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Figure 1-Geographical Location of Haji Abad Watershed in Hormozgan Province.
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Figure 2- Lysimeter and Class A Evaporation Pan Installed in Hajiabad Watershed, Hormozgan Pprovince.
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Table 1- Some Physical and Chemical Characteristics of the Soil Inside the Lysimeter at Different Depths.

(Soil Depth) (cm)
0-30 30-60 60-90 90-120 120-150
Texture Loam Clay Loam Loam Loam Loamy Sand

Buke Density ( gr/em’) 137 1.37 1.41 1.46 1.49
Electrical Conductivity of Saturated Extract (dS/m)  2.85 3.61 4.62 3.11 1.09
pH 7.67 7.87 7.89 7.86 8.03

T.N.V %) 29.90 22.10 27.70  29.70 31.50
CEC (meq/100g) 12.50 21.00 13.00 11.10 6.90
Organic Carbon (%) 0.67 0.51 0.45 0.35 0.24
Total N (%) 0.11 0.12 0.09 0.07 0.05
Available P (mg/kg) 15.67 1.54 2.29 2.85 2.78

Available K (mg/kg) 280.00 202.00 148.00 136.00 110.00

D9y % 9 Srelw Ve slaalol b g e il
3 ey (goad i8S ol s g 5ol e
VP salols o 6,5 05lul Sals 4 sl galiwgas
& oslenz gl yo bl lg o Colan yapan¥ (6 e
G A CJﬂ'?MHO"%'LS"\J?"\*ZLSJﬂf%‘&‘QTWﬁ
@ ol guil &5 ol g a5l e bl VO
2 oo Pl oz () dme y 8 ol 1O 990>
0395 A N s St se S (uimen

S il (Foye5 galadi g as )50 cod b b,
ol&iws leslai wlb 5 sy gl $e b e Gac b
9 VMY iy g ads (g S ol (5 Lid (galadons
358 3D p5 sbole ) oz gy (e L VIF
39052 skt Glina; 9 5y 5o g 4iljg; sbots (o U
1 A0 el ‘_g)l,:.gi ol ol o d)lﬁ-.’T Ol o

O



VF+¥ laal YA by go,lowd F (50 lows F'F (50590

sabools LY Jgax L0 ETO o915 50 Joa
Loz Sl po (1nSileo Hd sloojlul imen ol
000512 @z o oS (3 mi- s (sl (RMSE)
sols lis ¥ Jgoz ;o FAO ol i sloJow b
sl Jow b ETo Lso..).;b\))j—‘).g sleoslasl . wl ous
— iy oMol oS-k 5 sapdlal ey
T 0/ ey s ST g mdadd Wil
D9 o duo Yo OF/F o YYAQY YAFA/- YPAD/Y
o5 S o3lail slaosls b Laojladl ol ga—nlin
sleJow a5 ols las (o s YYYA/A) a0
o3Il cpinis § uile — ety 0d iMool peiy
S ON TN s ) a2 o olS 3 ni- o5
03,91 » yrow—wo¥ Lo Sojlasl 5 a o A YIY
5 s S o Joe (Y Jgoz) aJles,S
ol (5 - e (gojlasil oo imMal Jou ,S- ol
s S o3lail 5l aSTLVY s YFIV Cl sy a po
g b oalpls (F Jgaz) wlos S0 5150 eV
wd—Spdlal Joy S b slaae oS sLlas 4
L Jae plo bawlio o wulbe —roiy g adnds
Saglsl 5 a3l ETo Lab o 51 Bas aziliz
ol S 5= el sl e ol e Con
lrosls 457 S50 10 90,5 colai_wl |y aieii g
oo p93 Caglsl 53 il e iws 3 Y (ool
P S gl Jaw 0,8 eolaul ) eaile - ey
B34 camwlin Lidgh judul gl oadzdol i g
3o Glalamde BB glas 4 yoie oyl 5l eolan il g

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

GrSoslil ailisy jsbar ol 5l yesed 5 0d s oz
Cagb g les aiile carlil sla Sy (V JS8) 9l
2 Sak g ol slacels wb ey don o
g b 6ol iglejl oo olilyn ol
L5L°°)9° 6‘,} &0 oL,f d).u—)_..x..a L”O‘ )’1 oolawl
o) FAO (solpias slo Jow 5l oolanl b Sisn
il (5 oal Zal Juy 5 - s g 6°"\—£‘C)L‘"
by o 050 (Sailo — ey g s SLAS (i
Ao yiowwoY (saliwgd oo g pSosluil slaools
ez Slayo (5ele j32 5 (a3 (S3Lly g 02
ooliul b (VA0 uilsnisS's 929551>) (RMSE)
3 gy e oy b s ¥ gala )
3 eolawl b so—iss S oslasl slaosls b a_ulae o
@lpldae (n e plsl s 0l s ¥ salad,

o olgrioy (e 50 oLl 2l el

ETo,, — ETo,,,

E= 2 % 100 ¥)
ETo,,..
. n :|.'.‘
RMSE= (l ) ®
TN« 4
i=1

&z o oS (ad §,m5- p5d gl aw (ke
00 )51 1 g yien—anY (galiwgdy 005 5ol
2 slbs o0, s FAO solp iy sloJos Lo

20,0 g FAO (sleining oo b ouisd 5l 31 g ykosunsy (saliwgds ouui s 5310l @2 o obS (L § - puded (salles dw (il -Y Jgar

J..\.o » ‘SUra}

Table 2- Seasonal Values of the Reference Crop Evapotranspiration Measured in Lysimeter and Estimated from the

FAO-Proposed Models and the Error Percentage of Each Model.

