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Figure 2. Direct normal illuminance-Washington, DC, Nov. 1981.
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daylight availability concerns the available extra-
terrestrial solar illuminance. The mean extraterres-
trial illuminance can be derived for air mass zero by
integrating the ASTM standard spectral irradiance
curve of the solar constant while correcting for the
Commission Internationale de PEclairage (CIE)
standard eye response. By using the trapezoidal rule,
the method of numeric integration used by ASTM,19

the mean extraterrestrial solar illuminance Esc is
found as follows:

solar constant, 1353 W/m,2 as established by
ASTM.19

To obtain the extraterrestrial solar illuminance,
the mean value must be adjusted to account for the
actual earth-sun distance at any point in time. The
slightly elliptical orbit of the earth causes a predict-
able, variation in the extraterrestrial radiation that
can be approximated by the equation,21

f760,
Jsso

= Eijc 1 + 0.033 cos
360*J
365 (1)

where
Km = the international standard maximum

spectral luminous efficacy, 683 Lu-
mens/Watt.20 '

= the CIE standard photopic spectral eye
response.20

= the standard ASTM solar spectral irra-
diance averaged over the small wave-
length band dx.

The resultant value,

Eac = 127.5 klux

can be thought of as the daylighting equivalent of the

332

where
J = the Julian date, from J = 1 to J = 365
EX = the extraterrestrial illuminance on

dayJ.
Continuing our effort to derive an expression for the
solar illuminance inside the atmosphere, the concept
of the photopic atmospheric extinction coefficient
can be introduced. As with any radiation passing
through an attenuating medium,22 the amount of
direct illuminance that passes through the atmo-
sphere can be represented by,

EDN = Exe-3"1 (2)

where
= the direct normal solar illuminance.
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Figure 3. Comparison of measurements with Equation 4 and values found in the IES Reference Volume for June 21 (Julian
date = 172).

a = the optical atmospheric extinction
coefficient.

m = the optical air mass.
While it is recognized that there are several ways of
representing the air mass, the simplest (and by far
the most common) form23 is

m =
sinh (3)

where h is the solar altitude. Furthermore, if a single
average value is used for the extinction coefficient,
a manageable expression for the direct solar illumi-
nance becomes,

EDN = Esc 1 + 0.033 cos
'360* Jl

365
e-a/sjn

Making use of the data base previously established,
along with measurements made of the direct normal
illuminance at NBS (Figure 1) an average extinction
coefficient a = 0.210 was obtained for clear sky con-
ditions. Plots are shown in Figures 2,3, and 4 of some
of the data available by date showing the correlation
between these measurements and Equation 4. Also
plotted in Figures 3 and 4 are the limited number of
values currently in the Reference Volume of the IES
Handbook.2 It is as once obvious'that the proposed

expression is a substantial improvement over the
existing values.

Jones and Condit24 performed a similar compari-
son. They extrapolated the Kimball and Hand data
for horizontal solar illuminance with the sun at the
zenith, and derived a value of 104.9 klux for the av-
erage condition between the December and June sun.
They then compared this to Moon's proposed stan-
dard,25 which is 108.1 klux when revised to agree with
the currently recommended value of Km. From
Equation 4 the predicted equinox illuminance is
105.3 klux, which agrees with the Jones and Condit
data by under 1 percent and with Moon by within 3
percent. Similarly, Elvegard, and Sjostedt fit a curve
through the Swedish and Finnish data and reported
a constant extinction coefficient of 0.231; a value that
would cause the direct solar illuminance to be only
slightly lower than predicted by Equation 4.

Diffuse sky illuminance

As sunlight passes through the atmosphere, a
portion of the incident radiation is scattered by dust,
water vapor, and other suspended particles in the
atmosphere. This scattered, or diffuse, light provides
a substantial amount of daylight and is normally
divided into three categories: overcast, clear, and
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