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ABSTRACT - This papel presents a simple method for estimating fite global solar radiation over 
northeast Brazil. The inputs into the model are easily measurable (and available for a wide network of 
stations) meteorological parameter, namely precipitation and latitude. The comparison between 
observed and predicted values present a good agreement. 
Index terms: turbidity, meteorological parameter, precipitation, latitude 

MÉTODO SIMPLES PARA ESTIMAR A RADIÇÃO SOLAR GLOBAL 
NO NORDESTE DO BRASIL 

RESUMO - Este trabalho apresenta um simples método para estimar a radiação solar global sobre o 
Nordeste do Brasil. Os inputs são parâmetros meteorológicos facilmente mensuráveis (e dispon(veis 
para rede de estações), isto é, precipitação e latitude. A comparação entre os valores observados e esti-
mados apresenta boa concordância. 
Termos para indexação: turbidez, parâmetros meteorológicos, precipitação, latitude 

INTRODUCTION 

Among the several cimatic parameters, global 
solar radiation plays an important role in the crop 
production. Over northeast Brazil is being measu-
red at about 50 locations (Vieira et ai 1981).This 
network constitutes less than 5% of precipitation 
stations. These records are available only for few 
recent years. Barbaro et al. (1978) state that over 
Italy, based on the levei of calibration, the intru-
tiental errors range from 3 to 10%. Because of 
these constraints, in the past several scientists 
used simple modeis to derive global solar radiation 
for a wide network of stations from other meteo-
rological parameters (Reddy 1971, Reddy & Rao 
1973, Reddy et aL 1977, Angstrom 1924). 

Goldberg et ai. (1979) state that "over years 
there have been many attempts to produce models 
which can predict the amount of solar radiation 
energy available at any location. These modeis 
have ranged in complexity from the radiative 
transfer functions of Chandrasekar to some 
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simple models which do not require massive 
computers". They tested four such simple models 
(Liu & Jordan 1963, Goldberg & Klein 1978, 
Reddy 1971, Barbaro et al. 1978). Hutchinson 
et aI. (1983) reviewed the methods used in Austra-
lia. The widely quoted model in the literature is 
that of Angstront (1924). His equation received 
widest prominence because of its critica1 position 
in Penman's (1948) evaporationfor evapotranspira-
tion formulae. Linacre (1967), and Afonso & San-
tos (1980) presented a detailed list of constants ia 
Angstrom's equation obtained by different authors 
over different parts of the world. Vieira et al. 
(1981) presented these constants for each month 
for 50 locations over northeast Brazil. These studies 
indicate that there is no consistency ia these 
parameters either with latitude or with cloud cover. 
Glover & Mcculloch (1958) suggested a latitude 
correction which was later adopted by FAO (Frére 
1978). 

Reddy (1971, 1981). Reddy & Rao (1973) and 
Reddy et ai. (1977) presented simple empirical 
formulae. The first two were used in presenting 
global solar ra&ation over india (Reddy & Rao 
1976) and Mexico (Alinonza & Lopez 1978), 
while the third one was used in the analysis of 
longterm trend in radiation over few selected 
locations in India. 
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Tbe basic weakness of empirical forrnulae is 

that they don't account for the !ocalized factors 

that contribute significantly to the !eve! ofturbidity 

that increases or decreases the proportionate radia-

tion per unit doud cover. Therefore, it is very 

important to test the modeis before they are 

actua!ly applied to any new region (Sabbagh et al. 

1977). 

The objective 0f this study, therefore, is to test 

TABLE 1. Ust of locations used iii the analysis. 

some of these mode!s and suggest suitabk method 

for the estimation of global solar radiation as 

appllcable to northeast Brazil. 

Data 

The prirnary data consist of observed global 

so!ar radiation for 38 locations (Tab!e 1, Fig. 1) 

