus U 123 0.00 6.88 0.719 0.583 1.077
N 7.03 0.00 13.60 4.150 0.590 -0.489
ET, 3.37 0.33 10.28 2.156 0.639 0.406
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Table 4 calculations performed for scenarios defind for methods SVR, GPR, RF and Hargreaves
experimental methods

Model

GPR GPR GPR SVR SVR

GPR2

Station 1 3 4 1 5

SZR S\4/R RF1 RF2 RF3 RF4 HS

R 086  0.92 0.97 097 086 091
Astara SI 034 027 0.18 0.16 035 0.29

0.92 0.95 0.98 099 093 095

R 0.86 0.92 0.97 098 088 092
Bandar ST 039 0.25 0.16 0.13 031 0.26

Anzali 0.84 0.96 0.98 099 094 096

R 0.84 0.89 0.97 097 084 090
Rasht SI 043 0.31 0.18 0.17 037 031

0.82 0.94 0.98 099 090 094

R 0.94 0.93 0.96 096 094 095
Ramsar SI  0.34 0.34 0.19 0.18 023 021

0.89 0.89 0.98 098 09 097

R 0.83 0.90 0.96 097 097 090
Nushahr ST 0.40 0.27 0.16 0.14 015 028

VIV 080 094 098 099 099 094
R 08 090 09 097 086 090
Sari S 057 028 017 0.5 032 028
VIV 034 094 098 099 092 094
R 090 092 097 098 090 092
Bandar SI 026 023 016 0.12 026 024
T";]I‘lam VIV 095 096 098 1.00 095 096
R 071 075 067 047 071 075
Gorgan SI 076 076 069 092 078 078
VIV 068 071 075 050 070 071
R 090 092 095 098 090 092
Gonbad SI 027 025 019 0.2 027 025
Kavus VIV 094 095 097 099 095 095

096 097 0.83 0.89 0.96 0.97 0.96
0.19 0.16 039 0.31 0.19 0.16 0.23

098 099 091 0.94 0.98 0.99 0.97

097 098 0.84 0.90 0.96 0.97 0.96
0.18 0.13 0.35 0.28 0.18 0.15 0.21

098 099 0.92 0.95 0.98 0.99 0.97

096 097 0.82 0.91 0.96 0.97 0.95
0.18  0.17 0.40 0.28 0.20 0.18 0.32

098 099 0.0 0.95 0.98 0.98 0.95

096  0.87 0.94 0.94 0.95 0.95 0.92
020 047 0.22 0.22 0.21 0.20 0.51

098 0.3 0.97 0.97 0.97 0.98 0.79

096 097 0.79 0.87 0.96 0.97 0.95
0.17  0.15 0.38 0.30 0.18 0.15 0.21

098 099 0.88 0.93 0.98 0.98 0.97

096 097 0.82 0.91 0.96 0.97 0.96
0.17  0.15 0.35 0.27 0.18 0.16 0.30

098 099 0.90 0.95 0.98 0.98 0.95

096 098 0.85 0.87 0.93 0.96 0.92
0.16 0.12 0.33 0.31 0.24 0.18 0.31

098 099 092 0.93 0.96 0.98 0.92

0.76  0.48 0.66 0.71 0.76 0.87 0.76
073 092 0.78 0.77 0.69 0.51 0.45

0.75 0.51 0.68 0.71 0.76 0.87 0.86

095 098 0.86 0.89 0.95 0.98 0.96
0.19  0.12 0.31 0.28 0.19 0.13 0.26

098 099 093 0.94 0.97 0.99 0.96
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Abstract

Accurate estimation of reference evapotranspiration has great importance in irrigation scheduling.
Moreover, the lack of availability of lysimetric data has led researchers to use indirect methods, including
data-driven approaches. In the present study, the ability of Gaussian process regression (GPR), support
vector regression (SVR) and random forest (RF) data-driven methods was investigated to estimate the
evapotranspiration of the reference plant. For this purpose, meteorological data on average temperature,
wind speed, relative humidity and sunny hours in the period 2013-18 were collected in nine northern
stations of Iran including Astara, Bandar Anzali, Rasht, Ramsar, Nowshahr, Sari, Turkmen port, Gorgan,
and Gonbad Kavous. Evapotranspiration calculated using FAO-Penman-Montith method was considered
as the target output and four combined scenarios of meteorological parameters were considered to
calibrate and validate the studied methods. The accuracy of the mentioned methods was compared using
the statistical parameters of correlation coefficient, scatter index, and Wilmott’s coefficient. The results
showed that GPR4 model with scatter index in the range of 0.132 to 0.179 in Astara, Bandar Anzali,
Rasht, Ramsar, Nowshahr and Sari stations, SVR4 model with dispersion index of 0.116 to 0.120 in
Turkmen and Gonbad Kavous stations and the Hargreaves-Samani method with a scatter index of 0.509 at
Gorgan station had much more accurate estimates of the evapotranspiration of the reference plant.

Keywords: Data Driven Methods; FAO Penman—Monteith Method; Hargreaves-Samani Equation; North
of Iran; Reference Evapotranspiration.
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