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The ex is tence ari d causes of na tu ra l l y  w c u rn i ri] it  ]os pher i  c infrare d
l ight cmi ssion with in tensi ty  aa jn i  tude s g r r i te r  t hon those of the
normal background have been important to the i l i tany servi ces since
the advent ot remote sensing reconnai SS~I n I r t  and s u r v e i l l a n c e  systems .
To supplement exi stent ,  but i nsuffi C i a a  , data on at mosphe n i c near
infrared light emission or ref lect ions , the experi ment to be described
in this report was designed as Dart of p r oj~ ct STRATIM 1 V I -.A. STRATCOM
V T —A was a high-alt i tude balloon project consist ing of a multi —instrument
atmospheric—sensing pay load designed to m ake si t i t u l taneous measu rements
of solar and atmospheric radiation , atmospheri c composit ion , and  the
thermodynami c structure in the 5— to 4 O-k i lo~neter a l t i tude interval .
The specif i c object ive of this part icular STRATCOM V T - A  exner iment was
to acquire atmospheric irradiance data w i th in  the 0 .7 - to 2.8 _ I r i cn om eter
wavelength region ari d to attempt to identify the cause of any intensi ty
enhancements de tected during the balloon f l ight.

I N S T R U M E N T A T I O N

An Epply precision spectral pyranometer with an RG8 light f i l ter (0.7-
to 2 .8-micrometer window) was used to meusure atmospheri c irradiance . A
f ield stop machined to limi t the f ie ld of view to 7 degrees was attached
to the pyranometer. Inclusion of the f ield stop reduced the pyranomete r
sensi t iv i ty  to 0.38 mi l livol t/ (ca l/ c m 2 mm ) . Thus to provide a vol tage
signal suf f ic ient ly  large to telemeter , the sensor output was ampl i f ied
by two cascaded operational amplifiers enclosed in a temperature con-
t rolle d conta i ner . The combi ned e lec t ron i cs an d no i se le vel was mea-
sure d to be 0.1 microvolt; this value is e q u i v a l e n t  to an i n -radi ance
leve l of 4 x 1 0—~ cal /cm2 m m .  Based on p r e v i o u s  da ta  [‘1] rounded off
to the next higher orde r of magnitude , the Epply pyrar~ ’neter sensitivity
and its viewing solid angle of 0.01 steradian , the maximum anticipated
irradiance level was calculated to be 3 x 10- cal/cm - m m .  T hi s cor-
responds to an equivalent pyranometer output voltage of approximately
10 niicrovolts . Accordingly, the total gain of the operational ampli -
fi er s was se t to accentua te the sensor ou t p u t  vol ta ges between 0 .1 and
10 microvolts . Because of the high amplifier gain employed , senso r
ou t p u t  voltages above 13. 3 mi crovolts saturated the modulation signal ;
there fore , all i rradiance dat i which produced a sensor output vo l tage
lar ger th an 1 3. 3 mi crovolts were elec tron i call y l im ited to the cor re-

- . 
sponding value of 3.5 x 10—2 cal /cm2 m m .

The  py ranonmeter and its appendage were located at the bottom side of the
balloon s i ns trumen ta tion p la tform. Its op t i cal ax i s poi nted towar d th e
earth at an angle of 17.6 degrees below the hori zontal plane defined by
the platfo rm base. Al l  irradiance data were recorded after the payload
platform ha d been lowere d 300 me ters below the balloon .

