
 

 óĀuÆù āºþÆĉĀý %  Email: hghamarnia@razi.ac.ir          

 

 

 

 
 

 

 

 

 
Ăĉ¾Êý$ ĈúöÝ# 

 ā½ÿ¹,+ 
Á
  ā½wúÉ. 

Á
  ûw¤Æù¿,.44 

Ă´æÍ ćwă/0--//. 
DOI: 10.22059/jwim.2021.308145.813  

 

 
 

 

 
5ĈÊăÿÂ~ Ăõwêù 

 ¢é¹ ĈÅ½¾zÇÿ½ wăć Ĉ{Ċí¾£ ¹½ÿj¾z  ç¾Þ£ ÿ ¾Ċ¸{£ ôĊÆýw¤~ ½¹öévĊø wăć  IìÊ·ýĊĂú ìÊ· I
ĂúĊý xĀÕ¾ù ÿ xĀÕ¾ù#ûv¾ĉv ć¹½Āù ĂÞõwÖù$ 

 ºĊÞÅć¾Íwý,I wĊý¾úé ðþÉĀă-%ćÿ¾Æ· ûvĀÑ½ I. Ićºú´ù ûv¹Àĉ/ Ić¹¾ñ¾Å ðþă¾å0 
, I.  ÿ/ )ćĀ¬Êýv¹ v¾¤í¹I āÿ¾ñ  Ixj ĈÅºþĄù)ûv¾ĉv IāwÊýwù¾í Ić¿v½ āwòÊýv¹ IĈÞĊ{Õ Üzwþù ÿ ć¿½ÿwÊí Äĉ¹¾~ 

-IĈÞĊ{Õ Üzwþù ÿ ć¿½ÿwÊí Äĉ¹¾~ Ixj ĈÅºþĄù āÿ¾ñ I¹w¤Åv ) ć¿v½ āwòÊýv¹)ûv¾ĉv IāwÊýwù¾í I 
0) IĈÞĊ{Õ Üzwþù ÿ ć¿½ÿwÊí Äĉ¹¾~ Ixj ĈÅºþĄù āÿ¾ñ I½wĉ¹w¤Åv ć¿v½ āwòÊýv¹)ûv¾ĉv IāwÊýwù¾í I 

 5Ăõwêù ¢åwĉ½¹ ¶ĉ½w£+0*+1*,.44    5Ăõwêù Ç¾ĉ¼~ ¶ĉ½w£--*,+*,.44 
 

āºĊî¯ 
 ½¹ ç¾Þ£ ÿ ¾Ċ¸{£ èĊé¹ ûvÀĊù üĊú¸£Ăùwý¾z ½ĉÀv ½v¹½Ā·¾z Ĉývÿv¾å ¢Ċúăv ¿v ć½wĊzj ½ÿ¹ üĊĊÞ£ ÿ ć½wĊzj ćÇÿ½ Ĉå¾Õ ¿v )¢Å  ÿ ¾Ċ¸{£ ¹½ÿj¾z ćv¾z Ĉ£ÿwæ¤ù ćwă

Çÿ½ Ĉzwĉ¿½v ĂÞõwÖù üĉv ¿v ãºă )¹½v¹ ¹Ā«ÿ Ü«¾ù āwĊñ ôĊÆýw¤~ ç¾Þ£ Ăz Ĉ{Ċí¾£ ćwă  ½¹ Ü«¾ù āwĊñ ôĊÆýw¤~ ç¾Þ£ ÿ ¾Ċ¸{£ üĊú¸£ ½¹ ¾£¾z Çÿ½ Ĉå¾Þù ½ĀÚþù

öévĊø wă IìÊ· ćýĊĂú ìÊ·ĂúĊý IăÿÂ~ üĉv ½¹ )¢Åv ûv¾ĉv xĀÕ¾ù ÿ xĀÕ¾ù½wùj ÃwÅv¾z È ¢åwĉ½¹ āºÉ  ¿vvĉāwò¤Æ wă Ĉýwù¿ ā¿wz ½¹ ½ĀÊí ìĊ¤~ĀþĊÅ ć

ówÅ ćwă ,.2/  ¢ĉwâõ,.4.  ¿v ā¹wæ¤Åv wz ÿÇÿ½ wă Ātwå ÄĊ¤ýwù üúþ~ Çÿ½ wz ÿ Ă{Åw´ù Ü«¾ù āwĊñ ôĊÆýw¤~ ç¾Þ£ ÿ ¾Ċ¸{£ ûvÀĊù IĈ{Ċí¾£ ć01  āºÉ ĂÆĉwêù

