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INTRODUCTION 

Solar energy i s  by far the most important climatic factor. There are many 
situations in which accessible information concerning solar intensity might be used. For 
example, it i s  a significant parameter in ecological problems dealing with silviculture, 
entomology, pathology, and fire control. 

Optimum use of solar energy requires knowledge of the exact location of the sun 
and the magnitude of insolation at any time of the day and year. Tables and graphs have 
been prepared which give the sun's location (that is, altitude and azimuth) as  a function 
of latitude, time of day, and year (Smithsonian Institution 1958, Hutchinson and Cotter 
1955). More recently, computer programs have been written which give not only the 
sun's location but also direct solar radiation on a horizontal surface (Robertson and 
Russelo 1968, Furnival et al. 1969). However, direct solar radiation on a horizontal 
surface may not be as useful as radiation on sloping surfaces o r  vertical walls. Such 
tables have been prepared by Frank and Lee (1966) and Fons et al. (1960). These tables 
present either daily solar radiation values o r  coefficients which have to be multiplied by 
direct solar radiation on a horizontal surface for specific aspects, slopes, and latitudes. 
Such tables are  of limited use because of the range of latitudes and slopes presented and 
because additional calculations are required. Therefore, computer programs were modi- 
fied and written to calculate direct solar radiation on selected slopes and aspects in 
10-degree increments from the Equator to 60 degrees north. These results are  pre- 
sented in tabular form and a s  graphical plots of hourly and daily values. 

THEORY 

Theoretical derivation of the necessary equations has been given by Byram and 
Jemison (1943), Fons et al. (1960), and Frank and Lee (1966), among others. These 
equations are presented here for completeness. A sample surface is located in the 
Northern Hemisphere a s  shown in figure 1. The sun i s  directly overhead at point P on 
meridian Zq with a declination 6 .  The sample surface is  located at latitude $, point r, 
on meridian rnq which has an hour angle h from the meridian Zq . The surface cfgi  
has a slope a from the horizontal j o  , a deviation of e from the vertical cd , and an 
aspect 6 from the north no. 

The sun's rays are  striking the surface at r with an altitude angle Sok , called 
A, from the horizontal. The altitude A i s  given by: 

sin A = sin $ sin 6 + cos 4 cos 6 cos h ; 

and the azimuth AZ from the north, where AZ = Z + 90 degrees, is given by: 

sin AZ = - cos d sin h/cos A .  

The solar intensity I on the surface cfgi is: 

I = 12 l /sin A sin 0 

where 
sin 0 = sin A cos a - cos A sin a sin (2-B). 



I, is the radiation at the top of the atmosphere on a surface normal to the sun's 
rays and p is the atmospheric transmission coefficient. 

A computer program, written by Furnival et al. (1969), calculated direct solar 
radiation at the top of the atmosphere on a surface parallel to the earth's surface. This 
program was modified to calculate direct solar radiation at the earth's surface on any 
slope and aspect, at latitudes from 0 to 60 degrees north, with any atmospheric trans- 
mission coefficient. 

RESULTS AND DISCUSSION 

Hourly solar radiation was computed for: slopes in 15-degree increments rang- 
ing from level to a vertical wall; 16 aspects, in 22-1/2-degree increments; 20 selected 
days of the year; latitudes, in 10-degree increments, from 0 to 60 degrees north; and 
atmospheric transmission coefficient of 0.9. The possible combinations are  detailed in 
table 1. Other options may have been desirable but were too costly. At latitudes greater 
than 60 degrees, where the sun does not set on certain days, the computations become 
more difficult and so were omitted. 

The atmospheric coefficient of 0.9 was selected because it was representative 
of conditions on the top of a mountain, about 1,500 m., on a clear day. Other values 
would be useful for some areas where atmospheric pollution is severe. List (Smithsonian 
Institution 1958) presents seasonal totals of direct solar radiation with different atmos- 
pheric coefficients at many latitudes. These values may be useful for comparison. 

The hourly computations for the selected days are displayed in four ways as: (1) 
isograms of radiation drawn on graphs of time versus slope for specific days, aspects, 
and latitudes, (2) daily totals in tabular form for specific days, aspects, and latitudes, 
(3) isograms of daily totals versus days for specific latitudes, and (4) annual totals in 
tabular form for specific slopes; aspects, and latitudes. The details of display are dis- 
cussed in the following section. 

The computed values apply only to surfaces on level terrain where sunrise and 
sunset are not restricted by topographic features. Many applications of the radiation 
values are in city or mountainous areas which have limited day length. Other computer 
programs can be utilized for these special applicationsl/ Knowledge of the solar 
altitude and azimuth as a function of the time of day and day of year is required to com- 
pute solar radiation for these areas. List (Smithsonian Institution 1958) presents, in 
convenient graphical form, solar azimuths and elevations for the same days and latitudes 
as listed in table 1. For completeness, the graphs are  duplicated here (figs. 51-57).2/ 

L/ Ross Lake S o k x  Program, Forest Meteorozogy, CoZZege of  Forest Resources, 
University of Washington. 

