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pospheric and Stratospheric Dust

A series of 119 profilss obtained vver New Mesico comprise asrosol stienustion eoetlivients vs altitude to
about 33 km.  These profiles show the existence of several fesiures. A surface convective dust layer ex-
tending up to about 5 km is seascnally dependent.  Also, & turbidity maximum avists below the tropo-
pauwse. The altitude of an aeroscl maximum in the lower stratosphere is luenied just below that of the
minimum temperature. The culder the minimum ternperature, the greater is the serosol content of the
layer. This relationship suggests that the 20-km dust layer is due to convection in tropical air and sdves
tion to higher Iatitudes. Computed averages of optical thickness show that abatement oi stratospheric
dust from the Mt. Agung eruption berame evident in April 1964, Results based on seventy-nine profiles
charscterizing volcanic dust abatement indicate that above 26 km, the aerosol scale height averages 3.75
km. Extrapolating with this scale height, tabulations are developed fur uv, visible, and ir aitenuation te
50 km. Optical mixing rative are used tc examine the aerosol concentrations at various altitudes, inciud-
ing & layer at 26 km having an optical thickness 1073 for 0.55-x wavelength.

i, Introduction

The aerosol content piuys a significant role in the
atmosphure’s optical properties or, more quantitatively
stated, the acrosci attenuation coefficient functions as
an important optical parameter. As a first approxinu-
tion, it is proportional to the aerosol number density.
For a fixed wavelength, the height profile of this puram-
eter, designated as £,(h,\) provides information con-
cerning aerosol concentration, presence of layers as well
as optical thickness, which is necessary for detcrmining
atmospheric transmission for nonhorizontal path ge-
ometries. The aerosol attenuation coefficient and its
profile have other important uses in studies entailing
meteorological tracing, path radianco, sky background,
possibly turbulence, and so on. Thus, the cosfficient
takes on the function of a fundamental parameter. Its
measurement, hewever, has been difficult for a number
of reasons. More basic than instrumentation difficul-
ties are such factors as the atmosphere’s variability,
acquisition of #» sy measurements to high altitudes,
and results in the form of absolute values.

Acquiring information concerning a profile such as
8,(h,A1) can best be done with optical methods, and a
variety of these have been developed. Those which
yielded absulute values are most suitable for com-
paring results and this is done in Fig. 1. The results
were made comparable for Ay = 0.55 x by using the
empirical relationship that the aerosol uttenuation co-

The first named author is with AFCRL, Bedford, Massachu-
#etts 01730; the other authors are with Allied lesearch Associates,
Ine., Concord, Massachusetta,

Received 16 December 10668,

Reproduced by the

eflicient varies inversely with the wavelength.  In order
to represent the various metheds of measurement as
well us maintain elarity, not all resuits could be in-
cluded in Fig. 1; i.e., the twilight messurements by
Volz and Goody (1962) and by Rozenberg (1965),
the searchlight measurements by Spankuch (1967),
analysis of twilight aureole photographs from the space-
craft Vostok-6 {Driving, 1966), the aircraft measure-
ments of sky brightness (Sandemirski e al. 1964), and
aireraft nephelometry (Waldram, 1945). Also, in-
teresting results in the form of relative values relating
to 8, have been obtained with optical techniques: the
twilight measurements (Bigg, 1964), laser beam back-
scatter (Collis and Ligda, 1966), (Clemeshaw et al.
1967), (Grams and Fiocco, 1967), and others. A con-
sideration of all results indicates that the acrosol at-
tenuation coefficicnit can be o widely varying parameter
and that an adequate number of measurements are
necessary in order to establish characteristic aerosol
features.