 )¢Åv Ăí ¢Åv ûj ¾òýwÊý ªĉw¤ý ĂĊöíÇÿ½ wă Ăz  Ātwå ÄĊ¤ýwù üúþ~ Çÿ½ wz ĈzĀ· Ĉò¤Æ{úă Ióÿwz ûvÿ ¾òþĉ¿Āz Çÿ½ À«01  óÿwz ûvÿ ¾òþĉ¿Āz Çÿ½ ¢é¹ )ºý½v¹

 ¾ĉ¹wêù wz èÕwþù ĂĊöí ½¹RMSE  ÿMAE Ăz  yĊ£¾£ï½Àz ¾£  ¿v4*+  ÿ00*+ ùĊöĈ ¾¤ù Ĉù ¿ÿ½ ½¹ĂúĊý ÿ xĀÕ¾ù IìÊ· èÕwþù ½¹ )ºÉwz ûv¾ĉv xĀÕ¾ùÇÿ½ wă ć

  üúþ~,4/3 üúþ~ ÿ  ¢ĉv½,42- ¾ĉ¹wêù wzRMSE    ÿMAE øí  ¿v ¾£.4*+ ùĊöĈ ¾¤ù  èÕwþù ½¹ ÿ ¿ÿ½ ½¹ýĊĂú ìÊ·  ûv¾ĉvÇÿ½ wă ¢ĉv½ üúþ~ ć,42-   üúþ~ ÿ

,4/3  ¾ĉ¹wêù wzRMSE   ÿMAE øí  ¿v ¾£.0*+ ùĊöĈ ¾¤ù Ăz ¿ÿ½ ½¹  üĉ¾£đwz yĊ£¾£Ĉù v½v¹ v½ ¢é¹)ºþÉwz 

 

āÁvÿºĊöí 5wă øĊöév Iü£½wùÿ¹ ćwúýIóÿwz ûvÿ ¾òþĉ¿Āz ¢ĉv½ üúþ~I  Ātwå ÄĊ¤ýwù üúþ~01)  

 

 

Evaluation of the Accuracy of Different Combined Methods for Estimating 
the Potential Evapotranspiration in different Climates (Case Study: Iran) 

Saeid Nasseri1, Houshang Ghamarnia2*, Rezvan Khosravi3, Yazdan Mohamadi4, Farhang Sargordei5 

1, 3, 4. Ph.D. Candidate, Department of Water Engineering, Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran 
2. Professor, Department of Water Engineering, Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran  

5. Assistant Professor, Department of Water Engineering, Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran  
Received: August 26, 2020  Accepted: January 11, 2021 

 

Abstract 
Estimating the exact value of reference evapotranspiration is very important in irrigation planning and determining the irrigation frequency. 
There are different methods for estimating the reference crop evapotranspiration. The aim of this study was to find the best combined method 
for estimating the reference evapotranspiration in arid, semi-arid, semi-humid and humid climates of Iran. In this study, based on different 
necessary data from first order weather stations in the period of 1995 to 2014, the reference evapotranspiration was calculated by some 
combined methods and compared with FAO 56 Penman Monteith method. The results showed that all methods except Businger and Van 
bavel method have a good correlation with FAO 56 Penman Monteith (Ὑ> 0.96). The accuracy of Businger and Van bavel methods in all 
regions were low with RMSE and MAE values greater than 0.9 and 0.55 mm per day, respectively. In arid, humid and semi-humid regions of 
Iran, Penman 1948 and Penman Wright 1972 methods with RMSE and MAE values less than 0.39 mm per day and in semi- arid regions of 
Iran Penman Wright 1972 methods and Penman 1948 with RMSE and MAE values less than 0.35 mm per day had the highest accuracy. 
 
Keywords: Buzinger van Bavel, De Martonne climate classification, FAO Penman Monteith, Penman Wright. 
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 üĉv )¢ÅvĂõmÆù  Ĉzj ûv¾´z ôîÊù wz Ăí Ĉĉwă½ĀÊí ½¹

ÿ½Ăzºþ¤Æă ÿ½I  ¢Ċúăv ćv½v¹ÈĊz ¾£ wz Ĉå¾Õ ¿v )¢Åv ć

¡đĀÎ´ù ÛĀþ£ Ăz Ă«Ā£  Ôĉv¾É ÿ ĈÝv½¿xj vĀăÿ IĈĉ

 äö¤¸ù ûwăwĊñ ç¾Þ£ ÿ ¾Ċ¸{£ Ă{Åw´ù ûwîùvĂz ¡½ĀÍ 

ûwù¿ ½wĊÆz vÀ¬ù )¢Åv ĂþĉÀă ¾~ ÿ ¾z 

 äö¤¸ù ôùvĀÝ ¿v ĈÞzw£ Ü«¾ù āwĊñ ç¾Þ£ ÿ ¾Ċ¸{£
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ùĈ ûvĀ£  ĂzÇÿ½ wă ÿ #¾¤úĊÆĉđ ¿v ā¹wæ¤Åv$ øĊê¤Æù ć