over northeast Brazi! (Vieira et ai. 1981) and for 

station 
O 

Latitude 
• O 

Longitude 
• 

Altitude 
m 

Period of data 

Acaraú 02 53 40 07 . 1976-78' 
Areia 06 58 35 41 606 1969-77 
Barbalha 07 19 39 18 408 1970-77 
Barra do Corda 05 30 45 16 082 1970-78 
Barreiras 12 08 45 00 441 1969-78 
Bomjesusda Lapa 13 16 43 25 441 1969-78 
Cabrobó 08 31 39 18 325 1970-78 
Caetité 14 04 42 28 878 1969-78 
Campina Grande 07 13 35 53 526 1971-78 
Caravelas 17 44 39 15 004 1969-78 
Carolinas 07 20 47 28 185 1969-79 
Crateús 05 11 40 40 277 1970-78 
Cruzeta 06 26 36 47 266 1971-78 
Floriano 06 46 43 02 123 1969-78 
Fortaleza 03 43 33 28 027 1969-78 
Iguatu 06 22 39 18 212 1970-78 
Ilhéus 14 47 39 03 066 1969-78 
Imperatriz 05 34 47 35 124 1976-79 
lrecõ 11 18 41 54 747 1971-78 
Jaguaruana 04 50 37 43 013 1969-78 
j0g0 Pessoa 07 07 34 53 030 1971-77 
Lençóis 12 34 41 23 528 1972-78 
Macau 05 07 36 38 - 1973-78 
Maceió 09 40 35 43 046 1976-78 
Monte Santo 10 26 39 20 545 1970-78 
Morada Nova 05 06 38 23 - 1970-78 
Patos 07 00 37 18 249 1974-78' 
Petrolina 09 23 40 30 372 1970-78 
Propriá 10 13 36 51 035 1969-78 
Quixeramobin, 05 12 39 18 211 1969-78 
R9cife 08 03 34 55 018 1968-78 
Salvador 13 00 38 31 046 1969-78 
Sâo Gonçalo 06 45 38 13 235 1971-78 
550 Luiz 02 32 44 17 036 1970-79 
Sobral 03 42 40 21 084 1970-78 
Surubim 07 50 35 46 - 1972-78 
Teresina 05 05 42 49 079 1976-78 
Turiaçu 01 43 45 24 008 1976-79' 

Period of data C 5 years 
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FIG. 1. List of locations used in lhis study. 

few selected locations the sunshine and the tempe- 
rature data (Brasil. SUDENE 1970). The precipita- 
tion data are taken froni Hargreaves (1974) 

publication, for the above 38 locations. 

MODEL DEVELOPMENT 

Comparison of differont methods 

The foliowing modeis are tested to undersland their 
suitability to northeast Brazil: 

a. Angstrom (1924) mudei as adopted by PÃO (Frère 
1978): 
R11 =Q0  {a+b(n/N)J 	 (1) 

b. Reddy (1971) and Reddy & Rao (1973) model: 

1l2 = 	[i.o + 0.8 n/N] [i -0.2r/M] 10.1 ./E 	(2) 
Reddy (1981) suggested a modificalion to K as: 

K= KXN/12 
Reddy (1974) algo suggested a method for estimat 

ing n through cloud amount data. 

e. Reddy etal. (1977) model: 

r101321 1.5I090  r N1 
Rt3=a[ pj 
	

(3) 

Where: R i ,= global solar radiation eslimated using 
equalion 1(1 = e 	s. 1, 2, 3,respectively), cal/cm 2 /day. 

Q0= lhcoretical solar radiation on the top of the atmos- 
phere, cal/cm 2/day. 

n = bright sunshine, hours/day. 
N = day length, hours 
h = relative huinidity, % 
r = rainy days in a month, days 
M = number of days in a calender month, days. 
e5 a  saturation vapour pressure, mbar 

67 90.4985 
= Exp (54.878919 

- 	 1

-5.02808 logo  1) 

T = everage temperature, 
P = station levei pressure, mbar. 
o = latitude of the placa, degrees. 
K,b - constants. 
Eq. 1 considers the relalive hours ofbrightsunshine,eq. 2, 
in addition, takes into accounl lhe relative humidity and 
rainy days and eq. 3, considers the average lemperature, 
day length, station levei pressure (i.e. height of the station) 
and latitude in lhe estimation of global solar radiation. ln 
eq. 1 lhe regression conslant "a" is multiplied by a latitude 
lerm (cos Ø). For the comparison of lhese models the 
data of 15 - locations well distributed over northeast 
Brazil are used. Tables 2, 3 and 4 present lhe ratios of 
global solar radiation estimated (R)  respectively using 
eqs. 1, 2 and 3 to the observed (Rt0). values [i.e., 1ti' 
Rto for i = lo 31 

