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Abstract

The total solar irradiation on horizontal surfaces is separated into the beam and diffuses
components. Although horizontal global irradiance is a commonly measured parameter for
many sites, horizontal diffuse irradiance is not so readily obtainable. For such sites that measure
global irradiation alone, a simple but reasonably accurate method is required to estimate diffuse
irradiance from its global counterpart. This study investigates the applicability of correlation
coefficients models correlating hourly diffuse and beam fraction and hourly clearness index in
Daejeon. The three diffuse to global correlation coefficients models (Orgill and Holland model,
CIBSE Guide J model, and Erbs et al. model) are selected and the three modified beam to global
correlation coefficients models are generated. MBE, RMSE, r-squared of Daejeon and Daejeon
boundary site-fitted models are compared with the case of original coefficients. The comparison
result shows that the beam and diffuse to global solar irradiation correlation coefficients models
with boundary site-fitted coefficients are best suitable for Daejeon. Further researches will be
conducted to find the boundary site-fitting method using measured data of other cities and
correlation coefficients models using solar altitude, cloud cover, and sunshine duration.

Keywords: =2 ¥2](Quality control), 2 % &M= 2d(Orgill and Holland model), 9] B2
L9 (Erbs model), CIBSE 7}o] & A o] Eq1(CIBSE Guide J model), 8 Al4=(Clearness Index),
At Al4(Diffuse Ratio), 212 A4 (Beam Ratio)
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Iy 5 9H A LA} (beam horizontal irradiation, BHI, W/m?)
|

ZH M AAHGlobal horizontal irradiation, GHI)&= 2]
785 B2 A olA SR A B HAH GAR] 79 570 §olekx] Folsint. webA AThA
o2 S| -golet HH HUAL Hlo|EE 7|§Ee 2 =5 H 2 AUAKBean horizontal irradiation, BHD2t
AR AAKDiffuse horizontal irradiation, DHD)E £2]sk= Rdlo] W Q53T 2XME a2 Hoj7] 4~ Aok
AUALE o]-8sPH A LAHDirect normal irradiation, DNDE & 4= l=H] 0] 22 Apgeuiz] 2 A=H
Sk AlEeel o] 7Rl Al Hlole & AR sEdeldReta]e] 20 FE71dTolH
oA Lee et al. (2000)2] 75 7]9E0 2 |71 5.9} AR Watanabe (1983)” 12L& 9] 7| ZAGE B85
of 4kt GARE Alsielnt. 0% 30 BE7 Vol ol e Attt LA ATAIE o]-8=t Orgill and
Holland (1977)” =, Erbs et al. (1982)” 29, Reindl et al. (1990)° =9, CIBSE Guide ] (2008)° = &l9] 7]
ZAGE S8oto] tidA o] AAA B 2D A} Hlofejet vy, T1F 49| 5= el CIBSE
Guide ] R dlof th 2| GAGE 1FEsto] Atet DA Akt ARgsH. Alet AARE DA (pyrheliometer) ]l
Alo]E & (shade ring)< F7F5to] 7% Hlole = 2/ A} H|wSto] A 0 = A & 4= AR, 2
o A DA S0 GolsiAHA AletAlS 9 AgAlE 919t F83H2](Quality control) 7F 27827 Tk,

