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Table 1. The Characteristics of the case study stations in the Maharlou Watershed
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Figure 1. Digital Elevation model map of the study area
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Figure 2. The flowchart for potential evapotranspiration in the study area
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Table 3. The mean amounts measured of yearly evapotranspiration of Hargreaves- Samani in Different years
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Table 4. The mean amounts measured of yearly evapotranspiration of Thornthwaite in Different years
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Figure 2. Theresults of the temporal estimation of potential evapotranspiration (mm/y) based on Blaney Criddle
method in the study area
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Figure 3. The results of the temporal estimation of potential evapotranspiration (mm/y) based on Thornthwaite

method in the study area
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Figure 4. The results of the temporal estimation of potential evapotranspiration (mm/y) based on Hargreaves- Samani

method in the study area
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Figure 5. Evaluating of spatial yearly evapotranspiration of Blaney-
Criddlein different years
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Figure 6. Evaluating of spatial yearly evapotranspiration of Hargreaves
in different years
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Figure 7. Evaluating of spatial yearly evapotranspiration of Thornthwaite
in different years
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Figure 8. The results of estimation methods of potential evapotranspiration in the case study

9 5 bl 3 by ol Sk o Jeasly
@y gl cle @ alle 55 5 w5 0je> (a9
cle @ ojes b lawuwd g cwl jdo o)l
ol yiaS w Judly 3)55 9 S Ol a2y plalS
2 V) ohBes g o)Vl s Sl @l L &S
2 ey (3)%5 9 535 3yl by (npcwlie (AdS
wxi 9 13,5 abj)ll) pladel 3 Jlo 3w g p)5 slaole
5 JuS-h Vle Jlo dpw lmole > w8
5 (RY) 4l oass ol oy > & lolmjon 5l
@@yl JlpS ool 5 58 RMSE (las
(R% RMSE) bl Jyusi (yousi oy Commd (390 oyl
23 laddlhae > 9 e ety J)S (SN b9y e
Sloj St oy yolatods (V1) lisiel 9 gl o0l B
4 & B o oy > Jeily 35S
S5 cloodly | (Stusad apd oVl olass]
b9y {35) adllasdyge o394 (ly By Cryie S
cae (M) @l 5 ali b o3l paseis Ju S-S
obsile il )3 Jewily 55 5 p3es gl b))
i GryieS b RS (S gy & W) 25 cnl
Oisy b Ned (i ppiie 9 3kl sles
9 0oz sCuly Sy oy 4 s il — ey - b
Jeily 35 9 e dpglp )3 s €8l 50 )55l
2 OF) o5 g el el e ghaile il
skl b sl 3y 5 s sbahy) (b)) Beios
Slonl o) 3jluilinl (glad 5 oad his pusd o
5 35 (JuS- M slaghyy o5 w85 wn
e Bl baydy) (il coi & Culgcs )y
5 255 D5l n Sty 2bil sl (3) pladldy 5 6508
Ohg) &5 MBS xS (e plwl ) Jeily 35
Stad Jin (2 50k 9 S Glise (2508 b )50l

Uigy MAE jlao & dsg b oS aad 0 i gl
i U g (WEF) s Glie (s SRS -
MBE jkao 4 a2 b5 (W/e5) s S0l Uiy 1y s
5 (DY) calsciys ey & barpe b Gl cn e
9 (o/FY) Jus=GN Gbyy s ple epoie
otoy b Glie (S RMSE lno & a2 L (izen
3555 gy a3 (i cp ke o (V/TR) Ja 5= 5N
b e (Y/¥A)
mte 1S olpsa Jeily §p5 g 5
Oeie argidyee Jbpd (S byl
gl Cupde ) gl cpl wlp Jlod gols 5 43,513
i JSysba ol gass 0 (V) 5yl wlel Lids O
68 3l ot oS Lasls Sl g ey Ol 5| ol
by 35 5 e )l cp it J2S =S Uhesp
2 e e (WWV/D) digd oKl 0 Yoot Jo & boyyo
PV Sl 2 G g S Ol npeS 9 JW
D90 dlee Jlo 3 e (AONY) 58K olSii)
Jbo > Jewily 3,5 9y Olie (Ui Culocs)y
oreS 9 Jlo 3 yiacde (VV/7) digd o] o V44
53 yio dwe (OY/YV) YN Jlo ,d yaeS ol ;5 o) o)lue
ke Sble —jasS)le gy Coledyd 9 Cusl 09 Jlo
ol 3 Vert Jlo 3 by 5y 9 g jlde
Ol oS 9 Jls 1 yieidee (VOVNY) ol sbller
(AF/0) oS oK) 3 Yoo Jlo 3 Gy 5w
€8 b))l mls )X (bl aslie Jl ) e
9y 4 A U Jauily 3,5 9 s clisee (slasd)
RMSE 5 (M#¥) MAE jlxe 4 a2g5 b Jou )5 -3
o 4 dsg byl Jhoyssy oYL s 5l (V/F)
o)l (FVYF) Calacsyg gy 1y B> py i MBE
G5 9y gy CB AL jieS )5S de (Slalns a2 y0


