ol o glie lisdisos
Iran-Water Resources
Research

Study of Relative Effectiveness of Climatic
Factors on Potential Evapotranspiration Using
the Factor Analysis (Case Study: Zanjan and
Mahneshan Stations)

N. Heidari 7, Y. Dinpashoh?, and A. Fakheri-Fard?®

Abstract

In this research relative importance of different meteorological
variables that affect potential evapotranspiration were
analyzed. Two stations of Zanjan and Mahneshan with at least
twenty years of data up to 2021 were selected for the research.
The Penman-Monteith method was used to estimate ETo. In
order to study the relative importance of climatic variables the
factor analysis method was used. The correlation between
precipitation, means of air temperature (maximum and
minimum), wind velocity, relative humidity and actual
sunshine hours were analyzed. Results showed that except one
item with no significant correlation (wind and precipitation) all
the other correlation coefficients were significant in 5 percent
level. In both stations the eigenvalues of the two first factors
were greater than one, however, they were negligible (close to
zero) in the cases of other factors. In Zanjan the first two
factors accounted for about 80.673 percent of total variance.
This value was more than 82.5 percent in the case of
Mahneshan station. In both stations the actual sunshine hour
was the main parameter affected ETo followed by the Tmax,
Tmin and RH positioned in second to fourth ranks. Results
indicated that for the selected stations the precipitation had no
effect on ETo. Plotting the position of parameters on Cartesian
plain showed that the position of parameters in the two stations
are similar. The findings of this study are helpful in water
resources management in the region.
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Fig. 1- Geographical location of the Zanjan province as the study area
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Table 1- Statistical features of the data used in selected stations
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Starions T SD-T n SD-n ea SD-ea u2 SD- U2 ETO SD- P SD-P
(0) () (hr) (hr) (kPa)  (kPa)  (m/s) (m/s) (mm/yr) ETO (mm)  (mm)
(mm/yr)
Zanjan 1195 11 2893 101 056 0.05 0.89 0.15 1195 54 293 69

Mahneshan 1532 0.8 2772 587 060 0.04 113 0.22 1379 98 261 66
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* In this table, T: annual average air temperature, SD-T: standard deviation of the annual air temperature series, n: annual average
of actual vapor pressure, Uz: annual average of wind velocity at a height of 2 meters, ETo: annual average of potential
evapotranspiration and P: annual precipitation.

VF oY olne ) 0ylowd o595 Jlw ¢yl sl T ailio ol
Volume 19, No. 5, Winter 2024 (IR-WRR)
\\%



) pliiale ¢ oo olKiunl 93 55 sy 4 3l s o (Ba) (Bl

SVE)F JSS  pliiale 5 bs) olSiuyl P ETo mbs
aS 5,8 sanlie g5 oo Jlaged (ol ) il oads wald L5 (VYVA
mm/year L Jaleo) WA Jlo & slate ¥l ETo (i
(V-Y mmiyearl Jsleo)\YAY Jlo 4 slsto o] o s o (VY2
JS 13 &Yl ETo (:Ske 4S5y) o 0l o 1) oKz o
mm/year yly osds odly lis JS5 )3 oy dlati b a8 g lal 690
b oSl 3 F S5 ol 5 sl o) olSiay) ,3 1)R0
5 gt &Yl ETo g)lol 0)90 ol 1> &5 8,5 ams )lgs o0
0SSl | 528 (ylol 090 Bl 13 g 035 e (Yebo (1Sike
o] Yl ETo &8y lgf o yo8de S 51wl oo 310
andly dasMo LB 2l 39 ) 2090 5l 093 )3 o

sl oo 31y gye oS Jpusly 3y e (5550 39 ¥ USG5
oliiale g (o ol 93 ) euile —aly 09y b Jlo o
3o ETo i 13 (lgicso JSib (o) 1 oS5 ama o (i
olo & 3laio ) iS¢ (/A0 MMUday L plp) 13,0 ole 4
IS5l oo oK)y (VOY mmiday L ly) cpese
Lgy 2 po U bl 3l olSimn] 90y 0 ETo oS dpond )5 0 j5S ke
o3 Bgy 5l cyere B abye jl w4 &S Jb 0 0yl (0900
b sl 5l e clod ialidl @ jiin o cde wls el gy
SIS e 4 il pege U olaye 5l L zalS o] Claie g 3
4 Cons 4Vl g Slale wlide o liiale oS! ) ETo Hlide

el yide o o]

