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(28 22019 Y 2=(a)eh TAZ(P)S 242 (A 227 (A 2.2.2)00 93

% %+ Ak

h = sin” (sin gsin & +cos g cos 8 cos w) A 2.2.0)
o= cos’ (sinhsin(p —sind Al 222)
coshcos @
71,
p 9= [ ]

& - HY A9 7]
w : AZEC1[1 AR 157 9 B EE AIZES R ks A ]

A gl B 908 Ta AL 19 1 ARE ] BAdS B 3

=<
Bwe FAA AND F Ak BAAS TE WS BHAS ANSE Do

n = int[{153(M-1)+Z}/5+D] (& 2.2.3)

o] 7] A,
M<3 & uj Z=2,
M=3 < u] Z=-9 o]

Intlx] = x o 44 HFES Aeld g5 RES e,

n—81

= ° A
B=360 65 [°] (2] 2.2.4)

W 49A(8)E (M 22590 o8 AR ANT F Ak
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J =sin-1(sin23 °27 ~ XsinB) = sin-1(0.397949 XsinB) (& 2.2.5)

A ZHw) (A 2.2.6)00 olajA AL 4= QT

@ = (tas-12)X15 = {t + (E +

L—Ls_ A
T 12)} X 15 (A 2.2.6)
7] A,

tAS: Z(JEHOC}:A] [}\]]

t: SEFA (2]

E= 6_10 (9.87sin2B~7.53cosB-1.5sinB) = 0.1645sin2B—0.1255cosB—0.025sinB (%] 2.2.7)

222 MZ =L F =

Ao 7Aoo 2 JHF(Clear Sky), & H3H & (Partly Cloudy Sky), HH&
(Overcast Sky)©] 3 7MA= F-E¥=d dA7HA A AAY + B AFAE] 9]
Al 7 Fa e AEE AAs] skl &3 WHE MR gEA AdEsta
Ao ME oE HI, 5 10 HEgh 8§ AR(TES
&), Wrk opyEt M2 TE ¥
< Aeskd oe3 2k

Nakamura ¢k Oki(1979)= 10 =& AREste] JHF o= 2.5/10 ofskel 35

d8dls e 1A n

£F 7510 o4 FAFOE aelm oF AlolE RE BHFTOR FIsgck

Ruck(1985)2 8 H =2 Ab&3la glom 2/8 o]3te] &S HHAFOR, &3 2-6/8
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d, &% 0~3/10S HHFTo=7,

Pierpoint(1983)&
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L, X (1+2sinA)/3

L=

[38 2.2.3]

i

463

[38 2.2.4]
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223 H= M3 2 (Perez Sky Model)
AR Fol olg o xx W HF J= BEE 4F37] dsiAE AAL
QF xx H HF = FEXE Polof sz Fo] F9
sttt A Ag, AA de dHY = FEE Agst
E7bsstth AR W2 Al oA AAl HE dHek Bl Ay REE0

7]

CIE £ Kittler ¢ HH¥ X Pd(Kittler, 1965)7} Pierpoint & H&¥ HHy =4
(Pierpoint, 1963), Moon Z} Spencer & T3 X 2@ (Moon & Spencer, 1942)S #a A&
Ral® Y CIE 5 ©@3le a9 go] s8] 5ol 7 ¢F RHol+=
Aoz T g. shAIRE ofg] A oA AAl HE HAEl= AEs e dow
A ey ER B2 dgAbEe] o8 A A3 2y

HAZA AR = A A= 2 <

3 7 A AyE d& F Ade B Perez o A

o}
!

1990,1993)°] t}.

Perez = A & Aol el AR HolH=RE Mo X5 L5
#gk 71 WH(Brunger’s model, Harrison’s model, Kittler’s Model, Matsuura’s model,
Perraudeau’s model, ASRC-CIE model 5)E°] 7IA3 A= 2 71A] 7124 dd3} &
HES Y L3S th(Perez et al, 1993).

