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A METHOD TO ESTIMATE THE HOURLY SOLAR RADIATION USING AMeDAS
DATA

Hiroshi AKASAKA and Hideyo NIMIYA™

This paper reports on a method to estimate the hourly solar radiation using AMeDAS (Auto-
mated Meteorological Data Aquisition System) data. AMeDAS is a weather data measuring system
established by the Meteorological Agency of Japan and can provide us with accurate, comprehensive
data because it covers all of the Japanese islands with 840 measuring stations.

Sunshine hours over a long period is known to be strongly correlated with the global solar radia-
tion of the corresponding period. In chapter 2 a method to estimate monthly mean global solar radia-
tion using sunshine hours measured with AMeDAS has been proposed.

One of the authors previously reported a method to estimate the hourly global solar radiation us-
ing the other climatic elements measured at meteorological observatories. In chapter 3 the authors
have expanded the same method to apply to AMeDAS and developed the equations for the estimation
of hourly global solar radiation from the AMeDAS data applicable to all of the Japanese islands.

Solar radiation date on tilted surfaces are required for air—conditioning load calculation. Howev-
er, the estimated values from the method devloped in chapter 3 are unapplicable for vertical and tilted
surfaces. Therefore, it is necessary to divide global solar radiation into direct and diffuse compo-
nents. This problem has been discussed in chapter 4.

There are a lot of missing data in AMeDAS caused by the measuring instruments and this will
become a serious problem in the practical utilization stage of AMeDAS for the estimation of hourly
solar radiation. In chapter 5, missing data concerned with AMeDAS stations in Hokkaido during the
year of 1982 have been indicated.
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4.0<TEM 0 983
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BAKE, HPHRRETHALKE L TEORBDIT &

o720 DS, DHEER %X (3 —15) IR,
DS4=0.476 - TWA,—1.176 - TEM4—0.763
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DEE2 »OF— 7O TCF, 75% b 1I12EL,
»oR (2 —4) 2L BEHEME L BEEOHBEASE
BE, B, FmE, ERERO4HSOT-%I24D,
HHicB I ARLBBHEEER (R (3-4) ~ (3
—9), (3—-12), (3—-13)] OEHEFEHEE KD, 4
WEDOFH % Lo TEEROFREKEE Lz, 72,
CF, CF..(SD,=0), CF.(SD,=1) MOffix, 80
~B4 EDIIRE B2 F - FRDOT - L h kD2, K
L IEBEERXOBZRBELY RS 2B 82 E - HLIRD T —
SIIHERMOEEXHDERA LA o7 £7- CF.,
(SDp=1) AL TREDEE* VLT HID,
BIEHHBEH 1 DOBEDOLELYRDIZ, TLXED
EEILIHAERKBFEDEILIZDOWVTIE, Robinson
HRBEAFOEAUICERL TV 50, LEOF—4
X sked7- CF,.(SD,=0), CF..(SD,=1) Df#iz,
FREFNRRL LTV 5,

£4 AR 2K B4 R G  K R BN

a1 0.1348 b1 14.86
a2 0.0988 b2 — 7.78
el 0.203
a3 ez 0.5637 b3 —39.11
e3 —0.0023
CFu 1.0 Cha 0.82
CFsw (SDu=0) 1.46 CF« (SDn=1) 1.025
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Q
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X
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NTWwasRD L EEXDERICAV-BR D, 824
DOBIIE THL(M) & Z#5X12 & 5 #EEE THL(E) % H#
L72bDTHbH, RN L) IZHBE ] OB LEEMEE
PRELZoTWEDY, EREDOELBLERTLIER
bxrwEZEiobhbd, EEXOETHEIIZE
20 5 Ff OFHT, MEAFREKAT0.95, 2 FFHRED
67.3Kcal/m* h TH o720 D 2 FFIMRZEIZHERIG]
Ot 0BEEOFEY (281.5 Keal/m?> h) D# 24 %
1SN 2, $-ARICEAHEROHEIX, TEE
DB F— 9 % HVABRBOHEEELLET L LR
%%, Zhid, AMeDAS OB EMN R OKE
FREEDT a VY BEETL DBV 20, HERI]
DHBRENEL L NIELDENKEL L7270 LR
bhs,

