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SUMMARY OF RESULTS FOR THE SPECTRAL AND 
ANGULAR SKY RADIATION MEASUREMENT PROGRAM* 

Marlo Martin and Paul Berdahl 
I...awrence Berkeley I...aboratory 

University of California 
Berkeley, CA 94720 

Abstract 

Extensive measurements of the thermal infrared radiance of the sky were obtained at six U.S. 

locations: Tucson, AZ; San Antonio, TX; Gaithersburg, MD; St. Louis, MO; West Palm Beach, FL; 

and Boulder City, NV. Fifty thousand observations were obtained at half hour intervals during 1979 

and 1980. Each observation consists of measurements in 7 spectral bands, wavelengths (in microns) 

of 8.1 to 13.7, 8.3 to 9.1, 9.4 to 9.9, 10.0 to 11.4, 14.0 to 15.8, 16.6 to 21.6, and 6 to 17 at zenith 

angles of 0°, 20°, 40°, 60°, and 80°. The data have been expressed and presented as apparent sky 

emissivities. It is shown that the measured spectral and angular sky emissivities can be reliably 

estimated from a knowledge of the total (global) sky emissivity, using an empirical "sky emissivity" 

equation. The results are of particular relevance to the performance of radiative cooling systems 

designed to make use of spectral and/or angular selectivity. 

*This work was supported ~y the Assistant Secretary for Conservation and Renewable Energy, Office of Solar Heat 
Technologies, Passive and Hybrid Solar Energy Division U.S. Department of Energy under Contract No. DE
AC03-76 SF00098. 
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1. INTRODUCTION 

Infrared transfer between a building envelope and the environment is typically treated in a 

very approximate manner in calculations of building thermal performance. Corrections to the skin 

temperature of building walls and .windows due to this·phenomenon are required since half the field 

of view "seen" by these surfaces is at the "sky temperature." Reductions in the skin temperature of 

roof surfaces can be more significant since roofs are completely exposed to the radiatively cooler sky 

dome. It is desirable to be able to estimate these effects accurately in order to properly model the 
•,,,' 

therinal performance of buildings. It has also been demonstrated that with a roof system designed to 

take advantage of infrared heat rej~tion to the sky, it is possible to' achieve cooling rates of the 

·~arne orde~ of magnitude as the cooling loads for single story buildings [1-5]. The degree to which 

this· can be done depends on the effectiveness of the various radiative and convective couplings of the 

' . 

radiator surface to the atmosphere and to the interior space being cooled. In particular, it also 

depends on the. amount of downward infrared radiation received from the sky dome. 

Previous studies have concentrated on measurements and evaluation of the total downward 

radiative flux. These studies are reviewed in references .[~9], except for recent work [10-12]. How-

ever, the development of spectrally selective radiator and glazing materials could permit increased 

cooling rates to be achieved at temperatures below that of the ambient air. Thus knowledge of spec-

tral sky radiation properties is required. In addition, knowledge of the spectral and angular com-

ponents of the thermal radiant flux allows one to calculate the net radiative heat transfer of exposed 

surfaces having arbitrary orientation and spectral emissivity. 

The calculated spectral and angular behavior of typical midlatitude summer clear sky radiance 

is shown in Figure 1 [9]. The plotted curves are most sensitive to variations in the moisture content 

and temperature profile of the atmosphere, and especially to the presence of cloud cover. The region 

between approximately 8 and 13 inicrons is the part of the infrared spectrum through which most 

heat can be rejected to the sky, since the amount of the incident radiation from the sky is small. 

This region is often referred to as the infrared "atmospheric window". A selective radiator is 

·"' 
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designed to emit and receive radiation strongly only within this window region. The measurements 

presented here are the result of a multiyear program to investigate the spectral and angular sky radi

ation properties over a range of climates in the southern continental United States. 