U5 [E 221]~ [E 224] AA AT Perez 29, 7] o2 Mg ZdE]
T 2XHMBE), 3t Alw < LAHRMSE)E HlaLgh Zlo|th
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[ 22.1] A HSB

AEjoiMel ME =Y H|m

Bl 9] Bl <] Bl 9]
AAF 78 4

WA HE | sAE T | 5E Y

P I & 4748 4294 8377 4003 3446
MBE RMSE | MBE RMSE | MBE RMSE | MBE RMSE | MBE RMSE
ASRC-CIE 75 2113 87 1920 -10 3776 421396 | -361 1250
Brunger 227 2312 207 2092 | -489 4157 | -268 1511 | -333 1344
Perraudeau 26 2553 | -250 2238 | 36 4097 111 1913 112 2147
Harrison 197 2363 | 283 2045 | -1063 4324 | -195 1522 109 1356
Matsuura 161 2443 | 267 2255 | -1058 4451 | -271 489 -46 1426
Kittler 229 2520 | 461 2350 | -1373 4536 | -165 1552 -6 1552
Mean sky 0 1880 0 1768 1 3319 1 1264 0 1079
Perez 12 1966 23 1846 24 3469 41 1320 22 1144

Model
[E 2.22] 33 MeljoMe T 24 H|W
2 B el 2
A A 4

A HE | EAE Y | 5E Y

Bt 3= 3808 3040 7155 3199 2757
MBE RMSE | MBE RMSE | MBE RMSE | MBE RMSE | MBE RMSE
ASRC-CIE | -101 1051 23 1135 100 1736 | -125 681 | -310 713
Brunger 275 1350 96 1072 | -394 2442 | -310 887 | -453 910
Perraudeau | -340 1434 121 1032 | 393 2175| -579 1182 | -965 1390
Harrison 300 1334 | 261 1014 | -664 2374 | -441 1013 | -224 726
Matsuura -102 1051 22 1135 95 1734 | -125 681 | -312 715
Kittler 252 1163 | 450 1196 | -394 1833 | -383 849 | -534 860
Mean sky 0 773 0 761 0 1307 0 543 0 472
Perez -10 905 -18 897 5 1558 -103 587 177 585

Model

-16 -



[E 2.23] & M3 AefoMel M3 2E vl
2R B ol 2R
AAF 278 4
o JE | s 7Y | BE Y
J = 12067 14238 18393 10244 7954
MBE RMSE | MBE RMSE | MBE RMSE | MBE RMSE | MBE RMSE
ASRC-CIE 36 3952 | 193 4038 | -999 7018 | 573 2474 | -282 1981
Brunger 26 4423 | 534 5009 | 582 7676 | -553 2605 -43 2172
Perraudeau 161 6144 | -1665 5872 | -3412 9120 | 2736 4631 | 4829 5743
Harrison 57 4382 | 401 4404 | -3195 7772| 519 2607 | 1722 2666
Matsuura 431 5877 | 1242 6021 | -731910660 | 426 3077 | 2420 3558
Kittler 365 5981 | 964 6085 | -737910765| 591 3176 | 2736 3829
Mean sky 0 3721 0 3960 2 6584 0 2212 0 1929
Perez 38 3790 | 340 4027 | -501 6662 -85 2304 | 110 1989
Model
[E 2.24] SHHS MejojMe T 24 H|W
2 B <] 2N
AHE A8 74
W JE | sAF Y | 5E 7Y
Hd 3= 1114 1313 1109 1055 1043
MBE RMSE | MBE RMSE | MBE RMSE | MBE RMSE | MBE RMSE
ASRC-CIE 59 554|108 402 | -146 752 -88 523 88 533
Brunger 24 527 42 377 87 717 28 496 25 507
Perraudeau 95 586 | -180 438 | 243 773 139 555 148 574
Harrison 15 596 45 457| 356 888 40 513 | -122 545
Matsuura 59 554|108 402 | -146 752 88 523 88 533
Kittler 59 555 109 403 | -147 752 -88 523 -89 533
Mean sky 0 497 0 357 1 670 0 469 0 484
Perez -1 521 18 372 41 706 | 235 493 2 504
Model
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H-&(Clear Sky), H% T -&(Partly Cloudy Sky), BH ¥
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(3] 2.2.8)~ (2] 2.2.24)2] G|