4. XFELXANBOERS #

4. 1 @E

3 Tix AMeDAS 7— % # BV /2B LI K FEER
B4t TH, DHEEEIIOWVTEELITY, kO
FETTH, $#ETEAZ LR, LA LEE
YADBHFOELBEERADEGE, HELOEFEIZBT
LAHBOF-IHUELL DL, ZOBEKFEER
HYT 8 % BEER S L LB ST A NEIES ICE
SEOHNBESEHTELZLRAMDEBY TH S,
COEMDEEOREIZE L TXE L OBERFINSH D,
W ODDERGBEFREEATHESY, LaL
W ORFZESIIC b TR OVER 5 MR DOIREEIC
BAwiF—2I2k0fk@Ensd s,
OEEZHHEIERAFELLRERFELF WV
fExHVTW A,
OBMTICHEWF— 9 HE - BHADLDTH
D, £, tEESEORFIIITbA TRV, (X
Bk 14 12 <)
b, HIRMEBEORETICL S B OBEINAT
DTHotzZl, REBRUIBELEETH Y RY
ICBEAMBHPRETCHL R EIZLBEEZEZLN
Bo RENTIHTSEMNS 2 EIZHIFT, £E 14 »
A CHEGCEEEN & AEREEE D SRR %
L™, ChonF— 5 3BRT — 7ICRESRT
By, BHIFHTES, £/, L0 U4 »FITIE
ERHGFELBU L TB Y EHSTHORITHITETD
Bo TITHRHINLDF— ¥ ¥ AVTBEDNHES D
RO £ & b2, EEMIZED DR WEBT S
DIER Z A 5B,

4, 2 EHIE AT SBEOMRSL
KFEEESXKH4E EKFEHEEHE, KFEEOKZE
HHSTE L OMIZIE, ROBFRFDH S,
Ien=Ipy+ILay=sinh » Ipx+1g  +oer (4—1)
7=7ZL
Iy : KFEEEKHEE [Keal/m?+h]
IDH . KEFELEE H g‘j’i [KCaI/mz'h]
Ly : KPERZILEHSE [Keal/m®-h)
Ipx | EMREEEHSTE [Keal/m?:h]
h CKEEE [°]
® (4—1) &0 Iry Ipy LinW$Fhsr2-o0H
gz ohhiE, ERAFEYEERSE L KREH
FEIIHITDLIENTE D,
EHREEEHFEEKRDIHERBAL L T,
Bouguer DXL CHILN TV 5,

Ipy=LcPeosech L (4—2)
JAYAR B

I, I RESHSE

P I RREBR

F-REHFHELX KO LHEHRAL LT, LAETIZ
Berlage ® (4 — 3)¥AL AV HLNT A,

—1 . l_PCOSPch
Lan= 2 I,*sin h T 1a.1P (4= 3)
X (4-2), (4-3) &y [ylRRTEREN S,
Fr=osin b (P T 1 1)
...... (4_4)

IKRE - W - RRE, BEROEREEEHE
EAKRFERZEHGFTEDOBPFER % I, Berlage DX
(4—3) *BELAERRX (4 —-5) #RLEY,

( 1 _Pcnsech) . (l —P)
1—1.4-1nP

IdHZI.Z'I(,'sin h-

BHEE LTEONL Iy #BVTK (4—4) &V
PAHETIE Ity ¥ EELIHRIZHTITAIESTE
b, R (4—2), (4—3) IEREIIHTHERRN
ThbHI NG, TOHELRRBEREOHAIZHNS
RETHHY, BREBIIBWTHERAMIZIZBEHTE
BashT&7, Z5RAM - HAETESTIE, 81
ZEHEWETE SO S5 4 HASP/ACLD] ADEHDE
HERET— 5 2 HERSHIZOWTIER T ABEI, &
- RELOMERER IR (4 —4) 2HAVTK
FHEHEKBHROEHS M 21T - 722,

Z @ Berlage DR 2 KFEREHFEON & LTHE
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A4 52 & RN LIKE G, REFEOKFHRK
ZHGHREOFE L TR EFRELALCY,

Lig=I,*sin he (1 —Peosech) . S. U weeeee (4—6)
CITURKAPTHEL LIRS M- BFESTD D
L, KEBET*EOLKENLORETE L THIREIZ
FETHEEETRT, TS RRARFPTOUH DR
FEIIHEAYFSTAHEETERENRATELT 5,

U=0.54+(0.4—0.3:P)*sinh - (4—-17)

S=0.66—0.32*sinh  eeeees (4-—28)
Biak L7- HASP/ACLD AJTHDIE#RKRT -5 D)
b [TBIMEERRT— 5] LiED S DiE, Bouguer
REKHOXEHAVTHEH T — 2 ER ST 5,

