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Figure 1. Layout of the Study area with the spatial distribution of meteorological stations
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Table 1. Specifications and number of years used in synoptic stations
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1- FAO-Penman-Monteith method
4- Linacre method

2- Hargreaves - Samni method
5- Priestley-Taylor method

3- Hamon method
6- Makkink method
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Table 3. Annual ET estimated by FAO—PM method in Khorasan Razavi stations
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Table 4. Annual relative bias values (RBIAS) at the synoptic stations

ETws ETm ET st ETwmak ETun ETer ETham ETus oK
—OY/+\ Y50\ —-Y'\V/0A -Yv/s5 \EIV - ALZAAl -YAQ) -YY/¥¥ placoy
Y S\SIYY ~\0/00 —YY/AY ssist ¥ IVY R YR PRt
—5£0/AA EAIZAN —-0F/Y- —OM <A \FIVY Al -¥Y/vY -¥y/s8 CBlgs
EATZANS -\0/\0 -Ya/\¥ —-Y¥/\ YYiY -YV/5Y AN -Y/aa S
—-0)/0) —-YY/AY -YY/Yo -Yv/as Y&/ -¥\/5- BRI -\a/o¥ o
-Yo/s¥ Vg -\&/AY -YV/fY INAR -YY/¥Yo -\-/\Y —ANAY S
-#\AY -¥./ay -Ya/sy -Yo/Ad YA/XN AN -FA/YY -Yv/55 ol
-FV/¥F /¥y -\/YY -\Y/AD ¥-/aA =YYV/VY EARKIAN] —5IvY olsd
-Ya/vy Vo/5Y -0/a. -\./ay av/vy -Yo/ts -£/20 -v/o5 oS
—¥£/AY -\Y/-¥ -Y-/v0 A\ at £\ -YY/00 -Yo/ay -N¥Y Olels
EALZAR RARY -\¥/5Y -Va/¥0 YY/.5 -YY/vY —\V/YA -\V/50 SLLs
-¥v/a-. EANARY -W\/yY -YV/-¥ YV/AY —-YAIOA -\V/5Y -a/ay Ao
—-YY/vY Y/AD Y/ -V/¥y \ Q)74 -\a/a0 EARALS £IvY Helds

oy e g by plo 4 Cawd (Shwen cops BB o) b il lagly) 3 (Shwed o ps plie

9 gjew Sl ad > 039 /M I VL (Siren
cope Shebre by I plSEe 0 b e
oy Yl deld Cunsey /A (VL Cglle (o
bts) ple 4 Cond gloped 9 cpl » (Sies
Cawddy +[Fe 5 [FF polie L cuipay eeld gy
) pSEa > ol g Glerd slaglions ) .l
A YL Cglhe (Siwsen cops Slulre laig,
Ol o 93 ol 5D (Smed cupd (Vb Lol Cunday
b cwipa Sblo jo Sl (o) 53 gy ple 4 Cos
2 peblS i edd > kel Casddy /YA 4 < /VY polas
Collas (Ko oo Sl glagty, | plSae

Sl 5wl ond oaygl O Jga» 3 cusle ey
Mo 5ym5 gy Sluwlxe sla by, (oled ) plrco s
T2 4oy Gl ) Cad [ (Yl o s
9 Nyg 9 I Se gl (SuSle el iy by,
AN YL ep 4 S35 (Steed colps G i
S0 L 1y Gl (Siasen o ps by by ddy 5 2zl
09l (Glolo je Sl (Bg) Jlan Bl ol b
cope Yl bl e jels ey o SWI
N oy e g he) ple A Cund (Siuuon
3950 by Jlea 550 (e e 5> Ldg </AV I 5L
O YL b e yald iy g (ygele ST ¢ lolus


http://dx.doi.org/10.52547/jwmr.11.22.199
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.2.8
https://jwmr.sanru.ac.ir/article-1-1065-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-08-01 ]

[ DOR: 20.1001.1.22516174.1399.11.22.2.8 ]

[ DOI: 10.52547/jwmr.11.22.199 |

ve¥ Ol b Jlod > 4Vl Lol )3 g 5o obS Juuuilly §m5 g ped Ao cilizeo (gl by, (b))

Siaaad e o9 YL Spuio i j0ud )0 ol Cawdey
29435 edalie (+IAY) SUJ 5 (+/AF) (el B9y 5
JRRRV WYY N1 I VA A OOV SYTINER O SV
B9y s Slwbre (laghy) (sled 3 Holds (liw el
(1AD) 515 iy o IA ) Y S s S
Gt 5 55 Sa 3 (IAF) SiST (CIAY) 5 i

ol Cuwddy (+/AF)

o) (Siwed o ps oYL el cunday /A YL
Mo 5 geln gy 55 by ple & S Oy
L;L‘bui‘:” unLo.':’ 5 OKAJS/ uLM)).Q:u) 5D el Cawddy AR
St oyl gl g SISl gy jprar Slubre
P Suad cups iYL el cwday /A1 YL
Candty (/) (bl 52,5 ) g (+/AV) pgala (slasdg,
Slawbre gla g, 5l f\.&f@,&a 5 LS i a5 ol
A GV oglhe (Staren oo ggala (Bg) 2

Satygiw ol )5 (Ssed cups polio -0 Joi>

Table 5. Annual correlation coefficient values (CC) at the synoptic stations
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Table 6. Annual Normalized Root Mean Square Error values (NRMSE) at the synoptic stations
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Table 7. Annual relative error values (RE) at the synoptic stations
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Figure 2. Map of suitable methods for calculating evapotranspiration in annually timescale in the study area
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One of the most fundamental processes, which influence climate and weather, both global and
local scales that a fact which gives it the status of agriculture, is Evapotranspiration (ET). In
irrigation and water resources management, ecosystem modelers, environmental assessment and
solar energy system, accurate assessment of evapotranspiration is essential. Potential
evapotranspiration (ET) has commonly applied to calculate the actual evapotranspiration, which
was difficult to estimate by lysimeter measurement and water balance approach under field
conditions. Until now, many methods have reported to estimating ET, however, due to the
availability of the observed data, it is difficult to choose the optimal method. In this study, to
determination of the best potential evapotranspiration method for the Khorasan Razavi
Province, three temperature-based methods, Hargreaves—Samani (HS), Hamon (HAM) and
Linacre (LIN) and five radiation-based methods, Jensen-Haise (JH), Makkink (MAK),
McGuinness and Bordne (MB), Abtew (ABT), and Priestley—Taylor (PT), were compared with
PM at yearly scale, using long-term (11-67 years) data from 13 meteorology stations. Indicators,
viz. The correlation coefficient (CC), Relative bias (BIAS), normalized root mean squared error
(NRMSE) and Relative error(Re) were used to evaluate the performance of ET estimations by
the above-mentioned eight methods. The results showed that the performance of the methods in
ET estimation varied among regions; ET_,y overestimated ET, while others underestimated. In
Dargaz and Golmakan, ETys yielded similar estimations to that of ETpy, while, in Torbate-jam
and Khaf, ET,n showed better performances. Also in Mashhad and Gonabad, ETyam, in
Neyshabour, ET;4 and in Torbat-e Heydarieh, ETagr showed better performances. But in
Fariman, Kashmar, Sabzevar, Sarakhs and Quchan, all methods showed poor performance. It
indicated that ETpy, is acceptable for ET simulation for the yearly timescale in these areas.

Keywords: FAO-Penman-Monteith, Northestern Iran, Potential Evapotranspiration, Radiation,
Temperature
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