0SS

I

-

2~
T

1

;OE
<

A A

(A 2.2.8)
(A 2.2.9)

[(Ig+ Ipn) / Ig+ 1.104Z°] / [1 + 1.104Z°]

e=

Ty X m/Ipy

A=

exp(0.07 xT4 — 0.075)

W

2.2.10)

7] A,
Z: ©

A7} (rad)

3|

) XL
50

[e]

HAAHAE (1~98)

A: HE2

Ok

-

w: 7]

b AARE (W/m?)

ShA
1 1=

AFE (W/m?)

nH

N

M: th7]e] sget

AHW/m?)

—

[e]

B

%!

Gt

A~
-

714

ION .

Al
2

(

2}2}

AL (Ion)=

E Rl

hx

AHlon)t 71 Hrel 4

i 7

9]

R

g

:{ﬂ

7]

2.2.110) % (4] 2.2.12)°0 9]

A,

2

A 2211

)]

360n
365

I [1+0.33 cos(

ION
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360
I,, =1..[1+0.33cos( )] x cos Z (Al 22.12)
365
oA71M, I BHE A (1350 Wim?)
nl 91 YdEFEHE FAL(1=n=365)
HAET AAEE (A 2213)°] o Asrgic)
1
k, =—1 (A 2.2.13)
Oh
7] A,
kpr AZHE HAE
Ion: 1718 Bre] 9 AAFH(W/m?)
e, A AALEES (3] 2.2.14)00 ol 3kt
1—d:1.0—0.09kT (ky £0.22) (Al 2.2.19)
T
=0.9511-0.1604ky+4.3888k1-16.638ks"+12.336k.*(0.22<k; < 0.8)
=0.165 (0.8 <ky)
Lok, EW AY A AW AY A2 ZH7E (4] 2.2.15)9)F (2] 2.2.16)
of ojs) gttt
Ipu=1Ir-Iy (2] 2.2.15)
IDN = IDH / Sin(at) (A—I
2.2.16)

A7 A, a: BN

-19-



=
T

o7 2]
A

T

Lo
)

kil H71)E Adtsty] flske, et
UAALIo)7F F8 ez dasi) goko] A
7ol TSk deje] fAelAM E3ets B

FAE (A 221700 oA dojzin

RA

o

-y

-

(<3

7l ete)

L
R

1
m=
cos”Z
A F U AY ZE(Ey) et FHW A
2.2.19), (& 2.2.20)°] 93] +& 5 AUt

Eqn = MAX{0,Ipn[a; + bW + ciexp(5.73Z-5) + diA]}
Egu = Egn X sin a;

Eqv = Egn X cos a;

Zl(myt th7]A He

Holl Qe wel BAAo] s

Ay

A 2.2.17)

EEENE 27 (3 22.18), (4

(A 2.2.18)
(4l 2.2.19)
(A 2.2.20)

o 7] A,
Eqv: AW AY 2% (Ix)
Eg: T%8W Y & (Ix)
Ep: TAH A 25 (x)
ac YA (rad)
a, by, ¢, dip A@ Aol ofaf 3zl AF(E 2.2.5] Fx)
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[ 2.2.5] ZEtAle] LY g A

AAZ(e) a by ¢ d;
1 57.20 -4.55 -2.98 117.12
2 98.99 -3.46 -1.21 12.38
3 109.83 -4.90 -1.71 -8.81
4 110.34 -5.84 -1.99 -4.56
5 106.36 -3.97 -1.75 -6.16
6 107.19 -1.25 -1.51 -26.73
7 105.75 0.77 -1.26 -34.44
8 101.18 1.58 -1.10 -8.29

