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ABSTRACT 

Techniques fo r estimatin g dail y insolatio n b y determinin g extr a terrestria l 
sunshine an d dat a o n sunshin e hour s o r clou d cove r ar e discussed . Usin g on e yea r 
of fairl y goo d record s o f globa l radiatio n an d sunshin e hour s fo r tw o station s i n 
The Gambia , a t Bass e (Lat . 13 ° 33' , Long . 14 ° 54' ) an d Sap u (Lat . 13 ° 33' , Long . 
14° 54' ) correlatio n coefficient s ar e derive d fo r th e Prescot t equatio n usin g 
regression analysi s an d a  compute r program . Thes e "constants " ar e show n t o 
undergo sligh t variation s wit h locatio n an d accordin g t o th e prevailin g season , i e 
rainy an d dr y seasons . Thes e ar e compare d wit h othe r estimate s fo r Wes t 
Africa, othe r part s o f Africa , Europe , Asia , US A and Australia . 

DETERMINING EXTRA-TERRESTRIA L RADIATIO N 

The tota l amoun t o f energ y radiate d b y th e su n ca n b e determine d i f th e 
effective absolut e temperatur e o f th e su n i s known . Fro m variou s researc h 
results, thi s ca n b e assume d t o b e abou t 580 0 ° K (Haltine r an d Martin , 1957 ) an d 
the tota l energ y flu x (F ) ha s bee n calculate d a s 3.916 9 x  10 2 6 watt s o r 56.14 6 x 
1026 ca l mi n -1.  Sinc e thi s amoun t o f energ y i s als o a t norma l incidenc e o n a 
sphere concentri c wit h th e su n an d a t a  radiu s equa l t o th e mea n sun-earth' s 
atmosphere, i t ca n als o b e determine d by : 

(1) 

Where R o i s th e mea n sun-eart h distanc e o f 1. 5 x  10 13 cm and Io  i s th e s o calle d 
solar constan t define d i n watt s cm - 2 o r ca l mi n ~ 2. Thu s fro m equatio n (1 ) th e 
solar constan t ca n b e determined , i e 

The sola r constan t wa s firs t introduce d b y A  Pouille t i n 1837 . It s estimate d 
value varie s betwee n 1.94 6 an d 2. 0 ca l mi n - 1 c m -2  accordin g t o th e wor k o f 
various researchers . I n thi s pape r a  figur e o f 1.9 8 ca l mi n - 1 c m ~ 2 wil l b e 
assumed i n th e subsequen t calculations . 

3y us e o f I O, th e tota l amoun t o f energ y receive d b y th e par t o f th e 
earth/atmosphere syste m facin g th e su n ca n b e determine d accordin g t o th e 
following formul a 

(2) 

Where r e i s th e radiu s o f th e eart h equa l t o 6.3 7 x  10 8 cm . Thi s give s th e tota l 
energy receive d a s 2.5 5 x  10 1 8 ca l mi n -l.  A t th e to p o f th e earth' s atmospher e 
the amoun t o f radiation , mor e specifically , depend s o n th e orientatio n o f a 
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receiving surfac e i n relatio n t o th e sun' s norma l inciden t radiation . Thi s i n tur n 
depends o n th e tim e o f th e year , tim e o f th e da y an d th e latitud e ove r whic h th e 
surface i s located . Fro m Figur e 1 , i t i s clea r tha t th e amoun t o f radiate d energ y 
through a  surfac e A n i s equa l t o th e energ y throug h A h sinc e n o attenuatio n o f 
this energ y too k plac e befor e i t enter s th e earth' s atmosphere , thus ; 

(3) 

Where R 1
s i s regarde d a s th e instantaneou s extra-terrestria l radiation . I t i s t o b e 

noted als o fro m thi s figur e tha t 

(4) 

(6) 

Where Z  i s th e sola r zenit h angle , i e th e angl e subtende d b y th e loca l vertica l 
originating fro m th e centr e o f th e eart h an d th e lin e paralle l t o th e norma l ray s 
of th e sun . Sinc e th e eart h follow s a n elips e i n it s movemen t aroun d th e sun , th e 
value o f 1 O i s modifie d accordin g t o th e squar e o f th e rati o betwee n th e mea n 
sun-earth distanc e (R O) an d th e instantaneou s sun-eart h distanc e (R) . Equatio n 
(3) can therefor e b e revise d accordingly , i e 