21 Courtesy of the Smithsonian Inst i tut ion Press, Washington, D. C. 



EXPLANATION OF FIGURES AND TABLES 

Isograrns of direct solar radiation (hourly values drawn for every 10 and labeled 
for every 20 cal. cm. -2) were drawn on graphs of time (hours) versus slope (degrees) 
for each of the nine aspects and each of the 8 days at the seven latitudes. For conven- 
ience, all of the graphs for a specific day and latitude have been reduced and displayed 
together (figs. 2-36). Some subfigures are labeled double because the east and west 
aspects are mirror images with respect to solar radiation. The degree of slope is denoted 
across the bottom of each graph. The reader should note that: 

(1) the left axis radiation values (zero slope) for each graph for a given day are 
the same for the same hours of each day, 

(2) the south-facing walls (right axis of subfigure south) are  in sunlight when the 
north-facing walls (right axis of subfigure north) are not, 

(3) the east-facing slopes are in sunlight while the comparable west-facing slopes 
are not, 

(4) the hours of daylight decrease from summer (fig. 21) to winter (fig. 17), and 
(5) the degree of slope receiving the most radiation increases from summer to 

winter as the sun's altitude decreases. 

The second method of presentation of the radiation data is in tabular form. The 
hourly values were accumulated to form daily totals. These are presented in tables 2-8 
as a function of degree of slope and aspect for each of the 20 days and for each latitude. 
(See table 1 for days of equal value. ) 

The daily totals of solar radiation for selected north-, east-, and south-facing 
slopes were plotted versus day of the year (figs. 37-50). There are two graphs for each 
latitude, one containing the isograms for level, north 30-, north 60-, north 90-, and 
east 30-degree slopes, and the other containing isograms for east 60-, east 90-, south 
30-, south 60-, and south 90-degree slopes. These graphs can be used for quick com- 
parison of various slopes and aspects; it should be noted that the values for the east and 
west slopes are equal. The latter half of the year can be assumed to be symmetrical 
to the first half. 

Annual values of solar radiation for each slope and aspect are given in tables 
9-15. Small errors  exist in these totals because it was assumed that the period from 
December 22 to June 22 was identical to the period from June 22 to December 22. This 
e r ro r  is  small compared with variations in atmospheric transmission coefficients and in 
determining the slope and aspect of a particular surface. 

Solar altitude and azimuth for the seven latitudes are given in figures 51-57 
The user should refer to table 1 for the approximate date of the various declinations. 
For example, the declination of -5 degrees occurs on March 8 and October 6. Figure 51 
shows the solar azimuth at 10:OO a.m. on either of the above dates to be 100 degrees and 
the elevation to be 60 degrees above the horizon. Intermediate latitudes can be linearly 
interpolated. 
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Table 1 .-- Input data from which hour ly  values, d a i l y  and yea r l y  t o t a l s  
o f  d i r e c t  so la r  r ad i a t i on  were computed using the atmospheric 
transmission c o e f f i c i e n t  o f  0.9 

December 22 
Jan. 21-Nov. 22 
Feb. 9-Nov. 3 
Feb. 23-Oct. 20 
Mar. 8-Oct. 6 
Mar. 21-Sept. 23 
Apr. 3-Sept. 10 
Apr. 16-Aug. 28 
May 1-Aug. 12 
May 21-July 24 
June 22 

N 
NNE-NNW 

NE-NW 
ENE-WNW 

E-W 
ESE-WSW 
SE-SW 

SSE-SSW 
S 

Aspect Slope Approximate date Decl i nat ion L a t i  tude 



Table 2.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 
at 0 degrees north latitude 

(Cal . cm-* daym1 ) 

LATITUOE 0 OESREES NORTH* OEC. 22 
ASPECT 

SLOPE N NNE NE EWE E ESE SE SSE S 
(OEGREES) NNW NU WNW W WSW SW SSW 

LATITUOE 0 DECREES NORTH* FEB. 23 
ASPECT 

SLOPE N LNE NE ENE E ESE SE SSE S 
(DECREES 1 h ~ n  NW NNW n wsu sw ssw 

L AT I T U  DE 0 DEGREES NORTH* JbNe 21 
ASPECT 

N NNE NE ENE E ESE SE SSE S 
. NNW N n  WNM w WSY sw ssn 

LATITUOE 0 OEGREES NORTH* HARe 8 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES NNW NN WNW W WSW SW SSY 

SLOPE 
(DEGREES 1 

LATITUOE 0 DEGREES NORTH, HAR. 2 1  
ASPECT 

SLOPE N RUE WE EN6 E ESE SE SSE S 
(OEGREES 1 NNY NW WNW n nsw s* ssw 

LATITUOE 0 DEGREES NORTH* FEB. 9 
ASPECT 

SLOPE N NNE NE EWE E ESE SE SSE S 
(OEGREES 1 NNW NU WNY W WSW SY SSW 



Table 2.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 

at 0 degrees north ~ ~ ~ ~ ~ u ~ ~ , - - c C ~ N T I N U E D  

(Cal. cm-* day-') 