webA 2 Aol thAx] S 2g 3 Al HAASTAG-E 116 fieto] sTAl9] FET
gPstarl, sjollA] S77t AT HloHE o]85te] 710 Altat A UAL Al o] 218 A o],
71E0] ks p7gsto] At HAAL AT RelS 7Sk, iR o] HUA 3 A
g-gsto] 2| Al 2 518191 A (Boundary of envelope of acceptance) o419 S| A&
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o} A A 0 7 At | F71 HhE-e ARRSto] Aok gtk Muneer and Fairooz (2002)7= mtdofl A 22 g
g 71 "ol E AlAsIAL AUAL 9 Akgt Aiafe]] tfet Boskal e H g2 AASHI. Younes et al.
(20058 LA gloje| o] BAPIE 91t AA 753 BAlE HEFLE Leeetal. (2013)7& 7o) FIA A
UAte] Fof High L] FEAARE AASI £ dFoldE el AIstele] 2E7 1 dHelEE
flste b=l 2]7 &7 He G5 dof At tid S4 MUAH R 2 AAF Hlo]E(2011.1-2012.12)
S5eA|19] A EA](Solar irradiation quality control) & AFHESIRATY. 1, 2, 3T
H GAL 4t DApoll Hiet F83He o] AR, 4, ST A= 8 Aot 4t
T}, 2013 A3iAe] AA AT = 1, 2, 3TAI= -3sHlAI e 2

Ty

il

20HA] - 71 Y B 2AKIgn) 2k Hl o] ofRt FA
o DA 2ot 1,2 8 2 5 HH A LDA) AIZPE HlolE
« tH7 18 5 g DA Bt 2 89 AT QAR AIRPE HlolH
ES

A QAH() K} 0,86 2 587 2 QK AZF Hlol]

39HA - Bl (h)of] ofRt FE
« BjF A5 (h)7F 57 mIREQl AJ7HE HlolE

447 - B LA 2Fe] Blalo] oot FEYHE]
« T ALK 2ot ol Z 8 A dAKa) AIZPE HlolH
_{T_

e AR Bk o) 2 7 2 GAHly) A2 ol
AR AR k) BE0] 97
+ A HEAG o) ] It 5

S1991] A= FBARSH ARG © AR Lol QAPEE A9 A2 25T, A
(k) S ARAG () B AAS () Th A3 2o,
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ke =1, / (I, sinh) = 1, / I, (D
ko= I /1, @)
ky = (4,, > sinh)/ L, =1, /1, ?3)
Jaro] YaA—AretAG k—ko) el Tt 518 910) AA = ohat 2t

F=HUK) : (0,1, (0.5,1), (1,0.14), (1,0), (0.8,0), (0.2,0.9), (0,0.9), & (0,1
a2 & Al Ak —ko) 23 of ik 5188912 FAlE Fig. 19420, tid ] 1-85912] 73
7b F=EE 2 A TR Hx] e ofet -auEt A o] dit 518 ¢l Z8AIe] 7ol

274

i (Dacjeon) : (0,1), (0.4,1), (1,0.3), (1,0), (0.8,0), (0.2,0.8), (0,0.8), & (0,1)
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Fig. 1 Diffuse ratio-clearness index plot and boundary of diffuse ratio-clearness index envelopes for Daejeon

a2 A 22 A kky) ZE of i3t 3-8 919] BAE vh=t EriFig. 2 JF=x0).

thA (Daejeon) = (0,0), (0.4,0), (1,0.7), (1,0), (0.7,1), (0.2,0.2), (0,0.2), & (0,0)
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At AR AA ] Aol & "la F7Tste] S5 HlolH = /g dAe Hlwsto] Juiaog ¢A d=
= ek B A= Al AUA A 2E FoflA] 12PE A1) Orgill and Holland (1977) 24, 32}

12101 CIBSE Guide J (2008) Bd 2 4xHFA 2] 0] Erbs et al. (1982) B@lof| tiste] 12kt Orgill and
Holland 212 4-1e] 314} 51 A1k olA}o] A7 8148 ok 220 W alolglet. Akl e}
of AP TR A3t 2

ky=1.0—0.249k,, k, < 0.35 @)
ky=1.577—1.84k,0.35 < k, < 0.75 )
=0.177, k, > 0.75 ©)

QAT 4, SHAIS AR hA|}0) Alstat AU A O] 514 9] A7 Fig. 17} o] 4145
1, 209) AGARE Slat Al BAG- AR AS ko) SHEE Fig, 30} 2k
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Fig. 4 CIBSE Guide J equation of Daejeon and Daejeon boundary site-fitting for ki-kq

k; =0.687+2.932k, — 8.546 k; + 5.227k} , k, > 0.2 (7
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k,=0.98, k < 0.2 8

