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Figure 1. Layout of the spatial distribution for meteorological stations in the study area
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Table 1. Specifications and number of years used in synoptic stations
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Table 2. Mean annual climate parameters in synoptic stations
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Figure 2. The average of meteorological parameters used in determination of FAO- Penman - Monteith
evapotranspiration across the study areas
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Figure 3. The percent change of FAO- Penman- Monteith evapotranspiration method to the meteorological
parameters (temperature and vapor pressure deficit)
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Figure 4. The percent change of FAO- Penman - Monteith evapotranspiration method to the meteorological
parameters (wind speed, net solar radiation and actual vapor pressure)
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Table 3. The slope of variation of FAO- Penman - Monteith evapotranspiration method and standard deviation of
slope error values to the meteorological parameters

o8l b Hlus Sl ool b ey JBo jLid dguaS Oyl anys

S’« ‘
J T T o T o I e I ) o
e —IFE O NETTT e o ¥ £lovxy -V YIVERN T Y JENE
Uy —- /¥ V/-¥xy e N VI Niad Y/AYxY - .oy V/EYxy - N33 FURWRCR,
Ve ey v Y e e T ey YA v AT sy Glos
Y/ S TRV L - SRV, PP P GYL £ S VA7 PRS2 JAR O Pt A ' SR 71,4 e PR 1 37 S5
757 S A7y SR Vi P Pl SR L U V/C SO ST 772 P PR Ay Niai Jaa
YT s VST TE Y SR /7Y YA sheaTY s A -Ios g
VAT Vb ey sl -I¥D shva ™ s VEVxY T NS Olesy
(75 AT | A7 L I PR SRV L 7SR VS M Iy VAT ey VY ey -/¥0 oleg
(ZARE STy ARV S PL TR G/ S 71 s S PR s 4 VAR A KA1 S 7 P PO ol
(VAR R | L VAU P PO Y L L O B S Niss ey s Ve <J¥A olSels
Moty vy asay Y Es vy oIys y/saxy. " -Jof YY) o[¥F SLLs
visAT ke v s e T SIv¥ Yooy Lof a/Frxy " /54 Mg
NEsTY ey saea T e i Iy Ve ke vive T -I¥Y ol
0.8 08
B 0.6
0.4 4
06 4
02 -
[
& 05+ S 004
® [0}
o -0.2
0.4
0.3 4
06 4
—— T, A— VPD = | | —— ea —4— RN
0.2 T T T T T T T T T T T T T -08 T T T T T T T T T T T T T
4, $ £ & > 5 > $ 3 &
& & TP LS P S I & &
oF & & a@q’ QSQ & @fz?‘\ ;’P Cﬂéﬁe o Q@*b”&#e 0"9((9(‘ d&’o 4 8@? @5 {!:@%;s 0@“{? @éﬁ %"'\i&’b{orf}
’8‘6 < _F rb\z, <&
& &
2.8
06 |-
04 -
o 02|
(=8
o
9D .00
02
-04 |-
_0'6 1 1 1 1 1

VPD T RN U ea

Average Study area
Bble ) solidlsn (glojioll 3o 4 Cond oo sl Jline Byl 5 cuiile (i BB (5505 5 jPe i do)d o -0 S
| ey el il JS e bagie 5 wdllis s -
Figure 5. The slope of variation of FAO- Penman - Monteith evapotranspiration method and standard deviation of

slope error to change meteorological parameters across the study areas and average slope in the Razavi Khorasan
province


http://dx.doi.org/10.52547/jwmr.12.23.260
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.23.8
http://jwmr.sanru.ac.ir/article-1-1090-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.22516174.1400.12.23.23.8 ]

[ DOI: 10.52547/jwmr.12.23.260 |

axdllas 0 yg0 Bl oo yo

e pbo dlagd s 5 G 81 de (gheoayed |pa)
Ve ol g 5l VY oyl /o235l93 Jlo jusul o) e doliiimgs

