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Fig. 15. Beam transmittances for vertical path of sight as a function of solar zenith 
angle. The four data points represent t ransmit tances calculated from the ground-based 
transmissometer. The two elongated data points represent the t ransmit tances calculated 
from aircraft data , extrapolated to ground level , the amount of elongation representing 
the change of solar zenith angle during the time of each descent . 
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Fig. 20. Beam transmittance for the vertical path of sight as a function of the solar 
zenith angle. The data shown by filled circles were calculated from ground-based data 
and the equation 

cos 6. 
^ ( 2 0 7 0 , 0 ° , 0°) 

^ ( 2 0 7 0 , eB,^>s) 

The data shown by elongated data points were from extrapolated aircraft data and the 
equation 

^ ( 2 0 7 0 , 0°,0°) =exp [ - S A z / L ( z ) ] . 

During the forenoon the beam transmittance for the vertical path of sight decreased as 
the solar zenith angle decreased. At 1315 (local apparent noon) the solar zenith angle 
was 25.75°. 
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Fig. 21. Downwelhng illuminance E(2070, -) as a function of solar zenith angle. The data 
indicated by the filled circles are those recorded by ground based irradiometer, the elongated data 
points are from extrapolated aircraft irradiometer data, and the open box D from spectroradiometric 
data weighted by the luminance efficiency function, recorded at the surface of Crater Lake. The 
ground station location was at an altitude of 2070m. The surface of Crater Lake is at an altitude 
of 2020 m. 

24 



ATMOSPHERIC OPTICAL MEASUREMENTS 

IN THE VICINITY OF CRATER LAKE, OREGON 

Part 2 

Almerian R. Boileau 

ABSTRACT 

This report, Part I I , presents additional atmospheric optical data, comparable to the data presented 

in Part I, but for a different type of day, and for four descents instead of two. Three of the descents 

were before local apparent noon; the fourth descent was after local apparent noon. Simultaneous spec­

tral irradiance data were recorded at the surface of Crater Lake. Data presented are altitude profiles of 

heading of aircraft, temperature, relative humidity, equilibrium luminance, horizontal path function, at­

tenuation length, nadir luminance, upwelling and downwelling illuminances and their ratios, reflectance 

calculated from nadir luminance, atmospheric beam transmittances for vertical path of sight as a func­

tion of solar zenith angle, and downwelling illuminance as a function of solar zenith angle. 

INTRODUCTION 

This report presents atmospheric optical and meteorological data recorded in the vicinity of Crater 

Lake, Oregon, on the third day of a three day period, 2-4 August 1966. On this day data were recorded 

nearly simultaneously (1) in an Air Force C-130 aircraft flying over Crater Lake, (2) at a ground station 

set up on the southern slope of Mt. Mazama, in the caldera of which Crater Lake is located, and (3) on 

the surface of Crater Lake itself.x 2 The data reported herein are of the same type as reported in Part I 

of this report and as published in a series of journal papers.3 - 7 

This report is the final report under U. S. Navy Ship Systems Command Contract NObsr-95251, 

Task I I . 

Work in this same general area is being continued under Air Force Contract No. F19628-67-C-0181. 
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THE FLIGHT 

The instrumented aircraft. Air Force C-130, No. 022, took off from Kingsley Field, Klamath Falls, 

Oregon, at 0833 and arrived over Crater Lake at 0910. At the time of takeoff the sky was clear of 

clouds. The dry air temperature was 20°C, the atmospheric pressure was 879 mb, and the relative 

humidity was 60%. 

Four level-attitude data gathering descents were made, alternately in northerly and southerly direc­

tions. The first descent was started from south of Crater Lake, from an altitude of 8000 m, at 0923, and 

ended north of the lake, at an altitude of 2700 m, at 0937. The second descent was a southerly descent 

from 8000 m, at 1025, to 1400 m, at 1046. Between these two descents, at about 0940, clouds were 

forming near the 2800 m altitude. The third and fourth descents were northward from 8000 m, at 1145, to 

2200 m, at 1202, and southward from 8800 m, at 1254, to 2500 m, at 1313. Local apparent noon occurred 

between the third and fourth descents, at approximately 1215. 

During the time that data were being recorded in the C-130 aircraft, atmospheric optical data were 

also being recorded at the ground station, and spectroradiometric data were being recorded at the sur­

face of Crater Lake. 

DATA 

The magnetic heading of the aircraft during the four descents is shown in Fig. 1. The altitude pro­

fi les of dry air temperature and relative humidity are shown in Figs. 2 and 3. The altitude of the aircraft, 

plotted as a function of elapsed time, for each of the four descents, is shown in Fig. 4. 