LATITUDE 0 DEGREES NORTH* APR. 3 
ASPECT 

SLOPE N bNE NE EWE E ESE SE SSE S 
(DECREES ) NNW NU WNW Y WSW SY SSW 

LATITUDE 0 OEGREES NORTH* HPY 2 1  
ASPECT 

SLOPE N LNE NE EN€ E ESE SE SSE S 
(OE'JREES) NNW NW WNW w wsn sw ssw 

LATITUOE 0 DEGREES NORTH* APRc 1 6  LATITUOE 0 DESREES NORTH* JUNa 22 
ASPECT ASPECT 

SLOPE N NNE NE EWE E ESE SE SSE S SLOPE N NNE NE EWE E ESE SE SSE S 
(DEGREES) NNW NU WNW W WSW SW SSW (DEGREES 1 NNW NU WNW Y WSW SW SSW 

LATITUDE o DEGREES NORTH. nay I 
ASPECT 

SLOPE N NNE NE EWE t ESE SE SSE S 
(OEfREES) NNW NW WNW W WSW SW SSW 



Table 3.--Daily values of direct solar radiation.computed for selected slopes, aspects, and days 
at 10 degrees north latitude 

LATITUOE 1 0  DEGREES NORTH* OEC. 2 2  
ASPECT 

SL OPE N NNE NE ENE F ESE SE SSE S 
(DcGREES) NNW NW WNW W ~ S W  sw SSH 

lATITUOE 10 CEGRLFS NORTY* FEB. 23 
ASPECT 

SLOPE h NNE NE EN5 F FSL SE SSE 5 
(OFGREFS) NNW NW WNW n wsw sw ssw 

LATITUDF 1 0  DEGREES NORTH, JAN. 2 1  
ASPECT 

SLOPE N hNE NE ENc E ESE SE SSE S 
(OLGREFS'S) WNM NU WNW n wsu sw ssw 

LATITUOF 1 0  DEGREES NORTH, FEB. 9 
ASPECT 

SL OPF N NNE NE EN€ E ESE SE SSE S 
(OEGREESI NNW NW WNW W WSW SW SSW 

LATITUDE 1 9  DEGREES NORTH, MAR. 8 
ASPECT 

SL T)PF N NNE NE ENE t ESE SE SSE S 
(DEGRFFS) NNW NW WNW n wsw sn ssw 

LATITUOE 1 0  OEGREES NORTH* HdR. 2 1  
ASPECT 

SL OPF N NNE NE EMF E ESE SE SSE S 
(DEGREES I NNW YW WNW )I wSW $34 SSW 



Table 3.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 
at 10 degrees north latitude --CONTINUED 

(Cal . day'' ) 

LATITUDF 10 OEGREFS NORTH, APR. 3 
ASPECT 

SL OPl  N NNE NE EN€ E ESE SE SSE S 
(OFG REES) NNW NW WNW w wsw sw ssw 

LATITU'!F 10 DEGRLFS NORTH, MAY 21 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(OEGREFS) NNW k M  WNW W WSW SW SSW 

LATITUDE 10 DEGREES NOPTHt APR. 16 
ASPECT 

SLOPE L NNE kE E N €  € ESE S E  SSE S 
(OF6REES 1 NNW NW WNU USW SU SSW 

L I T I T U D E  10 DEGRFES NORTH* HAY 1 
ASPECT 

SLOPE W hNE NE EN€ E ESE SE SSE S 
(OFGRFFS) NNW NW WNW w wsw su ssu 

LATITUDE 10 DEGREES NORTH* JUN. 22 
ASPECT 

SL OPF N NNE kE ENE E ESE 
(OFGREES)  NNW NU WNW W WSW 

SSE S 
SSU 

747 747 

647 641 

515 494 

361 325 

203 147 

70 4 

2 0 



Table 4.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 

at 20 degrees north latitude. 
(Cal . cm-* day-' ) 

LATITUDE 2 0  DEGREES NORTH, DEC. 2 2  
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES) NNW NU WNW W NSW SW SSW 

LATITUOF 2 0  OEGQFFS NORTH, FFB. 2 3  
ASPECT 

SLOPE N WNE hE ENE E ESE SF SSE S 
(OEGSEFS) bNM NU WNW W WSW SM SSW 

LATITUDF 2 0  DEGREES NORTH* J1M. 2 1  LATITUDE 2 0  OEGREFS NORTH, MAR* 8 
ASPECT ASPECT 

SLOPE K NNE RE ENF E ESE SE SSE S SL OPF N NNE NE ENE E ESE SE SSE S 
(DEGREES) NNW NU WNW W WSW SW SSW (DfGQEES) NNW NU WNW N WSW SW SSW 

LATITUDE 2 0  DEGREES NORTH. FEE* 9 
ASPECT 

SL OPE N NNE NE ENE E ESE SE SSE S 
(OFGREES) NNW NU WNW W wsw sw ssu 

LRTITUDE 2 0  DEGREES NORTH, MAR. 2 1  
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES) NNW NU WNW W WSW SW SSW 



Table 4.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 

at 20 degrees north latitude --CONTINUED 

(Cal. day-') 