120
£ Jad ol oy 055
100 -
a ¥
3 80
:g) 8 s,
q 60 =R
2 .
4 a0 8y,
.5 Br a5,
20 Bs e,
0 'l
U

ea

A\
80
70 3 3 Jotd LS 05 0398
60 A
50 B,
40 Br a5,
30 BY i,
20 A
Bpas
10 ol
0 L
1]
100
90
80

aalllas 590 aboln duo yo
wn
(=]

)
)

s b

VPD RN T

Ju ¥
B)as,
g 8y,
& By a5,
%
b A 0¥ w5,
| I’}
| ¢
=% ] By as,
2
=i ]
ea u

adlas 5)90 dilain )> Cglite Sloj slagpwlide )3 (wlidlsn glayioll & cule foiy P 5,85 5 e Cumluo (b, —F JSO
Figure 6. The rank of sensitivity analysis of FAO- Penman - Monteith evapotranspiration method to meteorological
parameters at the different timescale across the study area

OEed 930 Gl o (Byd Jled > Sld 4l
9 35w Glundl )0 cope L5 Db Cas o &S 150,87 5158
O olas )by sdge p e Sl Ase ol o Gy
(V1) ohlSon 5 o9hcnd @uls b Gimgh cnl @l owiozen
b1y Olpl Gy 3 By g S Sl gy Sl &S
g S Ay 0 b Gplie b o byye ok Ce
Ol » ol IS0 Cogby dlp lga oy cd b
Gl o @Blyd (izmen )l (oo p3U 35 g g
Sy @l g ol Glyahl Sl @ 3,5 5
bl Gglite ccalisio (Lblyxe g wul8l o 815005 L
Gl alyd 1 conl ladhaie g9 (ghls (uolidlon Jolge
SRS bl sble wlislen Jolse 5 2l o
3 Gl o6 A S o &S Wb ol
ol o ol clelas,l 4 oS gla)]
@ aile ooy P 3)%5 9y Colus adlllas (pl
Wyl a2y b LS 9 ol (wlislgn yiall 0
2 Bly B LS g ol Gy sindygs pall (B
woolislen sli) VY Jls £Y BY gkl 0y90 Job
o 290 Ol 3pd Jled )3 @ly s95) luls Gl
g S plll adlae dy90 dilate M8l 8 S I)8
Sy90 (Aoi yid ;0 &S ol Ll gt bl e Sl dey

2 el e g gy 4 Gy g P Cawles

B s Cwl 48515 adlas 5y Lid il bl
aS ol i ddllas oyl ol ol ool Cowddy o2 Solie
olde > (oulidlon Gapell & Cond Gy 5 g
b geomen )b cpplie (VW) hKer 5 oledll
ok 395 Slalllas jd a8 (YB) ogacpd g (st pb Olallae
2 alpl o adlas 350 oS! Al oius] £ > aS wish
93k Gy by (Bly L dgn slod (slayialll o
ool Ol aep yuall gy pals b
9 39 AVl lde )3 35)5 9 w5 Sl > el
S o (Bly ylu Hlid yiell 4 bgpe Cawlas o yieS
5 wlel g wlie imgh cpl 5l Jobs il b Ul ls
dilaie )3’45 il o Oyl doyd 580 g o 008 S
Janl el Cowday (poliie ol 0 kot cpl yo pocuy
om0 &S b ol ses wldlles (o 56 (V) ol
ob ey g Oyl depd windypt GRU slajel)l
Lo ol 5l o s (0F) aedyss S0 1) 56 et
ol as ol ol bl gols sy (4Y) sb ey o (4F)
s opjpacd ) PET 2yl ) (oote (385 (530595
5 youblS (g y0 edelciwddy il b Ul mls oS 5l
Sl sl b giss cpl zols bl o) calles jelis
g woud &S wadly 28 Cldllas (o &S (YY) o) Ken
Ases ) lawgie Oyl ds g w4 |y Camlus (p S 5,


http://dx.doi.org/10.52547/jwmr.12.23.260
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.23.8
http://jwmr.sanru.ac.ir/article-1-1090-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.22516174.1400.12.23.23.8 ]