Atmospheric optical data profiles are shown in Figs. 5 through 21. Fig. 5 shows the four equilibrium 

luminance profiles in two groupings, the profiles for the two northerly descents being shown in the left 

side of the figure, the profiles for the two southerly descents being shown on the right. The four hori­

zontal path function profiles are presented in Fig. 6. These are grouped in the same manner as the 

equilibrium luminance profiles in Fig. 5, that is, the profiles for the northerly descent are shown on the 

left, profiles for the southerly descent are shown on the right. Figs. 7 through 10 show the profiles of 

attenuation length and equivalent attenuation length for the four descents. 

The nadir luminances for the four descents are shown in Figs. 11 through 14. There is very l i t t le 

similarity in these four profiles. This, of course, is because a terrain of varying texture and reflectance 

was being seen by a telephotometer having a 5°circular f ie ld. The one thing common to the four profiles 

is the distinct change of nadir luminance as the aircraft passed over Crater Lake. There was no observ­

able sun glitter, observable, that is, by the nadir telephotometer, on the surface of the lake during the 

f irst two descents. Glitter was observed during the third and fourth descents. 

Fig. 15 shows the downwelling and upwelling illuminances for the first and third descents. Fig. 16 

shows the same quantities for the second and fourth descents. The increase in downwelling illuminance 

with increase in solar zenith angle is greater than the cosine effect of the flat plate collector. This 

fact, coupled with reduction of beam transmittance, for the vertical path of sight with decrease of solar 

zenith angle (see Fig. 20), is interpreted as showing that there was an increase in atmospheric scattering. 

Pacific Daylight Time is used throughout this report. 
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with a consequent increase in the zenith and near zenith sky luminance values. These sky luminances 

being near the zenith, cause a larger increase in the value of illuminance on a horizontal f lat plate col­

lector than the effect due to the cosine of the change in zenith angle. 

The profiles of reflectance, ratios of upwelling to downwelling illuminances, are shown in Fig. 17. 

These have been grouped by the direction of the descent, the profile of the northerly descents being on 

the left and the profiles of the southerly descent being on the right. For comparison, reflectance profiles 

calculated from nadir luminance and downwelling illuminance are presented in Figs. 18 and 19. These 

profiles also are grouped by direction of the descents. Also, these profiles, resulting from data mea­

sured with a telephotometer having a 5° f ield, have much more structure than the ratio of illuminance 

profiles. 

Fig. 20 is a plot of beam transmittances for the vertical path of sight, from 2070 m to space, as a 

function of the solar zenith angle. 

Fig. 21 is a plot of the various values of downwelling illuminance at the 2070 m level as the solar 

zenith angle changes. These data were obtained from three sources: ground-based irradiometer mea­

surements, extrapolated airborne irradiometer measurements, and calculations based on the spectro­

radiometric data measured at the surface of the lake. 
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Fig. 1. Aircraft heading, magnetic, during descen t s . True heading 
is magnetic heading plus 20°. The change of heading at 6200 m during 
second descent was made in order to cross the center of Crater Lake; 
the change at 4900 m was made in order to resume original heading. 
During the third descent it became necessa ry to change aircraft heading 
at 3400 m to avoid clouds. 
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Fig. 2. Altitude profiles of dry air temperature. Only minor changes in these profiles, 
which are of little significance, occurred during the nearly four hours elapsed time be­
tween the start of the first descent and the termination of the fourth descent . 
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Fig. 3. Altitude profiles of relative humidity. These profiles show 
no change in relative humidity during the time of the four descents 
except for the stratum between 3250 m and 2250 m. The relat ive humid­
ity in this stratum has i t s greatest measured value at about 1200, 
before local apparent noon (1215), and then has a lesser value by 1300. 
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Fig. 4. Aircraft altitude as a function of time during the four de­
scents. Changes in the attitude of the aircraft during descent can be 
inferred from these plots. It appears that the attitude of the aircraft 
remained virtually unchanged once a descent was started. 
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Fig. 5. Profiles of equilibrium luminance B q (z , 90°, c/>). The va lues of <f> for the four 
descents were 133°, 46°, 148°, and 22°. The random fluctuations with altitude are be­
lieved to be spurious with the true equilibrium luminance profiles being approximated by 
the envelopes of the maximum values . There seems to be no discernible change due to 
the various values of </>. 
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Fig. 6. Profiles of horizontal path function B*(z, 90°,<£). The four values of cj> for 
the four descen ts are the same as l is ted for B q (z , 90°,<£), Fig. 5. The large change in the 
value of B*(z,90°,<fi) at 3250 m during the third descent i s attributed to the relat ively 
large increase of relative humidity measured at that altitude during the same descen t . 
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Fig. 7. Profiles of attenuation length L(z) and equivalent attenuation length L(z) 
for the first descent. The random fluctuations in the L(z) profile are primarily due to 
similar fluctuations of the equilibrium luminance profile. 
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Fig. 8. Profile of L(z) and L(z) for the second descent. This profile and the profile 
of horizontal path function in Fig. 6 show an increase in attenuation in the strata at 
3600 m and below. 
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Fig. 9. The third descent profiles for L(z) and L(z). A comparison of this profile 
with that in Fig. 8 shows that the attenuation in the lower altitudes had continued to 
increase with elapsed time. 
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Fig. 10. Attenuation length profiles for fourth descent. The L(z) profile and the 
L(z) profile for the third descent appear to be quite similar, but the transmittance cal­
culated from these profiles (see Fig. 20) show that the transmittance for the vertical 
path of sight during the fourth descent was higher than the transmittance during the 
third descent. 
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Fig. 11. Nadir luminance Br(z, 180°, <£) during first descent. The apparent luminance 
of Crater Lake during the four descents is that between the arrows in Figs. 11- 14. 
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Fig. 12. Nadir luminance during second descent. 
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Fig. 13. Nadir luminance during third descent. 