Erbs et al. &2 1=70] 42 Fof|A] B H ] HUAL Bl ATet AARES] APHde =EstolTt ARt LA
A the A AL, 2709 A1 GARE 1% TR A AR AR (ke ky) FE= Fig. 59 £k

k,=1.0—0.09k, k, < 0.22 ©)
k; =0.9511—0.1604 k, +4.388 k7 — 16.638 k) + 12.336 k;, 0.22 < k, < 0.8 (10)
k;=0.165,k > 0.8 (11D
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Fig. 5 Erbs et al. equation of Daejeon and Daejeon boundary site-fitting for ke-kq
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k, =—0.0003 + 0.3747 k;, k, < 0.35 (12)
k, =—0.2482+1.2085k,,0.35 < k, < 0.75 (13)
k, =0.58, k, > 0.75 (14)

AL 4, STAIE AA diid A9 2 223 DA FEEA ] 5181 AT Fig. 291 2ol A7
L, 2719] A HARRE f1et A A2 DA (k—ky) 2= Fig. 67 2t

1o

1.0 10
y =1.2085x - 0.2482 . 150 _,, y=1.3037x-0.2994 “,; J_

0.8 -

06 -

Kb

04 -

0.2 -

0.0 1.0

A o] A AAl-E 2efet 7 CIBSE Guilde | o] 22t A AA A= T A3 2. 270
S A qAE 1t diidA S AT 22 ARk —ky) 2= Fig. 73 £t

k, =0.2772—2.3963 k, + 7.8325 k; + 5.3932k}, k, > 0.2 (15)

k, =0.0239, k, < 0.2 (16)
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Fig. 7 Modified CIBSE Guide J equation of Daejeon and Daejeon boundary site-fitting for ki-ks

] A qAIE 17t 57 Erbs et al. O] 23 AL AR v A 2tk 2709] 4]
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Fig. 8 Modified Erbs et al. equation of Daejeon and Daejeon boundary site-fitting for ke-ks
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ShREfLOHR[EE] =2
k, =0.0231+0.1299k,, k, < 0.22
k, = 0.1952 — 1.5202k, +4.7015 k7 — 8.567 ki — 2.2892k/, 0.22 < k, < 0.8 (18
k, =0.54,k > 0.8 (19)
4, 2|97~ L 2R S H|
4.1 ARETHHOIAL AT ISP Y BHS
2 AN AREE Alg-E2 9 BE O] 7|E Al AR H ] S Ho[HE o8 EEH A|GAl 2 o
A2 9] 5189 AANA EE2H AGAGE T2 4= ek Tables 1, 2, 32 ZF Bdllof|A] 7]& A=} Af
2 EE2H ARG A1S 9 o181 9] AACIA S A G9A1)E HolFal STk
Table 1 Site-fitted coefficient of Daejeon by Orgill and Holland Model for k-kq
Class a X
0.75<k, < 1.00 0.177
Origin Model 035 <k <0.75 1.577 -1.84
0.00 <k;<0.35 1.0 -0.249
0.75 <k, < 1.00 0.42
Daejeon site-fitting 035<Kk<=<0.75 1.2483 -1.2086
0.00 <k;<0.35 1.0248 -0.4698
) 0.75 <k < 1.00 0.38
Dacjeon boundary 035 <k <075 1.3144 -1.3168
site-fitting
0.00 <k;<0.35 1.0206 -0.3879
Table 2 Site-fitted coefficient of Daejeon by CIBSE Guide J Model for ki-kq
Class a X x"2 x"3
o 02<k <1.0 0.687 2.932 -8.546 5.227
Origin Model
0.00<k, < 0.2 0.98
) ) ) 02<k <1.0 0.7293 2.3677 -7.7821 5.3617
Daejeon site-fitting
0.00<k, <02 0.9792
Daejeon boundary 02<k <1.0 0.9154 1.1182 -4.9562 3.3291
site-fitting 0.00 <k < 0.2 0.9835
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Table 3 Site-fitted coefficient of Daejeon by Erbs et al. Model for k-kq