(FA) ole & & 505 (48, -Y-Y
kol glradie 4w BB bddle 4 45 b9y
it Shalie glayiie 5| Lol badze o] ) a5 “V(PCA)
s S5 g Gl bpie o5 295 00 (awFA by,
15l b yize Sl ) 208 b lole Sl &S 395 41 s Lol
Jos 1l yux0 P 3yge )5 (FA) Jos pbl 41y .(Rencher,1995)
oSile Lol b pite adllas ) )5 05 pbool ksl (s, 1, PCA
Lo jusio dg dilale ywlie P g N Uig RH Tmin Tmax
sladie polie Wb LS Sisod i ylo o Wb 3 bl
oS L piio ol po o551 (Manly, 1994) sus cyousd Zi omy ol
odlgdl 3 b it aodly (St (i pilo 0539 (sl b Joleo
Cudy hol (slaadlye o o (e Latly) cculp o lo 035
oha ke gl a5 Lol adlge M Lis FA s (clys s el
o i ly ol Sl e D B i 0g Sl e
35 yalas gy 3kl Blpol 4 Zi yolde (Zm Lol slaadse
i ) g oS sl S uilyly (el Wnadlhe b a s
Jdo donl j3 g odd a8 )3 lasyd dbolee Juol (slaadlse  wlis

ol Gy iy b ke

5 229 Jxe cptiz M L e o Jole slawy Gl (gl
oo a5 Lo Jole 3l slass of adllas ol > Jg (Rencher, 1995)
b a8 S 55,3 o 3 3 (Jele Y JBlas) S, 5l e T e
635 anladl IS0 i olt lae S dygpre i I B
L 5l ool ol (S35 51 ool s b gy o 5l ey oS
Gy osSlesyg Uy 5l adllas (] > (Rencher,1995) W,is

oy g b -

ailale Sy (59801 5 Sloj (slags pw (slaylges ¥ IS 5 ¥ IS

VEY b ) 8ylowd o3 je8 Jw oyl ol o @olie Colisiog
Volume 19, No. 5, Winter 2024 (IR-WRR)

YA



Monthly Tmean (C)
o

Monthly ea (kPa)
o000 =
ONPROHOFN

Monthly U2 (M/S)
o000 =
ONPROHOFN

Zanjan monthly Tmean (C)

________ EiE!
= 20 XY 5 5 S 5 >2>c
aggsggggsaae
< ﬂ“;EBEEgEg
TE8S38S¢
vy o 2 L

n z 0

Zanjan monthly n (hours)
= >% 3 T3 3225
Q_Ejsg_ca_o_cznasma
23 2E 8 e 228
<25 358=38
@ S A e

n Zz 0

- I R S
L>2% g 35BS
SS>S3>5oca9o090c a2
3= D€ 9 cS3S=s

5 -o—lE =

I &8ss gao2

20 28> @
- 2277

Zanjan monthly U2 (m/s)

Fig.

_ O.)CD
>

o > 25
5 S_Q_Q_onc\sash
.—,-—;D?EOEE::.:cU
> - c =
<moomm_o§
20 2 8-> @
) o @ L
n z 0

Tmean (C)

Yearly n (hours)

u2 (m/s)

Zanjan yearly Tmean (C)

1
s Il LIl I
10 I mEA0 .

o

N W

O = M ™
N~ O o

(32}

—

Zanjan yearly n (hours)

n ~ o
o] [©)]
(921

—

3100
3000

2900
2800
2700
2600

(o] ™ A M OO I~ O
N~ [o0] o o0 O OO O O
™ 0‘) [a0] M MO MO MO O MmO ™M
— - - L B e T T - I B |
Zanjan yearly ea (kPa)
0.7
0.65

0.6

0.55 ccocomme o [EX XX} oo
0.45 I I

o4 NRRRNNNNRRNNRNRRRNNNERR

n ~ o
[e ] mmmcn
M ™M ™M
— -

138
13
138
139
1393

Zanjan yearly U2 (m/s)
1.