Çÿ½ wă ćáĊê¤Æù¾Ċø  ÿĂ{Åw´ù v ćÆê£Ċø ºþz ā¹wæ¤Åv )¹¾í ć
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Ăz  ¡½ĀÍáĊê¤Æù¾Ċø $ ¢Åv de Sousa Lima et al., 2013; 
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 ¢é¹  ûĀþíw£Çÿ½ wă ó¹wÞù Ĉ´ÖÅ ½¹ Ĉ{Ċí¾£ äö¤¸ù ć

øĊöév ćv¾z ÿ ûv¾ĉv ½ĀÊí äö¤¸ù ćwăĈÅ½¾z¹½Āù  ½v¾é
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 ¢ĉv½ üúþ~,441 ¢ĉv½ üúþ~ I,42- üúþ~ I,4/3 üúþ~ I

 Ātwå-/ ±ĒÍv āºÉ Ātwå üúþ~ I,2 ¾òþĉ¿Āz ÿ( óÿwz ûvÿ #

 ½¹öévĊø wă IìÊ· ćýĊĂú ìÊ·ĂúĊý I xĀÕ¾ù ÿ xĀÕ¾ù
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 ÿ ¹vĀùÇÿ½ wă 

½¹  üĉvÈăÿÂ~ øĊöév Çÿ½ ¿v ā¹wæ¤Åv wz vº¤zv  ćwúý

¹ÿü£½wù. öévĊø wă yĉ¾Ñ )ºÉ ĈĉwÅwþÉ ûv¾ĉv äö¤¸ù ć

ĂÖzv½ è{Õ ü£½wùÿ¹ $,# )¢Åv 

Ὅ
ὖ

Ὕ ρπ
 $,# 

 5ûj ½¹ ĂíI  Iü£½wùÿ¹ ĈîÊ· yĉ¾ÑP  üĊòýwĊù

 ĂýđwÅ Ĉñºý½wzyÆ³¾z ĈöĊù ÿ ¾¤ùT  ćwù¹ üĊòýwĊù

 ĂýđwÅyÆ³¾z  Ă«½¹¤ýwÅĈ ¹v¾ñ   óºù üĉv ÃwÅv ¾z )¢Åv

±¾É Ăz øĊöév ÛĀý ÈÉ óÿº« $,# ¹Ā«ÿ )¹½v¹ 

 ü£½wùÿ¹ Çÿ½ ÃwÅv¾zûw¤Åv wă ć Iûw¤Å¹¾í IāwÊýwù¾í

ûw¬ĉwz½»j ûw¬ĉwz½»j IĈz¾á  Iûw¬ý¿ Iûv¾Ą£ Iûw¤Æöñ IĈé¾É

 øĊöév ćv½v¹ ôĊz¹½v ÿ üĉÿÀé Iûw¤Å¾õ Iûvºúă IćÀí¾ù

ýĊĂú ìÊ· Iûw¤Åv wă IćĀÑ½ ûwÅv¾· Iûw¤Å¿Ā· ć

 ÿ ûw¤ÆĊÅ IûwñÀù¾ă I¾ĄÉĀz IûwĄæÍv Iøé IĈzĀþ« ûwÅv¾·

ûwþúÅ ÿ ÷Ēĉv IÃ½wå Iûwù¾í I¹Àĉ Iûw¤Æ¯Āöz  øĊöév ćv½v¹

 ÿ ìÊ·ûw¤Åv wă IûĒĊñ ćûv½ºý¿wù ÿ ĂĉĀöĊîĄí I

 ÿ xĀÕ¾ù øĊöév ćv½v¹ ć½wĊ¤¸z ÿ ów´ù½wĄ¯ ÿ ºú³v¾ĉĀz

ĂúĊý ½¹ )ºþ¤Æă xĀÕ¾ù$ ôîÉ,#  ¡wÎ¸Êù ÿ ¢ĊÞéĀù

 ĈĉwĊåv¾â«ûw¤Åv wă)¢Åv āºÉ Ătv½v äö¤¸ù ć 

 
Table 1. Climatic classification according to De Martonne drought coefficient 

Type of climate Dry Semi dry Mediterranean Semi wet Wet Very wet 

Drought coefficient range Lower than 10 10-19.99 20-23.99 24-27.99 28-34.99 More than 35 

