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ABSTRACT 

Data ar e presente d fo r globa l sola r radiatio n o n a  horizonta l plane , H  an d o f 
duration o f sunshine , n , o n a  monthl y basi s an d thei r regressio n coefficients , fo r 
various station s i n Nigeri a an d th e Republi c o f Cameroon . I t i s conclude d tha t 
the individua l statio n regressio n equation s woul d b e reasonabl y accurat e fo r mos t 
applications particularl y whe n th e ra w dat a ar e no t available . Overal l regressio n 
equations, whil e givin g genera l averag e value s d o no t accuratel y predic t th e 
insolation i n a  particula r area . 

INTRODUCTION 

In orde r t o apprais e th e economic s o f a  propose d solar-energ y applicatio n i n a 
particular are a an d t o desig n a  conversio n devic e whic h wil l mee t a  potentia l 
demand, i t i s necessar y t o kno w th e amoun t o f sola r radiatio n obtainabl e a t th e 
pertinent location . Ther e ar e othe r use s o f suc h informatio n suc h a s a 
meteorological forecasting , determinatio n o f agricultura l potentia l an d 
estimates o f evaporatio n rate s fro m bodie s o f water . Thu s sola r energy , lik e an y 
other nationa l resource , demand s detaile d informatio n o n it s availability . 

Previous survey s o f th e availabilit y o f sola r energ y i n variou s area s o f th e worl d 
have bee n base d o n dat a availabl e i n th e mor e develope d countries . Whil e thes e 
items o f informatio n hav e bee n o f som e use , the y d o no t provid e a  complet e 
picture particularl y fo r developin g countries . Sinc e th e availabilit y o f th e sola r 
resource i s essentiall y site-specifi c s o to o mus t monitorin g o f th e resource . 
Unfortunately, th e less-develope d countrie s hav e ver y fe w monitorin g station s 
which i s attributabl e t o th e hig h cost s o f monitorin g devices . I n recen t times , 
however, man y ne w station s hav e bee n starte d throughou t th e world , thu s 
increasing th e amoun t o f dat a available . I n additio n t o thes e ar e th e mor e 
extensive meteorologica l station s whic h routinel y measur e othe r usefu l 
parameters suc h a s ai r temperature , relativ e humidity , sunshin e hours , rainfal l 
etc . whic h ca n b e used , selectivel y i n estimatin g sola r radiatio n intensities . 

The presen t pape r describe s par t o f a  projec t whic h aim s t o provid e a n extensiv e 
study o f sola r energ y economic s fo r Nigeri a an d Cameroo n an d i n particula r t o 
provide solar-radiatio n map s fo r th e tw o countries . Specifically , thi s pape r 
provides a  mean s o f estimatin g sola r radiatio n o n horizonta l surface s fo r severa l 
areas o f Nigeri a an d Cameroon . While  ther e ar e severa l type s o f sola r radiatio n 
data, eac h wit h it s ow n particula r utility , th e for m o f dat a mos t readil y availabl e 
and mos t frequentl y reporte d i s globa l radiatio n o n a  horizonta l surface . I t i s 
also th e mos t usefu l for m i n tha t method s ar e availabl e fo r estimatin g othe r 
types o f dat a fro m them . 

The presen t projec t i s motivate d b y th e nea r tota l absenc e o f accurat e sola r 
radiation dat a base s fo r Nigeri a an d Cameroo n an d als o th e nee d t o develo p sola r 
energy conversio n device s particularl y fo r rura l application . Withi n Nigeria , 
there ar e fiv e station s wit h a  reasonabl y reliabl e recor d o f insolatio n -  Lagos , 
Ibadan, Benin , Nsukk a an d Kano . I n Cameroon , ther e ar e te n -  Yaounde , Yoko , 
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Ambam, Batouri , Douala , Mafe , Koundja , Ngaoundere , Garou a an d Maroua-Salak . 
The Nigeria n station s hav e dat a fo r u p t o fiv e years , th e Cameroonia n station s 
for les s the n on e yea r wit h th e exceptio n o f Yaound e an d Garou a whic h hav e 
data fo r nearl y tw o years . Instrument s use d ar e predominantl y Kip p an d Zone n 
and Epple y pyrarnometer s fo r globa l radiatio n an d th e Campbell-Stoke s Sunshin e 
Recorder fo r sunshin e hours . Detail s o f al l station s ar e show n i n Table 1 . 

