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Methods of Reference Evapotranspiration
Based on Mass Transmission Methods in Iran
and Its Zoning by Using GIS
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Abstract

The present study aimed the evaluation and zoning the
evapotranspiration based on mass transfer methods in different
climates of Iran and presented it in the form of zoning maps as
a basic tool for water management. For this purpose, the long-
term means of climate variables were used for 150 synoptic
stations in Iran during 15-years of statistical period (1990 to
2013). De Martonne method was used for climate zoning in
different parts of the country. The results of the study showed
that dry, semi-arid, Mediterranean, semi-humid, moist, and
very humid climates were covering 75.7, 21, 0.8, 0.6, 0.8 and
1% of the country's land area. Evapotranspiration of the
reference plant was calculated based on the climatic
information of each station using the methods of mass transfer
including Dalton, Trabert, Meyer, Rohwer, Penman, Albrecht,
Romanenko, Brockamp and Wenner, World Meteorological
Organization, and Mahringer. The most appropriate and
inappropriate computational methods in each climate were
selected among the abovementioned methods, compared to the
FAO-Penman-Monteith equation as a reference method. Based
on the calculations and statistical analysis conducted for dry
climates by the World Meteorological Organization and
Albert, the semi-dry methods of the Meyer and Romanenko,
Mediterranean methods of the World Meteorological
Organization and Albert, the semi-wet and wet methods of
Rohwer and Romanenko methods the very humid methods of
Brockamp and Wenner and Penman were chosen as the most
appropriate  and inappropriate methods respectively.
Meanwhile, the resulting lysimetric data confirmed the
selection of suggested methods in a semi-arid climate.
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Table 2- Statistical results of Baft station (dry climate)
(Shid o) CBl ol (5 lo] Coluwlxe gl -Y Joui

Models (m'\xggy) R RMSE MBE t R/t
Dalton (1802) 3.53 095 071 0.04 3.77 0.25
Trabert (1896) 2.97 093 0.90 -0.52 52.81 0.02
Meyer (1926) 3.26 0.95 0.65 -0.23 27.51 0.03
Rohwer (1931) 3.55 094 0.78 0.06 5.63 0.17
Penman (1948) 1.76 0.90 1.98 -1.73 132.94 0.01
Albrecht (1950) 5.16 0.86 3.16 1.67 46.00 0.02
Romanenko (1961) 7.01 0.92 4.17 3.51 115.42 0.01
Brockamp & Wenner (1963) 5.06 0.93 2.35 1.56 66.05 0.01
WMO (1966) 2.28 0.91 1.41 -1.21 123.20 0.01
Mabhringer (1970) 2.76 0.93 1.00 -0.73 79.36 0.01
FAO-Penman 3.49
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Fig. 4- Evapotranspiration diagram based on mass transfer methods (Baft station)
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Table 3- The best and worst method for estimating evapotranspiration in different climates of Iran
Ol it (gUaealdl )3 (5585 pded 359102 (W9 (5 9 e Y Jgue

Climate Best methods Worst methods

First Second First Second
Dry WMO Trabert Albrecht Romanenko
Semi - arid Meyer Trabert Romanenko Albrecht
Mediterranean WMO Penman Albrecht Romanenko
Semi-humid Rohwer Brockamp and Wenner Romanenko Penman
Humid Rohwer Brockamp and Wenner Romanenko Penman
Very humid Brockamp and Wenner  Romanenko Penman WMO
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Table 4- Statistical results of Daran station (Semi-arid)
(S dou oaldl) 415 810 (g lof Coluwlxe gl —F Jous

Models Mean(mm/day) R RMSE MBE t R/t
Dalton (1802) 2.79 094 071  -0.16 16.94 0.06
Trabert (1896) 2.05 0.90 1.20 -0.90 83.22 0.01
Meyer (1926) 2.66 094 072  -0.28 31.96 0.03
Rohwer (1931) 2.73 0.94 0.72 -0.22 24.00 0.04
Penman (1948) 1.59 0.91 1.65 -1.36 108.47 0.01
Albrecht (1950) 3.13 0.85 1.56 0.19 8.92 0.10
Romanenko (1961) 5.59 0.93 3.48 2.64 86.02 0.01
Brockamp & Wenner (1963) 3.56 0.90 1.65 0.61 29.28 0.03
WMO (1966) 1.57 0.92 1.61 -1.38 121.33 0.01
Mahringer (1970) 1.91 090 131  -1.04 97.35 0.01
FAO-Penman 2.95 v e
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Fig. 5- Evapotranspiration diagram based on mass transfer methods (Daran station)
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Table 5- Statistical results of Lordegan station (Mediterranean)
(81 e malBl) 55 J 2l5inn] (g5 lo] oo gl -0 Jou>