 

 
Figure 1. Arid, semi-arid, humid and semi-humid locations of Iran 
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ā¹v¹  ćwù¹ üĊòýwĊù èĊê´£ üĉv ½¹ ā¹wæ¤Åv¹½Āù ćwă

 IvĀăúíĊĂþ  ÿzĊÊĊĂþ  IćºĊÉ½Ā· Ìõw· Èzw£ IvĀă ćwù¹

 ¢zĀÕ½Ăz ¡½ĀÍ  IüĊòýwĊùzĊÊĊĂþ  ÿúíĊĂþ  ¹wz ¢Ý¾Å ÿ

ĂýwĊăwù ÃwĊêù ½¹ Ĉù  ½ĀÊí ĈÅwþÉvĀă ûwù¿wÅ ¿v Ăí ºþÉwz

ýºÉ ¼·v wz )ºÅ½¾zā¹v¹ Ĉ  ćwăvĉāwò¤Æ wă ½¹ ĈîĊ¤~ĀþĊÅ ć

 Ĉýwù¿ ā¿wz ½¹ Ăí ºĉ¹¾ñ Ì¸Êù ûv¾ĉv äö¤¸ù èÕwþù

ówÅ ćwă ,.2/ w£ ,.4. ā¹v¹  ćv¾z ĈÅwþÉvĀă ôùwí ćwă

 ĂĊöíûw¤Åv wă  çĀå Ĉýwù¿ ā¿wz Iv¼õ )¹½v¹ ¹Ā«ÿĂz ½ĀÚþù 

 Ĉzwĉ¿½vÇÿ½ wă āwĊñ ôĊÆýw¤~ ç¾Þ£ ÿ ¾Ċ¸{£ Ă{Åw´ù ć

 ¾Úý ½¹ Ü«¾ù )ºÉ Ă¤å¾ñøă üĊþ¯ ¹vºÞ£ Ĉúí ¿v ā¹v¹ wă ć

½Āí¼ù  ô{é ćwă¿ÿ½ üĊòýwĊù ÃwÅv¾z IāºÉ¹Āêæù ÿ Ìéwý

)ºýºÉ ā¹¿ üĊú¸£ Iwă¿ÿ½ ûj ¿v ºÞz ÿ 

 üĉv ½¹ÈăÿÂ~  üĊòýwĊù vº¤zv ½¹ā¹v¹ ćv¾z ĂýwĊăwù ćwă

 ĂýwĊăwù üĊòýwĊù Ä Å )ºÉ Ă{Åw´ù ìĊ¤~ĀþĊÅ āwò¤Æĉv ¾ă

 wz Ü«¾ù āwĊñ ôĊÆýw¤~ ç¾Þ£ ÿ ¾Ċ¸{£Çÿ½ wă Ĉ{Ċí¾£ ć

 ¢ĉv½ üúþ~,441 ¢ĉv½ üúþ~ I,42- üúþ~ I,4/3 üúþ~ I

 Ātwå-/ ±ĒÍv  Ātwå üúþ~ IāºÉ,2 ówÅ Ĉýwù¿ ā¿wz ½¹  ćwă

,.2/  ¢ĉwâõ,.4.  )ºĉ¹¾ñ Ă{Åw´ù Ăí ¢Åv ¾í» Ăz ÷¿đ

 Ăöú« ¿v óÿwz ûvÿ ¾òþĉ¿Āz Çÿ½Çÿ½ wăĂz ć  ½¹ Ă¤å½½wí

ùwý¾z ĂREF-ET  ÿ ĈÅ½¾z ¢Ą« ôĊõ¹ üĊúă Ăz Iā¹Ā{ý

 üĊú¸£¾Ċ¸{£ ç¾Þ£ ÿ ¿v ā¹wæ¤Åv wz  Ăùwý¾z IÇÿ½ üĉv

ûw¤Åv Ăúă ćv¾z ÿ ĂĊĄ£ ôÆív ½¹ ûj ĈÑwĉ½  ā¹wæ¤Åv¹½Āù wă

ÀĊý óÿwz ûvÿ ¾òþĉ¿Āz Çÿ½ óĀù¾å )¢å¾ñ ½v¾é ¿v 

Ăõwêù ćwăÈăÿÂ~ ¾ñºÉ ©v¾¸¤Åv äö¤¸ù ûv 

$Upadhyaya, 2006; Lascano and Evett, 2007)# 

 ¡đ¹wÞùÇÿ½ wă ½¹ ā¹wæ¤Åv ¹½Āù Ĉ{Ċí¾£ äö¤¸ù ć

$ óÿº«-#  üĉv Àĉwú£ Ă«ÿ )¢Åv āºùjÇÿ½ wă  āĀ´ý

)¢Åv ¹wz ¢Ý¾Å yĉv¾Ñ Ă{Åw´ù 

 
Table 2. Different combined reference methods for potential evapotranspiration estimate 
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Ў 
ὥ ὦό Ὡ Ὡ Ⱦʇ 
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Penman 1948 