(5) 

From figur e R  an d b y us e o f spherica l geometry , i t ca n b e prove n tha t 

Where 0  i s th e latitud e o f th e poin t o f observation , i s th e sola r declinatio n an d 
h the hou r angl e o r th e angl e throug h whic h th e eart h rotate s t o brin g th e poin t p 
under th e direc t ray s o f th e sun . Th e hou r angl e i s define d t o b e zer o a t sola r 
noon an d exactl y 90 ° a t sunris e o r sunse t durin g equinoxes . Substitutin g equatio n 
(6) i n equatio n (5 ) an d integratin g ove r a  perio d o f 2 4 hour s i e complet e rotatio n 
of th e earth , R s ca n b e define d a s follows ; 

Since W , whic h i s the angula r velocit y o f th e eart h give n i n radian s suc h tha t 
2 radian s i s covere d i n a  day , equatio n (7 ) can no w b e rewritte n as ; 

(8) 

Which yield s afte r integratio n 

In whic h h  i s expresse d i n radian s (0. 5 radian s =  90° ) i n th e firs t ter m o f th e 
equation. Fro m equatio n (6 ) an d b y definitio n o f h , i t ca n b e show n tha t a t 
sunrise o r sunse t fo r al l latitude s Co s =  0, whic h mean s tha t 

(7) 
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(10) 

In solvin g equatio n (9) , th e sola r declinatio n ca n b e estimate d b y variou s 
methods. A  serie s solutio n (Paltridg e an d Platt , 1976 ) ha s bee n derive d a s 
follows; 

(11) 

Where =  2 d/365(6 ) an d d  being th e numbe r o f th e da y i n th e yea r fro m 1  t o 
365(6). Equatio n (11 ) estimate s wit h a  maximu m erro r o f 0.000 6 radian s (  ) . 

can als o b e estimate d usin g th e followin g relationship s develope d b y th e U S 
Department o f Energy , Divisio n o f Sola r Energy , i e 

(12) 

where n  i s th e numbe r o f th e da y i n yea r fro m 1  to 365(6) . Th e da y give n agains t 
a particula r declinatio n ma y var y b y on e o r tw o day s give n thi s approach . Th e 
solar constan t modifie r (  )  ca n als o b e calculate d usin g a  serie s expansio n 
(Paltridge an d Platt , 1976) ; 

(13) 

ESTIMATING GLOBA L RADIATION A T THE EARTH'S SURFAC E 

The sola r constan t ter m I O i s onl y usefu l fo r estimatin g extra-terrestria l 
radiation. A t th e surfac e o f th e earth , th e energ y receive d i s largel y attenuated . 
The attenuatio n o f sola r radiatio n b y th e earth' s atmospher e i s comple x an d 
depends o n parameter s tha t ar e no t onl y difficul t t o estimat e bu t als o subjec t t o 
considerable spatia l an d tempora l variations . Furthermore , th e situatio n i s 
complicated b y th e presenc e o f cloud s whic h readil y reflec t bac k int o spac e a 
portion o f th e incomin g radiation . 

Because direc t measuremen t dat a ar e no t alway s available , certai n semi -
empirical approache s hav e bee n suggested . On e whic h i s o f interes t i s th e 
Prescott Equatio n (1940) . Thi s employ s calculate d extra-terrestria l radiatio n 
values an d a  rati o o f measure d sunshin e hour s (n ) an d th e dail y possibl e sunshin e 
hours (N ) obtainable fro m equatio n (10) . Prescott' s equatio n i s i n th e for m 

(14) 

where R E i s th e estimate d globa l radiation , a  an d b  ar e empirica l constant s 
which ar e obtaine d fro m regressio n analysi s betwee n th e ratio s Rg/R s an d n/N 
where R g i s measure d globa l radiation . 