LATITUOE 20  OEGREES NORTH, APR. 3 
ASPECT 

SLOPE N UNE NE ENE E ESE SE SSE S 
(DEGREES) NNW NW w w w  w wsw sw ssw 

L A 1  ITUOE 20  DEGREFS NORTH* MlY 2 1  
ASPECT 

SLOPe N CNE HE ENE F S E  SE SSE S 
(OE6 4EES) #NW hw WNW W WSW SW SSW 

LbTITUDE 2 0  DEGREES NORTH, APR. 16 
LSPECT 

SLOPE N NNE NE ENE E ESE SE SSE 2 
(DE6REES) NNW NU WNW w wsw sw ssw 

LATITUDE 20  OEGREES NORTH, JUN. 22  
ASPECT 

SLOPE N NNE NE EN€ E ESE SE SSE S 
(DEGREES) NNW NW WNW W USW SW SSW 

0 ROO 800 800 800 800 800 800 800  800 

1 5  8 2 1  818 807 7 9 2  774 756 739 7 2 9  725 

LATITUOE 20  OEGREES NORTH. HAY 1 
ASPECT 

S t  OPF N NNE N E E N E  E ESE S E S S E  S 
f DEGQEES) NNW NW WNW U MSU SW SSN 



Table 5.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 
at 30 degrees north latitude 

(Cal . cm-2 day-') 

LATITUOE 30 OESREES NORTH* DEC. 22 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES 1 NNW NW WNW w wsw sw ssw 

LATITUDE 30 DEGREES NORTH, FEB. 23 
ASPECT 

SLOPE N hNE NE EN€ E ESE SE SSE S 
(OESREES 1 LNW NW WNY w nsn s n  ssn 

LATITUDE 3 0  DESREES NORTH, JAN. 2 1  
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(OEGREES NNW NU WNW w wsw sw ssw 

LATITUDE 30 DEGREES NORTH, FEE. 9 
ASPECT 

SLOPE N hNE NE ENE E ESE SE SSE S 
(OESREES 1 NNW NW WNW W WSU SH SSW 

LATITUOE 30 DEGREES NORTH, MAR. 8 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES) hNW NW WNU W WSW SP SSW 

LATITUOE 30  DECREES NORTH, RlR. 2 1  
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES) NWW NW WNW W WSW SW SSW 



Table 5.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 
at 30 degrees north latitude-CONTIN~ED 

LATITUOE 30  OEGREES NORTH* APR. 3 
ASPECt 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES NNW NW WNW W WSW SY SSW 

LATITUOE 3 0  OEGREES hORTHs HAY 2 1  
ASPECT 

SLOPE N E NE EN€ E ESE SE SSE S 
(DEGREES J NNW NW YNY w nsn sn ssn 

LATITUDE 30 DEGREES NORTH* APR. 16 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DECREES1 NNW NW WNW w wsw sw ssw 

LATITUOE 30 DESREES NORTHr JUN. 22 
W E C  T 

SLOPE N hNE NE EN€ E ESE SE SSE S 
(DEGREES) NNW NW WNW W WSW SW SSW 

LATITUOE 3 0  OEGREES NORTH* M l Y  I 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(OE6REES) LNW NW WNW Y WSW SW SSW 



Table 6.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 
at 40 degrees north latitude 

(Cal . daym1 ) 

LATITUDE 4 0  OEGREES NORTH* OEC. 2 2  
4SPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES) NNW m WNW n wsw sn ssw 

LATITUOE 4 0  DEGREES NORTH* JAN. 2 1  
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(OE6REES) NNW NW WNW U WSW Sn SSW 

LATITUOF 40 OEGR~ES NORTH. FEE. 23 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
( DE6REES ) NNU NU WNW W USU SW SSW 

LATITUOE 40  OEGREES NORTH, MAR. 8 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
( DFG REES) NNW NW WNW U WSW SW SSW 

LATITUOE 40  MGREES NORTH* FEB. 9 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(OEG REES) NNW NN YNW W USW SW SSW 

LATITUDE 40  OEGREES NORTH* MAR. 2 1  
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
iDE6REES) UNW W MNW w USW sw SSN 



Table 6.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 
at 40 degrees north latitude --CONTINUED 

(Ca l  . c K 2  day-' ) 

LATITUDE 40 DECREES NORTH* APR. 3 LATITUDE 40 DEGREES NORTH, HAY 21 
ASPECT ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE NE ENE E FSE SE SSE S 
(OE6 REES NNW NW WNW W WSW SW SSW DECREES) NNW NU WNW W WSW SW SSW 

LATITUDE 40 DEGREES NORTH* APR. 16 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
t DE6REES) NNW NW WNW W WSW SW SSW 

LATITUDE 40 DECREES NORTH* nay i 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
( DEC REES) NNW NW nnw w wsw sn ssn 

LATITUDE 40 OEGREES NORTH, JUN. 22 
ASPECT 

SLOPE N NNE ME ENE E ESE SE SSE S 
(DEGREES NNW NU HNW W WSW SH SSW 



values of direct solar radiation computed for selected slopes, aspects, and days 
at 50 degrees north latitude 

(Cal . c K 2  day-') 

