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Table 1- Statistical indices of the investigated variables
Parameters Min Max  Mean SD

Rs
(Mjmday™) 4.0 30.6 19.3 6.2
Ra
(Mjmday™) 31.6 33.0 32.3 0.4
n/N 0.01 1 0.7 0.2
RH
(%) 5 95.4 27.3 17.7
Tmax-Tmin
o 2.8 28 13.9 3.1
(°C)
Tmean
o -3.6 45.6 28 9.3
(°C)
(E’) 0.00031 0.035 0.0126 0.013
I(D,,; 1.032 1.033 1.032 0.00006
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Table 2- Correlation of parameters affecting the
amount of solar radiation

Ra n/N RH -I:I_n:z' Thean 6 dr

Rs 0.07* 0.7 -0.6* 0.3* 0.8* -0.06* 0.3**

w0 )d g L o 51 Jol> 0319 polie Glaskdo -F Jouo

byl
Table 3- Characteristics of eigenvalues from parameters
and percentage of variance

Eigenvalues
Component sum Percentage Cumulative

of variance percentage

1 3.920 49.03 49.03

2 2.909 36.367 85.370

3 0.793 9.913 95.283

4 0.343 4.292 99.575

5 0.028 0.351 99.926

6 0.006 0.074 100

7 3.29x101° 4.11x10° 100

8 7.42x1018 9.27x10Y 100

3 )90 S i & by yo o g 50 polie -F Jouo
Table 4- Eigenvector values related to the examined

parameters
Parameters Component 1 Component 2

Trmin 0.910 -0.201
Tnax 0.963 -0.190
Tmean 0.949 -0.198
RH -0.801 0.237
n/N 0.600 -0.804

dr -0.147 -0.986

5 0.349 0.936

Ra 0.343 0.939

slayloy ol s polie Wb adlie o L3 ol p
25 ez wa by Jol> 5 0pd it o 4 bgyye ohug
@ Ll 5l Glgs o a5 09b 0 Jol> olaadlie s o
g yS 5 Joe 4 (6399 Ol 4 adgl sl i sl
AOY V) laaoles) 5,5 oolaw
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Table 6- The final results of the regression coefficients
of the relationship between solar radiation intensity and
the main components

coefficients
Non-
Model standard ~ Standard ¢ Sig  VIF
SD B Beta
constant  0.06 19.44 - 2949 0.00

PC1 0.06 547 0.83 83.04 0.00 1.04
PC2 0.06 -1.03 -0.168 1565 0.00 1.01

ol adlge (gam 55 Joao S (2L,
b hol adlie (g sS) gy @mls amlie jolais
)90 Lo psite (slod (o (9w )55 (g 5l Jol> polie
aolee 9 90,5 (Ggmm )55 Joke 0l Gipgly Gl yo ool
ol 4 azg b S ol oo sz (b (9w S
oo 5 el b sloite gly b oojlol calolas
olrs jlass 10 9 090 o Soe o0 0 mhaw jo (1Sl
o otz 6T oSl 4 453y 5 5 9
wgas Slolid |y (s Jale 5 clislsn Lole) Jole g0
28 3y (Sor S ) Joe a4 s3gy9 5l il slaceS 5
bl g opiie Wiz (S (gew Sy Joe O s 0 b
25 OA B VE glaadsbes) wol sy ilizhs (slacsas s
o alial i i Lo e ol ol 58 Jele
Jodow (F 5 7Y ladae) (b (9 55 sl (& 2
0 i VIF S i sla i ot (it 357
s S oo prine s 1) (g5 Joo gl aS il e ) -
Gaas Ve 5l ZaS VIF S LD o) o)l Jde 50
OgemyS 5 Joe b dslie (gl g 00l 00l aseis cwlie

S58,5 15 p903] 8,90 Lol ailgs
Ry = 12.716 + 0.379 X Typin — 0.092 X RH +
0.19 x (Tmax - Tmin)
R =0.786
VIF(Tpax — Tmin)=1.01 (o)
VIF(Tyyi)=1.52
VIF(RH)=1.52

