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HFCSRE TR AT BIE R o TR NN H RSES E ER 72 H B A FREBRAST - £
Mg R PR B RR R 2 AR RBUEK70.8 » HILE A HABRIMRER L 28]
EHE R ERE RN o SUMATRB LIRS BAESHIHE BB ZMEE o DIFEF t-test
SETHRRMEE R EAFEZIR » BRPREKREHLES - BRT RSN > DA
~LERRERERERI T ZHFRBURARK AN BERREN » WSS HRR
FWEZFR - EEE—PH -
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BRI H RS E A S RZE » BHE19244E Angstrom FIEZZHER®

RS=RC (@t (1—a) (N/N)]  seereeremresresireessennesissesuesneseenennesseneenensenees 1)

Hrp » Rs : 2 KHETE (Global solar radiation)

Rc: E2EE 2 AHE (Solar radiation of perfectly clear day)

n . BEHIHEKRE (Bright sunshine duration)

N : e A HIEFFE (Maximum possible duration of sunshine)
a . HUm M2

HifA [SE2E%) ZESRMSERES TS > Angstrom (1924) BR= 5B RERES Ea2)
B [e2E|2E| ZHREETEE » B2 Prescott (1940) BIET (1) RB

RS=Ra (2-FD(M/N)]  creererreererrerresesiuesiensesissesseseseeeensesseessesseses @)

AHF Ra BRAREBHNZAKTFIESER > a~ b SHURMESRE D o a~ b ERBERNEZHELNE -
5B R R SRR ETN R A —3 » K#8E » a {HFIES0.15~0.40 > b {EAIE0.27~0.68 » BER
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Rs=Ra [0.18+0.55(n/N)] ............................................................ 3)

EIRIR A FAO WEREIILMO0E B - FIMS6MEE 1 BHTE a~ b RSN - UK

PG - HEIT RO
Rs=Ra [0.25+0.50(H/N)] ............................................................ (4)

HE (3) B (4) R EERBRZEE FUREMEREEZHRA -

RN AHE » E#EE (1974) G 2) KX RS2 -~ 16E - EFtREZ a~b H &
T S T R A SRR SEAE B > SRR R RRAZ® o ER R H AR ERE RN » JRE IR
ZEBK o

& (1979) LIAREHEMEE » S171967~1977F B EESEM SR 2 5 22 H Y B 5 H RIF B Z Bt
»3RKG b EARIZ TR DGR R ZERZ HHE

Rs=Ra [0.2745+1.066(n/N)] ...................................................... 5)

BRI TS RERE HE RS » BT ERZEE » FEEMA LMZRHE -

MR (1982) KIBPRERFIIT4~1980FERIRE R FHRA T HER > FRarEEhE-tIEE
UEH RSB H SR BR » BRIHEHIZ a~b fH® o fRER (1987) XFLA1979~19854F (Fit
HIHEE1974~19854F) BEIELEBINEZ a~b {H® o

FPREERR (1986) RECAZENMREBEWHEBRIE LRE > 75 H BAE HERRE B ARG
B H SR B RETIHERRY

Rs=1(0.146+0.534n/N+0.0368inh) Rassccreeeeereeereceemsirerineniiiininiin, 6)
h: ZRISHERRKEGREE
HHEESH AT HHNE » WiaREEME S EOMHE - EHRRERTHBARZRER » SEH
EEESHMBERERTAREZRE - HMATYHHEAREETAEZEMARETmRER (
1987) FrsRis# o

&#8 1gbal (1983) Z#E#H > AR (2) H a~b EZSH » WU RAGF A EREGE
TR o BECATFMRAR AR > M (1987) J5IA1979~19834 275 2 H i E B R A A Et
FRETH 2) Foa~b [EZRE > MLE1BIFEHH AN BREBEZZR > H r=0.957 11 a
=0.2>b=0.43% - HHR Ra B8 N HZFHHETI2% Igbal ZAR™ o F (1990) 7551 H Rk
AR FHEPRMEFHZ Ra 8 N E? o

FAERBESTEMEFTRREEZEEHRAT  SHENBERZTER > 55/ lgbal (1983)
Z Ra # N AR DHAZEHRTRE » REZBSRRZ HHREEHEERER - w5
RERRZRIEERETT H S BB BRI REREME T o