In the case of eqs. 2 and 3, lhe ratios presenl a system-
atic decrease with latitude (Tables 3 and 4). In the case of 
eq. 2 the ralios are very large (overestimate) in low 
latitudes parliculaxly in December and January. It is well 
known that the almosphere over lhe lropics is generaily 
more lurbid than lhat over the temperate latitudes and 
lhis is more in Summer than in Winter. Ãngstrom (1961) 
found a decrease in turbidity with latitude. Turbidity 
increase with increasing precipitable water contenl 
(Yamamoto eI aI. 1968) and shouid be high at humid 
coastal stations - precipitable water content decrease 
with heighl. The former was accounted by a latitude temi 
(cos Ø) in the case of eq. 1. In the case ofeq. 2, these 
were accounted by the terms K, h and r where K is dif-
ferent for coastal as well as elevated locations (Reddy & 
Rao 1973). Mosl of these are also accounted in eq. 3. 
1-lowever, the term K lii eq. 2 appears to present an 
overestimate for regions below 80  lat., as in the develop-
menl of this formula lhe data for regions between 8 and 
350 iat. were oniy considered. In addition, il my be 
possible lhat the lurbidity is greater over northeast Brazil 
compared to India (see Tables 2 and 4). The devialions 
obtained with eqs. 2 and 3 (Tables 3 and 4) can be adjusted 
by filllng the ralios lo iogarithm of latitude as they 
presenl a quite systematic decrease with latitude. This is 
not so systematic in eq. 1 (Table 2). In Use case of eq. 3, 
it overestimates ia Winler and underestimates in Summer 
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TABLE 2. Ratios of global solar radiation estimated using Eq. 1 to observed at 15 locations over northeast Brazil 

Station 
Latitude 
Cd egrees 

Jan. Feb. Mar, Apr. May 

A ti IA  tO 

Jun. 	Jul. Aug. Sept. Oct. Nov. Dec. 

Turiaçu 1.72 1.31. 1.06 120 1.09 1.06 1.10 1.14 1.09 1.06 1.06 0.98 1.12 
Sâo Luiz 2.53 1.36 1.26 123 1.30 1.32 1.27 1.31 128 1.26 1.19 1.18 1.33 
Sobral 3.70 1.03 0.94 0.93 0.93 0.96 0.96 0.99 0.99 0.97 0.96 0.93 0.95 
Fortaleza 3.77 1.18 1.12 1.16 1.16 0.91 1.15 1.13 1.07 1.04 1.09 1.10 1.08 
Terezina 5.08 1.16 1.06 0.96 0.88 1.06 1.08 1.07 1.05 1.05 1.07 1.08 1.03 
Quixeramobirn . 620 1.10 1.08 1.01 1.06 1.14 1.15 114 1.10 1.10 1.11 1.08 1.09 
Barra do Corda 5.50 1.12 1.06 1.06 1.08 1.10 1.10 1.11 115 1.14 116 1.12 1.13 
Iguatu 6.37 1.03 1.09 1.00 0.98 1.06 1.04 1.09 1.06 1.06 1.08 1.11 1.17 
J050 Pessoa 7.10 1.16 1.09 1.04 0.99 1.06 1.04 1.12 0.99 1.01 1.08 1.09 1.14 
Recife 8.02 1.06 1.08 1.06 1.08 1.08 1.09 1.13 0.99 1.05 1.06 1.05 1.10 
Petrolina 9.33 0.90 0.90 0.79 0.88 0.87 0.91 0.90 0.87 0.86 0.88 0.90 0.89 
Maceió 9.67 1.02 1.05 0.99 0.99 1.07 1.14 0.92 0.82 0.93 1.05 0.96 1.06 
Salvador 12.95 1.02 1.09 0.94 1.06 1.10 1.13 1.05 0.99 1.02 1.08 1.03 1.03 
Caetité 14.07 0.84 1.06 0.90 0.94 0.96 0.86 0.96 0.88 0.93 1.03 0.90 0.91 
Ilhéus 14.78 1.08 1.12 0.99 1.10 1.10 1.02 1.02 1.00 0.92 1.07 1.02 1.05 

• Ati - Estimated global solar radiation using Eq. 1 

Observed global solar radiation 

while it is opposite with eq. 2 ia some cases. One possible 
reason for this type af patteru with eq. 3 may be the 
temperature present underestimates in the case of Brazil - 
as the climate in the Stevenson's screen is considerably 
different compared to other parts of the world- parttcula-
rity India where eq. .3 was tested initially. 

It is seen, from Table 5, that percent occasions of 
deviations are C 5% for the lince modeis is Iess than 30% 
upto 10%, eq. 1 presents about 60% occasions while the 
other two modela present < 40% of occasions. That 
means, even with N. 1 the percent occasions of deviations 
> 10% are about 40%, whicli is considerably large. 

Before, attempting to correct eqs. 1 to 3 as lhe  neces-
sary input data for these equations are available at only 
few locations. A simple regression equation similar to that 
employed by Reddy & Amorim (1984) for the estirnation 
af potential evapotranspiration and/or open pan evapo-
evaporation over northeast Brazil which uses rainfail as 
input is presented below. 