When dail y sunshin e hour s dat a ar e no t available , mea n fractiona l clou d cove r 
data ca n b e used . Blac k (1956 ) usin g clou d cove r value s fo r 8 8 Europea n station s 
established a  quadrati c relationshi p betwee n clou d cove r ( C i n oktas ) an d th e 
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ratio o f measure d globa l radiatio n an d calculate d extra-terrestria l radiation , i n 
the followin g form , i e 

(15) 

Davies (1965 , 1967 ) derive d th e constant s o f equatio n (14 ) fo r som e station s i n 
West Afric a (Tabl e 1) . H e foun d tha t bot h th e value s o f a  an d b  var y wit h 
location an d tim e o f th e year ; a  decrease s an d b  increase s towar d highe r 
latitudes. H e observe d tha t i n genera l a  depend s onl y o n th e displacemen t o f th e 
regression lin e whic h i n tur n depend s o n th e scatte r o f th e plotte d points . Ther e 
were mor e scattere d point s durin g th e we t seaso n tha n durin g th e dr y season . 
Coefficient b  define s th e rat e o f chang e o f R g /R s wit h change s i n cloudines s an d 
this decline d fro m a  Decembe r maximu m to a  Septembe r minimum . Othe r 
researchers hav e derive d Prescott' s constant s fo r othe r location s aroun d th e 
world (Tabl e 2) . 

DERIVING THE CONSTANTS OF THE PRESCOTTS EQUATIO N 
FOR STATIONS IN THE GAMBIA 

As note d earlier , th e us e o f equatio n (14 ) fo r estimatin g incomin g globa l 
radiation require s prio r determinatio n o f a  an d b  fo r a  give n location . Fo r th e 
Gambia, dat a o f globa l radiatio n an d sunshin e hour s fro m tw o stations , vi z Sap u 
and Basse , hav e bee n use d i n a  compute r progra m fo r th e derivatio n o f thes e 
constants. Th e dat a covere d a  perio d o f on e year . 

By determinin g extra-terrestria l radiatio n fro m equatio n (9 ) an d tota l possibl e 
sunshine hour s fro m equatio n (10) , regressio n analyse s o n th e ratio s R g/Rs an d 
n/N wer e performe d an d thu s produce d th e value s a s indicate d i n Tabl e 3 . I n 
general, a  relativel y hig h correlatio n coefficien t resulte d betwee n dail y values . 
The value s o f a  ar e highe r durin g th e we t seaso n (Jun e t o October ) whil e th e 
values o f b  attai n thei r minimu m durin g thi s sam e season . I n general , bette r 
correlation coefficient s resulte d durin g th e dr y seaso n (Novembe r t o May) . 

After determinin g th e Prescot t constant s base d o n correlatio n fo r a  monthl y 
period, globa l radiatio n fo r eac h da y o f tha t mont h wa s the n estimate d b y usin g 
equation (14 ) (Tabl e 4) . Th e clou d cove r an d equatio n (15 ) wer e als o use d t o 
estimate globa l radiatio n fo r comparativ e reasons . 

CONCLUSIONS 

In Tabl e 4  i s reproduce d a  sampl e o f th e compute r result s fo r th e statio n o f Sap u 
for th e mont h o f January . Th e estimate d result s o f globa l radiatio n R E an d R C , 
respectively usin g sunshin e hour s an d clou d cover , bot h provide d goo d estimate s 
of th e actua l measure d values . Th e value s estimate d wit h clou d cove r o n 
average wer e highe r b y abou t 5% . I n general , i t i s t o b e recommende d tha t th e 
Prescott constant s b e determine d fo r eac h mont h s o a s t o accommodat e likel y 
climatic variation s durin g th e cours e o f th e year . 
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TABLE 1 : R g /R s versu s n / N fo r differen t dat a groupings (Davies , 1965 ) 

GROUPINGS 

All d a t a 

By s t a t i o n 

Benin 

Kano 

Accra 

For t Lam y 

Niamey 

a 

0 .19 

0 .28 

0 .26 

0 .30 

0 . 4 3 

0 . 1 1 

b 

1.60 

0 . 3 3 

0 .54 

0 .37 

0 .32 

0 .72 

r 

0 .86 

0 . 8 4 

0 . 8 3 

0 .82 

0 .72 

0 .82 

(Correlation Coeff ic ient ) 