M RAE

H LB - B RRBLERA » XXETH W - BRiZEE AT AR AR
BB RV BN ERAEME 1 » HPRUPRERFDRROEHE RS » BRAH
R E RS RN > TRZAEEE  NESIRERASREXKASH  BRRERTE
& S HNEAERES » BRI M & BIfEE ®5800cal/cm?/day » #ZEH#900cal/cm
*/day® » IRATRERMRITRE c HLAXTRAHREBR /SR EMEARERRNANHRABZER
» AT H IR 5 H ST BRI 7e R B S B ERSERMEST o S35 B IREES BRIERR A s
B HIEE o BRT PREKRARUES - BERRBEALIE RS H BRERHSEE > 1
B BRI 1 978 AR P AR BN H AT B H SR M RS R E1 98741 » BRSNS — 1R
Hsh - FE HRR B H A RAVRH » NEEARRS HINE EE RENE MR R - FREES
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FLEERIRFR » EASUNRHR A SR RCSRE RRETT 47 » DIRHE S8
BEE% o HPIEZ EAGRINER]L -

1. BRFEEFER
Table 1. Basic information of the weather stations in Taiwan.
i i wn P north east altitude
Stit(;?n Cglﬁ,l{y bto(i'ouéh Institute latitude  longitude m.
1. Central Weather Bureau
46692 Taipei Taipei weather station 25° 02’ 121° 30” 6
46749 Taichung Wuchi weather station 24° 16’ 120° 317 7
46777 Taichung Wuchi Taichung weather station 24" 09 120° 417 84
46748 Chiayi Chiayi weather station 23" 30" 120° 25’ 27
46741 Tainan Tainan weather station 23" 00 120° 127 14
46744 Kaohsiung Kaohsiung weather station 22" 347 120° 18’ 2
46759 Pingtung Hengchun Hengchun weather station 22° 00" 120" 44’ 22
46766 Taitung Taitung weather station 22° 45 121° 09’ 9
46699 Hualien Hualien weather station 23" 59’ 121° 36’ 16
46708 Ilan Ilan weather station 24° 46’ 121° 45’ 7
2. Chiana Irrigation Association
12057 Tainan Chiali Hsuehchia Upland Crop Irriga- 23" 13’ 120° 117 4
tion Experiment Station
3. Taiwan Sugar Company
52F03  Taichung Taichung Sugar Factory at Shui- 24° 11’ 120° 36’ 150
chehtou
52J20  Yunlin Huwei "Huwei experiment station, Taiwan 23" 43" 120° 26" 24
Sugar Research Institute
52K13  Yunlin Tungshih Tttmgan Farm, Huwei Sugar Fac- 23" 43’ 120° 16" 10
ory
52L76  Chiayi Taipo Tungshihliao Farm, Suantou 23" 28’ 120° 18" 9
Sugar Factory
51L87  Chiayi Talin Tz:pumei Farm, Talin Sugar Fac- 23" 36 120° 30 65
ory
52N11  Tainan TzzjlwgnRSIu;gar Research Institute 22" 58 120" 13’ 22
52030 Tainan Liuying Hsinying Sugarcane Experiment 23" 18 120° 19’ 14
Station, (T.S.R.1.)
52P43 Kaohsiung  Chishan Chiwei weather station, Chishan 22° 53’ 120" 29’ 44
Sugar Factory
51P53 Kaohsiung Hsiaokang Hsiaokang Sugar Factory, Pin- 22° 33’ 120° 20" 4
gtung Sugar Factory
52Q04  Pingtung Pingtung Experiment Station, Ta- 22° 40’ 120° 30’ 24
iwan Sugar Research Institute
52550  Taitung Fenglo weather station, Taitung 22° 47’ 121° 03’ 52
Sugar Factory
52T48  Hualien Kuangfu Tanung weather station, 23" 3% 121° 257 190
Hualian Sugar Factory
4. Taiwan Salt Works
60L51  Chiayi Putai Putai Salt Work 23" 20 120° 10 2
60N08 Tainan Tainan Salt Work 22° 58 120° 127 2
5. District Agricultural Improvement Station(D.A.L.S.)
72C44  Taoyuan Hsinwu Houchuan weather station, 24° 57’ 121° 02’ 34
Taoyuan D.A.LS.
72G60  Changhua Tatsun Taichung D.A.LS. 24° 017 120° 30" 19
72Q01  Pingtung Kaohsiung D.A.LS. 22° 40" 120° 30" 24
72520  Taitung Peinan Banjiou Experiment Field, 22° 50 121° 04’ 240
Taitung D.A.LS.
72T25 Hualien Chian Ch]i)ax Ivs/'Seather station, Hualien 23" 58’ 121° 35’ 36
72048 Llan Sanhsing Lanyang Experiment Field, 24° 42 121° 42’ 27