Simple method.suggested 

A simple equation that relates global solar radiation 
with precipitation and latitude is tried. This is given as: 

R14 a +b1 (la) +b2 (p113) 	
(4) 

where: Rt4 - global solar radiation estimated using eq. 4, 
cal/cm 2 /day 

la 	- latitude, dcgress 
P precipitation, mm 

a,b 1  & b 2  e constants 

Pesq. agropec. bras., Brasflia, 19(4) :391405, abr. 1984. 

In order to solve eq. 4, the data set of 15 locations 
used in the testing ofeqs. 1 to 3 are used. Table 6 presents 
the regression parameters a, b 1  & b 2  along with R2  
(Square of correlation coefficient). R 2  is very 10w in few 
months. 

Table 7 presents the latias of Rt41Rto  for the 15 
locations. The average ratios for each of the 12 months are 
more or less 1.0, suggesting that estimates are very dose 
to lhe observed values compared to those obtained with 
eqs. 1. to 3. It can be clearly seen from Table 5 that 
the percent occasions of deviation are C 5% are more than 
50% and C 10% itt more than 80% occasions. The majori-
ty of the deviations > 10% are mainly confined to two 
locations namely I'etrolina & Maceió. 

It appears that low ratios at Petrolina are mainly 
attributed lo instrumental differences 5 . See for example 
Fig. 2, a comparison between Petrolina (9 023' S; 
480 30' W, 372 m) and two nearby locations, namely 
Bebedouro (9009' 5; 480 22' W, 366 m) and Mandacaru 
(9024' 5; 40026 W; 375 m). The measured global solar 
radiation aI both Bebedouro and Mandacaru are conside-
rably lower than those recorded at Petrolina, where the 
ratios of global solar radiation at Bebedouro or Manda-
caru to Petrolina present about 87%. The comparison 
between observed ratios to estimated ratios suggests that 
both present a similar pattern except that fite observed 
ratios are less than 10% lo estimated ratios. That is, in 
Summer months the radiation is lower at Bebedouro and 

This is also seen from Table 2 (eq. 1). 
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TABLE 4. Ratios of global solar radiation estimated using Eq. 3 to observed at 14 locations over northeast Brazil. 

Station 
Latitude 
(degrees) 

Jan. Feb. Mar. Apr. May 

A 	IR 
t3 	tO 

Jun. 	Jul. Aug. Sept. Oct. Nov. Dec. 

Turiaçu 132 1.01 0.90 1.20 1.19 1.23 1.23 1.26 1.20 1.08 1.00 0.89 0.86 

São Luiz 2.53 0.98 1.08 1.17 1.24 1.41 1.34 1.34 1.33 1.19 1.07 1.01 1.00 

Sobral 3.70 0.91 0.87 0.87 1.02 1.13 1.22 1.25 120 1.10 1.04 0.96 0.89 

Fortaleza 3.77 0.86 0.91 1.13 1.20 0.97 1.22 1.24 1.13 1.03 0.98 0.92 0.88 

Terezina 5.08 0.90 0.90 0.95 1.00 1.07 1.06 1.10 1.11 1.10 1.07 1.01 0.91 

Quixerarnobim 5.20 0.87 0.88 0.94 1.03 0.92 1.26 1.28 1.23 1.14 1.06 1.00 0.90 

Barra do Corda 5.50 0.92 0.91 0.99 1.07 1.13 1.12 1.12 1.22 1.29 1.28 1.14 0.99 

Iguatu 6.37 0.84 0.95 0.97 1.00 1.14 1.20 1.30 1.24 1.15 1.12 1.09 1.02 

João Pessoa 7.10 035 0.73 0.83 0.88 1.10 1.19 1.28 1.10 1.00 0.94 0.85 0.80 

Recife 8.02 0.69 0.74 0.85 0.96 1.12 1.24 1.32 1.14 1.03 0.92 0.84 0.75 

Petrolina 9.38 .. .. .. .. .. .. .. .. .. . - 
Maceió 9.67 0.68 070 0.78 0.87 1.16 1.34 1.10 0.97 0.94 0.92 074 031 

Salvador 12.95 0.67 074 078 0.98 1.25 1.33 129 1.17 1.09 1.09 0.89 075 

Caetité 14.07 0.67 0.84 0.85 0.98 1.09 1.02 1.15 1.03 1.05 1.16 1.03 0.86 

Ilhéus 14.78 071 076 0.82 1.03 1.17 1.16 122 1.14 0.98 1.02 0.92 077 

• Rt3_ Estimated global solar radiation using Eq. 3 

9t0 Observed global solar radiation 

TABLE S. Percent occasions of deviations under different minimum specified limits using difterent modeis. 