2

— — — ~~~~~~~

- 

_ _ _ ~~~~~~~ L_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -~ 
~~~~~~~~~~~~~~~~~ —- -  ,~~~~- --~~~~~~~~ - ,~~~~~ - .~~~~~~~~~~~~~ ---~~~~~~~~~~~.- - --.--

~~
- -

IRRA DIANCE DATA

Net atmospheri c irradiance data were intermittently recorded for a
period of approximately 34 hours . Duri ng balloon ascension , the p y r a n -
omete r sensed slanted atmospheri c path lengths ranging from 17.5 to 130
kilometers . The fi rst data sample (Fi g. 1(a) ,  231 2 MST) , recorded at
an altitude of 5.3 kilometers , corresponds to the 17.5— kilometer slant
path; while the eig hth data sample (Fig. 1 (b), 0230 MST), recorded at
an altitude of 39 kilometers , corresponds to the 1 30-kilometer path.
During this balloon climb phase , the i rradiance background mna gn itudes
did not vary as a function of the observed path l ength , as can be seen
in Figs. 1(a) and 1 (b). This is attributed to the fact that when the
initial data sample was obtained , the pyranometer was al ready sensing
a large majori ty of th e air mass and most of the precipi table water
va por , both of which were located in the region of the atmosphere with
the highest temperature where the bulk of the atmosphere ’ s ra di ant
emi ttance occurs . Other than the third data sample , obtained at 0005
L iST , 24 September , the i rradiance remained within 2.3 x lO_ 2 cal/cm 2
mm an d 2.6 x 1 0 2  cal /cm2 m m .  The abrupt decrease in intensity to
less than 4 x 10~~ cal/cm

2 mm reco rded at 0005 MST was probably pro-
duced by cloud attenuation of the low-altitude atmospheri c radiance .
However , due to the lack of p rec i se i nfo rmation on clou d loc at ions at
0005, it cannot be uneq ui vocally s tate d that a cl oud obscure d th e
pyranometer ’ s fi el d of view .

Investigation of the bal loon ’ s projected groun d trajectory and the type
of ear th surface terr ai n traversed by thi s trajec tory reveale d tha t
var iati ons i n the recorded i rra di ances were uncorrela ted to changes i n
the type of observed terra i n. Observe d terra i ns cons i ste d of fla t
desert , semibarren mountains , forrested moun tains and valleys , and small
lakes. Calcula tion of the earth ’ s ra di ant emitt ance , at a temperature
of 25°C , and un i ty emissivi ty, within the 0.7- to 2.8—micrometer region ,
yielded an irradiance value of 1.5 x l0~~ cal / cm 2 m m .  This intensity
is below the operat i ng signal threshold of the instrumentation employed
here . Thus the small chan ges in i rradiance brought about by changes in
terrain temperatures and emissivi t ies went undetected.

Measurements recorded during the balloon ’ s fi rs t float alt itude of ap-
proximately 39 k i lometers covered the t ime i nterval from 0256 MST to
1142 MST , 25 September. Within this time span , the atmosphere was
sense d duri ng ni ght , sun rise, and dayligh t hours . The recorde d data
are shown in Figs . 1(c), 1 (d), an d 1(e). I rradiance l evels generally
rema ined between 2.3 x 10—2 cal /cm2 mm an d 2.6 x 10 ” cal /cm2 mm w i th-
out any noticeable vari ations during sunrise. Orientation of the
pyranometer ’ s field of view was such that it never faced the sun directly.
The i ntens i ty enhancement expect ed at sunri se was that due to the clear
sky atmos pheri c scatte ri ng of t he ne ar i nfrare d light. However , a post-
flight computation based on the data of [1] indi cated that the additional

3
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irradi ance due to clear sky atmospheri c scattering of 0.7 to 2.8 mi cro—
meters energy was 3 x 10— ’ cal / cm ”- mm or less, clearl y a magnitude less
than the instrument’ s noise level . The gradual decreases in intensity
registered at 0330 MST and 0451 MST are attributed to the attenuation
effects of clouds entering the pyranometer ’ s field of view. While the
sky on the morning of 24 Septembe r may be descri bed as generally clear
(less than 0.1 coverage), the afternoon was characterized by increased