Hualien D.A.ILS.
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6. National Pingtung Polytechnic Institute

AORO0O8 Pingtung Neipu Department of Natural Resources 22° 39’ 120° 36" 71
Conservation Technology

1. Taiwan Livestock Research Institute

B2N89 Tainan Hsinhua Hsinhua weather station 23" 04" 120° 26’ 31
8. Taiwan Agricultural Research Institute
G2F82 Taichugn Wufeng Taiwan Agriculutral Research 24° 02’ 120° 40° 85
Institue
9. Taiwan Tabacco & Wine Monopoly Bureau
T2F42 Taichung Tali Taiwan Tabacoo Research Insti- 24" 05 120° 417 77
tute (T.T.R.L)
T2Q39 Pingtung Chiuju Pi’rfg%xr&gl Improvement station, 22° 43’ 120° 29 31

AIBIAR () (R ESREHR  ARR () ' Ra 5 N M2 {575 Iabal (1983)
ZHEHRO o
— A (day length) N (hr) B

NZ%COS‘I (tan@tand)  ceceerecerretirtitiiiititir et e )

D RE
¢ I KB7R# (declination) - lgbal BFZH TRAUSREZHERE® .

o= (T%%) X (0.006918—10.399912 X cosf +0.070257 X sin6 —0.006758

X c0s26+0.000907 X sin26 —0.002697 X cos36 +0.00148 X sin36)
6 : Hf (day angel)
=2z (dn—1) /365
dn : H& (Julian day) s R1IA1HB1EHE
A REBAKTFESE Ra (cal/cm?/day) BiR{E

Ra:274)< Isc X Eo X sind sin® X [(ﬁ)st_tan WS] .............................. (8)

Isc ! KIGHEE » LRERBE(IFR » Isc=1.98cal/cm?/min
Eo ! HIRBUEZ B DR IEER T » E TR REEWERPEEEE E > TRAUBRFZE
HERERY® ©
E0=1.00011+0.034221 X cosf+0.00128 X sin 8 +0.000719
X 0826 +0.000077 X sin26
Ws : HHEH » BIKTEA =90 R
Ws=cos-1(-tan®tand)

R EXEEHE (b#25°~22") 2 AR RN AREATESRAE 2 o Z32ELL
X7 ~ 8 FHESHEFHZ N & Ra {# » WEEEHBEES B8 H 58 E A BEEETERS
i~ IR\ Q) hEMEZHESE a~b E (FSSMERIGINE R HBREEZ2% o R
# Finkin (1983) X > EHEETRRERAIWE » BRIFEEEENZTRERKBBER RN
“9o Richardson and Wright (1984) 7REE#MEF] WGEN (Weather Generator) BsfEEH
R RELXRAEAENE  EEVFIVENTHER  FEAEERSEIEATH® « [RIRE
NI EM SRR 2 B AT BT » WA RS AT RN BIRR H 5T R EHIRERER » TR AR R
BZHRIEFR/-HERZRET AT - BRI B RS S TE » SHESBRERmE4 -
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TR —E SR RS a~ b - MEFTEMERRARBTHR R E H 2 B RS ERIELI,
BH SR BT B S EEEAEZ I » BREAIMREA » B Richardson and Wright (
1084) 47 WGEN %} H S0 RS R RME B2 MMM » THLUA FEEATHE » FIlL » R3Th5%
s AR Al — B2 R E s s B H AR t-test HUBR » (EEAESCHRMANERRR - E£RIEH
LRz A% - B t-test FeEER SRR E A SRS MATENER  MEBFTRS MR
1R BRI BN BT EREE R HREOTYZERRK t-test FIBRHRE BRINE P ERBAE
i HERZ t-test HHREER » DEREERZ AR RARKERNE -