[ DOI: 10.52547/jwmr.12.23.260 |

oo s a5 s S1le (stamares g

vV S35 Ol il > (wlislsn sl yiahly 4 @2 5o olS (555 5 35 Copmlus (b))

5 il Ooli @il (BlSey b (2ly 0 olse
a8l Cuwlus Ul Ll Golite ¢ Jloj wlie
Slodd Buie poskw Yaleo (o > Wlgi o dalllas oyl
9 755 Al Jodlo laJae b g cuiile ey S (2,

dlels (R BB S 5y

‘!“3)3\5 9 ’SMJ:’”
51 oasl ] S b aols 5l z e dlds oyl
I odbogents bl placus gy 5 5jysliS

g g (olidlon el oy he (il lawgie 5 adllas
o blee Ol 42 g )50 HLiS 2geS” el 4355
oy g (Bl )l L (gl yes (L e gl ]
Ay ey9d ) Ezped MBS LS gam glaas) 5 L
dibaio )3 @2ye olS 3y 9w p)S Jad bl
o 9 )0 L8 35008 4 |y Gl oyl adlllaed ;e
9L Cao o edudygs il dawgio Oylys anyy o
oblS Wiy 0y oS sy ol ol bly Hbu Lus
il 9 3B )b 2gie8 4 s (o pi 3y Jud
(Sedyss G dawgie @l da)d (Bly b )Lis

10.
11.

12.

13.
14.
15.

16.

17.

18.
19.
20.

ulm.s ok cpl 5l Jols guls W0,5 eanlie ol cus yu
5 ol sbyiehl Gl @ Gy g S Gl & b

D35 (o S5 g A geine (il o colo>

&l
Ahmad, N.F.A., M. Askari, S. Harun, A.B. Fadhil and A.S. Demun. 2017. Sensitivity analysis of a FAO
penman monteith for potential evapotranspiration to climate change. Jurnal Teknologi, 79(7): 21-30.
Allen, R.G., L.S. Pereira, D. Raes and S. Martin. 1998. Crop evapotranspiration-Guidelines for computing
crop water requirements - FAO Irrigation and drainage paper 56. Irrigation and Drainage, 201pp.
Ambas, V.T. and E. Baltas. 2012. Sensitivity analysis of different evapotranspiration methods using a new

sensitivity coefficient. Global NEST Journal, 14(3): 335-43.

Amiri, M. and H.R. Pourghasemi. 2019. Comparing Different Methods of Potential Evapotranspiration
and Studying Temporal and Spatial Changes in the Mahalou Watershed using GIS. Journal of Watershed
Management Research, 10(19): 22-35 (In Persian).

Bakhtiari, B. and A.M. Liaghat. 2011.Seasonal sensitivity analysis for climatic variables of ASCE-
Penman-Monteith model in a semi-arid climate. Journal of Agricultural Science and Technology,
13(SUPPL.): 1135-45.

Brutsaert, W. and M.B. Parlange. 1998. Hydrologic cycle explains the evaporation paradox [8]. Nature,
396: 30 pp.

Chattopadhyay, N. and M. Hulme. 1997. Evaporation and potential evapotranspiration in India under
conditions of recent and future climate change. Agricultural and Forest Meteorology, 87(1): 55-73.
Debnath, S., S. Adamala and N.S. Raghuwanshi. 2015. Sensitivity Analysis of FAO-56 Penman-Monteith
Method for Different Agro-ecological Regions of India. Environmental Processes, 2: 689-704.

DeJonge, K.C., M. Ahmadi, J.C. Ascough and K.D. Kinzli. 2015. Sensitivity analysis of reference
evapotranspiration to sensor accuracy. Computers and Electronics in Agriculture, 110: 176-186.
Dinpashoh, Y., D. Jhajharia, A. Fakheri-Fard, VV.P. Singh and E. Kahya. 2011. Trends in reference crop
evapotranspiration over Iran. Journal of Hydrology, 399(3-4): 422-33.

