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Abstract

The Food and Agriculture Organization (FAO) has proposed
the FAO 56 Penman-Monteith model as a standard method for
estimating reference evapotranspiration (ET,). However, using
this model for the high-altitude regions mostly faces
uncertainty due to the lack of meteorological stations,
observation problems, and incomplete meteorological data.
Therefore, in these regions models should be used that require
fewer meteorological variables and can also be considered as a
function of altitude. In the present study, the data from 28
synoptic stations in Iran with an altitude of more than 2000
meters above sea level in the period of 1989-2019 were used
to modify the Hargreaves-Samani model based on the altitude
and also correct the temperature factor coefficients. The
comparison of the results of the FAO 56 Penman-Monteith
model as a standard method, the original Hargreaves-Samani,
and the modified Hargreaves-Samani models showed that the
modified model offers better results than the original model
and is able to estimate the ET, more accurately in the high-
altitude regions of Iran. Based on the results of MBE, MAE,
RMSE, PVC, LVC, d, r, and PI statistical indices, the highest
agreement in estimating ETo with modified Hargreaves-
Samani and FAO 56 Penman-Monteith models was observed
at Firuzkuh, Baft, Baladeh, Sisakht, Avaj, Khansar, Abali,
Daran, Fereidunshahr, Borujen, Samirom, Aligudarz,
Farokhshahr, Damavand, Sepidan and Saman stations, which
had an average error reduction of 14% compared to the values
obtained from the original Hargreaves-Samani model.
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Coefficients, Hargreaves-Samani.
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Table 1- The coefficients of the Hargreaves-Samani model according to the various studies during the period

1985-2021
YAAD-Y+¥Y 0,95 Jgb > cilisee Olalllan 4 angi b Slobw — 59,5, Joo il po =Y Jou
Kn eH Kt
Year Authors (Temperature (Temperature (Temperature Study Area
coefficient) index) constant)
1985 Hargreaves & Samani 0.0023 0.5 17.8 El Salzgﬂﬁ;& sr
1993 Smith 0.0030 0.4 20.0 California
2000 Samani 0.0135 0.5 17.8 El Salvador & Sri
Lanka
2001 Xu & Singh 0.0029 0.5 17.8 North-Eastern
Ontario
0.0030 0.4 20.0 V\égﬂg“(gr'];“
2002 Droogers & Allen
0.0025 0.5 16.8 World (Second
equation)
0.0022 0.5 17.8 Southern Spain
(Coastal regions)
2004 Vanderlinden et al. Southern Spain
0.0030 0.5 17.8 (Interior
regions)
2004 ~ Martinez-Cob & 0.0020 0.5 17.8 Zaragoza
Tejero-Juste
. 0.0021 .
2006 Gavilan 0.0027 0.5 17.8 Spain
2007 Trajcovic 0.0023 0.424 17.8 Western Balkans
2008 Sepaskhah & 0.0026 05 17.8 Iran
Razzaghi
o010 ~ G0cic & Trajcovic 0.0023 0.424 17.8 Serbia
2011 Subburayan et al. 0.0023 0.653 17.8 India
Tabari & 0.0031 0.5 17.8 Iran (Arid zones)
2011 Hosseinzadeh
Talace 0.0028 0.5 17.8 Iran _(Cold
regions)
2012  Mohawesh & Talozi 0.6957 0.58 16.6 Jordan
2014 Bertiet et al. 0.0020 0.5 17.8 Vento-Italy
2014 Patel et al. 0.0023 0.5 17.8 India
2018 Tang et al. Based_on 0.5 36.6 Tabbat-china
elevation
From northwest to
- - southeast China
2019 Zhu et al. Decllm_ng trend Decllm_ng trend 17.8 Coastal area of
Increasing trend  Increasing trend .
China
2020 Awal et al. 0.00138 0.685 24.49 West Texas
Hot-Summer
2021 Rodrigues & Braga 0.0023 0.424 16.8 Mediterranean
Climate
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Table 2- Geographical and climatological characteristics and average annual temperature (during 1989 to
2019) at the sudy stations