Rg = 12.716 4 0.115 X Ty + 0.278 X
Toax — 0.08 X RH

R=0.786

VIF(Tpin)=11.97

VIF(Tyaye)=17.14

VIF(RH)=2.85

%)
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Sl S abal, ailie 50 ,n gly 00 5l 1aS uillg
Soge & lgise | Gl laadlie nolie g (gond 9=
g VY aoles

R, =19.44+5.47PC1-1.03PC2 oY)

R, =19.44+547x0.910x T, +
0.963x T, +0.949x T

mean

0.801x RH + 0.600 x % _

0.147 xd, + 0.349x 3 +
0.343xR, +1.03x0.201xT_;, —
0.190x T, —0.198 x T, ... +

mean

H

0.237 x RH —0.804><%—
0.986xd, +0.936 x5 +0.939x R,

2 Joile ce> p gandyen Wb Sas Rs ol js a8
Lol J9y 9 @ ye e

oSl yls gy b (ylhes 3lam og sbaylo -0 Jeua
Table 5- Eigenvectors after rotation with varimax
method
Components after rotation

Parameters Component 1 Component 2
Tmin 0.913 0.053
Trmax 0.965 0.077
Trmean 0.952 0.066

RH -0.825 0.013

n/N 0.654 0.058

dr 0.120 -0. 990
[ 0.09 0.995

Ra 0.084 0.995

Rs 0.893 -0.168
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radiation in the test stage
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R, = —278178.662 + 269303.969 X dr +

1139.791 X & + 14.619 x%

R=0.946

VIF(8)=22.59 oV
VIF(dr)=22.4

VIF(2)=1.18

Rg = —369895.438 + 358102.244 x dr +

11516.102 x &

R=0.841 OA)
VIF(S)= 19.04

VIF(dr)= 19.04

Ry = 76.093 — 2.293 X R, +22.919 X &
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VIF(Ra)=1.06 (%)
VIF(3)=2.38
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Table 7- Evaluation criteria calculated to compare

models at Yazd station in two stages of training and
testing

PCR MLR-1 MLR-5

RMSE 0.061 0.066 0.052

c
‘©
= R 0.901 0.780 0.902
» RMSE 0028 0.076 0.070
(5]
F R 0.911 0.789 0.852
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Abstract

Solar radiation reaching the earth's surface is one of the most important variables used in solar energy projects,
hydrological modeling, evaporation and transpiration, meteorology and agriculture. In this research, the functionality
of principal component analysis and linear multivariate regression was investigated in predicting the amount of solar
radiation in Yazd station between 2010 to 2014 and 2015 to 2021. Variables of average temperature, minimum
temperature, maximum temperature, hours of sunshine, relative humidity and solar radiation are received from the
Meteorological Organization on a daily basis and variables of extraterrestrial solar radiation, relative distance from
the earth to the sun, solar inclination angle and maximum hours of sunshine are calculated with the existing relations
and was chosen as input of Principal component analysis method. The correlation of these parameters with the amount
of solar radiation shows the presence of a significant positive relationship at the level of 1% between the amount of
solar radiation and extraterrestrial radiation, the ratio of sunny hours, the average temperature and the relative distance
from the earth to the sun, and with the solar inclination angle at the level of 5% and was observed a significant negative
correlation at the level of 1% with relative humidity values. The results of the analysis of the main components showed
that the first two components can be selected as the main components according to the eigenvalues of the parameters
and the percentage of variance. The correlation coefficient of the first and second components with solar radiation was
0.893 and -0.168, respectively, and as a result, the first component has a higher correlation with the amount of solar
radiation than the second component. The rotated value of loading in the first component shows that the minimum
temperature, maximum temperature, average temperature and relative humidity are more correlated with solar
radiation and the correlation of other factors (extraterrestrial radiation, solar inclination angle and relative distance
from the earth to the sun and the ratio of sunny hours) is low in this component. Investigating the relationship between
solar radiation and the values of the main components obtained from PC1 and PC2 using multivariate linear regression
showed that the effect of meteorological parameters on solar radiation is significant (p < 0.001) and its R? is was
determined as 0.89%. The evaluation criteria of PCR and MLR methods show the ability of PCA method to estimate
solar radiation

Keywords: Multivariate regression, Principal components analysis, Solar radiation, VIF, Yazd
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