http://dx.doi.org/10.29252/jwmr.10.19.22
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.12.5
https://jwmr.sanru.ac.ir/article-1-825-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.22516174.1398.10.19.12.5]

[ DOI: 10.29252/jwmr.10.19.22 ]

Yy

Ohlar g (sdose wyls SiS (g S0l 9‘59) [FREPES
SbolSiwl o Juwily Gy 9 s dy5lp (V)
Camd JU)S SN by & Bdww) amis ol 4 (leduol
gy Culd 4 Se3p Hhew daley ple 4

I 95 (Nher I ilizee slacle )3 a5 (g )sboay
b cdllas s culd gl b &S col

WA bl 5 5le0 1N 0)lod /omd Jlo 50l 039> o yte dolidimgly

9 JuS G gy 9 @ Cas gy (il
B 9y D9l gyt <85 5l g Ml e Culgcs s
(A) sgrcomd 9 (2923 (3485 )3 9 Cunl J12y05 0 Jeusliy
sl g s dilate Jouily 5)85 9 p3ed 3yl 5o
wl Coly Coy9 gy &S Bdawy i ol A o>
Sen J)5 N hgy Lol s ges )y (o

&l

1. Afzdli, A., M. Mahdavi and M. Zare chahoki. 2010. The effectiveness of the Thornthwaite method
compared to class A boat on the southern coast of Iran, Journal of Watershed Management Research,
1(2): 114-109 (In Persian).

2. Alizadeh, A., M. Mahdavi, M. Inanlo and M.A. Bazari. 2001. Study of accuracy and performance
Calculated of potential evapotranspiration based on Hargreaves and Pan Evaporation in synoptic
stations khorasan province, Nivar journal: 51-70 (In Persian).

3. Allen, R.G., W.G.M. Bastiaanssen, J.L. Wright, A. Morse, M. Tasumi and R. Trezza. 2002.

Evapotranspiration from Satellite Images for Water Management and Hydrologic Balances.

Proceedings of the 2002 ICID conference, 1-12 pp., Montreal, Canada.

Azimi hosseini, M. and M.R. Behbahani. 2009. Application of GIS in drought zoning (Case study:

Lorestan Province). Proceedings of the 2008 Geomatics, 3-5pp., Tehran, Iran (In Persian).

Babamiri, O., H. Nozari and S. Maroufi. 2017. Estimation of potential evapotranspiration based on

random time series models. Journal of Watershed Management Research, 8(15): 146-137 (In Persian).

Blaney, H.F. and W.D. Criddle. 1950. Determining water requirements in irrigated area from

climatologica irrigation data, US Department of Agriculture, Soil Conservation Service, 121pp.

Danesh faraz, R. and H. Razaghpour. 2014. Assessment of Climate Change Effects on Potentia

Evapotranspiration in West Azarbaijan Province. Geographic Space, 14(46): 199-211(In Persian).

Farhodi, R.A. and A.A. Shamsipour. 2000. Estimating of potential evapotranspiration in southern

Balochistan. Physical Geography Research Quarterly, 29: 105-114 (In Persian).

Ghanbari, E. and O. Bazrafshan. 2015. Evaluating of methods estimation Potential evapotranspiration

in Hormozgan province. Proceedings of the 1" International and 3" National Conference of

Engineering and Agricultyre Management, Environment and stable Natural resources, 1-10.,

Hamedan, Iran (In Persian).