ὉὝ
Ў

Ў 
Ὑ Ὃ ὑ



Ў 
ὥ ὦό Ὡ Ὡ Ⱦʇ 
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Penman Wright 1972  
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Penman Wright 1996 

ὉὝ
Ў
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Ὑ Ὃ ὑ



Ў 
ὥ ὦό Ὡ Ὡ Ⱦʇ 
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FAO 24 corrected Penman 
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FAO plant protection paper 17 
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ĂÖzv½ ½¹  IçĀå ćwă%4  Ü«¾ù āwĊñ ç¾Þ£ ÿ ¾Ċ¸{£

 yÆ³¾zùĊöĈ ¾¤ù  I¿ÿ½ ½¹Å Å  Ûw{Év ½w¸z ½wÊå ¹Ā{úí

 IówîÅw~ĀöĊí yÆ³¾zɾ  ¢zw§ wÅĉ¾¤ùÿ¾îć ¾z yÆ³ 

íĊówîÅw~Āö ¾z Ă«½¹ ¤ýwÅĈ ¹v¾ñ I2  ¾z Ìõw· ÜÊÞÊ£

 yÆ³óÿÁwòù  ½¹Üz¾ù¾¤ù  I¿ÿ½ ½¹Ў ÉĊy þ´þùĈ ½wÊå 

½w¸z yÆ³¾z íĊówîÅw~Āö ¾z Ă«½¹ ¤ýwÅĈ ¹v¾ñ IÕ  ¢Ý¾Å

 IĂĊýw§ ¾z ¾¤ù yÆ³¾z ć¾¤ù ÿ¹ Ûwæ£½v ½¹ ¹wzʇ wù¾ñć ûwĄý 

¸{£Ċ¾ yÆ³¾z óÿÁwòù ¾z íĊ÷¾ñĀö I' õwò¯Ĉ ½wÉ wù¾ñć 

ëw· yÆ³¾z óÿÁwòù ¾z Üz¾ù¾¤ù ½¹ ¿ÿ½ I4 ùĊòýwĊü zĊÊĊĂþ 

ÿ úíĊĂþ Ă«½¹ ¡½v¾³ Ăýv¿ÿ½ yÆ³¾z Ă«½¹ ¤ýwÅĈ ¹v¾ñ I5 

 Ûwæ£½v ½¹ ¹wz ¢Ý¾Åz  IĂĊýw§ ¾z ¾¤ù yÆ³¾z ć¾¤ùÚ Ûwæ£½v 

¢{Æý Ăz ²ÖÅ ù¿Ċü yÆ³¾z ¾¤ù I2  ćºĊÉ½Ā· ÜÊÞÊ£

 ¾z óÿÁwòù yÆ³¾zÜz¾ù¾¤ù  I¿ÿ½ ½¹5    ¹wz  Ăýv¿ÿ½ ¢Ý¾Å

 IĂĊýw§ ¾z ¾¤ù yÆ³¾zd Ăzw« Ûwæ£½v  w£ ¾æÍ ²ÖÅ ¿v Ĉĉw«

Ĉ¤ýwÅ yÆ³ ¾z ĈÅwþÉvĀă āwò¤Æĉv  ÿ ¾¤ùὤ  ć¾z¿ yĉ¾Ñ

)¢Åv ĈÅwþÉvĀă āwò¤Æĉv 

 üĉv ½¹ÈăÿÂ~ ā¹v¹ ¹wĉ¿ ø¬³ Ăz Ă«Ā£ wz ćwă

Ăz ¢Å¹  ¿v ÷vºí ¾ă ç¾Þ£ ÿ ¾Ċ¸{£ ûvÀĊù vº¤zv ½¹ Iāºùj

Çÿ½ wă Ăz ¡½ĀÍ  ç¾Þ£ ÿ ¾Ċ¸{£ ûvÀĊù wz Ăýwñvº«

Ăz ¢Å¹ Ātwå ÄĊ¤ýwù üúþ~ Çÿ½ ¿v āºùj 01  ÿ āºÉ ĂÆĉwêù

ĊÅ¾ñ½ Ô· ìĉ wĄýj ¿v ÷vºí ¾ă ćv¾z )ºÉ ā¹v¹ Ç¿v¾z ûĀ

 ûĀĊÅ¾ñ½ Ô· Ăõ¹wÞù ÃwÅv¾z ç¾Þ£ ÿ ¾Ċ¸{£ ûvÀĊù Ä Å

Ăz ¢Å¹  ûj ÔÅĀ£ āºùjÇÿ½ wă )ºĉ¹¾ñ Ă{Åw´ù 

Ăz  ¢é¹ Ĉzwĉ¿½v ½ĀÚþùÇÿ½ wă ĂÆĉwêù èĉ¾Õ ¿v Ĉ{Ċí¾£ ć

 ªĉw¤ý wz Ātwå ÄĊ¤ýwù üúþ~ Çÿ½01  ć½wùj ćwă¾¤ùv½w~ ¿vὙ I

RMSE  ÿMAE $ Ôzvÿ½ ±¾É Ăz-$ w£ #/  )ºÉ ā¹wæ¤Åv # 

$-# 
 

$.# ὙὓὛὉ ρȾὲ ὉὝȢȢ ὉὝȢ Ȣ  

$/# ὓὃὉ ρȾὲ ȿὉὝȢȢ ὉὝȢ Ȣȿ 

  Iđwz Ôzvÿ½ ½¹ὉὝȢȢ  ½vºêùā¿vºýv ñĊ¾ć  IāºÉὉὝȢ 

 ¾ĉ¹wêù üĊòýwĊùā¿vºýv ñĊ¾ć  IāºÉὉὝȢ Ȣ  ½vºêù

ÈĊ~ĈþĊz  IāºÉὉὝȢ ~ ¾ĉ¹wêù üĊòýwĊùĊÈĈþĊz ÿ āºÉ ὲ 

ā¹v¹ ¹vºÞ£ )¢Åv wă 

 