16 



E 

Q 
3 

100 1000 

NADIR LUMINANCE (cd m"2) 

10000 

Fig. 14. Nadir luminance during fourth descent. 
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Fig. 15. Downwelling and upwelling illuminances, E(z , - ) and E(z,+) respectively, 
during first and third descents. The solid line profiles are for the first descent, the 
bi }ken line profiles are for the third descent. 
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Fig. 16. Downwelling and upwelling illuminances for second and fourth descents. 
The solid line profiles are for the second descent, the broken line profiles are for the 
fourth descent. 
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Fig. 17. Profiles of ratios of upwelling and downwelling illuminances during first 
and third descents and during second and fourth descents. These reflectances are found 
by the equation 

Rr(z, 180°,<£) = E ( z , + ) / E ( z , - ) 

20 



10 

E 

Q 
3 

2 -

1 -

.01 

FIRST DESCENT 

*.:*• THIRD DESCENT 

J I I I L • • ' J I I I • • • ' 

.1 

R(z,0°) = ;rB(z,180o)/E(z,-) 

1.0 

Fig. 18. Profiles of terrain reflectance for first and third descents calculated from 
nadir luminances and downwelling illuminances by the equation 

Rr(z, 180°,<£) = 7rBr(z, 18O°,0) /E(z , - ) 
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Fig. 19. Profiles of terrain reflectance for second and fourth descents calculated in 
the same manner as the profile in Fig. 18. 
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Fig. 20. Beam transmittance for the vertical path of sight as a function of the solar 
zenith angle. The data shown by filled circles were calculated from ground-based data 
and the equation 

T ^ 2070,0°, 0°) 
,Bo„<2070,(9„^.) 

»B„ 

The data shown by vertical crosses and the x were from extrapolated aircraft data and 
the equation 

Too(2070,0°,0°) = e x p [ - 2 A z / L ( z ) ] . 

The vertical crosses represent forenoon transmittance values, the cross represents the 
afternoon transmittance value. Note that during the forenoon the beam transmittance for 
the vertical path of sight decreased as the solar zenith angle decreased and in the after­
noon, for the one data point, increased as the solar zenith angle increased. At 1215 
(local apparent noon) the solar zenith angle was 25.75°. The lowest transmittance value 
obtained was that calculated from aircraft data recorded during the third descent, from 
1145 to 1202, with an approximate solar zenith angle of 26.2°. 
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Fig . 21 . Downwelling illuminance E(2070 , - ) as a function of solar zenith angle. 
The da ta indicated by the filled circles i s that recorded by ground-based irradiometer, 
the vert ical c rosses + by extrapolated aircraft irradiometer data recorded during forenoon, 
the diagonal cross x by aircraft irradiometer data recorded during afternoon, and the 
open box D from spectroradiometric data weighted by the luminance efficiency function, 
recorded at the surface of Crater Lake. The ground station location was at an alt i tude 
of 2070 m. The surface of Crater Lake is at an altitude of 2020 m. 
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