LATITUOE SU DE6REES NORTH* FEE. 23 
ASPECT 

SLOPE N NNE NE EWE E ESE SE SSE S 
(DEGREES 1 NNW NU UNW u wsw sw ssw 

LATITUO~ 50  DESR€ES t l0RfH.1 

SLOPE N NWE NE 
C DECREES 1 NNW NW 

LATITUDE 5 0  DEGREES NORTH* JAN* 2 1  
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DECREES 1 LNW NW WNW w MSW sw ssw 

DEC* 22 
ASPECT 

EN€ E ESE SE SSE S 
YNW W WSW SW SSW 

LATITUDE 50  DE6REES NORTH. MAR. 8 
ASPECT 

SLOPE N LNE NE ENE E ESE SE SSE S 
(OEGREES) NNW #W WNW W WSW SW SSW 

LATITUDE 5 0  DECREES NORTH* FEE. 9 
ASPECT 

SLOPE N NNE ME ENE E ESE SE SSE S 
(DEGREES ) WNW NY WNW W WSW SW SSW 

LATITUDE 50 DE6REES NORTH. WAR* 2 1  
ASPECT 

SLOPE N nne NE EWE E ESE SE SSE s 
IOEGREES) WNW NW www W wsw sw ssw 



Table 7.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 
at 50 degrees north latitude --CONTINUED 

(Cal . cm-* day-1 ) 

LATITUDE 5 0  OEGREES NORTH, APR. 3 
dSPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES ) NNN NU YNW N USU SW SSW 

LATITJOE 5 0  OEGREES WORTH, HAY 21 
ASPECT 

SLOPE N AN€ K E  EN€ E ESE SE SSE S 
IDEGREES) NNW ~h WNW w wsw sw ssn 

LATITUDE 5 0  DESREES NORTH. APR. 16 LATITUDE 5 0  DEGREES NORTH9 JUN. 22 
ASPECT ASPECT 

SLOPE N NNE N L  EN€ E ESF SE SSE S SLOPE N NNE NE EWE E ESE SE SSE S 
(DE6REES) NNW NU UNW W YSW SW SSW (OE6REES NNW ~h WNY w wsw sw ssw 

LATITUDE 5 0  OEGREES NORTH, M A Y  I 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEZREES) NNW NU n ~ n  n nsw sn ssw 



Table 8.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 
at 60 degrees north latitude 

(Cal . day-' ) 

LATITUOF 6 0  PEGREFS NORTH* OEC. 2 2  L6TTTU-F 60 DEGRTrS YORTH, Fr9.  2 3  
ASPECT PSPECT 

SLOPE N NNE NE ENE E ESE SE SSE S SL OPC h hNF kE 'N? E ESE SE SSE S 
(OEGREFS) NNW NW WNW w nsn sw ssw (OEG ~ C F S  ) ~ K W  NU WNW w wsw sw ssw 

LATITUOF 6Q D E G R V S  NORTH, JAN. 2 1  
ASPECT 

SL OPE N NNE hE ENF F FSE SE SSE S 
(DEGSEFS) ~ N W  NU WNW w nsn sw ssw 

LATITUPF 6 0  PEGR'FZ NORTY, HeR. 8 
ASPECT 

SL 0 P' 4 hNE hE ENE E FSE SE SSE S 
( OFGRFFS) KNH ~n WMW u wsn sw ssn 

LATITUDE 6 0  OEGREFS NORTH, FEB. 9 
ASPEGT 

SLOP'= h NNE kF ENE E ESE SE SSE S 
(DFGREES) KNW NU WNW w nsn sn ssw 

LATITUDE 6 0  DEGSEES NORTH, WAR. 2 1  
ASPECT 

SLOPE N NNE NE EN€ E ESE SE SSE 5 
(OFGREES) NNW NU WNW n nsn sn ssn 



Table 8.--Daily values of direct solar radiation computed for selected slopes, aspects, and days 
at 60 degrees north latitude --CONTINUED 

(Cal . cm-* day-' ) 

LATITUDE 6 0  DEGREES NORTH, APR. 3 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES) NNW NU WNW W WSW SW SSW 

LATITUDE 60- DEGREES NORTH , APR. 16 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
( DEGREES) NNW NU WNW W WSW SH SSW 

LATITUDE 6 0  DEGREES NORTH, HAY I 
ASPECT 

SLOPE N NNE NE ENE E ESE SE SSE S 
(DEGREES) NNW NU HNW W USW SW SSW 

LATITUOF 6 0  DECREES NORTH, HAY 2 1  
ASPECT 

SLOPE k hNE NF EN' E ESE SE SSE S 
~ D E G R E F S )  RNW NW WNW n wsn sn ~ s n  

LATITUDE 6 0  DEGREES NORTH, JUN. 22 
ASPECT 

SL OPF M NNE NE EWE E ESE SE SSE 
(DEGREES ) kNW NW HNW W WSW SW SSW 



Table 9.--Yearly values of direct solar radiation computed for selected slopes 

and aspects at 0 degrees north latitude 

(Cal . c v 2  par-' ) 