fERHETTR

— hRERBEAGEAFHEFRZ LR

WiEst (7) f1 (8) FHEATEZBEEMERFYERHRINAREATERNE (R2) - Bx
bR R O AT D R S E » MRS KRN R R - BRI
B ERM LA ERHEREA T » HiE B SR ZARE B L - sAREAETR - AT B
BB LHREIELABRBEA  TTASE/D » EEBS - [El P RRAKTIEREZ AR
wafE (ED) o TEESHEEUEAMENES2ERE » MEEREZA#ERESETAH
BIE—BRRANBRES o AR HHRHZEC B RBHEAEL » [E&tE RN
SIS ETRE » EEGESLRENEER - B—AHRERTS - 2R B 5 RRERE G
WA s R B RAEREIG o BSEAA  BHEREARENEREAEE  AZEHEEEM
» B i TR G AR TR o 3% 2 LB AN A RIBAKF IR B FF R 618 cal/cm?/
day » Tfi25° %% 577 cal/cm?/day FMEEMHRIESR » ELLE10MEFISGE I B 4R » AUABGER H &
BREE R ITIRA E A 2R o BLRINERE - HEFHR 255 cal/cm?®/day » BREMSRER
371cal/cm?/day » TR B{E 2 HE BINEE363cal/cm?/day » JRE T BB ERRUELE 6 ~10HZ
HE BB ARS o B4 » BiLRBEANEAFHEREREKBEN 3 AR ZRRINERAL
B TSV AGEATES BRSNS ARG+ ZA » BETRKES A7 B 5B ZHZEER
WA R RIS IER B 2 I EEEARS o B B RBEREERE R L BER N H S B R A 28
TR » ERSZHERIREYE - SHEE RN BN TR G EE H S RIEEMRNSE - 155
EBEHETAR » B EZHERRESEAZER KGR o SR EMILE22°~25°ZH
» RIGTE H ST B > (B PE R » TR R 2 A L L -
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Z ERFUGBHELAEERX

IR T R A DS RIS B H IR BEE HNERER (2) Z a~bfEf r
EFIRE 3 o METRARBDERRIEIREER » WEH a~ b ZHEABINTARAZERERO™ > a
{E#550.15~0.40 » b EFIE30.27~0.68 » MEBALRIEM NS a fEMER—REEE0.15~0.40 - T
o~ R b ERE 0 REESE IR - BREED > DBH S HRBARA bz R A
o BERSLIEZ a~b HEMER (1979) BA1979~1983FEHRIRGHEMEFMELZ a=0.2 > b=0.
A3ORESE o HoAlh4% B AIRR ST AR S B A BRI TR S H AR BR BURIE - W RE AR &2
B BRI IR, - BREARIZ RERERYS - REMRLES - MR - SgRrREs
~ BEEER - B SRR - HTHEDS - BRERGIIRS S - BIREINRERS - BAREREST
K > LISGHEBMR B EBEEEHER > HHEBRIARRRERZ a b EHE - MRS EHR L RS
S PTSTHEVFEERSS - BN RSITEMSEANLEE b BRI - BRECHE R T RS - 51 H
B2 a~ b EIERFINSHETGE B 4 B ER  [ER2FHMME R o BEUHRRERF10ME
AR RERS% > MBEREERE r [EAR0.SZ RN » B HATR 2 R R UHRMN » BHR
FERIRTEROEERA o

3. SRSUEESHREFMESBEMARRE

Table 3. Local parameters and correlation coefficients of solar
radiation estimating formula of the weather stations.