Class a X X2 x"3 x4
0.8 <k < 1.00 0.165
Origin Model 022 <k <08 09511  -0.1604 438  -16638 12336
0.00 <k < 0.22 1.0 -0.09
0.8 <k < 1.00 0.46
Daejeon site-fitting 022 <k <08 08525 11378  -35738  -0.5633  2.9328
0.00 <k < 0.22 1.0097  -0.3158
. 0.8 <k < 1.00 0.36
Daejs?t‘:_‘ f]ft(t’mu;dmy 022 <k <08 09550 01697 01834  -6.4144  5.9667
0.00 <k < 0.22 1.0047  -0.2267

71&E A, AGAS 9 51-8319] AN o] 2 HAGT ] 2folE Bl WS, Erbs et al. REo] 71 Z1,
Orgill and Holland 2@lo] 7P A 3ict. W49 2147t FoiRtoax ol2fgt lo]7t ZtheS efohH
CIBSE Guilde | 222 A& 02 7pg 2fo]7} HIct.

Table 4= 7} m&oA] 71& ALt A2 =2 AlG=(R] GAIG= 2 51859 A AolA <] A G971 o] md /4]
“5-& MBE, RMSE, r*& H|1gt Aok, 7|E Ao} 2712] A dAE A9t 5] 452 vlus)] HH,
MBE, RMSE, r7} 242} 14910014 —3.022, 48.95914 35.692, 0.620714 0.69=2 Adet 50 2 7|59
t}. 7]1& 9t 0] 2| G9AGE ALt el Zof| A= CIRSE Guilde | RElo] 71 =2 A5-5 Byl v, 5184

9 AN o] A qAE 283t -9 Erbs et al. REo] 7H 2{119] 452 HoAFlr.

(o]

Table 4 Comparison of Estimation results of diffuse to global solar irradiation correlation coefficients models for Daejeon

Class MBE RMSE r
Origin 11.06 45.13 0.64
Orgill and Holland Site-fitting -4.56 36.72 0.67
Boundary site-fitting -3.40 35.78 0.69
Origin 3.13 38.24 0.68
2010.07~2011.06  CIBSE Guide J Site-fitting -4.22 36.17 0.68
Boundary site-fitting -3.24 36.00 0.69
Origin 14.91 48.95 0.62
Erbs et al. Site-fitting -4.42 36.57 0.67
Boundary site-fitting -3.02 35.69 0.69

4.2 T HUA AT 2P U DS
Tables 5, 6, 72 7} o] 71 A4-0b Al w2 ARG 2 518491 AN A4S 1.
o711 gk, ejAe] A A B 51839] AN AGALZI) B Aol Blasha, ATt
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AHSEEA] Bl SAFSHA] 42 Erbs et al. 2@lo] 71 7131, 44 Orgill and Holland 2@o] 7 A%t

Table 5 Site-fitted coefficient of Daejeon by modified Orgill and Holland Model for ke-ks,

Class a X
0.75 <k < 1.00 0.58
Daejeon site-fitting 035 <k =<0.75 -0.2482 1.2085
0.00 <k <0.35 -0.0003 0.3747
. 0.75 <k < 1.00 0.63
Dagjeon boundary 035 < k < 0.75 -0.2994 1.3037
site-fitting
0.00 <k <0.35 -0.0143 0.3715

Table 6 Site-fitted coefficient of Daejeon by modified CIBSE Guide J Model for ky-ky,

Class a X x"2 x"3
. . . 02<k <10 0.2772 -2.3963 7.8325 -5.3932
Daejeon site-fitting
0.00 <k, < 0.2 0.0384
Daejeon boundary 02<k <10 0.0458 -0.8741 4.5772 -3.1590
site-fitting 0.00 <k, < 0.2 0.0239