Detailed spectral measurements of the sky radiation are reported for six u.s: locations: Tuc

son, AZ, San Antonio, TX, St. Louis, MO, Gaithersburg, MD, West Palm Beach, Fl.., and Boulder 

City, NV. The radiometers used in this study were developed at I..awrence Berkeley l..aboratory to 

measure the incident sky radiation through a 2° field of view (full width at half maximum) at five 

zenith angles (0°, 20°, 40°, 60°, 80°). At each angular position, the incident radiation was recorded 

in seven channels whose spectral responses are presented in Figure 2. The "no filter" curve is pro

portional to the spectral transmission of the coated germanium lens. The remaining six chan~els will 

be referred to in terms of the central wavelengths or by their pass bands: 8.8 ,.m, 9.6 ,.m, ,ll,.m, 

8-14,.m, 15 ,.m, and 17-22~J.m. 

During the course of approximately 1-1/2 years of measurements, readings were taken at half 

hour intervals with four identical radiometers. Analysis of the resulting data yielded a total of 57 

months of good data from among the six locations. Radiation measurements were averaged over 

·each month for all seven filter channels and for each of the five zenith angles. The data for the 8-14 

micron filter and the 11 micron filter is plotted as a function' of the total sky emissivity in a series of 

graphs presented in section 6. This paper is a summary of our main results. More results and addi

tional details concerning measurement technique are available in the form of a laboratory report 

[ 13]. 

2. RADIOMETRIC DEFINITIONS 

Sky radiation data can be expressed in a number of ways which are essentially equivalent, but 

differ in their ease of interpretation. The sky radiance Rs (>.,8) which is a function of wavelength X 

and zenith angle 8 is the quantity most directly related to the net radiative: heat ftux. An effective 

sky "temperature" Ts can be defined as being the.temperature of a blackbOdy for which the emitted 



- 4-

radiative flux is the same as for the sky: 

(1) 

where Rs is the measured incident flux containing all thermal wavelengths at all angles from the 
.... 

sky, the sky temperature Ts is expressed in absolute degrees, and u is the Stefan-Boltzmann con-

stant. The objections to using an effective sky temperature are twofold; first, the concept of tern-

perature refers to a body in thermal equilibrium, whereas the atmosphere consists of a gradation of 

partially transparent air layers. The observer "sees" a weighted average of temperatures from each 

layer. The second objection is more pragmatic in nature. The sky temperature as defined in Equa-

tion 1 fluctuates strongly with the ambient air temperature Ta throughout the day. The changes in 

atmospheric emission due to variations in water vapor and cloud cover can thus be masked to a great 

extent by diurnal ambient air temperature variations. In this paper we choose to express the sky 

radiation data in terms of the spectral and angular sky emissivity Es (X,O) which is defined to yield 

the spectral sky radiance: 

(2) 

Here Ba(A) is the Planck function evaluated for the ambient air temperature, Ta(~). The tempera-

ture. Ta is to be measured in the conventional meteorological fashion at a height of I to 2 meters 

above the groun~ ... The Planck function. is given explicitly by 

(3) 

where h is Planck's constant, k8 is Boltzmann's constant and c is the speed of light. 

Under clear sky conditions, the value E.r (X,O) remains practically constant throughoutthe day. 

For example, in the 8 to 14 micron wavelength region our measurements show that the zenith emis-

sivity has a typical peak to peak diurnal variation of only 0.02 for clear skies and constant surface 

dewpoint temperatures (see Appendix). Multiplication by the factor containing Ta in Equation (2) 

allows the incident radiance to be calculated readily, since the air temperature is available for most 

locations. The total incident sky radiation received by a horizontal surface is obtained from (2) and 
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(3): 

oo . I 
R, = 21rL d'ABa('>-)L cosO dcosO E,('A,O). (4) 

The total sky emissivity E1 may be defined by 

(5) 

analogous to Equation (2). Equations ( 4) and (5) can be used to express the total sky emissivity in 

the form 

oo I 
_ L d'ABa('A)L dcosO cosO E,(A,O) 

E1 - W i , 
L d'ABa('A)L dcosO cosO 

(6) 

·; which .shows that E1 is a weighted average of E1 ('A,O). 

In cOnnection with these radiometric definitions it is clear that a total sky radiance~ can be 

equally well described in terms of the sky emissivity using (5) or the sky teniperatur~ using (l). 