Model 
Percent occasions of deviations (D) in the limiti 

C5 	 5-10 	 >10-20 >20 
Reference 

Eq. 1 28.3 	 317 32.8 7.2 Table 2 

Eq. 2 22.8 	 12.8 16.6 47.8 Table 3 

Eq.3 20.8 	 14.9 33.3 31.0 Table4 

Eq.4 60.0 	 217 17.8 0.6 Table 7 

Eq.4 51.3 	 24.2 18.3 6.2 Table 8 

Eq. 4 547 	 23.2 181 4.0 Table 7 & 8 

* R t •Ro 
D - x 100, %, Where R 	 - computed 

Ato 
Ato =observed 

DC 5%, 5%< 0<10%, 10% CD <20%, 0>20%. 

Mandacaru compared to Petrolina (both in the case of 
observed and estiinated values) and observed ratios are 
less by about 10% over the estimated values. Theretore, 
fite radiation at Petrolina presents an overestimate by 
about 10% compared to Bebedouro and Mandacaru. 

Apparently it is clear that either the recording at 
Petrolina present overestimates, or the recordings at 
Bebedouro and Mandacaru present underestimates. 

Pesq. agropec. bras., Brasília, 19(4) :391-405, abr. 1984. 

However, the 10% of higher radiation is refiected in Table 
7 as an underestimation by eq. 4 - - ir Petrolina data is 
correct, it may necessitate a 10% correction to ali stations 
as a correction to instrumental differences. 

ln the case cl Maceió, the observed data present an 
average of three years only. 

In the case of São Luiz, the estimates in almost ali 
methods present relatively an overestimate systematicaliy. 
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This may probably be because lhe observed data present 
an underestimate. 

Eq. 4 is also tested using independent data set for 23 
locations over northeast Brazil and thc ratios (Rt4/Rto) 
are presented in Table 8. Thc pattern is similar lo that of 
Table 7. Table 5 also presents the percent occasions of 
deviation in differcnt ranges for thcsc 23 locations and for 
total 38 locations. ln about 78% of occasions, thc devia-
tions are less than 10%. The seven locations tinI contribut-
cd significantly lo large deviations are Petrolina, Maceió, 
Acaxaú, Macau, Sâo Gonçalo, Carolina, Monte Santo, At 

TABLE 6. Regression parameters and their significance. 

Months 
a 

Regression parameters 

b g 	b 2  
R 2  

January 532 15.17 40.80 0.92 
February 608 8.50 -44.44 0.76 
March 685 3.70 44.80 0.92 
April 551 0.50 -23.70 0.54 
May 477 -1.50 -16.91 0.51 
June 442 -2.00 -14.00 0.73 
July 444 -2.00 -12.07 0.61 
August 501 -1.00 -13.20 0.16 
September 523 0.70 -15.000 0.06 
October 517 4.70 -20.20 0.34 
November 543 10.66 -35.79 0.39 
December 510 10.59 -30.07 0.52 

Pt _-.- global solar radiation 
Bebedouro 

- 	R1, P.voljna 

Mandacaria 

R,/R1 
Estin,ated 

- 	 Rto/Rt,J 

z 
o 
a-
4 
o 
4 

4 

-J 
4 

o 

o 

o 
o 
a-
4 

N'O 

MONTHS 

Fit 2. Comparison of ratio of global solar radiation 
recorded at Bebedouro, Mandacaru lo Petrolina 
(observed and estimatedl. 

TABLE 7. Ratios ot global solar radiation estimated using Eq. 4 to observed aI IS locations over northeast Brazil 

Station Latitude 
(degrees) 

Jan. Feb. Mar. Apr. May 

A t4 IRtO 

Jun. 	Jul. Aug. Sept. Oct. Nov, Dec. 