For the purpose stated, recent searchlight probing
measurements (Elterman, 1966a) are of interest for
several ressons. [First, a total of 119 profiles, 8,(h\),
were acquired and this represents a subetantially larger
sample than previously published. Additionally, each
profile was cbtained by measuring continuously
through the troposphere and stratosphere with an
altitude resolution approximating 1 km. Finally, wo
note in Fig. 1, that the mean of the profiles falls within
the values determined by other researchers, a circum-
stance which affords a measure of comfort. An altas of
the acquired profiles was presented previously (Eiter-
man, 1086b). Now the objective is to consider the
series of profiles statistically and in other ways in order
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Fig. 1. Aerosol attonuation coefficients wvu altitude at N =

0.833 & Comparison of results: X, solar aureole, two bal-
loon flights, Newkirk and Eddy (1064); A, solar radiation
measured from airoraft, mean of eight fiights, Penndorf (1054);
+, oearchlight probing, mean of 105 profiles, Eltorman
{1960a) and (1968b); ©, bailoon integrating nephelometer,
mean of fourteen flights, Crosby and Koerber (1462); @, solar
radiation measured from balloons, mean of three flights, Kon-
dratiev ¢ al. (18€7); A, spacecraft horizon phutography,
analysis of four frames, Roxenberg (1968), Feoktistov (1863);
O, searchlight probing, mean for five nights, Rozenberg (1960,
1966).

to examine some tropospheric and stratospheric fea-
tures.

Il. Aerosol and Turbidity Profiles

Averaging » large number of profiles tends to wash
out features readily noticed in the individual profile.
We present therefors, in I'ig. 2, an example of an
individual profile chosen because (1) it is similar to the
119 profile average and (2) the aerosol features are
sufficiently prominent.

The features of a profile can be examined also in
terms of mixing ratios such that

BA) _ o50) Ny(h)
Be(AA)  a(A) N.(A)'

(1)

where 8, aud g, are the aerosol and Rayleigh attenua-
tion coefficients, respectively (cm—!), N, and N, are the
aerosol and molecular number densities, respectively
(cm=%). The terms o, and o, are the aerosol and mo-
lecular (Rayleigh) cross sections (cm?). If up to 50 km
the cross sections, both molecular and aerosol, tend to
remain unchanged with altitude (a usual assur.ption),
then Eq. (1) asserts that the optical mixing ratio 8,/8, is
proportional to the true mixing ratio, N, 'N,. More
frequently, the optical mixing ratio is known as tur-
bidity. The turbidity profile corresponding to Fig. 2 is
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shown in Fig. 3. Hew the 19-km dust region is
evident us a prominent layer, partially dus to increased
aerosol content, but aisn beeause in this altitude region
the 8,(h,\) values are diminished. For theze reasons
the turbidity profile has the advantage of improved
acrosol feature emergence especially at the higher alti-
tudes. However, when used in & qualitative sense only,
assessment of the magnitrde of the aerosei fentures
can be difficult.
Since the voicanie dust in the atmosphere cun have
a residence time of several yaars, the cffects of the Mt
Agung eruption (March 1963) must be considered.
The ¢ cet measurements of Junge ef al. (1861), Friend
(1965), Mossop (1964), and Rosen (1968), collectively
considered, before and afier thiz event, shew evidence
of chenge in the stratospheric aerosol content. The
observations of the twilight sky by Volz (1965), Meinel
and Meinel (1964), and the analysis by Dyer and Hicks
(1965) also show augmentation of stratospheric par-
ticulates. The searchlight probing rcasurements
vielded absolute values of aercsol attenuation co-
efficients so that the most suitable parameter to use for
exatnining this feature quantitatively is the strato-
spheric aerosol optical thickness for the stratospheric
region to 25 km. 'The reason for choosing this altitude
limit is discussed later. Accordingly, all profiies were
piaced in time sequential groups determincd by the
similurity of the stratospheric dust feature. Then the
mean optienl thickness was computed by
1 A
LD DI (LRI (2)
tial 'k
where # is the number of profiles in thi group, A is the
altivude of the tropopause, hs the 25-km altitude, § the
mean aerosol attenuation coefficient (within each
profile) for the altitude interval, and AA the altitnde
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Fig. 2. Single profile 8,(h,\) for 11 April 1864 at 02:00 MST,
gimilar to mean of 119 profiles, \;y » 0.55 u. Surface to 5 km—
convective region; 5-11.7 km—troposphere dust layer; 11.7-
23.8 km——stratosphere dust layer; 5.6 km—upper altitude mexi-
mum; -+, aerosol (measurements); — molecular (computed).
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Fig. 3. Single turbidity profile 85(N)/8.(hN) for 11 April at
0200 MBT. <, measuremente {seo capticn for ¥Fig. 2).