10. Gholizadeh apavet, H. and K. Amininia. 2015. Investigating the temporal changes of potential
evapotranspiration in Tabriz. Geographic Space, 15(49): 19-35 (In Persian).

11. Ghorbani, M., S. Shokri and S. Bromand nasab. 2016. Investigation Performance of Neural Networks
of Estimation of Reference Evapotranspiration (Case Study: Synoptic Station Ahvaz). Journal of
Wetland Ecobiology, 8(28): 23-34 (In Persian).

12. Hargreaves, G.H. and Z. Samani. 1985. Refrence crop evapotranspiration from tempraturer. Applied
Engineering in Agriculture, 1(2): 96-99.

13. Izadpanah, Z. and O. Karami. 2011. Evaluating of Different Methods of Evapotranspiration at Ahwaz
Synoptic Station. Proceedings of the 4" National Conference of Irrigation and Drainage Network
Management (IDNC), 669-678 pp., Ahvaz, Iran (In Persian).

14.Kumar Rai, R., V. Singh and A. Upadhyay. 2017. Estimation of Lake Evaporation and Potential
Evapotranspiration, In: Planning and Evaluation of Irrigation Projects, 231-241 pp., Elsevier.

15.Liu, S, J. Bai, Z. Jia, L. Jia, H. Zhou and L. Lu. 2010. Estimation of evapotranspiration in the Mu Us
Sandland of China. Hydrol. Earth System Science, (14): 573-584.

16. Mohammadi, H., A. Hanafi and M. Soltani. 2010. Estimate of potential evapotranspiration in stations
of Isfahan province. Journal of Geographic landscape, 5(12): 153-167 (In Persian).

17. Mahdian, M.H. 2006. Application of geo statisticsin Soil Sciences. Proceedings of the 1th Conference
of Soil Environment and Sustainable Development. Tehran, Iran: 1-6 (In Persian).

18.Nikam, B.R., P. Kumar, V. Garg, P.K. Thakur, S.P. Aggarwal. 2014. Comparative Evauation of
Different Potential Evapotranspiration Estimation Approaches. International Journal of Research in
Engineering and Technology, 2321-7308.

19.0le, E-T. and S. Wolfgang. 2002. Applications of spatial interpolation of climatologicaland
Meteorological elements by the use of geographical information COST: 1-45 pp.

20. Salarian, M., M. Naj&fi, K. Davari, S. Edlamian and M. Heidari. 2014. Estimating the most suitable of
potential evapotranspiration in conditions of meteorology deficiency data in warm and cold months
(Case study: Isfahan). Iranian Journal of Irrigation & Drainage, 1(8): 62-73 (In Persian).

© © N o 0


http://dx.doi.org/10.29252/jwmr.10.19.22
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.12.5
https://jwmr.sanru.ac.ir/article-1-825-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.22516174.1398.10.19.12.5]

[ DOI: 10.29252/jwmr.10.19.22 ]

¥ O e —loj Sy (o 9 Jiliy 5y 9 5 Chliee (sl g alie

21. Shahedi, K. and M. Zarei. 2011. Estimation of methods of potential evapotranspiration in Mazandaran
province. Journal of Irrigation & Water Engineering, 1(3): 12-21 (In Persian).

22. Sentelhas Paulo, C., J. Terry and E.S. Gillespie. 2010. Evaluation of FAO Penman Monteith and
aternative methods for estimating reference evapotranspiration with missing data in Southern Ontario.
Agricultural Water Management, 97: 635-644.

23.Sentelhas, P., T. Gillespie and E.A. Santos. 2010. Evaluation of FAO Penman-Monteith and
aternative methods for estimating reference evapotranspiration with missing data in Southern Ontario,
Canada. Agricultural Water Management, 97: 635-644.

24, Steele, D., B. Thoreson, D. Hopkins, B. Clark, S. Tuschererand R. Gautam. 2014. Spatial mapping of
evapotranspiration over Devils Lake basin with SEBAL: application to flood mitigation viairrigation
of agricultural crops. Irrigation Science, 33(1): 15-29 pp. DOI: 10.1007/s00271-014-0445-1.

25. Stan, F.1., G. Neculau, L. Zaharia, G.I. Toroimac and S. Mihalache. 2016. Study on the Evaporation
and Evapotranspiration Measured on the Cdldarusani Lake (Romania), Environmental Sciences, 32:
289-281.