Turiaçu 1.72 0.99 0.84 LOS 1.06 0.97 0.91 0.93 0.95 0.97 0.96 0.89 0.90 
So Luiz 2.53 0.99 1.02 1.05 1.11 1_10 1.00 1.00 1.08 0.09 0.06 0.04 1.10 
Sobral 3.70 1.03 0.93 1.02 0.98 0.96 0.97 0.97 0.99 0.96 0.97 1.03 1.00 
Fortaleza 3.77 1.00 0.98 1.12 1.13 1.03 1.01 1.00 0.98 0.94 0.97 1.00 0.95 
Terezina 5.08 1.00 0.91 0.98 1.05 1.01 0.90 0.89 0.92 0.96 0.96 0.95 0.95 
Quixeramobini 5.20 1.07 1.03 1.02 1.01 0.98 1.01 1.01 1.01 1.02 1.03 0.09 0.06 
Barrado Corda 5.50 1.01 1.02 1.08 1.09 1.04 0.97 0.96 1.08 1.14 1.17 1.11 1.07 
Iguatu 6.37 0.99 1.04 1.03 0.97 0.98 0.96 1.02 1.01 1.00 1.01 1.11 1.13 
Jo5o Pessoa 710 1.02 0.94 0.95 0.88 0.90 0.89 1.00 0.96 0.94 0,96 0.97 1.00 
Recife 8.02 0.97 0.94 0.95 0.95 0.92 0.95 1.03 0.96 0.96 0.92 0.96 0.94 
Petrolina 9.38 0.90 0.91 0.92 0.95 0.90 0.92 0.92 0.89 0.90 0.87 0.87 0.80 
Maceió 9.67 0.93 0.97 0.95 0.88 0.94 1.03 0.85 0.82 0.88 0.93 0.88 0.94 
Salvador 12.95 1.03 1.06 0.95 0.98 1.05 1.06 1.02 1.03 1.05 1.05 0.99 0.99 
Caetité 14.07 0.95 1.11 1.02 1.06 1.05 0.90 0.99 0.92 0.97 1.10 1.03 1.01 
Ilhéus 14.78 1.07 1.01 0.94 1.04 1.05 0.94 0.99 1.02 0.94 1.05 1.03 1.01 

A14  - Estimated global solar radiation using Eq. 4 	At0  Observed global solar radiation 

Pesq. agropec. bras., Brasília, 19(4):391-405, abr. 1984. 
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Monte Santo, the deviationsare large (overestimate) during 	in different ranges for January to December. Except in 
Winter, while at Acaraú they are large in Summer. Caroli -  October to December the deviations are C 5% in more 
na and São Gonçalo present underestimates similar to 	than 50% occasions. The deviations exceed 10% in more 
Petrolina whule Macau presents overestimates. These 	than 30% in October while they are less than 20% in 
large systematic deviations may probably be due to 	March to May and September to December. R 2  values 
instrumental differences (fl. Fig. 3 presents these devia- 	are not truely reflecting these deviations. See for example - 

tions (Rt4 - Rto) for January to December. 	 January and August where R 2 - 0.92 & 0.16 respectively, 
Table 9 presents the percent occasions of deviations 	with similar deviations. 
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Therefore, in terms of these deviations, this method 

can reasonably be adopted te estimate global solar radia-
tion over northeast Brasil. Following the similar procedure 

as explained by Reddy & Amorim (1984), this can be 
extended to estimate global solar radiation aI weekly 

intervuls. 
Fig. 4 presents the spatial distribution of estimated 

global solar radiation over northeast Brasil for January 

to December (based on 38 locations data only). These 

figures indicate that the systematic movement of the high 

radiatjon belt with lhe movement of the sun and belts of  

high relative humidity. See for exampie, in Winter (May - 

Aug) when the sua is in the northern hemisphere, the 
high radiation belt is confined to drier part with Iow 

relative humidity. High radiation belt is confined to 
ver>' dry northeastern parts in Summer (Sept. to Dec.) 

with the rainy season (Jan. to Apr.) setting over 11w 

drier parIs of northeastern parts, the high radiation belt is 
shifted towards southeastern parts as the commencement 

of rains show a west to east dela>' (December lo March/ 
April). These patterns also suggest that the estimates using 

eq. 4 are reasonably valid. 

TABLE 8. Verif.cation of Eq. 4 with independent data sets of 23 locations over northeast Braril 