Table . Acrosei Optical Thickness &3 u Neasura of Volcanic
Dust \, =055 4

Mean
optical
thickness
Number (approxi-
of mately
Peariod pro- 12-25km)
Group (inclusive) files X 107
A Dec. 1963-Mar. 1964 49 3.1
i Apr. 1961-Sep. 1964 50 2.2
¢ Oxt. 1964-Nov, 1864 19 2.7
D Dev. 1984-Apr. 1905 19 2.4
(B+C+D) Apr. 1984-Apr. 1065 9 2.3
intervals used for romputing the piofiles. The results

of this computation are presented in Table 1.

Although the voleanie eruption cecurred in March
1963, the tabulation shows thsi the voleanic dust
cornponent persisted over New Maxico up to and during
the period December 1963 to March 1964. Beginning
with April 1664, voleanic dust sbatement and a gen-
erally stabilizved level are indicated. The mean optical
thickness computed for group (6 + C + D) is 269
less than that of group A.

Parameters entailing the presence of voicanie dust
may be unsuited for determining representative aarvsol
conditions. Acenrdingly, only the seventy-nine pro-
files characterized by voleanic dust abatement {group
B + C 4+ D of Table I) are used wheio required. In
the discussion to follow, it is convenient to designaie
the seventy-nine profile mean for A\, = 0.58 x 88 #,(h,)).
This and the corresponding turbidity profile ave pre-
sented in Figs, 4 and 5.

The mean profile §,(h,\) in Fig. 4 can be extended
to encompass & large: altituds range by using the
acrosol soale height (H,) rolationsahip,

Balharr) = Bu(hs) expl—(he ~ hy)/H,l. (3)

This i8 & useful procedure because it facilitates develup-
ment of atmospheric attenuation models (Sec. III)
useful in exploratory calculation for the important
0-50-km saltitnde region. Penndorf’s study (1954)
ghows that fcr the jowast 5 km, the aerosol coefficients
fall off exponentially with a scale Leight 0.97 < H, <
14 km. Wae resort to the use of his mean value H, =
1.2 kin to extend the §,(h,)\) profile from 3.7 km to

L T Illﬂl‘li T T T T 77T
. .
.
30}— . —
.
.
s
SR D o—
[ . . ]
D“-w’ —
h
.
3 - ',
§ wop . —
¥ :
H
£ i
- °
; IS .‘ -—
T
1
s
H
op— .
%
:
"
8f— ]
'0
ol— L Lyl caond ool o
0% 1073 04 0" [

AEROSOL ATTENUATION COEFFICIENT ‘.(Im")

Fig. 4. Mean of seventy-nine low stratospheric dust profiles
(Table I) for April 1964 to April 1965. Aerosol attenuation
coofficients, Jp(h,\1); standard deviation limits attributable to
errcr and atmospheric variations; A, = 0.38 4; +, measurements

with searchlight probing.
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Fig. 6. The 26-32-km altitude region showing scale height Hp =
3.75 km for seventy-nine-profile mean; least squave fit used to
extrapolaie to 50 km,

sea level. To establish upper altitude aerosol co-
cfficients, a least-square fit was computed for §,(4, M)
from 26 km to 32 km (Fig. 8). The result, H, =
3.75 km (in effect derived from 790 mensurement
points), was used in Eq. (3) to extend the values to 50
km. Miller (1867) obtained H, = 3.25 km from uvn
analysis of rocket measurements acquired in 1964 for
this altitude region. The over-all aerosol attenuation
profile from sea level to 50 km is presented in Iig. 7.
Rayleigh attenuation is ineluded for comparison.

IIl. Atmospheric Attenuation

Previously, an atmospheric attenuation model was
formulated (Elterman, 1964) for the uv, visible, and
ir. It was based on Raylsigh (molecular) cross sections
with number densities from the standard atmosphero
(U.8. 8tandard Atmosphere, 1962) on oxone absorption
ocoefficients (Vigroux, 1953) applied to a representative
atmospheric osone distribution; and on aerosol at-
tenuation ocoefficients. The last were acquired from
availabie but dissimilar measuremouts with interpola-
tion used to establish a continuous anerosol profile.
Since the aerosol parameters play an important role in
computing atmospheric attenuation, the resuits hers
presented can be used for this application.