Models Mean(mm/day) R RMSE MBE t R/t
Dalton (1802) 4.18 0.92 1.67 0.93  49.85 0.02
Trabert (1896) 2.45 082 157 -0.80 43.71 0.02
Meyer (1926) 4.09 092 158 0.85  46.96 0.02
Rohwer (1931) 3.99 0.93 1.49 0.74  42.20 0.02
Penman (1948) 2.67 085 117 -057 4169 0.02
Albrecht (1950) 3.53 0.81 230 0.29 9.27 0.09
Romanenko (1961) 6.96 085 4.73 3.71  93.61 0.01
Brockamp & Wenner (1963) 4.33 0.83 2.97 1.08 28.83 0.03
WMO (1966) 2.07 090 143 -1.18 108.30 0.01
Mabhringer (1970) 2.28 082 159 -097 57.15 0.01
FAO-Penman 3.25
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Fig. 6- Evapotranspiration diagram based on mass transfer methods (Lordegan station)
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Table 6- Statistical results of Ab Ali station (Semi—humid climate)
(gb yodons waldl) sl olmns! (5, lof Slwlons g5 & Jgao

Models Mean(mm/day) R RMSE MBE t R/t
Dalton (1802) 2.40 0.94 0.72 -0.33  37.98 0.02
Trabert (1896) 1.95 0.91 1.07 -0.77  77.80 0.01
Meyer (1926) 2.23 0.94 079 -050 59.73 0.02
Rohwer (1931) 2.40 0.93 0.75 -0.33 35.89 0.03
Penman (1948) 1.23 0.92 1.83 -149 105.28 0.01
Albrecht (1950) 3.35 0.85 1.99 062 2434 0.03
Romanenko (1961) 4.84 0.92 2.97 211 7473 0.01
Brockamp & Wenner (1963) 3.34 0.92 1.53 0.61  32.05 0.03
WMO (1966) 151 0.90 149  -1.22 104.85 0.01
Mabhringer (1970) 1.82 0.91 1.17 -0.91 91.24 0.01
FAO-Penman 2.73
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Fig. 7- Evapotranspiration diagram based on mass transfer methods (Ab Ali station)
(el o) @y JUHT (5L gy (wlis] 2 3525 pesd 5905 —Y JSUS

Ot oolwl Ol jouiS 35— pdd gaaainy -V-Y
o JWS 4l 1 (sdg,

bl Cunbgo 4y & dusgy Cusl (g pite § 5 e &S bl
ol g 039 5o LSl el 1l Aty alSiy] bl
drg b S o a0l ) 35 s SIS Copte Coenl paige
SOl L 4 (e & o G5 e (YL (S &
rnlio CB3 L (35 s Al antg S0 4ol L 4l o (ol
9 plsl VoSS Sz S gyl Jeb il ell
el oad 03l (LS @2y o) b yedS 35S iy
wlad el b wanl osalie 5 Ve USG5 o oS shilen
NP p Gelaie )l |y (s Gud (S oS oladiyy )9S
b Jlad 3 glasS o )ST ekl 55 5 ol Jlod (ol
J2lg 4 dgae )=y GAb (s (pyieS (e Sl oo
olsl 2 ol sz Pl pogad a4 o by s>
s U ol @ 5 o Jled (550 sl Gz o0 5 O
bli cppogbye 8 g (Fileds Mibe oliile s lil
@ Ui g hdile (S lagbid @wle (Sle )3 598
laciond (pan g oliile)S (s S (opElml)d sl
Pl 4 Ol Ponk G aiile Bdcbul)dl
sy ol o Gbull @y 3ble 5 e o)ST;
Sy g desl g g 4skSeS (b g Jomylea (len
55 0Ll g8 e ol |y (B30 (il o