R t4
IR 

 tO 
Station 

Latitude 

(degrees) 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 

Acaraú 2.88 0.66 0.73 0.72 0.88 1.04 0.96 1.03 0.99 0.95 0.94 0.85 0.77 
Crateus 4.19 0.98 0.97 1.01 0.98 1.01 1.01 0.98 1.00 1.00 1.01 1.00 1.06 
Jaguaruana 4.83 1.14 1.02 1.15 1.07 1.05 1.06 1.05 1.10 1.08 1.10 1.12 1.08 
Morada Nova 5.10 1.04 1.01 1.05 1.00 1.01 1.00 1.02 1.07 1.06 1.04 1.14 1.01 
Macau 5.12 1.18 1.11 1.18 1.14 1.07 1.16 1.17 1.22 1.15 1.13 1.06 1.14 
Imperatriz 5.53 0.96 0.98 0.99 1.02 0.97 0.93 0.94 1.00 1.17 1.14 1.06 0.94 
Cruzeta 6.42 - - - 0.98 0.96 0,90 1.03 1.05 0.92 0.96 - - 0.93 1.01 
Floriano 6.71 1.06 1.07 1.05 1.06 099 0.93 0.93 0.95 0.95 0.96 1.01 1.07 
So Gonçalo 6.83 0.90 0.85 0.81 0.87 0.87 0.92 0.92 0.89 0.80 0.85 0.91 0.90 
Areia 6.97 1.04 0.92 0.92 0.84 0.92 1.03 0.99 0.97 0.95 0.98 0.98 1.03 
Patos 7.02 0.99 0.85 0.88 0.80 1.03 1.05 1.13 1.05 1.03 1.01 1.01 1.02 
Campina Grande 722 1.02 1.05 1.06 0.99 1.08 1.09 1.09 1.01 1.06 1.08 1.09 1.12 
Barbalha 7.29 0.89 0.91 0.94 0.98 0.99 0.97 0.98 0.94 0.97 0.95 0.96 0.94 
Carolina 7.33 1.05 1.13 1.12 1.16 1.09 1.02 0.98 1.07 1.16 123 1.14 1.10 
Surubim 7.72 1.01 1.01 1.06 1.00 0.95 0.95 1.01 0.95 0.98 0.94 0.98 1.01 
Cabrobá 8.50 0.95 0.99 1.03 1.02 1.08 1.08 1.10 1.00 1.00 0.93 0.91 0.88 
Propria 10.22 0.98 1.07 1.05 0.98 0.96 0.98 0.99 0.99 1.03 0.95 0.94 0.96 
MonteSanto 10.43 1.06 1.09 1.21 1.21 1.25 1.23 128 1.21 118 1.08 1.02 1.04 
Irecê 11.30 0.96 0.96 1.01 1.04 1.12 1.04 1.02 1.04 1.02 1.03 0.95 0.91 
Barreiras 12.15 0.94 0.98 1.08 0.99 1.02 0.97 0.94 0.97 0.99 1.07 1.00 1.11 
Lençóis 12.57 1.07 1.09 1.07 1.05 1.20 1.00 1.12 1.11 1.09 1.27 1.12 1.00 
Bom Jesusda Lapa 13.27 1.02 1.03 1.04 1.05 1.06 1.04 0.99 1.03 1.04 1.09 1.06 1.00 
Caravelas 17.73 1.04 0.99 1.00 1.03 1.04 1.09 1.05 1.07 1.18 1.25 1.17 1.03 

* Rt4 	Estimated global solar radiation using Eq. 4 

Rio. Observed global solar radiation 

TABLE 9. Percent occasions of deviations are in different ranges for different months (Based on 38 locations). 

Percent occasions 
Range(%) 

Jan, Feb. 	Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 

<5 	64.9 54.1 	55.3 57.9 57.9 57.9 632 57.9 55.3 50.0 47.9 44.7 
5-10 	18.9 27.0 	23.7 13.2 21.1 28.9 18.4 23.7 21.1 21.1 18.4 26.3 

10 	16.2 18.9 	21.1 28.9 21.1 132 18.4 18.4 23.7 35.1 28.9 28.9 

R 2 	.92 26 .92 .54 .51 .73 .61 .16 .06 .34 .39 .52 

Pesq. agropec. bras., Brasília, 19(4):391-405, abr. 1984. 
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CONCLUSIONS 

Three methods are tested for understandíng 

their suitability for estimating global solar radia-

tion over northeast Brazil. In ali the three methods 
the estimated values exceed observed values by 5% 

in more than 70% ofoccasions. A simple regression 
equation that relates global solar radiation to 

precipitation and latitude is established. The devia-

dons are c 5% ira more than 50% occasions with 
few exceptions. These resulta suggest that the 

agreement between observed and estimated values 

are superior in this model compared to other three 

models. Also, the input data are available at a 
quite large number of locations in fite case of 
simple model while for the other three models 

the data are available only at few locations. This 

study also presents a probable differences in 
observed data due to instrumental differences. In 

view of these, it is proposed that the simple 

regression model can reasonably be used to estimate 

global solar radiation over northeast Brazil. 

AFONSO, D. & SANTOS, J.M. Consideraçôes sobre a 
estimativa do potencial de radiação solar global. 
Ci. e Cult., 32:204-9, 1980. 