cloudiness which intermittently obscured the pyranometer s f ield of
view .

In the time frame from 1030 LIST to approximately 1 850, eight irradiance
data samples were acquire d while the balloon descended from 38 to 27.4
kilometers . The last of these samples was 2 hours long so that not only
this experi ment but also other STRATCOM experiments would record con-
tinuous data during sunset. The i rradiance amplitudes did not change
appreciably duri ng sunset. All the variations observed were comparable
to the smal l changes al ready recorde d throughout mos t of the flight when
the amplitudes were centered about 2.4 x lO_ 2 cal /cm~ mm . In contrast ,
before sunse t, beginning at 1631 MST large variations in irradiance
levels were observe d. Because of the inc reased cl oudiness or. t h i s
afternoon an d w it h th e sun ’ s attainment of a high zenith angle , clou d
s pecular re flec ti on of sun lig ht entere d the py ranome ter ’ s f i el d of v i ew
and enhanced the i rradiance amplitudes to values greater than 3.5 x l0~cal /cm2 m m .  These enhancements are show n in Fi gs . 1(f) and 1(g). As
p rev i ously men ti one d , values greater than 3.5 x 1O_ 2 cal/cm - mm are no t
plotted because the electronics became saturated at this magnitude .
Consequ ently, it may be stated only that the val ues registered at 1630
MST an d 1821 MST were greater than 3.5 x i~r

2 cal /cm2 m m .  Since
preflight calculations of solar energy scattering (di ffused light) of
0.7 to 2.8 mi crometers light from sunlit clouds yielded a maximum irradian ce
of onl y 3 x lO_ 2 cal /cm2 mm , it is maintained that the enhancements
recor ded at 1 630 LIST and 1821 a re i ndeed s pecular clou d reflect i ons .
Wben clou ds were i n the py ranome ter ’ s field of view , the balloon plat—
form ’ s slow mot ion caused the py ranome ter to sense in se q uence e ith er
solar s pecular reflec ti ons or atmos pher i c i rra di ance attenuate d by the
same clou ds. This process effectively introduced the i rradiance fl uc-
tua tions recorded in Fi gs . 1(f) and 1(g). At sunset all enhancements
ceased.

During the remainde r of the balloon flight , ei ght more samp les were
obtained as the balloon rose to 39 kilometers . Most of these data ,
plotted in Figs . 1 (h), 1(i), and 1(j) were recorded at night. Other
than the decreases i n i rra di ance recor de d at 2004 MST an d 21 14 MST on
24 Se p tember and at 0550 LIST on 25 Se p tember , the intensity levels did
not significantly deviate from 2.5 x 10_2 cal /cm2 m m .  Sunr ise effects
were again found to be negligible. All values recorded after 0558 LIST ,
last data point in Fig. 1(j), also rema i ned close to a value of 2 .5
x 10-2 cal /cm2 mm

. 4
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CONCLUSIONS

Net l ower atmosphere 0.7- to 2.8-mi crometer i rradiance data were success-
fully recorded for a period of 34 hours from altitudes ranging from 5.3
to 39 kilometers . An i rradiance background leve l which us uall y re-
nam ed between 2.3 x 10- cal/cm 2 ruin and 2.6 x l 0 -  cal/cur mm existed
during both day and night. This i rradi ance level is in general agreement
with data reported by K. VA. Kondratyev [2] when only that fraction of
energy due to the near infrare d is obtained from Kondratyev ’ s total i r-
radiance . Since no appreciable var iat ions in irradiance w ith  increases
in altitude were observed between 5.3 and 39 kilome ters , it is concluded
that the aforementioned irradiance levels are maintained by air mass in

-S the l ower’ atmosphere . Changes in the radiant erni ttance of the eart h ’ s
surface terrain were too small to be de tectable. Clouds enterin g the
senso r’s field of view acted as attenuators of the l ower atmosphe re ir-
radiance . More importantly, it was established that the existence of
clouds located in a posit ion to specular ly reflect sunlight into a se nsor
can cause intensity enhancement well  above the background in- rad iance .
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