PROCEDURE 

Various empirica l relation s hav e bee n develope d fo r estimatin g sola r radiatio n 
using commo n meteorologica l variable s suc h a s ai r temperature , relativ e 
humidity, duratio n o f brigh t sunshine , altitud e an d latitude . Th e degree s o f 
successes hav e bee n equall y varied . 

To obtai n a  surve y o f sola r economic s i n Nigeri a an d Cameroo n an d t o prepar e 
solar radiatio n map s base d o n goo d estimates , th e followin g form s o f th e 
empirical relation s wer e examined : 

H' =  a ex p (b(S-R) ) (1 ) 
H' =  ASa R b (2 ) 
H' =  a +  bS (3 ) 
H' = a +  bR (4) 
H' = a +  bT (5 ) 
H' = a b S + cR (6 ) 
H' =  a +  Bs +c R +d T (7 ) 

where H ' i s th e rati o o f th e observe d insolatio n H  t o it s extraterrestria l valu e 
HO, R  i s th e relativ e humidity , T  i s th e rati o o f th e observe d ai r temperatur e t o 
its loca l maximu m valu e an d A , a , b , c , d  ar e constant s o f th e regressio n 
equations. Th e variou s meteorologica l parameter s bein g readil y available , th e 
task wa s t o determin e th e regressio n constant s an d henc e deduc e th e bes t an d 
the simples t o f th e equations . Al l thes e relation s hav e bee n use d b y previou s 
authors wit h th e exceptio n o f equatio n 7  which i s relatively new . 

Data wer e sough t fro m th e appropriat e institution s an d fro m th e literature . 
Those fro m th e Cameroon , albei t few , wer e use d t o examin e th e problems . 

The regression equatio n 

As note d above , sola r radiatio n an d othe r dat a obtaine d fro m th e Republi c o f 
Cameroon wer e use d t o tes t equation s 1- 7 abov e an d henc e t o determin e th e 
regression equation s fo r tha t country . Result s obtaine d ar e show n i n Tabl e 2 . 
Values fo r H O her e ar e th e loca l maximu m globa l radiatio n a s measured . Th e 
correlation coefficien t fo r equatio n 7  is i n th e for m o f a  3  x 3  matrix . 

To determin e th e appropriatenes s o f th e equations , result s wer e obtaine d o f 
values o f H/H o a s predicte d b y th e equation s an d compare d wit h actua l value s 
for eac h o f th e 1 0 stations i n th e Cameroo n (Tabl e 3) . 
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TABLE 1 : Detail s o f station s 

Stations 

NIGERIA 

Lagos 
Ibadan 
Benin 
Nsukka 
Kano 

CAMEROON 

Yaounde 
Yoko 
Ambam 
Batouri 
Douala 
Mamfe 
Koundja 
Ngaoundere 
Garoua 
Marouwa-Salak 

1973 -
1973-
1958-
1975 -
1953 -

1982 -
1982 -
1982 -
1982-
1982 -
1982 -
1982-
1982 -
1982-
1982-

76 
78 
62 
78 
57 

83 
83 
83 
83 
83 
83 
83 
83 
83 
83 

Latitude 

6° 27'N 
7° 26'N 
6° 33'N 
6° 52'N 
12° 3'N 

3° 52'N 
5° 33'N 
2° 23'N 
4° 25'N 
4° l'N 
5° 43'N 
5° 37'N 
7° 17'N 
9° 20'N 
10° 28'N 

Longitude 

3° 24'E 
3° 54'E 
5° 37'E 
7° 24'E 
8° 32'E 

11° 32'E 
12° 22'E 
11° 17'E 
14° 14'E 
9° 44'E 
9° 17'E 
10° 45'E 
13° 19'E 
13° 23'E 
14° 16'E 

Altitude 

(metres) 

3 
228 
78 
488 
472 

753 
1028 
602 
650 
5 

126 
1208 
1115 
241 
423 

Duration 

(months) 

48 
72 
60 
45 
81 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
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TABLE 2: Regressio n equations fo r Cameroo n Republi c 