Likewise the sky radiance R, ('A,8) can be described in terms of the spectral angular sky emissivity 

E, (}..,0) using (2), or by a spectral and angular dependent "brightness temperature". This brightness 

temperature is the temperature a blackbody would need to have in order to produce the observed 

radiance R, ('A,O). To separate out ambient temperature effects, we find it convenient to express our 

results in terms of the sky emissivities. 

3 .. DERIVATION OF THE SKY EMISSIV/1Y EQUATION 

An empirical equation has been developed to describe the spectral sky emissivity E, ('A,O) as a 

function of wavelength 'A, zenith angle 0, and total sky emissivity E1 : It is intended for use when 

detailed emissivity measurements are unavailable. The spectral emissivity of the sky can be written 

in terms of the apparent sky transmissivity r('A,O): 

E1 ('A,O) == 1 - r('A,O). (7) 

Since scattering is usually unimportant at thermal wavelengths this equation would be exact if the 

atmosphere were in thermal equilibrium, according to Kirchhotrs law. We make the assumption 

that the wavelength and angular dependences can be separated, and that .they eriter in the form 

E
1

('A,O) = 1- At('A)e-b/cosB (8) 
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where lfcos8 is the air mass, A and b are parameters, and t(X) expresses the "shape" of the atmos-

pheric window. The parameter. A can be determined from the condition that E1 (X,8) averaged over 

all wavelengths and over the angles 0 to 90° corresponding to the sky dome must equal the total sky 

emissivity E1 (Equation 6): 

- I 
E

1 
= 1- 2At1111 £, dcos8 cosO e-bfcosB (9) 

where 

The integral over dcos8 in Equation (9) is equal to the third exponential integral E3(b) [14], which 

can be well approximated over the range of in~erest (b = 0 to 0.6) by the expression 0,5 e·l. 7b. We 

can thus solve Equation (9) for A: 

Substitution in Equation (8) results in th_e sky emissivity equation: 

E,(X,O) == 1 -(I- Es) [ t(X)/11111 J eb(1.7-l/oos8). (10) 

The parameters t (X) /11111 and b are implicitly dependent on the total sky emissivity E1 and will be 

determined by analysis of the experimental data. 

Although the sky emissivity equation ( 10) is phenomenological in nature, it is quite useful 

since it consolidates the results of tens of thousands of radiometer. measurements into a relatively 

simple analytical form. Several of the attributes of the equation are worth further mention. The 

emissivity Es (X,O) correctly approaches unity if Es-+ 1 or 8-+900. The hemispherical spectral emis-

sivity E1 (X) is obtained by averaging ( 10) over the sky dome, and again using . the relation 

E 3(b) =o.se-1.76 : 

(11) 

,. ... 
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This equation has a very simple form which should be useful in evaluating the radiative heat transfer 

from a horizontal spectrally selective surface. It also predicts that the hemispherical spectral· emis-

sivity should be approximately equal to the spectral and angular emissivity (given by (10)) at an 

angle 8=arccos(l.7-IJ=54°. The data to be presented bear out this relationship. Finally, we note 

that the non-spectral angular sky emissivity E8 (8) is obtained by averaging (10) over wavelength 

using Ba {}1.) as a weighting function: 

(12) 

This equation can be used to determine the radiative heat exchange between non-spectral (grey 

body) surfaces .which are tllted with respect to the horizontal. Although the resulting integrals do 

not have a simple analytical form they can readily be evaluated numerically. 

4. MEASUREMENT OF THE TOTAL CLEAR SKY EMISSIVlTY 

In order to evaluate the parameters appearing in the sky emissivity equation ( 10) it is neces-

sary to obtain measured values for the total sky emissivity Es. With our instrumentation Es can be 

determined in two ways. The firstis to use the pyrgeometer measurement of net atmospheric infrared 

flux, divided by u T0
4• The second method is to use the pseudo-pyrgeometer emissivity to estimate 

Es. The pseudo-pyrgeometer measurement is the emissivity measured with the "no-filter" channel of 

the spectral radiometer, averaged over the zenith angles 0°, 20°, 40°, 60°, and 80° to yield a hemis-

pherical average value. Since the spectral response of the pseudo- pyrgeometer is not ideal (see Fig-

ure 2), it is then necessary to estimate Es from the pseudo-pyrgeometer measurement Eps. While the 

second method for determining Es is indirect, it has several advantages for the current application. 