2

1

0.8

o> NI Hind

0.4
™M 0 I~
D D O
333

mmmmmmm
D e T B B B I |

1399 wemm

2- Plots of climatic variables in Zanjan station (1379-1400 Iranian calendar)
(YYYa-y¥++) ol syl 43 conlBl g purio (gL 13905 —F JSUS

VF oY olne ) 0ylowd o595 Jlw ¢yl sl T ailio ol
Volume 19, No. 5, Winter 2024 (IR-WRR)

AR



Mahneshan monthly Tmean (C) Mahneshan yearly Tmean (C)

%gg 16.5
8 20 o .56
Els I I SRELY RS B | BT
C
> © 15
-‘E-, 8' 777777 !!E!! §14.5 III I I I I
c = X0 > 5 5 5 5 > > O —
S TR c=29v o 0 O O 00 14
S §E£3382£8:2:888¢8 15 NNL-RRRRRRRRRRRNNNENR
<282888°= 23883383838
i 28 L O MO MO HmOH OO O T
(7p] L T B B B B = IR D B B I |
Mahneshan monthly n (hours) Mahneshan yearly n (hours)
2 400 3150
2 300 5 3050
cigg II II I £ 2950
E 0 22850
c  TEFezTIEEEEEE 8 [
= £33 2EcEESSS 5 2650 " n
<$8§8®g§ O N St © © O N T © 0 O
o OOJF,LI_ 0O O O 0 0O O O O O O O
[<8) ZD N MO MO MO MO O MO O O 0 <
wn Lo T e B e R IR I e B B I IR B e |
Mahneshan monthly ea (kpa) Mahneshan yearly ea (kPa)
goé 0.72
_>o.4l £ 062
502 7777777 !!!!! = R...N..B... cess
s ® 0.57
S T333BEEEZ:E | 1.
<23°2cg8cc 228§ 052 TRAE BORLT e :
502883 R EEE R R
) 20 L M M O MO O O O O O 6O 3
w L e B R - B = IR T B B I |
Mahneshan monthly U2 (m/s) Mahneshan yearly U2 (m/s)
214 15
E3E
CZ\J)l%lll I III @\1.3
2\ él.l eecccee g of eeeccccoe
zes RN la.tlll
C — B I "SR S D0.9
=] :?‘]’Z‘gmmng‘z‘% III ll
= 23S S2ES8EESS S o7 HNNNNNNNNNNNNNENNEE ng
<88§8%g§ O AN ¥ © ©® O N ¥ © © O
o OGJ'_,LL N 0 0 O W OO O O O O O
[<5) ZD M MO MO MO MO MO MO M o o™ <
(9p] D I B I B B T T B R B |

Fig. 3- Plots of climatic variables in Mahneshan station (1380-1400, Iranian calendar)
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* In figures 2 and 3, time are shown the series of annual average air temperature and distribution pattern of monthly average air temperature (first
row), number of actual sunshine hours per year and monthly distribution pattern of actual sunshine hours (second row), average of actual vapor
pressure during the year and monthly distribution pattern of the average actual vapor pressure (third row), annual average of wind velocity at a
height of 2 meters and the monthly distribution pattern of the annual average wind velocity.
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Fig. 4- Reference evapotranspiration time series in annual scale (left) and monthly distribution pattern
(right) at the two stations of Zanjan (up row) and Mahneshan (bottom row) in the 1379-1400 period (Iranian
calendar)
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Table 2- Correlation matrix of climatic data in Zanjan station
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Correlation Matrix