ALMONZA, R. & LOPEZ, 5. Total solar radiation in 
Mexico using sunshine hours and meteorological 
data. Sol. Energ21:441-8,1978. 

ANGSTROM, A. Solar and Terrestrial radiation. Quart. 
J. Roy. Met. Soe., 50:121-5, 1924. 

ANGSTROM, A. Techniques of delermining the turbidity 
ofthe atmosphere. Tellus, 13:214-21, 1961. 

BARBARO, 5.; COPPOLINO, 5.; LEONE, C. & SINA' 
GRA, E. Global solar radiation in Italy. Sol. Energ., 
20:431-5, 1978. 

BRASIL. SUDENE. Normas climatológicas (área do 
nordeste do Brasil), período: 1931-60. Rio de Janei-
ro, Ministério da Agricultura Escritório de Meteoro-
logia, 1970. 

FRERE, M. A method for the practical application of 
the Penman formula for lhe estimation of potential 
evapotranspiration and evaporation from a free 
water surface. sI., FAO, 1978. (FAO Agro. Ecol., 1). 

GLOVER, J. & MCCULLOCII, J.S.G.I. The empirical 
relation between solar radiation and hours of 
sunshine. Quart. J. Roy. Mel. Soe., 84:172-95, 
1958. 

GOLDBERG, B. & KLEIN, W.H. A simplified model for 
determining the spectral quality of day light and the 
availability of solar energy at any location. New 
Delhi, India, s.ed., 1978. vi. 

GOLDBERG, B.; KLEIN, W.H. & MCCARTNEY, R.D. 
A comparison of some simple models used to predict 
solar irradiance on a horizontal surface. Sol. Energ., 
23:81-3, 1979. 

HARGREAVES, Gil. Ptecipitation dependability and 
potentiais for agricultural production in northeast 
Brasil. sI., EMBRAPA/Utah State Univ., 1974. 

HUTCHINSON, M.F.; BOOTII, T.H.; MCMAHON, J. 
P. & NIX, H.A. Estimating monthly mean values of 
daily total solar radiation for Australia. si., s.ed., 
1983. 

LINACRE, E.T. Climate and evaporation from crops. 
ASCE lxrigat. Drainage Div., 93:61-79, 1967. 

LIU, B.Y.H. & JORDAN, R.C. A rational procedure for 
predicting lhe long term average performance of 
flatplate solar-energy collectors. Sol. Energ., 7: 
53-74, 1963. 

PENMAN, H.L. Natural evaporation from open water, 
bare soil and grass. Proc. Roy. Mel. Soe., London 
(A), 193:12046,1948. 

REDDY, S.J. An empirical method of estimation of total 
solar radiation. Sol. Energ., 13:287-90, 1971. 

REDDY, S.J. An empirical method for estimating sunshine 
from total cloud amount. Sol. Energ., 15:281-5, 
1974. 

REDDY, S.J. Estimation of global solar radiation. Sol. 
Energ., 26:279, 1981. 

REDDY, S.J. & AMORIM, N.M. da S. A method for the 
estimation of potential evapotranspiration andf 
or open pan evaporation over Braril. Pesq. agropec. 
bras,, Brasilia, 19(3):247-67, mar. 1984. 

REDDY, J. JUNEIJA, O.A. & LAIIORI, S.N. Power 
spectral anaiysis of total and net radiation intensities. 
Indian J. Radio & Space Phys., 6:60-6, 1977. 

REDDY, S.J. & RAO, K.R. An impirical melhod of 
estimation of evapóration from free water surface 
of water. Indian J. Meteorol, Geophys., 24:137-52, 
1973. 

REDDY, S.J. & RAO, K.R. Radiation and evaporation 
distribulion over lndia. Natl. Geograpli. J. Jrtdia, 
22:54-63, 1976. 

SABBAGII, I.A.; SAYIGI-1, A.A.M. & EL-SALAM, E.M. 
A. Estimation of lhe total solar radiation from 
meleorological data. Sol. Energ., 19:307-11, 1977. 

VIEIRA, de A.P.; MÁRIO, A.V.S. & OSORIO, G.A. 
Zoneamento do potencial de energia solar do Nor-
deste. Campina Grande, UFPB/NMA, 1981. 80p. 
(Coleção Politécnica - Série Técnica, 2). 

YAMAMOTO, G.; TANAKA, M. & ARAO, K. Ilemis-
pherical distribution of turbidity coefficient as 
estimated from direel solar radiation measurements. 
J. Meteorol. Soe., 46:287-95,1968. 

Pesq. agropec. bras., Brasília, 19(4) :391405, abr. 1984. 