In Fig. 7, we developed the aerosol profile for alti-
tudes to 50 km. It would be in order now te examine
some exp.~ssions leading to corresponding nerosol
profiles for attenuation at other wavelengtha. If we
cousider a real atmosphere, the serosol sizes within unit
volume can be described by a sise distribution func-
tion ¢(r). Various size distribution funotions are in
use: the Junge type power law (1063) with a choice of
exponents discussed in detail by Bullrich (1964), a
similar distribution modified by gaps observed by Fenn
(1964), a log-gaussian distribution used by Foitsik
(1963), a composite distribution with components from
several types. The optical-particle size relationship
utilises y¥(r) such that

898 APPLIED OPYICS / Vol. 8, No. § / May 1963

l\"
Bpl,r,\) =f optm P AN (1), (4)
N,
dN, = Noy(r)dr, (&)
Noth) = CN(h); (%)

B i3 the nerosol attenuation coefficient, m is vhe index of
refraction, Ny, and N, ure the nerosol number density
limits cstablished by the radii limits r, and 7o, o is the
aerosol cross section for ench particle, Ny is the total
number of particles between » and r,.  For a given
aititude, Ny is actually proportionsl to the particle
number density between ry and 2. If the sume size
distribution function applies to all altitudes (a usual
assumption), Egs. (4), (5), and (6) are combized

BelhA) = (,‘N,,(h)f ap(r, A (r)dr. ()
L4}

Here, CN,(h) is placed outside the integral which now
contains only factors that arc independent of altitude;
ulso, m is removed because subsequent considerations
will pertasin to particles without any distinction in
refractive index. If Eq. (7) is normalized to sea level
conditivns, the integral cancels out. Then, generally,
for the v..rious wavelengths A, and specifically for A, =
0.55 u, we have
BUAN) _ BN Ny(h)

= oF = , 8
H;)(o))x) dp(o.kl) A\"11(0) ( )
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Fig. 7. Comparison of profiles. Mean aerosol attenuation

coefficients 3,(MA) from measurements; molecular A.(AM)

computed; A, = 033 4. X, extrapolated 3.7 km to surface

with Hy = 1.2km; O, extrapolated 32-30 km with scale height
”’ - 375 km.
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Fig. 8. Aerosol attenuation coeflicients 8p(0,A) vs wavelength at
sea level for A meteorological range approximating 25 km.
A—derived from Baum and Dunkelman (1955); B—contained
in Curcio ef al. (1961),

. Be(ON)

BplA)) = a.(&&)”’”'”“)' )
Equation (9) has been derived in this manner to
demonstrate its compatibility with particle size con-
siderations. Sea level conditions have been researched
extensively by Curcio and Durbin (1959), Curcio ef al.
(1961), Knestrick et al. (1861), Dunkclman (1952),
and Baum and Dunkelman (1955). The 8,(0,A) values
for a 25-km meteorological range based on the results of
these authore are shown in Fig. 8. Utilizing these re-
sults, in conjunc.ion with the 8,(h,A;) profile in Fig. 7.
all requirements for the right-hand side of Eq. (9) «
satisfied, and a sories of aerosol attenuation profiles can
be computed for 0-50-km altitudes and various wave-
lengths of interest. Since the pure air and ozone co-
efficients are available from: the earlier publication
(Elterman, 1964), revised tables of attenuation can be
computed using Eq. (9) and

A

re(AA) = 3 Bu(hN)ah, (10)
0
A

ro(hN) = 3 Bu(MN)AA, (1)
1]
A

) = X BahN)iah, (12)
0

where 7., r,, and ry are the Rayleigh, acrosol, and osone
optical thickness, respectively, from sea level to altitude
h, and B, B,, and 5; are the mean Rayleigh, aerosol, and
osone attenuation coefficionta (km '), respectively, for
the altitude interval Ah. Thus, a format can be used
wherein the attenuation coefficients and computed
optical thickness values due to pure air, osone, and
nerosols are tabulated individually. This format is
advantageous because it permita various exploratory
calculations (horisontal, vertical, and slant path) for
oach attenuating component or for over-all atmospherio
extinction (pure air -+ osohe + aerosol).