Sl ol (F+ 18 BIAAR slaJle (b) ¥l (uSle (slod o ool ¢ 3 Ldl pin Oladeiso —Y Jgoo

Station Altitude latitude longitude  Tmean Climate type based on Extended
(m) (°N) (°E) (°C) De-Martonne classification
Baladeh 2120.0 36.20 51.80 10.60 Semi-arid very-cold (A2 m1)
Firuzkuh 2985.7 35.70 52.59 5.60 Sub humid very-cold (A4 m1)
Damavand 2051.0 35.73 52.05 13.30 Semi-arid cold (A2 m2)
Abali 2465.2 35.75 51.90 9.10 Sub humid very-cold (A4 m1)
Zarrineh 2142.6 36.07 46.92 8.70 Semi-arid very-cold (A2 m1)
Avaj 2034.9 35.57 49.22 11.80 Semi-arid cold (A2 m2)
Ashtiyan 2097.0 34.52 50.01 14.10 Semi-arid cold (A2 m2)
Aligudarz 2022.1 33.41 49.70 13.10 Semi-arid cold (A2 m2)
Khansar 2300.0 33.23 50.32 13.60 Semi-arid cold (A2 m2)
Daran 2290.0 32.97 50.37 11.30 Semi-arid cold (A2 m2)
Fereidunshahr 2490.0 32.94 50.13 11.70 Mediterranean cold (A3 m2)
Samirom 2459.9 31.42 51.55 13.70 Semi-arid cold (A2 m2)
Saman 2075.0 32.44 50.87 14.30 Semi-arid cold (A2 m2)
Shahrekord 2048.9 32.29 50.84 11.80 Semi-arid very-cold (A2 m1)
Farokhshahr 2085.0 32.30 50.93 12.70 Semi-arid cold (A2 m2)
Farsan 2062.0 32.26 50.56 13.60 Semi-arid cold (A2 m2)
Kuhrang 2365.0 32.46 50.13 10.00 Per humid (B) very cold (A7 m1)
Borujen 2260.0 31.98 51.30 12.40 Arid cold (A1.2 m2)
Sisakht 2133.4 30.84 51.47 15.80 Mediterranean cold (A3 m2)
Izadkhast 2188.0 31.53 52.13 15.70 Arid cold (A1.2 m2)
Abadeh 2030.0 31.20 52.62 12.80 Extra arid cold (Al1.1 m2)
Eqlid 2300.0 30.90 52.63 13.80 Semi-arid cold (A2 m2)
Sepidan 2201.0 30.23 50.00 15.90 Mediterranean cold (A3 m2)
Safashahr 2251.0 30.59 53.16 14.90 Arid cold (A1.2 m2)
Bavanat 2231.0 30.48 53.61 15.70 Arid cold (A1.2 m2)
Gariz 2100.0 31.31 54.10 16.40 Extra arid cold (Al1.1 m2)
Lalehzar 2775.0 29.52 56.83 12.20 Arid cold (A1.2 m2)
Baft 2280.0 29.23 56.58 15.40 Arid cold (A1.2 m2)
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Table 3- Angstrom equation coefficients (as, bs) for
the studied stations for estimating solar radiation
(based on Khalili, 1994)
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adlae (poliol ) (Gl jo3 U 345152 (512 axllle 390

(Y44¥ (s

Station as bs
Baladeh 0.23 0.4
Firuzkuh 0.28 0.42
Damavand 0.28 0.42
Abali 0.28 0.42
Zarrineh 0.39 0.3
Avaj 0.28 0.42
Ashtiyan 0.28 0.4
Aligudarz 0.39 0.3
Khansar 0.3 0.42
Daran 0.3 0.42
Fereidunshahr 0.3 0.42
Samirom 0.3 0.42
Saman 0.3 0.42
Shahrekord 0.3 0.42
Farokhshahr 0.3 0.42
Farsan 0.3 0.42
Kuhrang 0.3 0.42
Borujen 0.3 0.42
Sisakht 0.39 0.3
Izadkhast 0.29 0.42
Abadeh 0.29 0.42
Eqlid 0.29 0.42
Sepidan 029 042
Safashahr 0.29 0.42
Bavanat 0.29 0.42
Gariz 0.21 0.64
Lalehzar 0.28 0.45
Baft 0.28 0.45
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Fig. 3- The regression analysis of altitude function (f(H)) where (n=365x28), (** represents significance at 1
% level; the standard error =6.1x10%)
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Table 4- The statistical indices, and their range and optimum value