Rain RHave Tmax Tmin Wind Sun
Correlation Rain 0.461 -0.405 -0.319 0.051 -0.504
RHave -0.784 -0.720 -0.166 -0.783
Tmax 0.940 0.166 0.926
Tmin 0.120 0.879
Wind 0.195
Sun
Sig. (1-tailed) Rain 0.000 0.000 0.000 0.212 0.000
RHave 0.000 0.000 0.004 0.000
Tmax 0.000 0.033 0.000
Tmin 0.028 0.000
Wind 0.001
Sun
a. Determinant=0/003
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Fig. 5- Screeplot resulting from decomposition into main components in Zanjan station
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Table 3- The value of the variance justified by the selected factors before and after the rotation of the axes
using the Varimax method in Zanjan station
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ol
g
3 I Extraction Sums of Squared Rotation Sums of Squared
8 Initial Eigenvalues Loadi ;
3 oadings Loadings
=
Total Vv % of Cumulative% Total % of Cumulative% Total % of Cumulative%
ariance Variance Variance
1 3.804 63.396 63.396 3.804 63.396 63.396 3.797 63.281 63.281
2 1.037 17.277 80.673 1.037 17.277 80.673 1.044 17.392 80.673
3 0.731 12.183 92.856
4 0.293 4.891 97.748
5 0.090 1.496 99.244
6 0.045 0.756 100.000
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Fig. 6- Coefficients of the first and second factors at Zanjan station after rotation of axes
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Fig. 7- Screeplot resulting from decomposition into main components at Mahenshan station
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Table 4- The value of the variance justified by the selected factors before and after the rotation of the axes
using the varimax method in Mahneshan station
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oliiab
Comp .. . Extraction Sums of Squared Rotation Sums of Squared
Initial Eigenvalues : :
onent Loadings Loadings
Tota % of - % of Cumulative % of Cumulative
| Variance Cumulative%  Total Variance % Total Variance %
1 3.99 66.594 66.594 3.99 66.594 66.594 3.909 65.145 65.145
6 6
2 0.95 15.916 82.509 0.95 15.916 82.509 1.042 17.365 82.509
5 5
3 0.74  12.444 94.953
7
4 0.15 2.620 97.573
7
5 0.09 1.591 99.164
5
6 0.05 0.836 100.000
0
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Fig. 8- Coefficients of the first and second factors at Mahneshan station after rotation of axes
L ygo0 (s o 31 aa Ll 0] 3 093 9 Jol s Jole ol o lag0d —A JSUS

VEY b ) 8ylowd o3 je8 Jw oyl ol o @olie Colisiog
Volume 19, No. 5, Winter 2024 (IR-WRR)
Yo



L Sogl clibs 5l O cblis 4 dngi pgj) .onl odumw)y pll 4
S e SRl (S g lapeed Cumen Gl & a2y
Aile 03 (Sl )0 £955 5 b dinej (] )3 29800 olu]
eoyse B (69p8 (s il il case > Ol ey
I glyal cblis 5 (55,5l (15 5 g Ol e S8
ailate > SB Caniti bl 655k > Blgi e w9y )0 0
P SHL Gl & dog bl (5908 e ol ogill Clilas
yudas 43 yn o3l ca algsol p )Lid g eS8 Calisee 3blie
ALl 5 l3y0laS sgm 3l ohag: ddlaie )3 o) slace] )
olie 3l oalil 4 cubliads (ygh) asgs wass bl O i b

olol 0395 Jsb (1352 o5 4 s adllls ol (slacydgioe ||
—yS gy e ua.uL.wls.b d‘.h,ud’.n ul?wl Cudgloxe g Lboliu.wl
dor ool wlidlen ool Cdel )5 1y5 0,8 o)Ll 5y
s IS T (el b losits (65031 b 55 590 slayial
g Bime o yiand > &lig) oledo > Ul gt e e
byiahl blo)l Bree S0 4 Glyie adlas ol slacyjo
pll )5 o)Ll Codin (golSii! 0 5=y b wlidlen
doy glite Slapaldl L y5uS lap bl ;303 )3 laddlas iz
2 05290 o> BB Ol g o o adlllas (ol gl 900