LATXfUOE P DECREES NORTH 
ASPECTS 

ANNUAL POTENTIAL RflOIATION 

SLOPE tOE6REE) 

N 266271 256334 229516 187660 135307 839W 43995 

NNE / NNW 266271 256597 230996 192003 140473 95031 53373 

ME / NU 266271 257979 234879 201447 161632 118098 82560 

ENE / WNW S6271 258801 238959 210727 176834 140440 104574 

E / W 266271 260019 241296 213236 183612 148798 1?3t+25 

ESE ~ S W  266271 259561 240078 212076 178282 141855 105791 

SE 1 SW 266271 261862 237051 204149 164560 123132 84929 

SSE / ssw 266271 ~ ~ 1 7 6  199919 148568 99177 5749 

Table 10.--Yearly values of direct solar radiation computed for selected slopes 
and aspects at 10 degrees north latitude 

(Cal. 1 

ANNUL POTENTIAL RAOIATf ON 
LATITWOE 10  DEGREES NORTH 

ASPECTS SLOPE (DECREE) 
0 1 5  3 0 4 5 6 0 75 90 

WNE / NNW 261965 243249 209419 164709 115810 72519 40205 

ENF / WNW 261965 250274 227166 197719 164061 129373 96166 

E / W  261965 254935 237031 211500 180610 146614 111194 

ESF / HSW 261965 258964 243381 218066 185958 149742 112461 

SE I SW 261965 261728 246536 219193 182699 141054 99587 

SSF / SYW 261965 263223 248257 217949 175634 126719 79536 

S 261965 264061 248269 216702 171396 117984 72667 



Table 11.--Yearly values of direct solar radiation computed for selected slopes 

and aspects at 20 degrees north latitude 
(Ca 1 . CA-2 year'1 ) 

ANNUlY POTENTIbL RlOIATION 
LATITUDE 20 DEGREES NORTH 

ASPECTS SLOPF (OEGREE) 
0 15 3 0 45 6 0 75 90 

WNF / NNW 249369 221412 180504 132450 86881 51202 27913 

ENF ,' WNW 249369 233768 208961 179137 147375 116007 86441 

ESE / YSW 249369 249935 238871 217760 188672 154564 117834 

SSE / SSW 249369 260492 255199 233695 198527 153206 103707 

Table 12.--Yearly values of direct solar radiation computed for selected slopes 

and aspects at 30 degrees north latitude 

(Cal. year'l) 

ANNUAL POTENTIAL RbOI lT ION 
LATITUOE 30 DEGREES NORTH 

ASPECTS SLOPE (MGREE) 
0 15 30 45 6 0 75 S 0 

NNE / NNN 228398 193787 1b8426 101812 63939 36375 21647 

EN€ / WNW 228998 211217 186275 150918 131503 104854 79751 

ESE / WSW 228998 233857 228865 212689 188686 158766 124259 

SSE / SSW 228998 249277 253512 241794 215287 176287 129124 



Table 13.--Yearly values of direct solar radiation computed for selected slopes 

and aspects at 4 0  degrees north latitude 

(Cal . cm-2 p a r - ]  ) 

ANNUAL POTENTIAL RADIATION 
LATITUOE 40 M G R E E S  NORTH 

ASPECTS SLOPE ( D E G R E E )  
0 1 5  3 0 45 6 0 75 90 

NNE / NNW 201947 161733 115743 76364 45321 27491 18235 

ENE t WNW 201947 182693 159363 13E2il0 114381 93292 72747 

E / W  201947 196743 185602 170586 151501 128594 103446 

ESF / USW 201947 210420 2097 07 200275 182540 157822 126960 

SE / SW 201947 221738 229278 224469 206725 178720 142449 

SSE / SSU 201947 229203 241788 239559 221816 190753 149109 

Table 14.--Yearly values of direct solar radiation computed for selected slopes 
and aspects at 50  degrees north latitude 

(Cal. cm-2 par-])  

ANNUAL POTENTIAL RADIATION 
LATITUDE 50 DEGREES NORM 

ASPECTS SLOPE f DEGREE) 
0 1 5  3 0 45 6 0 75 9 0 

NNE / NNW 169828 128106 88193 55562 33159 23182 17861 

NE / NW 169828 137288 104883 79522 62012 49125 38297 

ENE / HNW 169828 150590 130706 113523 97962 82748 66776 

E / W  169828 165904 158681 149080 135898 118559 98199 

ESE / HSW 169828 180801 184942 181678 178478 151768 126043 

SE / SN 169828 193182 206476 208569 198275 178068 147813 

SSE / SSW 169828 201357 220488 225999 216670 194404 160145 

S 169828 204293 225158 231811 222792 199215 163285 



Table 15.--Yearly values of direct solar radiation computed for selected slopes 
and aspects at 60 degrees north latitude 

(Cal. cm-2 par-1) 

A N N U L  POTENTIAL RADIATION 
LATITUDE 6 0  O E G R X S  NORTH 

ASPECTS SLOPF (CFGREE)  
0 15 3 0 4 5 6 0 7 5 90 

NNE NNW 135941 9a480 66930  41292 29335 23506 18920 

E N E  / WNU 135941 119111  104440 94079 85025 74867 62965 

E / n  135941 133288 130203 126125 118704 107026 91477 

ESE ~ S W  135941 147272 154677 156417 151032 138302 118357 

SF / SW 135941 158862 174569 181149 177270 163716 140167 

SSE / SSW 135941  166463 187b04 196?41 194026 178905 152643 

S 135941 169028 191739 202086 199718 183742 156459 
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Figure 1.-Illustration of the angles necessary for the theoretical calcul~ions of solar radiation on a particular 
surface in the Northern Hemisphere. 