¦´z ÿ ªĉw¤ý 

Ì·wÉ ¾ĉ¹wêù  ćwă2 IRMSE IMAE  üĊòýwĊù Ă{Åw´ù

 Ăz ĂýwĊăwù ôĊÆýw¤~ ç¾Þ£ ÿ ¾Ċ¸{£Çÿ½ wă ¢{Æý Ĉ{Ċí¾£ ć

 Ātwå ÄĊ¤ýwù üúþ~ Çÿ½ Ăz01  IìÊ· èÕwþù ćv¾z

ýĊĂú ìÊ· ÿ xĀÕ¾ù IĂúĊý Ĉýwù¿ ā¿wz ½¹ ûv¾ĉv xĀÕ¾ù

,.2/ w£ ,.4. ½¹ $ óÿº«.#  ā¹v¹ ûwÊýāºÉ  )¢Åv

ôîÉ ćwă $a, b , c(-#  ÿ ¾Ċ¸{£ üĊòýwĊù ¾ĉ¹wêù ½v¹Āúý

 ûĀĊÅ¾ñ½ Ô· Ăõ¹wÞù ÃwÅv¾z ĂýwĊăwù ôĊÆýw¤~ ç¾Þ£

Çÿ½ wăĂz ¢{Æý Ĉ{Ċí¾£ ć  Ātwå ÄĊ¤ýwù üúþ~ Çÿ½01 

Ăz  yĊ£¾£ IìÊ· èÕwþù ćv¾zýĊĂú ìÊ· ÿ ¾ù ÿ xĀÕ

ĂúĊý Ĉýwù¿ ā¿wz ½¹ ûv¾ĉv xĀÕ¾ù,.2/ w£ ,.4.  ûwÊý v½

Ĉù)ºă¹ Ăz ªĉw¤ý ¢Å¹  ĂĊöí Ăí ¢Åv üĉv ¾òýwÊý āºùj

Çÿ½ wă Ăz  Ĉò¤Æ{úă Ióÿwz ûvÿ ¾òþĉ¿Āz Çÿ½ ¿v ¾Ċá

 Ātwå ÄĊ¤ýwù üúþ~ Çÿ½ wz ĈzĀ·01 Ă¤Év¹)ºýv 

 ªĉw¤ý ÃwÅv¾zĂz ¢Å¹  Iāºùj ûvÿ ¾òþĉ¿Āz Çÿ½ ¢é¹

 ĂĊöí ½¹ óÿwz¾ĉ¹wêù wz èÕwþù RMSE  ÿMAE Ăz yĊ£¾£

ï½Àz ¾£  ¿v4*+  ÿ00*+ ùĊöĈ ¾¤ù Ĉù øí I¿ÿ½ ½¹  )ºÉwz

Ăí ºþ¯¾ă  èÕwþù ½¹ Çÿ½ üĉv ¢é¹ýĊĂú ìÊ·  Ĉíºýv

èĊé¹ ĈÅ½¾z wz )¢Åv ¾¤Ąz āºăwÊù èÕwþù ¾£ùĈ ¹ĀÉ  Ăí