First the pseudo-pyrgeometer measurement can always be derived from the data set when measure-

ments of Es (",8) are available since its measurement does not require a separate instrument. In con-

trast, the pyrgeometer malfunctioned or was removed for recalibration during some of the measuring 

period. Second, the pyrg~meter is affected ·during daylight hours by solar ·hea~ing of its dome. [9]. 

Third, the spectral radiometer was calibrated daily with a blackbody radiation source leading to. a 
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high level of confidence in its measured values. Th.us the indirect method of measuring Es will be 

used, as described below. 

Based on the 57 months o,f recorded data distributed among the 6 sites the 24 hour average 

emissivity for clear skies is [10] 

-- . 2 
Es -- 0.711 + 0.56(Tdp/100) + 0.73(Tdp/100) , (13) 

which is valid for dewpoint temperatures Tdp (
0C) of -13 to 24. Detection of clouds was carried out 

with the method described in reference 9. Figure 3 shows measured clear sky values of Eps for the 

same data set. The least squares fit shown as the curve is described by 

Eps = 0.604 + 0.64 (T~~p/100) + 1.04 (Tdp/100)2
• (14) 

Equations (13) and (14), taken together, define Es as a function of Eps. Due to the similarity of the 

equations, this relationship is linear to an accuracy of 0.3% in E6 : 

E.s = 0.838 Ep.s + 0.202. (15) 

For analysis of the spectral sky radiance data in terms of Es, pseudo-pyrgeometer values Ep.s derived 

from radiometer measurements are used in Equation (15) to provide "measured" values of Es. 

The plots shoWn in Figures 4 and 5 were prepared to check our approximate method for deter-

mining the total sky emissivity E.s. These plots provide a direct comparison of the data for the 29 

months during which good quality (but uncorrected) pyrgeometer data were available. Figure 4 

shows measured values of both Es and Ep.s for clear sky conditions. The straight line is a plot of 

Equation (15). The systematic shift of the data from the line is presumably due to the effect of sun-

light upon the pyrgeometer. For all sky conditions (Figure 5) the data also closely approximate the 

same linear relationship. 

5. DETERMINATION OF PARAMETERS IN THE SKY EMISSIVITY EQUATION 

Equation (10) is of~ form suggested by the physical phenomena taking place within the atmo-

sphere. However, itis not a rigorously derived equation, and the primary purpose for introducing it 

at this time is to provide a roncise analytical expression which adequately embodies the results of 
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tens of thousands of individual spectral sky emissivity measure~ents. The nature of the transmis-

sivity function t (X) has as yet been left undefined, except to state that it is related to the atmos-

pheric spectral transmissivity. It is expected to be a function dependent on the total sky emissivity 

£1 • The parameter b is also expected to depend on Es but only weakly on X. 

In order to fit the experimental data measured through seven infrared filters at five zenith 

angles, we consider the quantities t (X) ftav and b to be linear functions of £1 • In all four filter ., ;··. .• 

regions included in the atmospheric window (8-14 microns), and the nno filtern case, the parameters . \ . 

b and t(X)ftav are well defined linear functions of £8 • In the 15 micron channel there is only a 

slight dependence of either parameter on the total emissivity, since the atmosphere is optically 

dense at this wavelength. In other words, due to the fact that most 15 micron radiation reaching the 

detector originates within a few tens of meters from the instrument, the angular dependence 

described by the air mass term (Ifcos8) is no longer relevant. This is borne out by the fact that the 

average value of the parameter t(X)/tav approaches zero (approx. 0.02), and all 15 micron emissivi-

ties approach unity. 

: ,·' 

The other anomalous filter channel is the 17-22 micron region. Here the data can be used to 

determine a least squares fit for the b-parameter, but a large amount of scatter exists. Again, as in 

the 15 micron case, the value of t (X) ftav is small ( <0.2 for £1 > 0. 7) indicating a situation where 

all emissivities approach unity. The unique feature in this spectral region is that a secondary nwin-

down begins to open at low values of £1 (low dewpoint temperatures). 