SLOPE (DEGREES)  

Figure 2.-lsograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on 
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly 
exposures, the time is read from bottom to top (right time axis). 



SLOPE (DEGREES) 

Figure 3.-lsograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on 
February 23 and October 20. For westerly exposure$, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES) 

Figure 4.-lsograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on 
March 21 and September 23. For westerly exposure$, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to  top (right time axis). 
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SLOPE (DEGREES) 

Figure 5.-lsograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on 
April 16 and August 28. For westerly exposures, thb time is read from top to bottom (left time axis); for 
easterly exposures, the time is read from bottom to top (right time axis). 



S L O P E  ( D E G R E E S )  

Figure 6.-lsograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on 
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures, 
the time is read from bottom to top (right time axis). 
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S L O P E  ( D E G R E E S )  

Figure 7.-lsograms of hourly values of direct solar radiation for various slopes at 10 degrees north latitude on 
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly 
exposures, the time is read from bottom to top (right time axis). 



SLOPE (DEGREES) 

Figure 8.-lsograms of hourly values of direct solar radiation for various slopes at 10 degrees north latitude on 
February 23 and October 20. For westerly exposures, the time is read from top to  bottom (left time axis); 
for easterly exposures, the time is read from bottom to top (right time axis). 



S L O P E  ( D E G R E E S )  

Figure 9.-lsograms of hourly values of direct solar radiation for various slopes at 10 degrees north latitude on 
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to top (right time axis). 



SLOPE (DEGREES) 

Figure 10.-lsograms of hourly values of direct solar radiation for various slopes at 10 degrees north latitude on 
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for 
easterly exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES) 

Figure 11.-lsograms of hourly values of direct solar radiation for various slopes at 10 degrees north latitude on 
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures, 
the time is read from bottom to top (right time axis). 



SLOPE (DEGREES)  

Figure 12.-lsograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on 
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly 
exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES)  

Figure 13.-lsograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on 
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to  top (right time axis). 



SLOPE ( D E G R E E S )  

Figure 14.-lsograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on 
March 21 and September 23. For westerly exposures, the time is read from top to  bottom (left time axis); 
for easterly exposures, the time is read from bottom to top (right time axis). 
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S L O P E  ( D E G R E E S )  

Figure 15.-lsograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on 
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for 
easterly exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES) 

Figure 16.-lsograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on 
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures, 
the time is read from bottom to top (right time axis). 



SLOPE (DEGREES) 

Figure 17.-lsograms of hourly values of direct solar radiation for various slopes at 30 degrees north latitude on 
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly 
exposures, the time is read from bottom to top (right time axis). 



SLOPE (DEGREES)  

Figure 18.-lsograms of hourly values of direct solar radiation for various slopes at 30 degrees north latitude on 
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES) 

Figure 19.-lsograms of hourly values of direct solar radiation for various slopes at 30 degrees north latitude on 
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES) 

Figure 20.-lsograms of hourly values of direct solar radiation for various slopes at 30 degrees north latitude on 
April 16 and August 28. For westerly exposures, the time is read from top to bonop (left time axis); for 
easterly exposures, the time is read from bottom to top (right time axis). 



SLOPE (DEGREES) 

Figure 21.-lwgrams of hourly values of direct solar radiation for various slopes at 30 degrees north latitude on 
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures, 
the time is read from bottom to top (right time axis). 



SLOPE (DEGREES)  

Figure 22.-lsograms of hourly values of direct solar radiation for various slopes at 40 degrees north latitude on 
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly 
exposures, the time is read from bottom to  top (right time axis). 



SLOPE (DEGREES)  

Figure 23.-lsograms of hourly values of direct solar radiation for various slopes at 40 degrees north latitude on 
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to top (right time axis). 



SLOPE (DEGREES) 

Figure 24.-lsograms of hourly values of direct solar radiation for various slopes at 40 degrees north latitude on 
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to top (right time axis). 



SLOPE (DEGREES) 

Figure 25.-lsograms of hourly values of direct solar radiation for various slopes at 40 degrees north latitude on 
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for 
easterly exposures, the time is read from bottom to top (right time axis). 



S L O P E  ( D E G R E E S )  I 
Figure 26.-lsograms of hourly values of direct solar radiation for various slopes at 40 degrees north latitude on 

June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures, 
the time is read from bottom to top (right time axis). 