Table I1 iz an example of the format for the uv at 0.30
4 based on Eqs. (10), (11), and (12). The wavelength
in characterised by severe O, absorption (Hertley band)

50 that for unit air mass, the optica! thickness attrib-
utable only to Uy s 7y’ = 3.4 corresponding to & trans-
mission of 5.3%.

Raylaigh scatiering, because of the short wavelength,
also contributes significantly ¢~ attenuation. For unit
air mass, the Rayleigh optical thickness is 1.22 corre-
sponding to 29.6% transmission. Also, for these con-
ditions, the aerosol optical thickness is 0.41 correspond-
ing to 679, transmission. Since all attenusting com-
pononts are important, this tabulation demonstrates
the interplay of attenuation coefficients as they vary
with altitude.

Table III contains the parameters for 0.55 u, the
wavelength representing the photopic region. Absorp-
tion by Oy (Chappuis band) now is diminished. How-
ever, the coefficients show that for some altitude regions,
O, absorption can be larger than attenuation due to
scattering by pure air or by aerosols. Comparing with
Table I, for unit air mass, the optical thickness attrib-
utable only to Oy is 7' = 0.03 corresponding to a
transmission approximating 97%. The Rayleigh
optical thickness is 0.098 corresponding to about 919,
transmission and the aerosol optical thickness is 0.25
corresponding to 88% transmission. The 8, column
of this tabulation contains the digitized values of the
acrosol profile in Fig. 7.

Attenuation parameters derived for twenty-two
wavelengths in the uv, visible, and ir (from A = 0.27 to
4.0 u) for altitudes to 50 km are published elsewhere
(Elterman, 1968).

IV. Interpretation of Profiles in the Troposphere

As mentioned, the aerosol attenuation profiles wore
ohtained by measuring continuously through the
troposphere and stratosphere. At the lower altitudes
(starting with 2.8 km), the spread of the standard
deviation limits is significantly larger than at 20 km
(Fig. 4). It follows then that aerosol conditions in
the troposphere aro highly variable, compared with
those in the stratosphere.

In spite of the variability, certain aerosol festures in
the troposphere can be discerned. As with the single
profile (Figs. 2 and 3). the averages (Figs. 4 and 5)
show the presence of a surfaco convective layer which
extonds to about § kin during nights when measire.
monts wero taken. Using Stokes law for a particle
diameoter of 2 4 and the usual density approximation of
2 g/cm?, tho resulting fall speed is 2.6 X 10-* om/sec.
Since aerosol diameters in the atmosphere generally are
less than 2 4, their descent during the night over a 12-h
period is about 22 m or less. Hence, particles con-
vected upward during the day should persist through
the night.

The amount of dusat is dependent on the cumulative
effects of surface heating, so that the acrvsol content in
tho surface convective layer should be seasonally de-
pendent. Figure 9 demonstrates this sezsonal de-
pendency. During the spring and early summer, when
the surfuce temperature exceeds the air temperature,
tho acrosoi content in this layer is rclatively high.
During the winter months, the surface air temperature
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Fig. 9. Monthly averages for surface couvective layer. Tur-
bidities computed from measurements; A, = (.55 u; X, five pro-
filer, December 1964; @, twenty-three profiles, December 1963;
O, twenty-nine profiles, April 1964,

differential is reversed, and this tends to suppress the
vertical transport of acrosols from the surface.

Above the surfuce convective layer, aecrosols are
tranaported vertically toward the tropopause due to
mixing and convection. At such times when the
acrosols reach a stable layer or the trepopause, their
further vertical transport is inhibited. Usurlly, convee-
tion and mixing tend to establish a constant turbidity.
However, aerosol depletion by the washuut effects of
precipitation is greater in the lower troposphere than
in the upper, Accordingly, a turbidity maximum
oceurs frequently below the tropopause.