RAEEE 21T B Berlage DROEFREMIZ OV TIEE
K-mAHBERLTEN'?Y, Berlage DX 2K HE
BOFERE LTHET A Z L I3ERNICEHENDH S
ZERIBH L, 72, ARSI Bouguer DA 5
HHINLKRREAEROKGEHEREEEZRTL LD
2, REERFICBITA KB E L EERFEORERD
ERALREL

Iry=(—0.80+P,+0.77) +sin h- (0.9-T,— Ipy)

72720, P EBRBEFEINARET, B
HICEEICAFHTSLESIIRTTHA ) KAEEE Y
g£bl, RATEUT 5,

P,=1-— 3lsi—:n—}; ...... (4 —10)
PEDZERIIRERE LRI L-HRATH 525,
HBAR - MBSO EERBENEATH I LIIE
BHCRITAEIL, RRICI DB LAALKREH
SEOHERXTRELLY,

@'B&H% [43u=33+40*sinh oo (4 —11)
@R Igu=42+93+sinh e (4 —12)
Q@#E 14,,=27+203'sinh e (4 —13)
@B®& [,,=250:sinh e (4 —14)
COmE ILy=Iwm e (4 —15)

BT [Kcal/m?+h)
FFEEN - RKFE, KREEFOBRRARE TEI
SN KFHERAHFRE L KFERZEDHEY VT
WE DR ZHKEHIZKD, REOHELY ST ZVE
EHHBEORERFRELEY,
Kp.=—0.43+1.43:Kr,

Kp2Kp e DEE) e (4 —16)
Kp,= (2.277—1.258+sin h+0.2396-sin’h) - K1
(KT1< Kth D t g) """ ( 4 —17)

Kre=0.516340.333sinh+0.00803- sin’h

JAYAR BN
Kpe=Ipn/l,*sin h
Kr.=Iry/I,*sin h
WD - HE - MIEANKRFIIBITAT9E 10 AL S
REIAITOIFEHOBHEERELREIL, &KEY
HEE L 2OOEHFHEOERR #IRELLY,
@lgy=1L,sinh-Q/(1+Q)  «eees (4 —19)
Q=1(0.8672+0.7505+sin h)

. p0.421 cosech, (1 _ pcosechy)2.277
P (1-—P )

A (4—-19), (4 —20) & Bouguer DR LY

Ity=1I,sin h* (P"wh+lT) ------ (4 —21)
®@Ipy=L,*sin h*Kpg- (1 —K1)/(1 —Kps)

...... (4 _22)

Kps=Kr— (0.8126+1.851sin h) + (1 — K3

(Kp=Kpe D& &) e (4 —23)
Kps=(1.8734+1.755- (1 —sin h)?) -K°

Kp<Krcnk &) e (4 —24)

Krc=0.4361+0.1946-sinh  ---ee- (4 —25)
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BATICRAGVF— 513 78 EELIEEE 14 » TR E
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BESIVMEE DS

HE0 - HE - KX T9E W0 AN 82EIAFTTO

3EM, AMAFIZBVTKTFREE DY, A
RZEHYE, FLEEC L 2 EREEELSE 0B
MET-72". ZOKREE LT, BREENZLS
CLARTE 52 H 548 AR JE5 00 1 58 75 W 555 A
LOKFHRKEHHFEELI RV L ERTEL DI,

BETORFAIIBAEBOHIE, 0L HELK
REWERIILDTREERL Y, HIRETOME:
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DEFOF— 5 #AVT, BRREETOHNLERD
EER) vy RERA L TR ARERSEY &K R
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N, EALAERE L L) REIEHEDEVICLLE
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EZ6N5D, TOLIICKEEE,LORERS %
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WZDWTRLZBDTH S, HOBHIIELR DR

LEDIRKEDREELRT, IOL ) IIHIZL -
Ty 70EMA R HHTEE, KH, B, i,
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DHETRIERDHLVIIKADOKEIBUL TS B
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4. 6 BHROFE
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HSREREAFEOERRTHVIZIODOLBIHELD
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KmZD'K'r.:i ...... (4 —27)
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Bouguer, Berlage DX & hE s EHS#HOHE
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E2X (ZEE10) LBX (ZE0) TN EFIhEEY
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ROWREEZHLBRENDLIENTELLEEZLNS,
QKE=E

FHI - K, Kp, & Kr OBEESKESE (sin
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HEiTolo I-ABEEIANOEBARRELRT
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LERER-TV D,
@EHPEOKEEE

FHI - KL, Kp & Kr OBEFEOAIZ L 1M
DEVOFERAKBEEEOEHELLEZ TOIIRL
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REAFOKEREDELEIFIRDELE) L5aH
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