By mont h 

J a n u a r y 

Feb rua ry 

March 

April 

May 

J u n e 

Ju ly 

August 

S e p t e m b e r 

Oc tobe r 

November 

D e c e m b e r 

- 0 . 0 4 

- 0 . 0 4 

0 .07 

0 .08 

0 .12 

0 .19 

0 .20 

0 .20 

0 .26 

0 .17 

0 .07 

- 0 . 1 2 

0 .88 

0 . 8 8 

0 .80 

0 .82 

0 . 7 3 

0 . 6 1 

0 .64 

0 .60 

0 .50 

0 .62 

0 .74 

0 .99 

0 .99 

0 .92 

0 .96 

0 .97 

0 . 9 3 

0 .87 

0 . 9 3 

0 .86 

0 .92 

0 .92 

0 .94 

0 .88 
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L
ocation 

A
ccra (G

hana
) 

K
ano (N

igeria
) 

K
unam

ura (W
. A

ustralia) 
D

elhi (India
) 

T
ateno (Japan

) 
D

odge C
ity (K

ansas, U
SA

) 
C

leveland (O
hio

, U
SA

) 
M

adison (W
isc. U

SA
) 

D
e B

ilt (N
etherlands

) 
R

otham
sted (England

) 
M

atanuska-A
nchorage 

(A
laska, U

SA
) 

L
atitude 

6° 
12° 
16° 
29° 
36° 
38° 
41° 
43° 
52° 
52° 

61° 

Period 

M
onthly 

M
onthly 

D
aily 

W
eekly 

M
onthly 

D
aily 

D
aily 

D
aily 

D
aily 

M
onthly 

D
aily 

a b 

0.30 0.3
7 

0.26 0.5
4 

0.334 0.43
1 

0.31 0.4
6 

0.25 0.5
4 

0.230 0.54
2 

0.188 0.53
9 

0.208 0.53
0 

0.22 -0.01
1 0.5

0 -0
.0

2 
0.18 0.5

5 

0.261 0.46
5 
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TABLE 3: Compute d constant s o f th e Prescott' s equatio n an d 
correlation coefficient s base d o n 198 0 dat a 

Station 

Sapu 
(Lat. 
Long. 

Basse 
(Lat. 
Long. 

13.55° 
14.96°) 

13.332° 
14.22°) 

Month 

January 
February 
March 
April 
May 
June 
July 
August 

September 
October 
November 
December 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

a 

0.250 
0.264 
0.277 
0.237 
0.288 
0.276 
0.302 
0.303 
0.288 

0.316 
0.280 
0.238 

0.255 
0.315 
0.269 
0.328 
0.325 
0.384 
0.293 
0.337 
0.477 
0.332 
0.270 
0.125 

b 

0.399 
0.387 
0.432 
0.392 
0.393 
0.380 
0.360 
0.362 

0.371 
0.379 
0.384 
0.405 

0.380 
0.326 
0.398 
0.359 
0.368 
0.271 
0.347 
0.303 
0.148 
0.369 
0.369 
0.476 

r (correlatio n 
coefficient) 

0.91 
0.90 
0.86 
0.90 
0.87 
0.90 
0.89 
0.88 
0.89 
0.83 
0.89 
0.91 

0.87 
0.84 
0.86 
0.75 
0.75 
0.71 
0.88 
0.85 
0.53 
0.73 
0.87 
0.84 
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: solar declination
; R

S: extra-terrestrial radiation
; R

g
: m

easured global radiation
; N

: possible hours of sunshine; 
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FIGURE 1 : Radiation a t th e to p of th e atmospher e 

(An: surfac e norma l t o th e sun' s rays ; A h: surfac e paralle l wit h th e earth' s 
surface; S : direc t radiatio n fro m th e sun ; E : earth' s surface ; A : to p o f th e 
atmosphere; Z : solar zenit h angle) . 



- 11 7 -

FIGURE 2: Relationship o f th e solar zenit h angl e (Z ) 

Latitude (ø) , Declination (δ ) and Hou r Angl e (h) . (Sellers , 1966 ) 
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