V. interpretation of Profiles in the
Stratosphere

In order to develop this topie, we iote first that the
character of the tropopause relates to the history of its
air mass.  In tropieal regions the tropopause is located
near 18 km and is charu~terized by a temperature
minimum in the vicinity of —80°0. Over temperate
latitudes, the tropopause v frequently found near 12
km with temperatures near —350°C.  Owing to advee:
tion, a tempernture minimum nesr 18 km often is
discernible in temperature Iatitudes.  In this paper, we
refer to the lower tropopause as the polar tropopruse
and it ia identified as the buse of & stable region.  The
temperature minimum at the higher altitude wiil be
designated as the tropical tropopause. The region
vetween them is conaidered as part of the stratosphere.

In Fig. 10, two foatures are demonstrated from
nightly mean profiles and their concurrent temperature
soundings. It '3 seen that a maximum in turbidity is
located near the tropical tropopausc and a secondary
maximum below the polar tropopause. Theee features
gocurred almost invariably in all the profiles whenever
both polar and tropical tropopauses were in evidence.
The altitude rolationship between the turbidity maxi-
munt and the tropica’ tropopause is shown in Fig. 11

%00 APPLIED OPTICS Vol. 8, No.5 / May 1969

Here the mont!  average altitudes of the turbidity
maxima are compared with the average altitudes of
the tropical tropopause (from concurrent soundings) for
eleven months during the period December 1963 to
April 1965 when data were available. The comparison
shows the relationship to be almost linear. For the
entire period, the altitude of the turbidity maxinium
averages 1.4 km below that of the temperature mini-
mum.

In Fig. 12, the presence of a seasonal trend is exum-
ined. The stratospheric turbidity is relatively high
during the period December 1963 to I'ebruary 1964,
becomes a minimum iu April, and actually rises to a
maximum for the period in June 1964.  From October
to April 1965, there is a descending trend.  The trend
of the temperature minima is similar to the turbidities
for the entire period.  As discussed in See. [, the high
turbidity values during the early part of the period may
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he due partislly to the presence of volennie dust from
the Murch 1963 eruption.

Figure 12 demonstrates the presence of another
significant feature; Le., a temperature tarbidity rela-
tionship.  As the minimum temperature of the tropo-
pruse changes, the magnitude of the turbidity wiso
changes in an inverse way,  When teraperature minima
are low  (December 1963, June and Oetober 1964
turbadity values are high, whereas with warmer ter-
pernture minima, the turbidities are lower. A further
indieation of the turbidity-temperature relationship is
seen in Fig, 10a), where the temperature minimum is
—=71°C at 18.5 ki and the turbidity maximum 3, 3. =
3.0; in Fig. 10h) four days later, s different air mass
15 evident, with a temperature minimum —62°C st 19
km. The corresponding turbidity 8, 8, = 1.5, Thus
the stratospherie serosol content ean change sharply in
a fow days with changes in temperature which are
caused by changes in the general circulation,

In summary, the optical probing messurements over
New Mexico show that the following relationships
aceur,

(1) a turbidity maximum 1v locateu below the polar
tropopatse;

(2) a turbidity maxiinum in the 16-19%-km altitude
region 18 located an aversge 1.4 km below the tropieal
tropopause,

(3} as the temperature of the tropieal tropopause
decrensos, the magnitude of the turbidity maximum -
CIORA0Y,

These relationships indicate that the turbidity s
greatest in air originating from the tropies. The
findings are conmstent with those of Rosen (1968),
whose resulta show the stratosphenc aerosol concentra-
tiona are higher in tropicai lntitudes (Panama? than
m temperste Nlnpeapolis;. Our ondings uelicate,
further, that the arrosols from or near the surface are
conveeted through the troposphere in the mapner al-
ready deseribed in Bee. IV, Convective activity s

more intense over tropical ana subtropieal regons
where werosols are tronsported vertically to altitudes of
the tropical trepopsus - Here temperntures are in
the vicinity o1 =80 C'.  The air containing the aerosols
then undergovs adveetion (o temperate latitudes which
accounts for the stratospherie feature: high turbiaity
accompanied by low temperuture, at these latitudes.