À« ¾Úý¹½Āù èÕwþùÿ  ½¹ )ºþ¤Æă ûv¾ĉv ¾ĊÅ¹¾Å èÕwþù

 ÿ ¾Ċ¸{£ ûvÀĊù ¾ĊÅ¹¾Å èÕwþù Ü«¾ù āwĊñ ôĊÆýw¤~ ç¾Þ£

øí ¾£ è{Õ ÿ ¢Åv $ ôîÉ-# ûvÿ ¾òþĉ¿Āz Çÿ½ ¢é¹ I

 Iøí ç¾Þ£ ÿ ¾Ċ¸{£ ¾ĉ¹wêù ½¹ óÿwzÈĊz ¾£  ā¹Āz)¢Åv 

ĂúĊý ÿ xĀÕ¾ù IìÊ· èÕwþù ½¹ ûv¾ĉv xĀÕ¾ù

Çÿ½ wă üúþ~ ć,4/3  ¢ĉv½ üúþ~ ÿ,42- ¾ĉ¹wêù wzRMSE  

 ÿMAE øí  ¿v ¾£.4*+ ùĊöĈ ¾¤ù  èÕwþù ½¹ ÿ ¿ÿ½ ½¹

Ὑ2 =
[В ὉὝ0.ά.Ὥ ὉὝ0.ά × (ὉὝ0.ὙὛ.Ὥ ὉὝ0.ὙὛ
ὲ
Ὥ= 0 ]2

В ὉὝ0.ά.Ὥ ὉὝ0.ά
ὲ
Ὥ= 0

2
× В ὉὝ0.ὙὛ.Ὥ ὉὝ0.ὙὛ

ὲ
Ὥ= 0

2 
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ýĊĂú ìÊ·  ûv¾ĉvÇÿ½ wă ¢ĉv½ üúþ~ ć,42-  üúþ~ ÿ,4/3 

 ¾ĉ¹wêù wzRMSE   ÿMAE øí  ¿v ¾£.0*+ ùĊöĈ ¾¤ù Ăz ¿ÿ½ ½¹

 üĉ¾£đwz yĊ£¾£Ĉù v½v¹ v½ ¢é¹ ºÞz )ºþÉwz ¾òþĉ¿Āz Çÿ½ ¿v

 óÿwz ûvÿÇÿ½ wă Ātwå üúþ~ ć-/ ±ĒÍv  Ātwå üúþ~ ÿ āºÉ

,2  ¾ĉ¹wêù wz èÕwþù ĂĊöí ½¹RMSE  ÿMAE Ăz yĊ£¾£

ÈĊz  ¿v ¾£2*+  ÿ0-*+ w~Ċĉü ¾£ĉü  ¢é¹ Ă¤{õv )ºý½v¹ v½ ¢é¹

 üĉvÇÿ½ wă ĂúĊý ÿ xĀÕ¾ù èÕwþù ½¹ ½wĊÆz xĀÕ¾ùøí  ¾£

Ăz ªĉw¤ý )¢Åv ¢Å¹ wÖù Ă¬Ċ¤ý wz āºùj¡wÞõ Yoder et al. 