95 )2 ygg S gy 5 8SGlog) gy 93 ¥ Jgao (y8)S Hlas o L
s g g eaSg 1 gy 93 ol Aituuts L |y RMSE o oy a8
D89y ool 4o ) Al ge S $Sleg) (9, 4 Cumi Ty MBE
ok U89 9 (oo yo maldl) judls oSl (sl 0 (b9, Gloie 4
43,5 QBl 3y s 3pglp Cue calial 4L g
9y b (2Bl sla gy cunliol g canlio ollas A JSK 5> Los

ol ol 00ld uLW cuile Yo

o] sl Jde (w)p 9 A Jgio mli 85 s L
olpo & drgi b aS 355 o odalie (g yo sl wuldl) J 331,00
2 595 Sy g sSileg) gy 93 e 390 ()bl (slayial)ly
gy g0 Lol losly olais! 5g5 & |) RMSE [jlade oy eS¢
Ll oo iaS oSilog)y shgy 4 Cunst g MBE jludo g g caeS

Dl 6y 3 ,Sdes g g weSgp by 4 )

3slp e uliol Ay plgis 4 ol cul 33 el b,
Sl & US55 Lo b bl oSl oyl )3 5y s
o> L cugiile ety Ly b s3] (el iy cnliol 5 canlio

ol 045

Sy ey Jasl 4l sbaybey (o yine GBSl gmls A Jgdo 5o
R W 4§|)| (Olﬁl) )y.S &ww oK

IFAY 50l F o lond o3,k Jlo oyl ol O gobie coliying
Volume 14, No. 3, Fall 2018 (IR-WRR)

YYA



Table 7- Statistical results of Babolsar station (Humid climate)
(2oby0 waldl) juaddsly ol (5 lof olulono gl -V Jos»

Models Mean(mm/day) R RMSE MBE t R/t
Dalton (1802) 1.88 0.84 1.07 -0.61 5140 0.02
Trabert (1896) 1.42 0.84 1.41 -1.07 86.97 0.01
Meyer (1926) 1.80 0.83 1.13 -0.69 57.36 0.01
Rohwer (1931) 1.84 0.84 1.09 -0.65 55,57  0.02
Penman (1948) 1.06 0.81 1.80 -1.43 95.77  0.01
Albrecht (1950) 2.09 0.80 1.11 -0.40 28.71  0.03
Romanenko (1961) 2.42 0.86 0.82 -0.07 6.02 0.14
Brockamp & Wenner (1963) 2.46 0.84 0.99 -0.03 2.13 0.40
WMO (1966) 1.05 0.84 1.78 -1.44 101.28 0.01
Mabhringer (1970) 1.32 0.84 1.50 -1.17 9239  0.01
FAO-Penman 2.49
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Fig. 8- Evapotranspiration diagram based on mass transfer methods (Babolsar station)

(dlely olaunns]) 0 2 JUHT (SS9, (bl 2 (3585 e l3905 —A S5
Table 8- Statistical results of Bandar Anzali station (Very-humid climate)
(5 o ylomn waldl) 351 ;40 0] 5ol Slonslino gl A Jgon
Models Mean(mm/day) R RMSE MBE t R/
Dalton (1802) 1.56 0.75 1.32 -0.81  56.67 0.01
Trabert (1896) 1.24 0.70 1.61 -1.13  72.63 0.01
Meyer (1926) 1.46 0.77 1.37 -0.90 63.84 0.01
Rohwer (1931) 1.54 0.74 1.35 -0.82  56.38 0.01
Penman (1948) 0.83 0.76 1.95 -1.53  94.92 0.01
Albrecht (1950) 2.00 0.59 1.59 -0.36  17.23 0.03
Romanenko (1961) 1.94 0.78 1.13 -0.39 27.01 0.03
Brockamp & Wenner (1963) 2.13 0.71 1.27 -0.24  13.99 0.05
WMO (1966) 0.94 0.68 1.88 -1.42  86.00 0.01
Mahringer (1970) 1.15 0.70 1.68 -1.21 77.27 0.01
FAO-Penman equation 2.36
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Fig. 9- Evapotranspiration diagram based on mass transfer methods (Bandar Anzali station)
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Table 9- Results of selection of the best methods based on mass transfer at Iran synoptic stations of the
country (Iran)