SLOPE (DEGREES)  

Figure 27.-lsograms of hourly values of direct solar radiation for various slopes at 50 degrees north latitude on 
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly 
exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES) 

Figure 28.-lsograms of hourly values of direct solar radiation for various slopes a t  50 degrees north latitude on 
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is  read from bottom to top (right time axis). 



SLOPE (DEGREES) 

Figure 29.-lsograms of hourly values of direct solar radiation for various slopes at 50 degrees north latitude on 
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to  top (right time axis). 
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S L O P E  ( D E G R E E S )  

Figure 30.-lsograms of hourly values of direct solar radiation for various slopes at 50 degrees north latitude on 
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for 
easterly exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES) 

Figure 31 .-lsograms of hourly values of direct wlar radiation for various slopes at 50 degrees north latitude on 
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures, 
the time is read from bottom to top (right time axis). 



SLOPE ( D E G R E E S )  

Figure 32.-lsograms of hourly values of direct solar radiation for variws slopes at 60 degrees north latitude on 
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly 
exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES) 

Figure 33.-lsograms of hourly values of direct solar radiation for various slopes at 60 degrees north latitude on 
February 2 3  and October 20. For westerly exposures, the time is read from top to bottom (left time axis); 
for easterly exposures, the time is read from bottom to  top (right time axis). 



SLOPE (DEGREES)  

Figure 34.-lsograms of hourly values of direct solar radiation for various slopes at 60 degrees north latitude on 
March 21 and September 23. For westerly exposures, the time is read from top to  bottom (left time axis); 
for easterly exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES) 

Figure 35.-lsograms of hourly values of direct solar radiation for various slopes at 60 degrees north latitude on 
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for 
easterly exposures, the time is read from bottom to top (right time axis). 
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SLOPE (DEGREES)  

Figure 36.-lsognms of hourly values of direct solar radiation for various slopes at 60 degrees north latitude on 
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures, 
the time is read from bottom to top (right time axis). 
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Figure 37.-lsograms of daily values of direct 
solar radiation on level, north 30-, north 
60-, north 90; and east 30-degree slopes at 
0 degrees north latitude. 
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Figure 39.-lsograms of daily values of direct 
solar radiation on level, north 30-, north 
60-, north 90-, and east 30-degree slopes at 
10 degrees north latitude. 
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Figure 38.-lsograms of daily values of direct 
solar radiation on east 60-, east 90-, south 
30-, south 60-, and south 90-degree slopes 
at 0 degrees north latitude. 
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Figure 40.-Isograms of daily values of direct 
solar radiation on east 60-, east 90-, south 
30-, south 60-, and south 90-degree slopes 
at 10 degrees north latitude. 
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Figure 41.-lsograms of daily values of direct 
solar radiation on level, north 30-, north 
60-, north 90-, and east 30-degree slopes at 
20 degrees north latitude. 
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Figure 43.-lsograms of daily values of direct 
solar radiation on level, north 30-, north 
60-, north 90-, and east 30-degree slopes at 
30 degrees north latitude. 
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Figure 42.-lsograms of daily values of direct 

solar radiation on east 60-, east 90-, south 
30-, south 60-, and south 90-degree slopes 
at 20 degrees north latitude. 
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Figure 44.-lsograms of daily values of direct 
solar radiation on east 60-, east 90-, south 
30-, south 60-, and south 90-degree slopes 
at 30 degrees north latitude. 
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Figure 45.-lsograms of daily values of direct 
solar radiation on level, north 30-, north 
60-, north 90-, and east 30-degree slopes a t  
40 degrees north latitude. 
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Figure 47.-lsograms of daily values of direct 
solar radiation on level, north 30-, north 
60-, north 90-, and east 30-degree slopes at 
50 degrees north latitude. 
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Figure 46.-lwgrams of daily values of direct 
solar radiation on east 60-, east 90-, south 
30-, south 60-, and south 90-degree slopes 
at 40 degrees north latitude. 
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Figure 48.-lsograms of daily values of direct 
solar radiation on east 60-, east 90-, south 
30-, south 60-, and south 90-degree slopes 
at 50 degrees north latitude. 
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Figure 49.-lsograms of daily values of direct 
solar radiation on level, north 30-, north 
60-, north 90-, and east 30degree slopes a t  
60 degrees north latitude. 
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Figure 50.-lsograms of daily values of direct 
solar radiation on east 60-, east 90-, south 
30-, south 60-, and south 90degree slopes 
at 60 degrees north latitude. 



Figure 51.-Solar altitude and azimuth for selected days of the 
year at 0 degrees north latitude. 

Figure 52.-Solar altitude and azimuth for selected days of the 
year at 10  degrees north latitude. 



Figure 53.-Solar altitude and azimuth for selected days of the 
year at 2 0  degrees north latitude. 

Figure 54.-Solar altitude and azimuth for selected days of the 
year at  3 0  degrees north latitude. 



Figure 55.-Solar altitude and azimuth for selected days of the 
year at 4 0  degrees north latitude. 

Figure 56.-Solar attitude and azimuth for selected days of the 
year at 50 degrees north latitude. 
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Figure 57.-Solar altitude and azimuth for selected days of the 
year at 60 degrees north latitude. 
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