The results of performing least squares fits for the two parameters band t(X)ftav to straight 

lines as a function of the total sky emissivity £1 are presented in Table 1. These values are substi-

tuted into the sky emissivity equation (Equation 10) in order to produce the curved lines through the 

data points in the graphs presented in section 6 (Figures 6-9). Clear sky data have been used to 

generate the parameters in Table I, which have not been altered .when ·presenting the data 

corresponding to all sky conditions. In obtaining the values for these parameters, the b-coefficient is 

determined by fitting the data points at the zenith and 60° angles. Measurements at a zenith angle 
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of 80° were judged io be of less practical importance for radiative cooling purposes due to the small 

projected area of, a horizontal surface in that direction (cosine effect). 

6. DISCUSSION OF RESULTS 

Figures 6-9 show the measured spectral sky emissivities as a function of the total sky emis

sivity for the 8-14 micron and 11 micron measurement channels. Half of these graphs are used to 

plot monthly averaged emissivities over clear sky conditions only, and the other half plot the same 

~ . . . 
quantities using data from all sky conditions. Each set of graphs represents measurements made at 

five zcnitba~gles and one composite channel referred to as the ~global" measurement. 

Both the clear sky conditions and all sky conditions are well described by Equation (10) using 

the parameters, in Table I. At a zenith angle of 80° (10° above the horizon) the equation eon-

sistently predicts larger emissivity values than are observed. In all cases it will be noted that the 

angular-weighted global measurement closely· approximates the emissivity at a zenith angle of 54° in 

agreement with Equation (10). For smaller zenith angles the sky emissivity varies only slightly, 

achieving its lowest value in the overhead direction. As one approaches within 30° of the horizon all 

the measured emissivities increase rapidly, confirming the kno~ fact that a cOOling s~rface should 

be in radiative contact with the upper portion of the sky dome. However, little is to be gained by 

focusing a· radiator sharply toward the zenith, since the emissivity values do not ~gin to increase 

rapidly until ~thin 30° of the horizon. 

For all sky eonditions (including clouds) the same curves fit the data reasonably well. This 

fact simplifies future applications of our results. However, some systematic shifts of the data can be 

observed as compared with those taken under .clear sky ~nditions. For zenith ~ngles less than 60°, 

the observed emissivities are systematically larger than those obtained for clear skies. Near the hor

izon, at a zenith angle of 80°, the observed values are smaller. Clouds are isotropic (blackbody) 

' . 
emitters of thermal :radiation. Thus it should be expected that the observed sky emissivities for all 

sky conditions should be more isotropic, or less variable as a function of zenith angle, than the 

,, 
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corresponding measurements made under clear sky conditions. This is indeed observed to be the 

case. 

The potential advantage of using a selective radiator which is highly emissive only within the 

8-I4 micron region is shown by an examination of the 8-I4 micron global results (Figures 6 and 7). 

The temperature depression (below air temperature) which can be produced by a non-selective 

(blackbody) radiator is roughly proportional to (I - Es ), the deviation of the total sky emissivity 

from unity. The maximum temperature depression which can be produced by an 8-I4 micron selec- -

tive radiator is proportional to the deviation of the corresponding emissivity from I, with approxi

mately the. same constant of proportionality. Since the slope of the curve in Figure 6a is greater 

than 2, the maximum temperature depression achievable with an 8-I4 micron selective surface is 

more than twice the value achievable with an ordinary blackbody radiator. This can be particularly 

beneficial under overheated conditions where the dewpoint temperature and hence the total sky emis

sivity Es; is relatively high. 

Even smaller spectral sky emissivities are observed in the 11 micron band (10.0 to 11.4 ILm ), 

as shown in Figure 8 and 9. Thus a selective radiator which is emissive only in this narrow spectral· 

region can theoretically produce lower temperatures than an 8 to 14 IL m emitter. The smallest sky 

emissivities which we observed occurred at II microns in the zenith direction (Gaithersburg; Febru

ary, 1980). The average emissivity for clear skies during this period is 0.10, with corresponding air 

and dewpoint temperature averages of -3°C and -13°C, respectively. This emissivity represents a 

selective sky temperature of -88°C! The largest monthly average 11 micron zenith emissivities were 

observed at West .Palm Beach in July 1980, a month with average air and dewpoint temperatures of 

27°C and 24°C. For clear skies the value is 0.51; for all sky conditions, 0.59. These emissivities 

represent selective sky temperatures of -11 °C and -4°C. Thus it· is theoretically possible to freeze 

water in West Palm Beach in the summer, using the radiative eooling effect. We hasten to add that 

this is not a practical possibility, due to the minuscule potential cooling ~ates available at 0°C. 