T A 25X (Bwe e 2ol (322202 7 5 Tk

Ew = Ly[a; + b;W + ciexp(Z) + d;Ln(A)] & 2.2.21)

o171 4]
Ew: W 4F 25 (1x)
a, by, ¢, di: A2 93] X AT (E 2.2.6] Fx)
[E 2.2.6] &tih Ate] HYFESE A

A E(e) a b; Ci 4
1 97.24 -0.46 12.00 -8.91
2 107.22 1.15 0.59 -3.95
3 104.97 2.96 -5.53 -8.77
4 102.39 5.59 -13.95 -13.90
5 100.71 5.94 -22.75 -23.74
6 106.42 3.83 -36.15 -28.83
7 141.88 1.90 -53.24 -14.03
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8 152.23 0.35

-45.27

-7.98

Arkd

74 AHd

RElY

24

ZE(Ew)e TH A =9 A

ol

52

Eks=EkH[(1-F1)(1+COS S)/2 +F1 xa/b +F2 sin S]

o714,
Fr=futfuxA+fizxZ
Fy=futfnXA+tf3xZ
a = max(0, cos6)

b =max(0.087, cos Z)
S= ZAAA Pl 7147

0= A7 Fo] Soje AP

‘|_
o} o]zl (4 2222)8F o] Lehd 5 gtk

(A 2.2.22)

f‘lhﬁZ:ﬁﬁfél:ﬁbﬁ_?% id.% -oqxéE(]ﬂ'olﬂ] 1'8)01] [’q‘% 7:”511011—4' ([E 2.2.7] %_][i)

[E 227 BAH =% A

A E(e) fi1 fi, fi3 2 2 3
1 0.011 0.570 -0.081 -0.095 0.158 -0.018
2 0.429 0.363 -0.307 0.050 0.008 -0.065
3 0.809 -0.054 -0.442 0.181 -0.169 -0.092
4 1.014 -0.252 -0.531 0.275 -0.350 -0.096
5 1.282 -0.420 -0.689 0.380 -0.559 -0.114
6 1.426 -0.653 -0.779 0.425 -0.728 -0.097
7 1.485 -1.214 -0.784 0.411 -0.629 -0.082
8 1.170 -0.300 -0.615 0.518 -1.892 -0.055
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AE A4 e dos (A 2223) 2= HEHE 5 vk

L, =14[a; + c; cos Z + ci*exp(-3Z) + di(A)] A 2.2.23)
o] 7] A,
L,: 34 3 %(W/m)
a;, Cj, Ci*, di . 7:”‘/‘[5‘ ([E 2.2.8] 7_‘(31'}‘)

¥ 228] dHe| 7T o5 A
A E(e) a; C ci* d;
1 40.86 26.77 -29.59 -45.75
2 26.58 14.73 58.46 -21.25
3 19.34 2.28 100.00 0.25
4 13.25 -1.39 124.79 15.66
5 14.47 -5.09 160.09 9.13
6 19.76 -3.88 154.61 -19.21
7 28.39 -9.67 151.58 -69.39
8 4291 -19.62 130.80 -164.08
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=
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=
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=

AAL HlolH

Q]

AA, A

3|

A

[e]
b,c,d, e)E X3}

ox

™

(A 2.2.24)

A Abel ] Zi(rad)

=

14 QoA

I3

o] 714,

v: B o

(A 2.2.24)90 2
[1+aexp(b/cos &)1 +cexp(dy) +e coszy]

=
=

-

L

o]
v=1E,v)

lv

L
a

AF ((F 2.29] %)