Du, C., J. Yu, P. Wang and Y. Zhang. 2016. Reference Evapotranspiration Changes: Sensitivities to and
Contributions of Meteorological Factors in the Heihe River Basin of Northwestern China (1961-2014).
Advances in Meteorology, 4143580. https://doi.org/10.1155/2016/4143580

Er-Raki, S., A. Chehbouni, N. Guemouria, B. Duchemin, J. Ezzahar and R. Hadria. 2007. Combining
FAO-56 model and ground-based remote sensing to estimate water consumptions of wheat crops in a
semi-arid region. Agricultural Water Management, 87(1): 41-54.

Eslamian, S., M.J. Khordadi and J. Abedi-Koupai. 2011. Effects of variations in climatic parameters on
evapotranspiration in the arid and semi-arid regions. Glob Planet Change, 78(3-4): 188-194.

Estévez, J., P. Gavilan and J. Berengena. 2009. Sensitivity analysis of a penman-monteith type equation to
estimate reference evapotranspiration in Southern Spain. Hydrological Processes, 23(23): 3342-3353.
Ghiami-Shomami, F., K. Kawasaki, Leonardo, S. Shinoda and Y. Fan. 2019. Sensitivity of potential
evapotranspiration to climate factors in forested mountainous watersheds. Hydrological Research Letters,
13(3):41-48.

Golubev, V.S., J.H. Lawrimore, P.Y. Groisman, N.A. Speranskaya, S.A. Zhuravin and M.J. Menne et al.
2001. Evaporation changes over the contiguous United States and the former USSR: A reassessment.
Geophysical Research Letters, 28(13): 2665-8.

Gong, L., C.Y. Xu, D. Chen, S. Halldin and Y.D. Chen. 2006. Sensitivity of the Penman-Monteith
reference evapotranspiration to key climatic variables in the Changjiang (Yangtze River) basin. Journal of
Hydrology, 329(3-4): 620-629.

Goyal, R.K. 2004. Sensitivity of evapotranspiration to global warming: A case study of arid zone of
Rajasthan (India). Agricultural Water Management, 69(1):1-11.

Haaker, M.P.R. and P.J.T. Verheijen. 2004. Local and global sensitivity analysis for a reactor design with
parameter uncertainty. Chemical Engineering Research and Design, 82(5): 591-8.

Hobbins, M.T., JA. Ramirez and T.C. Brown. 2004. Trends in pan evaporation and actual
evapotranspiration across the conterminous U.S.: Paradoxical or complementary? Geophysical Research
Letters, 31(13).


https://doi.org/10.1155/2016/4143580
http://dx.doi.org/10.52547/jwmr.12.23.260
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.23.8
http://jwmr.sanru.ac.ir/article-1-1090-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.22516174.1400.12.23.23.8 ]

[ DOI: 10.52547/jwmr.12.23.260 |

YV

21.

22.
23.

24.

25.

26.

217.

28.

29.

30.
31.

32.

33.

34.
35.
36.

37.
38.
39.

40.
41.

42.

43.
44,

45.

Sleploslad s g B Sl Je (Ghemoynd |pa)
Ve lianl g 5o VY o)les /emdjlgd Jlo ol 055 Cape doliiangh

Jabloun, M. and A. Sahli. 2008. Evaluation of FAO-56 methodology for estimating reference
evapotranspiration using limited climatic data. Application to Tunisia. Agricultural Water Management,
95(6): 707-15.

Lawrimore, J.H. and T.C. Peterson. 2000. Pan evaporation trends in dry and humid regions of the United
States. Journal of Hydrometeorology, 1(6): 543-6.

Liu, C.,, D. Zhang, X. Liu and C. Zhao. 2012. Spatial and temporal change in the potential
evapotranspiration sensitivity to meteorological factors in China (1960-2007). Journal of Geographical
Sciences, 22: 3-14.

Liu, Q., Z. Yang, B. Cui and T. Sun. 2010. The temporal trends of reference evapotranspiration and its
sensitivity to key meteorological variables in the Yellow River Basin, China. Hydrological Processes,
24(15): 2171-81.