A summary of the hemispherical spectral sky emissivities is shown in Figure 10. The curves 

are plotted using Equation (11), with values of t (>..) ftav given in Table I. Each of the curves in the 



- 12-

window (8-14~£m) portion of the atmospheric spectrum are similar. The fact that the 9.61£m emis

sivities are the largest of the window emissivities at small values of Es is a consequence of emission 

from the ozone layer. The 15 I'm emissivities are very close to unity, lying between 0.99 and 1.00. 

The 17-22 I'm emissivities are also close to unity for Es greater than about 0. 8, but decrease for 

smaller values of Es. This secondary ( 17-22 I'm) window is important for dewpoint temperatures 

below about 5°C. 

7 CONCLUSIONS 

The purpose of the extensive measurements of the thermal spectral radiance of the sky 

reported here has been to determine. the resource for radiative cooling by systems which have spec

tral and/or angular selectivity. Direct estimates of the sky radiance can now be made for the six 

sites at which measurements were taken. More significant, however, is the fact that new correlations 

have been developed which permit estimation of the spectral and angular components of thermal sky 

radiance based on pyrgeometer measurements of total sky emissivity or upon conventional meteoro

logical measurements. 

The method for estimating the detailed spectral and angular sky emissivity Es (>..,8) makes use 

of the total sky emissivity Es. Thus the empirical sky emissivity Equation ( 10) allows the disaggre

gation of Es into its spectral and angular COmponents. This procedure is analogous tO the well-known 

Uu and Jordan procedure which allows the distribution of sunlight over the sky dome to be deter

mined when only the global solar radiation value is known. In a given application, once Es (A,O) and 

the air temperature are known, Equation (2) can be used to compute the full sky radiance function 

Rs (X,O) necessary for the calculation of the cooling rates of various radiator systems . 

. The first such application ofthe sky radiance equation has already been completed [15]. In 

this application the measured performance of a h~rizontal selective radiative cooling panel was com

pared with the calculated performance, using the sky emissivity equation ( 10) to estimate the atmos

pheric radiance.· Good agreement was obtained. The accura~y with which the net radiative heat 
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transfer could be computed was not limited by the sky emissivity equation, but by the fact that the 

measurements of sky emissivity contained errors of the order of 0.02 - 0.03. Thus, for this applica-

tion the accuracy of the sky emissivity equation was quite acceptable. 

, .. 

''J If the total sky emissivity is not known, it can be estimated based on meteOrological data. For 

clear skies, the dewpoint temperature. can be used to determine this quantity. For cloudy skies, 

cloud amount and cloud base he~ghts are additionally required to estimate Es. Our recommendations 

for performing these estimates are given in [6] .. Once Es is known, further calculations should be 

performed as though it had actually been measured. 

The sky radiance data has been collected in the southern United States with the primary 

emphasis on summertime conditions. Therefore, the resulting correlations should be most reliable 

for conditions where the dewpoint temperatur~ lies in the range -13 < Tdp < 24°C. The 

phenomenological Equation ( 10) describes the data from all six locations. 
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9. APPENDIX Clear Sky Emissivity as a Function of Temperature and Time of Day 

It was claimed in Section 2 that the clear sky emissivity is approximately independent of the 

air temperature. In support of this assertion, Figure A-1 shows measured values of the monthly 
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average of hourly sky emissivity in the 8 to 14 micron region of the spectrum for clear skies in Tuc-

son, AZ (September 1979). This particular month was selected as an example since each hourly 

average dewpoint temperature was within 2°C of the 24 hour mean value. The average daily tem

perature swing was 12°C. The approximate constancy of the sky emissivity under these conditions is 

apparent from the figure. 