tation  ounty boroush years days a b r

1. Central Weather Bureau
46692 Taipei 1979~1991 4748 0.14 0.56 0.92%*
46777 Taichung Wuchi 1980~1992 4749 0.20 0.42 0.85**
46749 Taichung 1979~1992 5114 0.18 0.48 0.93**
46748 Chiayi 1985~1992 2922 0.22 0.53 0.93**
46741 Tainan 1979~1992 5114 0.21 0.41 0.87**
46744 Kaohsiung 1979~1991 4748 0.19 0.44 0.84**
46759 Pingtung Hengchun 1979~1992 5114 0.22 0.44 0.90**
46766 Taitung 1979~1992 5114 0.23 0.59 0.92%*
46699 Hualien 1979~1987 3287 0.17 0.58 0.94**
46708 Ilan 1983~1992 3653 0.14 0.62 0.94%*

2. Chiana Irrigation Association
12057 Tainan Chiali 1986~1990 1743 0.23 0.38 0.77**

3. Taiwan Sugar Company
52F03 Taichung 1978~1990 4746 0.15 0.42 0.87**
52J20 Yunlin Huwei 1971~1990 6972 0.22 0.31 0.73**
52K13 Yunlin Tungshih 1963~1985 7611 0.17 0.26 0.70**
52L76 Chiayi Taipo 1985~1990 2191 0.19 0.50 0.99**
51187 Chiayi Talin 1963~1975 4442 0.19 0.50 0.99**
52N11 Tainan 1965~1990 9328 0.23 0.37 0.76**
52030 Tainan Liuying 1965~1990 8890 0.25 0.27 0.63**
52P43 Kaohsiung  Chishan 1985~1990 2191 0.23 0.56 0.99**
51P53 Kaohsiung  Hsiaokang 1961~1978 6444 0.19 0.49 0.99**
52Q04 Pingtung 1979~1990 4176 0.30 0.40 0.75**
52550 Taitung 1985~1990 2141 0.14 0.32 0.70**
52T48 Hualien Kuangfu 1971~1990 7230 0.16 0.46 0.90**
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4. Taiwan Salt Works

60L51 Chiayi Putai 1983~1986 1388 0.26 0.46 0.83**

60N08 Tainan 1985~1990 1997 0.17 0.44 0.71%*
5. District Agricultural Improvement Station

72C44 Taoyuan Hsinwu 1989~1992 1459 0.17 0.49 0.90**

72G60 Changhua Tatsun 1990~1992 1096 0.16 0.35 0.91**

72Q01 Pingtung 1988~1922 1827 0.18 0.40 0.88**

72520 Taitung Peinan 1989~1992 1095 0.23 0.24 0.60**

72T25 Hualien Chian 1988~1992 1827 0.15 0.53 0.91**

72U48 Ilan Sanhsing 1991~1992 638 0.13 0.58 0.91**
6. National Pingtung Polytechnic Institute

AOR Pingtung Neipu 1988~1992 1819 0.20 0.41 0.74**
7. Taiwan Livestock Research Institute

B2N89 Tainan Hsinhua 1990~1992 946 0.25 0.45 0.84**
8. Taiwan Agricultural Research Institute

G2F82 Taichung Wufeng 1990~1992 1095 0.19 0.43 0.85**
9. Taiwan Tabacco & Wine Monopoly Bureau

T2F42 Taichung Tali 1987~1990 1430 0.16 0.44 0.87**

T2Q39 Pingtung Chiuju 1986~1990 1763 0.11 0.44 0.85%*

** Significant at 1%

= hREFBANGHASHBERRA S EZ LB
AR AT A RS AT RIS & R BRIE SRR H T B AR ERE R BB A » RO P R R R R+

EHS BRI RRER (&4

s SELIRTE H SRR AR EBR (2) 2 a~b > BUSHMEZ a~b

ERSHHRRERESH BEHEHEE - REFHTIHNRRAERMEEMEZ t-test FIBRER
> AL ~ B~ E3 - [CEA2EDEE — H A FER T RAERRE 2SRk » EF
FISERIE T HEZEEZ T o BB t-test EITILER R H MERMERERTIZZR LR » HIER
fERBERA AR R EE ZRIYTEE - 2 ~E11Z () BT ERNREHEHRE
HHHNRATSHEESE - WERUAESE~CEZ HERBRBETHERST » B EFEREGH
HEZEHEEEHEREE | hR 4 20 EREEEHEBRA A SR Z W o

Table 4.