Mosaedi, A., M. Ghabaei Sough, S.H. Sadeghi, Y. Mooshakhian and M. Bannayan. 2017. Sensitivity
analysis of monthly reference crop evapotranspiration trends in Iran: a qualitative approach.
Theoretical and Applied Climatology, 128(3-4): 857-73.

Ndiaye, P.M., A. Bodian, L. Diop and K. Djaman. 2017. Sensitivity Analysis of the Penman-Monteith
Reference Evapotranspiration to Climatic Variables: Case of Burkina Faso. The Journal of Water Process
Engineering, 09(12): 1364-1376.

Ohmura, A. and M. Wild. 2002. Is the hydrological cycle accelerating? Science, 298(5597): 1345-6.
Peterson, T.C., V.S. Golubev and P.Y. Groisman. 1995. Evaporation losing its strength. Nature,
377(6551): 687-688.

Roderick, M.L. and G.D. Farquhar. 2004. Changes in Australian pan evaporation from 1970 to 2002.
International Journal of Climatology, 24(9): 1077-90.

Roderick, M.L. and G.D. Farquhar. 2005. Changes in New Zealand pan evaporation since the 1970s.
International Journal of Climatology, 25(15): 2031-2039.

Saadi, S., M. Todorovic, L. Tanasijevic, L.S. Pereira, C. Pizzigalli and P. Lionello. 2015. Climate change
and Mediterranean agriculture: Impacts on winter wheat and tomato crop evapotranspiration, irrigation
requirements and yield. Agricultural Water Management, 147: 103-15.

Saltelli, A., M. Ratto, T. Andres, F. Campolongo, J. Cariboni and D. Gatelli. 2008. Global Sensitivity
Analysis. The Primer John Wiley & Sons, Inc, 304 p. https://doi.org/10.1111/j.1541-

0420.2009.01343_7.x

Samadianfard, S. and S. Panahi. 2018. Estimating Daily Reference Evapotranspiration using Data Mining
Methods of Support Vector Regression and M5 Model Tree. Journal of Watershed Management Research,
10(18): 157-167 (In Persian).

Saxton, K.E. 1975. Sensitivity analyses of the combination evapotranspiration equation. Agricultural
Meteorology, 15(3): 343-53.

Sharifi, A. and Y. Dinpashoh. 2014. Sensitivity Analysis of the Penman-Monteith reference Crop
Evapotranspiration to Climatic Variables in Iran. Water Resources Management, 28: 5465-5476.
Shirmohammadi-Aliakbarkhani, Z. and S.F. Saberali. 2020. Evaluating of eight evapotranspiration
estimation methods in arid regions of Iran, Agricultural Water Management. 239:106243.
https://doi.org/10.1016/j.agwat.

Tabari, H. and P. Hosseinzadeh Talaee. 2014. Sensitivity of evapotranspiration to climatic change in
different climates. Global and Planetary Change, 115: 16-23.

Temesgen, B., S. Eching, B. Davidoff and K. Frame. 2005. Comparison of Some Reference
Evapotranspiration Equations for California. Journal of Irrigation and Drainage Engineering, 131: 1(73).
Vicente-Serrano, S.M., C. Azorin-Molina, A. Sanchez-Lorenzo, J. Revuelto, E. Moran-Tejeda, J.I. Ldpez-
Moreno and F. Espejo. 2014. Sensitivity of reference evapotranspiration to changes in meteorological
parameters in Spain (1961-2011). Water Resources Research. 50(11): 8458-8480.

Wright, J.L., R.G. Allen and T.A. Howell. 2000. Conversion between evapotranspiration references and
methods. In: National Irrigation Symposium Proc 4™ Decennial Symp. p. 251-9.

Xiang, K., Y. Li, R. Horton and H. Feng. 2020. Similarity and difference of potential evapotranspiration
and reference crop evapotranspiration-a review. Agricultural Water Management, 232(1): 106043.
https://doi.org/10.1016/j.agwat.2020.106043

Yang, Y., R. Chen, Y. Song, C. Han, J. Liu and Z. Liu. 2019. Sensitivity of potential evapotranspiration to
meteorological factors and their elevational gradients in the Qilian Mountains,northwestern China. Journal
of Hydrology, 568: 147-159.