There appears to he no basis for distinguishing be-
tween the 20-km dust Iayer and the werosol concentra-
tions occurring at altitudes between 1619 km observed
with optical probing over New Mexico.  Accordingly,
the existence of the layer is expliined as a balance
between depletion by fallout, diffusion, and the con-
tinued replenishment due to conveetion adveetion on
the seale of the general cireulation. If the major
constituent of this laver ix the ammonia sulfate partic e,
then its ovigin remains conjec ural,  Industrial pollu-
tion is discounted beeause nearly all of it ix located in
temperate latitudes, whereas the results show that
tropical air ix the transport medium.  Additionally,
although much of the tropies is eovered by ovean which
containg 2bout 10€; sulfates in solution, this ix un un-
like.y source, beenuse there is no known seleetive process
whick adequately fuvors transport of sulfate over
sodiury chloride found to be 770, in solution.  Of
interest are the speculations of Meinel and Meinel
(1967) that SOy produced frons voleanoes undergoes a
sevies of aerochemicnl reactions vielding an ammonin
sulfate laver at 26 km. To be consistent with our
tindings, such voleanic aetivity should oceur at tropieal
atd subteopieal fatitudes. This direets our attention
to the continuous emissions of He® and 80, from the
many fissures and fumaroies timt characterize the
H00-km Indonesian belt of voleanic setivity, uws well as
thie voleanism in and about Centrai Ameriea.

Another turbidity maximum at 26 km occirred with
suficient frequeney to be identilied castly 1 Figo 5.
This altitude, then, was the basis for choosing the 25
kvl i B o2y, The measirenents show that the
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turbidity region extended from 25 0 km te 27.6 kin and
from Ayl 1964 to December 1464 with the aerosol
optica! ihickness averaging 7, ~ 10 “* for A = 0.5 u.
The existence of an aercsol concentration rbove 20 km
is established by photography of the twilight aureole
obtained by Gemini IV on 4 June {985, subsequently
analyzed by Mateer et al. (1967). However, owing to
ingufficient informution, their analysis could not pro-
vies adequate altitude data. Examination of con-
curreny temperature prcfiles shows that generally the
air is uniformliy stable in this altitude region, so that no
accumulation of aercsols should occur. The 26-km
maximum wag prominent during the cight-month
period, April to December 1964, when Mt. Agung dust
was diminished. This suggests that the phenomenon
may be related to the process of voleanic dust auv. -
ment.

In the stratospheric region from 28 km to 70 km, a
review of unreduced searchlight optical probing data
does not reveal the presence of important aerosol con-
centrations.

VI. Concluding Remarks

A statistical trestment of data comprising 119
aerosol attenuation profiles provides information on
aorosol attenuation coefficients, optical mixing ratios,
stratospheric dust of voleanic origin and its abatement.
These in turn permit examination of relative acrosol
concentrations or layer features, nerosol seale height, and
the determination of atmospheric attenustion param-
eters to H0 km.

The procedure for developing the acrosol sttenuation
parameters is summarized as follows,

(1) Various studies were compared and of these o
set of aerosol mensurements was selected.

(2) The choice of m asurements (comprising 119
profiies {.om 2.76 kra to 34.4 km) was examined statisti-
cally. This resulted i the elimination of forty profiles
(Decembar 1963 to March 1964 inclusive) character-
ized by a high voleanie dust component.

(3) The mean of the seventy-nine remuining profiles
way extended to sca level and to 50 km, respectively,
by reasonably supported extrapolations,

(2) The over-all proiile then was developed laterally
t  btain additional profiles f r wavelengths of interest,

A significant espect of the procedure 1s that the wave-
longth-height array of parameter: was derived in-
dapendently of the assumption= associated with con-
version ¢f a size distribution to an optical parameter.

Frequently, the atteauation profiles reflect short-
term changoes, especially 1. liw aititudes; wherens
stratospheric features appe - less changeuble. In-
dividusl and averaged acroxol attenuation profiles yield
results which are cowmpatible with known atmospheric
procrsses.  Because of the amount of data nequired,
it hns been possible to establish reletionships between
e rosol features und the atmospherio environment in
which they exist.

The authe < would like to exprosc their appreciation
to R. W. Feun and R. Penndorf for their review and

902 APPLIED OPTICS / Vol. 8, No. 5 / May 1969

suggestions, to ¥, 12, Velz for discussions pertuining to i
voleanie dust, and to R. iloffman and J. Fuseo for their
participation with the computer programmirg.
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