* 4

HRBRR & B H S BT SUG R

Comparison on the estimated solar radiation from different
weather data of the weather stations.

station years a b r years a b r

Taipei 1979~1985 0.14 0.55 0.92%* 1986~1991 0.15 0.57 0.92%*
Wuchi 1980~1986 0.21 0.41 0.84** 1987~1992 0.20 0.42 0.87**
Taichung 1979~1985 0.17 0.47 0.93** 1986~1992 0.19 0.49 0.93**
Chiayi 1985~1988 0.22 0.53 0.99** 1989~1992 0.22 0.53 0.93**
Tainan 1979~1985 0.21 0.42 0.88** 1986~1992 0.20 0.40 0.85**
Kaohsiung 1979~1985 0.22 0.45 0.87** 1986~1991 0.17 0.42 0.88**
Hengchun 1979~1985 0.23 0.43 0.91** 1986~1992 0.21 0.44 0.89**
Taitung 1979~1985 0.23 0.56 0.91%* 1986~1992 0.24 0.62 0.94**
Hualien 1979~1983 0.17 0.57 0.95** 1984~1987 0.18 0.59 0.93**
Ilan 1983~1987 0.16 0.64 0.93** 1988~1992 0.13 0.61 0.95**

** Significant at 1%
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Fig. 2. Comparison on the estimated solar radiation and observed data between
(a) from 1979 to 1985 and (b) from 1986 to 1991 at Taipei weather station.
—{3—measured mean —(3—measured mean
pe. —o—estmated mean —\— predicted mean
—X~—std of measured mean —X—std. of measured mean
—(O—std. of eshmated mean —O—std of predicted mean
I X% XN r X /Xx'x .
) /\‘//x XX ] YOO
2 xR oo x ) W . e
P o] W ool B R b e,
0 10 20 30 40 0 10 20 30 40
10-day periods of a year 10-day periods of a year
3. TEEER AL (a)1980~1986 (b) 1987~1992FE £ AP EHI H 4T BRERME BB Z ik
Fig. 3. Comparison on the estimated solar radiation and observed data between

(a) from 1980 to 1986 and (b) from 1987 to 1992 at Wuchi weather station.
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Fig. 4. Comparison on the estimated solar radiation and observed data between
(a) from 1979 to 1985 and (b) from 1986 to 1992 at Taichung weather station.
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Fig. 5. Comparison on the estimated solar radiation and observed data between

(a) from 1985 to 1988 and (b) from 1989 to 1992 at Chiayi weather station.
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Fig. 8. Comparison on the estimated solar radiation and observed data between
(a) from 1979 to 1985 and (b) from 1986 to 1992 at Tainan weather station.
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Comparison on the estimated solar radiation and observed data between

(a) from 1979 to 1985 and (b) from 1986 to 1991 at Kaohsiung weather station.

* Predicted values significantly differed from observed values at 5% level by t-test
* Predicted values significantly differed from observed values at 1% level by t-test
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(a) from 1979 to 1985 and (b) from 1986 to 1992 at Taitung weather station.
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Estimate and Analysis of Solar Radiations in Taiwan'

Chi-Ling Chen?, Chen-Fang Lin® and Tsang-Shen Liu?

Summary

This study estimated the daily solar radiation by using sunshine hours of data obtained
from major the weather stations in Taiwan, due to the following reasons : (1) the shortage
of the solar radiation measurements of many weather stations in Taiwan ; (2) the requir-
ment of the daily solar radiation data for the applications of weather resource ; (3) the
reliability of sunshine hours in relation with the estimate of the solar radiation ; (4) the
possibility of the estimate of solar radiation by sunshine hours measurement being easier
and more accurate to obtain. The correlation coefficients of the regression between the solar
radiation and the sunshine hours of 10 weather stations belong to Central Weather Bureau
were greater than 0.8 and statistically highly significant. Correlation coefficients for the
other weather stations were also significant or highly significant. These results showed that
the estimating formulars could be used to estimate the solar radiations of the weather
stations around Taiwan. The study also tested the formulars, established with five to seven
vears daily data, to predict daily data of next five to seven years. The statistical t-tests
revealed that applying those estimated formulars to predict solar radiations of the major
area in Taiwan,( were mostly acceptable.

Key words . Sunshine hours, Solar radiation.
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