Equation Reference Range Optimum value
MAE= i n [P — O (8) Willmott, Matsuura (2005) 0 to +oo 0
MBE=1¥n, (P, ~0;) 9) Jacovides & Kontoyiannis 0 to +oo 0
n (1995)
N (20) Barnston (1992) 0 to +oo 0
RMSE= lz (P,— O,
0 Li=
d= 1_[ (P - 0p)> ] (11) Willmott (1981) Oto1l 1
X (IP; - OI+0; - O))
= _2Pi-PXOi -0 (12) Acton (1966) Otol 1
/Z(Pi-l;)z 2(0; - 0)2
Pl=dxr (13) Camargo & Sentelhas (1997) -00 to +00 0.66-0.75 (good)
0.76-0.85 (verygood)
>0.85 (great)
4 ;- 0p2pi (14) Valipour et al. (2020) 0 to +oo 0
PVC=Y——o—
5 pi
35nl b, 0p2pi (15) Valipour et al. (2020) 0 to +o0 0
LVC=—"—"—F—r—r—
o, i’
Student’s t test=St = (16) Gosset (1908)
(-0
T iR (0F0)
n(n-1)
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Fig. 4- Spatial distribution of H-S model variables in the study area (a: maximum temperature, b: minimum
temperature, c: average temperature, d: solar radiation)
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Table 5- Average daily values of ET, calculated using the standard Penman-Monteith (PM), Hargreaves
Samani (H-S) and Modified Hargreaves-Samani (H-Swod) models (mm d) at the study stations and ratio of
values of the two models compared to the standard model

(H-S) (siloluw — 3915 ) « FAO-56 PM 3 jlusbiw] Jue 31 03liiws] b oud dawline (§ pai— pend dil}gy awgio pdlio -0 Jou>

Joe 4 Comd Juo 90 12380 Cunnd g (JFlallle (solKius] 33 594 3 yio dao s (H-Smod) o Jg x5 Slolw 591,55, o

3,laitiw!
Station ETo ETo ETo ETo ETo
(FAO-56 PM) (H-9) (H-Smod) [H-S/ FAO-56 PM] [H-Swmod/ FAO-56 PM]

Baladeh 3.1 3.1 35 1.0 1.1
Firuzkuh 2.8 2.0 2.7 0.7 1.1
Damavand 3.0 3.2 3.5 1.1 1.1
Abali 2.9 25 2.9 0.9 1.1
Zarrineh 3.2 3.1 3.5 1.0 1.0
Avaj 3.3 3.3 35 1.0 1.1
Ashtiyan 3.9 3.2 35 0.8 1.0
Aligudarz 4.2 3.6 3.9 0.9 1.0
Khansar 4.0 3.3 3.7 0.8 1.0
Daran 3.3 3.4 3.9 1.0 11
Fereidunshahr 3.4 3.2 3.9 0.9 1.1
Samirom 3.8 3.8 4,5 1.0 1.1
Saman 45 3.8 4.1 0.8 1.0
Shahrekord 35 4.1 45 1.2 1.2
Farokhshahr 5.7 4.0 4.4 0.7 0.8
Farsan 3.6 3.9 4.3 1.1 1.1
Kuhrang 4.4 3.2 3.7 0.7 0.9
Borujen 3.0 3.4 3.9 11 1.2
Sisakht 3.1 3.0 3.2 0.9 1.1
Izadkhast 3.7 3.7 4.1 1.0 1.0
Abadeh 5.9 3.9 4.2 0.7 0.8
Eqlid 3.9 3.8 4.3 1.0 0.9
Sepidan 4.1 3.4 3.8 0.8 1.0
Safashahr 4.2 43 4.8 1.0 1.1
Bavanat 5.5 3.1 4,5 0.7 0.9
Gariz 5.0 2.0 4.6 0.8 1.0
Lalehzar 4.4 3.2 4,5 0.8 1.1
Baft 4.5 2.5 4.2 0.8 1.0
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Fig. 5- Daily Evapotranspiration calculated with the H-S and H-Swmod models compared to the values
obtained from the FAO-56 PM standard model based on the testing data sets (2010-2019)
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Table 6- Average monthly values of ET, calculated using the FAO-56 PM standard model, Hargreaves-
Samani (H-S) and Modified Hargreaves-Samani (H-Swod) models (mm month) at the study stations and
ratio of values of the two models compared to the standard model

— 39255 ) ¢ FAO-56 PM 3 ,Jaibiw! Juo ;1 a0liw! b oud dpslone (§pa5— puded aildle Jasgio pdlie -5 Jouo
Comnd § Flllao Lo 45 olo 1 yio uo Cows (H-Smoa) oiwd i Slolus — 592,51 g (H-S) Sloluws
3,106 kw! Jao a4 Comd Jie 93 3l