Table 7 Site-fitted coefficient of Daejeon by modified Erbs et al. Model for k-ks,

Class a X X2 X3 x4
0.8 <k < 1.00 0.54
Daejeon site-fitting 022 <k < 0.8 01952  -15202 47015  -0.8567  -2.2892
0.00 <k, < 0.22 0.0231  0.1299
. 0.8<k < 1.00 0.54
Dagjeon boundary 022<k <08 0.1690  -13561  3.7901  1.0820  -3.4995
site-fitting
0.00 <k, < 0.22 0.0087  0.1518

Table 82 7} melof|A] 2| A= 9 51-8H 9] AANA 2] 2 G9A4=2] =d 4'5-& MBE, RMSE, r’& H|1L
St Aot 2712 2| A ASE 245t RlE <] 452 v wWa] E, MBE, RMSE, r'7} 242} 5.7001141 2.53=,
46.130114 42.652, 0.8814] 0.892 7HA=|Act. A A5 2-8et El Fo|A= 47 CIBSE Guilde ] 2
o] 7 =2 5= B, 51839 AANA Q] tid A G9AE 287 739 44 Orgill and Holland
mdo] 717 110 A5-g BTt o]et 4] Avhe Atetyt A UAL ATHIA melat o7 9ISich
wiakA] 57 Hlo]E 7t M UAL 2 At AALe] ol At M DA AFTHA Rl H-gatal, YA 2]

g dAte] Aolle At A A B 28k Zlo] 8748H

22
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Table 8 Comparison of Estimation results of beam to global solar irradiation correlation coefficients models for Daejeon

Class MBE RMSE r
Modified Orgill and Site-fitting 5.70 46.13 0.88
Holland Boundary site-fitting 2.53 42.65 0.89
. . Site-fitting 4.99 44.95 0.89
2010.07~2011.06 Modified CIBSE Guide J . .
Boundary site-fitting 2.73 43.06 0.89
. Site-fitting 5.39 4573 0.88
Modified Erbs et al. . .
Boundary site-fitting 4.43 44.37 0.88

iz o] 57 A B 2F DA H|olElE E85te] 2 B AT I QA A& EelaL, s
(1) &2 A5 55101 5HA S| LArF2a, A9 3-89 A, 27112 A9 Al(Fig. 1-6) B 2]

AlelA 2] 2| GAG=7Ee] 2ol S Bl wsHA, Erbs et al. =@ 5~ Erbs
et al. REo] 7 H31, Orglll and Holland 22137} =4 Orgill and Holland ®2&lo] 7F A 3ict. ®
J4je) 247t SHigte A of2fet Alo|7t SeliES r2iat CIBSE Guilde | 2 A o= 2}
o7} At

(3) A=k B LA A ] 71E B i A AE 283 e Folld= CIBSE Guildej mdlo] 7}

@) A 9 HAAFTA I EdloflA] 2] GA 4= D 5183 9] A4 2] A GAG=2] Ad'5-2 HlwlotH ZF
Guilde ] 227} Orgill and Holland 2@o] 7} #]119] A58 RT3t
T HGAH A BElo] AJ5-3 vl w el Av} 24 dlo] xlolS H ot wefA] 7

o
ﬂl

glofE o wH} A Bl 2-85ke Z1o] 8ot

P1EAR, A A B SHE ANA ) S vl s, SLg s AARIA ) o A A E 4 g
3 RESo] B A|10] 4% B0 e thAx|ej®at ohjet-Seltet Al gt s8I At
QA EF E QP 28 B9 F A2 D ARt 3 AU FTASE 0] 87 B0 i A7
B, A2AR B 25 5 Ee o] Yste] $719177} a gt

& Aol AR AS dARRtRE AUAIZIe ol AlsE AwE o853
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