Ol 39uiS S g (501! 45 0o JESI by 1 gL W9y o i BT gl -4 Jgua

Climate ETo (FAO)(mm/day) | ETO (mm/day) | Best Methods Station
Dr 3.40 3.35 Me Mehr abad
Dr 3.24 3.32 Da Doshan
Dr 4.04 4.18 Roh Airport (Boshehr)
Dr 451 4.42 WMO Dehloran
Dr 3.80 3.38 WMO Airport (Esfahan)
Dr 3.33 3.42 Al Kashan
Dr 2.69 3.54 Me Natanz
Dr 3.60 3.72 Tr Shahreza
Dr 3.49 2.97 Tr Esfahan
Dr 4.24 4.67 WMO Naen
Dr 3.54 3.49 Al Khor
Dr 3.58 3.46 Ma Golpaygan
Dr 3.63 3.66 Tr Kabutarabad
Dr 2.87 2.58 Tr Sahand
Dr 3.03 2.92 Tr Jolfa
Dr 3.36 3.66 Me Kashmar
Dr 3.28 3.22 Tr Mashhad
Dr 3.61 3.24 Ma Gonabad
Dr 3.40 3.29 Tr Sarakhs
Dr 2.82 3.80 WMO Torbat jam
Dr 3.26 3.31 Me Torbat heydar
Dr 3.74 3.40 WMO Sabzevar
Dr 3.94 3.63 Tr Tabas
Dr 4.79 3.75 Pe Khor birjand
Dr 3.64 3.44 Ma Birjand
Dr 3.80 3.53 WMO Boshruye
Dr 3.57 3.44 Ma Ghaen
Dr 3.86 3.96 Ma Ferdos
Dr 4.16 3.88 WMO Nehbandan
Dr 4.40 4.75 WMO Ardestar
Dr 2.97 2.82 Da Shahrod
Dr 3.77 3.88 Ma Garmsar
Dr 341 3.39 Tr Biarjmand

IFAY 50l F o lond o3,k Jlo oyl ol O gobie coliying
Volume 14, No. 3, Fall 2018 (IR-WRR)
g



Table 9- Results of selection of the best methods based on mass transfer at Iran synoptic stations of the

Ol 22! 398 Sitgiaw Woliwn! ;5 @52 JUS! 4l 2 (S sy, (o yiae LI gl -4 Jgaa ol

country (Iran)