Station ETo ETo ETo ETo ET,
(FAO-56 PM) (H-S) (H-Smod) [H-S/ FAO-56 PM]  [H-Swmod/ FAO-56 PM]
Baladeh 62.5 48.9 59.9 0.8 1.0
Firuzkuh 59.3 31.0 47.1 0.5 0.8
Damavand 24.0 24.5 26.0 1.0 1.1
Abali 52.5 40.0 50.5 0.8 1.0
Zarrineh 57.1 47.9 59.1 0.8 1.0
Avaj 62.1 51.3 61.1 0.8 1.0
Ashtiyan 77.3 52.0 62.4 0.7 0.8
Aligudarz 88.3 60.5 71.4 0.7 0.8
Khansar 81.1 55.2 69.6 0.7 0.9
Daran 59.8 57.7 64.0 1.0 1.1
Fereidunshahr 63.3 55.0 67.0 0.9 1.1
Samirom 78.7 67.4 88.6 0.9 1.1
Saman 98.7 65.8 78.5 0.7 0.8
Shahrekord 65.0 71.5 80.0 11 1.2
Farokhshahr 73.1 70.9 80.0 1.0 1.1
Farsan 72.2 68.7 82.0 1.0 1.1
Kuhrang 96.4 54.9 70.4 0.6 0.7
Borujen 50.1 59.7 65.0 1.2 1.3
Sisakht 30.6 24.1 29.3 0.8 1.0
Izadkhast 70.7 65.8 80.4 0.9 1.1
Abadeh 105.5 70.0 82.3 0.7 0.8
Eqlid 79.8 69.4 87.6 0.9 1.1
Sepidan 88.2 62.3 76.2 0.7 0.9
Safashahr 91.1 77.7 96.6 0.9 1.1
Bavanat 90.1 73.0 90.0 0.8 1.0
Gariz 99.3 74.8 89.6 0.8 0.9
Lalehzar 102 66.3 93.5 0.7 0.9
Baft 100.7 70.1 87.6 0.7 0.9
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Fig. 6- Spatial distribution of monthly ET, values based on the Modified Hargreaves-Samani (H-Swmod) model
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Fig. 7- Spatial distribution of monthly ET, values based on the Modified Hargreaves-Samani (H-Swod) model
using digital elevation model (DEM)
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Fig. 8- Spatial error distribution of standard monthly ET, values based on the Modified Hargreaves-Samani
(H-Smod) model using digital elevation model (DEM)

31 03!l U (H-Smod) 8L Js i Slolw— 59,5 ;1 Jao (wle! 39 ETo aildle y3lio 3 lailiw! glhs 556 & 585 —A JSU0

(DEM) gl )1 08, Jio

Ve 5ml oF ojlowd (paadd Jlw ()l p! O ailie Wil
Volume 17, No. 3, Fall 2021 (IR-WRR)
\tal