Equation Regressio n equation Correlatio n inde x 

1. H/H o =  0.713 ex p (-0.142(S-R) ) 0.62 6 

2. H/H o =  0.885 R - 0 . 7 7 S 0 . 5 8 2 0.77 8 

3. H/H o =  0.62 +  0.26S 0.99 2 

4. H/H o =  0.806-0.09R -0.86 3 

5. H/H o =  0.849 -  0.136 T -0.0 1 

6. H/H o =  0.571 +  0.019R +  0.336T 0.099 2 

7. H/H o =  1.19S +  0.567R +  3.0T -  2.4 6 
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TABLE 3: Estimate s of sola r radiation from teste d equation 

Station 

Yaounde 

Garoua 

Ambam 

Nkoundja 

Ngaoundere 

Maroua 

Mamfe 

Batouri 

Douala 

Yoko 

Actual 

0.718 

0.805 

0.700 

0.725 

0.791 

0.784 

0.730 

0.709 

0.702 

0.776 

Eqn.1 

0.759 

0.706 

0.758 

0.733 

0.716 

0.697 

0.758 

0.749 

0.764 

0.735 

Eqn.2 

0.580 

1.06 

0.588 

0.784 

0.929 

1.21 

0.575 

0.661 

0.541 

0.768 

H/Ho 

Eqn.3 

0.713 

0.780 

0.715 

0.760 

0.785 

0.783 

0.709 

0.732 

0.706 

0.756 

Eqn.4 

0.735 

0.757 

0.735 

0.740 

0.752 

0.764 

0.736 

0.736 

0.732 

0.740 

Eqn.5 

0.745 

0.745 

0.745 

0.749 

0.749 

0.748 

0.741 

0.743 

0.738 

0.743 

Eqn.6 

0.676 

0.768 

0.678 

0.739 

0.772 

0.772 

0.671 

0.702 

0.666 

0.732 

Eqn.7 

0.632 

0.833 

0.645 

0.725 

0.807 

0.760 

0.687 

0.750 

0.776 

0.854 
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The followin g conclusion s ma y b e drawn : 

1. Equatio n 4  show s tha t relativ e humidit y ha s negativ e correlatio n a s 
earlier reporte d b y Ahma d e t a l (1983 ) whic h i s hig h i n absolut e valu e an d 
hence ma y b e use d fo r sola r radiatio n estimation . 

2. Ai r temperature , o n it s own , canno t b e use d fo r sola r radiatio n estimatio n 
since i t i s insensitive t o locatio n (Tabl e 3) . 

3. Equatio n 2  appear s t o predic t rathe r hig h value s fo r sola r radiatio n i n th e 
northern area s (ari d an d semi-arid ) whil e givin g correspondingl y lowe r 
figures fo r th e souther n o r rain-fores t areas . 

From th e presen t analysi s th e modifie d Angstro m relatio n (Equatio n 3 ) i s a s goo d 
as any , fo r th e predictio n o f globa l sola r radiatio n i n a  tropica l are a lik e 
Cameroon an d Nigeria . I t i s simple r t o us e tha n eithe r Equation s 6  o r 7 . Hence , 
it i s used fo r th e res t o f th e wor k describe d here . 

Global solar radiatio n fo r Nigeri a an d Cameroo n 

In th e Angstrom-typ e o f regressio n equation , mea n dail y insolatio n fo r monthl y 
periods, H  i s derive d fro m th e amoun t o f extraterrestria l sola r radiation , H O, th e 
number o f measure d sunshin e hour s a t a  station , n , an d th e maximu m numbe r o f 
sunshine hour s possibl e a t th e station , N , fro m th e expressio n 

(8) 

where a  an d b  ar e coefficient s o f th e regressio n equation . H O i s obtaine d fro m 
the equatio n 

(9) 

(10) 

(11) 

(12) 