(2005) øăûj ÈăÿÂ~ ªĉw¤ý )¹½v¹ ĈývĀ· ½¹ Ăí ¹v¹ ûwÊý wă

xĀþ« ½¹ Üévÿ xĀÕ¾ù øĊöév Çÿ½ wîĉ¾ùj Ĉé¾É  üúþ~ ćwă

,4/3  ¢ĉv½ üúþ~ ÿ,42- Ăz ¢é¹ üĉ¾£đwz ¿v yĊ£¾£

 ½v¹½Ā·¾z ā¹Āz Ātwå üúþ~ Çÿ½ ÿ-/  ç¾Þ£ ÿ ¾Ċ¸{£ ¾ĉ¹wêù

ÈĊz v½ Ü«¾ù āwĊñ ôĊÆýw¤~ êù ¿v ¾£Ĉù ¹½ÿj¾z Üévÿ ½vº  )ºþí

øă  ¢ĉv½ üúþ~ Çÿ½ ¾£đwz ¢é¹ üĊþ¯,42-  ¾ĉwÅ Ăz ¢{Æý

Çÿ½  ÔÅĀ£ MĒ{é wăYuanshi (1995)  ÿ üî~ ćv¾zKhatua 

and Pasupalak (2018)  Ăz ÀĊý ºþă ćwÊĉ¹ÿv ¢õwĉv ćv¾z

 )¢Åv āºĊÅ½ ¡w{§v 

z ªĉw¤ý ÃwÅv¾zĂ¢Å¹  ²ÖÅ ćv½v¹ èÕwþù ćv¾z Iāºùj

 Ûwæ£½vøí ¾£  ¿v-++  ûvÿ ¾òþĉ¿Āz Çÿ½ wĉ½¹ ²ÖÅ ¿v ¾¤ù

 IóÿwzĈĉv½wí  )¹½vºý Ĉývºþ¯ûw¤Åv ½¹ üĉv¾zwþz Ăí Ĉĉwă

 ĈÝwæ£½v ćv½v¹øí ¾£  ¿v-++  ºþ¤Æă wĉ½¹ ²ÖÅ ¿v ¾¤ù

ûw¤Åv ôùwÉ ûv¾ĉv ĈzĀþ« ÿ ĈõwúÉ èÕwþù$  Iûw¤Æöñ ćwă

 ç¾Þ£ ÿ ¾Ċ¸{£ #ûwñÀù¾ă ÿ ¾ĄÉĀz Iûv½ºý¿wù IûĒĊñ

Āz Çÿ½ ÃwÅv¾z¿òþĉ )¢Åv āºÊý Ă{Åw´ù óÿwz ûvÿ ¾

$ ôîÉ-# Ĉù ûwÊý  ½¹ óÿwz ûvÿ ¾òþĉ¿Āz Çÿ½ Ăí ºă¹

ĂúĊý ÿ ìÊ· èÕwþù Ăz ìÊ·  øí ¾ĉ¹wêù ćv¿v ÿ ¾Ċ¸{£

ç¾Þ£ v½ ç¾Þ£ ÿ ¾Ċ¸{£ ûvÀĊù IÈĊz ¾£  üúþ~ Çÿ½ ¿v

 Ātwå ÄĊ¤ýwù01  ¹wĉ¿ ¾ĉ¹wêù ½¹ ÿç¾Þ£ ÿ ¾Ċ¸{£ ûvÀĊù I

 v½ ç¾Þ£ ÿ ¾Ċ¸{£øí ¾£ ù üúþ~ Çÿ½ ¿v Ātwå ÄĊ¤ýw01  ÿ

ĂúĊý ÿ xĀÕ¾ù èÕwþù ½¹ v½ ç¾Þ£ ÿ ¾Ċ¸{£ ûvÀĊù xĀÕ¾ù

 ½wĊÆzøí ¾£  Ātwå ÄĊ¤ýwù üúþ~ Çÿ½ ¿v01 Ĉù ¹½ÿj¾z  )ºþí

Ăz ÛĀú¬ù ½¹  ûj ¿v ā¹wæ¤Åv IÇÿ½ üĉv È³wå ćwÖ· ôĊõ¹

®Ċă ½¹ Ü«¾ù ç¾Þ£ ÿ ¾Ċ¸{£ ¹½ÿj¾z ½¹ øĊöév ¿v ÷vºí  ćwă

Ĉúý ĂĊÍĀ£ ûv¾ĉv )¹ĀÉ  

 
Table 3. ╡ , RMSE and MAE values of mean monthly reference evapotranspiration calculated by combined methods 

compared to FAO 56 Penman Monteith method in Iran from 1995 to 2014 
MAE (mm/day) RMSE (mm/day) ╡

 
Method Type of climate 

0.22 0.35 0.9 Penman 1948 

Arid climate 

0.27 0.38 0.99 Penman Wright 1972 
0.40 0.71 0.96 Penman Wright 1996 
0.53 0.92 0.96 FAO 24 corrected Penman 
0.53 0.96 0.98 FAO plant protection paper 17 
0.62 1.33 0.91 Businger, Monteith & van Bavel 
0.22 0.35 0.98 Penman 1948 

Semi-Arid climate 

0.27 0.34 0.99 Penman Wright 1972 
0.40 0.51 0.97 Penman Wright 1996 
0.52 0.74 0.96 FAO 24 corrected Penman 
0.53 0.72 0.98 FAO plant protection paper 17 
0.62 0.95 0.90 Businger, Monteith & van Bavel 
0.34 0.35 0.98 Penman 1948 

Humid & Semi-Humid 

climate 

0.28 0.39 0.98 Penman Wright 1972 
0.43 0.54 0.98 Penman Wright 1996 
1.89 2.03 0.98 FAO 24 corrected Penman 
1.3 1.57 0.99 FAO plant protection paper 17 
1.86 2.01 0.83 Businger, Monteith & van Bavel 

 