Yin,Y., S. Wu, G. Chen and E. Dai. 2010. Attribution analyses of potential evapotranspiration changes in
China since the 1960s. Theoretical and Applied Climatology, 101: 19-28.

Zhang, X., S. Kang, L. Zhang and J. Liu. 2010. Spatial variation of climatology monthly crop reference
evapotranspiration and sensitivity coefficients in Shiyang river basin of northwest China. Agricultural
Water Management, 97(10): 1506-16.

Zhao, J., Z.X. Xu, D.P. Zuo and X.M. Wang. 2015. Temporal variations of reference evapotranspiration
and its sensitivity to meteorological factors in Heihe River Basin, China. Water Science and Engineering,
8(1): 1-8.


https://link.springer.com/journal/704
http://dx.doi.org/10.52547/jwmr.12.23.260
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.23.8
http://jwmr.sanru.ac.ir/article-1-1090-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.22516174.1400.12.23.23.8 ]

[ DOI: 10.52547/jwmr.12.23.260 |

Journal of Watershed Management Research, Vol. 12, No. 23, Spring and Summer 2021 .........ccoviiiiiiiniiniiiiiiiiienn. 272

Sensitivity Analysis of the Reference Evapotranspiration to Meteorological
Parameters in Khorasan Razavi Province

Zahra Shirmohammadi-Aliakbarkhani® and Seyed Farhad Saberali?

1- Assistant Professor, Department of Water science and engineering, High Educational Complex of Torbat-e Jam,
Khorasan Razavi, Iran, (Corresponding Author: mshirmohamady@yahoo.com)
2- Assistant Professor, Department of horticulture science and engineering, High Educational Complex of Torbat-e
Jam, Khorasan Razavi, Iran
Received: May 27, 2020 Accepted: September 28, 2020

Abstract

Accurate estimation of reference crop evapotranspiration (ETo) is important in hydrological
studies and water resource management that can influence the planning and policies for optimal
allocation of agricultural water resources. For this purpose, in the present study, sensitivity
analysis was employed to evaluate the effects of the changes in meteorological parameters
(vapor pressure deficit (VPD), Mean Temperature (Tmean), net solar radiation (Rn), wind speed
(u) and actual vapor pressure (ea)) on reference crop evapotranspiration (ETo) within the
possible range of £20% on a daily and growing season scale. ETO was calculated by The Food
and Agriculture Organization of the United Nations (FAQO) 56 Penman-Monteith approach using
long-term climate data from 13 meteorological stations of Khorasan Razavi province in
northeast Iran. The sensitivity analysis indicated that ETo changes positively with vapor
pressure deficit, mean temperature, net solar radiation and wind speed, while it changes
negatively with actual vapor pressure. Also, over the whole period, ETo was most sensitive to
vapor pressure deficit (VPD), followed by mean temperature (Tmean), net solar radiation (RN),
actual vapor pressure (ea) and wind speed (WS). In the the warm growing season, ETo was
most sensitive to vapor pressure deficit (VPD), followed by mean temperature (Tmean), net
solar radiation (RN), wind speed (WS) and actual vapor pressure (ea) while, in the cool growing
season, ETo was most sensitive to vapor pressure deficit (VPD), followed by actual vapor
pressure (ea), Mean Temperature (Tmean), net solar radiation (RN) and wind speed (WS). The
results showed that the sensitivity of ETo in different stations and different growth periods is
different. The findings of this study showed that the importance of effective parameters on the
reference crop evapotranspiration (ETo) was different between the hot and cool growing season
of the region, which should be considered in sustainable planning of water resources and
management of agriculture in Khorasan Razavi regions for development of adaptation strategies
in arid climatic conditions.

Keywords: Evapotranspiration, FAO Penman-Monteith method, Meteorological parameters,
Sensitivity analysis
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