In th e above , al l angle s ar e i n degrees . Equatio n 8  i s base d o n a  developmen t o f 
Angstrom an d use d i n modifie d form s b y Frit z an d MacDonal d (1949) , Blac k e t a l 
(1954), Matee r (1955 ) an d Pag e (1961 ) amon g others . Wit h particula r referenc e 
to Wes t Africa , th e Angstro m relatio n ha s als o bee n use d b y Davie s (1965) , 
Swartman an d Ogunlad e (1967) , Akinset e (1974) , Harr y (1978) , Ezekw e an d Ezeil o 
(1981), Bamir o (1983 ) an d Neba-Fab s (1984) . Davie s worke d o n dat a fro m tw o 
Nigerian station s (Kan o an d Benin ) whil e supplementin g hi s wor k wit h dat a fro m 
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Niamey (Nige r Republic) , Accr a (Ghana ) an d For t Lamy . Swartma n an d 
Ogunlade obtaine d relationship s i n dimensiona l for m fo r Niger a fro m dat a fro m 
Ikeja (Lagos) , Beni n an d Kano . Th e othe r loca l investigation s hav e bee n fo r 
definite location s -  Nsukk a (Ezekw e an d Ezeil o 1981) , Ibada n (Bamir o 1983 ) an d 
Lagos (Harr y 1978) . Neba-Fab s (1984 ) deal t entirel y wit h th e Cameroon . 

As wit h th e wor k b y Davie s (1965 ) th e presen t stud y take s a  broa d vie w o f th e 
Nigerian an d Cameroonia n sola r climate . Regressio n coefficient s a  an d b  ar e 
determined fo r th e tw o countrie s an d fo r specifi c location s withi n them . -
Lagos, Ibadan , Benin , Nsukka , Kan o an d Yaound e an d Garoua . 

RESULTS 

Results o f th e analyse s ar e show n i n Table s 4  and 5  as wel l a s thos e obtaine d b y 
Bamiro (1983 ) fo r Ibada n an d Ezekw e an d Ezeil o (1981 ) fo r Nsukka . 

The figure s obtaine d fo r Nigeri a a s a  whol e underestimat e th e sola r radiatio n fo r 
the norther n area s an d th e south . Thus , estimate s fro m thi s equatio n can , a t 
best, b e sai d t o giv e a n averag e fo r th e country . Fo r mor e seriou s work , th e 
regression equatio n fo r eac h statio n mus t b e used . Th e coefficient s obtaine d fo r 
Kano, Norther n Nigeri a ( a =  0.11 , b  =  0.67 ) ar e rathe r differen t fro m thos e 
quoted b y Davie s (1965 ) ( a =  0.26 , b  =  0.54) . Thi s ma y b e attribute d t o th e 
progressive chang e an d a  mor e ari d climat e i n Kano . Fo r Nigeria , ther e 
continues t o b e a  latitudina l tren d wit h value s o f a  decreasin g an d b  increasin g a s 
one move s fro m sout h t o north . 

The value s o f a  =  0.6 2 an d b  =  0.2 6 obtaine d fo r Cameroo n ar e rathe r puzzling . 
There i s n o vali d explanatio n fo r thi s behaviour . Value s obtaine d fro m th e 
regression equatio n ar e i n good agreemen t wit h thes e values . Generally , dat a fo r 
the Cameroo n ar e fe w i n numbe r thu s promptin g furthe r investigatio n i n th e 
future. 
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TABLE 4: Regressio n coefficient s fo r Nigeri a an d Cameroo n 
and for individua l station s 

Grouping Lat. 

Niger ia 

C a m e r o o n 

Individual s t a t ion s 

Lagos 

* Ibada n 

Benin 

+ Nsukk a 

Kano 

Yaounde 

Garoua 

.20 

.62 

.29 

.35 

.28 

.28 

. 11 

.27 

.28 

.52 

.26 

.33 

.37 

. 3 3 

.65 

.67 

.30 

.43 

.81 

.99 

.86 

.84 

.89 

.86 

.78 

.70 

.88 

.62 

.72 

.61 

.93 

.79 

.57 

.71 

6° 27' N 

7° 26' N 

6° 33' N 

6° 52' N 

12° 3' N 

3° 52' N 

9° 20' N 

* Bamir o (1983) ; +  Ezekw e &  Ezeilo (1982) . 

Month 

TABLE 5: Regressio n coefficient s fo r Lago s by month s 

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

29 

24 

23 

25 

42 

36 

32 

31 

33 

48 

05 

39 

.24 

.34 

.36 

.26 

.12 

.01 

.09 

.14 

.11 

- . 1 3 

.68 

- . 0 2 

.53 

.58 

.59 

.51 

.54 

.37 

.41 

.45 

.44 

.35 

.73 

.37 

a b t 

a b r t 
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