T8CI-  SE00°0 LT000 €60 860 S60 99°0] LET 08L- IrSE  9€00°0  ST000 690 080 S50 PSOT  I9LT I8SIC sEeraie
99705~ TIOOO tI000 060 L60 60 0%8T  BIIT €80T 8165 OO0  STO00 8S0 BLO  FLO  BL9EC 9908 990 yeg
£oCe-  SI00°0 TTO00 960 00T L60 EFET 9CLT 9Ll I7+8 670000 91000 050 9.0 £90  LFOf £0CE LocE- TeZYR(E]
FFPT- 910000 £1000 €60 860 S60 99FT  LCSI Lt LTS 000 FIO0O 690 TS0 FS0 POOE  FRPT PPPD- ZIRD
90°L1-  TTOOOD LOOOD 960 860 860 FLT 96 £5°L- 67°0F  8T000  TT00°0 820 L[S0 060  LFET 90LT  90°LI- EURLARg
£EET- FIOOD 30000 660 660 00T TTL E6°C €37 [£°07  TZOO0  TIOOD  LLO TS0 S60  O0ST £ £CET- TUEYSEIES
I65T-  FIOO0 <I000 T60 860 60 IIFT  6FST ST EI- L61S  0E000 97000 990 TS0 180  £0TE  T6ST  I6SE- uepidag
9F 0T~ STO00 L0000 860 660 660 L #0'0 710 TTST TTOOD  £T00CD TLO 9L0 60 OFET L90T  9F 0T prba
TECE-  9IO00 TIOO0 680 660 060 $YIE C66T  CE6T COEL 0E0O0'0 STOOD 650 £3°0  TLO0 G0LE TEEE TECE- PRy
16t 000 01000 860 360 660  I6L 839 60T L6TT SI000  £100°0 Q%0 IS0 860  £68 509 I6+ 1EEHpPRZ]
FFo- 680000 CEO00 890 L0 L8O TTIT 096 £Lg I§4F  L800°0 85000 0Z0  L€0 TEO 97T FEOT PO Esty
096 SL00°0 FEOOQ 060 860 I60 O0TT  9L8T 98T TELT- TS000 LTOOD  BL0D SEO £60  SIPT SSOT 096 usimiog
FCTE TE000 91000 980 660 980 9FSE  LETE LETE LOES  6E000  LTOOO €60 €50 TOO0  £E€FF FSIF FOTE Suemny
e €00°0 90000 660 660 00T cF€ Ay 80°€ €L TIO00  LOODD 980 L0 860  LCC FY TEE TESIE ]
YOT £00°0 60000 860 660 660  9¢L 659 08¥ 0TS 31000 OT0O0 B0 £80 660  I6€ 61F  PTT-  TUEYsgHore]
69 L0000 CI000  L6D 660 F60 S0P OFEl  OF¢ WP~ #0000 11000 930 LS00 660  99°L £C°9 650 PIONaNRYS
88°7¢-  LTOOCO TIOOO 160 660 T60 96T TLOT  TLOT 60°CO  PEOOD  STOOD  9€0  FLO  9L0  SESE BEIE BYIE- TEIEG
67711~ TEOOTOD 90000 660 660 00T  LE€ 865t 781 I6+C  FZ000  TTOO00 €80 980 960  £%C1 6TIT  6TII- WOITTE S
8T8 OO0 BT000 L60 360 660  LCE £9°L 63T C6ET 6E00°0  STOOD  LLO0 TEO S60  9TIT ITE 878" TEYsUApIaIE ]
EI'T-  €900°0 TI0OQ S$60 660 660  OFS 169 169 TTC SEQ00 01000 SE0 980 860  8TC o S nEIR(
TECT-  STOOCO CI000 60 660 60 PUST  9CLT  9CLT- 0719 0F000  LTOO00 690 9%0 6.0  FYLT TEST  I6ST- FEEURTY
£8°.7-  £100°0 SI000 $§0 860 060 ISTE  TOET  ELIT- 89°9F  TE00°0  STOO0 IO LSO TS0 61°9F  £8LIT £%LD- zsepnEny
FTCT- 97000 BT000 LE0 L60 060 T0BT £00T  £0°0T V1S TRO00 61000 L90  9%0 6.0  £6T1E FIST  ¥TST- TEATEY
€801~ TTOOO FI000 860 660 660 69 199 66°¢ €697  $E00°0 91000 9.0 00 S60  FET €80T €80T feay
66 L6000 <CI000 (60 660 860 611 tL6 16T LZ6]  S5000  ST00C LS80 TEO0 S60 €%PT LOTIT &l GaUILRF
9FZI- 90000 TZ000 v60 860 960 OFE 6701 199 LOEE 9EN00 P00 LE0 960 060  8TL ELTT 9F T Heqy
V0 L3000 95000 P60 860 960  LBE ET°C ET°C TEL- 9000 TE000 900 900D D60 80T 810 PURABTIE(]
97°87-  &F000 TTOO0 680 660 060 SCIT E0LT £0°LT L0 18000 970000 090 680 L90  0E7 97’87 9780 YAYZOIL]
1961~ 9F00°0 SI000 ¥60 B60 960 OTFT SEIT 09L- €6°CE  CIOO0  IZOOD 9.0 L0 880 ST FOET 19°ED- y2pE[Eg
15 AT DJAd 14 1 P ISINE IVIN IAKK 15 JAT oAd I 1 P ISWE IVIN T uonE}g
(Frig-H) °13 (s-H)"I3

ot g8 6oty g o P

oS’ 1d T IOTSEE DA & OATT @ £ 670 oavbee o657 AR © AFR v (pUpuow W) 1S et ) feReen |

060 - e 0T (9T K|S xS §-H € Pong- ¢f ey { ov 1 e N 95-0VH [ (Upuow wiw) IGIAY (-ypuow wiw) IVIAY (;yiuow ww) ISINY P
[(xepui 1uspnS) 1S ‘(-yruow wiw) AjpA1Rdadsad ‘S10449
Mo| pue Mead ‘DA ‘OAd ‘(xapul souewopad) |d (3UBI914800 UOIIE[8110D) J ‘(JUdWIdAISE JO Xapul S JoW[IA) P ‘(;-yruow ww) JSINY ‘(;-Lpuow ww)
AVIN ‘(;-yruow wiw) 3gIN] [spow paepuess N 95-0V4 8yl yum paredwiod s|apow PONS-H pue S-H 8y} 40§ S301pul [BO1S1IEIS 81 JO SaN[eA 8y L -6 d|qeL