D9 &Bly dede (6))liS” i

&Il -0
elbosls S 65 il alitln S 0,151 Lol 5l aluawgis
Sol3Sls oy )18 (EWGHIG kst o ) adllae (] jlis)ge
CodsS dge S |y e IS &S ol e wlul 109 oo

Do o (S10)08 (53,8 oLl Alde

o 5 2o —F
ol b by slayite ciere 1 (S /S & 5y
@ bgye sboadlye oppioge | 4l ol (g (o)) LS
s ol adllas ol )3 gy 00 Jledy Carnb > O 4
L by Sl oMl b 3y e g9y ilisee (sl (sl puie
Slale (laosld ol 0l aw)yp by Jole &y 4 550 4 pawgs o yuxio
S o> 51as xSilie Jols (ol iy 15 ) Lgiye
Sibe @lale oyl e ¢ xbly T lelo slas dos Blas
ol 53 5 ailale ol 533 Cas s (360Lie 5 Is (s Casho
5 obey gbolil Jold) olbs; gl gly (uliles
oorl3l s piia s 5 dinj PFA gy A o) 2 (o Litiale
A a5 IS adlas ol 5o ol 3 b odsl el ETo s,
odlaiwl joS3e 4oy ETo b lagye cldles j0 5 olpl o eS8t
2 5o slysie cuds ded Luyd a8 o Ll gls g o
2 Pire (Siwser hI> (5L L oL o) Jewily §ym— s
kol sadie 4 450 Lol wdllas (pl 0 L0y duopd O plaw
oSz oslitel b e g €85 ploxl bajge 32 (g
P Sl ) bl 4 adllae wSlesyg o) b (el (sla ol
de gyl olKius! don )0 Lo ,a5 48" Lol Jole g3 sliad olKiuns|
90 5 30 Lo yd Jole o0 cpl b Cbowil wWidgs S 5l i o
@S0 drg ) e JS ib)ly doyd Al Gl oS
ol )3 Jgl Jolo 93 L odd azgs (puibly Jluie ¢padl yob
el Goley cle gy aoyd AV/D-A liials ) g A/EVY b
2 ped g Jal slaJole sl Waodly polie yuss ol&iuw] 93 opl 4o
0 S sy 5y e b by S ol L L)
Loy a8 o lis ol )l Kden b Siuwed gud a5 Cul
Cae oo g 1o s Cugloy dbod auldl (gl yuxio colSius) 93 y2 50
2 39 Sge dalllas 350 (gloolSiuy] (§yi— s ALl 3 () b
olS Jowily (3)5— 155 59y 3 o)k peite &5 A5 pslae Sl
— x5S Al Fhe e (e Cuwl LIS (5 350 Sl @2y
o 3o o Al QBT Clels Bl bl Jeily G5
el Upgd o 4y ;5 iy 4 RH g Tmin Tmax sla ol
Slwgin el g3 55 4l pbnl cldlas ool a5 18
bl g opl 5o &S Cawl ois polae KLU, 5 93U Juoli 4y pouwse
ey g Lo o s gy (sl jialyl ) Slho 5wy g
MolS” ysls (gadlas jl odel Cowds dons b &S Cuwl 02gs DL
Mohan & Arumugam (1996) lwg dallae opl .ol Slosen

VEY b ) 8ylowd o3 je8 Jw oyl ol o @olie Colisiog
Volume 19, No. 5, Winter 2024 (IR-WRR)

\te



1- Potential Evapotranspiration

2- Mean Absolute Error

3- Root Mean Square Error

4- Coefficient of Determination

5- Nonlinear Autoregressive Model with Exogenous
Input

6- Support Vector Regression

7- Random Forest

8- Penman- Monteith- FAO-56

9- Blaney Kridel

10- Kimberly Penman

11- Principle Component Analysis
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