Climate ETo (FAO)(mm/day) | ETO (mm/day) | Best Methods Station
Dr 3.44 3.56 Me Semnan
Dr 3.28 2.82 Tr Neyshabor
Dr 4.47 4.30 WMO Ahvaz
Dr 4.58 4.33 Pe Ramhormoz
Dr 4.78 5.24 WMO Mahshahr
Dr 4,70 5.22 WMO Omidiye
Dr 4,74 5.03 WMO Abadan
Dr 3.82 3.65 Pe Dezful
Dr 4.60 4.33 Pe Shushtar
Dr 4,14 3.71 Pe Behbahan
Dr 4.85 3.91 Pe Bustan
Dr 3.72 3.71 WMO Golmaka
Dr 4.40 4.86 WMO Anar
Dr 3.83 3.86 Ma Shahrbabak
Dr 3.86 3.83 Tr Sirjan
Dr 3.50 3.53 Da Baft
Dr 4.49 4.63 Ma Bam
Dr 3.75 3.24 WMO Ghom
Dr 4.55 4.33 WMO Lar
Dr 4.23 4.13 Pe Darab
Dr 3.92 3.76 Ma Dorodzan
Dr 5.34 4.19 Pe Zahak
Dr 2.88 3.93 WMO Saravan
Dr 4.47 4.31 WMO Khash
Dr 4,52 4.85 WMO Iranshahr
Dr 5.00 3.83 WMO Zahedan
Dr 4.22 3.01 Pe Zabol
S-a 3.31 3.31 Tr Karaj
S-a 2.95 2.79 Da Daran
S-a 2.29 1.95 Roh Meshkin
S-a 2.97 2.52 Me Pars abad
S-a 2.55 2.57 Da Ardabil
S-a 2.47 2.30 Da Maku
S-a 2.87 2.94 Da Oromiye
S-a 2.97 2.92 Me Takab
S-a 2.93 2.99 Me Mahabad
S-a 2.70 2.86 Me Khoy
S-a 3.06 2.96 Me Tabriz
S-a 3.06 2.87 Me Maraghe
S-a 2.99 3.24 Me Miyane
S-a 2.66 2.76 Da Sarab
S-a 2.62 2.57 Roh Ahar
S-a 3.09 3.09 Tr Saghez
S-a 3.84 3.82 Tr Fasa
S-a 3.40 2.98 Tr Abade
S-a 2.88 2.96 M Khoram dare
S-a 2.88 2.93 M Zanjan
S-a 2.99 2.80 M Khodabande
S-a 2.86 2.96 M Ghochan
S-a 4.05 4.17 Ma Masjed soleyman
S-a 4.40 4.28 Pe Izeh
S-a 2.80 2.85 M Bujnord
S-a 3.06 3.42 M Sharekurd
S-a 3.21 3.52 M Burojen
S-a 3.40 3.35 M Zheofizik
S-a 2.86 2.65 Da Shemiran
S-a 3.05 2.85 Ma Firozkuh
S-a 3.58 3.01 WMO Khoram abad
S-a 3.07 3.10 Tr Gonbad kavos
S-a 2.78 2.78 Me Gorgan
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Table 9- Results of selection of the best methods based on mass transfer at Iran synoptic stations of the
country (Iran)

Ol 22! 398 Sitgiaw Woliwn! ;5 @52 JUS! 4l 2 (S sy, (o yiae LI gl -4 Jgaa ol

Climate ETo (FAO)(mm/day) | ETO (mm/day) | Best Methods Station
S-a 3.02 3.06 Da Marave Tape
S-a 3.92 3.92 Tr Dogonbadan
S-a 3.27 3.16 Ma Ealam Abad
S-a 3.64 3.78 Ma Sarpole Zahab
S-a 3.32 3.29 Tr Ravansar
S-a 2.96 3.10 Me Ghazvin
S-a 3.83 3.59 Ma Shiraz
S-a 3.72 3.65 Pe Zarghan
S-a 3.45 3.02 WMO Kermanshah
S-a 3.06 2.72 Tr Kangavar
S-a 3.09 3.04 Me Bijar
S-a 3.13 3.08 Me Ghorve
S-a 3.09 3.28 Me Arak
S-a 4.15 3.74 WMO Poldokhtar
S-a 3.53 3.15 WMO Aligodarz
S-a 3.42 3.48 Tr Burojerd
S-a 2.88 2.70 Me Zarine
S-a 3.44 3.28 Tr llam
S-a 1.62 3.39 Ma Kuhdasht
S-a 3.18 3.11 Tr Sanandaj
S-a 2.55 241 Roh Khal khal
S-a 3.14 3.06 Ma Nuzhe
S-a 3.31 3.38 Tr Malayer
S-a 3.04 2.77 Tr Airport (Hamedan)
Dr 4.04 4.00 WMO Saveh
Dr 4.03 4.05 Ma Yazd
Dr 4.48 4.65 WMO Robat
Dr 2.49 3.24 Roh Jask
Dr 4.35 421 Me Gheshm
Dr 4.45 4.04 Tr Minab
Dr 4.45 4.55 Tr Bandar Abas
Dr 4.38 3.91 Roh Sirik
Dr 4.55 4.50 Me Bandar Lenge
Dr 4.28 4.04 Roh Kish
Dr 4.29 3.72 Roh Abumosa
Dr 5.05 4.76 Pe Haji abad
Dr 3.07 3.15 Me Manjil
Dr 5.10 5.77 WMO Kahnuj
Dr 3.93 4.23 Ma Kerman
V-h 2.24 221 B&W Ramsar
V-h 2.35 2.27 Al Nushahr
V-h 3.31 2.24 Ro Astara
V-h 3.31 2.25 Ro Rasht
V-h 2.36 2.13 B&W Bandar Anzali
V-h 3.04 2.86 Tr Marivan
V-h 2.74 2.65 B&W Kuhrang
S-h 2.46 2.40 Roh Ghrakhil
S-h 2.40 2.81 B&W Chitgar
S-h 2.73 2.40 Roh Ab ali
S-h 3.00 3.07 Me Piranshahr