Clidos

1o abie

VFee sl oF o lond pradd Jlu oyl

Volume 17, No. 3, Fall 2021 (IR-WRR)

\ai



&le-0
Acton FS (1966) Analysis of straight-line data. New
York: Dover

Allen RG, Walter IA, Elliot R, Howell T, Itenfisu D,
Jensen M (2005) The ASCE standardized reference
evapotranspiration equation. In: Final Rep., National
Irrigation Symp. ASCEEWRI Task Committee,
Phoenix

Allen RG, Pereira LS, Raes D, Smith M (1998) Crop
evapotranspiration: guidelines for computing crop
water requirements. Irrigation and Drainage Paper 56
Rome: Food and Agriculture Organization of the
United Nations 300 p.

Almorox J, Grieser J (2015) Calibration of the
Hargreaves—Samani method for the calculation of
reference evapotranspiration in different Koppen
climate classes. Hydrology Research 47(2):521-531

Althoff D, dos-Santos RA, Bazame HC, Da-Cunha FF,
Filgueiras R (2019) Improvement of Hargreaves—
Samani reference evapotranspiration estimates with
local calibration. Journal of Water 11(11):2272

Awal R, Habibia H, Faresa A, Deb A (2020) Estimating
reference crop evapotranspiration under limited
climate data in West Texas. Journal of Hydrology
Regional Studies 28:100677

Amatya DM, Skaggs RW, Gregory JD (1995)
Comparison of methods for estimating REF-ET.
Journal of Irrigation and Drainage Engineering,
ASCE 121(6):427-435

Barnston A (1992) Correspondence among the
Correlation [root mean square error] and Heidke
Verification Measures; Refinement of the Heidke
Score. Notes and Correspondence, Climate Analysis
Center

Berti A, Tardivo G, Chiaudani A, Rech F, Borin M
(2014) Assessing reference evapotranspiration by
the Hargreaves method in north-eastern Italy.
Agricultural Water Management 140:20-25

Cadro S, Cherni-Cadro S, Markovi¢ M, Zurovec J (2019)
A reference evapotranspiration map for Bosnia and
Herzegovina. International Soil and Water
Conservation Research 7(1):89-101

Cobaner M, Citakoglu H, Haktanir T, Kisi O (2016)
Modifying Hargreaves—Samani equation with
meteorological variables for estimation of -reference
evapotranspiration in Turkey. Hydrology Research
48(2):480-497

Cobaner M (2013) Reference evapotranspiration based
on Class A pan evaporation via wavelet regression
technique. Irrigation Science 31(2):119-134

Camargo PC, Sentelnas AP (1997) Avaliacdo do
desempenho de diferentes métodos de estimativa da
evapotranspiragdo potencial no estado de S&o Paulo.
Revista Brasileira de Agrometeorologia 5(1):89-97

Droogers P, Allen RG (2002) Estimating reference
evapotranspiration under inaccurate data conditions.
Irrigation and Drainage Systems 16(1):33-45

Feng Y, Jia Y, Cui N, Zhao L, Li C, Gong D (2017)
Calibration of Hargreaves model for referenc
evapotranspiration estimation in Sichuan basin of
southwest China. Agricultural Water Management
181:1-9

Fooladmand HR, Haghighat M (2007) Spatial and
temporal calibration of Hargreaves equation for
calculating monthly ETo based on Penman-Monteith
method. Irrigation and Drainage 56(4):439-449

Fooladmand HR (2011) Evaluation of Blaney-Criddle
equation for estimating evapotranspiration in south
of Iran. African Journal of Agricultural Research
6(13):3103-3109

Fooladmand HR, Ahmadi SH (2008) Monthly spatial
calibration of Blaney—Criddle equation for
calculating monthly ETo in south of Iran. Irrigation
and Drainage: The Journal of the International-
Commission on Irrigation and Drainage 58(2):234-
245

Gavilan P, Lorite 1J, Tornero S, Berengena J (2006)
Regional calibration of Hargreaves equation for
estimating reference ET in a semiarid environment.
Agricultural Water Management 81:257-281

Gocic M, Trajkovic S (2011) Software for estimating
reference evapotranspiration using limited weather
data. Computers and Electronics in Agriculture
71(2):158-162

Gocic M, Trajkovic H (2011) Service-oriented approach
for modeling and  estimating  reference
evapotranspiration. Computers and Electronics in
Agriculture 79(2):153-158