(Measurement or Estimation Method of ~ (Reference Crop Evapotranspiration)  (Error) (%)
Reference Crop Evapotranspiration) (mm)

Measured from Lysimeter 2729.8 -
Evaporation pan 2054.6 -24.7
FAO Adjusted Blaney-Criddle 2695.2 -1.3
FAO Adjusted Penman 3405.0 24.7
Radiation 2789.2 2.2
Penman-Monteith 2868.0 5.1
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Positive Figures Indicate Overestimation and Negative Figures Indicate Underestimation of Evapotranspiration Compared to the Measured Value.
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Table 2- Root Mean Square Error (RMSE) Values for the FAO Proposed Models to Estimate ETo.

(ET,) Estimation Method RMSE
Evaporation Pan 2.28
FAO-Adjusted Blaney-Criddle 0.93
FAO-Adjusted Penman 1.96
Radiation 1.44
Penman-Monteith 1.05
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Figure 3- Regression Relationships Between Daily Evapotranspiration Values (Weekly Average) of
the Reference Crop Measured Using a Lysimeter and Estimated by the FAO Proposed Models.
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Extended Abstract

Introduction and Objective

Due to droughts occurred in recent years, available water resources in southern basins and
watersheds of Iran especially those are in Hormozgan Province has been drastically decreased which
may not only change their ecosystem but also make serious problem for the country’s food security. In
addition to find new water resources, effective use of available water is the best choice to tackle water
deficit which in turn, requires accurate estimation of evapotranspiration or water needs of plants. Crop
evapotranspiration is usually calculated using the two-step FAO method. In this method, first the
reference crop evapotranspiration ETo, representing effect of weather on crop evapotranspiration
is estimated by models using weather variables and then, multiplied by crop coefficient (Kc) which
reflects crop characteristics on evapotranspiration. A review on the research conducted around the
world revealed that each model may have different accuracies and performances at different watersheds
or locations. Subsequently, using these models without testing their accuracy and relevance at each
watershed may increase error in estimating ETo and hence crop water requirements which may
complicate any planning for the watershed in the future. Therefore, this research was conducted
to evaluate the accuracy and performance of the FAO proposed models at Haji Abad watershed of

Article Type: Research Article

*Corresponding Author E-mail: Ab.moradi@areeo.ac.ir

Citation: Moradi, A . 2023. Evaluation of the FAO Proposed Models for Reference Crop Evapotranspiration (ETo)
Estimation in Hajiabad Watershed of Hormozgan Province. Watershed Management Research. 36(2): 121-133.
DOI: 10.22092/WMRJ.2022.358978.1477

Received: 07 February 2022, Received in revised form: 06 June 2022, Accepted: 21 June 2022,
Published online: 22 June 2023

Watershed Management Research, VOL. 36, No. 2, Ser. No: 139, Summer 2023, pp. 121-133.

Publisher: Fars Agricultural and Natural Resources Research and Education Center ©Author(s)

O



VOL. 36, No.2, Ser. No: 139, Spring 2023 Watershed Management Research

Hormozgan Province.

Materials and Methods

In this research which was conducted in Haji Abad watershed of Hormozgan for four years,
reference crop (grass) evapotranspiration was measured weekly using a drainable lysimeter. In the
first year, a large square drainable lysimeter (3 m wide x3 m long x 1.9 m tall) was installed in
the center of a 2-ha agricultural field which was representative of the watershed. In the next third
years, grass (Cynodon dactylon L.) was grown inside the lysimeter and in the 900 m? surrounding
field. At full cover and when grass height reached 8 cm, evapotranspiration from grass inside the
lysimeter was measured weekly by the water balance method. Reference crop evapotranspiration was also
estimated using the FAO models: Adjusted penman and Blaney- Criddle, Radiation, Evaporation pan and
Penman-Monteith. The estimated ETo values from the FAO models were compared with the data
measured from lysimeter using linear regression, root mean square error and error percentage in
estimating seasonal ETo and subsequently, the most appropriate models were recommended for the
watershed.

Results and Discussion

Seasonal grass evapotranspiration measured from the lysimeter was 2729.8 mm and estimated by
Adjusted penman and Blaney- Criddle, Penman-Monteith, Radiation and Evaporation pan 3405,
2695.2, 2868, 2789.2 and 2054.6 mm, respectively. The FAO adjusted Penman, Penman-Monteith and
Radiation models overestimated ETo by as much as 24.7, 5.1 and 2.2% respectively, whereas, the FAO
evaporation pan and Blaney- Criddle underestimated it by as much as 24.7 and 1.3%, respectively.
Comparing weekly ETo data showed that adjusted penman model overestimated ETo but the FAO
evaporation pan model underestimated it for most of the periods. FAO radiation model had tendency to
overestimate at ETo<7 mmday-1 (normally in Fall and Winter) but underestimate at ETo >10 mmday-1
(normally in Summer).

Conclusion and Suggestions

According to the results, the FAO Blaney-Criddle and Penman-Monteith models had respectively
higher accordance and homogeneity with the real data measured from lysimeter and can predict
ETo with higher accuracy than the other tested models. Therefore, these models are recommended,
respectively as the most appropriate models to estimate ETo in Haji Abad Watershed and the areas
having the same climate. Furthermore, the FAO Blaney-Criddle model needs fewer weather
parameters and hence, may be used in the areas with limited climatic data.

Keywords: Watershed, reference crop evapotranspiration, Haji Abad, Lysimeter, evapotranspiration
models