H 3.27 3.42 Roh Yasuj

H 2.49 2.46 B&W Babolsar

H 2.96 241 Roh Sardasht

Dr 2.53 4.86 WMO Marvest

M 3.25 2.67 Pe Lordegan

M 3.88 3.62 WMO Eyvan

Climate : Dr (Dry) , S-a (Semi- arid) , M (Mediterranean) , H (Humid) , S-h ( Semi- humid) , V-h (Very humid)
Best Methods: Da (Dalton), Tr (Trabert), M (Meyer), Roh (Rohwer), Pe (Penman), Al (Albrecht), Ro (Romanenko), B &
W(Brockamp & Wenner), Ma (Mahringer)
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Fig. 12- Map of the comparing reference method
with the best method (mm/year)
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country using the reference method (PMF)
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Table 10- The results of estimated evapotranspiration and measurements from Lysimeter
Fooma¥ jloans (65505180 9 (6391 (525 e I Jeols -V e Joso

— = g 3 o = —
£ 5§ 5@ 88 %9 Ez L5 59 £Eg og P25 s £
S =8 28 S 28 E3 £8 §8 £58 =28 =5 a =
S SH = S o o ] 2o I S$L3a =d S (TR g

o m
Jan 1.77 1.44 1.66 1.76 0.93 2.34 2.47 2.48 1.08 1.34 1.27 1.36
Feb 1.62 1.34 1.52 1.62 0.84 2.19 2.97 2.29 1.00 1.24 1.56 1.83
Mar 2.37 2.05 2.19 2.39 1.17 3.52 3.58 3.49 1.54 191 241 2.30
Apr 4.60 4.06 4.20 4.69 2.16 7.40 6.72 6.87 3.14 3.78 4.14 3.86
May 6.18 5.44 5.68 6.26 2.98 9.53 8.54 9.24 411 5.06 4.84 4.62
June 9.29 8.12 8.57 9.38 4.56 13.91 12.87 13.81 6.08 7.55 6.21 5.95
July 11.18 9.84 10.30 11.30 5.45 16.91 14.88 16.72 7.36 9.15 6.88 6.98
Aug 10.77 9.37 9.98 10.83 5.38 15.60 14.73 15.97 6.92 8.71 6.35 6.61
Sep 8.11 7.07 7.49 8.17 4.00 12.01 11.71 12.03 5.27 6.57 4,98 5.25
Oct 3.80 3.19 3.55 3.79 1.96 5.16 5.94 5.64 2.36 2.96 2.64 3.00
Nov 1.49 1.19 141 147 0.80 1.83 2.67 2.05 0.88 1.10 1.26 161
Dec 1.35 1.04 1.29 1.32 0.75 1.53 1.85 1.80 0.76 0.96 0.98 1.07
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Table 11- Statistical analysis results
Solol U @l -y Joua

Models Mean(mm/day) R RMSE MBE t
Dalton (1802) 5.22 0.88 2.67 1.83 17.82
Trabert (1896) 4.52 0.87 2.04 1.13 12.53
Meyer (1926) 4.83 0.88 222 1.43 15.99
Rohwer (1931) 5.26 0.88 2.74 1.86 17.65
Penman (1948) 2.59 0.88 1.56 -0.81 11.42
Albrecht (1950) 7.67 0.84 5.97 4.28 19.50
Romanenko (1961) 7.43 0.89 4.93 4.03 26.97
Brockamp & Wenner (1963) 7.70 0.87 5.71 4.30 21.78
WMO (1966) 3.38 0.86 1.36 -0.01 1.70
Mahringer (1970) 4.20 0.87 1.75 0.81 9.86
FAO-Penman equation 3.63 0.90 1.00 -0.08 1.52
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Fig. 14 - Evapotranspiration diagrams of mass transfer methods and lysimeters
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