Hargreaves GH, Samani ZA (1985) Reference crop
evapotranspiration from temperature. Applied
Engineering in Agriculture 1(2):96-99

Hargreaves GH, Allen AG (2003) History and evaluation
of Hargreaves evapotranspiration equation. Journal
of Irrigation and Drainage Engineering 129(1):53-63

Jacovides CP, Kontoyiannis H (1995) Statistical
procedures for the evaluation of evapotranspiration
computation models. Agricultural Water
Management 27(3-4):365-371

Jensen DT, Hargreaves GH, Temesgen B, Allen RG
(1997) Computation of ETo under nonideal

Ve v sl o 0 lond qedadd Jlw oyl ! O olie ol
Volume 17, No. 3, Fall 2021 (IR-WRR)

Y50


https://ideas.repec.org/s/eee/agiwat.html

conditions. Journal of Irrigation and Drainage
Engineering 123(5):394-400

Kisi O (2008) The potential of different ANN techniques
in evapotranspiration modelling. Hydrological
Process 22914:2449-2460

Khalili A (1993) A new method of bioclimtological
classification system applied to the forest region of
the South Caspian Sea. Abstract Proceedings of the
13th International Congress of Biometeorology,
Calgary, Canada

Khalili A, Rezai-e Sadr H (1994) Estimation of Global
Solar radiation overlran based on climatical data.
University of Tehran 399

Borges-Ferreira L, Franga-da Cunha F, Barbosa-Duarte
A, Chohaku-Sediyama G, Roberto-Cecon P (2018)
Calibration methods for the Hargreaves-Samani
equation. Ciéncia e Agrotecnologia 42(1):104-114

Maestre-Valero JF, Martinez-Alvarez V, Gozalez-Real
MM (2013) Regionalization of the Hargreaves
coefficient  to  estimatelong-term  reference
evapotranspiration series in SE Spain. Spanish
Journal of Agricultural Research 11(4):1137-1152

Marti P, Zarzo M, Vanderlinden K, Girona J (2015)
Parametric expressions for the adjusted Hargreaves
coefficient in eastern Spain. Journal of Hydrology
529:1713-1724

Martinez-Cob A, Tejero-Juste M (2004) A wind-based
qualitative calibration of the Hargreaves ETo
estimation equation in semiarid region. Agricultural
Water Management 64(3):251-264

Mendicino G, Senatore A (2013) Regionalization of the
Hargreaves coefficient for the assessment of
distributed reference evapotranspiration in southern
Italy. Journal of Irrigation and Drainage Engineering
ASCE 139(5):349-362

Miller D, Salkind N (2002) Handbook of research design
& social meaturement. London: Sage Publication

Mohawesh OE, Talozi SA (2012) Comparison of
Hargreaves and FAQO56 equations for estimating
monthly evapotranspiration for semi-arid and arid
environments. Archives of Agronomy and Soil
Science 58(3):321-334

Monteith JL (1965) Evaporation and environment pp.
205-234. In G.E. Fogg (ed.) Symposium of the
Society for Experimental Biology, The State and
Movement of Water in Living Organisms Vol. 19,
Academic Press, Inc., NY.

Ngongondo C, Xu CY, Tallaksen LM, Alemaw B (2012)
Evaluation of the FAO Penman—Montheith,
Priestley-Taylor and Hargreaves models for
estimating reference evapotranspiration in southern
Malawi. Hydrology Research 44(4):706-722

Patel J, Patel H, Bhatt C (2014) Modified HS equation
for accurate estimation of evapotranspiration of
diverse climate locations in India. Journal article,
Proceedings of the National Academy of Sciences
India Section B 85(1):161-166

Rahimi J, Ebrahimpour M, Khalili A (2013) Spatial
changes of Extended De Martonne climatic zones
affected by climate change in Iran. Teoretical and
Applied Climatology 112:409-418

Rodrigues GC, Braga RP (2021) A simple procedure to
estimate reference evapotranspiration during the
irrigation season in a hot-summer mediterranean
climate. Sustainability 13:349

Rostami A, Bazaneh M, Piety P (2016) Evaluation and
calibration of Hargreaves model in estimation of
evapotranspiration of reference plant (Case study:
East Azarbaijan Province). 16th Iranian Hydraulic
Conference, Faculty of Engineering, Mohaghegh
Ardabili University, Ardabil, 15 and 16 September
(In Persian)