From a theoretical point of view, the sky emissivity for clear skies and a fixed dewpoint tern-

perature can vary only if the infrared emissivity is temperature dependent or if the vertical atmos-
1. 

pheric profiles of temperature or dewpoint vary with time. These effects, while probably present in 

the data, are clearly of secondary importance. 

Any effect on the data due to temperature or time of day is likely to be most pronounced dur-

ing the hottest and/or coldest parts of the day (4-6 AM and 3-5 PM). For this reason, the zenith 

values of the 8-14 micron emissivity were compared for 12 "representative" months of data at 4 AM 

and 4 PM. When corrected for diurnal variations in the dewpoint temperature, the average 4 PM 

clear sky emissivities are 0.02 smaller than the 4 AM emissivities. No obvious trend is observed 

from the lowest to the highest dewpoint temperatures. A similar small diurnal variation in the total 

sky emissivity ha.S been noted previously [9). 

... 
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b = A£ s + B t(>.)/tav = c £ s + D 

A B c D 

no filter .1.493. -0.867 1.124 0.600 
8-14l-!m 1. 792 -1.113 1.807 1. 034 
8.8lJm 1. 281 -0.7'71 5.119 -1.192 
9.6lJm 1. 305 -0.715 5.321 -1.609 
11 lJffi 1. 778 -1 . 159 3.174 0.452 
15 lJffi -5.778 5.258 0.041 -0.007 

17-22l-!m -0.691 1.653 -1.549 1.298 

E,(X,8) = 1-" (1- E,) [ t(X)/11111 ] eb(I.7- 1fcos8) 

Table 1: Values of least squares fit.parameters for use with 
Equation (10) to predict sky emissivity. 
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Spectral Radiance of Clear Skies 
Midlatitude Summer Atmosphere 

0~~~~~~~~~~~~~~~~~~~~ 

5 

Figure 1: 

10 1 5 20 25 

·Wavelength, J-Lm 
XBL 813-520 

Spectral radiance of the. clear summertime sky at 
zenith angles of 0°, 60°, 75°, 90° [9}. 



(!) 
(/) 

c 
0 
0.. 
(/) 
Q) 
~ 

0 
~ -() 
Q) 
0.. 
(/) 

Q) 
> -0 
Q) 

0::: 

5 

- 19 -

RADIOMETER SPECTRAL RESPONSE 
FOR EACH FILTER CHANNEL 

No filter (coated Ge lens) 

Wavelengths (microns) 

25 

XBL 827· 1610y 

Figure 2: Spectral response of the radiometer with no filter 
(upper curve), and with six infrared bandpass filters. 
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Figure 3: The correlation of pseudo-pyrgeometer sky emissivity 
with dewpoint temperature, for clear skies. The curve 
is Equation (14). Each point is the average for a 
single month. 
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0 -~; ----+-----+------+----+------J 
0.5 0.6 0.7 0.8 0.9 

PYRGEOMETER SKY EMISSIVITY 

XCG 836-7148 

Figure 4: Pseudo pyrgeometer sky emissivities versus pyrgeometer 
sky emissivities, for clear skies. The solid line is 
Equation (15). 
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Figure 5: Same plot as Fig. 4, but all sky conditions included. 
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Figure 6: 

- xt;G 836-7133 

Measured 8 to·l4 micron spectral sky radiances 
expressed as monthly average emissivities plotted 
against the measured total sky emissivities, for 
clear skies. The giobal values are derived from the 
measurements at all zenith angles. The curves are 
based on Equation (10) and Table L 
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Figure 7: The 8 to 14 micron data redisplayed as in Fig. 6, 
but with all sky conditions included. 
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Figure 8: The 11 micron sky emissivities as a function of 
total sky emissivity for clear skies. 
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Figure 9: The 11 micron sky emissivities, for all sky conditions. 
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Figure 10: Hemispherical (global) speCtral sky emissivities 
for seven infrared filter channels as a function 
of the total sky emissivity. The curves are 
plotted using Equation (11) and Table 1. 
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FigureAl: Monthly average hourly sky emissivities in the 
8 to 14 micron waveband, for clear sky 
conditions. 
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