49

3

of

A

o

I

s
=

gl 9

a,b,c,d,e:
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[E 2.29] &H 3T off A8 A
HAE a; a a3 ay bi b, b3 bs
1.000 ~ 1.065 1.3523 -0.2576 -0.2690 -1.4366 -0.7670 0.0007 1.2734 -0.1233
1.065 ~ 1.230 -1.2219 -0.7730 1.4148 1.1016 -0.2054 0.0367 -3.9128 0.9156
1.230 ~ 1.500 -1.1000 -0.2515 0.8952 0.0156 0.2782 -0.1812 -4.5000 1.1766
1.500 ~ 1.950 -0.5484 -0.6654 -0.2672 0.7117 0.7234 -0.6219 -5.6812 2.6297
1.950 ~ 2.800 -0.6000 -0.3566 -2.5000 2.3250 0.2937 0.0496 -5.6812 1.8415
2.800 ~ 4.500 -1.0156 -0.3670 1.0078 1.4051 0.2857 -0.5328 -3.8500 3.3750
4.500 ~ 6.200 -1.0000 0.0211 0.5025 -0.5119 -0.3000 0.1922 0.7023 -1.6317
6.200 ~ -1.0500 0.0289 0.4260 0.3590 -0.3250 0.1156 0.7781 0.0025
c1 () c3 Cs d dz ds d4
1.000 ~ 1.065 2.8000 0.6004 1.2375 1.0000 1.8734 0.6297 0.9738 0.2809
1.065 ~ 1.230 6.9750 0.1774 6.4477 -0.1239 -1.5798 -0.5081 -1.7812 0.1080
1.230 ~ 1.500 247219  -13.0812  -37.7000  34.8438 -5.0000 1.5218 3.9229 -2.6204
1.500 ~ 1.950 33.3389  -18.3000 -62.2500  52.0781 -3.5000 0.0016 1.1477 0.1062
1.950 ~ 2.800 21.0000 -4.7656  -21.5906 7.2492 -3.5000 -0.1554 1.4062 0.3988
2.800 ~ 4.500 14.0000 -0.9999 -7.1406 7.5469 -3.4000 -0.1078 -1.0750 1.5702
4.500 ~ 6.200 19.0000 -5.0000 1.2438 -1.9094 -4.0000 0.0250 0.3844 0.2656
6.200 ~ 31.0625 -14.5000 -46.1148  55.3750 -7.2312 0.4050 13.3500 0.6234
€1 (&) €3 €4
1.000 ~ 1.065 0.0356 -0.1246 -0.5718 0.9938
1.065 ~ 1.230 0.2624 0.0672 -0.2190 -0.4285
1.230 ~ 1.500 -0.0156 0.1597 0.4199 -0.5562
1.500 ~ 1.950 0.4659 -0.3296 -0.0876 -0.0329
1.950 ~ 2.800 0.0032 0.0766 -0.0656 -0.1294
2.800 ~ 4.500 -0.0672 0.4016 0.3017 -0.4844
4.500 ~ 6.200 1.0468 -0.3788 -2.4517 1.4656
6.200 ~ 1.5000 -0.6426 1.8564 0.5636
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A ARG ASE B 4E dolHE AT 99 4 uaY Ha 45
stol frdk W WA, WF FPES W),
~ A

(Non-linear Least Square’s Method)©l| <]
of Al A A aESl Frolth, 77kl A

2227)° ¥A S wEG

a,bcdes x&tar &
X =X; + XZ + A(X3 + X47) (A
2.2.25)
e A= 1L Bgel=
¢ =exp[A (¢; + ¢,2)]! (A 2.2.26)
d = -exp[A (d; + d,2)] + d5 + Ad, (A
2.2.27)

A%, el Fshad she AMe A% L L8 dustele [ 2RE 2S5 3

ok o] AE (A 22.28)3 o] dER 5 9k
(A 2.2.28)

L,=L,.xf(C, v)/10,2)

o] 714,

L,: AF 3 %Z(cd/m’)

L=1,xEy /| [[1,(§,7)c0s¢ ldo (& 2.2.29)

2msr
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