26. Taghizadeh mehjerdi, R.A., M. Zareian JAhromi, S. Mahmoodi, A. Heidari and F. Sarmadian. 2008.
Investigation of spatial interpolation methods for determining the qualitative spatia changes of
groundwater in Rafsanjan plain. Iranian Journal of Watershed Management Science and Engineering,
2(5): 63-70 (In Persian).

27.Trajkovic, S. and S. Kolakovic. 2009. Evaluation of reference evapotranspiration equations under
humid conditions. Water Resource Management. 23: 3057-3067.

28. Thornthwaite, C.W. 1948. An approach toward arationa classification of climate. Geog. Review 38.

29.Vafahkhah, M., M. Mohseni Sarori and M. Onegh. 2009. Comparison Methods of geo Statistics
Estimation Potential Evapotranspiration (Case Study: salt Lake Basin). Whatershed Management
Research, 83: 30-39 (In Persian).


http://dx.doi.org/10.29252/jwmr.10.19.22
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.12.5
https://jwmr.sanru.ac.ir/article-1-825-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.22516174.1398.10.19.12.5]

[ DOI: 10.29252/jwmr.10.19.22 ]

Journal of Watershed Management Research, Vol. 10, N0.19, Spring and SUMMEr 2019 ..........oiieie it eeeieee e 35

Comparing Different Methods of Potential Evapotranspiration and Studying
Temporal and Spatial Changesin the Mahalou Water shed using GI S

Mahdis Amiri* and Hamid Reza Pour ghasemi1?

1- M.Sc. Student, Desert Management, College of Agriculture, Shiraz University, Shiraz
2- Professor Assisstant,Department of Natural Resources and Environmental Engineering, College of Agriculture,
Shiraz University, Shiraz (Crossponding author: hr.pourghasemi @shirazu.ac.ir)
Received: July 23, 2017 Accepted: November 26, 2017

Abstract

Evaluating potentia evapotranspiration plays an important role in planning, designing, and
managing water resources, especialy in arid and semi arid zones. The aim of the present
research is considering spatio-tempora changes of different potentia evapotranspiration
methods such as Thornthwaite, Hargreaves, and Blaney-Criddle in the Maharlou Watershed,
Fars province. So, yearly statistics of temperature in a course of 12 years (2002-2013) with 12
meteorology stations in Maharlou Watershed have been used. In order to zonation map of
evapotranspiration and studing spatia changes, Inverse Distance Weighting (IDW) method has
been used in GIS software. To choose the most suitable method for evaluating potential
evapotranspiration using Blany- Criddle, Hargreaves- Samani, and Thornthwaite in this present
research, statistics indicators including Mean Absolute Error (MAE) (8.64, 12.06, 9.93), Mean
Bias Error (MBE) (-0.42, -0.56, -1.36), and Root-Mean-Square error (RMSE) (2.49, 2.86, 3.48)

is used. Results showed that spatio-temporal changes of potential evapotranspiration in Blaney-
Criddle method indicates the most amount of evapotranspiration in Dobene Station in 2009 with
the amount of 127.5 mm. Whereas the least that amount of attached isin Kaftar Station in 2006
with the amount of 85.1 mm. Also based on Hargreaves results, the most and least amount of
evapotranspiration is in Jahan abad bakhtegan Stations in 2009 with the amount of 152.1 mm
and Komhar station in 2003 with the amount of 96.5 mm, respectively. In contrast, based on
Thornthwaite method, the most amount of evapotranspiration is included in Dobene Sstation in
2009 with the amount of 103.6 mm and the least that amount of attached isin Komhar Station in
2011 with the amount of 52.7 mm. Subsequently, the results of evauating of different
evapotranspiration methods according to RMSE and MAE showed that Blaney- Criddle method
the least error amount (2.49, 8.64) and aso according to the MAE and RM SE criteria, the most
amount of error attached of Hargreaves- Samani method with the amount measured MAE 12.06
and RMSE 3.48. In genera, the Blaney-Criddle method is the best potential evapotranspiration
method. On the other hand, the low error rate is due to Hargreaves- Samani and Thornthwaite
based methods.

Keywords: Thornthwaite, Blaney- Criddle, Hargreaves- Samani, Mean Absolute Error (MAE), Mean
Bias Error (MBE), Root Mean Square Error (RMSE)
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