Samani Z (2000) Estimating solar radiation and
evapotranspiration using minimum climatological
data. Journal of Irrigation and Drainage Engineering
ASCE 129(5):360-370

Sepaskhah AR, Razzaghi F (2009) Evaluation of the
adjusted Thornthwaite and Hargreaves-Samani
methods for estimation of daily evapotranspiration in
a semi-arid region of Iran. Archives of Agronomy
and Soil Science 55(1):51-66

Shiri J, Nazemi AH, Sadraddini AA, Landeras G, Kisi O,
Fard AF, Marti P (2014) Comparison of heuristic and
empirical approaches for estimating reference
evapotranspiration from limited inputs in Iran.
Computer and Electronics in Agriculture 108:230-
241

Subburayan S, Murugappan A, Mohan S (2011)
Modified HS equation for estimation of ETO in a hot
and humid location in TamilNadu State India.
International Journal of Engineering Science
Technology 3(1):592-600

Suleiman AA, Hoogenboom G (2009) A comparison of
ASCE and FAO-56 reference evapotranspirationfor
a 15-min time step in humid climate conditions.
Journal of Hydrology 375:326-333

Tabari H, Hosseinzadeh-Talaee P (2011) Local
calibration of the Hargreaves and Priestley-Taylor
equations for estimating reference
evapotranspiration in arid and cold climates of Iran
based on the Penman-Monteith model. Journal of
Hydrologic Engineering ASCE 16:837-845

Talebmorad H, Ahmadnejad A, Esamian S, Ostad-Ali-
Askari K, P Singh V (2020) Evaluation of
uncertainty in evapotranspiration values by FAO56-

Ve v sl o 0 lond qedadd Jlw oyl ! O olie ol
Volume 17, No. 3, Fall 2021 (IR-WRR)

\ies



Penman-Monteith and Hargreaves-Samani methods.
International Journal of Hydrology Science and
Technology 10(2):135-147

Tang P, Xu B, Gao Z, Li H, Gao X, Wang C (2019)
Estimating reference crop evapotranspiration with
elevation based on an improved HS model.
Hydrology Research 50(1):187-199

Thepadia M, Martinez C (2012) Regional calibration of
solar radiation and reference evapotranspiration
estimates with minimal data in Florida. Journal of
Irrigation and Drainage Engineering, ASCE
138(2):111-119

Trajkovic S (2005) Temperature-based approaches for
estimating reference evapotranspiration. Journal of
Irrigation and Drainage Engineering, ASCE
133(4):316-323

Trajkovic S (2007) Hargreaves versus Penman-Monteith
under humid conditions. Journal of Irrigation and
Drainage Engineering, ASCE 133(1):38-42

Valipour M, Gholami-Sefidkouhi MA, Raeini-Sarjaz M
(2021) Spatiotemporal analysis of reference
evapotranspiration in arid, semiarid, mediterranean
and very humid climates considering developed
models and lysimeter measurements. Iranian Journal
of Soil and Water Research 51(12):3127-3134

Vanderlinden K, Jiraldez JV, Meirvenne MV (2004)
Assessing reference evapotranspiration by the

Hargreaves method in southern Spain. Journal of
Irrigation and Drainage Engineering 130(3):184-191

Gosset W (1908) The probable error of a mean.
Biometrika 6(1):1-25

Willmott CJ (1981) On the validation of models.
Physical Geography, 2(2):184-194

Willmott CJ, Matsuura K (2005) Advantages of the
Mean Absolute Error (MAE) over the Root Mean
Square Error (RMSE) in assessing average model
performance. Climate Research 30(1):79-82

Xu CY, Singh V (2001) Evaluation and generalization of
temperature-based  methods  for  calculating
evaporation. Hydrological Processes 15(2):305-319

Xu CY, Singh V (2002) Cross comparison of empirical
equations for calculating potential
evapotranspiration with data from Switzerland.
Water Resources Management 16(3):197-219

Zanetti SS, Dohler RE, Cecilio RA, Macedo Pezzopane
GE, Xavier AC (2019) Proposal for the use of daily
thermal amplitude for the calibration of the
Hargreaves-Samani equation. Journal of Hydrology
571:193-201

Zhu, Lu T, Lu Y, Yang Y, Gue L, Lue H, Fang CCui Y
(2019) Calibration and validation of the Hargreaves
Samani model for reference evapotranspiration
estimation in China. Irrigation and Drainage
68(4):822-836

Ve v sl o 0 lond qedadd Jlw oyl ! O olie ol
Volume 17, No. 3, Fall 2021 (IR-WRR)

Y5y



